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LOI CAM DOAN

T6i xin cam doan luan an: "Phat trién phuong phap phan tich va budce dau danh
gi4 rai ro stre khoe cua cac ester organophosphate trong mot sb loai ¢4 bién & Viét
Nam" 1 cong trinh nghién ctru ctia chinh minh dudi sy huéng dan khoa hoc cta tap
thé huéng din. Ludn 4n st dung thong tin trich dan tir nhiéu ngudn tham khao khac
nhau va céc thong tin trich din dwoc ghi 16 ngudn gde. Cac két qua nghién ctru clia
t6i duge cong bd chung vdi cac tac gia khac di duge su nhét tri cia dong téc gia khi
dwa vao ludn an. Céc sé lidu, két qua dugc trinh bay trong lun 4n 14 hoan toan trung
thuce va chua timg dugc cong bd trong bat ky mot cong trinh nio khac ngoai céc cong
trinh céng bd cua tac gia. Luan an dugc hoan thanh trong thoi gian t6i 1am nghién
ctru sinh tai Hoc vién Khoa hoc va Céng ngh¢, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

Ha Noi, ngay 1 thang42nam 2025
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LOI CAM ON
Trude khi céng bd nhimg két qua dat duoe, t6i mudn gui 101 cam on chan thanh dén
nhung ngudi ma t6i yéu qui va kinh trong nhat.

Dau tién, tdi xin cam on gia dinh, 12 nguén c¢oi va day db ti trudng thanh.

Em xin bay to long biét on chan thanh va sau séc t6i GS.VS. Lé Trudng Giang
va TS. Pao Hai Yén, nhimg ngudi thiy, ¢6 da ludn tin tinh hudng dén, hd tro va tao
moi diéu kién thuan loi dé em c6 thé hoan thanh t6t nhét ludn 4n nay. Su dong vién,
chi bao va ung hd quy bau ctia thay, c6 1a ngudn dong luc 16n lao giip em vuot qua
moi khé khin trong sudt qua trinh nghién ctru va hoan thanh luan an.

T6i xin chén thanh cam on Tap thé can bo Phong Héa sinh mdi trudng - Vién
Hoa hoc d tao didu kién vé co s vat chat, trang thiét bi nghién ciru va gitp da toi
hét sirc nhiét tinh trong sudt qua trinh thuc nghiém.

Tai xin chan thanh cam on Vién Co hoc va Tin hoc trtng dung, phong Cong nghé
Hiru co — Moi trudng - Vién Cong nghé tién tién, Trung tim Nghién ctru va Phat trién
cong nghé cao, Hoc vién Khoa hoc va Cong nghé - Vién Han 1am Khoa hoc va Cong
nghé Viét Nam d tao diéu kién thudn loi va gitip do t6i hoan thanh moi thii tuc can
thiét trong qua trinh 1am nghién ciru.

Cudi ciing, t6i xin chan thanh cam on cac nha khoa hoc dé gitip d&, dong gop
nhiéu y kién qui bau lién quan dén luan an cling nhu dénh gia chét lugng ludn an dé
ban ludn an dugc hoan thién hon.

Ha Noi, ngdy/| thang/2 nim 2025
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1
MO DAU
Ly do lwa chon dé tai

Trong nhitng nim gan day, sy phat trién nhanh chéng caa nganh céng nghiép
hoa chat toan cau di kéo theo su gia ting dang ké trong viéc sir dung cac hop chat
chéng chay, dic biét 1a cac ester organophosphate (OPE). Nho dic tinh chéng chay
hiéu qua va tinh linh hoat vé ciu tric hda hoc, OPE dang duoc st dung rong réi trong
san xuat nhua, dét may, thiét bi dién ta, vat liéu xay dung va nhiéu san pham tiéu
dung khac. Tuy nhién, qua trinh san xuat, tiéu dung va thai bo cac san pham chua
OPE din dén phét thai cac hop chat nay vao mdi truong. Cac nghién ciu gan day ¢
nhiéu qubc gia chau A va chau Au da phat hién OPE trong nudc thai, ban, tram tich
va dac biét 1a trong sinh vat thuy sinh [1]. Tai Viét Nam, mot sb két qua khao sat
budc dau da ghi nhan su hién dién cia OPE trong nudc mat, khdng khi va ca bién -
mot mat xich quan trong trong chudi thuc pham cia ngudi dan [2, 3]. Nghién cau caa
Bui Quang Minh va céng su (2023) da phat hién XOPE dao dong tir 39,0 - 181,5 ng/g
trong lugng kho trong cac mau ca bién thu thap tai cac cho dia phuong & Ha Noi [4].
Nhitng phat hién nay cho thay OPE khong chi c6 mit trong mdi tredng ma con ¢é xu
huéng tich lity sinh hoc trong céc loai sinh vat bién.

Nhiéu OPE c6 kha ning tich liiy sinh hoc va lan truyén qua chudi thize an. Khi
con ngudi tiéu thy ca bién nhiém OPE, cac hop chat nay c6 thé xam nhép vao co thé
va gay ra céc tac dong bat lgi nhu rdi loan ndi tiét, ton thwong hé than kinh, réi loan
chuyén héa va nguy co ung thu. Dac biét, sau khi di vao co thé, OPE c6 thé bi chuyén
hoa sinh hoc thanh cac chat chuyén hoa (di-OPE) ma dix liéu vé doc tinh va anh huong
strc khoe con ngudi ciia nhitng hop chat nay van con rat han ché, chua dugc quan tam
day du trong cac danh gia rui ro hién nay.

Mic du trude day, cac chat chéng chay brém hoa nhu ether polybrominated
diphenyl (PBDE) tirng la nhém chét uu tién nghién ciru do mirc do tich liy cao va
doc tinh manh. Tuy nhién, tir sau khi Cong udc Stockholm bé sung PBDE vao danh
muc Kiém soat nim 2009, nhiéu qudc gia di cAm hoic han ché sir dung nhém chat
nay, din dén xu hudng chuyén d6i sang OPE nhu 14 chat thay thé phd bién. Trong
khi mtrc d6 doc hai cua PBDE di duoc nghién ciu tuong d6i day du, thi hd so doc
tinh va tac dong dai han caa OPE - dac biét 1a cac chat chuyén hda di-OPE - van con

nhiéu khoang trong. Chinh diéu nay ciing dat ra yéu cau cap thiét trong viéc nghién
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ctru OPE, dic biét 1a trong bdi canh dit liéu vé mirc do 6 nhiém va tac dong cua ching
tai Viét Nam van con rat khan hiém.

Hién tai, Viét Nam van chua ban hanh ngudng giéi han ham luong OPE trong
thuc pham ciing nhu chua c6 cac phuong phap phén tich tiéu chuan hoa dé giam sat
cac hop chat nay trong mau sinh hoc. Bdng thoi, cac nghién ciru vé OPE trong thuc
pham, thay san - dic biét 1a c& bién - van con rdi rac, thiéu hé théng. Trudc nhitng
bat cap va khoang tréng khoa hoc néu trén, nghién ciru sinh lya chon thuc hién dé tai
luan 4n: “Phat trién phuwong phap phan tich va budce dau danh gia rui ro sic khoe cua
c4c ester organophosphate trong mét sb loai ca bién ¢ Viét Nam”. Vé mit phuong
phap, luan &n tap trung xay dung quy trinh xt Iy mau cé bién giau lipid dya trén ky
thuat chiét QuEChERS nudc-acetonitrile két hop tinh sach dich chiét bang chiét pha
ran vai vat liéu tinh sach pht hop (EMR-Lipid, WAX), cho phép thu hoi dong thoi
c4c OPE va di-OPE ¢ ham lugng vét. CAc chat phan tich sau d6 duogc dinh luong
bang hé théng sic ky long siéu hiéu ning cao ghép ndi khdi phd phan giai cao
(UHPLC-HRMS) str dung két hop chuan déng vi, bao dam d6 nhay, do chon loc va
d6 tin cay can thiét cho danh gia rui ro sic khoe.

Muc tiéu nghién ciru ciia dé tai
e Phat trién phuong phap phan tich va xac nhan gi4 tri st dung phuong phap
phan tich cac OPE va di-OPE trong mot s6 loai ca bién bing phwong phap UHPLC-
HRMS.
e Dénh gid muc do hién dién cia OPE va di-OPE trong mét s6 10ai ca bién duoc
thu thap tai cac cang céa I6n ¢ 3 mién, phan tich méi lién hé giita nong do OPE Vi
moi trudng sinh trurdng cua tirng loai.
e Budc dau danh gia rui ro sac khoe OPE ¢ con ngudi thdng qua viéc tiéu thy
cé bién.
Ngi dung nghién ciu
e Tdi uu hoa phuwong phép chiét tich dong thoi cac chat OPE va di-OPE trong
thit c& va phan tich trén thiét bi sac ky long hiéu ning cao ghép ndi dau do khdi pho
phén giai cao.
e Xac nhan gia tri st dung phuong phap phan tich cac OPE va di-OPE trong thit
Cé.
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e Phan tich ham luwgng OPE va di-OPE trong cac mau cé thu thap duoc. Céc két
qua phan tich dugc danh gia sy phan bé OPE trong ca bién thu thap tai cac cang cé
tai 3 khu virc nghién ctiu, va twong quan giita OPE va di-OPE trong cé bién.

e Budc dau danh gid rui ro sec khoe ngudi tiéu dung khi tiép xdc véi véi OPE
qua duong tiéu hoa.

Y nghia khoa hoc va thyc tién ciia dé tai
Nghién ctru phan tich va budc dau danh gia rui ro sirc khoe cua cac OPE trong
mot s6 loai ca bién 1a huéng nghién ciu con rat méi ¢ Viét Nam. Luén &n tap trung
khao sat xay dung quy trinh phéan tich ham lwong OPE va di-OPE trong cé bién, tir
day lam co s¢ dé danh gia su khéc biét vé hd so 6 nhiém OPE va di-OPE & cac loai
ca, cling nhu danh gia mirc d¢ anh huéng tai suc khoe con nguoi.
Nhitng dong gop maéi cua lugn an

e La nghién ciru dau tién xay dung va xac dinh gia tri sir dung ctia quy trinh
phan tich d6ng thoi cac OPE va di-OPE trong thit ca bién trén thiét bi sic ky long
siéu hiéu nang cao ghép ndi khdi pho phan giai cao, mang dén hiéu qua cao ciing nhu
tang tinh chi dong trong phan tich, tiét kiem thoi gian.

e Luén 4n 1a cong trinh dau tién khao sét sy hién dién va phan b cua cac OPE
va di-OPE trong mot s6 loai c& bién dugc thu thap tai cac cang cé tiéu biéu ¢ ba mién
Bic, Trung va Nam cua Viét Nam. Cac loai c4 dai dién cho nhiéu tang sinh thai khéac
nhau (ting mat, ting gitra va ting day), cho phép budc dau danh gia mic do phan b
OPE theo méi trudng sinh séng.

e Budc dau danh gia rui ro sac khoe cua OPE théng qua tiéu thu ca bién. Biéu
nay gop phan cung cap dit liéu khoa hoc hd trg cac co quan quan ly trong viéc thiét

lap quy dinh vé gigi han du lvgng OPE trong thuc pham - giam sat an toan thwc pham.
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CHUONG 1. TONG QUAN

1.1. Gi6i thiéu vé chit chéng chay

Su gia ting dan s toan cau kéo theo nhu cau ngay cang 16n vé cac san pham
phuc vu doi séng, trong d6 c6 nhiéu san pham ché tao tir vat lidu tong hop nhu
polyester va nylon. Nhirng vat liéu nay duoc tng dung rong réi trong cac nganh dét
may, trang tri noi that va dién - dién tir. Tuy nhién, do dic tinh d& bét lta, ching tiém
an nguy co chay nd dang ké trong doi séng hang ngay, dic biét ¢ van phong lam viéc
va co s& san xuét [5]. Véi tée do d6 thi hda nhanh chong, mat d6 dan cu cao cung su
hién dién ngay cang nhiéu cua vat liéu dé chay trong cac khong gian kin da 1am gia
tang nguy co hoa hoan. Theo béo co cua Hiép hoi Quéc té vé Ctru hoa va Cau ho
(CTIF), nim 2016, khoang 35,5% sb vu chay xay ra tai cac tda nha va cong trinh xay
dung & 39 qudc gia co lién quan dén vat liéu tong hop dé chay, vai khoang 18.000 ca
tir vong va ty 18 tr vong trung binh 0,6% trén mdi 100 vu chay [6]. Nhitng con s6 nay
phan anh mot thuc té déang lo ngai, khi cac bién phap phong chay chira chay chua
theo kip véi toc do phat trién va tng dung rong rai cua vat liéu tong hop. Diéu nay
khdng chi dat ra thach thuac 16n vé an toan phong chay, ma con tao dong lec cho
nganh hoéa hoc nghién ciu va phat trién cac vat liéu chéng chay hiéu qua hon nham
giam thiéu rui ro do chay nd gay ra.

Mot trong nhitng giai phap hitu hiéu dé ngan chan sy bung phat va lan rong caa
dam chay 1a b6 sung chat chéng chay vao qua trinh san xuat va gia céng vat liéu.
Phuong phap nay da duoc ing dung rong rai tir nhirng nam 1960 va chirng minh duoc
hiéu qua trong viéc han ché nguy co chay lan [7]. Chat chéng chay la cac hop chat
hoa hoc dugc thém vao vat liéu nham giam tinh d& chay, 1am cham qua trinh chay va
han ché su lan rong caa ngon hira. Ching hoat dong dua trén nhiéu co ché khac nhau,
bao gom tao rao can vat 1y ngan oxy tiép xdc véi vat liéu, giai phong khi khdng chay
dé lam lodng oxy trong vung chay, hoic hap thu nhiét nham Iam giam nhiét do bé
mat vat liéu va can trg phan ang chay [7, 8]. Ngay nay, cling véi su phat trién caa
khoa hoc k§ thuat, cac vat liéu chéng chay ngay cang da dang vé chung loai, cai thién
hiéu qua va dugc ang dung rong rai trong nhiéu linh vuc khac nhau.

Thong thudng, chit chong chay chiém tir 2% dén 15% tong trong lwong vat liéu,
tham chi c6 thé 1én dén 30% tly theo yéu cau k¥ thuat va muc dich st dung [9]. Su

phét trién cua cdng nghiép hoa toan cau kéo theo nhu cau vé cac bién phap phong
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chay chita chay ngay cang ting, dan dén su ma rong nhanh chdong cua thi trudng chat
chéng chéay. Cu thé, muc tiéu thu chat chéng chay trén toan cau da tang tir 0,6 triéu
tan 1én 1,2 triéu tan trong giai doan 1992-2001 [9]. Tir ndm 2011 dén 2016, nhu cau
tiéu thy tang tir 1,9 triéu tin I1&n 2,6 triéu tan va tiép tuc duy tri téc do ting trudng on
dinh [10]. Thi treong chat chdng chay toan cau dat gid tri 8,2 ty USD vao nim 2021
va duoc du bao sé dat 13,6 ty USD vao nam 2030 (hinh 1.1.a), vdi mirc ting trudng
trung binh hang nim khoang 6,1% [11]. Piéu nay cho thay tim quan trong ngay cang
I6n cua chat chéng chay trong nganh cdng nghiép hién dai, thuc day céc nghién ciu
vé vit liéu chdng chay thé hé mai véi hiéu suat cao hon, an toan hon va than thién
v6i moi trudng hon. Bén canh d6, mirc d6 tiéu thu chat chong chay cd su khac biét
dang ké giita cac khu vuc (hinh 1.1.b) [12]. Cu thé, Trung Qudc va Tay Au lan luot
chiém 27% va 23% tong luong tiéu thu OPE toan cau, trong khi Trung va Nam My
chi chiém 1% vao nam 2019. Pang chi y, chau A tiéu thy dén 50% tong san lugng,
khang dinh vai trd trung tam trong thi truong chat chdng chay.
(a) (b)

13.6

(2]
N
1

U.”E = Bic M§

©w
00
=

9.31
82 -

Chiu A

NhétBan

Tay Au

Trung Bédng - Bac Phi
Trung Quéc

Trung va Béng Au

Trung va Nam My

Doanh sé thi trrdng thé gidi (i USD)

Nam
Ghi chu: (a) Doanh s chat chéng chay trén thé gidi trong giai doan 2021 — 2030,
(b) Mirc d6 tiéu thu chat chéng chay giira cac khu vuc vao nim 2019 [12]
Hinh 1.1. Doanh sé va mire dd tiéu thu chat chéng chay trén thé gidi.

Dua trén thanh phan hda hoc, chat chéng chay duoc phan thanh ba nhém chinh:
chat chng chay v co, chtra halogen va chtra phdt pho [7]. Trong dé, phu gia chng
chay (chiém 90% tong san lwong) duoc sir dung pho bién trong nhya nhiét déo, trong
khi chat chong chay phan tmg (10%) thuong tng dung trong nhwa nhiét ran. Khac
Vvé6i phu gia chdng chay chi phan tan vat ly trong nhya va dé bj phét thai ra méi truong,
chat chéng chay phan tng lién két hda hoc vai polymer, gitip han ché rai ro & nhiém

[7, 13]. Hiéu qua chéng chay caa san pham phu thudc vao lwong chat chdng chay con
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lai sau gia céng va trong qué trinh st dung. B4i véi phu gia chdng chay, hiéu qua cé
thé suy giam theo thoi gian do su phét thai vao moéi truong, trong khi chat chdng chay
phan tng duy tri duoc kha ning bao vé 1au dai. Do d6, viéc lra chon loai chat chdng
chay phu hop dong vai trd quan trong trong Kiém soat nguy co chdy nd va tac dong
moi trudng.
1.2. Chit chdng chay co phét pho

Chat chéng chay chira phét pho bao gom ba nhém chinh: ester organophosphate,
phosphonates va phosphinates (hinh 1.2) [7]. Trong do, ester organophosphate (OPE)
dugc wng dung rong rii va thuong duoc xem 1a dai dién tiéu biéu caa nhém chat
chéng chay géc phét pho, dic biét trong cac san pham cong nghiép va tiéu dung.
Chuing chu yéu dugc tdng hop théng qua phan ung gitta phosphorus oxychloride va
cac tac chat khac, tao thanh dan xuat caa phosphoric acid [14]. Ty thudc vao cau
trdc cua tac chat phan (ng, OPE c6 thé chira hoic khong chtra nguyén tir halogen.
Hiéu qua chong chay caa OPE khong chi phu thudc vao cau tric héa hoc ma con vao
su twong tac vai polymer nén, dac biét 1a cac polymer chaa oxy. Nho kha niang nay,
OPE trg thanh lya chon hang dau trong viéc ting cudng kha ning chdng chay cua vat
liu. Tuy nhién, sy hién dién caa nguyén ti halogen trong mot sé OPE dit ra thach
thirc vé an toan va méi trudng, do cac hop chat ndy cha yéu phan tan vat ly vao nén
polymer va c6 thé phat thai theo thoi gian. Vi vay, viéc téi uvu hoa cau tric OPE dé
duy tri hiéu qua chong chay dong thoi giam thiéu tac dong dén moi truong va stc

khoe con nguoi 1a vu tién quan trong trong nghién cau hién nay.

Ry s Ry
. ol i
R?—ﬁ_Rz RTﬁ_O—Rz Rro_ﬁ_o_Rz
o) ) O
Phosphinate Phosphonate Phosphate ester

Hinh 1.2. C4u tric chung cia chét chong chay co phét pho [7]
1.2.1. Ung dung lam chit chéng chdy
“Sur chay” bao gdm cac qué trinh phan ang hoa hoc va vat Iy phuc tap, dién ra
khi tap hop day du ba yéu té cing mét thoi diém bao gébm: chat oxy héa (oxy trong
khong khi), chat chay (nhién lidu) va nhiét, tao thanh “tam gi4c chay” [15]. Khi cac

polymer tiép xuc truc tiép voi ngudn nhiét, ching bat dau qué trinh phan hay tao ra
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cac khi d& chay, khoi dau va duy tri qua trinh chay. Trong khi céc goc tu do *H va
*OH trong pha khi phan tng véi cac khi chay dé tao thanh carbon tu do, oxy trong
khi phi phan @ng véi céc carbon ty do nay dé tao thanh nhiét luong dé duy tri qua
trinh chay (hinh 1.3) [16].

Pha vat liéu Pha khi
A A
AT
i
'

Phan hay Ving phan
nhiét tan

Nhuwa 19, ANV
2 o) -—

rén | 4 Ni—— 3?
- e

A
| Ving nhiét Ngon
Nhya chay phan Itra

TTTTTN

Hinh 1.3. So' @6 chung vé qua trinh phan hiy va dét chay polymer [16]

Cac chat chdng chay noi chung hoat dong duya trén cac phan ang héa hoc hoic
vat 1y trong chu ki chdy dé uc ché quéa trinh chay [17]. B4i véi OPE, kha ning chdng
chay caa chling dya trén cac phan tng hoa hoc dién ra trén bé mat vat liéu. Bén canh
d6, thanh phan halogen trong cu truc ciing tic dong truc tiép dén co ché chong chay.
Cu thé, dbi voi OPE khéng chira halogen, khi tiép xdc véi ngudn nhiét cao, nhom
phdt pho cd thé tao thanh cac polymer cua phosphoric acid, hinh thanh 16p khéi (16p
thay tinh hoa) trén bé mat vat liéu polymer, ngin cach oxy tiép x(c véi bé mit dang
chay va han ché su hinh thanh khi dé chay, tir 6 1am cham qua trinh nhiét phan [17].
Nguoc lai, OPE chtra halogen khong chi tao 16p pha bao vé ma con tac dong & pha
khi. Khi tiép xic nguon nhiét cao, nguyén tir halogen giai phong vao méi truong,
phan &ng véi céc gbc tu do *H va "OH trong quaé trinh chdy, 1am gian doan phan tng
day chuyén va giam sy lan rong cua ngon lira. Ngoai ra, halogen gitip 6n dinh OPE
trong polymer bang cach giam ap suat hoi va do tan trong nudéc, duy tri hiéu qua
chéng chay 1au dai. Nhin chung, OPE chira halogen c6 hiéu qua chdng chay cao hon
nho co ché tac dong kép, do d6 thudng dugc wu tién sir dung trong céc wng dung
chéng chay. Trong khi d6, OPE khong chira halogen chu yéu duoc st dung véi vai

tro chat hoa déo trong cac nganh cong nghiép khac.
1.2.2. Ung dung lam chit héa déo

Ngoai vai trd chat chéng chay, OPE con dugc sir dung lam chét hda déo trong
nganh gia cong nhua, giup ting tinh linh hoat va do bén caa polymer. Trong polyvinyl

chloride (PVC), OPE duy tri d6 mém déo ma khong lam mat do cing nho co ché tao
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thé tich tu do gitra cc phan tir polymer, gitp giam nhiét 6 chuyén thay tinh va duy
tri tinh chat co hoc [18]. Bén canh dé, cac yéu té nhu d6 dai chudi phan tir, hiéu tng
an ngit khong gian va tuong tac lién phan tir cling 1am anh hudéng dén trang théi
polymer. Nho kha ning cai thién dac tinh vat liéu ma van dam bao tinh chéng chay,
OPE ngay cang duoc sir dung rong réi, thay thé phthalate va bisphenol A, véi san

lwong tiéu thy hang nam 1én dén hang tram triéu tan.
1.2.3. Tinh hinh sir dung chit chong chdy OPE

1.2.3.1. Tinh hinh sir dung OPE trén thé gici

Chat chong chay OPE da duoc sir dung rong réi trong nganh céng nghiép nhwa
tir nhitng nam 1940, dong vai tro quan trong trong Vviée ting cudong an toan chay noé
[19]. Tuy nhién, tir cudi nhitng nim 1970, sy hién dién cia OPE trong méi trudng da
lam day 1én méi quan ngai vé tinh bén viing va tac dong tiém an cta ching ddi Voi
sic khoe con ngudi [20]. Trong nhitng nam 1980, mot s6 OPE c6 doc tinh cao dan bi
thay thé bai cac hop chét an toan hon [21]. Bén cudi nhitng nam 1990, nhiéu nghién
ctru tiép tuc x&c nhan su ton tai cia OPE trong mdi truong, dic biét 1a cac OPE chira
halogen c6 kha ning tich lity sinh hoc va gay anh hudéng tiéu cuc dén hé sinh thai
[22]. Do d6, viéc giam sét chit ché cac OPE chira halogen tro nén cap thiét nham
giam thiéu rai ro moi truong va sic khoe.

Mic di ngay cang c6 nhiéu cong trinh nghién ctru trén dbi tugng OPE, nhung
c4c thong tin vé tinh chat hoa 1y, co ché tich lity, hanh vi dong hoc va cac rai ro vé
strc khoe con ngudi van con nhiéu han ché. Bac biét, cho dén thoi diém hién tai, chua
c6 tiéu chuan cu thé vé ngudng an toan cia cac hop chat nay, cang 1am ting thém su
lo ngai vé viéc sir dung OPE trong cac tng dung san xuat va thuong mai. Do d6, OPE
dugc xép vao nhom céc chat 6 nhiém moi trudng “méi noi” - “emerging”, doi hoi can
c6 nhiéu nghién ciru chuyén siu dé danh gia toan dién cac tic dong cua chung dbi voi
con nguoi [14].

Truéc khi OPE tro thanh lya chon thay thé, hop chat ete diphenyl polybrém
(PBDE) la nhém chat chéng chay duoc str dung rong rai. Tuy nhién, do doc tinh cao,
kha ning bén viing va tich liiy sinh hoc, PBDE dan bi loai bo. Penta-BDE va octa-
BDE bi cam tir nim 2004, trong khi deca-BDE bi giam st nghiém ngat tir nim 2008

va chinh thizc duoc phan loai la chat 6 nhiém hitu co kho phan hay (POP) theo Cong
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udc Stockholm nam 2009 [23]. C6 thé thay, viéc han ché san xuit va sir dung PBDE
da thuc day su gia ting nhanh chong vé khéi luong san xuat va st dung cua OPE
trong linh vat chat chéng chay [23]. Luong tiéu thu OPE toan cau di co su gia ting
dang ké qua cac giai doan: tir 100.000 tan Ién 186.000 tin trong giai doan 1992-2001
[9], tiép tuc ting tir 200.000 tan 1&n 500.000 tin trong giai doan 2011-2014 [24]. Bén
nam 2015, lugng tiéu thu OPE wdc tinh dat 680.000 tin va tiép tuc ting 1én 1.050.000
tan vao nam 2018 [25]. Tinh dén ndm 2018, cac chat chdng chay OPE chiém khoang
hon 30% thi truong chat chdng chay trén toan cau va thi phan ngay cang duoc gia
ting véi toc d6 nhanh chong [26]. Tai Chau Au nim 2015, tong lugng tiéu thu chat
chéng chay dat 498.000 tan, trong d6 OPE chiém 18%, twong duong 89.640 tan, gap
d6i lugng tiéu thu cua chat chéng chay brém [27]. Bén canh d6, OPE chiém 19%
tong san luong chat chdng chay toan cau, véi muc tiéu thu tang tir 168.000 tan vao
nam 2001 1én 759.000 tan vao nam 2017 [26]. Khu viuc Chau A - Thai Binh Duong,
bao gém cac nudc nhu Trung Qubc, An Do va Nhat Ban, 1a thi truong 16n nhét cho
OPE, chiém 55% murc tiéu thu toan cau vao nam 2018 [28].
1.2.3.1. Tinh hinh su dung OPE ¢ Viét Nam
OPE dugc duoc sir dung rong réi trong nhiéu nganh cng nghiép trén toan cau,

bao gom san xuat nhwa, dét may, thiét bi dién tir va vat liéu xay dung. Tuy nhién, tai
Viét Nam, thong tin cu thé vé tinh hinh san xuét va sir dung c&c chat nay con han ché.
Mot s6 nghién ctru trong nudc di tap trung vao viéc phan tich va danh gia sy hién
dién cua OPE trong c4c san pham tiéu dung va moéi truong. Vi du, nghién cau cua
Nguyén Thi Thu Phuong va céng su (2023) da phan tich OPE trong vai boc va ddnh
gia rai ro di véi con ngudi, cho thay sy hién dién caa cac hop chat nay trong cac san
pham dét may [29]. Ngoai ra, nghién citu ciia Truong Anh Diing va céng su (2023)
d3 danh gia rai ro cua tributyl phosphate (TnBP) ddi véi hé sinh thai trong mot s6 hd
tai Ha Noi, phan anh muic do tén Iuu ctia OPE trong méi truong nude [3]. Mic di cac
nghién ctru nay cho thay sy hién dién cua OPE trong mot s6 san pham va mdi truong
tai Viét Nam, nhung dit liéu vé& quy mé san xuit va mirc do sir dung cu thé cua céc
chat chong chay nay trong nudc van chua duoc cong bo rong rai.
1.3. Tinh chat héa Iy ciia OPE va tng dung

Viéc hiéu rd dugc dac tinh hod ly cua cac hop chat OPE 14 yéu cau can thiét cho

moi nghién ctru chuyén siu, dic biét 1a linh vuc hoé phan tich. Céac théng sb nay dong
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vai tro then chét trong viéc lra chon phuong phap phan tich phu hop, co sé cho céc
giai thich khoa hoc vé sy phan bd cua chung trong méi truong. Vi dy, cac hop chét
c6 logarit co s6 10 hé sé phan bé octanol-nuéc (log Kow) cang cao c6 kha ning tich
lity sinh hoc cang 16n. Bén canh d6, cac nhoém thé khac nhau ¢ anh huéng truc tiép
dén kha ning khang nhiét, anh sang va nuéc [30]. Do do, tuy theo dic trung cua san
phdm ma nha san xuit lya chon OPE phil hgp. Cac OPE c6 tinh wa béo cao thuong
duogc st dung trong céc tng dung yéu cau kha nang chdng nude va bén hoa hoc, trong
khi cac OPE c6 d6 bay hoi thdp phu hop véi méi trudng can 6n dinh nhiét cao.

OPE bao gém ba nhom chinh: alkyl OPE, aryl OPE va Cl-alkyl OPE, véi tinh
chat va ang dung duoc trinh bay trong bang 1.1 - 1.2,

« Alkyl OPE chira nhém ester phosphate lién két véi chudi alkyl, trong d6 do
bén ctia hop chét trong mdi trudng ting theo sd nguyén tir carbon, bi phan hay chil
yéu qua thuy phan, quang hoa va vi sinh vat. Khi khéi luong phéan tir ting, tinh ua
béo va kha ning tich liy sinh hoc ting nén thudng duoc dung lam chit hoa déo, chat
chdng tao bot va chat chong chay trong thiét bi dién tir va vat liéu xay dung [18].

« Aryl OPE c6 nhom thé aryl, gitip ting d6 bén nhiét va chéng chay, khé bi phan
huy trong moi truong do dé phan cuc kém va khé hoa tan trong nude. Nho tinh va
béo cao, aryl OPE thudng dugc st dung lam chét hoa déo trong PVC, polycarbonate,
nhua ABS, dong thoi c6 mat trong dau truyén dong, phu gia dau mdy, chat chéng mai
mon va giam ma sat [31].

« Cl-alkyl OPE chira nguyén tir clo, gitp ting do bén trong méi truong nhung
cling 1am chiing khé bi phan hay. Nhém nay dugc uing dung chu yéu trong bot PU,
16p phu cao su, dét may va vat liéu chéng chay [13]. Tuy nhién, Cl-alkyl OPE kho bj
loai bo bang cac phuong phap xtr 1y nude thai hién tai, dan dén nguy co phét tan ra

moi truong.



Bang 1.1. Thong tin vé tinh chat hoa Iy cia cac hep chat OPE

n . Khoi Ap suit hoa
i Hop chit Ki hi¢u CASH Cong thire lugng hoi Log | Log
phén ti phan tir Kow | Koa
(g/moly | (MmMHO)
Alkyl OPE
1 Trimethyl phosphate TMP 512-56-1 C3HoO4P 140,80 0,85 -0,65 59
2 Triethyl phosphate TEP 78-40-0 CeH1504P 182,15 0,17 0,80 6,6
3 Tripropyl phosphate TnPrP 513-08-6 CoH2104P 224,23 2,30 x 102 | 1,90 6,4
4 Tri-iso-propyl phosphate TIPrP 513-02-0 CoH2:104P 224,23 0,13 2,10 6,4
5 Tri-n-butyl phosphate TnBP 126-73-8 C12H2704P 266,31 3,49 x 10 | 4,00 8,2
6 Tri-iso-butyl phosphate TiBP 126-71-6 C12H2704P 266,32 1,28 x 102 | 3,60 7.5
7 Trihexyl phosphate THP 2528-39-4 C18H3904P 350,5 4,05x%x 10% | 6,80 9,9
8 T”S(S;]kc’)‘égoh);ﬁthy') TBOEP 78-51-3 CisHxOP | 39847 | 1,23x10° | 3,80 | 13,0
9 | Tris(2-ethylhexyl) phosphate TEHP 78-42-2 C24Hs5104P 434,63 6,07 x 107 | 9,49 | 15,0
Aryl OPE
10 Triphenyl phosphate TPhP 115-86-6 Ci1sH1504P 326,28 472x 107 | 4,60 8,5
11 | Cresyl diphenyl phosphate CDP 26444-49-5 C19H1704P 340,30 1,04 x 107 | 451 | 11,0
12| 47 Ethg’:\gi’;ﬁ;f;phe”y' EHDPHP | 1241-94-7 CaHzOP | 36240 | 334x10° | 570 | 84
13 Tricresyl phosphate TCP 78-32-0 C21H2104P 368,40 4,90 x 107 | 1,60 9,6
Cl-alkyl OPE
14 Tr's(sr']gzl'o‘;{;ghy') TCEP 115-96-8 CeH12ClOP | 28549 | 391x10* | 1,40 | 53
15 T“S(l’3'8;]%2';}:2{:'”0"3") TDCIPP | 13674-87-8 | CoHisCleOP | 43090 | 2,86 x10% | 3,60 | 110

11



https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H2Br8O&sort=mw&sort_dir=asc

Bang 1.2. Ung dung trong céng nghiép cia cac hep chat OPE

Nhém | Hep chat Cong thirc ciu tao Ung dung
9 Str dung trong quy trinh yéu cau kiém soat cin bam, danh lira bé mat va
T™MP oo tiéng dn trong dong co xang [13], chat chéng chay PU [32].
| O
Q TEP duoc st dung nhu mdt dung méi cho cellulose acetate, nhua, chat
/P N 4 A
TEP OKCI)\\O;\ déo, gum, va lam chat chong tao bot PU [32].
0 0 J\ Puoc biét dén véi vai trd chung la chat chong chay va chat hoa déo
TnPrp, o/g\o/\/ o/g\o trong mot s6 nganh céng nghiép [13].
TIPrP TN
Alky!
OPE Str dung trong nhiéu nganh céng nghiép nhu dét may, nhuém quan 4o
0 ‘ , , ,
I 33], vat liéu xay dung hoac do ndi that [34], lam chat hoa déo, chat lon
- K/\o/g\o/\/\ [33], vat ligu xay .\g o . [ ]. e, 9
\/\/ thay luc [13, 35], hoan thién san, sap, son mai, son, keo, chat chong tao bot
[18].
(,F? Str dung lam chat hoa long va chdng tao bot cho bé téng, chat phu gia
TiBp \ho/é\o/Y cho chét l6ng thuy luc trong nganh hang khdng, nganh dét may [18].

12




Nhom | Hop chat Cong thirc cau tao Ung dung
C o Str dung 1am chat chong chay trong san xuat sgi tong hop, nhua, cao
THP O’(F-;\O/\/\/\ su; 1am dung mai va chét bbi tron trong nganh dét va son [18].
0 Sir dung 1am chat chdng chay, chat diéu chinh d6 nhét trong plastisol;
TBOEP O\/\O’(F-;\o/\/o\/\/ chat chéng tao bot va chat déo hoa trong cao su, nhua; chét két dinh cho
\/\O/\/\ muc, son mai, son tuong [13, 18, 36].
o Str dung lam dung mai, chat chng tao bot, chat hda déo va chat chong
TEHP o'g\o/\g\/\ chay trong cac polyme (PVC, PU); chat khang nam trong san xuat bot mau
\?/V [18, 36].
©\ o /O Str dung lam chat chong chay, chat hoa déo trong nhiéu san pham nhu
TPhP o’g\o cac thiét bj dién, dién tir, nhya PVC; chat long thay luc cho may bay, dau
@ boi tron phan luc [7, 18].
Aryl
OPE O\ o /©— Str dung lam chat phu gia trong xing dau; chat chong chay trong nhua
/ll:l)\ A \
CDP pae bao gom PVC, polystyrene va polycarbonate [8].
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Nhom | Hop chat Cong thirc cau tao Ung dung
O\ o Str dung nhu 1a chat hoa déo nganh nhua, chat chong chay va lop phi
EHDPHP 0’3\0/\<\/\ bao vé cho noi that 6 td, trong nha va tau thuyén [18, 35].
@ o /©— Str dung 1am chat chng chay trong nhwa nhiét déo, PVC, cao su; phu
070 gia chéng mai mon, chét long thay luc cia dong co phan luc [18, 37].
TCP
. o Str dung 1am chat chong chay, chat hda déo cho PU, nhua polyester va
| P. : , ,
TCEP ~"o o O/\ polyacrylate, dd noi that trong san xuit 6 td [38].
\_ ClI
Cl-alkyl Cl
OPE iy J;CI Str dung lam chat chong chay, chat déo hoa trong PU cho san xuat &
1}
TDCIPP oo Cl t6, do noi that boc da; vai, dét may va mot sé san pham noi that [7, 9, 39].

14
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1.4. Poc tinh ciia OPE

Véi viéc ung dung rong rai trong nhiéu nganh san xuat cong nghiép, OPE da
duoc phat hién trong md co quan, dich bai tiét & ca ngudoi va dong vat. Cac nghién
ctru ban dau da chimg minh duoc qua trinh phoi nhiém OPEs cd thé gay ra nhiéu van
dé nghiém trong vé stc khoe nhu doc than kinh, anh huéng dén chirc ning than va
bai tiét, anh hudng dén qua trinh sinh san va sinh truéng cua sinh vat, gay rdi loan
noi tiét va ung thu [40, 41]. Do @6, viéc tiép xtc 1au dai véi OPE cd thé din dén cac
van dé nghiém trong lién quan dén stc khoe [7]. Boc tinh cia mot sé OPE dién hinh
dugc trinh bay trong bang 1.3.

Bang 1.3. Thang tin vé dgc tinh cia cac hep chat OPE

Tai
Hep chét Péc tinh LDS0 - LC50 - e
96 gi 96 gi tham
khao
TMP - 840  >1.050 [42]
TEP  NOEL: 1000 mg/kg/ngay cho doc tinh ~ 1.600  1.240  [43]
ban cap
TnPrP - - 252 [44]
TnBP  Dac tinh than kinh, anh huéng dén 1.390- 17,7  [34]
tuyén sinh duc 11.265

TBOEP Dac tinh anh hudong dén qua trinh sinh - 3.000 0,29  [45]
san va phat trién

TEHP  Suy giam trong lugng co thé, rdi loai _ >500  [46]
sinh san ¢ chuot duc (NOAEL = 2860
mg/kg trong luong co thé/ngay &

chuot)
TCEP  Dac tinh than kinh; doc tinh phat 1.410 202 [47,
trién; doc tinh di truyén 48]
TDCIPP  Dac tinh sinh san va phat trién; ri 2.000 0,42  [49]

loan noi tiét
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Tai
Hop chit Pic tinh LD50- LCso- ¢
96 gi0 96 gio tham
khao
TPhP Ut ché kha ning song cua té bao; doc ~ 3.500 1,53  [49,
tinh phét trién; doc tinh than kinh; doc 50]
tinh tim va doc tinh gan
TCP  Dac tinh phat trién; doc tinh than 5.190 026  [51]
kinh; doc tinh tim va doc tinh gan
EHDPHP Dac tinh phat trién; doc tinh than - 0,27  [51]

kinh; doc tinh tim va doc tinh gan

Ghi chd: NOEL.: no-observed-effect level: Mirc do khdng gy anh hudng quan sat dugc; NOAEL:
no-observed-adverse-effect level: Mtc khdng gay tac dung c6 hai quan sat dwoc; LD50: lidu gay
chét trung binh (dudng miéng, chudt, mg/kg trong luong co thé); LC50: Nong d6 gay chét trung binh
(mg/L, trong nudc)

Cac hop chét Cl-alkyl OPE duoc xac dinh c6 doc tinh than kinh, doc phat trién
va c6 thé gay ung thu, dic biét véi TCEP [47, 48]. Viéc tiép xdc kéo dai voi TCEP
gay rbi loan nai tiét, doc than kinh trong thi nghiém & giai doan phat trién sém cua cé
ngua van [48], dan dén viéc Lién minh chau Au (EU) xép TCEP vao danh séch chat
6 nhiém uu tién (2009) va cam sir dung (2015). TDCIPP tra thanh lya chon thay thé,
tuy nhién hop chat nay duoc chitng minh gay réi loan noi tiét, anh huong sinh san &
& ngua van va con ngudi, 1am suy giam chat lugng tinh tring va gay phan tng tiéu
cuc trong thai ky [34, 39, 49].

Cac hop chat nhom alkyl OPE, aryl OPE thuong c6 lién quan dén cac biéu hién
vé doc tinh than kinh, sinh san va gay réi loan chic nang than. Cu thé, TPhP va
TBOEP gay doc té bao, trc ché su phét trién cua té bao, cling nhw 13 tic nhan sinh ra
cac gbc tu do trong té bao, gay ton thuong DNA ciing nhu gia ting nong do lactate
dehydrogenase trong mau [52]. TCP dugc xac dinh 1 c6 hai déi voi méi trudng va
sinh vat thay sinh, bao gom cé hoi cau vong & ndng do <1,0 mg/L. Bén canh d6, TPhP
duoc biét dén 1a tac nhan gay di ung va c6 thé anh huong x4u dén kha ning sinh san

[50]. Ngoai ra, TnBP va TPhP gay doc than kinh cho 4u tring c& ngua van va chudt
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[34]. Viéc tiép xdc véi 0,5 mg/L TPhP 1am giam dang ké chiéu dai co thé va ty Ié
séng s6t ¢ ¢4 ngua van, dong thoi anh hudng dén qua trinh chuyén hoa cua té bao
[53]. Cac nghién ciru trén phdi ca ngua van cho thay LCso va ECso ciia TPhP lan luot
la 14,2 mM va 8,0 mM [54]. TPhP ciing gay doc mién dich, thay doi hanh vi sinh
séng ¢ ca [55]. Nhiing nghién ctu nay nhin manh tac dong tiéu cuc cua TDCIPP,
TPhP va TCP ddi véi stc khoe con ngudi va sinh vat thuy sinh. Do d6, sy hién dién
ciia OPE trong méi truong va sy phoi nhidém cta con ngudi véi cac hda chat nay 1a

van dé can duoc quan tdm sau sic va kiém soat nghiém ngit.

1.5. Chat chuyén héa

Co thé sinh vat tiép xuc véi OPE théng qua nhiéu con duong nhu hit tho, hap
thu qua da, nudt bui va tiéu thu thuc pham [56]. Qua trinh phan hay cua ching thanh
chat chuyén hoa (di-OPE) c6 thé xay ra thong qua cac co ché phan huy sinh hoc, thity
phan va quang phan (hinh 1.4) [57, 58].

s / — § » ; e
”~ : o - ip-PPP
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Hinh 1.4. Cac con dwong hinh thanh di-OPE tir qua trinh chuyén déi sinh hec
va phi sinh hoc cia OPE [57]

Hién nay, qua trinh phan hay sinh hoc caa OPE bao gom hai giai doan bién doi

[58]. Giai doan dau bao gém O-dealkyl hoa, hydroxyl hda, oxy hda - khir C1 (ddi véi

Cl-alkyl OPE); giai doan thi hai lién quan dén cac phan tng lién hop. Trong hai giai
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doan phan huy trén, di-OPE chu yéu duoc tao thanh trong giai doan dau cua qué trinh
nay [58]. Vi du, TPhP duoc chuyén hoa thanh diphenyl phosphate (DPhP) qua con
duong bién ddi sinh hoc trong cac vi thé gan nguoi (HLM) [58]. Bén canh d6, OPE
cling c6 thé bi phan hay do cac phan wng thity phan va quang phan [57]. Cac nhém
nucleophilic (OH- va H20) trong phan tir nudc o thé tan cong va thay thé tai tam
dién ta caa OPE (C hoic P), dan dén viéc hinh thanh di-OPEs théng qua su phan cét
lien két este [57]. Vi du, bis(2-chloroethyl) phosphate (BCEP) c6 thé hinh thanh théng
qua quang phan giéan tiép dudi su hién dién cua cac chat oxy hoa manh va cac dang
oxy phan ung (ROS, "OH va SO4*) [59]. Ngoai ra, di-OPEs c6 tinh 6n dinh cao hon
OPE trong dung dich nuéc ¢6 cung pH [59], diéu nay c6 thé lam ting sy hién dién
cua di-OPE trong mdi trudng thuc té, gay ra cac lo ngai vé tac dong tiém tang cua
ching [60]. Céc thong tin co ban vé tinh chat hoa Iy cua céc di-OPE trong nghién cau
nay duoc trinh bay trong bang 1.4.
Bang 1.4. Thong tin vé tinh chat hda Iy cia cac hep chat di-OPE

Khoi  Ap suat
# Hop chit Kihigu CTPT lwong hoi
(g/mol) (mmHgQ)

Log

K
Kow PRa

1 Dimethyl phosphate DMP C2H704P 126,05 0,344 -0,86 3,99

2 Bis(2-chloroethyl) BCEP  C4HoCl,OsP 22299 442x10% 057 3,47
hydrogen phosphate

3 Diphenyl phosphate ~ DPhP CioHuO4P 250,19 9,12 x10% 1,95 4,27

4 Bis(1,3-dichloro-2- BDCIPP CeHuiClsOsP 3199 258x10® 1,62 3,87
propyl) phosphate

5 Dibutyl phosphate DnBP CsH1904P 210,21 379x10° 18 595

6 Bis(2-butoxyethyl) ~ BBOEP  Ci2H2sOsP 298,31 8,39x10% 191 7,66
hydrogen phosphate

7 Bis(2-ethylhexyl) BEHP  CieH3zsOs4P 322,42 180x 107 526 6,54
phosphate

Di-OPE trong mdi truong cha yéu bat nguon tir sy phan hay caa OPE va dén tir
viéc su dung di-OPE trong cac tng dung thuong mai hay phu gia céng nghiép [61].
Viéc str dung rong rai di-OPE trong cac hoat dong cong nghiép dan dén sy xuét hién
cua ching trong moi truong [62]. Bén canh d6, di-OPE con dugc ghi nhan trong nudc
tiéu va mau & ngudi, cling nhu trong sita me [63]. Céac két qua nghién ctru con chiing

minh duoc nong d di-OPE trong co thé tré em thudng cao hon so véi ngudi 16n, cho
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thay viéc tich lity di-OPE trong co thé tré em 1a diéu dang dugc quan tam [64]. Diéu
nay nhan manh su can thiét phai tién hanh nghién ctu sau hon vé doc tinh cu thé, cac

co ché tuong tac va cac rui ro sic khoe lién quan dén di-OPE.
1.6. Su hién dién OPE trong moi trwong
1.6.1. Nguon phdt thii OPE trong méi truong

Réc thai dién tir va nudce thai tir cac khu cdng nghiép, khu ché xuat duoc xac

dinh 1a ngudn phat thai so cdp OPE ra mdi truong (hinh 1.5) [65].
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Hinh 1.5. So 6 phat thai va phan tan cia OPE trong mdi truong
Theo béo céo giam sét rac thai toan cau nam 2020, tong luong rac thai dién tu
dat 53,6 triéu tan (2019), ting trung binh 2,5 triéu tan/nam, va du bao dat 74,7 triéu
tan vao nam 2030 [66]. Phan 16n rac thai nay duoc thu gom va van chuyén dén chau
A, trong d6 cac khu cong nghiép va béi rac thai dién tir duoc xac dinh 1a nguon phat

thai OPE chinh vao moéi truong [26]. Cu thé, ndng d6 OPE cuc Ky cao trong tram tich
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(trung vi: 8,0 mg/g) va trong mau nuéc (trung vi: 3,9 pg/L) cach 600 m khu xu 1y rac
thai dién tir & huyén Thanh Vién, Quang Pong - khu vurc tai ché rac thai dién tir chinh
cua Trung Quéc. Nong d6 téng OPE (ZOPE) duoc ghi nhan dwgc trong tram tich ¢
cac khu vuc tai ché rac thai dién tu trong khoang 12,8-9.250 ng/g va céc khu vuc
cdng nghiép trong khoang 25,1-5.520 ng/g tai dong bang séng Duong Tir [67, 68].
Tuong ty, trAm tich tai cac khu vuc tai ché rac thai dién tir & Quy Duong, Trung Quéc,
Vva C4C mau mdi trudng trong nha tai cac co s thdo da thiét bi dién va dién tu thai ¢
Canada ciing ghi nhin duoc ndng do OPEs cao [69].

Nudc thai duge xem 13 phuong tién quan trong chu yéu van chuyén OPE tir
ngudn phét thai ra moi trudng [70]. O Trung Qudc, c6 hon 2.500 nha may xir 1y nudc
thai voi luu lugng dong chay 1én dén 1000 m3/ngay [71]. Tuy nhién, viéc loai bo triét
dé OPE trong nudc thai tir cac khu dan cu va nha may con nhiéu khé khan, phu thuoc
vao trang thiét bi va cong nghé cua tirng nha may. Cac Cl-alkyl OPE c6 d6 phan cuc
cao thudng khong duoc loai bo hoan toan bai hé théng xir Iy nudc hién tai ¢ Trung
Quéc, birc va Tay Ban Nha [72-75]. Tuy nhién, cac hé thong xt 1y nuéc thai & My
lai cho ty 1€ loai bo OPE la gia tri am, cu thé TCEP: -19,9%, va TDCIPP: -84,1%
[76]. Céc két qua trén cho thay Cl-alkyl OPE kho bi oxy hda hozc phan hiy, ciing
nhu c6 thé tich tu trong hé théng xir 1i nuéc, gay nhidm ban cho céc qua trinh xu Iy
co hoc, sinh hoc va hoa hoc [77]. Pay 1a 1y do vi sao Cl-alkyl OPE van ton tai trong
nudc sau khi da dugc xir ly [78]. Mac du alkyl OPE va aryl OPE duoc loai bo boi hé
théng xir Iy nuéc nhung c6 hon 50% OPE ton tai trong nudc sau Xt Iy va gay anh
huong dén ngudn nudc gan d6 [77]. Viéc phat hien OPE & viing cuc da dat ra bai toan
Vvé viéc xac dinh ngudn phét thai OPE, vi day 1a khu vuc khdng din ra cac hoat dong
cdng nghiép. Theo nghién ciru cua Grill va céng su (2018), c6 dén 47% va 7% luong
nudc thai khong qua xu 1y duoc xa vao cac ranh thoat nudc va séng [71]. Sau khi
dugc phat tan vao hé thity sinh, qué trinh van chuyén duong dai (long range transport)
dong vai trd quan trong trong viéc van chuyén OPE dén céc ving cuc. Ngoai ra, hat
nudc khi quyén (sol khi) cing duge xac dinh 1a phuong tién van chuyén OPE dén céc

khu vuc xa x6i [79].
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1.6.2. Sw hi¢n dién va cdc yéu té dnh hwong dén qud trinh phdn

bo/chuyén héa ciia OPE trong méi truong bién

Céc ngudn phat thai va van chuyén OPE trong mdi truong bién duoc trinh bay
cu thé & hinh 1.6.

[ D) Khi quyén
OPEs OPEs

' Phat thai UV OH O, e /\A Lang dong

‘ ‘ ‘ 8 Tuyét

i ¥ Mua

st ng 3

L Phan hay OPE

Hinh 1.6. Nguén phat thai va van chuyén OPE ¢ ven bién va dai dwong [80]

C6 7 con duong phan tan chinh OPE trong méi truong bién, bao gém cira song
xa thai, van chuyén khi quyén tam xa, can bang khi - nuéc va ling dong kho - uét
trong khi quyén, bing va tuyét tan, van chuyén qua dong hai luu va phan hay méi
truong. Pac diém cua timg con dudng phan tan OPE trong méi trudng bién dugc trinh
bay cu thé trong bang 1.5.

Bang 1.5. Cac con dwong van chuyén OPE tir dit lién ra bién [80]

Con duong . i
o Pac diém Vi du
phén tan

Céc con sdng dong vai tro chu Céc phu gia nhya duoc phat

yéu trong viéc van chuyén OPE hién trong pha nuéc cua sdng

Cira song xa tir c4c ngudn trén dat lien ra moéi  Rhone (Phap) chiém hon 40%
thai truong bién. tong luong chat 6 nhiém hitu

co nhan tao trong nudc bé mat

cua séng nay .
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Con duwdng

phéan tan

Pic diém

Vi du

>

Van chuyén
khi quyén

tam xa

Can bang
khi — nwéc
va lang dong
kho — wot
trong khi

quyén

Bang va

tuyét tan

Van chuyén
gua dong hai

luu

La mdt con duong quan trong
dbi vai su phan bd toan cau cua
cac hop chat POP va cac chat 6

nhiém méi trudng khac.

OPE trai qua qu4 trinh trao doi
gitra cac vi moi trurong khac nhau
(hinh 1.6). Cac qué trinh ling
dong trong khi quyén quyét dinh
su hién dién cua OPE trong tung
moi truong, dan dén sy tich liy
ctia OPE trong chudi thtrc an bién
[81].

Khi nhiét do nuéc bién ting
cao, bang va tuyét tan dan lam
giai phong cac chat & nhiém, bao
gom ca OPE, tryc tiép vao nuéc
bién [59].

Van chuyén qua dong hai luu
dong vai tro quan trong dbi véi
viéc van chuyén OPE trong dai
duong. Tuy nhién, qua trinh nay
phu thuoc d6 bén va tinh linh
dong cua OPE trong moi truong
nudc. Trong moi trudong bién, cac

viing ven bién thuong ¢ nong do

Dua trén qué trinh oxy héa
OPE trong khi quyén, thoi gian
tdn tai cua cac OPE lién két vai
hat vat chat duoc uéc tinh 1a
5,6, 4,3 va 13 ngay doi voi
TPhP, TEHP va TDCIPP .

Cac qua trinh tuong tac
gitta khi quyén va dai duong:
trao doi khuéch tan khi-nuge
gitra cac pha khi va pha hoa
tan, lang dong khd & khi quyén
(sol khi), va lang dong uét
thong qua mua va tuyét [81,
82].

Biang va tuyét tan lam gia
tang nong do OPE trong nuéc
bién doc bo bién Pong
Greenland so véi eo bién Fram
(2-5 I4n).

Tai ving nhiét d6i Bic Dai
Tay Duong, OPE hoa tan
(1.300 ng/L) tir song Amazon
da duoc van chuyén hon 3.000
km nho dong hai luu Bic

Brazil toi cac khu vuc khac.
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Con dwong , i
o Pac diém Vi du
phéan tan

OPE trong nudc cao hon dang ké

S0 V6i ving bién sau.

Phan huy méi trudong caa OPE~ Téc do phan tng oxy héa
quyét dinh mtc do bén cua cac khong dong nhat boi OH doi
chat nay trong méi truong va 1a  voi cac OPE nhu TPhP, TBEP,
yéu t6 then chét khi danh gid rai  TEHP, va TDCIPP cho thiy

Phanhiy ro coa cac hoa chat 6 nhidm. thoi gian ban hay trong khi
méi trwong  Thong thuong, phan hiay mdi quyén dao dong tir vai ngay
trudng cua cac hop chat hiru co  dén vai tuan.
trong khi quyén dién ra manh mé
nho su hién dién cua céc goc tu

do *OH, cung véi cac yéu té khac.

Mtc @6 phan bb va chuyén hda cac hop chat OPE trong méi trudng bién cha
yéu bat ngudn tir qué trinh phan bé pha (hda tan — hat — tram tich — sinh hoc), ton luu
& dang hop chat wu tién tiy thudc véi nén mau. Cac yéu té anh huong dén qua trinh
nay duoc trinh bay trong bang 1.6.

Bang 1.6. Mot so yéu té anh hwong dén sw phan bé/chuyén hoa OPE

Yéu t6 anh hwéng Pic diém

Cac thong sé nhu do tan, &p suat hoi, hé sé6 phan
bé log Kow, 10g Koa, ... quyét dinh vu thé pha va
xu huéng tich liiy cua OPE. Aryl-OPE va mot s6
Tinh chit héa-ly caa hop chat alkyl-OPE c6 tinh ky nudc, thuong hap phu manh
trong pha hat va tich lity tram tich; trong khi cac
Cl-alkyl-OPE phan cuc hon, ¢6 xu hudng phan b

trong pha nudc.
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Yéu té anh hwéng Pic diém

Nhiét 46, d6 min, cudng do tron tang va do sau cot
Diéu kién méi truong va  nudc, chat rin lo lung tac dong dén can bang khi-
dong luc hoc bién nuéc, lang-tai huyén phu, tir d6 diéu tiét luong

OPE theo mua va khéng gian.

Trong méi trudng nudc bién, thiy phan va quang
phan 14 cic co ché chinh 1am bién dbi OPE, dong
Chuyén héa phi sinh hoc thoi tao thanh cac di-OPE. Nhiét do cao, pH d6
kiém nhe va sy hién dién caa chat cam quang lam

tang téc do phan ra OPE.

Nudc thai d6 thi - cong nghiép, khu tai ché rac dién
tr, cum cang bién - dong sta tau 1a cac nguon 6
nhiém OPE chu dao thai ra ving ven bo. Hiéu qua
Ngudn phat thai ban dau  tién xir 1y nuéc thai cling anh huong dén viéc loai
bo cac OPE, vi du cac Cl-alkyl-OPE c6 ty 1€ bi loai
bo rat thap, trong khi mot sé alkyl-OPE manh ngan

dé dang loai bo hon.

1.6.3. Nguon géc va chuyén héa ciia OPE trong sinh vit bién

Sinh vat bién c6 thé phoi nhiém OPE qua nhiéu con dudng, bao gdm hap thu
tryc tiép tir nudc (mang/bé mit co thé), qua dudng an udng (truyén doc chudi thic
an) va tiép xuc bé mat. Sau khi phat tan vao méi trudng bién, OPE c6 thé lang dong
trong tram tich va khuéch dai dinh dudng qua chudi thirc dn bién. Cu thé, c4c sinh vat
phU du hap thu va tich lity OPE, sau d6 tr¢ thanh ngudn thire dn cho cac loai dong vat
bac cao hon nhu dong vat hai manh vo, giap xac, c& bién va dong vat bién c6 v [83].
Dic biét, ¢4 bién, 1a thuc pham phd bién trén toan thé gigi, bao gom ca Viét Nam, co
thé tich liiy OPE trong co thé. Viéc tiéu thu c& bién chira ndng d6 cao OPE trong thoi
gian dai co thé gay ra nhimng tac dong tiéu cuc dang ké dén sirc khoe con ngudi. Vi
vay, Viéc phan tich va danh gid ham luong OPE trong ca bién 1a rat can thiét dé dam

bao an toan thuc pham va bao vé sirc khoe cong dong.
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Xét vé& co ché chuyén hoa, OPE trai qua hai giai doan chinh, giai doan | gém
O-dealkyl héa, hydroxyl héa va khir clo-oxy hoa (d6i véi Cl-alkyl-OPE) va giai doan
I1 gom céc phan &ng lién hop. Nhiéu OPE bi chuyén hoa ngay trong giai doan I, song
chua thé xac dinh ty Ié chuyén héa trong co thé sinh vat do con c6 dong gop ngoai
sinh tir moi truong. Mot sé cap chuyén hoa dién hinh dwgc ghi nhan bao gdm TPhP
- DPhP, TCEP - BCEP, TEHP - BEHP, ... Bén canh tinh chat hoa-ly cua OPE, dac
diém loai va sinh thai cing thé hién mutc do chuyén hoa khéc biét. Mdi loai khac nhau
vé ché d6 an udng, ban chat enzyme, bac dinh dudng ciing din dén khéc biét vé téc
d6 chuyén hoa va hinh thic tich liy.

Céc nghién cau trén thé gioi da chimg minh duoc ¢6 sy khéc biét dang ké vé
ndng d6 OPE trong cac mAu sinh vat bién & khu vyc Bic My thip hon so v&i cac mau
c6 ngudn géc tir chau Au va chau A. Cu thé, 2130PE & dong vat hai manh vo tai vinh
San Francisco, My (8,7 - 25,0 ng/g trong luong lipid (Iw)) thdp hon cac mau thu thap
tir bor bién Han Quéc (18,0 - 1.500,0 ng/g Iw) va Thuy Bién (£110PE, 190,0 - 1.600,0
ng/g Iw) [35, 84]. Twong tu, nong d6 XOPE trong hai cau bién & My (<0,2 - 620 ng/g
Iw) va gau Bac cyc ¢ Canada (<0,1 - 0,9 ng/g Iw) thap hon dang ké so véi cé4c sinh
vat tir Svalbard (hai cau: khdng phét hién - 370,0 ng/g lw, gau Béc cuc: khong phat
hién - 52,0 ng/g Iw) [84-86]. Nong do trung binh ciia XOPE trong c4c mau cé bién &
vinh Manila, Philippines (560,0 ng/g Iw), Pia Trung Hai (530,0 ng/g Iw), Thuy Pién
(340,0 ng/g 1w) 1a turong ty nhau va thip hon so v&i cAc mau cac tir vinh Lai Chau,
Trung Quéc (1.600,0 ng/g Iw) [21, 35, 87, 88]. Ho so 6 nhiém OPE & céac khu vuc
chii yéu c6 su dong gop ciia TBOEP, TnBP, TPhP, TEHP va TDCIPP [89]. Bén canh
d6, su khac biét vé thanh phan OPE trong co thé sinh vat bién ¢ cac khu vuc khac
nhau ciing phan &nh su khac biét vé tinh trang 6 nhiém OPE tai khu vuc d6, bao gdm
chang loai va nong d6 OPE [35].

Su khéc biét dang ké vé nong d6 va chung loai OPE trong sinh vat bién ciing da
dugc quan sat, cu thé 1a giam dan nong do ZOPE theo thir tu c& bién > chim ~ dong
vat bién c6 v [85]. Trong khi nong do OPE ghi nhan trong chim ung non tai Ngii
Dai ho trong khoang 0 - 7,5 ng/g trong luong wét, chi c6 5 loai OPE ghi nhan trong

gan va md cua cé heo, hay 4 loai OPE phét hién trong m& cuia hai cau tai My [84, 90,
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91]. Bén canh d6, c6 su khac biét vé nong d¢6 TOPE giita cac mo co quan cia sinh
vat. Cu thé, ndng d6 ZOPE trong cac md & ca heo bién Alboran giam dan theo thir ty
ndo (1.500 ng/g lw) > co (640,0 ng/g Iw) > md (270,0 ng/g Iw) [92]. Két qua nay cho
thay sy tich liiy va phan bé OPE c6 khac biét dang ké giita cac loai va méi trudng

séng khéc nhau, anh huong truc tiép dén con ngudi.
1.7. Hién trang khai thac va tiéu thu ca bién & Viét Nam
1.7.1. Hién trang khai thdac

Véi loi thé dudng bo bién kéo dai cung bdn ngu trudng trong diém cung cap
ngudn thiy san doi dao nén nganh khai thac thay san bién tai Viét Nam van dong vai
trd quan trong trong phat trién nén kinh té quéc gia. Tinh dén nam 2024, tong san
luong cé bién danh bt duoc dat 2,8 triéu tan, ting 21,7% so v&i nam 2016, cho thay
Xu huéng ting 6n dinh di chiu tac dong caa bién dong méi truong va yéu cau quan
ly khai thac bén vitng [93]. Phan 16n san luong cé bién khai thac phuc vu cho muc
dich tiéu dung noi dia, ché bién va xuat khau. Tuy nhién, sb liéu thong ké vé san
luong danh bét lai khong dong déu & ting dia phuong, khu vuce do dic diém dia hinh
va kinh té - xa hoi.

Hoat dong khai thac & khu vyuc ngu truong phia Bac tap trung chii yéu tai Hai
Phong, Quang Ninh va Nam Dinh. Cu thé, trong 4 thang dau nim 2024, san luong
thay san cua Hai Phong udc dat 66.525,8 tan, ting 1,61% so vai cling Ky nam trudc.
Tai Quang Ninh, tong san luong thuy san ndm 2023 wéc dat gan 177.000 tan, ting
4,65% so0 voi nam 2022. Nam DPinh cling ghi nhén san lugng thuy san quy I nam 2024
dat 42.596 tan, ting 3,10% so Véi cling ky nam truéc [94, 95]. Céc khu vuc nay khong
chi néi bat vé hoat dong khai thac thiy san ma con c6 dic diém kinh té - xa hoi lién
quan dén phat thai cac hop chat 6 nhiém nhu OPE. Hai Phong hay Quang Ninh dong
thoi 1a khu vure tap trung cac cum cdng nghiép - cang bién, dit ra nhu cau giam sat
phét thai chat 6 nhiém tir nuéc thai cdng nghiép, van tai bién va du lich hau can; trong
khi Nam Dinh dang nd luc trong viéc nang cao kiém soat bao vé mai truong [96, 97].

Khu vic mién Trung c6 lgi thé vé viing bién sau va ngu truong rong 16n, tao

diéu kién thuan lgi cho hoat dong khai thac xa bo. Cac tinh/thanh phd nhu Da Ning,
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Binh Dinh, Pht Yén va Khanh Hoa déng vai trd quan trong trong nganh danh bat c4
bién cua khu vurc, véi san lugng khai thac dang ké. Pa Nang 1 trung tam khai thac
hai san 16n véi cang c& Tho Quang, cang ca quy md nhat mién Trung, c6 san luong
khai thac dat 80.000 - 100.000 tan/nim. Binh Binh va Phi Yén 1a khu vuc trong diém
cua nghé danh bat ca ngr dai duong, véi san lwong trung binh 18.000 - 20.000
tan/ndm, gop phan quan trong vao san lwong xuat khau thiy san cua Viét Nam. Khanh
Hoa cd cang c& Hon R, dau méi thu mua cé ngur va céc loai c& ndi 1on, véi san lugng
khai thac 1én dén 160.000 tan/nam, tré thanh mot trong nhitng cang ca Ion nhat ca
nudc [98]. Su hién dién cua cac cum khu cdng nghiép (nha may loc dau Dung Quit -
Pa Ning) ciing nhu su phat trién cua cac co sé sira chira tau bién va dich vy du lich
bién da lam gia ting mtc do 6 nhidm ngudn nudc, tir 46 gép phan giai phong OPE
vao hé sinh thai bién [99].

Khu vyc mién Nam duoc chl trong vao mét sé tinh/thanh phé 16n, bao gom Ba
Ria - Viing Tau, TP. H5 Chi Minh va Tién Giang. Ba Ria - Viing Tau 1a mét trong
nam trung tdm nghé ca lon cua ca nudc, véi san lugng khai thac trén 300.000 tan/nam.
TP. H6 Chi Minh sé hitu chg dau méi Binh Dién, trung tdm phan phdi thuy san 16n
nhat mién Nam, dam bao cung &ng cho khu vuc va xuét khau. Tién Giang c6 cac
cang ca nhu My Tho va Vam Lang, véi san luong khai thac dat 120.000 tan/nam, gop
phan quan trong vao ngudn cung thity san [100]. Song song véi vai vai trd khai thac
- ché bién thyc pham bién, cac khu vuc nay ciing tap trung vao cac nganh cong nghiép
cha luc nhu loc-hda dau, dét nhuom, héa chat hay co khi tau bién, ... 1a cic ngudn

tiém tang phét thai OPE vao méi truong nudc néu khong dugc xir 1y kip thoi.
1.7.2. Mikc tiéu thu cd bién ¢ Viét Nam

Viét Nam 1a mét trong ba quéc gia san xuat va xuat khau thuy san hang dau
thé gi6i, chi sau Trung Québc va Na Uy. Nganh thay san déng vai trd dac biét quan
trong trong phat trién kinh té qudc dan, an ninh luong thyc va sinh ké ven bién.

DU phan 16n san luong thuy san dugc danh cho xuat khau (tri gia gan 8,6 ty
USD vao nim 2019) nhung mot phan dang ké van duoc tiéu thy trong nuéc. Theo T6
chic Nong Lwong Lién Hop Quéc, muc tiéu thu thuy san trung binh cua nguoi Viét

Nam dat khoang 36,3 kg/nguoi/ndm, cao hon dang ké so véi muc trung binh toan cau
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la 20,5 kg [101]. C4 bién giir vai tro thiét yéu trong khau phan in nho gidu protein,
acid béo omega-3, sit, kém va cac vi chit quan trong khac. Nhu cau noi dia tap trung
& cac do thi 16n va dai ven bién; co cau loai tiéu thu phé bién bao gom cé thu, ca nuc,
c4 com va ca chim, bén canh c& ngir vira xuat khau chu luc vira c6 thi phan néi dia
dang ké. Tuy nhién, cac dir liéu chinh thirc vé muc tiéu thu cé bién trong nuéc con
nhiéu khoang tréng do khé khin trong quan 1y san luong ciing nhu sy thiéu dong bo
trong khau van chuyén hang héa. Hé théng phan phéi ca bién tai noi dia cha yéu van
dwa vao kénh cho truyén thdng va thuong 1ai nho, vai chudi lanh va kiém soat chét
lwgng con han ché. Ngoai ra, tiéu thu ca bién noi dia & Viét Nam van con doi mit véi
mot sb thach thirc 1on khi ngudi tiéu dung ngay cang quan tdm dén vé sinh an toan
thue pham va truy xuét ngudn géc nén kha ning tiép can cac san pham ca bién duoc

chang nhan bén viing van con han ché.
1.8. Riii ro sirc khée ciia OPE
1.8.1. Panh gia riii ro swrc khoe

Trong bdi canh mai trudng ngay cang chiu ap hec boi cac hda chat doc hai va
cac san pham phy tir cdng nghiép hién dai, danh gia rui ro sic khoe (HRA) da tro
thanh mot cong cu khong thé thiéu trong viéc bao vé suc khoe cong dong va hoach
dinh chinh sach moi truong. Vé mit hoc thuat, HRA duoc dinh nghia la mot quy trinh
khoa hoc ¢6 hé théng nham wéc lugng xac suat va mie ¢6 nghiém trong cua cac tac
dong bat loi dén stc khoe con nguoi, do phoi nhiém véi cac tac nhan nguy hai tir moi
truong, thuc pham hoac cac san pham tiéu ding [102]. Vé mit hoc thuat, HRA la mot
quy trinh tich hop gitra:

e Poc hoc (dé xac dinh tinh doc va co ché tac dong) [103],

e Dijch té hoc (dé lugng hoa nguy co tir phoi nhiém thuc té) [104],

e Phén tich phoi nhidm (dé xac dinh liéu hip thu theo cac con dudng) [105],

e Toan hoc mo hinh héa dinh lugng (dé mo phong liéu - dap tmg va danh gia

khdng chac chan) [106].
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Do d6, HRA khong chi 14 cong cu khoa hoc ma con 1a mot ki thuat ho tro ra
quyét dinh chinh sach, nhét Ia trong quan Iy méi treong, an toan thuc pham, quan ly
hoa chat va cap phép duoc pham.

Theo mé hinh ¢6 dién cia WHO va cac to chic qudc té khac, HRA bao gém
bén budc tuan tu [107]:

e Nhdn dién mai nguy hai: Xac dinh liéu mot chat, tic nhan sinh hoc, vat 1y hoic
hoa hoc c6 kha ning gy ra céc tac dong bat loi dén stc khoe hay khong. Dit
liéu duoc thu thap tir nghién ciu trén dong vat, in vitro, dich t& hoc va danh
gia co ché phan tir. Vi du: Panh gia lidu phoi nhiém vai bisphenol A ¢6 lién
quan dén rdi loan noi tiét hay khong, dua trén nghién ctu trén loai gam nham
va mo hinh co ché thu thé estrogen.

e Ddnh gid méi quan hé liéu — ddp #ng: Phan tich mbi trong quan dinh luong
giita lidu tiép xUc va xac suat hodc cuong do cua phan ang bat loi, tir d6 thiét
lap céac gia tri liéu tham chiéu.

e Ddnh gid phoi nhiém: Udc tinh lwong chat ma con nguoi thuc su tiép xic qua
cac con duong khac nhau (hd hép, tiéu hoa, qua da), bao gom thoi gian, tan
suit va dic diém sinh Iy hoc.

e Ddc trung rui ro: Téng hop thong tin tir ba bude trude dé dinh luong va mod
ta tinh chat, cudong do, do tin cay va cac yéu té khong chic chan cua rui ro.
Trong budc ndy, phan tich xac suat va danh gia do nhay thuong duogc st dung
dé nang cao d¢ tin cay ciia mo hinh. P6i vai chat khong gay ung thu, thuong
s6 nguy hai (HQ) duoc tinh toan dwa trén thuong sb gitra liéu phoi nhidm va
liu tham chiéu. Trong khi d6, d6i véi cac chat gy ung thu, chi s6 ung thu
sudt doi (ILCR) dugc tinh toan dya trén tich giira lidu hap thu trung binh hang
ngay suét doi (LADD) véi hé s6 goc cia dudng thang tuong quan giira lidu
tiép xUc va xac suat hoic cudng d6 cua phan ¢ng bat loi.

Mic du khung bén budc thuc hién truyén théng van Ia cot 16i, HRA hién dai da
mao rong pham vi &p dung theo hudng tich hgp va toan dién hon. Cac phuong phap
danh gia nang cao nhu danh gia rui ro cong tinh (Cumulative Risk Assessment), danh

gia rui ro tir nhiéu con duong tiép xuc khac nhau vai cing mot chat (Aggregate Risk
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Assessment), va danh gia rai ro xac suét (Probabilistic Risk Assessment) ngay cang
dugc ap dung rong rii. Trong danh gia rii ro Xac suat, cac céng cu md phong nhu
phan tich Monte Carlo dugc sir dung dé lugng héa mue do bat dinh va bién thién gita
cac cd thé Ngoai ra, xu huéng st dung dit litu “omics” nhu genomics va
metabolomics dé nhan dién cac ddu 4n sinh hoc sém dang mé ra nhitng tiém ning
méi cho viéc tién doan va danh gia rui ro & cap do phan tu [106, 108].

Do d6, danh gia rui ro suc khoe 1a mét thanh té then chét trong khoa hoc méi
treong va quan |y sic khoe cong ddng hién dai. Phuong phap nay gitp thiét 1ap gioi
han tiép xtc cho hoa chét trong méi truong va thuc pham, phan tich tac dong chi phi
— loi ich trong danh gia san pham ndng nghiép - duoc pham, co sé phap ly cho viéc
cap phép, kiém soat & nhidm va tang cudng minh bach hda quan 1y méi trudng, thu

hat s tham gia cua cong dong va cac bén lién quan trong giam sat rai so.
1.8.2. Riii ro sirc khée ciia OPE d6i vdi con nguwoi

Do sy xuat hién pho bién cia OPE trong méi trurong nén con ngudi ¢ thé phoi
nhiém véi cac chat nay qua nhiéu con duong khac nhau, bao gom hit the khdng khi
(bao gém ca cac hat byui min), hap thu qua da, nuéc udng va tir thiee 3n [39].

Bui trong nha dang trd thanh mot trong nhitng con dudng phoi nhiém quan trong
d6i véi cac hop chat OPE - nhom héa chét duoc st dung rong rai trong son, nhua,
thiét bi dién tir, noi that va vat liéu xay dung. Do dugc pha tron vat ly vao san pham,
OPE dé dang phat tin ra moi truomg va tich liiy trong bui - noi con ngudi, dic biét la
tré em, tiép xdc hang ngay qua hanh vi nuét bui khdng chu y. Két qua tir cac nghién
ctru toan cau chi ra rang nong d6 OPESs trong bui thay doi manh mé tly theo khu vuc
va moi truong, véi nhitng gia tri luong hap thu ude tinh hang ngay (EDI) qua duong
nudt bui, dac biét 1a ¢ tré em, cd thé dao dong tir 0,37 ng/kg-bw/ngay & Philippines
dén 551,47 ng/kg-bw/ngay & Nhat Ban. Trong khi ddi véi ngudi 16n, gid tri nay dao
dong tir 0,08 ng/kg-bw/ngay dén 126,93 ng/kg-bw/ngay [109]. Bac My 1a khu vuc c6
muc EDI cao nhat (tré em: 64,45 ng/kg-bw/ngay; nguoi 16n: 12,89 ng/kg-bw/ngay),
sau d6 1a chau Phi (tré em: 46,30 ng/kg-bw/ngay, nguoi lon: 10,66 ng/kg-bw/ngay),
chau A (tré em: 39,33 ng/kg-bw/ngay, ngudi 1on: 9,04 ng/kg-bw/ngay), va thap nhat
la chau Pai Duong (tré em: 10,51 ng/kg-bw/ngay, nguoi lon: 6,15 ng/kg-bw/ngay)
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[109]. O Viét Nam, gia tri ZEDI théng qua viéc tieu hoa byi & tré em va ngudi 16n
lan luot 1a 248,00 ng/kg-bw/ngay va 9,24 ng/kg-bw/ngay [2]. Su khac biét 16n vé gia
tri EDI giira cac qudc gia dén tir s6 lwgng OPE duoc lra chon phan tich trong tirng
nghién cau, mé hinh tiéu thu va cac quy dinh kiém soat OPE dic thu tai mdi quédc
[39, 110]. C4c gié tri EDI nay thap hon nhiéu 1an so véi liéu tham chiéu (RfD), dong
nghia vai rai ro sic khoe hién tai & muc rat thap (HQ < 1). Bén canh dé, chi sé rui ro
ung thu (cancer risk, CR) duoc tinh todn & tit ca cac qudc gia déu thip hon 106, nam
trong ngudng rai ro chap nhan theo khuyén nghi ciia Co quan Bao vé Mbi trudng
Hoa Ky (US EPA) [109].

Hap thu qua da dugc xac dinh 1a mot trong ba con dudng chinh dan dén phoi
nhiém OPE trong moi trudng trong nha, bén canh viéc nubt bui. Trong nghién ctu
ctia Balasch va cong su (2023), cAc mau bui trong nha duoc thu thap tai khu vue d6
thi Barcelona [111]. Cac két qua tinh toan EDI hdp thu qua da ddi voi ngudi trudng
thanh dao dong tir 0,95 dén 31,7 ng/kg-bw/ngay, véi gia tri trung vi 1a 5,89 ng/kg-
bw/ngay. Hap thu qua da cé ty & dong gdp cao nhat vao SEDI 1én dén 55% trong
tinh hudng phoi nhiém téi da. Chi s6 HQ trung vi théng qua hap thu qua da van thap
hon gidi han an toan hang tram lan (HQ = 1,67x103). Trong nghién ciu caa Cequier
va cong s (2014), EDI hip thu qua da cua ngudi trudng thanh wdc tinh khoang 23,00
ng/kg-bw/ngay tur bui trong phong khach va 16p hoc ¢ Na Uy [112]. Nghién ctru ctaa
He va céng si (2018) tai Uc béo céo gia tri EDI qua da duoc udc tinh khoang 4,00
ng/kg-bw/ngay [113]. Nghién ciu caa Tao va céng s (2023) béo cao EDI hap thu
qua & tré em la 14,00 ng/kg-bw/ngay tai Vingaker va 10,00 ng/kg-bw/ngay tai
Eskilstuna, Thuy Dién, voi muc t6i da 1én téi 280,00 ng/kg-bw/ngay, cao hon déng
ké so v&i phan 16n cac nghién ciru trude d6 thuc hién trén nguoi 16n [114]. Chi sb
HQ trung vi d6i véi SOPE 1a 1,40x10 tai Vingaker va 8,10x10° tai Eskilstuna, voi
gia tri toi da lan luot 14 2,80x103 va 1,30x10°3. Mic du déu thap hon ngudng 1, nhung
két qua nay cho thay hap thu qua da dong gop dang ké vao tong phoi nhiém, dic biét
& moi trudng trudng hoc noi tré em tiép xuc tryuc tiép voi san phu PVC.

Theo béo céo caa Hou va cdng sw (2023), OPE duoc phét hién véi nong do tur

24,7 dén 173,8 ng/L trong nudc udng tai Trung Quéc [115]. Panh gia mire phoi nhiém
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qua duong udng cho thiy ngudi truong thanh cé gia tri EDI trung vi khoang 1,68
ng/kg-bw/ngay, va co thé 1én dén 11,70 ng/kg-bw/ngay trong kich ban tiép xdc cao.
O tré em, mic phoi nhiém ghi nhan cao hon, véi EDI trung vi 1a 2,57 ng/kg-bw/ngay,
va gid tri toi da dat toi 17,90 ng/kg-bw/ngay - diéu nay phan anh su khac biét vé khéi
lwong co thé va lwong nudce tiéu thu theo do tudi. Khi so sanh vai cac qudc gia khac,
gia tri EDI tai Trung Qudc nam & mirc cao hon so véi dit liéu ghi nhan tai My (1,17-
9,65 ng/kg-bw/ngay) [116], trong duwong voi Han Qudc (8,23-16,5 ng/kg-bw/ngay)
[117], va thap hon dang ké so véi mot sé khu vuc cong nghiép niang nhu Dong Giang,
noi mic EDI ¢d thé vugt 38,90 dén 64,80 ng/kg-bw/ngay [118, 119]. Bén canh do,
chi s6 HQ trung vi tir nuéc udng ddi véi ngudi 16n 12 1,51x1073, va tdi da 1a 1,05x102
Déi véi tré em, HQ trung vi dat 2,29%10°3, véi gid tri tdi da 1a 1,57x1072 - tat ca déu
nhé hon ngudng 1, cho thay rai ro khong gay ung thu 13 thap trong diéu kién thong
thuong. Tai My, OPE duoc phat hién ¢ nhiéu loai nuéc uéng khac nhau, bao gom
nudc may va nude dong chai. Cac két qua tinh toan xac dinh gia tri EDI qua dudng
udng dbi vai TCEP c6 thé dat 1,53 ng/kg-bw/ngay, trong khi TCIPP dat 1,49 ng/kg-
bw/ngay ¢ nguoi I6n & qudc gia ndy [120]. Tai Nigeria va mot s6 quéc gia chau Phi
dang phat trién, dir liéu dinh luong vé su hién dién ctia OPEs trong nuéc udng con
tuong ddi khan hiém. Tuy vay, cac két qua hién cd cho thiy xu huéng gia ting nong
d6 OPEs tai cac khu vuc d6 thi — noi hé thong cap nude thuong gap phai cac van dé
vé kiém soét chat luong va str dung vat lidu duong ong khong dat tiéu chuan ky thuat
[120]. Mot s6 mAu nude may va nude dong chai duoc phan tich da phat hién cac hop
chat nhu TCEP va TBOEP, cho thay nguy co phoi nhiém mén tinh hoan toan c6 thé
xay ra. Tuy nhién, do thiéu cac nghién ciru dai han va danh gia toan dién vé doc tinh
tich lity, mirc d6 rui ro sic khoe thuc té van chua dugc l1am rd.

Nhiéu nghién ctru d4 chi ra rang ché do an udng 1a mét trong nhirng con duong
quan trong khién con ngudi phoi nhiém voi OPE [24, 83]. OPE trong thuc pham 1
két qua cua viéc chuyén cac hoa chat nay qua chudi thuc pham ciing nhu qua trinh
ché bién va déng goi san pham thuc pham. Cu thé, OPE da duoc tim thy trong cac
loai thuc pham, bao gdm thit, c& bién, hai san, san pham tir sita, ngii coc va do udng

[121, 122]. Mtc trung binh ZOPE trong thyc pham thuong dudi 1,00 ng/g trong
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lwong wét, véi lidu uéc tinh 12 25,10 ng/kg-bw/ngay dbi voi ngudi 1on va cao hon
nhiéu d4i vai tré vi thanh nién (32,20 - 135,00 ng/kg-bw/ngay) [122, 123]. Mudi OPE
d3 dugc phan tich trong nén mau thuc pham & mién Pong Trung Qudc véi nong do
t6ng OPE nam trong khoang 1,10 - 9,60 ng/g trong lugng khé (dw). Luong OPE an
vao hang ngay duoc tinh 1a 3,60 va 2,40 pg/ngay ddi voi nguoi 16n va tré em. Panh
gia phoi nhiém so bd cho thay rui ro sic khoe khong gdy ung thu hién tai cia OPE
thong qua ché d6 an udng nam trong khoang 10 - 103, cho thiy mirc d6 rui ro thap.
Hon nira, HQ ctia OPE chi ra rang rui ro véi tré em (3,00x1073) cao hon so voi nguoi
16N (2,00x10°3) [124].

Cho dén thoi diém hién tai, cac nghién ciru vé danh gia rai ro sac khoe cua cac
OPE dén stic khoe cua con nguoi ¢ Viét Nam van con nhiéu khoang tréng, ciing nhu
thiéu hut cac nghién ctu danh gia sy phan bé caa cac OPE trong cac md sinh vat.
Trudc tinh trang gia taing OPE trong méi truong bién, can ¢6 nghién ctru chuyén sau
hon vé nhiing tac dong bat loi tir phoi nhiém lau dai ¢ sinh vat va con nguoi [88].
Viéc hiéu rd hon vé cac rui ro nay giup danh gia va quan 1y cac nguy co tiém tang doi
véi hé sinh thai bién va sic khoe con nguoi.
1.9. Phwong phap phén tich OPE trong mAu sinh vit

1.9.1. Chiét méu va tinh sach dich chiét

1.9.1.1. Phwong phdp chiét mdu

Viéc x4c dinh ndng d6 OPE trong mau sinh vat gap nhiéu thach thirc vi nong do
ctia ching ton tai & ham lugng vét. Bén canh do6, nhiéu OPE c6 tinh chét hoa 1y tuong
dong véi nhiéu thanh phan gay nhidu trong nén mau sinh vat (cu thé 1a lipid) la rao
can trong nghién ctu, gay sai léch két qua phan tich. Pay chinh 1a thach thic to 16n
khién cho OPE it dugc quan tm trong nghién cau vé thuc pham. Do dé, dé co thé
phan tich chinh x4c OPE trong thuc pham, can xay dung quy trinh chiét hiéu qua,
dam bao duoc phat hién OPE ¢ ham luong Vét, ciing nhu giam thiéu anh huong cua
nén mau. Nhiéu k¥ thuat chiét da duoc phat trién nham tng dung chiét xuét hiéu qua
OPE ra khoi nén mau cy thé. Cac ki thuat chiét ung dung trong phan tich OPE trong

nén mau thuc pham duoc trinh bay trong bang 1.7.



Bang 1.7. Thong tin vé phwong phap chiét miu va tinh sach dich chiét phan tich OPE trong ca

< Tai
So n A
Phuong lwong Dung moi Tinh sach Do :thu ligu Uu diém Nhuwrge diém
phap OPE hoi tham
khao
11 Hex:Ac (1/1, VIv) Chiét ra rin (SPE) véi Florisil | 72-109 | [125] Thoi gian chiét
ks Chiét phan tan vai PSA va Chiét mau lién tuc thong | dai, tiéu ton dung
% 14 MeCN C18, SPE: aminopropyl silica 74 -130 | [123] | qua qua trinh chung cat va | moi, chi phi hoat
n gel hoi luu dung moi [126]. do cao.
@ 11 MeCN chira 10% AA | Chiét gia toc 90-111 | [127] | D& dang thyc hi¢n, 1am | Nhiét d¢ c6 thé
) . giau mau. phan hay chét
12 DCM SPE: Oasis HLB, Z-Sep, C18 73 -107 | [128] phan tich
15 MeCN chira 0,5% FA | d-SPE: PSA, C18, MgSO4 63 - 121 | [122] Tac dong co hoc cua | Giai phong tap
. SPE: Florisil, phan tan: Z-Sep, i s6ng siéu &m cai thién kha | chat trong nén
j= ) MeCN:toluene (9/1, viv) C18, StrataX Aw 60-96 | [121] nang tham thau cua dung | mau khéng mong
E 9 MeOH SPE: StrataX 47 -123 | [130] | mdi chiét vao té bao mau, | mudn khi té bao
Z 9 Hex:DCM (1/1, v/v) | SPE: Florisil 70-134 | [131] | tang toc d0 truyén khoi | bi pha va.
2 19 Hex:Ac (1/1, viv) Ly tam 48 - 102 | [87] | [129]. Hiéu ng nén
5 16 MeCN:toluene (9/1, v/v) | d-SPE: PSA, MgSO4 60 - 130 | [132] Pha v& thanh té bao, | anh huéng manh
11 Hex:DCM (1/1, viv) | SPE: PSA 68 - 136 | [133] | tang kha nang chiét chit | dén két qua phan
14 Ethyl acetate SPE: NH; SPE 46 - 120 | [134] | phan tich. tich.
n Giam luong dung maoi,
0 10 MeCN chira 0,5% FA | d-SPE: PSA, Cis, bot nhém 73-106 | [124] | trinh ,d‘;']n ﬁ.l?”’ 9aM 1 poi  hoi  lua
5 horgian fach et -~ | chon vat ligu tinh
! iam kha nang chiet :
= . < lipid, tap chat tir nén mau sach thich hop.
o 14 MeCN Chuan bi mau tu dong 58 -118 | [136] .

[135].

Ghi chu: Hex: hexane; Ac: acetone; MeCN: acetonitrile; MeOH: methanol; DCM: dichloromethane; FA: formic acid; AA: acetic acid;
SPE: chiét pha ran; d-SPE: chiét pha ran phan tan.
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1.9.1.2. Tinh sach dich chiét

Hiéu @ng nén mau xay ra khi cac hop chat trong nén mau déng ria giai voi chat
phan tich khi phan tich sic ki, lam “&c ché” hodc “ting cudng” qua trinh ion hoa
trong khdi phd. Hé qua dan dén su bat 6n cho do téi lap va do chinh xéc cua két qua
phan tich [137]. C4c chit nhidu nén nhu lipid, thudng lam ting tin hiéu nén, 1am bién
dang peak, hoic gay hu hai cot sic ky néu qua trinh tinh sach dich chiét khdng hiéu
qua [138]. Do d6, viéc phét trién phwong phap phan tich v6i giai doan tinh sach dich
chiét hiéu qua I can thiét dé xac dinh nong d6 OPE trong mau thuc pham.

Chiét pha ran (SPE) dan duoc st dung pho bién dé loai bo cac chét hitu co giy
hiéu (tng nén trong phan tich thuc pham. K¥ thuat SPE c6 hai muc dich sir dung, bao
gom pha tinh luu giit chat phan tich va pha tinh luu giit nén mau. Déi véi viéc luu
giit chat phan tich, pha tinh luu giir chon loc chat phan tich, khong luu giit nén mau.
Truong hop luu gitt nén mau, chat phan tich it bi luu gitr hodc khong luu gitr trén pha
tinh. Cac chat hap phu nhu Florisil, silica, primary-secondary amine (PSA), C18 va
carbon den (GCB) duoc sir dung rong rai vi kha nang loai bé hiéu qua chat gay nhiéu
trong nén mau nhu lipid, protein, sic to, gilp cai thién tin hiéu phan tich [135, 139,
140]. Cu thé, PSA loai bo cac chat phan cuc nhu acid béo va duong, C18 loai bo céc
hop chat khdng phan cuc nhu sap va lipid, con GCB hap phu cac sic té nhu carotenoid
[141, 142]. C18 va Al,Os di duoc sir dung trong qué trinh tinh sach dich chiét xéac
dinh OPE trong ¢4 tai Thanh D6, Trung Quéc [143]. Pang luu y, Captiva EMR-Lipid
va Bond Elut EMR-Lipid c6 kha ning loai b chon loc lipid trong nén mau thuc
pham, giup dam bao d6 chinh xé&c cia phép phan tich. Ca hai loai vat liégu EMR-Lipid
ngay cang duoc sir dung phé bién véi muc dich giam thiéu anh hudng cua lipid trong
nén mau dén két qua phan tich, nho kha nang twong tac manh véi cac nhém ky nuéc
cling nhu hap phu cac nhém chic cua lipid trén bé mit vat liéu [144, 145]. Do thu
hdi cua cac chat phan tich twong tng véi ting loai vat liéu tinh sach duoc trinh bay
trong bang 1.7.

Bing viéc tng dung k¥ thuat chiét QUEChERS trong phuong phép xur Ii mau,
nghién cau cua Ding va céng sy (2018) mang lai nhiéu loi ich dang ké trong viéc tach
va phan tich cac hop chat OPE trong mai trudng va thuc pham [124]. Viéc ung dung

k¥ thuat chiét QUEChERS mang lai nhiéu vu diém vuot tri, bao gom téc do xir ly



36

nhanh, d6 thu hdi cao va kha niang phat hién cac hop chat véi nong do thap. Dic biét,
phuong phéap nay c6 tinh chon loc tot, giip phan tich nhiéu loai nén mau khac nhau
ma khdng can quy trinh xir ly phie tap. Hon nita, viéc sir dung lwong dung méi hiru
co tdi thiéu gitp giam thiéu tic dong dén moi trudng va dam bao tinh than thién voi
suc khoe con nguoi. Nho tinh 1ap lai cao, phuong phap nay dam bao do tin cay cua
két qua phan tich, tao diéu kién thuan lgi cho cac nghién ctru danh gia sy phan bd va
tuong tac cua cac chat 6 nhidm trong hé sinh thai.

Tuy nhién, bén canh nhiing lgi thé trén, phuwong phap nay van ton tai mot sé
han ché nhat dinh: (1) mot s6 hop chat trong nén mau cé thé anh huong dén két qua
phan tich, dic biét vai mau sinh hoc hoic thuc pham chira lipid cao, (2) hiéu suat
chiét ¢ thé khac nhau giira cac loai mau, dic biét véi cdc mau c6 nén mau phuc tap
nhu ¢4 hoic céc sinh vat thity sinh va (3) mot s6 hop chat co thé bi mat mat trong
qua trinh xir ly mau, 1am sai léch két qua phan tich.

Do d6, dé c6 thé xac dinh duoc nong dd OPE trong nén mau ca, phuong phap
xtr ly mau nay can duogc cai tién. Cu thé:
. Toi wu héa hiéu sudt chiét tach: Ca va cac sinh vat thuy sinh c6 ham lugng
chat béo cao, c6 thé anh huéng dén qua trinh phan tich. Do d6, phuong phap cai tién
can loai bo lipid hiéu qua hon, giam nhidu nén va cai thién do chinh xac.
. M¢ réng pham vi ing dung: Cac phuong phéap chiét tach truyén théng cha yéu
phét trién cho thuc pham kho, nén mau don gian hoic it béo, chua ti vu cho ca va
c4c san pham thay san.
. Cadi thién dg thu hoi va dg lap lai: Mot s6 hop chat cd thé bi that thoat hoac bi
phan hay trong qua trinh chiét. Viéc phat trién phuong phap gitip tdi uu hoa cac diéu
kién dé tang d6 thu hdi va dam bao két qua phan tich dang tin ciy hon.
. Pdp 1ng nhu cau thyee té trong nghién cizu an toan thuc phdam va méi trwong:
Ca la ngudn thuc pham quan trong va 1a chi thi sinh hoc quan trong trong nghién ciru
moi truong. Phuong phép chiét t6i uu sé giup danh gia chinh xac hon sy tich lily va
tac dong caa cac chat & nhiém trong sinh vat thay sinh.
. Giam thiéu sir dung hoa chdr déc hai: Phuong phap chiét tach hiéu qua hon
c6 thé gilp giam luong dung mdi hitu co doc hai, gop phan bao vé siic khoe con

nguoi va moi truong.
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Viéc cai tién phuwong phap chiét tich mau c la can thiét, khéng chi nham nang
cao hiéu suat va d6 chinh xac ma con dé dap wng cac yéu cau thuc tién trong nghién
ctru an toan thuc pham va méi trudong. Bang cach giai quyét cac han ché hién co,
phuong phap méi s& mang lai nhiéu loi ich to 16n, cing ¢ tinh ang dung va tinh khoa

hoc ctia nghién ctu.
1.9.2. Phwong phap phdn tich OPE

1.9.2.1. Phirong phdp phan tich trac quang

Trong sb céac ky thuat phan tich truyén théng, phd hap thu tir ngoai kha kién
(UV-Vis) la mét cong cu don gian, dé thuc hién va thuong dugc (ing dung trong khao
sat dinh tinh hodc giam sat cac hop chat c6 nhom chic hap thu anh sang. Tuy nhién,
hiéu qua ap dung k§ thuat nay ddi voi cac hop chat OPE con han ché do dic diém cau
trac dién tir ciia ching. Céac hop chat ¢ nhém chiic phosphate voi P mang sb oxi hoa
+5 voi bon nhdm thé lién két truc tiép thuong cd kha nang hap thu UV-Vis Ia rat han
ché do khéng c6 nhém chirc hap thu manh anh sang trong viing UV hoic kha kién.
Do d6, cac OPE khong thé hién tin hiéu hap thy dic trung trong phd UV-Vis, ngoai
trir khi ching chira cac nhém thé hiru co ¢6 tinh hap thu, nhu nhom phenyl. Trong
nghién ctu ciia Kumar va céng si (2013), cac hop chat thudc trir sau co phét pho
(OPP) nhu parathion, malathion hay chlorpyrifos chi ¢ thé dugc phét hién bang UV-
Vis néu mang cac nhom thé hitu co c6 hoat tinh quang hoc rd rét, chang han nhu
nhom phenyl [146]. Nhirng OPE khong c6 nhan thom (vi du TCEP hoac TnBP)
thuong khong thé phat hién truc tiép bang phuwong phap nay néu khéng trai qua dan
xuat hoa hoc dé gan thém nhom héap thy. Ngoai ra, pho UV-Vis ciing c6 vai tro nhat
dinh trong viéc giam sat cac phosphate sinh hoc, chang han nhu adenosine
triphosphate - mot chat hap thy manh tai bude song 259 nm, thudng dugc sir dung

lam chi thi sinh hoc trong cac nghién citu enzym va chuyén hoa niang luong [147].
Mac du khdng phai 1a phuong phap 1y tuong cho dinh lugng OPE trong moi
truong do gidi han vé do chon loc va do nhay, UV-Vis van c6 thé dong vai tro hd tro
trong cac budc tién xur Iy hozc 1am cdng cu sang loc nhanh khi diéu kién phan tich
hién dai chua sdn c6. Dac biét, khi két hop véi cac phan tng tao mau dac hiéu (vi du:

dung thuéc thir 5,10,15,20-tetrakis(4-hydroxyphenyl)porphyrin), phuwong phap phd
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hap thu tir ngoai kha kién c6 thé duoc cai tién dé ting kha nang wng dung trong giam
sat moi truong [148].

1.9.2.2. Phuwong phap phan tich dién hoa

Trong sd céc ki thuat phan tich hién dai, phan tich dién hda noi bat trong phat
hién va danh gia doc tinh cua cac hop chat organophosphate, bao gém ca OPP va
OPE. Phan tich dién hoa c6 d6 nhay cao, do chon loc tét va kha ning trién khai tai
hién trudng. Phuong phap nay cho phép phat hién cac hop chat organophosphate ¢
nong do rat thap, tham chi téi mac fentomol, véi thoi gian phan tich ngan, khong doi
hoi thiét bi cong kénh va c6 kha niang linh dong cao trong phan tich hién trudng. Cac
uu diém nay gitp phan tich dién hoa tré thanh lya chon 1y twong trong cac nghién
ctru méi trudng, an toan thuc pham va kiém soat chat lugng nudéc.

Mot trong nhirng hudng phat trién tién tién caa ky thuat dién hoa 1a cam bién
dién hoa. Cam bién nay duoc ché tao duwa trén kha nang nhan biét chon loc cua cac
aptamer-oligonucleotide don sgi v&i cac phén tr organophosphate. Cac tin hiéu dién
hoa phét sinh tir qua trinh gan két ¢ thé dugc do bang cac ki thuat nhu von-ampe
xung vi phan (DPV), phé tré khang dién hoa (EIS), hoic dién thé séng vudng (SWV).
Dé nang cao d6 nhay va hiéu qua truyén tin hiéu, cac nén dién cuc thuong dugc bién
tinh bang cac vat liéu c6 dién tich bé mat 16n va kha ning dan dién cao nhu graphene
oxide (GO), dng nano carbon nhiéu 16p (MWCNTS), c4c cau tric khung co-kim loai
(MOFs), hoic cac hat nano vang (AuNPs) [149]. Béi vai chlorpyrifos, Jiao va céng
sir (2018) phat trién hé cam bién str dung nén ferrocene trén MWCNTS phu chitosan,
do bang phuong phap quét thé vong tuan hoan (CV), dat gii han phat hién 0,33
ng/mL [150]. Xu va cdng s (2022) tiép tuc cai tién bang cach st dung vat liéu lai
CuO-SWCNTSs va do DPV, cho giéi han phét hién & mic 70,0 pg/mL [134]. Déi voi
malathion, cam bién dwa trén dién cuc FTO bién tinh bing FesOs-chitosan di dat
dugc giéi han phat hién rat thap, chi 0,001 ng/mL [151]. Khosropour va céng S
(2022) thiét ké cam bién tich hop cham lugng tir disulfide vanadi (VS2) véi graphene-
MWCNTSs va do bang t6 hop DPV-EIS, cho gigi han phét hién diazinon dat 2,0-11,0
femtomol/L [152]. Ngoai ra, Wang va céng sw (2022) sir dung cau tric MOF loai
UiO-66-NH> va dat dugc gidgi han phat hién caa isocarbophos la 0,9 ng/mL [153].
Péng chu ¥, Zhu va cgng sw (2024) ché tao cam bién dién héa MWCNT-OH trong
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moi truong ion 1ong chita AuNPs (G-MWCNT-OH/IL/AuNPs) ¢6 dinh véi té bao
gan nguoi dong HepG2 tao thanh nén cam bién song [154]. Két qua nghién ctu chi
ra rang duong chuan tuyén tinh cao giira tin hiéu dong dién va logarit nong d6 OPE,
Vé6i hé sb trong quan R? Ién hon 0,99, dong thoi thé hién do tai lap tt vai hé sé bién
thién nho hon 5% trong cac phép do 1ap lai. Phan tich dya trén chi s6 1Cso cho thay
cac OPE c6 doc tinh khac biét dang ké, vai ICso thap nhét 1a 179,2 uM (TPhP) va cao
nhét 13 859,3 uM (TEHP). Nghién ctru ndy thé hién nhiéu vu thé ndi bat bao géom:
khong can gin dau sinh hoc, gitp don gian héa quy trinh phan tich; phan anh truc
tiép anh huong cua chat doc I18n chirc nang té bao séng; phu hop cho danh gia doc
tinh tong thé va phan tich da hop chat; dong thoi co thé tich hop vao cac hé vi luu dé
theo do6i phan rng sinh hoc theo thoi gian thuc [154].

Phuong phép phan tich dién hoa, dic biét véi su hd trg ctia cac nén vat liéu nano
tién tién va cac dau do sinh hoc nhu aptamer hoic té bao séng, da chung minh hiéu
qua vuot troi trong phét hién va danh gia doc tinh cua cac hop chat organophosphate,
bao gdom ca thudc trir sau co phospho va OPE. Tuy nhién, trong nhitng hé nén mau
phtic tap hozc hdn hop chtra nhiéu chat dong thoi, phan tich dién hda van gap gigi
han vé kha ning phan giai va dinh luong chinh xac tirng hop chét riéng le. Po chon
loc c6 thé bi suy giam dang ké khi xuat hién cac chat gay nhiéu, anh huéng dén do
chinh xac va d9 tin cay trong cac phép do dinh lugng.

1.9.2.3. Phuong phap dién di mao quan

bién di mao quan (CE) 1a ki thuat phan tach cac chat phan tich mang dién dya
trén su khac biét vé dién tich, luc ma sat va ban kinh thay dong hoc cua ching [155].
Khi duoc dat trong mot moi truong dan dién va chiu tac dong cia dién truong cao
thé, cac ion di chuyén véi toc d6 khac nhau tly theo kha nang di dong dién di riéng
biét tao nén qua trinh phan tach. Hé thdng thiét bi CE c6 cdu truc don gian nhung
hiéu qua cao, bao gdom 6ng mao quan, hai binh chia dung dich dién giai, cac dién
cuc, nguodn dién ap cao, dau do phét hién va hé théng ghi nhan - xu Iy dit liu [155].
Qua trinh dién di duoc khoi dong bang cach ap dién truong giira hai dau 6ng mao
quan. C&c chat phén tich dugc tiém vao dau 6ng va di chuyén vé phia doi dién theo
chiéu dién truong. Su phan tach xay ra trong qué trinh di chuyén do su khéc biét vé

van toc dién di giita cac thanh phan. Khi cac chat phan tich dén gan dau do, tin hiéu
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duoc ghi nhan va hién thi duéi dang sic ky db dién di, thé hién cuong d6 tin hiéu
theo thoi gian. Ky thuat CE dac biét phu hgp cho viéc phan tich cac phén tir phan cuc
trong cac nén mau nudc, bao géom céc dich sinh hoc nhu huyét twong va dich nuéc
tiéu [147]. B6i vé6i cac phan tir khéng mang dién, cd thé thém chat hoat dong bé mat
vao dung dich dién giai dé tao méi truong gia micelle, tir d6 tng dung k§ thuat dién
di mao quan-sic ky dién dong micelle (MEKC) nham hd tro qua trinh phan tach.

CE da duoc ung dung dé phan tich dinh luong céc acid alkylphosphonic va
monoester tuong tng, 1a nhitng san pham phan hay dic trung cua cac tac nhan chién
tranh hda hoc. Trong mau nudc, giéi han phat hién cho céc acid nay dao dong tur 48
dén 86 pg/mL [156]. Trong nghién ciru ciia Wei va céng sw (2016), su két hop gitra
phuong phap chiét vi long phan tan c6 hd trg siéu &m (UA-DLLME) va k¥ thuat
sweeping-MEKC di gitp nang cao d6 nhay dén 6.200 lan, dat gioi han phat hién tur
2,0-8,0 pg/kg cho 9 loai OPP trong cac dugc lidu o truyén [157]. Pérez-Ruiz va cong
sir (2005) da phat trién quy trinh CE-MEKC tich hop chiét pha ran ty dong dé phan
tich methamidophos, dichlorvos va malathion trong nudc, rau va ngii coc¢ Vi gigi han
phat hién thap nhét 7,0 ng/mL [158]. M6t sé nghién ciru khac si dung CE ké hgp UV
gian tiép hoac CE két hop phat quang cam ung laser (LIF) dé xac dinh céc acid
alkylphosphonic =~ nhu  methylphosphonic  acid, ethylphosphonic  acid,
propylphosphonic acid trong cac nén mau nudc, dat hoac huyét thanh nguoi, dat gigi
han phat hién dudi 20,0 pg/L [159].

Tuy s& hitu nhidu vu diém nhu kha nang phan tach cao, thoi gian phan tich ngan
va luong mau tiéu thu thap, ki thuat CE van con mot sé han ché. Do nhay phu thudc
nhiéu vao buéc 1am giau mau; kha ning dinh danh phan tir kém do thiéu phé dic
trung; do 1ap lai thoi gian di chuyén dé bi anh huong boi diéu kién van hanh; va tinh
chuan hoa giira cac phong thi nghiém chua cao. Vi vdy, CE phu hop nhat cho muc
tiéu sang loc nhanh va phan tich & ndng do vét.

1.9.2.4. Phirong phdp sdc ky khi

OPE ton tai trong mau sinh vat séng & ham lwong vét, da dang vé cau tric va
tinh chat héa 1y, doi hoi phuong phap phan tich phai dap ung duge do nhay va do
chon loc cao. Céc cong trinh nghién ctiu trén thé gidi tap trung phan tich OPE trong
thuc pham, bao gdm alkyl OPE, aryl OPE va Cl-alkyl OPE [160]. Sac ky khi (GC) la
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k¥ thuat chinh dé phan tich OPE va thuong két hop véi dau do khéi phd dé dap tng
duoc d6 nhay khi phan tich & ham luong vét.

GC la mot ki thuat tach phan tich dwa trén su khac biét vé kha niang phan bd
cuia cAc hop chat giira hai pha: pha dong 13 khi mang (thudng sir dung cac khi tro nhu
heli, nito hodc hydro), va pha tinh 14 16p vt liéu duoc cé dinh bén trong cot mao quan
hodc cot nhdi, co thé ¢ dang long phu trén bé mat chat ran hoic chinh chit rin dong
vai tro tuong tac [161]. MAu phén tich, sau khi duoc chuyén sang trang thai hoi hodc
bay hoi tai bo tiém mau, s& dugc dong khi mang dua qua cot sic ky. Hiéu qua phan
tach trong sic ky khi bi chi phdi bai nhiéu yéu té, bao gom loai pha tinh sir dung,
chiéu dai va duong kinh cot, toc 6 dong khi mang, ciing nhu ché do nhiét do [162].
Qua trinh tach thudng dugc thuc hién trong diéu kién nhiét ¢ duoc kiém soat chinh
X4c, VGi chuong trinh gia nhiét tuyén tinh hozc bac, gilp cai thién dang ké kha niang
phan tach, dac biét doi véi cac hop chét cd phd nhiét o sbi rong.

GC dic biét pht hop cho cac hop chit c6 khéi lugng phan tir nho, dé bay hoi va
bén nhiét, nhu dung méi hitu co, hydrocacbon, thudc trir sau, hoac dan xuat cua céc
acid phosphonic sau dan xuit hda [163]. Nho kha ning két hop linh hoat véi nhiéu
dau do, dac biét 1a dau do khéi pho (GC-MS), GC khdng chi cho phép phan tich dinh
luong chinh x4c ma con cung cip thong tin dinh tinh vé cau tric phan tir thong qua
pho khéi. Pi vai cac chat phan tich khéng dé bay hoi hoic khéng bén nhiét, thuong
can mot budc dan xuat hoa truge khi tiém mau dé ting do bay hoi va 6n dinh nhiét
phan tir, cai thién hiéu qua phan tich. Ky thuat GC-MS dé xac dinh ham luong OPE
trong ca duoc trinh bay trong bang 1.8.



Bang 1.8. Thong tin vé phwong phap phan tich OPE trong nén miu sinh vét va thuc pham

Nénmdu |  Thibtbi | Cétsicki pidu kién phan tich Gidihan | Tham
phét hién khao
Sdc ky khi
c4 GC-MS; El, DBS Bat dau & 70°C va giir trong 2 phut, ting 15°C/phit dén 300°C, | 0,004-0,059 [126]
SIM sau d6 gitr & 300°C trong 10 phut ng/g ww
_ Bat dau ¢ 90°C giwr 1 phut, taing 220°C ¢ 10°C/phat, 1én 240°C &
ca | SCMMSTpBs 20°C/phit, Ién 280°C & 5 °C/phiit va giit 1 phit, cudi cing tang 250/85\,;8&810 [164]
’ Ién 320°C ¢ 50°C/phut va giir trong 3 phit
C4 GC-MS/MS; Zebron Bat dau & 90°,C trong 1,25 phut, 1én 220°C ¢ 10°C/phut, 1én 300°C | 0,001-61,970 [123]
El, MRM semivolatile | ¢ 5°C/phut dén 300°C va 1én 325°C ¢ 40°C/phit ng/g ww
Sdc ky léng .
_ (A) 0,1% AA, (B) MeOH (0,1% AA); Bit diu & muc 40% A, giir
Cé/hai san EgI_JrMS/MS’ Betasil C18 | trong 2 phat, 1% A trong 5,5 phut va gitr trong 9,5 phat, 40% A 25;0\;\?\}170 [122]
trong 0,5 phat, gitr trong 7,5 phut
(A) MeOH—nudc (5:95, v/v) (0,1% AA), (B) MeOH—nudce (95:5,
C4, hai | HPLC-MS/MS; | Synergi vIV) (0,1% AA); bit dau & 0% B, tang dan Ién 100% B trong 7,5 | 0,002-3,300 [121]
san ESI+, ESI- Fusion-RP | phut sau d6 gitr & 100% trong 3,5 phut, tiep theo la can bang ¢ 1% | ng/g ww
B trong 3 phut. .
_ : (A) nudc (0,1% FA), (B) MeOH (0,1% FA); Bat dau ¢ 30% B,
Ca,lwon | HPLC-MS/MS; T Eclipse 1 oo 1an 95% B & phiit thi 12, 98% B & philt thir 18, giit 7 phat va | 20209300 | 1130
ESI+ Plus C18 W TN ik rea X Ay . ng/g ww
trg veé dieu kién ban dau, can bang trong 15 phat
CA. thue (A) Nuéc (0,1% FA), (B) MeCN; Bat dau ¢ 0-0,5 phat, 40% B;
phé‘;rﬁ UPLC-Q-TOF- BEH C18 0,5-3,0 phat, 50% B; 3-4,5 phat, 55% B; 4,5-8,5 phut, 70% B; | 0,160-2,000 [125]
Khac MS:; ESI 8,5-9 phut, 100% B; 9-13,8 phut, 100% B; 13,9 phut, 40% B, gitt | ng/g lw

trong 2,1 phat.

40




Gi6i han

Tham

Nén miu Thiét bi Cét sic ki Piéu kién phan tich A .
o phat hién khao
, (A) nuéc (0,1% FA), (B) MeCN (0,1% FA); Bat dau & mirc 10%
Ca Egl'f_MS/ MS: | BEH C18 | B, 0-3 phiit, 55% B, giit trong 3 phit, 6-12.5 phit, 100% B, giit 25;0\/;8\;420 [124]
trong 3 phat, 15,5-16,5 phat, 10% B .
_ (A) nudc (0,1% FA), (B) MeOH (0,1% FA); Bit dau & phat thi 0,
ca ggILC'MS/ MS; g%c BEH | 3006 B: phit thir 0,5, 30% B: philt thir 3,5, 70% B: philt thir 8, 74% 260/80@ 3,350 | 1131
B; phut thir 14, 100% B; phut thi 15,5, 100% B.
(A) MeOH, (B) nuéc (0,1% FA); Bat dau ¢ mtc 10% A, ting 1én
Hai sin UPLC-MS/MS; | UPLC BEH | 40% A trong 1 phut, Ién 70% A sau 6 phut, Ién 80% A sau 9 phat, | 0,001-0,140 [134]
ESI+ C18 Ién 100% A sau 12 phdt va gitr trong 3,5 phat, giam xuong 10% | ng/g ww
A, gitr trong 2 phut.
(A) nudc (0,1% FA), (B) MeOH (0,1% FA); Bat dau o phat tha 0
C4 LC-MS/MS; SunFire (10% B), phut thr 2 (10% B), phut thi 5,5 (65% B), phat thir 9,5 | 0,0001-0,600 [132]
ESI C18 (80% B), phat thir 11,5 (100% B), phat thir 15 (100% B), phdt thir | ng/g Iw
16 (10% B) va phut thir 17 (10% B)
CA da (A) nuéc (1% FA), (B) MeCN (1% FA); Bat dau & mic 60% A
tron. g | UHPLC-Q- BEH c1g | choden 0.5 phit, 50% A ¢ phiit thir 3, 45% A ¢ phat thir 4,5, 30% | 0.500-10,000 [136]
h(“),i Orbitrap; ESI+ A ¢ phiattha 8,5, 0% A & phu_t thr 9, gilr nguyén cho dén phut thir | ng/g ww
13,5, 60% A & phut thir 14, giit nguyén cho dén phat thi 15,25,
(A) nudc (0,1% FA), (B) MeOH (0,1% FA): Bit dau ¢ phat tha 0
Ca, lwon, | LC-MS/MS; UPLC BEH | (60% B), 2,5 phut (60% B), 3 phut (35% B), 5 phut (15% B), 7 | 0,016-26,580 [126]
tom, éch | ESI+ C18 pht (9% B), 8 phut (5% B), 11 phat (5% B), 11,5 phut (60% B) | ng/kg ww

va 15 phut (60% B)

Ghi chu: AA: acetic acid; FA: formic acid; MeOH: methanol; MeCN: acetonitrile; ww: trong lugng uét; Iw:
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C6 thé thay, k¥ thuat GC-MS cho phép dat duoc gidi han dinh lugng (LOQ) tir
0,001-61,970 ng/g dbi voi OPE. Tuy nhién, cac két qua nay thuong khdng 6n dinh do
tin hiéu phan tich dé bi sai léch do anh huéng ciia nén mau phirc tap [138]. Bic biét,
khi nén mau chira ham lugng béo cao gay sai léch dang ké két qua OPE khi phan tich
GC-MS [138]. Bén canh d6, viéc lya chon dung méi chiét mau phu hop dé phan tich
GC-MS la véan dé can duoc can nhic. Nén mau sinh vat, thuc pham thuong chira ham
lugng béo cao, trong khi dung méi tiém cho GC thuong la cac dung moi dé dang hoa
tan chat béo, gay anh hudng truc tiép dén két qua phan tich. GC-MS phu hop hon cho
cac hop chat c6 do bay hoi cao va phéan cuc thap. Cac chat OPE c6 thé kho phan tich
néu co tinh phan cuc cao (nhu TMP, TEP) hoic kho bay hoi can duoc tao dan xuat
hoa hoc dé cai thién kha ning phan tich, 1am ting thém thoi gian, do phic tap cua
quy trinh ciing nhu tinh trang mat mau.

1.9.2.5. Phwong phdp sdc ky 1ong hiéu ning cao

Sic ky long hiéu ning cao (HPLC) 1a mét ky thuat phan tich duoc st dung rong
rii dé tach, dinh luong va xac dinh cau trlic cac hop chat trong pha long. Phuong phap
nay hoat dong dwa trén su phan bd khac biét cua cac chat phan tich giira hai pha: pha
dong 1a dung mdi long duoc bom qua hé théng & &p suét cao, va pha tinh 1a 16p vat
liéu rin hoic gel dugc nhdi bén trong cot sic ky. Trong qua trinh dong pha dong chay
qua cot, cac chat phan tich s& twong tac vai pha tinh theo nhitng mic d6 khéac nhau
tly vao dic tinh Iy — héa nhu @6 phan cuc, khéi lugng phan tir, do ion hoa hoic kha
nang tao lién két hydro [165]. Su khéc biét nay dan dén su khac nhau vé thoi gian luu
cho phép tach riéng ting hop chat trong hdn hop.

HPLC cho phép linh hoat lya chon co ché phan tach thdng qua viéc két hop cac
loai cot va hé dung mdi khac nhau. Mot trong nhitng ché do pho bién nhat 1a sac ky
pha dao, trong d6 pha tinh khong phan cuc (thuong 12 silica bién tinh C18) va pha
dong la hon hop dung madi phan cuc (nhu nudc - methanol hoic acetonitrile) [166].
Ngoai ra, con c6 cac ché do nhu sac ky pha thudng, sic ky trao doi ion, sac ky ai luc
va sic ky loai trir kich thuéc phuc vu cac muc tiéu phan tich khac nhau [166].

Uu diém noi bat caa HPLC bao gom kha ning phan tich cac hop chat khong

bay hoi, khong bén nhiét, phan tir legng cao, cling véi do chinh xac va do lap lai cao.
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Khi két hop véi dau do phd khdi (HPLC-MS hoic HPLC-MS/MS), k¥ thuét nay
khong nhitng cho phép phén tich dinh lugng & ndng dd vét ma con cung cap thdng
tin dinh danh ciu tric phan tir véi d6 dic hiéu cao [167].

Sic ky long két hop phwong phap ion hoa phun dién (ESI) & khbi phd song song
(MS/MS) tré thanh phwong phap phéan tich OPE trong nén mau sinh hoc va thuc pham
hiéu qua do do nhay va do chon loc cao (bang 1.8). Biang viéc sir dung k thuat xir 1y
mau thich hop, phuong phap nay c6 thé cho phép xac dinh nong d6 OPE trong nén
mau sinh vat & ham luong ng/g hodc thap hon. Han ché cua phuong phap chinh 1a
hiéu @ng nén mau & ky thuat ESI, khi cac hop chat trong nén mau dong ria giai véi
chat phan tich canh tranh diéu kién ion hda & khoi phd. Do d6, qua trinh tinh sach
dich chiét doi hoi can duoc thuc hién hiéu qua dé giam thiéu anh huéng caa nén mau
dén két qua phan tich. Cot sic ky pha dao C18 thuong duoc sir dung két hop voi pha
dong 1a nudc va acetonitrile hoac methanol [136, 143]. Bén canh dé, viéc bo sung
formic acid va amoni acetate dé ting cuong sy 6n dinh cia qué trinh tao hat swong
va nang cao hiéu suat ion hoa cua cac chat phan tich. Ngoai ra, HPLC-MS c6 kha
nang phan tich tét cac hop chat co trong lwong phan tir cao, 6 phan cuc cao hoic céc
chat c6 cau trdc phuc tap ma GC-MS cd thé khong phét hién duoc hiéu qua.

Khéi pho phan giai cao (HRMS) la céng nghé phan tich khéi phd c6 kha ning
do khdi lugng chinh xé&c cua cac ion vai do phan giai cao, cho phép phan biét cac ion
c6 khéi lwgng gan nhau va cai thién do chinh xac trong phan tich dinh tinh va dinh
luong. Trong d6, hé théng Q Exactive (Thermo Scientific) 1a mot nén tang HRMS
pho bién, két hop giita bo tir cuc (Q) dé chon loc ion tién chat, phan manh ion thong
qua va cham & mirc ning luong cao (HCD) dé phan manh ion, va Orbitrap dé thu
nhan va phan tich khdi voi d6 phan giai cao. Nho su két hop nay, hé Q Exactive c6
thé dap ung tt ca yéu cau phan tich dinh lwong va dinh tinh. V& nguyén Iy hoat dong,
Q1 doéng vai tro nhu mot bo loc dé chon ion tién chat véi d6 rong FWHM tix 0,2 - 2,0
Da, gitip dam bao d¢ chon loc trudce khi ion di vao vang HCD va duoc ghi nhan bai
Orbitrap vaoi do phan giai cao. Trong ché do giam sat phan ng song song (PRM), Q1
chon mét ion tién chat duy nhat, sau d6 Orbitrap ghi nhan toan b phdé MS/MS cua
ion nay, khac vai ché do giam sat phan tng da kénh (MRM) trén & khdi phé ba tir
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cuc, von chi ghi nhan mot sé ion san pham di chon truée. Dya vao viée diéu chinh
thé ban pha & HCD, ion san pham duogc t6i uvu cuong do tin hiéu theo mong mudn.
Do d6, Orbitrap dong vai tro phan tich ion san pham, thay thé cho Q3 trong khédi phd
ba tir cuc. Vi vay, khong c6 Q3 tryc tiép trong Q Exactive, nhung Orbitrap chinh 1a
thanh phan thay thé vai trd cua Q3 trong hé nay khi thuc hién PRM.

Trong phan tich hoa hoc, dic biét 1a phan tich méi trudong va thuc pham bang
k¥ thuat sic ky khbi phd, phuong phap ngoai chuan cd sir dung chat chuan déng hanh
duoc ap dung dé dinh lugng chit phan tich trong mau déng vai trd quan trong dé dam
bao tinh chinh xac va do tin cay cta phép do. Chuan déng hanh 1a mot hop chat c6
tinh chat hoa 1y twong tu v&i chat phan tich muc tiéu nhung khong c6 mit tu nhién
trong mau. Cac hop chat nay duoc thém vao mau trude khi thuc hién qua trinh chiét
tach, xir Iy va phan tich, dong vai tro nhu mot chi thi dé danh gia mic do mat mat cua
chat phan tich trong subt qua trinh phan tich mau. Viéc s dung dong vi deuterium
(H) ¢6 nhiéu vu diém vé mat tinh chat hoa ly va k¥ thuat phan tich so véi viéc sir
dung carbon-13 (*3C). Trudc hét, 2H khong lam thay doi déang ké tinh chat hdoa hoc
cua phan tir goc, bai su khéc biét duy nhét gitta 2H va H chi nam & sb neutron, trong
khi 13C c6 thé anh huong dén céu trac dién tir va tée ¢ phan tng, dan dén su sai léch
trong dong hoc va co ché chuyén hda cua hop chat dugce danh diu. Bén canh do, trong
phan tich khi pho, su thay thé *H bang 2H tao ra d6 léch khéi luong rd rang (+1 Da
trén mai vi tri thay thé), gidp dé& dang phan biét tin hiéu gitra hop chat danh dau va
khong danh diu. Nguoc lai, 13C chi tao ra su chénh léch +1 Da, nhung do ty 18 xuat
hién tu nhién cua 3C (~1,1%) kha cao, nén tin hiéu dé bi nhiéu, anh huéng dén do
chinh xac cua phép do. V& mat kinh té, cac hop chat danh dau bing 2H thuong c6 gia
thanh ré hon va dé tong hop hon so vai hop chat danh dau bang C, gilp ching tro
thanh lya chon phé bién hon trong phan tich méi truong va duge pham. Nhin chung,
viéc str dung 2H thay vi *C la hop 1y hon vi né giit nguyén dac tinh héa hoc cta hop
chat, tao ra tin hiéu MS dé& nhan dién hon, it bi nhidu ddng vi tu nhién va c6 chi phi
hop 1y hon. Bén canh dé, khong nhat thiét mdi hop chét phai c6 mot chat dong hanh
ddng vi riéng, ma mot s hop chat danh dau c6 thé dai dién cho nhém hogp chat c6

dic tinh hoa 1y twong ty, gilp hiéu chinh tin hiéu trong khdi phd. Viéc st dung phuong
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phap ngoai chuan c6 st dung chit chuan dong hanh dan trg thanh céng cu hiéu qua
t6t trong linh vuc phan tich OPE va di-OPE néi riéng, ciing nhu cac hop chat hiru co

n6i chung c6 ham luong vét trong nén mau méi trudng va sinh hoc.
1.10. Thiét ké thi nghiém trong phat trién phwong phap phan tich
1.10.1. Tong quan vé thiét ké thi nghiém

Thiét ké thi nghiém (DoE) cho phép lap ké hoach, trién khai va phan tich céc
thi nghiém theo mot cach thac ¢é hé théng, nham téi da hoa lwgng thdng tin thu nhan
duogc tir mi phép thir [168]. Thay vi tiép can ting yéu t6 riéng 1é nhu trong phuong
phap thay d6i mot yéu t tai mot thoi diém, DoE cho phép khao sat dong thoi nhiéu
bién sd, tir 46 giai ma ca céac hiéu ang don 1é va cac twong tac phirc hop gitra ching.

Viéc ung dung DoE trong phat trién phuong phap phan tich khong chi gidp téi
uu héa quy trinh thuc nghiém ma con tao nén tang dé xay dung cac mé hinh toan hoc
mo ta hé théng mot cach toan dién. Cac uu diém noi bat cia DoE bao gom (1) giam
s6 lugng thi nghiém can thiét ma van dam bao tinh dai dién va do chinh xéc, (2) kham
phéa c4c hiéu ing da bién va tuong tac giita cac yéu to ma phuong phap truyén thong
kho phat hién, (3) thiét 1ap méi lién hé dinh luong gitta yéu td dau vao va phan hoi
dau ra va (4) xac dinh kha niang duy tri do chinh xac ctua phwong phap khi cac diéu
kién van hanh c6 sy thay d6i. Nho nhitng wu diém vuot troi ndy, DoE ngay cang tro
thanh phuong phap nghién ciru khdng thé thiéu trong céc chién lugc téi wu hoa va
tham dinh phuong phap phén tich hién dai.

1.10.2. Phan logi thiét ké thi nghi¢m

Ty thudc vao muc tiéu nghién ctu - tir nhan dién yéu té quan trong dén téi wu
hoa didu kién van hanh - cac dang thiét ké thi nghiém khac nhau c6 thé duoc lya chon.
Bang 1.9 tong hop nhitng loai thiét ké duoc &p dung rong réi nhat trong phét trién

phuong phap phan tich.
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Bang 1.9. Thong tin céc loai thiét ké thi nghiém

Muc tiéu

Pic diém ky

Loai thiét ké ing dung thust Uu diém
Thiét ké yéu t6 day da Khao  sat Thuc hién tit ca Phan tich day du
(Full Factorial Design - toan dién cac to hop yéu té  hiéu tng chinh va
FFD) va mic do tuong tac

Thiét ké yéu t6 phan sb
(Fractional Factorial
Design - FrFD)

Thiét ké Plackett—Burman
(Plackett—Burman Design
- PBD)
Thiét ké Taguchi (Taguchi
Design

Thiét ké trung tdm tong
hop (Central Composite
Design - CCD)

Thiét ké trung tam tong
hop dang mit phang
(Central Composite Face-
Centered - CCF)

Thiét ké Box—Behnken
(Box—Behnken Design -
BBD)

Thiét  ké  Doehlert

(Doehlert Design)
Thiét ké t6i wu D (D-
optimal Design)

Thiét ké hdn hop (Mixture
Design)

Sang loc yéu
t6

Sang loc
nhiéu yéu tb

T6i wu hoa
do 6n dinh

Téi wu hoa
chi tiét

Ti wu trong
gidi han van
hanh

T6i wu hoa
tiét kiem

Toéi wu hoa
phan bd déu

Téi wu hoa
khi gigi han
thuc nghiém
T6i wu hoa
cong  thac
hén hop

Thuc hién mot
phan t6 hop yéu
t6

Hai muc do (1),
khong danh gia
tuong tac
Sur dung ma tran
truc giao

Két hop bé mat +
cac diém sao +
diém trung tam

Cac diém sao
nam trén mat lap
phuong

Khong khao sat
tai cac diém cuc
tri

Céc yéu tb co sb
muac do khac
nhau

Tbi wu chon diém
khao sat theo
thuat toan

Céac yéu té cong
lai bang 100%

Tiét kiém sb luong
thi nghiém, phat
hién nhanh yéu té
chinh

sang loc yéu tb
hiéu qua khi sé
lwong yéu td lon
Giam anh hudng
cia bién thién
ngodi y mudn,
nang cao do bén
phuong phap

M6 hinh hoa bé
mat dap Gng bac
hai dé tim diéu
kign t6i uu

Dé thuc hién, duy
tri an toan van
hanh, phu hop thuc
té

Giam thiéu s
luong thi nghiém,
tang tinh thyc tién
Phan bb dong déu
khéng gian thuc
nghiém, tang hiéu
qua khai thac
Ung dung trong
cac hé théng phic
tap

Téi wu ty & thanh
phan trong dung
moi pha dong
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1.10.3. Pham vi itng dung ciia thiét ké thi nghiém

Thiét ké thi nghiém khong chi don thuan 1a cong cu téi wu hoa, ma con 1a mot
phuong phap dé xir ly nhiéu loai vin dé khac nhau trong qué trinh phat trién va cai
tién phuong phap phan tich. Cu thé, DoE dac biét hitu ich trong viéc giai quyét hiéu
qua ba loai truong hop sau [169]:

o Sang loc yéu to anh hwong: Trong giai doan dau tién cua phat trién phuwong
phap, nghién ctru vién thuong phai ddi mat vai mot sé luong 16n yéu té tiém ning c6
thé anh hudng dén két qua. Thiét ké sang loc (nhu PBD hay FFD) duoc sir dung dé
nhanh chong xac dinh “it yéu té quan trong” trong “nhiéu yéu té c6 thé”, vai s6 luong
thi nghiém téi thiéu.

. Toi wu héa dap 1ing: Khi cac yéu té quan trong da dugc xac dinh, budc tiép
theo 1a tim ra gid tri tdi wu cho tirng yéu té nham dat duoc két qua mong mudn. Céc
thiét ké nhu CCD, BBD hoic D-optimal cho phép xay dung mé hinh bé mat dap tng,
tir d6 xac dinh khu vuc téi vu mot céch chinh xéac va hiéu qua.

. Pdnh gid d6 6n dinh phwong phdp: Phuong phap phan tich tét khdng chi can
dat hiéu suat cao trong diéu kién t6i uu ma con phai duy tri hiéu qua trong pham vi
dao dong nho caa céc yéu té van hanh. Thiét ké thi nghiém, dic biét 1a cac thiét ké
sang loc nhu PBD, dugc si dung trong cac nghién ciru do 6n dinh dé danh gia tac
dong cua bién thién nho ddi vai két qua. Két qua dat duoc gilp xac nhan rang phuong
phap du manh dé ap dung trong thyc tién, ngay ca khi c6 nhiing thay d6i nhé khéng

thé tranh khoi trong diéu kién van hanh,
1.10.4. Thiét ké trung tim téng hop dang mdt phing (CCF)

Thiét ké trung tam tong hop dang mat phang (CCF) 1a mét dang dic biét CCD,
trong d6 cac diém sao dugc bd tri ngay trén cac mat cua mit lap phuong, tuong ¢ng
Véi cac muc +1. Thiét ké nay gitr cho tat ca cac diéu kién khao sat nam trong gigi han
van hanh an toan, ddng thoi van dam bao kha niang xay dung mé hinh bac hai. Thiét
ké CCF c6 uu diém 1a tat ca cac yéu té duoc thir nghiém ¢ ba muc (-1, 0, 1), giit cac

diéu kién thi nghiém trong viing van hanh duoc kiém soét, giam sé Iuong thi nghiém



48

can thiét so voi FFD nhung van dam bao day du dit liéu dé xau dung bé mit dap tng
bac 2 [170].

CCF di chimg minh dwogc tinh Gng dung rong réi trong thuc tién phat trién
phuong phép phan tich. Durante va céng s (2022) di sir dung CCF dé khao sat dong
thoi céc yéu t nong do dém dung moi pha dong, thoi gian phan tich, téc o dong va
chuong trinh dung méi trong tdi wu diéu kién phan tich HPLC cho 14 hop chat
cannabinoid [171]. Viéc &p dung CCF da giup ting d6 phan giai peak sic ky cua cac
hop chat. Giannetti va cdng si (2021) st dung thiét ké CCF dé tbi uu dong thoi cac
yéu td khoi lwgng mau, nhiét d6 va thoi gian chiét trong chiét tach cac hop chat dé
bay hoi nham danh gia anh huong caa xa 1y nhiét dén huong vi mi éng tir l1Ga mi
[172]. Nhém nghién ctru da t6i wu hoéa duoc quy trinh phén tich gitp nang cao do

chinh xé&c phan biét san pham mi 6ng theo phwong phap say (nhiét do thap hoic cao).
1.10.5. Xdc nhdn thiét ké thi nghi¢m

Trong bat ky qua trinh xay dung md hinh thuc nghiém nao, viéc xac nhan thiét
ké thi nghiém gitr vai tro then chét nham dam bao rang mé hinh thu dugc phan anh
trung thuc ban chat caa hé théng, ma khéng chi don thuan phd hop véi tap dir lidu
huan luyén. Mot mé hinh DoE, néu khong duoc xac nhan, ¢6 thé dan dén nhitng két
luan sai léch, téi vu héa dua trén nhiu sé liéu va that bai trong viéc 4p dung rong rai
ra thyc tién. Muc tiéu caa xac nhan thiét ké thi nghiém 13 danh gia nang lyc dy doan
va tinh tong quat hda cia mé hinh. Cac phuong phap xac nhan thi nghiém pho bién
trong DoE dugc trinh bay trong bang 1.10.

Bang 1.10. Théong tin cac phwong phap xac nhan thi nghiém phd bién

Phwong phap xac nhan

Muc tiéu danh gia

Céch thuc hién

Phan tich phuong sai

(ANOVA)

Kiém tra muc do giai
thich bién thién cua mod
hinh

Danh gid gid tri p, F-
value, hé sé R2 va R2 hiéu
chinh

Kiém tra d6 thiéu phu hop
(Lack-of-Fit)

Do luong mac d6 khong
khop gitra mé hinh va dir
liéu thuc nghiém

So sanh gia tri thuc va gia
tri du doan

Xac nhan chéo (Cross-
validation)

Xac thuc nang luc du
doan trén dix liéu méi

Phan chia dixr liéu thanh
cac tap huan luyén va
kiém tra
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Trong sb cac phuong phap xac nhan, xac nhan chéo - dic biét 1a xac nhan chéo
k-fold - d dwgc chitng minh 12 cong cu hitu hiéu dé xac dinh tinh 6n dinh cua mé
hinh trong béi canh dit liéu han ché nhu trong thiét ké thi nghiém. Day 1a mét phuong
phap xéc thuc thong ké, trong d6 toan bo tap dir liéu dugc chia thanh k phan bang
nhau. M6 hinh dugc huan luyén trén k-1 phan va kiém tra trén phan con lai, qua trinh
nay duoc lap lai k 1an, mdi 1an st dung mét phan khéc 1am tap kiém tra. Cudi cung,
sai s6 trung binh cua tat ca cac 1an kiém tra dwoc tinh dé danh gia nang luc tong quat
hoa cia mo hinh.

Uu diém caa phuong phap nay bao gom:

. Pdnh gid cao dé én dinh: Giam sy phu thudc vao cach chia dir liéu ngau nhién,
cho két qua dang tin cay hon so v6i phuong phap chia huan luyén/kiém tra mot lan.
. Tdn dung téi da dir liéu: Mdi diém dir liéu déu tham gia vao qua trinh huan
luyén va kiém tra.

o Giam nguy co overfitting: Dac biét hitu ich khi sé luong thi nghiém tuong dbi
han ché, nhu trong cac thiét ké DoE thong dung.

KV thuat xac nhan chéo k-fold dac biét phu hgp vai cac mo hinh xay dung tir
thiét ké CCF. Do dic tha CCF thuong st dung sé lwong thi nghiém vira phai dé xay
dung md hinh bac hai, viéc &p dung phuong phép nay gidp kiém tra mic d6 tin cay
va kha ning dy doan cua bé mat dap tmg, déng thoi tranh nguy co danh gia qua chu

quan hiéu qua mo hinh.

1.11. Tinh hinh nghién ciru trong nuéc

Tai Viét Nam, cac nghién cau vé su hién dién va phan b OPE trong cé bién
con it nhan dugc su quan tam. Pay 1a hudng nghién ciu mai ¢ Viét Nam trong thoi
gian gan day. Do d6, cac thong tin vé tinh hinh & nhiém OPE & c4 bién rat kho tim
thay Viét Nam. Matsukami va céng sw (2016) da xac dinh ndng ¢6 OPE & ¢4 rd phi
sinh séng & khu vure xt I réc thai dién tir & Hung Yén, Viét Nam [173]. Két qua phan
tich 15 mau ca rd phi cho thay TCEP, TICPP va TPHP duoc tim thay trong da sb cac
mau va nong do trung binh lan luot 1a 46,0 ng/g Iw, 130,0 ng/g Iw va 92,0 ng/g Iw.
Bui Quang Minh va céng si (2023) da xac dinh ndng do ZsOPE trong 15 mau cé bién
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thu thap tai cac chg Ha Noi dao dong trong khoang 39,0 - 181,5 ng/g trong lugng kho
(dw) [4].

O Viét Nam c6 rat it nghién ctru danh gia su xuat hién cua chat chéng chay trong
sinh vat bién va hau nhu chua c6 nghién ctu chuyén sau vé su xuat hién cua cac OPE
trong céa bién. Viéc phan tich, danh gi4 tinh trang 6 nhidm OPE trong ca bién ¢ Viét
Nam 1a mot dinh hudng nghién ctu ¢ tim quan trong giup dam bao sic khoe cua
nguoi tidu ding, ciing nhu cung cap thém dir lidu vé hién trang 6 nhiém OPE ¢ cac

ngu truong Viét Nam.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ctru va pham vi nghién ciu
2.1.1. Péi twong nghién ciru

+ Mudi lam hop chat OPE: TMP, TEP, TnPrP, TIPrP, TnBP, TiBP, THP,
TBOEP, TEHP, TPhP, CDP, EHDPHP, TCP, TCEP, TDCIPP.
+ Bay hop chét di-OPE: DMP, BCEP, DPhP, BDCIPP, DnBP, BBOEP, BEHP.

2.1.2. Pham vi nghién ciru

Trén nén béi canh khai thac quy mé 16n va muc tiéu thu cé bién cao tai Viét
Nam, ctng véi ghi nhan sy hién dién ciia mot s6 hop chat OPE trong méi truong bién,
viéc lwa chon ddi twong sinh hoc can dam bao kha ning phan anh phoi nhiém theo
tang sinh séng va chudi tiéu thy. Céc tiéu chi lya chon bao gom: (1) dai dién cho loai
c4 séng gan bo, tang gitra va ting day nham phan anh tac dong cua hoat dong cong
nghiép va sinh hoat con ngudi dén sy tich lity OPE trong co thé; (2) phan b tai ca ba
mién Béc - Trung - Nam; va (3) c6 gia tri kinh té va duoc tiéu thu rong rai trong bira
an gia dinh Viét Nam. Do d6, ba loai ¢4 chim trang (Pampus argenteus), ¢4 chi vang
(Salaroides leptolepis) va ca bon (Psettodes erumei) dugc lya chon vi dap tng dong
thoi céc tiéu chi trén (bang 2.1).

Bang 2.1. Thong tin lya chon ddi twong sinh hoc nghién ciéu

Ca chim tring Ca chi vang Ca bon

Tén
khoa Pampus argenteus Salaroides leptolepis Psettodes erumei
hoc

Khu

vuc

sinh _.

SONg  ven by, ving thém  Venbd, pho biéndoc ~ Them lyc dai day cat-
luc dia néng ba mién duyén hai Bic-Trung- bun, ven bo ca ba mién,
Bac -Trung-Nam,  cha Nam, thuong tao dan gan V6i ving nudc 1ang
yéu & ving nuéc lang, gan bo. va nén day min.
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C4 chim tring C4 chi vang Ca bon

xa cira sbng, gan Voi
ngu truong gan bo.

Sinh trwong nhanh, St dung phd bién tai  Loai ca dic san quy,
piém khai thac san luong 16n, Viét Nam, thudng dugc thanh phan dam cao, it
ndi bat duoc sir dung phé bién khai thac voi san luong xuong.

trong btra an. Ion.

Than det, hinh thoi,  Than thon, soc vang  Than det, bat doi
Didc vay lung va vay hau dai, rd doc theo than, vay xuang, miéng rong, vay
diém dudi ché, mau bac trang. cing vung cuong duoi, lung dai, vay duoi

hinh dudi ché, bac sang ¢ thuong tron hoac 16m,
thai phan than, soc vang éng bé mat than c6 mau nau
den cuong duoi. xam hoac dom.

Chua nhiéu protein,  Thit cad chira nhieu  La nguon cung cap
omega-3, lipid va cac protein, vitamin va tt omega-3, protein,
khoang chat thiét yéu khoang chat, dac biét 1a vitamin D, B6, niacin
nhu phét pho, kali, sat, omega-3, gilp giam cing céc khoang chat
cung Vvoi  cac  loai cholesterol va hd trg sirc phét pho va Kali.
vitamin A, B, PP. khoe tim mach.

Giatri
dinh
dudng

Sinhsong gtang gitra ~ Sinh song ¢ tang gira ~ Sinh song ¢ tang day
Kha - tlep xuc truc tiép véi > tlep xuc truc tiép voi > tich liy cac chat o
ning nguon nudc cd nguy co nguon nudc co6 nguy co 6 nhidm tir trdm tich, cho
tich 6 nhiém cao tir cac hoat nhiém cao tir cac hoat phép danh gia murc d6 0

liy  dong cong nghiép. dong cong nghiép. nhiém tir cac nQUOn thai
OPE ling dong xudng nén
day bién.

Nguon tham khdo: AquaMaps [174]

Mic di c& nuc va ca ngir c6 san lugng khai thac 16n va gia tri kinh té cao,
nhung v6i mot s6 han ché khién chung khong dugc wu tién lya chon cho nghién ctu
nay: (1) 1a loai ca di cu xa, di chuyén qua nhiéu vuing bién khac nhau, khién viéc xéac
dinh nguon géc 6 nhiém trg nén phic tap; (2) thudc nhom cé an tap va ca sin moi
tang noi, co toc do trao d6i chat nhanh khé phan anh duoc tac dong ciia moi truong
va (3) cha yéu duogc khai thac bang tau xa b, ¢ thé bi anh huang bai cac nguon 6
nhiém khéac ngoai pham vi nghién ctru. Do d6, ca chim trang, ¢4 chi vang va ca bon
duoc lya chon 1am dbi tugng nghién ctu do ba loai nay ¢6 pham vi sinh séng pho
hop, nguy co tich liy cao va dong vai tro quan trong trong thi truong tiéu dung, gitp
dam bao nghién ciru co tinh thyc tién cao va co y nghia trong bao vé suc khoe cong
d6ng. Cu thé, ba loai c4 nay dugc thu thap tai cac cang c& 16n ¢ ca ba mién Viét Nam

nhu sau:
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+ Khu vic mién Bac: Hai Phong, Quang Ninh, Nam Binh.
+ Khu vyc mién Trung: Pa Nang, Quy Nhon, Pha Yén, Khanh Hoa.
+ Khu vyc mién Nam: Ba Ria — Viing Tau, thanh phé H6 Chi Minh, Tién Giang.

2.2. Phuwong phap nghién ciru

Luan an st dung két hop cac nhom phuong phap nghién ctu: phuong phap
téng quan tai liéu; phuong phap 1dy mau va bao quan mau; phuong phap xur ly mau
sinh hoc; phuong phap phén tich héa hoc bang sic ky long hiéu ning cao ghép ndi
khdi phd phan giai cao; phuong phap xir Iy s6 liéu théng ké; va phuong phép danh

gi& rui ro suc khoe.
2.2.1. Phirong phdp téng quan tai ligu

Phuong phép t6ng quan tai lidu duoc sir dung dé thu thap, phan tich va tong
hop cac cong bé trong va ngoai nude lién quan dén: (i) dic tinh hda Iy, doc tinh va
co ché tac dong cua cac ester organophosphate (OPE) va san pham chuyén héa di-
OPE; (ii) muc do hién dién cua OPE/di-OPE trong méi trudng nudc, tram tich va sinh
vat bién, dac biét 1a c&; (iii) cac quy trinh chiét tach, 1am sach va phan tich OPE/di-
OPE trén nén sinh hoc bang k¥ thuat sac ky-khdi pho; va (iv) cac phuong phap va chi
s6 danh gia rai ro sic khoe qua tiéu thy thuy san. Két qua tong quan 1a co s¢ dé lya
chon ngudng tham chiéu doc tinh, khung danh gia rii ro va dinh huéng xay dung

phuong phap phan tich trong luan an.
2.2.2. Phwong phdp lidy mdu va bdo quéin méu

Phuong phap 1ay mau dugc thiét ké theo huéng ldy mau dai dién theo khong
gian va dic diém sinh thai cia ca. Mau ca bién dugc thu tai mot sé cang ca va khu
vuc khai thac/danh bat dién hinh, lya chon cac loai thudc cac ting séng khac nhau
(ting mit, tang gitra, tAng day) va nhom dinh dudng khac nhau (an tap, an day, an
thit). Mau duoc nhan dang loai, ghi nhan cac thong tin hinh thai co ban, sau d6 dugc
mé tach phan co (thit) dung cho phan tich hda hoc. Toan bo qué trinh lay mau, bao
quan lanh, van chuyén vé phong thi nghiém va luu trir trude khi phén tich duoc thyuc
hién theo c&c quy trinh chuan d6i véi miu sinh hoc/thity san, nham han ché téi da

phan hay hoéa hoc va nhidm ban chéo.
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2.2.3. Phuwong phdp xir Iy mdu

Déi véi nén ¢4, luan an ap dung va tdi wu quy trinh xt Iy mau duya trén ky thuat
QUEChERS véi dung mdi chiét 1a nugc-acetonitrile két hop tinh sach dich chiét bang
chiét pha rin. Cu thé, mau ca duoc dong nhat, chiét véi hdn hop nuéc-acetonitrile,
sau d6 bd sung hdn hgp mudi QUEChERS dé tach pha va loai bo phan nuéc. Dich
chiét hiru co dugc tinh sach bang chiét pha rin SPE chta vat liéu EMR-Lipid va
WAX nham giam thiéu anh huong cua lipid va cac chat nhidu phan cuc, truge khi cd
dic va dinh muc lai bang dung mdi thich hop. Phuwong phap nay duoc khao sat-téi uu
va xac nhan gia tri sir dung thdng qua cac chi tiéu: do thu hoi, d6 lap lai, gisi han phat
hién (IDL, MDL) va giéi han dinh luong (IQL, MQL) trén nén mau trang ca.

2.2.4. Phwong phdp phén tich OPE va di-OPE

Céac OPE va di-OPE sau xtr ly mau dugc phan tich bang hé sac ky 1ong siéu
hiéu ning cao ghép ndi khdi phd phan giai cao (UHPLC-HRMS). biéu kién sic ky
(cot phan tich, pha dong, chuong trinh gradient) va diéu kién ngudn ion hoa ESI duoc
t6i uu bang thiét ké thi nghiém (Design of Experiments, Central Composite Face-
centered - CCF) nham dat duoc d6 phan giai, do nhay va d6 6n dinh tin hiéu tét nhat.
Phuong phap phén tich sir dung chuan dong vi dé hiéu chinh hiéu tng nén va sai s6
thao tac, dugc xac nhan theo céc tiéu chi: duong chuan, gisi han phat hién/dinh luong,

d6 dung, va do chinh xéc cua két qua dinh luong.
2.2.5. Phuwrong phdp xir Iy 56 ligu

Dit liéu dugc xir Iy bang phan mém chuyén dung caa hé UHPLC-HRMS dé
nhan dang va dinh luong cac hop chat muc tiéu trén co so thoi gian luu, m/z va sic
ky d6. Céac phép thong ké gom thong ké mé ta, kiém dinh tham sé/phi tham sd, phan
tich twong quan va k§y thuat phén tich da bién (phan tich thanh phan chinh) duoc thyuc
hién bang phan mém R nham danh gia phan b ndng d6 OPE/di-OPE theo loai, theo

khu vuc va theo tang séng, ciing nhu kham phé cac xu huéng cua bo dit liéu.
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2.2.6. Phwong phdp danh gid riii ro sirc khoe

Phuong phap danh gi4 rii ro sac khoe trong luan an tuan theo huéng dan cua
USEPA/WHO. Liéu phoi nhiém hang ngay (EDI) va liéu phoi nhidm trung binh tron
doi (LADD) qua tiéu thu ca bién dugc tinh toan cho hai nhom d6i twong (tré em va
ngudi 16n) trén co s& ndng dd6 OPE/di-OPE trong c4, ti 1é tiéu thu ca, khdi lugng co
thé va céc tham s phoi nhiém khac. Rui ro khong gy ung thu duoc dic trung bang
HQ/HI, con rui ro gdy ung thu duoc dic trung bang ILCR, trong d6 chi gop céc chat
cd RfD, OSF sén c6. Cac tham sé dau vao duoc lua chon tir cac khao sat dinh dudng

trong nudce va tai liu qudc té, kém phan tich bat dinh gia tri tinh toén.
2.3. Héa chit, dung cu va thiét bi
2.3.1. Héa chat

Céc chat chuan géc cua 15 OPE, 7 di-OPE va cac chuan dong hanh sir dung
trong luan an duoc trinh bay trong bang 2.2.

Bang 2.2. Danh sach chat chuan dung trong luan an

Chat chuan CASH Nhém | Pj tinh khiét Hang san xuat

TMP 512-56-1

TEP 78-40-0

TIPrP 513-02-0

TnPrP 513-08-6

TnBP 126-73-8

TiBP 126-71-6

THP 2528-39-4 .

TBOEP 78-51-3 OPE Chuan don, Dr. Ehrenstorfer
> 99% GmbH (brrc)

TEHP 78-42-2

TPhP 115-86-6

CDP 26444-49-5

EHDPHP 1241-94-7

TCP 78-32-0

TCEP 115-96-8

TDCIPP 13674-87-8
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Chat chuan CAS# Nhom | Pé tinh khiét Hang san xuat
DMP 813-78-5
BCEP 3040-56-0
DPhP 838-85-7 _
Di- 2 Dr. Ehrenstorfer
BDCIPP 72236-72-7 Chuan don, ,
OPE 0 GmbH (Puc)
DnBP 107-66-4 > 98%
BBOEP 14260-97-0
BEHP 298-07-7
Chuan don
TEP-d 146894-16-8 ’
" > 98%
h A
TNPrP-dzs | 1219794-92-9 Chuan don,
> 98%
. Toronto Research
Chuan don, )
TnBP-d27 61196-26-7 Chemicals
.| >98%
Chat . (Canada)
, | Chuan don,
TPhP-d1s 1173020-30-8 | chuan
4 > 97%
ong .
Chuan don
TEHP-d 1259188-37-8 : ’
51 hanh > 950
BCEP-dsg 1477495-02-5 Chuan don, | Cambridge Isotope
BBOEP-dsg > 97% Laboratories, Inc (My)
BEHP-d34 1773493-20-1 . Toronto Research
Chuan don, .
DnBP-dis 156213-21-7 > 9504 Chemicals
DPhP-dro | 1477494-97-5 ° (Canada)

Chuan dong vi duoc lya chon theo cac nguyén tac: (i) vu tién dong phan 13C

hozc 2H cua chinh hop chét dich hodc cua chat cling nhém chic; (ii) thoi gian luu gan

nhét vai tiéu chi ART < 0,10 phat; (iii) tao ion tién chat/san pham tuong tu voi chat

dich; va (iv) trong truong hop khong c6 chuan dong vi riéng 1¢, sir dung chuan dong

vi dai dién cho tirng nhom cau trdc (tri-aryl, chloro-alkyl, di-alkyl) c6 ¢ phan cuc va

thoi gian luu gan nhat. Cac chat chuan dong vi nay duoc thém dinh luong vao mau

thi nghiém can phan tich truéc khi bat dau qua trinh xir i mau. Viéc dinh luong céc

hop chat nay sau khi xtr i mau gitp danh gia chinh xac do thu hdi caa cac chat can

phan tich trong tirng mau thi nghiém. Céc hop chat phan tich va chuan dong vi tuong

tmg duoc trinh bay cu thé trong bang 2.3.
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Bang 2.3. Danh sach chat chuan va chat chuin ddng hanh twong ng

STT Chat phan tich Cbﬁt chuan STT Chit phan tich Ct]ﬁt chuan
dong hanh dong hanh

1 TMP TEP-dss 12 EHDPHP TnBP-dz7

2 TEP TEP-dss 13 TCP TEHP-ds:

3 TnPrP TnPrP-dz; 14  TCEP TEP-dss

4 TIPP TnPrP-dz; 15 TDCIPP TnPrP-dz

5 TnBP TnBP-dz7 16 DMP BCEP-ds

6 TiBP TnBP-dz7 17 BCEP BCEP-ds

7 THP TEHP-ds; 18 DPhP DPhP-d10

8 TBOEP TnBP-dz7 19 BDCIPP BBOEP-ds

9 TEHP TEHP-ds; 20 DnBP DnBP-d1s

10 TPhP TPhP-dss 21  BBOEP BBOEP-ds

11 CDP DPhP-d1o 22 BEHP BEHP-d34

Cac dung méi st dung trong nghién cttu bao gom acetonitrile (MeCN, CAS#
75-05-8), methanol (MeOH, CAS# 67-56-1), toluene (CAS# 108-88-3) dugc cung
cap boi hdng Thermo Scientific (Waltham, MA, M¥). Trudc khi duoc st dung cho
quy trinh phan tich mau, cac dung méi nay duoc tién hanh chung cit phan doan dé
loai bo sy hién dién cua cac hop chat OPE chua trong dung méi, gitp han ché tinh
trang nhiém ban mau phan tich. Nuéc siéu tinh khiét (UPW, 18,2 mQ/cm) duoc ldy
tir hé thdng loc Milli-Q Integral (Millipore, Burlington, M¥) duoc st dung cho qué
trinh xir Ii mau ciing nhu chuan bi dung méi pha dong.

Formic acid (FA, CAS# 64-18-6, do tinh khiét > 95%) va acetic acid (AA,
CAS# 64-19-7, @6 tinh khiét > 99%) duoc cung cap bai hdng Sigma-Aldrich (St.
Louis, MO, M¥), dugc stir dung v&i muc dich acid héa dung moéi pha dong va dung
mdi chiét mau.

Magnesium sulfate (MgSO4, CAS# 7487-88-9, do tinh khiét > 99,5%) va
sodium chloride (NaCl, CAS# 7647-14-5, d6 tinh khiét > 99,5%) dugc cung cap boi
hdng Sigma-Aldrich (St. Louis, MO, MY), sir dung cho qué trinh xur Ii mau. Trudc

khi sir dung, cac mudi nay duoc nung & 350°C trong 8 gio. Sau dé duoc bao quan
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trong lo thay tinh. MgSQ4 ¢6 vai trd 1am chat hat am, khir nude, gitp tang hiéu qua
phén tach pha gitra dung mdi hitu co (MeCN trong nghién ciru nay) va nudc co trong
mau, lam cho qua trinh phan tach dé dang va hiéu qua hon.

Céc vat liéu thuong mai dung dé tinh sach dich chiét bao gom: Graphitized
carbon black (GCB, kich thudc hat 40 um), Bondesil C18 (C18, kich thudc hat 40
pum), Bondesil primary secondary amine (PSA, kich thudc hat 40 um), Bond Elut
Florisil (Florisil, cot 200 mg/3 mL), va Captiva EMR-Lipid (EMR, c6t 300 mg/3 mL)
duoc cung cap boi Agilent Technology (Santa Clara, CA, Hoa Ky). Céc vit liéu trong
tac da co ché bao gom Oasis Mixed-Mode Cation eXchange (MCX, cot 500 mg/6
mL), Oasis Mixed-Mode Anion eXchange (MAX, ¢t 500 mg/6 mL), Oasis Mixed-
Mode Weak Cation eXchange (WCX, cot 500 mg/6 mL), Oasis Mixed-Mode Weak
Anion eXchange (WAX, co6t 500 mg/6 mL) va Oasis Hydrophilic-Lipophilic Balance
(HLB, cot 500 mg/6 mL) duoc cung cap boi hing Waters (Milford, MA, Hoa Ky).

Khi nito (N3) tir thiét bi PEAK Scientific (Anh) duoc st dung lam khi phun,
khi bo tro va khi 1am sach trong qua trinh ion hoa hop chat & ché do ESI cua thiét bi
khdi pho. Bén canh dé, argon (Ar) véi d6 tinh khién 99,999%, cung cap boi Messer,
dugc sir ding l1am khi ban pha ¢ ché PRM.

2.3.2. Chudn bi héa chit, pha déng, dung dich chudn

2.3.2.1. Chuan bi pha djng.
ePha dong A: pha dung dich UPW c6 chtra 0,1% FA. Cho khoang 500 mL
UPW vao binh dinh mic 1,00 L, dung micropipette rat 1,00 mL FA, 1am day dén
vach bang UPW, lic déu. Loc dung dich vira pha qua mang cellulose acetate 0,45
um. Rung siéu am dung dich sau loc véi thoi gian 30 phit & ché d6 loai khi.
e Pha dong B: dung mbéi MeOH. Rung siéu &m dung mdi véi thoi gian la 30
phit & ché d6 loai khi.
2.3.2.2. Chudn bj héa chat
Dung mdi chiét MeCN chtra 1% AA: cho khoang 500 mL MeCN vao binh
dinh mic 1,00 L, hat 10,00 mL AA cho vao binh trén, dinh mic dén vach bang

MeCN. Tién hanh rung siéu &m dung méi chiét vira pha dé ¢6ng nhat dung dich.
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H&n hop dung mai rira giai MeCN:toluene (3/1, v/v): ding dng dong 14y 200,0
mL toluene cho vao binh cé chaa san 600,0 mL MeCN. Tién hanh rung siéu am 30
phut dé ddng nhat hdn hop.
2.3.2.3. Chudn bi cac dung dich chuan
e Chuin géc (Co)

Cac dung dich chuan gbc 1000 mg/L pha trong MeCN: can chinh xac 10,00 mg
chat chuan mai loai cho vao binh dinh muc 10,00 mL, lam day dén vach bang MeCN.
Sau d6, dung dich chuan duoc rung siéu &m khoang 10 phut dé hoa tan va dong nhit
dung dich.

Bao quan dung dich chuan gdc: cac dung dich chuan géc dugc luu trit trong chai
t6i mau & nhiét do -20°C, tranh tiép xuc véi anh sang.

Do bén cua chuan: cac dung dich chuan géc don c6 thoi gian sir dung 13 1 nam.

e Chuin trung gian (Cmix 20 mg/L)

Dung dich chuan trung gian chaa 15 hop chat OPE va 7 di-OPE ¢6 nong do
20,0 mg/L pha trong MeCN: hut 200 pL dung dich chuan goc cua lan luot 22 hop
chat cho vao binh dinh mtrc 10,00 mL, sau d6 dinh mitc dén vach bang MeCN. Vortex
va rung siéu &m dung dich vira pha dé d¢ong nhat. Dung dich trung gian 20,0 mg/L
duogc luu trit trong chai t6i mau ¢ nhiét do -20°C, tranh tiép xtc anh séang.

Thoi gian str dung chuan 1a 06 thang.

e Chuén trung gian (Cmix 1 ma/L)

Dung dich chuan trung gian chita 22 OPE va di-OPE nong d 1,0 mg/L pha
trong MeCN: sir dung kim Hamilton hiit 50,0 pL dung dich chuan Crmix 20 mg/L Va0 binh
dinh mtrc 1,00 mL, dinh mtc dén vach bang MeCN. Thai han st dung 1 tuan.

D&y chudn lam viéc

Xay dung duong chuan véi 7 diém chuan c6 néng do trong khoang 1,0-100,0
ug/L. Dung dich chuan 1am viéc duoc pha trong dung méi MeOH, vai cach chuan bi

dugc trinh bay trong bang 2.4.
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Bang 2.4. Pwang chuan 1am viéc cia cac chat phan tich

. Nong dé .
Chuan lam . Chuan dung
) chuan lam viéc , Vhat (UL) Vinh mac (ML)
viéc deé pha
(ng/mL)
C1 100,0 100
CZ 50,0 Cmix 1 mg/L 50
Cs 20,0 20
Cs 10,0 100 1,00
Cs 50 C1 50
Ce 2,0 20
C7 1,0 Cs 100

2.3.3. Dung cu va thiét bi

- Hé thdng thiét bi sac ky long Dionex UHPLC Ultimate 3000* ghép nbi dau do
khdi phé phan giai cao Q-Orbitrap HRMS (UHPLC-HRMS) cua hdng Thermo Fisher
Scientific (Waltham, MA, Hoa Ky), bao gom céc bo phan:

e Bom Ultimate 3000 RS Pump

e Bo tiém mau ty dong Ultimate Autosampler

e Hé diéu nhiét Ultimate RS Column Compartment

e Cot sic ky long Hypersil GOLD™ aQ (150 mm x 2,1 mm, 3,0 pm)
e Dau do khéi phé Q-Orbitrap HRMS

- Cén phan tich (Sartorius, btc)

- Bé rung siéu 4m (Elmasonic S 300H, Elma Schmidbauer GmbH, D1ic)

- B4 loc dung moi (Sartorius Stedim Biotech, Goettingen, Duc)

- May vortex (VELP, Usmate Velate, Y)

- Méy ly tam (UNIVERSAL 320, Hettich, Dc)

- Thiét bi d6ng khoé mau Lyovapor™ L-300 (BUCHI Sarl, Thuy Si)

- Thiét bi cd mau sir dung khi nitrogen (Eyela, Nhat Ban)

- May ly tdm chan khdéng miVax (Genevac Ltd., Ipswitch, Suffolk, Anh)

- Tt sdy (Memmert, Dtc)
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- B6 chiét pha rin 12 vi tri (Agilent Technologies, Santa Clara, Hoa Ky)
- Micropipette loai 100 pL, 200 pL, 1000 pL (Isolab, Btrc)

- Ong falcon loai 15 mL, 50 mL
- Dung cu thuy tinh bao gém binh dinh muc (5, 10 mL); cbc thay tinh, pasteur

pipette, vial thay tinh 1,5 mL. Cac dung cu thuy tinh khdng c6 vach chia thé tich duoc

nung ¢ 450°C trong 8 gio dé loai bo céc tap hiru co, duoc dong goi trong gidy nhdm

dé han ché tiép xdc véi cac dung cu 1am bang nhya. Trudce khi st dung, cac dung cu

nay duoc trang rira véi dung méi di dugce chung cit phan doan.

2.4. Thu thip va biao quin miu

Trong nghién ctru nay, cac mau cé bién (223 mau ca) dugc thu thap va nghién

ctru. Cac mau ca bién duoc thu thap tai cac cang ca va cho hai san 16n & ba mién Viét

Nam. Viéc thu thap mau theo ba ving bién phu hop véi muc tiéu so sanh ¢ quy mo

vung va diéu lién cap bén, dam bao tinh dai dién cip ving bién. Céc vj tri thu thap

mau duoc trinh bay trong bang 2.5.

Bang 2.5. Thong tin cac mau c4a dwoc thu thap

Khu

Tinh Cang/Chg cé Toa do
vuc
. Cang ca Ngoc Hai 20°43°41” N, 106°47°58” E
Hai Phong .
Cang ca Mat Rong 20°53°21” N, 106°44°07” E
‘§ ) Chg cacang Ha Long | 20°58°09” N, 107°04°27” E
= Quang Ninh
< Chg casom Hon Gai | 20°58’19” N, 107°04°28” E
P
) Cang ca Giao Hai 20°12°57” N, 106°27°41” E
Nam Dinh ]
Chog Cau boi 20°11°54” N, 106°18°24” E
. Cang ca Tho Quang 16°05°50” N, 108°14°24” E
ba Nang
2 Chg Hai san 16°04°22” N, 108°10°52” E
>
= Cho Bam 13°45°57” N, 109°13°30” E
c Quy Nhon
% Chg Khu 6 13°45°56” N, 109°12°58” E
Phi Yén Chg Hai san An Phu 13°10°11” N, 109°17°23” E
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Khu Tinh Cang/Chg cé Toa do
vuc
Cang ca Hon R¢ va cho
) . 12°20°00” N, 109°19°49” E
Khanh Hoa thay san Nam Trung bo
Cang ca Vinh Truong 12°12°05” N, 109°12°03” E
Ba Ria — Viing Cho Xom luéi 10°20°30” N, 107°04°36” E
Tau Cang ca Bén ba 10°22°50” N, 107°04’10” E
5 o Cho Pau méi Binh Bién | 10°42°04” N, 106°36°35” E
< Ho6 Chi Minh i
,_<§ Cang ca bong Hoa 10°23°08” N, 106°52°59” E
= s ) Cang cd My Tho 10°21°04” N, 106°22°43” E
Tién Giang
Cang ca Vam Lang 10°24°54” N, 106°46°29” E

Céc cang ca va cho hai san trong bang 2.5 duoc lya chon vi 1a nhitng dau moéi
c6 san luogng cap bén 16n tai mdi vung, tiép nhan chu yéu ca khai thac tir cac ngu
trudng ven bd xung quanh va 1a ngudn cung cap chinh cho thi treong noi dia. Viéc
bd tri diém Iy mau tai day giup mau ca thu thap co tinh dai dién cho chudi cung tng
va tiéu thu ca bién cua tirng ving bién. Tan suat 1ay mau duoc thiét ké theo nhiéu dot
trong giai doan 2021-2023 (thang 4 va 12) twong trng vai cac dot khai thac chinh va
lich cap bén cua tau c4, qua d6 ghi nhan duoc bién dong theo mua trong pham vi
ngudn lyc cho phép. Cac dia diém thu thap mau duoc giir ¢b dinh trong suét thoi gian

nghién ctru dé dam bao tinh so sénh theo ving.

Ba loai ca duoc lya chon trong thi nghiém nay 1a ca chim trang (Pampus
argenteus), ca chi vang (Salaroides leptolepis) va ca bon (Psettodes erumei) dugc
thu thap & cac khu vuc trén trong giai doan 2021-2023 (bang 2.5). Cac mau ca dugc
thu thap theo tirng thoi diém cu thé & cac dia diém duoc trinh bay trong bang 2.6. Céc
dia diém thu thap mau trén duogc lua chon cb dinh trong sudt qua trinh thuc hién dé
tai. Trong nghién ctu nay, viéc thu thap mau ca chiu anh huéng dang ké boi dac tho
hoat dong khai thac thay san, von khéng mang tinh lién tuc ma phu thudc vao lich
trinh cap bén cua tau ca. Khi tau danh bat cap bén, ngudn ca twoi ddi dao, tao diéu
kién thuan loi cho viéc thu thap mau tai khu vuc nghién ciru. Nguoc lai, tai nhitng

thoi diém khong co tau cap bén, ngudn cung ca tai diém thu thap co thé khong dam
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bao hodc hoan toan khdng cd, dan dén su khac biét vé s6 luong va phan bd mau giira
cac khu vyc va thoi gian khao sat. Tuy nhién, cac dia diém thu thap mau trén duoc
lya chon cb dinh trong sudt qua trinh thuc hién dé tai dé dam bao yéu té khu vuc cho
mau cé thu thap. Cac mau ca duogc thu thap khi tau vira cap bén, han ché cac mau
trung chuyén dong lanh, va khong thu thap cac mau ca khéng truy xuit duoc thong
tin danh bat (ngay cap bén, diém thu mau, loai, kich thudc). Do thu thap mau cé tai

c4c cang va cho ca nén khdng thé thu thap thong tin vé dic diém khi hau va thay van

khi 1ay mau.
Bang 2.6. Thong tin sé lweng mau ca thu thap
Thoi gian Khu vue Ca chim tring Ca chi vang Ca bon
Mién Bic 13 - -
Théang 4/2021  Mién Trung 10 - -
Mién Nam 13 - -
Mién Bic 8 - -
Théang 12/2021  Mién Trung 8 - -
Mién Nam 8 - -
Mién Bic 10 - -
Thang 4/2022  Mién Trung 11 - -
Mién Nam 9 - -
Mién Bic 7 14 5
Thang 8/2022  Mién Trung 8 9 8
Mién Nam 6 9 6
Mién Bac 9 - -
Thang 4/2023  Mién Trung 8 - -
Mién Nam 12 - -
Mién Bic 10 - -
Thang 8/2023  Mién Trung 12 - -
Mién Nam 10 - -

Sau khi thuyén danh c4 cap bén, cdc mau ca dugc thu mua tryc tiép, dugc goi

ki trong gidy nhom va dugc chira trong thung gitt nhiét c6 chira da kho rdi van chuyén



64

vé phong thi nghiém. Sau khi van chuyén vé phong thi nghiém, c& mau cé duoc ria
duéi voi nude UPW dé loai bo céc bam ban ¢ bén ngoai cua ca. Sau d6, mau ca dugc
tién hanh danh vay, 16t bo da, phi 16 ca dé loai bo xuong va phan dau. St dung dao
c6 chét lidu thép khong gi cling nhu tranh tiép xdc mau cé sau khi phan tach véi cac
dung cu c6 chét liéu bang nhwa. Mau phi 18 thit ca dugc thim khé bing gidy khdng
bui, 1am lanh & -20°C va tién hanh qua trinh dong kho mau cho dén khi khi luong
khong d6i. Mau sau khi dong khé dwgc nghién nho va trit trong cac lo thuy tinh ti
mau & nhiét do -20°C cho dén khi phan tich.

2.5. N§i dung nghién ciru thwe nghiém
2.5.1. Xay dwng phwong phdp phan tich UHPLC-HRMS

2.5.1.1. T6i wu diéu kién ESI

T6i uu héa ngudn ion cua hé thong LC-MS 1a mot budce quan trong trong phat
trién phuong phap, vi giai doan nay cho phép ngudi dung diéu chinh, tinh chinh cac
théng sé chinh cua thiét bi dé cudng d6 tin hiéu caa chat phan tich dat duoc 12 thi da,
tir d6 cai thién duoc d6 nhay ciia phuong phap. Viéc téi wu nay gidp thiét bj van hanh
hoat dong & diéu kién thich hop nham gia ting d6 bén téi da. Mic du cac hé thdng
LC-MS hién dai, chang han nhu hé théng Q Exactive, cung cap cac cong cu dé tu
dong diéu chinh cac diéu kién tiéu chuan dua trén tdc do dong chay, nhung nhing
thiét 1ap tiéu chuan nay c6 thé khong thich hop dé phan tich cac hop chat nhém OPE.
Trong d6, dién &p phun va toc do khi hd tro dong vai tro quan trong trong qué trinh
hinh thanh ion, anh huong truc tiép dén su bay hoi ciia dung méi, sy phong thich ion
tir giot dung dich va kha niang chuyén pha tir pha long sang pha khi. Viéc téi vu hoa
cac thdng sb nay khéng chi gidp cai thién tin hiéu phan tich, ma con giam nhidu nén
va tang d6 chinh xac cua phép do trong khdi phd.

Trong nghién ctu ndy, cac hop chat dugc phén tich déng thai trong mot 1an
phan tich duy nhat, do d6 viéc ti uu dién ap phun riéng cho tirng hop chat la khdng
kha thi. Bién ap phun 1a thong sb ¢ dinh trong toan bo qua trinh phan tich, viéc thay
d6i lién tuc dién ap phun theo thoi gian luu cta tirng hop chat c6 thé gay mat on dinh

tin hiéu do hé thong can thoi gian dé diéu chinh va 6n dinh lai dién ap. Biéu nay c6
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thé dan dén bién dong tin hiéu gitra cac lan phan tich, Iam giam d¢ 13p lai cua phuong
phap. Két qua khao sat so bo cho thay dién ap phun téi uu cho ting hop chat trong
nghién ctru nay déu 16n hon 4600 V, véi hop chit TIPrP dat 4936 V, gié tri cao nhat
trong nhém OPE. Do d6 dién &p phun ¢ dinh duoc thiét 1ap & mic 4900 V, vi gia tri
nady nam gan dién ap toi vu ciia phan 16n OPE, ddng thoi tranh hién twong phong dién
hd quang xay ra khi dién ap vuot qua 5000 V, vén co thé gay ion hoa khong kiém
soat, lam ting nhidu nén va giam do6 nhay cua phép do. Tuong tu, gié tri dién thé phun
cho ché d6 ion héa am 1a -3500 V.

Sau khi dién 4p phun da dugc ¢ dinh, viéc tdi uu hoa tée d6 khi phun tré thanh
yéu té quan trong nham dam bao hiéu suat ion hoa téi da & ESI. Trong nghién ctu
nay, cac dong khi phun (SHG), khi bé tro (AUG) va khi 1am sach (SWG) duoc tién
hanh t6i wu toc d6 dong. Dya trén cac khao sat ban dau vé anh huong tée do cua tung
loai khi dén qua trinh tao ion phan ta chat phan tich (xem PHU LUC 1), cac khoang
tdc do khi duoc tién hanh khao sat bao gdm: SHG tir 10 dén 30 arb, AUG tir 10 dén
20 arb va SWG tir 0 dén 10 arb. Lan luot 15 hop chat OPE (100,0 ng/mL) trong dung
mdi MeOH/UPW = 1/1 (v/v) duoc tién hanh ion hoa & cac diéu kién thi nghiém trén
Vi toe @6 dong 1a 50 pL/phat, véi nhiét do hoa hoi dung méi 13 300°C va nhiét 4o
ctia dng dan truyén ion 1a 320°C. Cudng d6 tin hiéu caa cac ion phan tir dugc st dung
lam bién dap tng. Vai 3 yéu t6 (k = 3), s6 diém thi nghiém can thiét 1a 23 = 8 thi
nghiém ¢ diém goc, 2x3 = 6 thi nghiém tai cac diém mat, 3 thi nghiém tai diém tam.
Ngoai ra, thuc hién bo sung 2 lan tai diém tdm gitp ting do chinh xac caa mo hinh.
M6 hinh thi nghiém véi 3 yéu t6, 17 thi nghiém dugc thiét ké cu thé nhu bang 2.7.

Bang 2.7. Thiét ké thi nghiém CCF

SHG AUG SWG
Thi S _ _
nghigm  Kyhign O gopige  GRIT gopig, Gl
(X1) thuwe (X2) thue (X3) thue
(arb) (arb) (arb)
1 -1 10 -1 10 -1 0
2 +1 30 -1 10 -1 0
3 -1 10 +1 20 -1 0
4 +1 30 +1 20 -1 0
5 -1 10 -1 10 +1 10
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SHG AUG SWG
Thi — _ _
nghiém  Kyhigu G gopey  GROT g, GHAM
(X1) thuc (X2) thuc (X3) thuc
(arb) (arb) (arb)
6 +1 30 -1 10 +1 10
7 -1 10 +1 20 +1 10
8 +1 30 +1 20 +1 10
9 -1 10 0 15 0 5
10 +1 30 0 15 0 5
11 0 20 -1 10 0 5
12 0 20 +1 20 0 5
13 0 20 0 15 -1 0
14 0 20 0 15 +1 10
15 0 20 0 15 0 5
16 0 20 0 15 0 5
17 0 20 0 15 0 5

Dit liéu tir cac diém thi nghiém dugc sir dung dé xay dung phuong trinh hoi

quy bac hai, dang tong quét (cong thic 2.1):

k K k
y =P8+ 2 Bix; + Z Bix? + 2 Bijxix; + € (2.1)
i=1 im1

i<j
« y labién dap tng.
« x; la céc yéu té doc lap.
«  Po.: Bi, Bii» Bij la cac he s6 can ude luong.

e € lasai sO0 ngau nhién.

Céc két qua sau khi mo hinh héa duoc tién hanh danh gia ANOVA dé kiém tra
¥y nghia thong ké cua céc hé s hoi quy, cu thé danh gia qua cac yéu té p-value, R?
hiéu chinh va chi s kiém dinh F (F-statistic). Dé danh gia d6 tin cdy va kha ning
tong quét hda ciia md hinh hdi quy duoc xay dung tir cac két qua thi nghiém nay, xéac
nhan chéo k-fold véi 10 lan lap lai (k = 10) va sir dung phuong phap hdi quy phi
tuyén dé danh gia d6 6n dinh cia mé hinh. Céc két qua danh gia duoc thé hién qua
c4c thong so sai s6 cin trung binh binh phwong (RMSE), sai s6 trung binh tuyét doi
(MAE), va gié tri RMSE/MAE. Céc két qua t6i uu diéu kién ion hda bang CCF va

cac két qua xac dinh chéo k-fold dugc trinh bay cu thé & muc 3.1.1.
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2.5.1.2. Toi wu diéu kién toc dé dong va nhiét @ 1o cot

OPE 14 cé4c hop chét c6 tinh phan cuc, phan tir lwong trai dai tir thap dén cao
cling nhu c6 nhiét d6 bay hoi cao. Do d6, phuwong phap phan tich sic ki 1ong ghép ndi
dau do khdi phd dugc str dung rong rii dé phan tich céc hop chat OPE trong mau sinh
hoc nho vao @6 chon loc va dé nhay cao cua phuong phap. Pha dong st dung trong
sic ki long phan tich OPE chu yéu 13 UPW va dung mdi hitu co (MeCN hoic MeOH),
kém voéi viéc bo sung FA trong pha dong nhiam tao diéu kién cho qua trinh phun
swong ciing nhu ting kha ning tao ion phan tir chat phan tich trong qua trinh ion héa
& ché a6 ESI cua dau do khdi pho.

TMP va TEP la hai hop chat c6 cau trdc nho, phan cuc va dé hoa tan trong nudc,
khién chiing kho duoc luu giit trén cot C18 truyén théng, vén cd tinh Ky nudc manh
[175]. Biéu nay dan dén hién twong dong rira giai voi cac tap chat phan cuc trong nén
mau, gay ra su “ting cudng” hodc “uc ché” ion trong ngudn ESI, 1am sai léch két qua
phan tich. Nghién ctru nay sir dung cot sic ky Hypersil Gold™ aQ, trong d6 pha tinh
C18 dugc bién tinh véi nhém phén cuc, gidp cai thién kha nang luu giir va phan tach
cac hop chit phan cuc, dong thoi cho phép hoat dong on dinh trong pha dong c6 ham
lugng nudc cao (tdi 100%) va khoang pH rong (2-9). Véi nhitng wu diém nay, cot
Hypersil Gold™ aQ duoc lva chon dé dam bao hiéu suat phan tach tdi wu cho cac
hop chat c6 log Kow trai rong tir -0,65 dén 9,49 [176]. Bén canh dé, cac hop chat c6
log Kow < 1 chii yéu phan b trong pha dong, khién thoi gian luu va d d6i xang peak
c6 thé bi anh hudng boi tée d6 dong va nhiét d6 cot [177]. Vi vay, viéc téi vu hai
thong s6 nay 1 can thiét dé tang do l3p lai, cai thién d6 phan giai va dam bao tin hiéu
phan tich 6n dinh.

Trong nghién ciu nay, téc do dong dugc khao sat bao gom cac gia tri 0,30
mL/phat, 0,35 mL/pht va 0,40 mL/phat. G mdi toc d6 dong khao sat, nhiét do cot
dugc danh gia 1an luot & 3 mtc 35°C, 40°C va 45°C. Thé tich tiém mau duoc ¢b dinh
¢ 3,00 pL. Chuong trinh pha dong (bang 2.8) sir dung dé danh gia anh huong dén
hinh dang peak cua cac chat phén tich nhu sau:

e Pha dong A: UPW chira 0,1% FA
e Pha dong B: MeOH.
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Bang 2.8. Chwong trinh dung moi pha dong

Thai gian %A %B P déc gradient
0,0 100 0
0,5 100 0 5
2,0 60 40 1
22,0 0 100 5
22,1 100 0 5
25,0 100 0 5

O mdi diéu kién thi nghiém, viéc tiém mau duogc thuc hién Iap 3 1an. Thai gian
lwu, hinh dang peak cua hop chét phan tich dwgc ghi nhan va tién hanh danh gia. Két
qua toi wu tbe d6 dong, nhiét do cot duogc danh gia dua trén két qua do phan giai va
hé sb bat ddi xtiing cua peak séc ky.

Do phan giai (R) trong sac ki long 1a mot chi s6 quan trong dung dé danh gia
murc d6 phén tach giira 2 peak gan nhau trong sic ki do [161]. Do phan giai duoc tinh
theo cong thac 2.2.

R, = 2X(t; = t1) (2.2)

Trong do:

t;va t, lathoi gian luu cua hai peak (phat).

W, va W, la @6 rong day cua hai peak twong ung (phut).

Hé s6 bat doi xing (AF) cua peak sic ky 1a yéu té can duoc danh gid. Viéc tang
nhiét do cot thudng 1am giam tinh chat do nhét cua pha dong, dan dén su khuéch tan
nhanh hon cua céc phan tir hop chat, dé dan dén hién tuong peak bat d6i xang (dic
biét 1a cac hop chat c6 gid tri log Kow I6n) [178]. Bén canh do, viéc ting toc d6 dong
thudng tao nén gradient ap suat trong cot, dan dén hién tuong peak bi kéo dudi [161,

179]. Hé s6 bat ddi xang dugc tinh theo cong thic 2.3.

B (2.3)
AF ==
A

Trong do,
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e A: Khoang cach tir dinh dén giao diém peak véi duong thang tai diém 1/10
chiéu cao, tinh vé phia dau peak.
e B:Khoang cach tir dinh dén giao diém peak véi duong thang tai diém 1/10
chiéu cao, tinh vé phia dudi peak.
Cac két qua két qua lra chon diéu kién téi wu duoc trinh bay & muc 3.1.2.
2.5.1.3. Danh gia do on dinh cua tin hiéu phan tich OPE va di-OPE trén
UHPLC-HRMS
Pé danh gia su 6n dinh cua tin hiéu phan tich (dién tich peak), tién hanh bom
lap lai 5 1an cac dung dich chuan OPE va di-OPE & nong d6 1,0 ng/mL va 100,0
ng/mL, dai dién cho mtc ndng d6 thap va mic ndng d6 cao cua duong chuan. Tinh
toan do léch chuan dién tich peak cua cac chat khi bom lip lai dé danh gia d6 6n dinh
cua tin hiéu phan tich. Qua trinh nay duoc thuc hién nhiéu lan trong subt thoi gian
nghién cuu.
2.5.1.4. Xdc dinh gidi han phat hién thiét bi (IDL) va gidi han dinh lwong thiét
bi (IOL) ciia OPE va di-OPE trén UHPLC-HRMS
e Déivéi IDL
IDL 14 lwong nhé nhat caa chat phan tich ma thiét bi phan tich cé thé do duoc
va cho tin hiéu cua peak cao gap 3 lan duong nén. IDL cho phép danh gia thiét bi
hoat dong c6 6n dinh khéng, nd bao gom cac loai nhiéu tir linh kién co - dién ti cua
thiét bi, diéu kién van hanh may va diéu kién méi trudng xung quanh thudng dugc
udce luong qua cac dung dich chuan.
e Doivéi IQL
IQL 1a Iwong nho nhat cua chat phan tich ma hé théng phan tich du dé tao tin
hiéu cua peak cao gip khoang 10 lan duong nén nhu thé c6 thé dinh lugng khi tién
hanh phan tich sic ky. IQL thuong dugc xac dinh théng qua IDL (cong thic 2.4).
IQL = 3,3 x IDL (2.4)

2.5.1.5. Xdy dwng dwong chudn
Trong nghién ciru ndy, viéc xay dung duong chuan OPE va di-OPE theo diy
dung dich chuan OPE da chuan bi & bang 2.3. Phuong trinh duong chuan biéu dién

méi twong quan giita dién tich peak cua chat phan tich véi ndng do caa chat phan tich
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tuong tng, ¢d dang “Y = (a + Aa) X X + (b + Ab)”, dugc x4c nhan thong qua hé s6
tuong quan hoi quy tuyén tinh R2 véi yéu cau 0,995 < R2< 1,000.

2.5.2. Phat trién phwong phdp xir li méu

2.5.2.1. Chudn bi mau trang

MAau tring trong phan tich hda hoc 1a mot mau nén khéng chira hoic chira & mic
khong dang ké cac chat phan tich muc tiéu nham phuc vu qué trinh kiém soat chat
luong phuong phap va xac dinh gia tri st dung phuwong phap phan tich. Viéc st dung
MgSO4 1am mau tring trong phan tich OPE trong ca la khéng phi hop, do khong
phan 4anh dang ban chat caa nén sinh hoc thyc té. MgSO4 1a mot mudi vo co, hoan
toan khdng chua thanh phan protein, lipid hay cac yéu té nén sinh hoc khac vén co
mit trong mo ca. Do d6, MgSO4 khong thé md phong dugc hiéu tng nén anh huong
dén qua trinh ion hoa va tin hiéu phan tich trong cac phwong phap st dung sac ky
khoi pho. Néu sir dung nén tring khong twong thich dé xac dinh do thu hoi va gigi
han phat hién c6 thé bi sai léch dang ké so véi khi &p dung vao mau thuc.

Trong nghién cau ndy, mau trang duoc tao ra bang cach st dung mau thit ca
chim trang sau khi dugc dong nhat mau chiét xuat véi hé dung moi MeCN di duoc
chung cit phan doan dé loai bo sy hién dién chat phan tich trong nén mau. Cu thé,
mau ca duoc thém MeCN lanh (-20°C), duoc lic manh, rung siéu am va ly tam dé
thu dugc 16p MeCN. Sau d6, MeCN duoc héa hoi dung mdi bang hé thong ly tam
chan khong dén kho va tai hoa tan lai bang hé MeOH:UPW (1/1, v/v). Dich tai hoa
tan dugc phan tich UHPLC-HRMS dé xéc dinh tin hiéu ciia cac OPE. Thuc hién lap
lai chudi thao tac cho dén khi khong con phét hién tin hiéu cua OPE. Mau cé sau khi
loai bo OPE duogc dit trong ta sy chan khong qua dém dé loai bo hoan toan MeCN
con sot lai, ddng nhat va bao quan mau & -20°C. Phuong phap nay gitip loai bo OPE
ra khoi nén mau, it anh huong dén tinh chat phac tap, gitr lai phan lén dic tinh caa
nén mau.

2.5.2.2. Khdo sdt phwong phdp xit I mdu ban dau

Dua trén nghién ciru cua Ding va céng sw (2018) [124], d6 thu hdi cua cac OPE

& mau tring thém chuan duoc trinh bay cuy thé trong phan PHU LUC 2. Nhin chung,

d6 thu hoi cua OPE thap va chiu anh huéng manh tir nén mau. Do d6, cac giai doan
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trong quy trinh xir i mau xac dinh néng do OPE trong ¢4 can duoc tdi vu duoc trinh
bay trong hinh 2.1.

Miu ca ‘ o
l'_ ______ Thém chuan dong hanh
‘ Mau + ‘
UPW + MeCN 1%AA | Tham vao hén hop
l«— —————— «  NaCl

Rung siéu am

‘ «  MgSO,

[ Vortex + ly tam

Dung mé1 phia trén

Rura giar:
20 mL MeCN:toluene

Hén hop dich chiét
+ rira giai

.

Phan tich OPEs trén
UHPLC-HRMS

Hinh 2.1. Quy trinh xir Iy mau phan tich OPE trong ca can t6i wu

Tir cac két qua dat duoc ciing nhu tham khao nghién ctu caa Tran LAm Thanh
Thién va céng sw (2021) [180], phuwong phap xtr li mau dugc dé xuat nhu so dd trong
hinh 2.1. Cac budc thuc hién quy trinh dé& xuit nhu sau:
o Bwéc 1: Chiét mdu: can chinh xac 1,0000+0,0001 g mau ca (da dugc dong
khé va ddng nhat), thém 9,00 mL UPW va 10,00 mL MeCN c6 chira 1% AA. PBay
chit nip, lic manh bing tay va tién hanh rung siéu &m mau ¢ 30°C trong 15 pht.
Sau khi rung siéu &m, thém lan luot 1,000 g NaCl, 4,000 g MgSOs vao trong 6ng
chira mau. Poéng chat nap va vortex trong 1 phit dé tranh hién tugng dong tu cia
MgSOs. Sau khi dugc phéi tron déu trong 1 phat, mau duoc tién hanh li tam & téc do
7000 x g trong 5 phdat.
o Buwéc 2: Tinh sach dich chiét: hat 5,00 mL dich chiét dung méi phia trén (sau
khi ly tam) tai qua cot SPE c6 chira vt liéu tinh sach da duoc hoat hoa lan luot 6 mL
hdon hop MeCN:toluene (3/1, v/v) va 5 mL MeCN 1% AA. Loai vat liéu tinh sach str
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dung duoc lya chon dua trén két qua khao sat 6 thu hdi cua chat phan tich tir 10 loai
vat liéu phé bién (bao gdm GCB, C18, PSA, Florisil, HLB, MCX, WCX, MAX,
WAX va EMR), dam bao hiéu suét tinh sach t6i vu ma khong lam mat mau. Sau khi
tai qua cot, dich chiét mau duoc thu thap. Rira giai chat phan tich bang 20,0 mL hén
hop MeCN:toluene (3/1, v/v), gop chung dung dich mau va dung dich ria giai.
o Buwéc 3: Héa hoi dung méi: tién hanh hoa hoi dung mdi theo diéu kién tdi wu,
lya chon tir ba ky thuat bao gém: c6 quay chan khong, héa hoi bang khi N2 & nhiét
d6 phong va ly tdm chan khong két hop hoa hoi bang khi N2 & 1°C. Dich chiét dwoc
dinh mac dén 1,00 mL bang UPW, loc qua mang 0,22-um PTFE va phan tich
UHPLC-HRMS.
2.5.2.3. Toi wu diéu kién héa hoi dung méi

Anh huong cua diéu kién hoa hoi dung méi duoc tién hanh ¢ 3 trudng hop, bao
gom (i) c¢6 quay chan khong, (ii) hoa hoi dudi dong khi N2 & nhiét do phong va (iii)
két hop k¥ thuat ly tdm chan khong va hoa hoi dudi dong khi N2 ¢ 1°C. Cac thi
nghiém duoc tién hanh nhu sau:
- EV1: Thém 10,00 pL dung dich chuan Cmix 1 mgr Va0 6ng ly tdm c6 chira sin
25,00 mL dung dich (5,00 mL dich chiét mau trang + 20,0 mL dung mdi rua giai).
Dung dich duoc tron déu va c6 quay dén 0,5 mL & &p suat 10 mbar va nhiét do Ia
40°C. binh mitc dén vach 1,00 mL bang UPW va phan tich UHPLC-HRMS.
- EV2: Mau thi nghiém duoc tién hanh twong tu nhu EV1 va dugc hoa hoi dung
moi bang dong khi N2 d&én 0,5 mL duéi dong khi N2 véi tée do 5 L/pht (cach mit
thoang 1 cm) & nhiét &6 phong. Binh murc dén vach 1,00 mL bang UPW va phan tich
UHPLC-HRMS.
— EV3: Mau thi nghiém dugc tién hanh twong tu nhu EV1 va dugc hoa hoi bang
viéc két hop gitra ly tAm chan khong va hoa hoi duéi dong N2 & 1°C. Cu thé, 25,00
mL duogc hoa hoi dén khoang 5 mL bang thiét bi ly tam chan khéng (10 mbar, 40°C),
sau d6 dugc hoa hoi dén 0,5 mL dudi dong N2 nhu EV2 nhung & 1°C. Binh mirc dén
vach 1,00 mL biang UPW va phan tich UHPLC-HRMS.
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2.5.2.4. Khao sat vt liéu tinh sach dich chiét
Mirc do tuong tac cua tirng loai pha tinh & mdi loai vat liéu tinh sach duoc danh

gia théng qua thi nghiém sau:
a) Anh huéng cua ting logi vdt liéu tinh sach

Mau tring thém chuan (10,0 ng/mL) dugc tién hanh xi If mau theo so d6 hinh
2.1. Cu thé, sau khi dwgc chiét QUEChERS, 5,0 mL dich chiét dugc lan luot tai qua
cac cot SPE chtra cé4c loai vat liéu thuong mai khéc nhau, bao gom: GCB (100,0 mg),
C18(100,0 mg), PSA (100,0 mg), Florisil (100,0 mg), HLB (100,0 mg), MCX (100,0
mg), WCX (100,0 mg), MAX (100,0 mg), WAX (100,0 mg) va EMR (100,0 mg).
Sau khi tai qua cot, dich chiét dugc gop chung voi 20,0 mL dung méi rira giai
MeCN:toluene (3/1, v/v). Tién hanh hoa hoi dung méi dya theo thi nghiém EV3 (muc
2.5.2.2). Dich chiét duoc dinh muc thanh 1,00 mL va tién hanh phan tich UHPLC-
HRMS. Thuc hién 3 lan Iap & mdi loai vat liéu tinh sach dich chiét. Két qua duoc

trinh bay ¢ muc 3.2.2.1.
b) Pdnh gid khd nang tinh sach dich chiét ciia hé EMR-WAX

Viéc danh gia anh huéng cua ting loai pha tinh da chi ra raing EMR va WAX
1a hai vat liéu c6 kha niang giam thiéu dang ké anh huong cua nén mau dén két qua
phan tich. Bé chting minh hiéu qua tinh sach dich chiét trong qua trinh phan tich OPE
tir c4c nén mau sinh hoc, hé vat liéu két hop EMR-WAX (50,0 mg mdi loai) da dugc
thir nghiém trén cac mau thit ca. Cu thé, 1,0000 g mau ca cac loai dugc thém chuan
10,0 ng/mL dugc tién hanh xir li mau theo quy trinh hinh 2.1, s dung hé tinh sach
dich chiét 1a EMR-WAX (50,0 mg mdi loai), hoa hoi dung méi theo thi nghiém EV3.
Két qua duoc hiéu chuan dua trén d6 thu hdi cua chuan dong hanh. Thi nghiém lap 3
1An & mdi loai ca.

Viéc hiéu chinh d6 thu hdi st dung hé sb thu hdi cua chat chuan dong hanh dé
tinh toan lai nong do thuc té cua chat phan tich (C.), dugc tinh toan theo cong thuc
2.5.
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Ri X Aspike
= _ 2.5
Ce = Cm A, x 100 (2.:5)

Trong do,
C.: Nong do thuc té cua chat phan tich sau khi hiéu chinh.
C,,: Nong do do dugc cua chit phan tich trong mau.
R;: P thu hdi mong mudn caa chuan dong hanh (thudng dat 100%).
A, Dién tich peak cuia chuan dong hanh trong mau.

Aspike: Dién tich peak cua chuan dong hanh trong mau trang c6 ndng do biét trudc.
2.5.3. Xdc nhan gia tri sir dung phwong phap

Trong nghién ctu phan tich cac hop chat OPE trong thuyc pham, mét trong
nhitng thach thirc 16n 1a chua c6 tiéu chuan quy dinh cu thé vé phuong phap phan
tich. Vi vay, viéc lya chon mét huéng dan phan tich dang tin cay va duoc céng nhan
rong rai la rat quan trong dé dam bao tinh chinh xéac, do tin cay va kha ning tai 1ap
ctiia phuong phap. Phuong phap phan tich OPE trong mau ca ¢ nghién ciru nay duoc
tién hanh xac nhan gia tri s dung caa phuong phap dua trén cac hudng dan do Uy
ban Chau Au ban hanh (SANTE/11312/2021). Mic du dugc thiét lap cho phan tich
du luong thude bao vé thyuc vat, SANTE/11312/2021 van 1a mét lya chon phil hop dé
danh gia phuong phap phén tich OPE do nhiing ly do sau:

e Su twong ddng vé dic tinh hoa hoc giita OPE va cac hop chit da duoc
SANTE/11312/2021 hudéng dan phan tich: Nhiéu OPE c¢6 cau trdc chaa nhom
phosphate twong tu nhu nhom OPP (vi du: chlorpyrifos, diazinon). Bén canh do, OPE
c6 thé lién két véi lipid hodc cac nén thuc pham phuc tap (ca), giong nhu nhiéu chat
6 nhiém hiru co kho phan hity ma SANTE/11312/2021 da huéng dan phan tich.

e SANTE/11312/2021 cung cap céc tiéu chi danh gia hiéu ning phuwong phap
chi tiét va phu hop véi OPE: Mac du khong quy dinh riéng cho OPE,
SANTE/11312/2021 dua ra céc tiéu chi danh gia co thé 4p dung truc tiép dé kiém
ching tinh hiéu qua caa phuong phap phan tich OPE, bao gom: gigi han phaét hién,
gidi han dinh lwong, d6 thu hdi tir 70-120%, do dang, d6 lap lai, do tai lap va hiéu

g nén.
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e SANTE/11312/2021 la tiéu chuan duoc cdng nhan rong réi va co tinh linh hoat
cao: C4c tiéu chi trong SANTE/11312/2021 c6 thé &p dung linh hoat cho nhiéu loai
hop chét hitu co, khong chi gigi han ¢ héa chét bao vé thuc vat ma con cé thé mo
rong sang cac nhom hop chit khac nhu OPE. Viéc st dung SANTE/11312/2021 gidp
két qua phan tich OPE c6 thé so sanh véi cac nghién ctu quoc té, dac biét quan trong
khi chua c6 tiéu chuan chinh thic cho nhém hop chét nay.

e SANTE/11312/2021 dam bao tinh khoa hoc va kha ning 4p dung thuc té: Do
chua c¢6 quy dinh cu thé vé gigi han OPE trong thuc pham, viéc ap dung
SANTE/11312/2021 gitap dam bao rang phuong phap phan tich c6 do tin cay cao va
dap g cac tiéu chuan khoa hoc nghiém ngit.

Trong khi Codex Alimentarius khong c6 huéng dan cy thé cho OPE trong thuc
pham, US EPA chi tap trung vao danh gia rti ro méi treong cia OPE, khdng ¢ quy
dinh cu thé vé phan tich trong thuc pham. Do d6, viéc lya chon SANTE/11312/2021
dé danh gia phuong phap phan tich OPE trong thyc pham vira dam bao tinh khoa hoc,
vira ¢ tinh thuc tién cao

Céc thong s6 duoc tién hanh danh gia trong qua trinh tham dinh phuong phap
bao gom: do ding, d6 lap lai, d6 tai lap, gisi han phat hién phuong phap (MDL) va
gidi han dinh luwong phuong phap (MQL).

2.5.3.1. B diing

Do ding cua phuong phap duoc danh gia dua trén d6 thu hdi cua cac mau tring
thém chuan OPE tai 3 muc nong do khac nhau (thap, trung binh va cao). Trong nghién
ctru nay, 3 mic ndng d6 duoc lya chon dé tham dinh bao gém 1,0 ng/g, 50,0 ng/g va
100,0 ng/g. Tién hanh phan tich cac miu nay theo quy dinh duoc tbi wu & muc 3.2.3.
MJi ndng d6 duoc tién hanh 13p lai 6 1an. Mau tring dung méi dwoc tién hanh phan
tich song song véi cac mau thém chuan dé giam thiéu téi da cac yéu té anh huong
dén viéc danh gia do thu hdi caa chat phén tich. Do thu hdi duogc tinh ton theo cong
thac 2.6.

Rec(%) = % x 100% (26)

a

Véi, C,: Nong @6 chat phan tich trong mau thém chuan, C,: Nong d6 thém chuan
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Do dtng cua phuong phap duoc xac dinh dua trén gia tri trung binh cia do thu

hoi chat phan tich ¢ cac lan Iap thi nghiém.
2.5.3.2. B¢ lap lai va do tai lap

Do lap lai va do tai 1ap cua phuong phap phan tich dugc danh gia thong qua do
léch chuan tuwong d6i (RSD%). D6 lip lai dugc tién hanh thi nghiém trén cac mau
trang thém chuan & cac mirc nong do (thap, trung binh va cao). D6 téi lap trong nghién
ctru nay duoc thyuc hién trén cac mau trang thém chuan ¢ 3 ndng do lan luot 12 1,0
ng/g, 50,0 ng/g va 100,0 ng/g. Mdi ndng d6 thém chuén duoc thyc hién phan tich lap
lai 6 1an trong cing mot ngay (n = 6).

Do léch chuan twong dbi duogc tinh toan theo céng thic 2.7.

SD 2.7
RSD% = 5a X 100% 27)

Trong d6, SD: d6 léch chuan caa do thu hoi gitra cac 1an thi nghiém, X: d6 thu

hoi trung binh caa chat phan tich.

Ddi véi @6 tai lap, thuc hién trong tu nhu do 1ap lai trong 3 ngay lién tiép (n =
6x3 = 18).

2.5.3.3. Gidi han phat hién va gidi han dinh lwong Ciia phwong phdp

Gidi han phat hién va gigi han dinh lwong ciia phuong phap dugc xac dinh bang
cach phan tich 10 mau tring thém chuan OPE & mirc dong d6 thap (0,2 ng/g) duoc
tién hanh thyc hién theo quy trinh phan tich da phat trién.

Gidi han phat hién phuong phap: tién hanh thém chuan OPE ham lugng thap
vao 10 mau tring thi nghiém. Tién hanh thuc hién xa i mau thém chuan dua trén
diéu kién da t6i wu. Gia tri MDL dugc tinh theo cong thirc 2.8 [181].

MDL = 3 x SD (2.8)

Trong d6, SD 1a d6 léch chuan duoc tinh theo cong thirc 2.9.

SD=j ?=1(Xi_)?)2 (2_9)

n—1

Véi X; 1a gié tri thu duoc cua mau thém chuan thi i,

X 1a gié tri trung binh cia mau thém chuan
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Theo khuyén cdo ciia AOAC, dé dam bao dd tin cay caa MDL, ti 18 giira X va
gia tri MDL udc luong can duoc tinh toan (R). Cu thé,
o 4<R<10: ndng d6 dung dich 1a pht hop va MDL tinh duoc 1a dang tin cay.
o R <4: ting ndng do thém chuan
o R >10: giam ndng d6 thém chuén
Giéi han dinh lugng phuong phép: 14 gia tri nong do nho nhat cia chat can phan
tich trong mau ban d¢au ma khi sir dung phurong phap dé phan tich c6 thé dinh lwong
duogc. Gidi han dinh lugng trong nghién ciu nay duoc tinh toan dyua trén MDL, tinh
toan theo cong thirc 2.10 [182].
MQL = 3,3 x MDL (2.10)

Tién hanh danh gia MDL va MQL trén cac nén mau thit ¢4, véi ndng do chuan
thém vao mau dé dat duoc ndng do cudi cing 12 0,2 ng/g (40 uL chuan hén hop nong
d6 10 ng/mL).

2.5.3.4. Hiéu irng nén

Trong k§ thuat ESI, hiéu ttng nén gay ra hién tuong “@rc ché” hoic “ting cudng”
ion phan tir chat phan tich, dan dén phan anh sai léch két qua phan tich. Trong nghién
ctru nay, hiéu tng nén mau duogc tién hanh danh gia dua trén cong thie 2.11.

A—B )
X 100% (2.11)

ME (%) =

Trong d6, A va B lan luot la dién tich peak cua chat phan tich trong dung moi
tinh khiét va trong nén mau, & cing mét néng do. Theo SANTE/11312/2021, hiéu
rng nén chap nhan dugc khi ME nam trong khoang +20%.

Tién hanh danh gid ME trén cac nén mau thit c&, voi ba mac nong do chuan
khac nhau dugc thém vao sau khi hoan tat qué trinh chiét mau 1a 1,0 ng/g, 50,0 ng/g
va 100,0 ng/g.

2.5.4. Phén tich ham lwgng OPE trong mdu cd bién

Cac mau ca bién thu thap & muc 2.4 duogc tién hanh phan tich xac dinh ham
luong OPE c¢6 trong mau. Cu thé, 223 mau c4 (172 mau cé& chim, 19 mau ca bon va

32 mau cé chi vang) duoc tién hanh xac dinh OPE va di-OPE trong mau thit ca.
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2.5.5. Danh gia rui ro sirc khoe ciia OPE trong cd qua qud trinh tiéu thu

thuwe phim

2.5.5.1. Udc heong phoi nhiém hang ngay

Trudc thuc té OPE da dugc phét hién rong réi trong thuc pham bién tai cac quéc
gia trén thé gidi, viéc udc tinh nguy co phoi nhidm cua ngudi dan théng qua con
duong sir dung thuc pham bién 1a diéu can thiét trong danh gia rui ro stc khoe. Muc
phoi nhiém duoc tinh toan théng qua liéu hap thu wdc tinh hang ngay (EDI, tinh bang
ng/kg-bw/ngay) théng qua viéc tiéu thu ca dugc dua trén nghién ctru cia Lian va cong
su (2024) [183] va Bekele va cong sw (2021) [184]. Gia tri EDI duoc tinh theo cong
thac sau 2.12.

C; X IR (2.12)
BW

Trong d6, C;: ndng d6 hop chat (ng/g khdi lugng uét); IR: khoi lwgng cé tiéu

EDI =

thu trong 1 ngay (g/ngay). Luong tiéu thu ca binh quan dau nguoi ndm 2022 14 36,3
kg/ndm tuong duong 99,5 g/ngay [101]; BW: khdi lugng co thé (Kg), voi ddi tuong
tré em (1 - 6 tudi) 1a 15 kg va ngudi lon 12 60 kg [2].

Mot s6 nghién ciru khac, nhu ciia Vasseghian va cgng sir (2022), sir dung
cong thtc tinh liéu hap thu trung binh hang ngay sudt doi (LADD, ng/kg-bw/ngay)
c6 bd sung céc yéu té thoi gian. Gia tri LADD dugc tinh theo cong thuc sau 2.13.

C; X IR X RF X ED
- 2.13
LADD BW x AT (213)

Trong d6, C;: nong do hop chét (ng/g khéi luong wét); IR: khéi luong cé tiéu

thu trong 1 ngay (g/ngay); RF: tan suat phoi nhidém (365 ngay/nam); ED: thoi gian
phoi nhiém (tré em: 6 nim, nguoi I6n: 30 nim), va AT: thoi gian trung binh tinh
toan (70 nam) [185].

Cong thic 2.12 thudong duoc &p dung khi can wéc lwong phoi nhiém trong
trang thai on dinh hoic phoi nhiém ngan han, trong khi cong thic 2.13 phu hop khi
danh gia rai ro mén tinh hoac rai ro ung thu trong thoi gian dai thay vi chi xét tai

mot thoi diém.
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2.5.5.2. Danh gia rui ro khong gay ung thuw
Thuong s6 nguy hiém (HQ) va chi s6 nguy hiém (HI) duoc sir dung dé mo ta
c4c rui ro khdng gay ung thu cua OPE théng qua dudng tiéu hoa dbi vai ting chét cu
thé va tong cac hop chit OPE gay ra. HQ va HI duoc tinh theo cong thic 2.14.

N = EDI (2.14)
HI = ;HQi = ). 77,

Trong d6, RfD la liéu tham chiéu duong miéng (ng/kg-bw/ngay). Néu HI > 1,
su phoi nhiém OPE trong ca c6 anh huong xau dén stc khoe. Nguoc lai, HI < 1 chiing
minh céc tac dong bat loi tiém an ddi vai sac khoe con nguoi khi tiéu thy cé bién l1a
khong dang ké.

2.5.5.3. Danh gia rui ro gdy ung thu

Trong danh gia rui ro ung thu lién quan dén OPE, chi s6 chinh thudng duoc sir
dung 1 chi s6 ung thu sudt doi (ILCR). Phép tinh nay thuong ap dung ddi voi cac
hop chat da duoc xac dinh 1a ¢6 kha ning gay ung thu khi phoi nhiém kéo dai, nhu
TCEP va TnBP. ILCR duoc tinh theo cong thuirc 2.15.

ILCR = OSF x LADD (2.15)

Trong d6, OSF 1a hé s6 do doc hap thu qua duong miéng, don vi (mg/kg-
bw/ngay)?, 1a théng sé dung dé dinh lwong nguy co ung thu subt doi phat sinh tir
phoi nhiém qua dudng tiéu hda. Cho téi thoi diém hién tai, chi c6 TnBP va TCEP la
hai hop chat c6 gia tri OSF lan luot 12 9,00x10° (mg/kg-bw/ngay)™ va 2,00x102
(mg/kg-bw/ngay) [186, 187].

Trong nghién ctru nay, cac gia tri EDI/LADD duoc thuc hién theo 2 kich ban: (1)
chi tinh cac mau duong tinh va (2) tinh toan trén toan bo tap dir liéu, véi cac mau co
ham lwong < MDL dugc gan gia tri MDL/2. Cac két qua duoc tinh toan, tong hop dé
tinh toan chénh léch gitra 2 kich ban danh gia rai ro sic khoe. Bén canh d6, dé dinh
lugng bat dinh trong wéc lugng HI va ILCR, md phong Monte Carlo dugc thuc hién
vé6i 10.000 vong liap cho bén nhom déi tuong (tré em/nguoi 16n) & hai kich ban. Céc
tham s6 phoi nhiém gom IR, BW, EF va ED dugc cho phép dao dong trong khoang
+20% quanh gia tri danh nghia. Cac phan vi 50% (P50) va 95% (P95) cua HI/ILCR

duoc str dung dé mo ta mirc phoi nhiém dién hinh va phoi nhiém cao. Bong thoi, hé
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s6 twong quan Spearman giira cac tham sé dau vao va HI/ILCR duoc tinh todn nham

xéc dinh nhirng tham sé dong gdp 16n nhat vao bat dinh cua mé hinh.
2.5.6. Phuirong phdp xir Iy 5o liéu

Nghién ctru nay duogc xur ly dit liéu, phan tich thong ké va trinh bay két qua bang
hinh anh thong qua chuong trinh R (phién ban 4.3.2) [188]. Cac phép tinh toan, xir
If thdng ké va cac goi hd tro sir dung trén nén tang R duoc trinh bay cu thé trong bang
2.9. Ngudng ¥ nghia thong ké cho cac kiém dinh trén duoc thiét 1ap tai p < 0,05.
Ngoai ra, cac hinh anh trong nghién ctru nay duoc tao dua trén goi ‘ggplot2’ trong R.
C4c gi tri ndng do nho hon MDL duoc gan gia tri MDL/2 dé thuc hién cac phép tinh
théng ké [185].
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Bang 2.9. Phwong phap phan tich dir li¢u va cac goi R sir dung

Phép tinh toan

Nguyén ly co ban

Ung dung trong nghién ciu

Goi s dung

Kiém dinh phan

phdi chuan

Kiém dinh Shapiro-Wilk danh gia xem mdt tap dir liéu co
tuan theo phan phéi chuan hay khéng. Gié tri p > 0,05 cho
thay dir lieu khong co6 su khac biét dang ké so véi phan
phdi chuan, nguoc lai p < 0,05 cho thay dit liéu khdng phan

phdi chuan.

Dung d¢ danh gia duor liéu
nghién ctru ¢6 tuan theo phéan
phdi chuan hay khong dé lua

chon céc tinh toan phu hop.

stats

So sénh trung binh

gitra hai nhom

- Kiém dinh Student (t-test) duoc sir dung dé so sanh gia
tri trung binh gitra hai nhém khi dit liéu phan phéi chuan
va ¢ phuong sai dong nhat.

- Kiém dinh Mann-Whitney U (con goi la Wilcoxon rank-
sum test) 1a mot kiém dinh phi tham sé, duoc st dung khi

dir liéu khdng phan phéi chuan.

So sanh gia tri trung binh cua
d6 thu hdi chat phan tich gitra
2 diéu kién thi nghiém (t-test)
va ham lugng trung binh cua

2 loai ca.

stats

So sanh trung binh

giira nhiéu nhom

- Phan tich phuong sai (ANOVA) kiém tra su khéc biét vé
gia tri trung binh giira nhiéu nhom khi dix liéu c6 phan phéi
chuan. Néu phat hién sy khac biét c6 ¥ nghia, kiém dinh
Tukey’s HSD duoc thuc hién dé xac dinh nhém cu thé nao
khéac biét.

So sanh gia tri trung binh cua
d6 thu hoi chat phan tich gitta
cac diéu kién thi nghiém
(ANOVA) va ham

trung binh cua 3 loai ca.

lugng

stats
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Phép tinh toan

Nguyén ly co ban

Ung dung trong nghién ciru

Goi sir dung

- Kiém dinh Kruskal-Wallis, mot kiém dinh phi tham s,
dugc sir dung thay thé ANOVA khi dit liéu khéng phan

phdi chuan.

Thiét ké thi nghiém

CCF la mot phuong phép trong thiét ké thi nghiém bé mat

Toi uu dieu kién khi phun

dap tng, gilp xay dung mé hinh toan hoc dé ti wu hoa | trong ESI. rsm
CCF diéu kién thuc nghiém.
- Hoi quy tuyén tinh xac dinh méi quan hé giira bién doc | Xéac nhan thiét ké thi nghiém
lap (bién dau vao) va bién phu thugc (bién dau ra). CCF.
Hoi quy tuyén tinh | - Kiém dinh chéo k-fold gitp danh gia d chinh xac cua
va phi tuyén, kiém | mé hinh bang cach chia dir liéu thanh k tap con dé huin caret,
dinh chéo k-fold | luyén va kiém tra. gimnet
- G6i glmnet hd trg hoi quy phi tuyén tinh, hdi quy Lasso
va Ridge dé giam thiéu overfitting.
Phan tich thanh phan chinh (PCA) 1a phuong phap giam s6 | Phan tich ho so 6 nhiém OPE
Phan tich thanh chiéu dir liéu ma van giit dugc phan I6n théng tin quan | trong cAc mau ca theo loai va | FactoMineR,
phan chinh trong bing cach bién di tap hop cac bién ban dau thanh | khu vuc factoextra

mét tap hop cac thanh phan chinh c6 phuong sai 16n nhét.
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Phép tinh toan

Nguyén ly co ban

Ung dung trong nghién ciru

Goi sir dung

Phan tich ASCA

ANOVA-Simultaneous Component Analysis (ASCA) la
mét phuong phap phan tich da bién két hop ANOVA va
PCA dé xir ly dix lidu tir cac thi nghiém c6 thiét ké da yéu
t4, gilp tach biét anh huong cua cac yéu té khac nhau trong

nghién cuu.

Panh gia anh hudng riéng biét
cua téc do dong va nhiét do
cot dén hinh dang peak cua

cac hop chat OPE trong sac ky

multiblock

Phén tich twong

guan Spearman

Tuong quan Spearman danh gia mic do lién hé don diéu
gitta hai bién ma khéng yéu cau gia dinh vé phan phéi di
liu. Hé sb tuwong quan Spearman dao dong tir -1 dén 1,
trong d6 1 thé hién mdi twong quan thuan hoan hao va -1

thé hién méi twong quan nghich hoan hao.

Xac dinh moi quan hé giira
nong d6 cac OPE hoic gitra
OPE va di-OPE trong mau cé

stats
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Téi wu hoéa diéu kién UHPLC-HRMS

3.1.1. T6i wu diéu ki¢n ESI

Viéc téi wu tée d6 dong cua cac loai khi phun, khi bé trg va khi 1am sach gitp

tao diéu kién thuan loi cho phan tir chat phan tich trong dung dich chuyén thanh céc

sol khi. Céc sol khi tiép tuc duoc hoa hoi ¢ nhiét do cao va giai phong cac phan tu

chét thanh dang khi, tao diéu kién thuan lgi dé ion hoa cac hop chat phan tich. Cong

dung va anh huéng cy thé cia tirng loai khi dén qua trinh ion hda hop chat dugc trinh

bay cu thé trong bang 3.1.

Bang 3.1. Anh hwéng caa khi phun, khi bé trg va khi 1am sach dén qua trinh

ion héa hop chat

Loai khi

Tac dung chinh

Anh hwéng dén qua trinh ion hoa hop chit

Khi phun
(SHG)

Khi bo tro
(AUG)

Khi lam sach
(SWG)

o Khi phun
giup tap trung
dong dung dich
mau khi duoc
phun vao budng
ion héa.

. Khi b6 trg
duoc sir dung dé
hé tro quéa trinh
lam bay hoi
dung dich mau
va giam thiéu do
am trong hé
thdng.

Khi quét
cO nhiém vu lam
sach budng ion
héa va loai bo
cac chat can tro
tiém ning.

. Tang téc 6 khi phun c6 thé cai thién hiéu
suat ion hoa bing céach gidp tao ra cac giot dung
dich nhé hon va bay hoi nhanh hon. Diéu nay c6
thé dan dén sy ion hoa hiéu qua hon cua cac phan
tir trong dung dich. Tuy nhién, néu téc do khi
phun qué cao, c6 thé gay ra sy pha v& quéa mic
cua cac giot va giam hiéu qua ion hoa [189, 190].
. Tang tdc d6 khi bo trg gitip day nhanh qua
trinh bay hoi dung dich mau, lam ting toc d6 ion
héa. Tuy nhién, téc 6 qua cao cd thé lam mat
mot phan mau trude khi ion hda hoan toan, dan
dén giam hiéu qua [191].

) Khi lam sach gitp duy tri mt moi truong
sach trong buong ion héa, gitip ting d6 nhay va
d6 chinh xéac cua qué trinh ion hoa. Néu téc do
khi 1am sach qué cao, c6 thé dan dén viéc loai bo
ion trude khi chung duoc phat hién, giam hiéu
suit cua qué trinh.
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Trong nghién ctu nay, thiét ké trung tdm tong hop dang mat phing (CCF)
duoc st dung dé ti wu cac thong sé khi ion hoa (khi phun/bd trg/lam sach) cia ngudn
ESI. Thiét ké nay cho phép bd tri cac diém ‘sao’ ngay trén mat khéi (a = 1), do d6
toan b té hop thi nghiém déu niam trong dai van hanh an toan cua thiét bi, déng thoi
van bao dam thu duoc thong tin vé d6 cong cia bé mit dap ¢ng & vung bién. So Véi
Box-Behnken, CCF c6 wu thé 1a c¢6 diém bién; so véi FFD 3 muc, CCF giam dang ké
s6 thi nghiém nhung van uéc lugng duoc cac hé sé bac hai véi do tin cay cao. Két
qua thi nghiém dugc trinh bay cu thé trong PHU LUC 3 va bang S1. Goi cudong do
tin hiéu ion phan tir chat phan tich 1a y, cac yéu té anh huong SHG, AUG, va SWG
lan luot 12 x4, x, Va x5, MmO hinh bac hai duoc tién hanh xay dung dwa trén céc dit liéu
thuc té thu thap tir thiét ké thi nghiém CCF. Két qua phan tich CCF caa TMP nhu
sau:

e Ddi véi hop chat TMP:
M6 hinh phi tuyén dugc thé hién & biéu thuc 3.1.

yrwe = 1,1x106 — 2,7x10%, — 1,4x10%, — 5,4x10%; +
6,3x10%x,x, + 1,4x10% x5 — 3,2x10%x, x5 —9,3x103x2 — (3.1)
7,0x10%% — 6,9x10%x%.

Do thi bé mat dap iing
SHG - AUG SHG - SWG AUG - SWG

= o N

N = 'aaii&“ﬂ e
v, Yet05 Ba+05

%\ @ — ///——__;EOUUD o - #5000 S
/ e+ 08 1at08

o — / 1050040
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o™ 830000

_——9etEs
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I T T I
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Sliceat SWG =5 Slice at AUG =15 Slice at SHG =20

7 a4
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Hinh 3.1. P6 thi bé mit dap ‘ng muc tiéu cia hop chat TMP
Cac mo hinh hdi quy c6 cac két qua tot véi da s6 cac hop chat phan tich (PHU
LUC 3). Cu thé, tat ca 15 hop chat cé gié tri R? hiéu chinh 16n hon 0,70 (dao dong
trong khoang 0,75 dén 0,86). Pang luu y, tit ca cac hop chat déu co gia tri p-value <
0,05 va c6 chi s6 F dao dong tir 6,4 dén 12,2. Két qua nay ching to mé hinh xay dung



83

dugc c6 mic do phu hop cao véi dit liéu thuc nghiém, cling nhu c6 ¥ nghia vé mat
théng ké. Ngoai ra, cac két qua dat duoc phan anh mé hinh dép tng duoc kha ning
giai thich sy bién thién cua dir liéu. Céac tinh toan ANOVA duoc thuc hién cho CCF
gilp kiém tra mirc ¥ nghia vé mit théng ké cua cac yéu tb va twong tac giita ching,
cling nhu danh gia mirc @6 phu hop ctia mé hinh. Trong d6, “d6 khéng phu hop” 1a
mot phan quan trong cia ANOVA trong CCF, giup danh gia xem mé hinh hién tai c6
thiéu phu hop vai céc dit liéu thuc nghiém hay khong. M6 hinh thiéu phi hop khi cac
yéu té dau vao (bién doc l1ap) va cac tuong tac giita ching chua duoc mé hinh hoa
phu hop, hoac m6 hinh hién tai khdng phu hop véi dir liéu thuc nghiém. Cac gia tri
p-value cua tat ca cac chat phan tich déu 16n hon 0,05. Két qua nay chiing minh khdng
c6 bang chting cho sy khdng phi hop caa mé hinh. Véi k = 10, két qua x&c nhan chéo
cho thay cac gia tri RMSE (0,21 - 0,31) va MAE (0,19 — 0,29) dat gia tri thap, va ti
|6 RMSE/MAE dao dong tir 1,04 dén 1,16, minh chitng cho cac sai sé phan phbi dong
déu xung quanh gia tri thuc, gilp khang dinh mé hinh hoat dong 6n dinh va phu hop
t6i dir liéu thuc nghiém. Cac két qua trén da khang dinh mé hinh CCF xay dung dugc
da du tdt dé hoat dong ma khdng can diéu chinh (R? = 1). Trong khi CCF cung cap
mo hinh ban dau va cai nhin tong thé vé méi quan hé giita cac yéu to, xac dinh chéo
k-fold str dung mé hinh hdi quy phi tuyén giup danh gia va dam bao md hinh hoat
dong 6n dinh, c6 kha nang dy doan tét trén cac dit lieu mai. Tur nhitng két qua trén,
diéu kién tbi uu cho khi phun, khi bo tro va khi 1am sach trong qua trinh ion hoa hop

chat & ché d electrospray cua thiét bi khéi pho lan luot 12 20 arb, 15 arb va 5 arb.
3.1.2. Téi wu toc dé dong va nhigt dé

Trong phuong phap sic ki long, téc d6 dong dung méi rira giai va nhiét do 1a
hai yéu t6 c6 mbi quan hé twong tac chat ché, anh huong truc tiép dén thoi gian luu,
d6 phan giai cua cac hop chat, ciing nhu anh hudng dén hinh dang peak. O ché do ion
hoa duong, 14 gia tri d6 phan giai gitra hai hop chét cd thoi gian luu lién tiép nhau
duoc tinh toan dya trén céc thi nghiém da duoc mé ta & muc 2.5.1.2. Cu thé, dya vao
viéc sap xép tang dan gia tri thoi gian lwu cac hop chat, cac gié tri d6 phan giai bao
gdm R1 (TMP vsi TEP), R2 (TEP véi TCEP), R3 (TCEP vdi TIPrP), R4 (TIPIP véi
TnPrP), R5 (TnPrP vgi TDCIPP), R6 (TDCIPP voi CDB), R7 (CDP vai TPhP), R8
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(TPhP véi TiBP), R9 (TiBP véi TnBP), R10 (TnBP véi EHDPHP), R11 (EHDPHP
v6i TBOEP), R12 (TBOEP véi TCP), R13 (TCP véi THP) va R14 (THP véi TEHP).

Sy bién thién cua cac gia tri d6 phan giai & cac diéu kién thuc nghiém khac nhau duoc

0.0 0.0 i I |'

IZI ii\ ”I H'. ;..Hi I

Hinh 3.2: P phan giai giira cac hop chat OPE ¢ cac diéu kién khao sat

trinh bay trong hinh 3.2.

15

N

DI |I| |'

204

Piéu kién khao sat

B 03035
0.30-40
0.30-45

0.35-35
0.35-40

B 03545

B 04035

B 0.40-40

M 04045

=]
Value
Value

Gia tri

o
"

R13 R14 R2
Do phan giai

C6 dén 10 trong s6 14 gia tri do phan giai c6 gia tri 16n hon 1,5 & tat ca cac diéu
kién khao sat. Biéu nay thé hién chuong trinh gradient sir dung hién tai c6 kha ning
phan tach cac hop chét phan tich. Tuy nhién, R7 va R10 c6 gia tri R < 1,0 ¢ tat ca cac
diéu kién thi nghiém minh chiing khdng c6 su phan tach rd rang giita hai peak cua
CDP va TPhP, ciing nhu TnBP va EHDPHP. Diéu nay c6 thé do tinh chat hda hoc
cua cac hop chit trén, cy thé 1 gia tri log Kow tuong dong nhau. Gia tri log Kow cia
CDP va TPhP lan luot 14 4,51 va 4,60 khién ching c6 kha ning dong raa giai. Bén
canh d6, mac di TnBP va EHDPHP c6 su chénh Iéch vé log Kow 1a 1,7 don vi, nhung
su chénh léch thoi gian luu cua hai hop chat nay ¢ cac thi nghiém dao dong trong
khoang tir 0,10 dén 0,17 phat. C6 thé thay, khi hop chat dwoc rira giai khoi cot sac ky
& ti I¢ dung mai hiru co (MeOH) cao trong thanh phan pha dong, gia tri log Kow
khong con thé hién sy twong quan véi thoi gian luu cua hop chat [178, 192]. Nguyén
nhan dén tir viéc cac hop chit c6 xu hudng twong tac manh véi pha dong hon so v6i
pha tinh khi & thanh phan hitu co cao, lam giam su luu giit cia hop chat & pha tinh
hay lam thay doi hé s6 phan bé giira 2 pha. Bing viéc ghép ndi véi dau do khdi phd
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HRMS, viéc tring lip thoi gian luu ¢ thé duoc giai quyét khi hai hop chit c6 su
khac biét nhau vé khéi lugng ion phan tir sau khi dugc ion hoa. Tuy nhién, viéc phan
tach cac hop chat hoan toan giup gia ting s6 diém dit liéu, cling nhu phan anh chinh
x&c hinh dang peak.

Viéc thay ddi toc do dong va nhiét d6 anh huodng manh dén gia tri ¢6 phan giai,
cu thé 1a R9 (TiBP vsi TnBP) va R11 (EHDPHP véi TBOEP). Hai gié tri nay ciing
bién thién vai sy thay d6i caa nhiét do va tbe do dong, khién cho peak tir khong duoc
phan biét rd rang chuyén sang c6 thé phan tach ré rang véi nhau. Vi hai hop chit cé
cau tric hoa hoc khac khau, gia tri phan giai tang dan khi tbc d6 dong thay doi. Tuy
nhién, d6i vgi hai hop chat 1a dong phan cia nhau nhu TnBP va TiBP, anh huong cia
toc d6 dong 1a khong dang ké dé co thé tach biét 2 peak. Trong tinh hudng nay, su
thay d6i nhiét do cot 1a yéu t6é quyét dinh dé dan dén sy tach biét hoan toan gitra 2
peak cua cac dong phan. Cu thé, ¢ te do dong 1a 0,40 mL/phut, R9 tang tir 1,41 dén
1,90. Do d6, viéc tang toc d6 dong va nhiét do cot 1a yéu td quyét dinh dén su phan
tach peak trong nghién ctu nay.

Két qua hé sb bat ddi xing (AF) cua cac hop chat phan tich duoc trinh bay trong
hinh 3.3 cho thay su thay d6i dang ké khi nhiét do cot va toc 6 dong pha dong tang
dan. Véi 13 trong sé 15 hop chit c6 AF nam trong khoang 1 < AF < 1,5, diéu kién
tdc d6 dong 0,40 mL/phUt ¢ 45°C dugce xac dinh 13 ti wu so véi cac trudng hop khéc.
Trong diéu Kién 1y tuong, AF = 1 phan anh peak sac ky cé hinh dang d6i xting, gilp
xac dinh dién tich peak chinh xac, tir d6 tang do tin cdy trong dinh lugng. Khi AF >
1,5, peak bi kéo dudi do twong tac khong mong mudn hodc chuong trinh gradient
chua phu hop, 1am giam d6 phan giai giira cac hop chat va giy kho khin trong qua
trinh xir ly tin hiéu. Nguoc lai, AF < 1 cho thiy hop chat bi phan tan qua muc trong
pha dong, dan dén tinh trang qua tai cot, lam giam tinh on dinh vé thoi gian luu va
tin hiéu phan tich. Hop chat TMP ¢6 xu hudng phan bé chu yéu trong pha dong, khién
téc do di chuyén qua cot nhanh hon so véi pha tinh. Bang cach tang nhiét do va toc
d6 dong, do nhét cua dung mdi rira giai giam, déng thoi can bing phan bé giira pha
dong va pha tinh dugc diéu chinh, gilp peak caa TMP chuyén tir dang kéo dau vé

trang thai d6i xtmg hon. Tuong tu, hién tuong nay ciing duoc quan sat d6i voi TCP
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va TIPrP. Ngoai ra, toc d6 dong cao va do nhot dung méi thap hon gitp cac phan ti
chat phan tich di chuyén tap trung hon, giam hién tuong khuéch tan doc, tir d6 lam
sic nét peak sic ky. Mic do mét s6 hop chat nhu TiBP, CDP va TEHP van ¢ hién
tugng kéo dau, nhung xét téng thé, diéu kién téc do dong 0,40 mL/phat va nhiét do
cot 45°C van dam bao kha ning dinh luong tét nhit so véi cac diéu kién khac. Do do,
nhiét do cot 45°C va téc do dong 0,4 mL/phit duoc chon lam diéu kién téi wu cho

phan tich sac ky long trong nghién ciu nay.

TPhP
TnPrP
TnBP
TMP
TIPrP

TiBP
Khoang gia tri

I‘1—1.2

I 112-15

B

THP »
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TEHP
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TDCIPP
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TCEP
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EHDPHP

CDP
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Biéu kién tdc d@?ﬁmg - ﬁhiét do
Hinh 3.3: Hé sb bat ddi xieng peak ciaa cac hop chit OPE

Dé danh gia duoc anh hudng cua viée thay doi nhiét do cot va tée do dong dén

chiéu cao cua peak cua ting hop chat, ASCA dugc sir dung dé tach biét anh huong

ctia cac yéu té dén cac hop chat cu thé [193]. Sau khi dugc phén tich phuong sai dé

lwong hoa phan bién thién cua dit liéu c6 thé duoc giai thich boi tirng yéu t6, PCA

duoc &p dung dé giam kich thuéc dit liéu va tim ra cac thanh phan chinh dai dién cho
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cac xu hudng chinh trong dix liéu. Trong khi téc d6 dong giai thich 52% sy bién thién
cua bo di lidu, nhiét do cot va tuong tac gitta hai yéu td lan lugt chiém 18% va 15%
sur bién thién. Tir do, c6 thé thay téc do dong anh huéng manh dén cuong d6 peak
chét phan tich. Két qua phan tich thanh phan chinh theo yéu t4 téc do dong (a) va yéu
t6 nhiét do (b) duoc thé hién trong hinh 3.4.
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Ghi chu: (a) yéu té téc do dong va (b) yéu té nhiét do
Hinh 3.4: Két qua phan tich ASCA theo cac yéu té khao sat

Trong khi két qua phan tich PCA khéng thé hién duoc su phan nhom giira céc
diéu kién khao sat vé téc d6 dong va nhiét do cot (cac nhoém diéu kién thi nghiém
chdng chap nhau, hinh S1) thi cac két qua tir viéc thuc hién ASCA c6 kha ning tach
biét giita cac nhom thi nghiém. Ddi véi yéu t6 toc do dong, thanh phan 1 giai thich
dén 95,3% bién thién cua bo dir lidu (hinh 3.4.a). Do d6, c6 thé thdy cac phan nhém
téc do dong (0,30, 0,35 va 0,40 mL/phut) déu dugc phan tach ré rang vaéi nhau trén
thanh phan chinh 1. Bén canh d6, trong khi TBOEP, TPhP va TCP 1a cac hop chat
anh huong manh dén thanh phan 1 thi EHDPHP va TCP 1a cac hop chat anh huong
manh dén thanh phan 2. Do d6, viéc lya chon téc do dong thich hop gilp cai thién
dang ké d6 nhay cta phuong phap phan tich. Déi véi yéu td nhiét do, trong khi THP,
TCP va TnBP 14 cic hop chat anh hudng manh dén thanh phan 1 (chiém 75,0% bién
thién) thi EHDPHP va TPhP anh huong manh dén thanh phan 2 (hinh 3.4.b, bang
3.2).
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Bang 3.2. Hé sb tai cia cac hop chit OPE & hai thanh phin chinh diu tién

, Yéu t6 toc do dong Yéu t6 nhiét do

Hop chat ; < S 5

Thanh phan1 Thanh phan2 Thanh phan1 Thanh phan 2
TMP 0,22 -0,40 -0,23 0,00
TEP 0,08 -0,10 -0,11 -0,09
TnPrpP -0,01 0,00 0,12 -0,14
TIPrP -0,01 0,00 0,00 -0,01
TnBP -0,17 -0,30 0,29 -0,26
TiBP 0,00 0,00 0,04 0,00
THP -0,27 -0,20 0,75 -0,33
TBOEP -0,53 0,10 0,22 0,19
TEHP -0,06 -0,10 0,16 0,05
TPhP -0,52 0,00 -0,02 0,30
CDP -0,04 0,20 0,00 -0,10
EHDPHP -0,25 0,60 0,27 0,76
TCP -0,48 -0,50 0,35 0,24
TCEP -0,05 0,00 0,01 -0,14
TDCIPP -0,05 0,00 0,00 0,02

Tt viéc phan tich ASCA, TBOEP, TPhP va TCP 1a cac hop chit c6 d6 nhay
peak chiu anh hudng manh khi toe do dong thay ddi. Nguoc lai, EHDPHP va THP a
hai hop chét c6 chiéu cao peak thay doi rd rét khi nhiét do cot thay doi. Diéu nay
khang dinh toc do dong Ia bién quan trong can duoc kiém soét chit ché dé ti wu hoa
d6 nhay phuong phap. Tir d6, téc do dong nén duoc téi vu hoa dau tién dé dam bao
d6 nhay phan tich toan dién, sau d6 c6 thé tinh chinh nhiét do cot nham cai thién hiéu
quéa phan tach d6i véi mot s6 hop chat cy thé. Nhiing két qua nay khdng chi déng vai
tro dinh hudng cho viéc thiét 1ap diéu kién van hanh sac ky téi uu trong nghién ctu
ndy, ma con lam tién dé cho cac nghién ciru mo rong lién quan dén cac OPE c6 cau
trac tuong tu. ASCA la mot céng cu hiru hiéu giup néng cao hiéu qua cua phuong

phap sic ky trong hoa phan tich hién dai.
3.1.3. Diéu kign toi wu phan tich UHPLC-HRMS

Bang viéc tién hanh céc khao sat vé diéu kién ti uu cho qué trinh ion hda phan
tr chat phan tich ¢ ché d6 ESI & HRMS, ciing nhu diéu kién UHPLC, diéu kién
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UHPLC-HRMS dugc st dung trong nghién ctru nay duoc trinh bay trong bang 3.3
va bang 3.4
+ Diéu kién UHPLC:
Bang 3.3. Piéu kién van hanh UHPLC sau khi dwoc t6i wu

Yéu to Thong so
Cét sdc ky Cot Hypersil Gold™ aQ
(150 mm x 2,1 mm, kich thudc hat 3,0 um)
Toc do dong 0,40 mL/pht
Nhiét do cot 45°C
Thé tich tiém 3,0 uL

mau

Dung moi tiem  MeOH/UPW = 1/1 (viv)

Pha déng (A) UPW chra 0,1% FA (pHY=2,68)

(B) MeOH

Gradient pha Thoi gian (phat) %A %B  DP§ doc gradient

dong 0,0 100 0
0,5 100 0 5
2,0 60 40 1
22,0 0 100 5
22,1 100 0 5
25,0 100 0 5

+ Diéu kién HRMS
Bang 3.4. Piéu kién van hanh HRMS sau khi dwoc t6i wu

Nguén ion héa Phan tich khoi
Yéu té Théng sé Yéu té Thong sé
bién thé phun (kV) +4.,9, D¢ phan gidi 35.000
3,5 Q1 (FWHM)
Khi phun (arb) 20 D¢ phan giai 17.500
Q3 (FWHM)
Khi b tro (arb) 15 AGC target 1x10°
Khi lam sach (arb) 5 Maximum IT 50 ms
Nhiéz dg ong dan ion () 320 Khi bén pha Ar (5,0)

Téc do dong: 2 arb
Nhiét do hoa hoi (C) 300
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Bang viéc st dung céc thong s tbi vu vé diéu kien UHPLC-HRMS, 15 hop
chat OPE va 7 hop chat di-OPE duoc tién hanh téi wu diéu kién phan tich khdi. Cac
két qua sau qua trinh khao sat dugc trinh bay trong bang 3.5.

Bang 3.5. Thoi gian lwu va théng sé bd phan tich khéi cia cac hep chat OPE

Ion phin méanh (Da) cung

TT  Hop chit Thoi giz’m : IO? phan véi nﬁng lwong bin ph:é V)
luu (pht) héa tu (Da) Ion dinh Ion dinh
lwgng (Da) danh (Da)
1 TMP 2,97 + 1411 79,1 (22) 109,0 (16)
2 TEP 4,74 + 183,1 99,0 (18) 127,1 (12)
3 TEP-dss 4,74 + 198,1 101,8 (21) 166,2 (11)
4  TnPrP 9,42 + 225,2 99,1 (17) 141,1 (10)
5 TnPrP-da 9,42 + 246,2 101,9 (18) 150,1 (11)
6 TIPrP 8,56 + 225,2 99,1 (17) 141,1 (10)
7 TnBP 13,88 + 267,1 99,0 (17) 155,0 (10)
8 TnBP-d2r 13,88 + 294,3 102,0 (19) 230,0 (10)
9 TiBP 13,58 + 267,1 99,0 (17) 155,0 (10)
10 THP 19,14 + 351,2 99,1 (19) 267,1 (10)
11 TBOEP 14,60 + 399,2 199,0 (15) 299,1 (13)
12 TEHP 21,48 + 435,2 99,0 (38) 113,3 (38)
13  TEHP-ds; 21,48 + 486,6 101,9 (21) 358,5 (9)
14 TPhP 12,80 + 327,2 77,1 (38) 152,1 (38)
15 TPhP-dis 12,80 + 342,2 81,7 (39) 160,2 (40)
16 CDP 12,64 + 341,1 152,0 (35) 299,0 (26)
17 EHDPHP 14,01 + 363,1 174,0 (35) 251,0 (8)
18 TCP 16,12 + 369,0 166,1 (29) 243,1 (28)
19 TCEP 5,63 + 285,0 63,0 (24) 99,0 (22)
20 TDCIPP 12,15 + 430,8 99,0 (26) 209,0 (15)
21 DMP 2,90 - 125,0 79,0 (25) 63,0 (18)
22 BCEP 4,61 - 221,0 35,2 (10) 103,0 (10)
23 BCEP-ds 4,61 - 229,1 35,2 (10) 202,1 (10)
24 DPhP 9,11 - 249,1 93,1 (30) 155,0 (24)
25 DPhP-dio 9,11 - 259,2 98,1 (31) 159,1 (24)
26 BDCIPP 8,55 - 319,0 35,2 (10) 283,0 (10)
27 DnBP 8,72 - 208,5 78,5 (56) 152,9 (50)
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4
A

Ion phin manh (Da) cung

B Thoi gian lon phan  véi ning lweng ban pha (V)
TT Hop chat i . - -

luu (phit) tr (Da) Ion dinh Ion dinh

lwgng (Da) danh (Da)
28 DnBP-dis 8,72 — 227,2 79,0 (29) 163,2 (17)
29 BBOEP 8,12 - 297,2 79,0 (30) 197,1 (20)
30 BBOEP-ds 8,12 - 305,2 79,0 (30) 230,1 (21)
31 BEHP 15,02 - 321,3 209,1 (15) 79,0 (39)
32 BEHP-d34 15,02 - 355,5 227,1 (37) 227,1 (25)

Sic ky d6 cua cac hop chat phan tich dugc thé hién trong hinh 3.5. Hinh dang

peak cu thé cua ting hop chat duoc trinh bay trong bang S3.

RT: 0.00 - 22.47

100

957
90
85
807
75
709
653
60
551
503

45

296

13.91

14.61

16.14

15.01 /| 16.53
T T

1830 18.98
T T T

19.15

21.48
21.33

1958  21.20 21.76
T T T

T T T T
15 16 17 18

T
19

T T
20 21 22

Hinh 3.5: Sic ky d6 tong ion cac hep chat OPE (nong d 20 ng/mL)

3.1.4. Dj én dinh tin hiéu phén tich OPE va di-OPE trén UHPLC-HRMS

Tir dién tich peak thu dugc cia 5 1an tiém lap lai cac dung dich chuan OPE c¢6
nong do thap (1,0 ng/mL) va nong do cao (100,0 ng/mL) trén thiét bi phan tich
UHPLC-HRMS, d6 léch chuan turong d6i RSD (%) cua tin hiéu peak sac ki cac OPE

nghién ctru duoc thé hién trong bang 3.6.
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Bang 3.6. Pd on dinh dién tich peak cac OPE va di-OPE

. RSD (%)
TT Hop chat
1,0 ng/mL 100,0 ng/mL
1 TMP 8,4 4,1
2 TEP 7,1 5,7
3 TnPrP 7,9 54
4 TIPrP 9,3 4,6
5 TnBP 8,1 3,2
6 TIBP 7,8 6,0
7 THP 5,8 6,4
8 TBOEP 6,1 3,0
9 TEHP 4,2 2,7
10 TPhP 6,1 3,4
11 CDP 4,7 4,3
12 EHDPHP 7,0 2,5
13 TCP 7,5 4,2
14 TCEP 4,4 2,2
15 TDCIPP 6,3 3,5
16 DMP 7,8 6,5
17 BCEP 58 7,6
18 DPhP 51 4,2
19 BDCIPP 51 6,2
20 DnBP 3,2 3,9
21 BBOEP 4,1 3,1
22 BEHP 4,5 3,4

Két qua tinh toan cho cac OPE nghién ctru ddi véi cac 1an tiém lap lai caa dung
dich chuan ¢ néng do 1,0 ng/mL va 100,0 ng/mL c6 d6 léch chuan tuong ddi (RSD%)
bién thién lan luot tir 3,2% dén 9,3% va 2,2% dén 7,6%. Khi so sanh véi gidi han téi
da cho phép cia RSD% theo AOAC, thi d6 léch chuan twong ddi & céc gia tri khao
sat nam trong khoang cho phép, chiing to hé thdng UHPLC-HRMS sir dung trong

nghién ciru nay ¢ tin hiéu phan tich tét va cé tinh 6n dinh cao.
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3.1.5. Gidi han phdt hién va gioi han dinh lwgng cua UHPLC-HRMS

Gidi han phat hién va gigi han dinh luong cua thiét bi ddi véi cac hop chat OPE
va di-OPE dugc xac dinh 1 lwgng chat nho nhat cua cac chét phan tich khi bom vao
may dé thu duoc tin hién peak trén tin hién nén (S/N) bang 3. Nong do cac chat phan
tich dwgc pha giam dan tir 1,0 ng/mL, sau d6 bom vao hé théng UHPLC-HRMS Vi
thé tich bom 3,0 pL. Tai nong d6 cho gia tri S/N khoang bang 3 thi gia trji diém ndng
d6 nay duoc tinh toan dé xac dinh gia tri gisi han phét hién cuaa thiét bi. Gidi han dinh
lwong cua thiét bi duoc xac dinh bang 3,3 1an gia tri IDL. Céc gia tri IDL, IQL cua
c4c chat phan tich dugc tinh theo cong thirc 2.4 va 2.5 & muc 2.5.1.4. Két qua tinh
toan dugc trinh bay cu thé ¢ bang 3.7.

Bang 3.7. Gia tri IDL va IQL cia OPE va di-OPE

TT Tén chat IDL (pg) IQL (pg)
1 TMP 0,06 0,20
2 TEP 0,06 0,20
3 TnPrP 0,06 0,20
4 TIPrP 0,09 0,30
5 TnBP 0,06 0,20
6 TIBP 0,09 0,30
7 THP 0,06 0,20
8 TBOEP 0,09 0,30
9 TEHP 0,09 0,30
10 TPhP 0,09 0,30
11 CDP 0,09 0,30
12 EHDPHP 0,09 0,30
13 TCP 0,09 0,30
14 TCEP 0,09 0,30
15 TDCIPP 0,09 0,30
16 DMP 0,06 0,20
17 BCEP 0,06 0,20
18 DPhP 0,09 0,30
19 BDCIPP 0,09 0,30
20 DnBP 0,06 0,20
21 BBOEP 0.06 0,20
22 BEHP 0,09 0,30
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Két qua tinh todn IDL va IQL cho thy, giéi han phét hién va gisi han dinh
luong cua thiét bi twong d6i nho va 6n dinh véi cac chat, Gié tri IDL va IQL d6i voi
cac OPE nam trong khoang tir 0,06 dén 0,09 pg va 0,20 dén 0,30 pg.

3.1.6. Puwong chudn cic hop chit OPE va di-OPE

Sau x4c dinh gi6i han dinh lwong cua thiét bi, tién hanh xay dung duong chuan
véi ndng do hdn hop chuan OPE va di-OPE tir 1,0 ng/mL dén 100,0 ng/mL. Céc
duong chuan OPE va di-OPE duoc dung trén méi twong quan gitra ndng do cac chat
va dién tich peak, tir d6 thu dugc cac phuong trinh dwong chuan cd hé sb hdi quy

tuyén tinh 16n hon 0,995. Cac két qua cu thé duoc trinh bay trong bang 3.8.

Tat ca 22 hop chit duoc khao sat déu cho hé sé R? vuogt ngudng 0,9991 phan
anh madi quan hé tuyén tinh chat ché giita tin hiéu phan tich va ndng do chat phan tich
trong dai nong do 1,0 - 100,0 ng/mL. P chéch twong d6i trung binh & ba muc nong
d6 (5,0, 25,0 va 75,0 ng/mL) phan I6n dao dong trong khoang +3,0%, vai 20/22 hop
chat nam trong giéi han khuyén nghi caa AOAC. Chi hai hop chét c6 d chéch tuong
d6i trung binh vuot £3,0%, nhung van dudi 5,0%, cho thay khong c6 sai léch hé théng
nghiém trong. Céac hé sé goc 16n, dao dong tir 1,14x10* dén 1,18x10°, cho thay
phuong phap c6 d6 nhay cao va kha ning dap wng tin hiéu manh ngay ca & ndng do
thap. Mat khac, thoi gian luu cua cac hop chat phan bd déu tir 2,97 dén 21,48 phut,
dam bao d6 phan tach tét va giam thiéu nguy co chong lap tin hiéu. Tap hop cac két
qua trén khang dinh ring phuwong phap phan tich khong chi dat do tuyén tinh va do
dung cao ma con dap tng duoc cac yéu cau vé do nhay, do chon loc va tinh phil hop

dé (ing dung trong phén tich da hop chat & muc vét.
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Bang 3.8. Thai gian hru, phwong trinh dwong chuin, dd chéch twong ddi trung binh va hé s6 R? ciia cac hep chat phan tich

) Thoi Pudng chujn . b9 chéch twong
TT  Hepchat gian ,lu’u (ng/mL) Phuong trinh duwdng chuan doi trung binh R?
(phut) (%)
1 TMP 2,97 1,0 -100,0 y = (5,94x10% + 4,89x10%)x + (1,23x10* + 3,66x10°%) 2,0 0,9996
2 TEP 4,74 1,0 -100,0 y = (7,84x10% + 4,93x10%)x + (4,53x10° + 2,01x10%) -0,9 0,9997
3 TnPrP 9,42 1,0 -100,0 y = (9,13x10%+ 7,98x10%)x—(1,65%10* + 7,90x10%) 1,5 0,9999
4  TIPrP 8,56 1,0 -100,0 y = (4,97x10% £ 1,86x10%)x—(2,27x10* + 7,01x103) 5,0 0,9998
5 TnBP 13,88 1,0 -100,0 y = (1,30x10° + 7,82x10?)x + (5,88x10* + 1,64x10%) -3,0 1,0000
6 TiBP 13,58 1,0 -100,0 y =(2,87x10% + 1,83x10%)x - (1,09x103 + 5,45x10?) 11 0,9999
7 THP 19,14 1,0 -100,0 y = (5,83x10% + 3,53x10%)x + (2,89x10* + 1,25x10%) -14 0,9998
8 TBOEP 14,60 1,0 -100,0 y =(2,81x10% + 1,81x10%)x + (3,38x10° + 1,01x10°%) -11 0,9999
9 TEHP 21,48 1,0 -100,0 y =(2,27x10% + 7,83x10%)x + (1,04x10% + 4,73x10%) -0,1 0,9995
10 TPhP 12,80 1,0 -100,0 y = (1,80x10* + 9,55x10%)x + (3,90x10° + 1,66x10%) -1,1 0,9998
11 CDP 12,64 1,0 -100,0 y = (1,70x10% + 1,17x10%)x + (2,69x10° + 1,39x10°%) 0,1 0,9997
12 EHDPHP 14,01 1,0 -100,0 y = (1,95%10% + 1,65x10%)x + (1,90x10° + 5,27x10?) 0,6 0,9990
13 TCP 16,12 1,0 -100,0 y = (1,61x10* + 6,88x10%)x + (1,24x10? + 5,11x10%) -2,6 0,9997
14  TCEP 5,63 1,0 -100,0 y = (1,44x103% + 1,25x10%)x + (1,08x10° + 5,81x10?) 11 0,9995
15 TDCIPP 12,15 1,0 -100,0 y = (3,16x10% + 1,85x10Y)x + (1,35%x10° + 8,40x10?) -0,1 0,9994
16 DMP 2,90 1,0 -100,0 y = (2,63x10% £ 1,70x10?)x + (6,72x10% + 2,61x10%) -11 0,9996
17 BCEP 4,61 1,0 -100,0 y = (1,14x10% + 3,93x10%)x + (1,34x10* + 8,95x10°%) 2,7 0,9995
18 DPhP 9,11 1,0 -100,0 y = (1,52x10% + 5,94x10%)x-(2,13x10% + 9,21x10?) 1,6 0,9996
19 BDCIPP 8,55 1,0 -100,0 y = (1,18x10° + 4,47x10%)x + (1,01x10° + 6,62x10%) 2,8 0,9991
20 DnBP 8,72 1,0 -100,0 y = (1,19x10* + 9,21x10%)x+(9,34x10° + 6,19x10%) -1,7 0,9998
21 BBOEP 8,12 1,0 -100,0 y = (2,71x10% £ 1,75x10%)x+(4,16x103% + 2,68x10%) 2,8 0,9991
22 BEHP 15,02 1,0-100,0 y = (2,63x10% + 1,41x10%)x + (6,72x10° + 3,31x10°) -0,3 0,9996
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3.2. Phit trién phwong phap xir Iy miu phén tich OPE trong ca
3.2.1. Két qud khdo st téi wu diéu kién héa hoi dung méi

Pé tang cuong do nhay cho phép phan tich, viéc hoa hoi dung mai dich chiét
gilp giam thé tich mau, gitp co dac chat phan tich 1a diéu can thiét. Tuy nhién, viéc
thuc hién qua trinh hoa hoi dung méi khong phi hop, bao gdbm k§ thuat hoa hoi ciing
nhu nhiét do, 12 nguyén nhan chinh gay ra that thoat chat phan tich, hay gay ra hién
tugng mat mau. Trong nghién cau nay, ba loai ki thuat phé bién st dung trong qué
trinh hoi dung méi bao gdm cd quay chan khdng véi 4p suat 10 mbar & 40°C (EV1),
str dung khi N2 dé hoa hoi dung méi ¢ nhiét 6 phong (EV2) va két hop gitra ki thuat
ly tam chan khong (10 mbar, 40°C) va dong khi N2 & 1°C (EV3). B thu hoi cua cac
chat phan tich, phan 4anh tac dong cua ky thuat héa hoi dung méi dén hién twgng mat
mau, duogc thé hién trong hinh 3.6.

Didu kién thi nghiem [_] ev1 [ ev2 [ evs
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Hinh 3.6: P§ thu hdi cac hep chat OPE ¢ cac diéu Kién héa hoi dung méi
Két qua phan anh duoc c6 sy khac biét dang ké vé do thu hoi caa céc chat phan
tich khi thuc hién hoa hoi dung moéi theo cac thi nghiém EV1, EV2 va EV3. Cu thé,
d6 thu hdi trung binh ¢ cac thi nghiém lan luot 12 66,3+9,3% cho EV1, 80,8+6,4%
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cho EV2 va 97,2+7,0% cho EV3. Phan tich ANOVA cho thay sy khac biét nay c6 y
nghia thong ké (F = 22,4, p = 6,7x107 < 0,05). Bén canh d6, trong khi chi ¢ 4 hop
chét c6 do thu hdi nam trong khoang chap nhan (70-120%) & EV1, sb lugng hop chat
tang dan dén 22 hop chat ¢ thi nghiém EV2 va EV3. Viéc sir dung phuong phap co
quay chan khong ¢ &p suat 10 mbar va nhiét d6 40°C dan dén sy gia ting toc do truyén
khdi cua cac hop chat. Qua trinh ¢d quay chan khdng hoat dong dua trén nguyén tic
tao ra mot moi trudng ap suat thap nho st dung bom chan khong, lam giam diém soi
cua dung méi so véi diém soi tai 4p suat khi quyén. Do d6, khong chi dung moi ma
ca cac hop chat co diém soi thap ciing c6 xu hudng chuyén sang pha khi khi &p suét
riéng phan trén bé mat dung dich giam [194]. Viéc gia nhiét giir vai trd then chét
trong viéc thay doi can bang giita pha long - khi, tang cudng toc do truyén khoi trén
bé mat dung dich. Bén canh d6, viéc sir dung nhiét trong qué trinh hoa hoi dé dang
tao ra cac bong khi bén trong long dung mai, dan dén hién tuwong dung mdi chira chat
phan tich bi day ra khoi mat thoang dung dich khi cac bong khi nay duoc giai phong
- hay con duoc goi 1a “bumping” [195] - dan dén chat phan tich bam trén thanh va
dé dang chuyén thanh pha khi thoat ra khoi hé théng, dan dén hién twong mat mau.
Nguoc lai, EV2 lai ¢6 toc do truyén khéi thap hon so véi EV1 do sy chénh léch ap
suat nho trén bé mat dung dich khi sir dung dong khi N2. Cac bong khi ciing khong
hinh thanh trong long dung dich, tir 46 ngan ngua hién tuong “bumping” xay ra. Tuy
nhién, viéc tao ap suat thap trén bé mat dung méi trong thoi gian dai dan dén tao diéu
kién cho Oz trong méi trudng xung quanh thAm nhap va oxi hda chat phan tich o bé
mat dung dich. Chinh qua trinh oxi héa nay dan dén sy suy giam ndng do caa chat
phan tich trong dich chiét [196].

EV3 1a phuong phép thich hop dé hoa hoi dung moéi ma khong gay ra hién tuong
mat mau. Tuong d6ng Vai viéc tao moi trudng chan khong (10 mbar, 40°C), viéc sir
dung lyc ly tim trong phuong phéap ly tim chan khong tao diéu kién cho su chuyén
pha chi dién ra trén bé mat chat long [194]. Co ché hoat dong nay ngin ngira sy hinh
hanh trong bong khi trong long dung dich, ngan ngtra duoc hién tugng “bumping”,
cling nhu rit ngan dang ké thoi gian héa hoi khi so sanh véi EV2. Viéc héa hoi dudi

dong N2 & nhiét do thap gilp giam su dong bay hoi giita dung méi va chat phan tich.
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Tir d6, phuong phap EV3 vira c6 thé rit ngan thoi gian hoa hoi vira ngin ngira duoc
su phan hay, that thoat chat phan tich trong qua trinh thuc hién.

3.2.2. Két qud lwa chon vt ligu tinh sach

3.2.2.1. Anh hudng ciia timg logi pha tinh

Thanh phan chinh trong thit ca sau khi dwgc dong kho 14 protein, chit béo ciing
nhu cac khoang chat khac. Do d6, viéc lya chon vat lidu hap phu trong qua trinh tinh
sach dich chiét déng vai tro quan trong gitp giam thiéu anh huéng cia nén mau dén
két qua phan tich. Viéc lua chon vat liéu hip phu huéng dén muc dich pha tinh cua
vt liéu tuong tac manh véi nén mau nhung khong luu gitr hoac chi luu giit yéu chat
phan tich. Trong nghién cau nay, 10 loai vat liéu hap phu duoc khao sat kha ning
giam thiéu anh huong cua nén mau dén két qua phan tich OPE trong mau ca. Két qua
d6 thu hoi cua cac OPE & tirng loai vat lidu dwogc trinh bay trong hinh 3.7.

Phan tich ANOVA cho thay su khac biét vé d6 thu hdi caa cac hop chét khi sir
dung cac vat liéu hap phu khao sat c6 ¥ nghia thong ké (p = 1,8x10"% < 0,05). Cy thé,
gia tri 6 thu hdi trung binh caa cac chat giam dan theo thir tur WAX (%, 4, =91,3%)
> EMR (Fgy=84,4%) > MAX (Fyux=79,5%) > MCX (F10x=81,5%) > WCX
(R cx=TT,4%) > HLB (%y,5=74,1%) > PSA (¥p5,=62,1%) > GCB (%;c5=46,0%) >
C18 (% 15=40,0%) > Florisil (Xz;orisi;=33,3%). Sb lugng cac hop chat co do6 thu hoi
nam trong khoang chap nhan, ciing nhu nguyén nhan dan dén su khac biét vé do thu
hoi ciia cac chat duoc giai thich chi tiét trong bang 3.9.

Véi két qua dat duoc 14 tit ca cac hop chit déu c6 do thu hdi nam trong khoang
chap nhan, WAX va EMR 14 hai loai vat liéu hap phu ph hop cho qua trinh tinh sach
dich chiét trong nghién ctru nay. Diéu dang luu y, EMR 1a loai vat liéu hap phu duoc
str dung phé bién trong cac nghién ciru trude day cho cac nén mau sinh hoc c6 ham
lugng béo cao. Voi mong mubn c6 thé mé rong d6 on dinh caa qua trinh tinh sach
dich chiét, hé vat lisu EMR va WAX (50,0 mg cho mdi loai) 1am vat liéu hip phu
duogc thyc hién dé tang hiéu qua tinh sach & cac nén mau phuc tap. V&i nén mau cé
chim trang, d6 thu hdi cua cac hop chat OPE va di-OPE khi duoc tinh sach bang hé
EMR-WAX nam trong khoang 84,6% dén 109,4%. Do d6, h¢ EMR-WAX c6 tiém

nang duoc sir dung trong qué trinh phan tich OPE trong nén mau sinh hoc.
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Bang 3.9. Tinh chat cia vat ligu anh huwéng dén dd thu hdi cac hop chat OPE va di-OPE trong mau thit ca

TT Vitliéu Muc dich sir dung S6 lwong Nguyén dan din dén khé khiin/thuin lgi Tai liéu
thwong hop chat* tham khao
mai
1 GCB Gitp loai bo cac hop chat 0 Cac phan tr hoic hop chat ¢d cau truc phang [197]
mang mau, bao gdom cac hop chat hoac chira nhém phenyl (CsHs—) thuong co ai luc
nhu chlorophyll va carotenoid. manh trong viéc lién két voi GCB. Tang kha ning
lwu giit chat phan tich trén pha tinh.
2 C18 Gilp loai bo cac hop chat hiru 1 Cac hop chat co chudi alkyl kéo dai thuong c6 [197]
co khong phan cyc, chiang han & lyc cao trong viéc lién két voi C18. Tang kha
nhu chat béo va cac hop chat co nang luu giit chat phan tich trén pha tinh.
log Kow lon.
3 PSA Gilp loai bo cac hop chat 4 Cac hop chat mang dién tich thuong cé ai luc [197]
mang cac nhém chat phan cuc nhu manh mé& trong viéc lién két véi PSA.
carbohydrate va cac acid hiru co.
4 Florisil Loai bo cac hop chat hitu co 0 Cac hop chat chita nhdm chirc phosphate thuong  [198]
khong phéan cuc. c6 i lec cao trong viéc lién két véi cac ion Mg?* c6
& mat trén bé mat vat liéu.
5 HLB 11 Tuong tac manh gita cac chat phan tich véi [199]
Lam gidu chon loc cAc chét thanh phén ki nwdc trong nén mau din dén hién
phan tich trong cac nén mau moi fuong dong luu gt trén vat liéu HLB.
6 MCX truong va sinh hoc phuc tap. 9 Tuong tac manh gitra cac cation OPE sau khi [200]
duoc proton hoa trong dung méi MeCN chtra 1%
7 WCX 9 [201]
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TT Vatligu Muc dich sir dung S6 lwong Nguyén dan din dén khé khin/thuin lgi Tai ligu
thwong hop chat* tham khao
mai
AA, cling véi su hién dién cua cac vi tri trao doi ion
trén bé mat vat liéu dan dén viéc cac chat nay dé
dang bi luu gitr boi cac vat liéu trao doi cation.
8 MAX 11 Cac hop chat co tinh acid thuong co ai lyc cao  [200]
trong viéc lién két voi cac nhdm amoni bac bbn co
mat trén bé mat vat lisu MAX.
9 WAX 22 WAX hoat dong dua trén nguyén ly cua lyc [202]
ludng cuc-ludng cuc, hiéu qua trong viéc gitr lai cac
chat va gilp giai phong chang khoi bé mat vat lidu
dua trén su dung dung moi rira giai phu hop.
10 EMR Giam thiéu anh huong cac hop 22 Su két hop gitta twong tac ky nudc va co ché loai  [145, 203]

chat ki nudc dén két qua phan
tich, giam hiéu ang nén.

trir kich thudc gidp giam thiéu twong tac gitra vat
ligu va cac hop chat ky nudc, dong thoi luu giir
manh cé&c thanh phan ki nudc va cé cau trac dai
phén tu.

*: c4c hop chat co do thu hoi nam trong khoang 70-120%
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3.2.2.2. Bdnh gid do thu héi cia quy trinh tinh sach bang EMR-WAX
Viéc danh gia hiéu qua tinh sach dich chiét caa hé EMR-WAX & c4c nén mau

¢6 ham luong chat béo thap (ca bon), trung binh (ca chi vang) va cao (ca chim trang)

duoc trinh bay cu thé trong hinh 3.8.
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Piéu kién thi nghiém . Sir dung chudn ddng hanh . Khéng si¥ dung chudn ddng hanh

Hinh 3.8: Pd thu hdi OPE va di-OPE trong céc loai ca sit dung hé EMR-WAX

Khi sir dung hé vat lieu EMR-WAX, d6 thu hoi cua cac hop chat OPE trong

MAu ca chim trang, ca bon va ca chi vang lan luot Ia 70,4%-83,9%, 69,7%-130,0%
va 71,4%-91,8% (hinh 3.8). Trong d6, TPhP va TCP 1an luot la cac hop chat chiu anh
hudng cua hién tugng “uc ché” va “tang cuong” ion trong ki thuat ESI. Cu thé, do
thu hdi cua TPhP chi dat duoc 69,7+8,1%% & nén mau ca bon (ham lwong béo thap).
Nguoc lai, TCP ¢6 do thu hoi dat 129,748,0% & cing nén mau c6 ham lugng béo
thip. Do d6, cac hop chat c6 trong thit ca bon c6 anh huong dén do thu hoi cua hai
hop chat TCP va TPhP, mic du ching c6 cau triic twong tu nhau. Di Véi cac hop
chat di-OPE, do thu hoi trong cAc mau ca chim trang, c4 bon va ca chi vang dao dong
trong khoang 70,8% - 80,1%, 76,2% - 82,6% va 76,9% - 89,2%, twong ung Vi tirng
loai mau ca. Két qua phan tich théng ké cho thay co su khac biét dang ké vé do thu

hoi di-OPE giita ca chim va cé chi vang (Tukey’s HSD, p < 0,05). Su khac biét nay
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phan &nh anh huéng rd rét caa nén mau, dic biét 1a ham luong chét béo dbi véi hiéu
suat chiét xuat cua di-OPE. Tuy nhién, d6i véi nhém hop chat OPE, yéu té nén miu
khoéng gy ra tac dong tuong tu, cho thiy su khéc biét trong kha ning tuong tac gitta
cac hop chat di-OPE va OPE véi thanh phan sinh hoc cua ting loai cé.

Dé c6 thé giam thiéu anh huong cua céc yéu td tac dong dén do thu hoi cua cac
hop chat trong qué trinh xur [f mau, viéc hiéu chinh d6 thu hdi dua theo chuan dong
hanh 1a diéu can thiét. Két qua do thu hoi cua cac chat phan tich ¢ su thay doi dang
ké so véi viéc khong dung chuan dong hanh (t-test, p & mau ca chim tring, c4 bon va
ca chi vang lan luot 12 1,2x10°, 9,2x10 va 2,6x107). Cu thé, d6 thu hoi cua cac hop
chat OPE trong mau ca chim triang, c4 bon va ca chi vang sau khi hiéu chinh dat duoc
lan luot 84,2%-101,9%, 90,9%-105,3% va 86,3-111,4%. Trong d6, do thu hdi cua
TCP va TPhP sau khi hiéu chinh lan luot dat cac gia tri 12 102,7+4,8% va 91,2+6,3%,
nam trong khoang do thu hdi chap nhan. Bén canh do, d6 thu hdi cua céc di-OPE ¢ 3
loai cé lan luot 13 83,1%-104,8%, 88,55-111,2% va 83,0%-102,0%. Tu cac két qua
trén c6 thé cho thay duoc hé EMR-WAX phu hop 1am vat liéu cho qué trinh tinh sach
dich chiét, ciing nhu viéc sir dung chuan dong hanh 1a diéu can thiét dé cé thé giam
thiéu cac sai s6 hé thdng, ciing nhu giam thiéu su can thiép anh huong cac yéu to

khéc trong nén mau dén két qua phan tich.
3.2.3. Quy trinh xit li mdu téi wu

Sau khi téi uu cac diéu kién thi nghiém, quy trinh xi Ii mau hoan chinh sir dung
trong nghién ctru nay duoc trinh bay ¢ hinh 3.9.
Céc budc thuc hién quy trinh cy thé nhu sau:

e Bwéc 1: Chiét mdu: can 1,0000 +0,0001 g miu c4 (da duoc dong kho va dong
nhat) cho vao dng chira miu, thém 9,00 mL UPW va 10,00 mL MeCN c¢6 chira 1%
AA. Pay chit nip, lic manh bang tay va tién hanh rung siéu &m mau & 30°C trong
15 pht. Sau khi rung siéu &m, thém lan luot 1,000 g NaCl, 4,000 g MgSO4 vao trong
6ng chtra mau. Pong chit nap va vortex trong 1 phut dé tranh hién tuong dong tu cia
MgSOs. Sau khi duoc phéi tron déu trong 1 phat, mau duoc tién hanh li tam & téc do

7000 x g trong 5 phdat.
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Mau ca o
l‘_ ______ Thém chuan dong hanh
Mau +
UPW + MeCN 1%AA Thém vao hén hop
l<— —————— * NaCl
+  MgSO,
Vortex + ly tam Rung siéu am
l“ —————— Dung moi phia trén
Chiét pha rin
50 mg EMR (phia trén)
50 mg WAX (phia dudi)
l<_ ______ Rura giat:
20 mL MeCN:toluene

Hén hop dich chiét
+ rra giai

Hoa hoi dung mo1
1.Ly tam chan khong (10 mbar, 40°C)
2.Dong khi N, (5 L/phut) ¢ 1°C

-

Phan tich OPEs trén
UHPLC-HRMS

Hinh 3.9: Quy trinh xir Iy miu phén tich OPE sau khi dwoc tdi wu

e Buwdc 2: Tinh sach dich chiét: hat 5,00 mL dich chiét dung méi phia trén (sau
khi ly tam) tai qua cot chiét pha ran c6 chira 50,0 mg EMR (phia trén) va 50,0 mg
WAX (phia dudi), dd duoc hoat hoa lan luot 6,00 mL hdn hop MeCN:toluene = 3/1
(v/v) va 5,00 mL MeCN 1% AA. Dich chiét sau khi qua cot dugc luu giir. Sau do,
tién hanh raa giai cot chiét pha ran bang 20,00 mL hdn hop MeCN:toluene = 3/1
(vIv), véi tée @6 2 mL/phat. Phan dich rira giai duoc gop chung véi dich chiét qua
cot.

e Buwdc 3: Héa hoi dung méi: 25,00 mL dung dich duoc hién hanh héa hoi bang

hé thdng ly tdm chan khéng (10 mbar, 40°C) cho dén 5 mL, sau d6 duogc hoa hoi dudi
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dong N2 (5 L/phat) d&én 0,5 mL ¢ 1°C. Dich chiét dugc dinh mac dén 1,00 mL bang
UPW, loc qua mang 0,22-um PTFE va phan tich UHPLC-HRMS.

3.3. X4c nhan gia tri sir dung phwong phap

Qua trinh x&c nhan gié tri st dung phuong phéap phéan tich OPE va di-OPE trong
nén mau la thit c4 duoc tién hanh dwa trén cac thi nghiém duoc trinh bay & muc 2.5.3.
Cac mau trang duoc tién hanh thuc hién song song voi cac mau thém chuan dé loai
bo cac yéu té anh hudng dén céac két xac dinh gia tri sir dung. Ddng thoi, cac chit
chuin déng hanh duoc st dung trong qué trinh phan tich mau dé danh gia do thu hoi
cua quy trinh phan tich. Két qua vé do dung, do tap lai, d6 tai lap, MDL, MQL va
hiéu &tng nén dugc trinh bay trong bang 3.10.

Do thu hdi cua cac hop chét & ba ndng d6 khao sat lan lugt nam trong khoang
83,1% - 106,1%, 83,3% - 108,6% va 83,9% - 107,9%, dap trng duoc tiéu chuan cua
SANTE/11312/2021. D¢ lap lai ciia phwong phap phan tich c6 RSD% nam trong
khoang tir 1,4% dén 7,7%. Bén canh d6, d6 tai lap caa phuong phap phan tich c6
RSD% (n = 18) dao dong trong khoang 1,9% - 6,3%. Cac gia tri RSD% cua d¢ lap
lai va d6 tai lap déu nho hon 20%.

Bang viéc thém chuan ¢ nong d6 0,2 ng/g & nén mau thit ca, 10 mau lap duoc
tién hanh thi nghiém dua trén quy trinh téi vu (hinh 3.9) dé xac dinh MDL. Két qua
udc lugng MDL dugc trinh bay cu thé trong bang 3.10. Cu thé, gia tri MDL cua céc
hop chét phan tich nam trong khoang tir 0,02 ng/g dén 0,05 ng/g, véi gia tri R xac
dinh nam trong khoang 4,0 dén 9,9 - dap ung duoc yéu cau caa AOAC. Do d6, MQL
cua cac hop chat nam trong khoang tir 0,07 ng/g dén 0,18 ng/g.

Gia tri hiéu ang nén nam trong khoang -17,7% dén -4,0% & céc chat phan tich.
Két qua nay cho thay tin hiéu phan tich OPE trong nén mau cé bién bi @c ché so véi
tin hiéu trong dung mai tinh khiét. Nguyén nhan chu yéu cua hién tuong nay co thé
Xuat phat tir su dong chiét cac thanh phan nén nhu lipid trung tinh, phospholipid va
cac hop chit hiru co phuc tap trong qué trinh chiét tach, dan dén canh tranh ion héa

trong ngudn ESI va lam giam hiéu suat ion hoa cia cac OPEs. Ngoai ra, dic tinh



Bang 3.10. P thu hdi, dd 13p lai, d§ tai lip, giéi han dinh lweng va hiéu &ng nén cha phwong phap phén tich OPE trong thit c4

P thu hdi (%) Do Lip lai Do tai lip
) (RSD%) (RSD%) MOL
T Hop chat 10 500 1000 10 500 1000 10 500 1000 (nglg) ME(0)
ng/lg ng/g  ng/lg  ng/y ng/g nglg  nglg  nglg nglg
1 TMP 877 86 87 35 30 23 33 45 36 008 162
2 TEP 872 859 839 30 31 43 33 30 33 011 11,0
3 TnPrP 971 950 1015 39 48 17 34 45 23 007 4.0
4 TIPP 1061 1028 1011 55 77 47 53 59 63 012 97
5  TnBp 923 975 917 15 26 19 38 31 25 009 1130
6 TiBP 858 976 1053 36 46 18 37 35 31 011 146
7 THP 938 1067 1036 51 33 36 49 33 31 013 176
8 TBOEP 878 854 869 54 26 44 44 24 38 016 117
9 TEHP 840 83 86 59 35 35 54 38 38 013 91
10 TPhP 867 833 865 40 26 50 46 28 48 013 75
11 CDP 965 1065 978 58 15 29 56 19 32 015 11,9
12 EHDPHP 854 1086 942 44 44 29 52 41 36 014 125
13 TCP 937 974 1079 41 44 31 49 45 29 015 177
14  TCEP 1058 1031 1064 47 33 21 56 34 30 015 15,0
15 TDCIPP 939 884 927 40 21 31 55 25 29 015 70
16 DMP 831 906 854 37 49 14 44 41 31 010 16,0
17 BCEP 905 89 934 51 47 37 62 46 38 014 87
18 DPhP 916 937 958 38 67 38 32 57 33 017 6.0
19 BDCIPP 909 922 914 37 50 46 37 53 45 016 93
20  DnBP 879 915 915 47 36 35 45 39 41 013 133
21  BBOEP 878 928 867 36 22 33 32 35 27 014 135
22 BEHP 901 934 964 52 38 42 46 38 53 018 113
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phan cuc trung binh cua cac OPEs ciing khién ching dé& bi wc ché hon khi ton tai cac
thanh phan nén wu tién ion héa manh hon. Tuy nhién, cac gia tri ndy nam trong
khoang £20%, dap ung duoc yéu cua cua SANTE/11312/2021.

Bang 3.11. Gigi han phat hién (ng/g) caa OPE va di-OPE trong thit ca

TT Hopchat SD MDL R TT Hopchait SD MDL R
1 TMP 0,008 0,02 8,7 12 EHDPHP 0,014 0,04 48
2 TEP 0,011 0,03 6,1 13 TCP 0,015 0,05 44
3 TnPrP 0,007 0,02 9,9 14 TCEP 0,015 0,05 44
4  TIPP 0,012 0,04 54 15 TDCIPP 0,015 0,05 4,3
5 TnBP 0,009 0,03 74 16 DMP 0,010 0,03 6,9
6 TiBP 0,011 0,03 6,1 17 BCEP 0,014 0,04 48
7 THP 0,013 0,04 5,1 18  DPhP 0,017 0,05 4,0
8 TBOEP 0,016 005 42 19 BDCIPP 0,016 0,05 4,2
9 TEHP 0,013 0,04 51 20 DnBP 0,013 0,04 5,1
10 TPhP 0,014 0,04 49 21 BBOEP 0,014 004 48
11 CDP 0,016 0,05 43 22 BEHP 0,016 005 4,1

Trong nghién cttu nay, cac nodi chuan dong vi bén duoc thém vao mau truéc
buéc chiét dé giam thiéu anh huong cua hién twong mat mau trong qua trinh tach
chiét - tinh sach, ciing nhu giam thiéu anh huéng cia nén mau dén két qua do thu hoi.
Danh muc ghép cap chat phan tich-chuan dong vi trinh bay tai bang 2.2. Dya vao
chuan dong vi, d thu hdi sau hiéu chinh ¢ ba mirc thém chuan dat 83,1-108,6%, RSD
(1ap lai) 1,4-7,7% va ME -17,7 dén -4,0%, thoa tiéu chi SANTE/11312/2021. Cac két
qua tinh toan trén cho thdy d6 dung dinh lugng trong nén md ca cua phuong phap
phan tich dugc chiing minh bang thir nghiém thém chuan (ba nén, ba mirc): do thu
hdi 83-108%, RSD < 7,7%. Hiéu tng nén & mac nén ion nhe (-17,7% dén -4,0%) va
duoc bu trir boi chuan dong vi. Bén canh do, cac yéu cau vé tinh dic hiéu (ty Ié ion
+20%, ART < +0,1 phuat), d6 tai lap (RSD < 15%) déu dat theo cau theo tiéu chi
SANTE/11312/2021. Céc két qua nay da d6 tin cay cho muyc tiéu dinh lugng OPE/di-
OPE trong mé cé khi chua c6 CRM. Céch tiép can nay tuwong thich véi cac nghién cir
trén thé gii, cu thé Hidalgo-Serrano va céng sw (2022) str dung bd chan ddng vi dan
nhan 2H/*3C cho cac hop chat di-OPEs trong mau hai san [204] va Han va céng sir
(2019) di sir dung chuan ddng vi dé hiéu chinh két qua do thu hoi cac hop chat OPEs
trong thit va c4 [136]. Cac minh chang nay cho thay, viéc s dung chuan dong vi

trong qua trinh phan tich 13 diéu can thiét gitp dam bao d6 chinh xac cua két qua phan
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tich, dac biét 1a nén mau sinh vat. Khi thiéu chat chuan ddng vi twong tng, nghién
ctru d3 ap dung ghép cip chuan déng vi twong ddng phd hop nén mau theo huéng
dan EU 2021/808, bao dam db tin cay dinh lwong trén nén sinh hoc nhiéu lipid.

Tir cac két qua nay va céc thong cho thay phuong phap phan tich hoan toan dap
rng y&u cau phan tich dinh lwvong ham luong vét OPE trong mau thit ca. Lorenzo va
cong su (2018) da phan tich ham Iuvgng OPE trong ca va luon ¢ Tay Ban Nha véi d6
thu hoi tir 43%-123%, va gidi han phat hién nim trong khoang 0,02 dén 0,03 ng/g
khdi luong w6t [130]. Zhao va céng sw (2018) ciing da phan tich xac dinh ham luong
OPE trong hai san thu thap & Trung Quéc véi do thu hoi tir 40%-120%, gisi han phét
hién trong khoang 0,001 dén 0,14 ng/g khéi luong wét [134]. C6 thé thay, cac két qua
dat duoc cua nghién ctru dam bao d6 nhay khi phan tich ham lwong vét OPE trong

mau sinh hoc véi d6 thu hoi nam trong khoang 70% dén 120%.
3.4. Ham lwong OPE va di-OPE trong c4 bién

3.4.1. Ham lwong OPE va di-OPE trong thit cd

Két qua ndng do cua cac hop chat OPE trong nghién ctru nay duoc tinh dya trén
ham luong kho (dw). Nong d6 ciia cac hop chat OPE duoc trinh bay trong bang S4
(ca chi vang va ca bon), bang S5 (c4 chim) véi DF (%) Ia tan s6 xuat hién cua hop
chat trong mau phan tich. C6 thé thay, phan b va bién thién nong do6 OPE trong mo
ca thuong chiu chi phéi déng thoi boi dic tinh hoa 1y (dic biét log Kow va khuynh
huéng gan protein/phospholipid), kha nang chuyén hoéa thanh di-OPE va dic trung
sinh théai-dinh dudng cua lodi (ting séng, khau phan), ciing nhu mutc d6 phoi nhiém
cuc bd gan ngudn thai ven b va diéu kién thuy-khi dong theo mia. Cac nghién cau
trong ho Taihu va bién Nam Trung Hoa cho thidy mirc d6 tich lity sinh hoc/khuéch
dai sinh hoc cua OPE phu thudc manh vao tinh ky nuéc va kha nang chuyén hoa cua
hop chat, dong thoi thé hién khac biét theo bac dinh dudng va loai [205, 206]; mot s6
cau tir co thé khuéch dai sinh hoc hoic pha lodng sinh hoc tlly mang lué6i thire an va
ving dia ly. Bén canh d6, tong quan & quy mo dai dwong nhan manh néng d6 OPE
cao hon tai viing ven bo dé thi/cang bién so véi xa bo, giai thich cac diém gid tri cao

cuc bo trong sinh vat bién. Nhiing co ché nay pht hop véi biéu d6 phan bé ham luong
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(Hinh 3.10) va pham vi ndng d6 (Bang 3.12) cua chiing t6i, trong dé cac hop chat cé
bién thién rong nhu TBOEP, TEHP, TCEP, TDCIPP thudng tao ra cac diém ngoai
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Biéu do hop trong hinh 3.10 thé hién rd su phan b ham luong cac hop chit
OPE va di-OPE trong ba loai cé bién pho bién gdm ca chim trang, ca bon, va cé chi
vang. Dit liéu cho thay OPE hién dién ¢ cac mtc nong do khéac nhau tly theo hop
chat va loai ¢4, phan &nh su khéac biét ca vé dic diém hda hoc cua tirng OPE va yéu
t sinh hoc - sinh thai caa vat chi. Nhin chung, cac OPE c6 thé chia thanh hai nhém
dwa trén muc d6 pho bién va nong do tich liiy. Nhém thir nhat gom cac hop chat
TBOEP, TEHP, TCEP, va TDCIPP, ghi nhan néng d6 cao hon ro rét, véi trung binh
thuong dao dong tir 3,0-10,0 ng/g dw. Pay la cac OPE thuong dugc sir dung rong rai
trong cdng nghiép nhua, dét may va vat liéu xay dung, va c6 xu hudng tich liy t6t
hon trong sinh vat thay sinh. Nhém thir hai gom cac hop chat con lai nhuw TMP, TEP,
TiBP, TnBP, CDP, EHDPHP, TCP, c6 nong do thip hon dang ké (< 2,0 ng/g dw),
mot phan do ham luong trong méi trudng bién thap, hodc kha nang hap thu va chuyén

hda sinh hoc han ché.

Ca chim tring thé hién muc tich lily tuong dbi cao va dong déu ddi véi hau hét
cac OPE, dac biét 1a TBOEP va TEHP, vdi trung binh dao dong trong khoang 5,0-
10,0 ng/g dw. Su 6n dinh vé muic phoi nhiém giita c4c ca thé cho thay loai ca nay
phoi nhiém twong ddi dong déu tir méi truong nudc va thirc an. Pac diém sinh sdng
da dang va phan bd rong cua ca chim trang c6 thé 1a nguyén nhan chinh gép phan vao
muc do tich Iily 6n dinh nay. C4 chi vang loi ca sdng ting mat c6 muc tich liy TCEP
va TDCIPP cao nhat trong ca ba loai. Hai hop chat nay thuoc nhém Cl-alkyl OPE -
duogc biét dén véi dac tinh bén viing va dé tich lity sinh hoc. Su tich liiy cao cua Cl-
OPE trong ca chi vang cho thay loai nay cd thé Ia chi thi tot cho muac do 6 nhiém OPE
trong tang nuéc mit. C4 bon 1a loai séng day, ghi nhan mic tich liiy OPE thap hon
dang ké so véi hai loai con lai. Ngoai trir TBOEP, céc hop chat con lai ¢6 trung binh
< 2,0 ng/g dw, nhiéu hop chat gan hoic duéi gisi han dinh lugng. Diéu nay cho thay
moi trudng tram tich noi ca bon sinh sdng co thé it chiu tac dong tir ngudn thai OPE,
hozc lodi ndy c6 kha ning chuyén hoa va dao thai tot hon. Ngoai ra, vi tri day ting va
ché do an chu yéu 1a sinh vat day ciing c6 thé gop phan giam muc d6 phoi nhiém voi

cac hop chat OPE ¢ mit cha yéu trong cot nuéce.
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Ngoai ra, c4c gia tri bat thuong (outliers) trén biéu d6 hop (box-plot) duwoc xem
la nhiing c& thé c6 mic phoi nhiém cao/khac biét va duoc giir lai vi phan anh thyc
trang moi trudng. Sy Xuit hién cua ching c6 thé giai thich bai: (i) sinh théai-dinh
dudng va dac thu loai - ¢4 chi vang (ting mit) c6 xu hudng tich liy Cl-alkyl OPE
(nhu TCEP, TDCIPP) cao hon, trong khi c4 bon (tdng ddy) thap hon 3 rét, phu hop
vé6i khac biét vé tiép xdc trong cot nuéc va khau phan; (i) dic tinh héa 1y va chuyén
hoa - mie tich lity phu thudc log Kow va kha nang khuéch dai sinh hoc, dan téi khoang
bién thién rat rong gitra cac cau tu; dir liéu thuc dia ghi nhan mot s6 OPE c6 thé
khuéch dai sinh hoc trong khi phan 16n pha lo&ng sinh hoc [205, 206]; (iii) nguén thai
cuc bo/ven bo - cac diém ndng gan cang/cong xa va bién dong khong-thoi gian manh
khién cac cé thé vira di chuyén qua “diém néng” xuat hién gia tri cao [80, 207]; (iv)
yéu t nhiét d6 va mua - nhiét do nuéc chi phdi dong hoc OPE trong luéi thirc an,
lam ting do phan tan theo mlia & mot s hop chat [208]; (v) noi sinh hoc ca thé - méi
lien hé tich lity phu thudc noi séng/khau phan va thanh phan protein/phospholipid
hoac lipid ciia m, tao nén su phan tan rong giira ca thé [209]; va (vi) yéu t phan tich
(d3 kiém soat) - anh hudng nén va thu hoéi da duoc hiéu chinh bang néi chuan dong
hanh theo SANTE/11312/2021, cac chi tiéu lap lai/tai lap, MDL/MQL va hiéu tng
nén déu dat yéu cau, cho thiy phan dao dong quan sat chu yéu do sinh hoc-méi

truong, khéng phai do phuong phap phan tich.

Xét vé co ché, su khac biét vé phan cuc (log Kow), kha niang hoa tan va kha
nang thiry phan gita cac nhdm OPEs gop phan giai thich xu huéng phan bé theo tang
séng cua cé4c loai ca trong nghién cau. Nhom Cl-alkyl OPEs (vi du TCEP, TCPP,
TDCIPP) c6 d6 phan cuc cao hon, tan tét trong nudc va log Kow & muc thap-trung
binh, nén chu yéu hién dién ¢ pha hoa tan va phoi nhiém qua mang chiém vu thé, dic
biét d6i vai cac loai séng ¢ ting mat va tang gitta cot nude. Do kém ua lipid va dé&
dao thai, khuynh hudng tich lity sinh hoc trong mé giau lipid caa nhém nay nhin
chung khong cao. Nguoc lai, cac alkyl OPEs ky nudc hon, nhat 1 cac hop chat c6
chudi alkyl dai (nhu TEHP), ¢6 xu hudng gan vao lipid va vat chat hat/tram tich, do
d6 ca ting day va cac loai an day c6 nguy co phoi nhiém twong ddi cao hon thong

qua chudi thire an day [207, 210]. Déi véi aryl OPEs (nhu TPhP, EHDPP), gia trj log
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Kow cao va ai lyc vai hat/tram tich khién ching phan b wu thé & pha hat; tuy nhién,
mot s6 hop chat aryl dé thay phan hoic bi chuyén hda thanh di-OPEs phan cuc hon
(vi du DPhP), 1am tang ty phan ¢ pha nuéc va giam tiém ning tich lily trong mé lipid.
Nhu vay, su két hop gitra dai log Kow, kha ning thuy phan va téc d6 chuyén héa sinh
hoc 1a co s& quan trong dé Iy giai vi sao céc lodi cé ting day trong nghién ciru ¢6 xu
huéng phan anh tét hon 6 nhiém bai cac OPE rat ky nudéc, trong khi ca tang mit va

tang giira nhay hon véi cac OPE phan cuc, vu thé & pha nuéc [209].

Két qua théng ké ham luong OPE va di-OPE trong 223 mau ca duoc trinh bay
trong bang 3.12.
Bang 3.12. Nong d$ OPE (ng/g dw) trong méu thit ca

Hop chit DF (%) Khoang néng dé  Trung binh Trung vi
TMP 58 0,1-3,0 11 0,9
TEP 56 01-18 0,8 0,8
TnPrP 53 01-1.2 0,5 0,4
TIPrP 49 01-13 0,4 0,3
TnBP 66 01-14 0,6 0,6
TiBP 60 0,1-27 0,9 0,8
THP 64 0,1-29 11 0,9
TBOEP 66 0,3-16,8 52 51
TEHP 65 0,1-154 4,6 3,4
TPhP 63 0,1-3,0 1,1 1,0
CDP 50 01-18 0,6 0,5
EHDPHP 48 0,1-23 0,7 0,5
TCP 55 0,1-31 1,2 1,1
TCEP 68 0,1-24,3 3,7 2,8
TDCIPP 54 0,1-112 3,5 3,5
Yalkyl OPEs 100 0,5-28,1 9,6 8,8
XZaryl OPEs 95 0,1-6,6 2,1 1,7
>Cl-alkyl OPEs 87 0,1-324 5,0 4,3
YOPEs 100 2,1-39,3 16,0 15,2
DMP 91 0,1-165 23,9 12,3
BCEP 39 0,4 -29,7 6,5 4,9
DPhP 79 0,3-28,6 57 3,7
BDCIPP 59 0,2 - 25,3 55 3,2
DnBP 50 0,1-43 1,0 0,9
BBOEP 60 0,1-33,1 9,5 7,4
BEHP 78 0,6 - 167,6 34,6 21,0
>di-OPEs 100 3,2-2634 65,4 51,3

Tong 100 5,2-291,8 81,4 66,9
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Hau hét cac hop chit déu co tan suit xuét hién trong cac mau thit ca déu 16n
hon 50%, ngoai trir TIPrP, EHDPHP va BCEP (bang 3.12). Bén canh d, trong tat ca
223 miu ca duoc phan tich trong nghién ctu ndy, mdi mau thit ca déu chira nhiéu
hon hai OPE. Viéc xuét hién dong thoi caa cac OPE trong mau thit ca trong nghién
ctru ndy 6 phan vuot tréi hon so véi cac nghién ciru trude, nhu 5/11 hop chat dugc
phat hién trong ca & Canada [211], 5/11 hop chat trong c& trich & Thuy Dién [35],
6/19 hop chit trong ca & Tay Ban Nha [87]. Tuy nhién, hé s6 6 nhiém OPE trong cac
mau ca trong nghién ctru nay twong ty Vi cac nghién ctru danh gia OPE trong cé bién
& dao Tay Sa [212], dao Vi Chau [205], vinh Liéu Péng va Hoang Hai (Trung Quéc)
[208]. Nong do téng cua cac hop chat OPEs (XOPEs) nam trong khoang 2,1 - 39,9
ng/g dw véi gid tri trung binh la 16,0+8,2 ng/g dw, tuong tng 0,5 - 11,0 ng/g khoi
luong wot (ww) (bang S6). Nong dd SOPES & mau cac trong nghién ctru nay thap hon
khi so sanh vai cac nghién ctu khac ¢ nhiéu qudc gia trén thé gidi. Cu thé, nong do
>OPEs da duoc phan tich ¢ nhiéu khu vuc, bao gém vinh Lai Chau (30,2 ng/g ww),
dao Vi Chau (13,7 ng/g ww), Quang Péng (14,3 ng/g ww) va Khu bao ton Thién
nhién rirng ngap man (19,2 ng/g ww) tai Trung Quéc [184, 205, 213, 214]. Bén canh
d6, gia tri trung binh OPEs trong nghién ciru nay (4,1 ng/g ww) ciing thap hon so
Véi gid tri trung binh OPEs ghi nhan trong sinh vat bién Baltic, chau Au (11,1 ng/g
ww), cé bién & Ha Lan (18,2 ng/g ww) va cé4 bién ¢ Barcelona (9,2 ng/g ww) [87,
215]. Cac két qua nay cho thay viéc sir dung OPE trong qué trinh san xuat ciing nhu
ddi song sinh hoc ¢6 anh hudng dang ké dén sy hién dién caa chung trong méi trudng
va hé sinh thai [1]. Ngoai ra, viéc phat hién OPE ¢ Bic Cuyc cho thay cac hop chat
nay c6 thé dugc van chuyén tir noi phat thai dén cac ving cuc xa x0i bang qué cac
qua trinh van chuyén do khong khi hay dong bién [1, 131].

TCEP Ia hop chat duoc ghi nhan c6 ndng do cao nhat trong thit ¢, vai khoang
nong d6 1a 0,1 - 24,3 ng/g dw (0,03 - 5,8 ng/g ww). Gi4 tri nay twong ty voi ham
luong TCEP dugc ghi nhan trong cac mau ca ¢ Ngit Dai H5, My (1,040,1 ng/g ww)
nhung thdp hon déng ké ndng do trung binh cia TCEP trong ca moi ¢ Bién Dia Trung
Hai (2,4 ng/g ww) [216, 217]. Viéc ghi nhan dugc ham lugng cao cua TCEP trong

mau thit c& do hop chat nay c6 ciu tric bén, kho bi chuyén hoa. Mic du ¢6 log Kow
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la 1,4, TCEP c6 gi4 tri DFs cao hon cac hop chat con lai. Biéu nay ching minh TCEP
dugc tich liy sinh hoc trong c4 thong qua co ché 1am giau proteinophilic
(proteinophilic enrichment) trong cac sinh vat séng [216, 218]. Mic du ciing c¢6 chira
clo trong cau tric nhung TDCIPP hiém khi dwgc ghi nhan va ¢ ham lwong thap trong
cac mau thit ca. Thyc trang nay c6 nhiéu diém twong dong véi cac nghién ctru trudce
day vé xac dinh TDCIPP trong c4, mic du day 1a hop chit duoc st dung nhu phu gia
trong nhiéu thiét bi gia dung va d6 dién tir [217, 219-221]. Co ché hap thu, phan
hay/bai tiét cia TDCIPP c6 sy khdng nhat quan, phu thudc hoan toan vao co ché
chuyén hoa cua céc sinh vat séng [219]. TCP va TPhP c6 gi4 trj trung binh lan luot
la 1,2+0,8 ng/g va 1,120,7, thap hon so véi TBOEP va TEHP. Tuy cac hop chat aryl
OPE c6 gia tri log Kow 16n nhung cac hop chit nay lai dugc ghi nhan c6 néng do
thap hon TBOEP (log Kow = 3,8). Piéu nay chiing minh su hién dién cta aryl OPE
trong moi thuong thép hon TBOEP. Bén canh d6, TBOEP va TEHP dugc ghi nhan
v6i ham luong cao trong mau thit ¢4 (gia tri trung binh 1an luot 13 5,2+3,4 ng/g va
4,613,9 ng/g) do ching duoc st dung 1am phu gia cho qué trinh san xuat nhua, chat
danh bong san nha ciing nhu chat chéng chay trong cac d6 gia dung [221, 222]. Tur
dic diém vé sy phan b cua cac OPE trong mau cé, ¢ thé thiy sy 6 nhiém OPE ven
bo bién Viét Nam chu yéu bit ngudn tir cac hoat séng cua con ngudi ¢ cac khu dan

cu va do thi.

3.4.1.1. Sy khdc biét vé ham lwong OPE gitra cac loai ca

Nham dua ra cac danh gia chinh xac hon vé sy khac biét nong do OPE trong
thit ciia c&c loai ¢4, cac mau ca chim trang (n = 21), ca chi vang (n = 32) va ¢4 bon (n
= 19) thu thap vao thang 8 nam 2022 ¢ cac khu vuc ven bién Viét Nam duoc tién
hanh phan tich. Két qua phan tich ham lwong OPE trong ca mau ca duoc trinh bay
trong bang S4 va bang S5.

Dua trén cau trdc hoa hoc, 15 hop chat OPE dugc chia thanh 3 nhém, bao gom
alkyl OPEs (TMP, TEP, TnPrP, TIPrP, TnBP, TiBP, THP, TBOEP va TEHP), aryl
OPEs (TPhP, CDP, EHDPHP va TCP) va Cl-alkyl OPEs (TCEP va TDCIPP). Tu
bang S4 va bang S5, ndng do trung binh alkyl OPEs giam dan theo thi ty c& chim
trang (9,245,3 ng/g) > ca chi vang (8,3+5,2 ng/g) > ca bon (6,5+4,7 ng/g), nong do
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trung binh aryl OPEs giam theo thir tu ca bon (2,3£1,4 ng/g) > céa chi vang (1,8+1,2
ng/g) > cé chim tring (1,6+1,3 ng/g). Nghién ctru da ghi nhan duoc sy khac biét dang
ké vé& ndng do trung binh Cl-alkyl OPEs giita c& chi vang véi cac nhém con lai
(Krusal-Wallis, p < 0,05), véi sy giam dan nong do theo tht tu ca chi vang (8,3+7,3
ng/g) > ca chim tring (2,5+2.4 ng/g) > ca bon (1,8+1,2 ng/g).

Céc két qua trén cho thay alkyl OPEs c6 nong d6 cao & ca chim tring, Cl-alkyl
OPEs c6 nong do cao trong cé chi vang. Su phan b cua tirng nhém OPE trong tirng

loai ca duoc trinh bay trong hinh 3.11.a.
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Hinh 3.11: Biéu @b tam phan hién thi ty 1é cia alkyl OPE, aryl OPE va Cl-alkyl
OPE va (b) sw phan bé ZOPE (ng/g dw) giira c4c loai c&

Nhin chung, c6 su khac biét dang ké vé su phan bb cua cac nhém OPE trong
mau ca (ANOVA, p < 0,05) véi alkyl OPEs ¢4 ti Ié hién dién cao nhit trong cac mau
ca (59,9%) so véi hai nhdm con lai (Tukey's HSD, p < 0,05). Két qua nay phan &nh
hién trang 6 nhidm OPE & cé chiu tac dong truc tiép tir cac hoat dong cdng nghiép, vi
su phan b caa cac nhom OPE tuong dong véi ho so 6 nhiém cua OPE & céc khu vuc
cdng nghiép hoa (d6 thi hoa) [132, 223]. Pang luu ¥, su khac biét vé sy hién dién cua
cac nhém OPE ¢ ba loai ca nghién ctru di duoc ghi nhan. Cu thé, aryl OPEs 1a nhém
chiém uu thé trong c4 bon (¥ = 26,0%) so véi 2 nhom con lai (Tukey’s HSD, p <
0,05). Bén canh d6, su phan b caa Cl-alkyl OPEs (% = 10,3%) trong c4 bon thip hon
hai loai c& con lai (c& chim trang (x = 15,9%), ca chi vang (X = 27,0%)). Trong khi
d6, khong co su khac biét dang ké vé su hién dién cua alkyl OPEs gitra cAc mau cé
(ANOVA, p > 0,05).
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Céc phan tich don bién cho ZOPE va mét s6 hop chat OPE riéng ¢ cho thay c6
su khac biét co ¥ nghia thong ké gitra mot s6 cap loai/mau ca trong nghién ciu nay
(hinh 3.11.b, Krusal-Wallis, p < 0,05). Tuy nhién, chi ghi nhan duoc su khéc biét vé
YOPE giita c4 bon va ca chi vang (Mann-Whitney U, p < 0,05). Ca chi vang c6 nong
d6 trung binh cao nhat (17,0+9,5 ng/g), sau d6 giam dan theo tht tu ca chim tring
(11,9450 ng/g) va ca bon (9,8+4,6 ng/g). Phuong phap phan tich thanh phan chinh
duoc thyc hién dé xem xét sy khac biét vé& hd so 6 nhiém OPE & cac mau thit c4 gitra
cac loai ¢4, ciing nhu giita cac khu vyc thu thap mau (hinh 3.12).

Két qua PCA phan tang theo nam/khu vuc va PCA tong dé tham dinh thién léch
khdng gian & cap viung cho thay khdng hinh thanh cum rd rét theo Bac-Trung-Nam.
Tuy c6 su khac biét cuc bd van c6 & mot sé loai/dot, song tin hiéu cap ving 1a khdng
manh trong bo di liéu nay. Diéu nay phl hop véi chién luge duy tri diém dai dién c6
dinh khi thu mau.
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Ghi chi: (a) Biéu do sang loc cac thanh phan chinh (scree plot), thé hién ty 1¢ phuong sai giai thich
bai ting thanh phan chinh, (b) Biéu do bién (loading/correlation plot), md ta mirc dong gop va mbi
tuong quan cua cac hop chat OPE trén cac truc PC1-PC2, (c) Biéu d6 diém mAu trén mit phing
PC1-PC2, phan nhom theo loai ca va (d) Biéu dd diém mau trén mat phiang PC1-PC2, phan nhom
theo khu vuc thu thap mau . .

Hinh 3.12: Ket qua phan tich thanh phan chinh dwa trén nong d¢ cia OPE

trong mau thit ca
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Véi 3 thanh phan chinh dau tién, c6 dén 82,4% tong phuong sai duoc giai thich
(hinh 3.12.a). Trong d6, TCEP, TBOEP va TDCIPP 1a 3 hop chat dong gop chu yéu
vao thanh phan chinh 1, TBOPE va TCEP 1a 2 hop chét déng gop chii yéu vao thanh
phan chinh 2 (hinh 3.12.b). Do d6, TCEP, TBOEP, TDCIPP 1a 3 hop chét anh huong
chinh dén két qua PCA. Biéu do diém PCA thé hién khong c6 su phan biét rd rang
gitra cac loai ca (hinh 3.12.c) va giira cac khu vuc thu thap mau (hinh 3.12.d) do co6
su chong chéo trong phan b cua cac diém mau. Két qua nay cho thiy hd so 6 nhidm
OPE trong mdi truong séng c6 anh hudng truc tiép dén sy tich liy OPE trong ca
[224]. Bén canh d6, su tich liiy OPE trong c4 phu thudc vao co ché hap thu, tich liy
va chuyén hoa & céc loai ca 1a khac nhau. Ngoai ra, sy khac biét trong hanh vi tim
thirc an va su trao doi chat giita cac c& thé hozc loai c6 thé anh hudng dang ké dén
kha nang tich liiy OPE [21, 208].

Han ché trong nghién citu vé co ché chuyén hoa OPE trong co thé sinh vat Ia
rao can dé danh gia su tich lily OPE gitta cac loai, cling nhu giita cac ca thé trong
cuing mot loai. Do do, viéc 1am séng t6 su khéc biét vé mie do 6 nhiém OPE trong ca
bién & cac khu vuc dia ly khac nhau 13 mot nhiém vu day thach thiee. Ngoai ra, nhiéu
nghién ctru da cung cap céac dan ching thiét thyc chimg minh cac OPE c¢6 xu huéng
tich lity trong chudi thire an bién [88, 225]. Vi vay, hudng nghién ctru ndy c6 thé can

dugc tap trung nghién ciru chuyén séu ¢ Viét Nam trong tuong lai.

3.4.1.2. Sy khdc biét vé ham lwong OPE theo khéng gian — thoi gian & cd chim trdng
Sy phan bé vé ndng d6 va ti 1é dong gop ctia cac nhdm OPE trong mau ca chim

trang thu thap trong giai doan 2021 - 2023 duoc trinh bay trong hinh 3.13.
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Hinh 3.13: (a) Biéu d6 tam phan hién thi ty 1é cac nhém OPE va (b) phan bé
YOPE (ng/g dw) trong miu ca chim tring

Su phan b caa cac nhdm OPE trong ca chim giam dan theo thi tu alkyl OPEs
(khdng phét hién - 100%) > Cl-alkyl OPEs (khéng phat hién - 91,5%) > aryl OPEs
(khdng phat hién - 67,2%). Trong giai doan nam 2021 - 2023, h6 so 6 nhiém cha yéu
ctia c&c mau cé chim tring 12 alkyl OPEs (hinh 3.13.a). Tuy nhién, h so 6 nhiém cua
ca4c mau ca c6 xu hudng chuyén dich vé ty I¢ dong gop nhiéu hon cua Cl-alkyl OPEs.
Trong khi TBOEP chiém thanh phan cha yéu nhdm alkyl OPEs (66,9%) thi TPhP la
hop chat dong gop cha yéu dén su hién dién cua aryl OPEs trong mau ca (60,5%).
TCEP la hop chat chiém ti I¢ cao trong nhém Cl-alkyl OPEs. Su tich liiy OPE trong
ca bién chiu anh huéng boi méi trudng xung quanh. Cu thé, TBOEP duoc sir dung
trong san xuat nhua, cao su, son mai, va chat danh bong san [226]. Su phan bd rong
rai cua TBOEP trong mau ca thé hién viéc hop chat nay khong duoc xt Iy hiéu qua
boi hé théng xur 1y nudc thai hodc bi thai truc tiép ra méi truong [73]. Nong do
TBOEP trong nghién ctru ndy thap hon so véi trong ca bién & Western Scheldt (260,0-
525,0 ng/g khéi luong lipid) va Na Uy (537,2 ng/g khéi lwong lipid) [85, 222]. Tuy
nhién, mac TBOEP trong cdc mau ca thu thap tai Vinh Manila, Philippines, 1a tuong
duong v&i ham lugng ghi nhan dugc trong nghién cau nay [21]. Cac dan chang trén
da phan &nh thyc trang TBOEP duoc sir dung rong rdi ¢ Viét Nam va chat nay bi thai
ra cac vung nudc ven bién cua Viét Nam qua nudc thai, dan dén mic do cao duoc
quan sat. Bén canh d6, véi thoi gian ban ra dai (150 ngay), kha ning chéng lai su
phén hay bai anh sang va sinh hoc, ciing nhu kho loai b théng qua qua trinh xu ly

nu6c thai nén TCEP cé xu hudng tich lily trong sinh vat bién [227-229]. Nong do
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trung binh cua TCEP duoc chi ra 1a 3,3+2,4 ng/g dw, thap hon so véi c4c gié tri duoc
tim thay trong cé rd & Thuy Dién (43,0-69,0 ng/g khdi luong lipid), ca tuyét den &
Nam Cuc (66,9 ng/g khéi lwong lipid), va c& ma & Vinh Liéu Dong, Trung Québc (281
ng/g khéi luong wét) [35, 132, 230]. Nong d6 trung binh cia TPhP dugc tim thay
trong nghién ctu nay la 1,0+0,6 ng/g dw, thip hon so véi ndong do trong cé tir Ngil
Dai ho [216]. Ngoai ra, hop chat nay cé thé dé dang duoc tim thay trong ca cé bién
va ca nudc ngot [35]. TPhP ¢6 log Kow cao khién né dé tich liy sinh hoc hon so v&i
cac hop chat OPE khac [219].

Nghién ciru ghi nhan duoc c6 sy khéc biét dang ké vé nong d6 OPE gitra cac
thoi diém thu thap (hinh 3.13.b, Kruskal-Wallis, p < 0,05). Cu thé, c6 su khac biét
dang ké vé nong do6 OPE trong c4c mau ca gitra thang 4 va thang 12/2021 (Mann-
Whitney U, p < 0,05) va gitta thang 4 va thang 8 nam 2023 (Mann-Whitney U, p <
0,05). Ngoai ra, 6 sy ting dan néng do6 OPE qua cac nam, ngoai trir thang 4/2021.
Bién d6ng nay tring véi giai doan Viét Nam thuc hién gidn cach xa hoi quy mé 16n
do COVID-19 (2021) va giai doan phuc hdi hoat dong san xuét-giao thong sau do.
Do ty 18 tir vong gia tang trén toan cau, véi tong cong 1.931.000 ca tir vong vao nim
2020 [231], va su gia tang nhanh chong cac ca COVID-19 duoc xac nhan trong quy
dau tién cua ndm 2021, Chinh phu Viét Nam da niang mc canh bdo COVID-19 Ién
muc "do" dé ting cuong hé théng tng pho toan dién. Pé ngin chan sy lay lan cua
COVID-19, Chinh phu Viét Nam da thuc hién cac bién phap nhu "gian cach xa hoi"
va "phong toa" theo Chi thi sé 16/CT-TTg. Cac bién phap nay bao gom han ché san
xuat cong nghiép, han ché nguoi dan di chuyén ra khoi nha va thiic day lam viéc tir
xa. Theo bao céo cua Tong cuc Thong ké Viét Nam, mét sé luong 16n cac doanh
nghiép da tam ngirng hoic ngirng hoat dong trong 7 thang dau nam 2021. Trung binh,
khoang 11.400 doanh nghiép da rat khoi thi truong thuong mai [232]. Ngoai ra, co
t6i 2 triéu ngudi that nghiép trong giai doan phong téa do COVID-19. Cac bang
chang trén cho thay sy sut giam trong cac hoat dong san xuat céng nghiép tai Viét
Nam do phong toa COVID-19 din dén quéa trinh san xuat céng nghiép tai phan Ién
c4c tinh va thanh phd ¢ Viét Nam da ding lai cho dén thang 10 nam 2021. Phong téa

cling duoc cho 13 nguyén nhan dan dén su giam dang ké 6 nhidm moi trudng do sy
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giam manh trong céc hoat dong cdng nghiép & nhiéu qubc gia trén thé gici, bao gém
An D¢, Kazakhstan, Trung Quéc va Han Quéc [231, 233-235]. Sau khi x& hdi trg lai
“binh thudng héa”, da cé su phuc hdi dang ké trong hoat dong kinh doanh, véi 17.400
co s& méi dugc thanh 1ap va doanh nghiép quay tro lai hoat dong vao nam 2022, va
ting dan qua cac nim [236]. Viéc phuc hdi cac hoat dong san xuét cong nhiép c6
turong quan thuan voi ndng do OPE trong cé& chim tring sau khi x4 hdi binh thuong
hoa. Mac du su suy giam ham lugng OPESs trong cé trung véi gia doan gian cach xa
hoi, anh huéng cua COVID-19 duge trinh bay nhu gia thuyét goi ¥ do nghién ciu
khong thu thap dugc toa do/dd xa bd cua ngu truong [237], mac do 6 nhiém tai khu
vuc sinh song, bac dinh dudng [217], va khau phan an cua ca [209], nén khong quy
két chinh x&c nguyén nhan cua sy thay doi. Két qua nay dwoc dién giai 1a hiéu tng
‘nam-thoi diém’ c6 thé phan anh thay d6i nguon phat thai khu vue, dong thoi chiu
chi phdi bai sinh thai loai (tang séng, tap tinh an) va vi tri danh bat - cac yéu té quyét

dinh cau hinh OPE trong md cé.

Viéc phéat thai OPE vao moi truong da bi gian doan do tac dong cua COVID-
19 dan dan dén cac hoat dong cong nghiép, giao thdng va sinh hoat - von 1a nhiing
nguon phat thai chinh cia OPE - da giam sat dang ké [238, 239]. Bién dong nay mang
tinh chat bat thuong va khdng phan anh xu hudng nén cua 6 nhiém OPE qua thoi
gian. Do d06, viéc phan tich gop dit liéu cua ca ba nam c6 nguy co lam sai 1éch nhan
dinh vé hd so 6 nhiém thyc té. Bé dam bao d6 chinh xé4c trong danh gia hd so 6 nhiém,
dir liéu can duoc phan tich theo tirmg nam, nhiam bao tn tinh toan ven cua chudi thoi
gian va phat hién duoc cac thay d6i mang tinh chu ky. Ham luong OPE trong mau cé
chim tring o timg nam dugc phan tich PCA riéng I¢é (hinh 3.14). Bang céch giam sb
lwong chiéu dit liéu, ba thanh phan chinh dau tién trong cac ndm 2021, 2022 va 2023
lan luot giai thich 86,7%, 88,2%, va 79,9% tong bién thién trong mau. Sau khi xem
xét tac dong téng thé 1én ba thanh phan chinh dau tién, ¢ sy khac biét dang ké vé sy
phan b cua cac mau thu thap & khu vuc mién Bic so véi hai khu vire con lai trong
sudt giai doan 2021-2023. C4c hop chét c6 tac dong déng ké dén PC1, PC2 va PC3
trong nam 2021 lan luot 1a TEHP, TBOEP va TDCIPP. Vao nim 2022, cac hop chét
anh huong manh mé dén céc chiéu nay 1a TBOEP, TEHP va TDCIPP. Cudi cung,
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vao nam 2023, cac hop chat ¢6 anh huéng 16n dén cac chiéu nay 1a TEHP, TBOEP
va TCEP. Trong khi TBOEP va TEHP c6 anh huéng manh dén hai PC dau tién,
TDCIPP va TCEP la cac hop chit ¢ anh huong 16n dén PC3. TBOEP, TEHP va
TDCIPP thudng duoc str dung lam chat chéng chay va chat hoa déo trong cac vat lidu
khac nhau nhu nhua, cao su, son va PUF [39, 240]. Mat khac, TCEP dugc st dung
trong nganh cong nghiép noi that nhu 1a chat hda déo trong PVC [39]. Ngoai ra, TCEP
thudng dugc xac dinh 12 hop chat OPE chinh hién dién trong ca khong khi trong nha
va ngoai troi [241]. Do d6, cac mau ca thu thap tir khu vuc Bic Bo cho thiy nong do

TEHP va TBOEP cao hon dang ké so véi cac mau tir hai khu vuc con lai.
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Ghi chi: M&i hang tuong ng véi mot nam khao sat (tir trén xudng: 2021, 2022, 2023); mbi cot thé
hién mot loai két qua PCA khéc nhau, vi du: cot thir nhét 12 biéu db bién (loading plot), cot thir hai
1a biéu do diém mau trén cac thanh phan chinh, kém chd giai mau/ky hiéu cho khu vyc thu mau.

Hinh 3.14: Két qua phan tich PCA ndng dd cac OPE trong c& chim tring thu

thap trong giai doan 2021-2023

Céac nghién curu duogc thuc hién tai Viét Nam da chieng minh su hién dién caa

cac hop chat OPE trong nu6c mit, tram tich va nudc thai xuat phét tir cac hoat dong



122

san xuat cdng nghiép [242, 243]. Hon nita, nuéc thai 1a nguon dong gop chinh cho
viéc thai OPE vao méi truong bién [87]. Bén canh d6, TEHP va TBOEP 13 hai hoa
chat chi yéu dugc tim thay trong c4c sinh vat, cung cip thém bing ching rang cac
hop chit nay khong dugc xir Iy triét dé boi cac hé théng xir Iy nudc thai va thudng bi
thai truc tiép ra moi treong [73]. Ngudn phat thai OPE ciing c6 thé lién quan dén céc
hoat dong kinh té va sinh hoat hang ngay cia ngudi dan cu tra trong khu vuc nghién
cttu. Cu thé hon, noi sinh séng cia con ngudi, nudc thai, nganh céng nghiép san xuat,
nganh xay dung, giao thdng van tai, van chuyén hang hoa va nudi trong thuy san 1a
cac nguon khéc cd kha nang phat thai cac chat 6 nhidém [89, 244]. Ngoai ra, nong do
OPE giam dan khi khoang céach tir dat lién tang 1én, do ngudn phat thai OPE chu yéu
la ngudn nhan tao [245]. Dya trén di liéu thu thap dugc ciing nhu cac tai liéu c6 lién
quan, mirc d6 6 nhiém OPE trong ca chim trang chii yéu bi anh huang béi co cau
cdng nghiép dia phuong. Hon nita, cac théng tin vé cac mé hinh & nhiém trong moi
truong bién bi han ché boi pham vi tng dung rong réi cia OPE va tinh bén viing
twong dbi ngan cua ching. Do dé, viéc lwa chon dia diém nghién ciu chi dua trén
thong tin thu thap ngudn 6 nhidm tir truyén thong c6 thé khong bao quat dy du toan
bo mitc d6 6 nhiém OPE ven bién. Viéc giam sat 6 nhiém OPE trong ca bién trong
tuong lai 1a diéu quan trong dé danh gia chinh xac mirc &6 6 nhidm hién tai va du bao
ngudn phat thai OPE trong ca bién Viét Nam.
3.4.2. Twong quan giita OPE va di-OPE trong méu thit cd

Mtc d6 phat hién va ndng do6 cua cac hop chat OPE, ngoai anh hudéng ciia moi
truong séng va trong co thé sinh vat thi con phu thudc vao co ché chuyén hoa va dao
thai doc t6 ra khoi co thé. Do d6, viée xac dinh nong do cua cac di-OPE 14 can thiét
dé c6 thé phan anh chinh xac muc do tich liiy OPE trong co thé sinh vat. Dwa vao
phuong phap phan tich di-OPE trong thit c4 da duoc téi uu va xac dinh gia tri sir
dung, nong do di-OPE trong 223 mau ca duoc trinh bay cuy thé trong bang S4 va bang
S5.

Khong c6 su khac biét dang ké vé nong do =di-OPEs giira c4c loi c& (Krusal-
Wallis, p > 0,05). Nong d6 Zdi-OPEs trong nghién ctiu nay nam trong khoang 3,2
ng/g dw dén 263,4 ng/g dw, vai gia trj trung binh dat duoc 63,9+48,2 ng/g. Két qua
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nay cao hon so véi ndng do =di-OPEs trong cé& hoi & Uc, ca chép ¢ Trung Quéc va
bot c& ¢ Chau Au [213, 219, 246]. Tuy nhién, ndng d6 =di-OPEs trong nghién cau
nay thap hon so voi ndng do Zdi-OPEs duoc tim thay trong thit c& & Trung Quéc, véi
gia tri trung binh 12 88,8 ng/g [208]. BEHP, DMP, BBOEP va DPhP la c4c hop chét
c6 ndéng do cao trong mau thit ca. Ddi véi ca chi vang, DMP (2,7 - 64,0 ng/g) va
DPhP (1,3 - 16,8 ng/g) 1a hai di-OPE c6 tan suat xuat hién cao nhat lan luot 1a 100%
va 84%. Trong khi d6, BEHP 1a hop chit c6 ndng do cao nhat trong thit ca chi vang
(138,7 ng/g). Pbi véi ca bon, DMP (1,7 - 107,6 ng/g) va DPhP (1,11 - 28,6 ng/g) la
hai di-OPE c6 ty 18 phat hién cao nhét lan luot 13 100% va 89%. Tuong tu nhu ca chi
vang, BEHP 1a hop chat c6 nong d6 cao nhat trong thit c bon (43,0 ng/g). Déi Voi
ca chim trang, BEHP va DMP 14 hai hop chit c6 gi4 tri trung binh cao nhat vai gia
tri lan luot 1a 33,4422,1 ng/g va 23,8+18,8 ng/g. Do d6, BEHP co ty 1é dong gop vao
su hién dién cua di-OPE 1a cao nhat so vai cac hop chat chung nhém con lai. Nhitng
két qua nay cao hon so véi nong do cia chiing duoc tim thay trong thit ca & Trung
Qudc, My va chau Au [219, 247]. Su khac biét ny c6 thé duoc giai thich bai cac dac
diém cong nghiép doc déo cua tirng qudc gia va khu vyc. Cu thé hon, TMP, DnBP,
BEHP, va DPhP Ia c4c hop chéat duoc str dung 1am chét trung gian trong tong hop
phu gia boi tron hodc lam phu gia trong nganh cong nghiép nhya [57, 248].
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Hé s6 ndng 6 chuyén héa
'Hinh 3.15: Ti I¢ Log ndng d§ giira cac cip OPE va di-OPE
Hé s6 nong do chuyén hoa (Rairri) dugc tinh toan dua trén ti 1€ nong do cua di-

OPE so0 véi nong dd OPE tuong tng. Gia trinh ndy phan anh kha ning tich lily cac
hop chat di-OPE trong co thé sinh vat (hinh 3.15). Gid tri Rainri 10n hon 1 thé hién
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nong dd cua chat chuyén hoa cao hon so v6i OPE ban dau trong co thé sinh vat. Tat
ca cac cap chuyén hda co gié tri trung binh 16n hon 1, ngoai trirt BBOEP/TBOEP. Cu
thé, gia tri trung binh cua cac Raini 1an lugt BCEP/TCEP (28,0), BDCIPP/TDCIPP
(3,6), BEHP/TEHP (28,0), DMP/TMP (149,6), DnBP/TnBP (9,2), DPhP/TPhP
(14,9). Pang luu ¥, DMP, BEHP va DPhP 1a cac hop chét chiém vu thé trong mau
thit c& so véi cac hop chit con lai. Céc két qua nay khang dinh ngoai viéc giam sat
ndng d6 OPE, céc di-OPE cua chung ciing cin dugc giam sat chat ché. Ngoai ra, ti ¢
Rainri > 1 chirng minh cac OPEs ¢6 xu huéng chuyén hoa thanh di-OPE va tich liy
trong cac mo sinh vat thay sinh.

Céac nghién ctru so by da chung minh dugc sy phan hay sinh hoc cia OPEs
thanh di-OPE [249]. Khi dugc hip thu vao co thé, OPE trai qua cac qua trinh O-
dealkylation, thay phan, khtr clo - oxy héa, va oxy hoa dé tao thanh di-OPE. TMP
tham gia vao qué trinh thay phan trd thanh DMP, trong khi BBOEP 1a chat chuyén
hoa caa TBOEP [225, 250]. DnBP la mét chat duoc tao ra do qua trinh chuyén hoa
cua TnBP, trong khi DPhP la mét chat thuong gap, duoc hinh thanh tir qué trinh
Chuyén hoa caa TPhP, EHDPHP, va CDP [219, 251, 252]. BCEP, BDCIPP, va BEHP
la nhitng chat duoc san sinh khi TCEP, TDCIPP, va TEHP lan luot duoc chuyén hoa
[58, 247]. Méi quan hé giira OPE va di-OPE & cé4c loai ca duoc trinh bay cu thé &
hinh 3.16.

Déi véi ca chi vang, chi ghi nhan dugc méi twong quan thuan c6 ¥ nghia théng
ké (p < 0,05) ¢ cac cap TnBP-DnBP (r = 0,86), TPhP-DPhP (r = 0,92), TBOEP-
BBOEP (r = 0,96), va TMP-DMP (r = 0,89) (hinh 3.16.a). Trong khi d6, chi ghi nhan
dugc cac méi tuong quan thuan cé ¥ nghia théng ké & cac cap TPhP—DPhP (r = 0,92)
va TMP-DMP (r = 0,89) & ca bon (hinh 3.16.b). Trong khi TBOEP, TnBP va cac
chat chuyén héa ciia ching déu xuat hién hon 50% s6 luong miu ca bon nhung khong
ghi nhan duoc bat ki méi twong quan niao vé mdi tuong quan giita chiing. Diéu nay

cho thay ngoai yéu t6 moi truong, su tich lity di-OPEs trong co thé sinh vat con chiu
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Ghi ch: (a) cé chi vang, (b) ¢4 bon, (c) ¢4 chim tring thu thdp vao mia xuan va (d) c& chim tring

thu thap mua thu

Hinh 3.16: Méi twong quan vé ndng dé giira OPE va di-OPE

anh huong cua yéu té khac. Qua trinh sinh san 1a mot nguyén nhan anh huong dén sy

tich lily OPE trong co thé sinh vat [246]. Su hién dién cua cac chat 6 nhiém trong

budng tring va trong sita duoc chirng minh 1a céch thirc dé sinh vat dao thai doc tb

ra khoi co thé thong qua qué trinh sinh san va phat trién caa con non [231, 246, 253].

Dé giam thiéu anh huong cta qué trinh sinh san dén tinh trang 6 nhiém OPE

trong thit ca, mdi quan hé gitra OPE va di-OPE trong mau cé chim trang duoc danh

gid & hai thoi diém khac nhau. Cac nghién ctru trudc day da chimg minh duoc cé

chim tring c6 hai giai doan chin mudi caa tuyén sinh duc trong mét nam [254]. Mot
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lan dién ra tir thang 3 dén thang 5 va lan con lai dién ra tir thang 8 dén thang 9 [255,
256]. Do d6, mau ca chim trong nghién ctru nay duoc chia thang 2 nhém, nhiing ca
thé dat dén d6 truong thanh hoan toan vao mua xuan (thang 4), trong khi nhém thu 2
bao gém nhiing ca thé c6 trang méi bat dau phat trién cho mua sinh san tiép theo
(mua thu, thang 8). Méi quan hé giira OPE va di-OPE trong thit c4 chim & 2 thoi diém
d3 néu trén dwoc trinh bay ¢ hinh 3.16.c va 3.16.d. D6i véi nhom thu thap vao mua
xuan da ghi nhan duoc cac mdi twong quan thuan cd y nghia théng ké giira cac cap
TDCIPP-BDCIPP (r =0,80), TEHP-BEHP (r =0,90), TPhP-DPhP (r =0,87), TMP-—
DMP (r = 0,92), va TBOEP-BBOEP (r = 0,79) véi p < 0,05 (hinh 3.16.¢). Nguoc lai,
c6 nhiéu mdi twong quan dwong c6 y nghia gitta TDCIPP, TEHP, TPhP, TMP va
TBOEP va cac chat chuyén héa cua chiing trong nhém cé thu thap vao mua thu. Hé
s twong quan cho cac mdi twong quan nay lan luot 12 0,84, 0,94, 0,83, 0,82, va 0,83
(p < 0,05, hinh 3.16.d). Két qua cho thay, bién s6 lién quan dén qua trinh sinh san
khong c6 bat ky tac dong nao dén mdi quan hé gitra cac cip OPE va di-OPE trong
nghién ctu nay.

DMP 12 mét hop chat duoc chuyén héa tir TMP. Do d6, luén quan sat duoc moi
quan hé duong manh cé ¥ nghia thong ké cia TMP va DMP trong cac mau c&. Ngoai
ra, khong c6 mdi quan hé nao dugc thiy gitta DPhP véi cac hop chit OPE nhu
EHDPHP, hoac CDP. Bong thoi, khéng ghi nhan duoc méi twong quan giira TEHP
va BEHP trong c& mau ca. Tuy nhién, gia tri Raixi ciia hop chat nay vuot qua 1 (hinh
3.14), cung cip bang ching cho sy ton tai dong thoi cua di-OPE va OPE trong moi
truong séng cua sinh vat. Vi dy, DMP dugc san xuat & quy md cong nghiép va duoc
str dung nhu mot hop chét trung gian trong san xuat phu gia boi tron, chat két dinh
va thudc trir sdu hiru co [251]. DPhP ciing dugc sir dung trong cdng nghiép nhu 1a
mot chat xdc tac trong cac qua trinh tring hop va 1a mot phu gia trong nganh cong
nghiép son va 16p phu [257]. Trong khi d6, BEHP 1a mot chat héa déo duoc st dung
phd bién trong nhiéu tng dung cdng nghiép khac nhau [258]. Hon nita, cAc phan tng
hoa hoc Xay ra trong méi trudng, chang han nhu thiy phan trong nudc va quang phan
duéi anh sang, ciing gop phan lam gia ting mirc d6 di-OPE trong méi trudng bién
[259].
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Cac nghién ctu chi ra rang OPE chi yéu duoc chuyén hoa thanh di-OPE trong
vi thé gan va co sy ddng nhét vé co ché chuyén hoa gitta c4c loai khac nhau [218].
Alkyl OPEs trai qua qua trinh thiy phan dé tao thanh céc diester trong wng, trong khi
Cl-alkyl OPEs can qué trinh O-dealkylation dé hinh thanh diester [110]. Ngoai ra, CI-
alkyl OPESs tao ra c4c san pham acid carboxylic théng qua qué trinh khir halogen-oxy
hoa va thuc hién qué trinh oxy hoa tao thanh céac aldehyde boi enzym acetaldehyde
dehydrogenase [58]. Trong khi do, cac aryl OPEs phai trai qua mot loat c&c qué trinh
hoa hoc, bao gdom ca hydroxyl hda, dihydroxyl hda va carboxyl hda caa nhém phenyl.
Cac chat chuyén hoéa lai tiép tuc trai qua cac phan tng lién quan dén glycoside
glucuronic va gdc sulfate. Cac hop chat trén dan dén su hinh hinh céc chat chuyén

hoa thong qua céc qua trinh hydroxyl héa va dihydroxyl héa [110].

Tir cac két qua phan tich trén, su hién dién cua di-OPE trong cac mau sinh hoc
la két qua cua qué trinh chuyén hda cia OPE trong sinh vat séng. Dé ¢ thé hiéu day
du vé su tich lily ciia OPE, can phai c6 thém cac nghién ctiru chuy@n sau cac qua trinh
chuyén hoa caa OPE trong sinh vat dé c6 dugc cai nhin toan dién hon vé mutc do 6

nhiém OPE trong ca.

3.5. Rii ro sirc khée ciia OPE trong ca thong qua qua trinh tiéu thu
3.5.1. Uéc lwong phoi nhiém hang ngay

Trong béi canh gia ting nhan thic vé nguy co sic khoe lién quan dén cac hop
chat OPE, viéc dinh luong mirc do phoi nhiém ciia con ngudi qua thuc pham tro nén
dic biét can thiét nham hd tro danh gia rui ro mot cach toan dién. Véi dac tinh bén
vitng trong moi trudng va kha nang tich liiy sinh hoc cao, OPE c6 thé gay ra nhiing
anh huong bat loi doi véi sirc khoe con ngudi, khong chi trong giai doan phoi nhiém
ngin han ma con kéo dai sudt cudc doi.

Dé ude luong phoi nhidm, nghién ctru nay tién hanh tinh toan dong thoi hai chi
s6: lidu hap thu uéc tinh hang ngay (EDI) va lidu hap thu trung binh hang ngay suét
doi (LADD). Trong d6, EDI phan anh luong hap thu trung binh hang ngay cua cac
OPE tir thuc pham, qua d6 danh gia nguy co cap tinh hodc phoi nhidm tac thoi; trong

khi LADD tinh todn muc phoi nhiém trung binh tich lily theo thoi gian séng trung
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binh, cho phép danh gia nguy co man tinh va lau dai. Viéc tinh toan song song EDI
va LADD duoc lya chon trén co sé dic diém hda ly cua cac OPE ciing nhu cac khuyén
nghi tir cac co quan quan ly quéc té nhu US EPA. Bac biét, nhom dbi twong tré em,
Véi trong luong co thé thap va co ché giai doc sinh hoc chua hoan thién, duoc xem la
nhay cam hon déi véi ca phoi nhiém ngin han va tich liiy lau dai, do dé yéu cau
phuong phap danh gia rui ro theo ca hai goc do.

Viéc tiéu thy c4 bién trong bira dn hang ngay 1a mot con dudng quan trong khién
con ngudi co thé tiép xuc, phoi nhiém OPE va tiém an kha ning anh huong dén sirc
khoe con ngudi. Udc lwong phoi nhiém hang ngay théng qua viéc tiéu thy ca bién
dugc tinh toan cho ddi twong ngudi 16n va tré em (tir 1 dén 6 tudi) qua EDI va LADD.
Trong nghién ctru nay, cé&c gia tri ham lugng trung binh va ham luong tai phén vi tha
95 cua bo dit lidu duoc sir dung dé wdc tinh EDI va LADD khi tiép x(c voi OPE. Cac
gia tri EDI va LADD cua OPE thong qua con duong tiéu hdéa ¢ tré em va ngudi 16n
dugc tinh toan trén timg dbi teong ca chi vang, ca bon, ¢4 chim tring va tat ca miu
ca trong nghién ciu ndy. Két qua tinh toan duogc trinh bay cu thé trong bang 3.13
(miu duong tinh) va bang 3.14 (tit ca cac mau).

Két qua ude tinh luong phoi nhiém cho thay, viéc tiéu thy ca chi vang dan dén
muc EDI cua cac hop chat OPE cao hon dang ké & tré em so véi ngudi 16n ¢ cac mau
c4 duong tinh. Cu thé, ZEDI trung binh ¢ tré em dat 46,27 ng/kg-bw/ngay, trong khi
o nguoi lon chi dat 11,57 ng/kg-bw/ngay. Tai phén vi 95, ZEDI ¢ tré em tang 1én
97,17 ng/kg-bw/ngay, gan gap bén lan so voi nguoi 16n (24,29 ng/kg-bw/ngay).
TCEP 14 hop chat chiém ty 1& cao nhat, dong gop 34,15% vao ZEDI ¢ tré em. Cac
hop chat tiép theo lan luot 1a TDCIPP (17,57%), TBOEP (15,63%) va TEHP
(12,37%). BSn hop chét nay chiém hon 75% tong luong phoi nhiém EDI tir viéc tiéu
thu cé chi vang. Nguoc lai, khi xét dén LADD, xu huéng tinh toan lai dao nguoc.
2LADD trung binh qua tiéu thu cé chi vang ¢ tré em dat 3,97 ng/kg-bw/ngay, trong
khi ¢ nguoi 16n 1a 19,83 ng/kg-bw/ngay. O phan vi 95, SLADD cua tré em (8,33
ng/kg-bw/ngay) van thap hon nhiéu so voi nguoi 16n (41,64 ng/kg-bw/ngay).



Bang 3.13. Két qua tinh toan EDI (ng/kg-bw/ngay) va LADD (ng/kg-bw/ngay) cia OPE qua dwdng tiéu hoa ¢ cac nhom tudi nghién
cwu (tinh todn trén cac mau dwong tinh)

Ham lwgng (ng/g ww) Tré em Nguoi 1on
Loai P : EDI LADD EDI LADD
ca Hop chat X th Trung th Trung th Trung th Trung th
Trung binh 95 binh 95 binh 95 binh 95 binh 95
TMP 0,18 0,26 1,20 1,74 0,10 0,15 0,30 0,43 0,51 0,74
TEP 0,27 0,40 1,76 2,64 0,15 0,23 0,44 0,66 0,76 1,13
TnPrP 0,11 0,21 0,70 1,37 0,06 0,12 0,17 0,34 0,30 0,59
TIPrP 0,11 0,17 0,70 1,10 0,06 0,09 0,17 0,27 0,30 0,47
TnBP 0,16 0,27 1,03 1,77 0,09 0,15 0,26 0,44 0,44 0,76
TiBP 0,37 0,66 2,47 4,38 0,21 0,38 0,62 1,09 1,06 1,88
2 | THP 0,19 0,37 1,23 2,45 0,11 0,21 0,31 0,61 0,53 1,05
? TBOEP 1,17 3,42 7,76 | 22,67 0,67 1,94 1,94 5,67 3,33 9,72
S | TEHP 0,86 1,68 572 | 11,13 0,49 0,95 1,43 2,78 2,45 4,77
S | TPhP 0,31 0,51 2,05 3,38 0,18 0,29 0,51 0,85 0,88 1,45
CDP 0,16 0,30 1,05 1,97 0,09 0,17 0,26 0,49 0,45 0,84
EHDPHP 0,16 0,22 1,08 1,45 0,09 0,12 0,27 0,36 0,46 0,62
TCP 0,12 0,25 0,81 1,63 0,07 0,14 0,20 0,41 0,35 0,70
TCEP 1,59 3,56 10,58 | 23,61 0,91 2,02 2,64 5,90 453 | 10,12
TDCIPP 1,23 2,39 8,13 | 15,89 0,70 1,36 2,03 3,97 3,48 6,81
Téng 46,27 | 97,17 3,97 8,33 11,57 24,29 19,83 | 41,64
< £ TMP 0,20 0,39 1,34 2,55 0,11 0,22 0,33 0,64 0,57 1,09
O35 [TEp 0,22 0,35 1,45 2,32 0,12 0,20 0,36 0,58 0,62 0,99
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TnPrP 0,19 0,28 1,25 1,83 0,11 0,16 0,31 0,46 0,54 0,78
TIPrP 0,11 0,20 0,74 1,29 0,06 0,11 0,19 0,32 0,32 0,55
TnBP 0,11 0,19 0,74 1,25 0,06 0,11 0,18 0,31 0,32 0,54
TiBP 0,18 0,29 1,17 1,90 0,10 0,16 0,29 0,47 0,50 0,81
THP 0,28 0,39 1,85 2,59 0,16 0,22 0,46 0,65 0,79 111
TBOEP 1,09 2,58 7,22 17,11 0,62 1,47 1,80 4,28 3,09 7,33
TEHP 0,29 0,63 1,95 4,17 0,17 0,36 0,49 1,04 0,84 1,79
TPhP 0,47 0,74 3,10 4,89 0,27 0,42 0,77 1,22 1,33 2,09
CDP 0,24 0,38 161 2,55 0,14 0,22 0,40 0,64 0,69 1,09
EHDPHP 0,09 0,12 0,56 0,81 0,05 0,07 0,14 0,20 0,24 0,35
TCP 0,20 0,37 1,29 2,45 0,11 0,21 0,32 0,61 0,55 1,05
TCEP 0,44 0,86 2,91 5,70 0,25 0,49 0,73 1,42 1,25 2,44
TDCIPP 0,23 0,49 1,55 3,24 0,13 0,28 0,39 0,81 0,66 1,39
Tong 28,74 | 54,65 2,46 4,68 7,18 13,66 12,32 | 23,42
TMP 0,30 0,64 1,98 4,22 0,17 0,36 0,49 1,06 0,85 1,81
TEP 0,21 0,42 1,38 2,77 0,12 0,24 0,35 0,69 0,59 1,19
eb | TnPrP 0,12 0,28 0,82 1,85 0,07 0,16 0,20 0,46 0,35 0,79
“E | TIPIP 0,10 0,25 0,64 1,63 0,05 0,14 0,16 0,41 0,27 0,70
é TnBP 0,15 0,32 0,96 2,12 0,08 0,18 0,24 0,53 0,41 0,91
2 TiBP 0,20 0,39 1,30 2,99 0,11 0,22 0,33 0,65 0,56 1,11
O | THP 0,29 0,65 1,90 4,31 0,16 0,37 0,47 1,08 0,81 1,85
TBOEP 1,42 2,68 9,40 | 1781 0,81 1,53 2,35 4,45 4,03 7,63
TEHP 1,37 3,45 9,06 | 22091 0,78 1,96 2,26 5,73 3,88 9,82
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TPhP 0,25 0,54 1,69 3,56 0,14 0,31 0,42 0,89 0,72 1,53
CDP 0,15 0,40 101 2,64 0,09 0,23 0,25 0,66 0,43 1,13
EHDPHP 0,18 0,46 1,18 3,08 0,10 0,26 0,30 0,77 0,51 1,32
TCP 0,35 0,72 2,32 4,75 0,20 0,41 0,58 1,19 0,99 2,03
TCEP 0,85 1,91 5,65| 12,68 0,48 1,09 1,41 3,17 2,42 5,44
TDCIPP 0,89 1,76 590 | 11,65 0,51 1,00 1,47 2,91 2,53 4,99
Tong 45,19 | 98,56 3,87 8,45 11,30 24,64 19,37 | 42,24
TMP 0,28 0,63 1,84 4,18 0,16 0,36 0,46 1,05 0,79 1,79
TEP 0,22 0,40 1,43 2,67 0,12 0,23 0,36 0,67 0,61 1,15
TnPrP 0,13 0,28 0,83 1,85 0,07 0,16 0,21 0,46 0,36 0,79
TIPrP 0,10 0,24 0,65 1,57 0,06 0,13 0,16 0,39 0,28 0,67
TnBP 0,14 0,31 0,95 2,04 0,08 0,18 0,24 0,51 0,41 0,88
< | TiBP 0,22 0,48 1,46 3,19 0,13 0,27 0,36 0,80 0,63 1,37
= | THP 0,27 0,62 1,80 4,10 0,15 0,35 0,45 1,03 0,77 1,76
E TBOEP 1,35 2,70 8,99 | 17,89 0,77 1,53 2,25 4,47 3,85 7,67
'S | TEHP 1,18 3,23 7,85 | 21,45 0,67 1,84 1,96 5,36 3,36 9,19
t(%o TPhP 0,28 0,58 1,88 3,84 0,16 0,33 0,47 0,96 0,81 1,65
= | CDP 0,16 0,39 1,05 2,60 0,09 0,22 0,26 0,65 0,45 1,12
EHDPHP 0,17 0,44 1,14 2,91 0,10 0,25 0,29 0,73 0,49 1,25
TCP 0,31 0,66 2,05 4,35 0,18 0,37 0,51 1,09 0,88 1,86
TCEP 0,95 2,31 6,30 | 15,32 0,94 1,31 1,58 3,83 2,70 6,57
TDCIPP 0,90 1,86 598 | 12,34 0,51 1,06 1,49 3,09 2,56 5,29
Tong 44,19 | 100,32 3,79 8,60 11,05 25,08 18,94 | 42,99
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Bang 3.14. Két qua tinh toan EDI (ng/kg-bw/ngay) va LADD (ng/kg-bw/ngay) ciia OPE qua dudng tiéu hoa ¢ cac nhom tudi nghién
cwru (tat ca cac mau)

. Ham lugng (ng/g ww) Tré em Ngwot lon
Loai £ : EDI LADD EDI LADD
ca | Hopchat R " Trung h Trung " Trung " Trung "
Trung binh 95 binh 95 binh 95 binh 95 binh 95
TMP 0,10 0,25 0,63 1,68 0,05 0,14 0,16 0,42 0,27 0,72
TEP 0,12 0,39 0,83 2,56 0,07 0,22 0,21 0,64 0,35 1,10
TnPrP 0,05 0,18 0,32 1,22 0,03 0,10 0,08 0,30 0,14 0,52
TIPrP 0,04 0,14 0,27 0,92 0,02 0,08 0,07 0,23 0,12 0,40
TnBP 0,12 0,27 0,80 1,77 0,07 0,15 0,20 0,44 0,34 0,76
TiBP 0,23 0,63 1,52 4,21 0,13 0,36 0,38 1,05 0,65 1,80
2 | THP 0,12 0,37 0,82 2,43 0,07 0,21 0,20 0,61 0,35 1,04
:‘;‘ TBOEP 0,74 2,75 491 18,23 0,42 1,56 1,23 4,56 2,11 7,81
% TEHP 0,62 1,60 4,15| 10,64 0,36 0,91 1,04 2,66 1,78 4,56
8 TPhP 0,24 0,50 1,57 3,33 0,13 0,29 0,39 0,83 0,67 1,43
CDP 0,08 0,28 0,50 1,87 0,04 0,16 0,12 0,47 0,21 0,80
EHDPHP 0,08 0,21 0,52 1,42 0,04 0,12 0,13 0,36 0,22 0,61
TCP 0,07 0,23 0,49 1,54 0,04 0,13 0,12 0,38 0,21 0,66
TCEP 1,30 3,13 8,63 | 20,76 0,74 1,78 2,16 5,19 3,70 8,90
TDCIPP 0,48 2,04 3,15| 13,54 0,27 1,16 0,79 3,39 1,35 5,80
Téng 29,11 | 86,12 2,50 7,38 7,28 21,53 12,48 | 36,91
s g | TMP 0,10 0,38 0,67 2,52 0,06 0,22 0,17 0,63 0,29 1,08
© 2 TEP 0,12 0,35 0,81 2,31 0,07 0,20 0,20 0,58 0,35 0,99
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TnPrP 0,08 0,23 0,50 1,53 0,04 0,13 0,13 0,38 0,22 0,65
TIPrP 0,05 0,19 0,32 1,24 0,03 0,11 0,08 0,31 0,14 0,53
TnBP 0,08 0,18 0,53 1,19 0,05 0,10 0,13 0,30 0,23 0,51
TiBP 0,11 0,28 0,73 1,85 0,06 0,16 0,18 0,46 0,31 0,79
THP 0,18 0,39 1,22 2,56 0,10 0,22 0,30 0,64 0,52 1,10
TBOEP 0,75 2,30 4,99 | 15,23 0,43 1,31 1,25 3,81 2,14 6,53
TEHP 0,22 0,56 1,47 3,74 0,13 0,32 0,37 0,93 0,63 1,60
TPhP 0,33 0,72 2,16 4,81 0,19 0,41 0,54 1,20 0,93 2,06
CDP 0,09 0,38 0,62 2,50 0,05 0,21 0,16 0,63 0,27 1,07
EHDPHP 0,04 0,12 0,25 0,79 0,02 0,07 0,06 0,20 0,11 0,34
TCP 0,11 0,35 0,70 2,33 0,06 0,20 0,18 0,58 0,30 1,00
TCEP 0,26 0,76 1,75 5,02 0,15 0,43 0,44 1,25 0,75 2,15
TDCIPP 0,07 0,28 0,46 1,87 0,04 0,16 0,11 0,47 0,20 0,80
Tong 17,20 | 49,49 1,47 4,24 4,30 12,37 7,37 21,21
TMP 0,18 0,59 1,18 3,89 0,10 0,33 0,30 0,97 0.51 1.67
TEP 0,12 0,35 0,82 2,33 0,07 0,20 0,20 0,58 0.35 1.00
eb | TnPrP 0,07 0,23 0,48 1,53 0,04 0,13 0,12 0,38 0,21 0,66
“E | TIPIP 0,06 0,20 0,40 1,35 0,03 0,12 0,10 0,34 0,17 0,58
E |TnBP 0,10 0,28 0,64 1,87 0,05 0,16 0,16 0,47 0,27 0,80
E TiBP 0,12 0,34 0,81 2,25 0,07 0,19 0,20 0,56 0,35 0,96
O | THP 0,19 0,57 1,23 3,81 0,11 0,33 0,31 0,95 0,53 1,63
TBOEP 0,92 2,43 6,09 | 16,12 0,52 1,38 1,52 4,03 2,61 6,91
TEHP 0,84 3,13 5,60 | 20,78 0,48 1,78 1,40 5,19 2,40 8,90
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TPhP 0,16 0,47 1,03 3,12 0,09 0,27 0,26 0,78 0,44 1,34
CDP 0,09 0,33 0,60 2,17 0,05 0,19 0,15 0,54 0,26 0,93
EHDPHP 0,10 0,37 0,65 2,43 0,06 0,21 0,16 0,61 0,28 1,04
TCP 0,20 0,65 1,33 4,34 0,11 0,37 0,33 1,09 0,57 1,86
TCEP 0,56 1,84 3,69 | 12,20 0,32 1,05 0,92 3,05 1,58 5,23
TDCIPP 0,53 1,49 3,91 9,90 0,30 0,85 0,88 2,48 1,50 4,24
Tong 28,06 | 88,10 2,40 7,95 7,01 22,03 12,02 | 37,76
TMP 0,16 0,58 1,06 3,81 0,09 0,33 0,27 0,95 0,45 1,63
TEP 0,12 0,36 0,82 2,38 0,07 0,20 0,20 0,60 0,35 1,02
TnPrP 0,07 0,22 0,46 1,47 0,04 0,13 0,12 0,37 0,20 0,63
TIPrP 0,06 0,19 0,38 1,25 0,03 0,11 0,09 0,31 0,16 0,54
TnBP 0,10 0,27 0,65 1,79 0,06 0,15 0,16 0,45 0,28 0,77
< | TiBP 0,14 0,41 0,90 2,71 0,08 0,23 0,23 0,68 0,39 1,16
= | THP 0,18 0,53 1,17 3,49 0,10 0,30 0,29 0,87 0,50 1,49
E TBOEP 0,88 2,47 583 | 16,39 0,50 1,40 1,46 4,10 2,50 7,02
'S | TEHP 0,76 2,88 5,04 | 19,08 0,43 1,64 1,26 4,77 2,16 8,18
b(%o TPhP 0,18 0,93 1,21 3,49 0,10 0,30 0,30 0,87 0,52 1,50
= | CDP 0,09 0,33 0,99 2,16 0,05 0,18 0,15 0,54 0,25 0,92
EHDPHP 0,09 0,32 0,59 2,10 0,05 0,18 0,15 0,52 0,25 0,90
TCP 0,17 0,63 1,16 4,19 0,10 0,36 0,29 1,05 0,50 1,79
TCEP 0,64 2,03 4,23 | 13,48 0,36 1,16 1,06 3,37 1,81 5,78
TDCIPP 0,48 1,63 3,20 | 10,79 0,27 0,92 0,80 2,70 1,37 4,62
Tong 27,28 | 88,57 2,34 7,99 6,82 22,14 11,69 | 37,96
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Viéc tiéu thu ca bon dan dén mic EDI ddi véi cac hop chat OPE & tré em cao
hon so vai nguoi lon. ZEDI trung binh ¢ tré em dat 28,74 ng/kg-bw/ngay, trong khi
& ngudi 16n 12 7,18 ng/kg-bw/ngay. O phan vi 95, ZEDI & tré em va nguoi 16n lan
luot ting 1én 54,65 ng/kg-bw/ngay va 13,66 ng/kg-bw/ngay. TBOEP 1a hop chat
chiém ty Ié cao nhat trong tong EDI & tré em, dong gop 25,12% tong lwong phoi
nhidm. Tiép theo 12 TPhP (10,79%), TCEP (10,13%), va TEHP (6,79%). SLADD
trung binh & tré em 1a 4,68 ng/kg-bw/ngay, thap hon so véi ngudi 16n (12,32 ng/kg-
bw/ngay). O phan vi 95, SLADD ciing thap hon & tré em (8,64 ng/kg-bw/ngay) so
véi nguoi lon (23,49 ng/kg-bw/ngay).

Déi véi ca chim trang, ZEDI trung binh & tré em 1a 45,19 ng/kg-bw/ngay, trong
khi & nguoi 16n dat 11,30 ng/kg-bw/ngay. O phan vi 95, ZEDI ¢ tré em va nguoi 16n
lan luot 12 98,56 ng/kg-bw/ngay va 24,64 ng/kg-bw/ngay. TBOEP va TEHP Ia hai
hop chat chiém ty 18 I6n nhat trong téng EDI, lan luot 1a 20,80% va 20,04%. Cac hop
chat TDCIPP (13,05%) va TCEP (12,50%) ciing c6 ty 1& dang ké, cho thay bon hop
chat nay ciing nhau dong gép hon 66% tong phoi nhiém EDI tir viéc tiéu thu ca chim
trang. Xét vé LADD, tré em c¢6 XLADD trung binh la 8,45 ng/kg-bw/ngay, thap hon
so véi ngudi 16n (19,37 ng/kg-bw/ngay), pht hop véi co ché tinh toan phoi nhiém
tich Iily dai han. Tuong tu, & phan vi 95, SLADD ciing thdp hon & tré em (16,32
ng/kg-bw/ngay) so véi nguoi 16n (42,49 ng/kg-bw/ngay).

Khi so sanh giira ba loai ca cho thiy rang, ZEDI trung binh & tré em cao nhat
khi tiéu thu c4 chi vang (46,27 ng/kg-bw/ngay) va ca chim trang (45,19 ng/kg-
bw/ngay), trong khi ca bon ghi nhan mic EDI thap hon dang ké (28,74 ng/kg-
bw/ngay). Xu hudng twong ty dugc quan sat & ngudi 16n, phan anh rang ca chi vang
va ca chim trang co thé chia tong luong OPE cao hon so vdi ca bon trong diéu kign
khao sat. Tuy nhién, khi xét ¢én LADD, cé chim trang noi bat hon véi XLADD & tré
em dat 8,45 ng/kg-bw/ngay, gan gap doi so voi ca bon (4,68 ng/kg-bw/ngay) va cé
chi vang (3,97 ng/kg-bw/ngay). O nguoi 16n, SLADD tir ¢4 chi vang (19,83 ng/kg-
bw/ngay) va ca chim tring (19,37 ng/kg-bw/ngay) déu vuot trdi so vai ca bon (12,32
ng/kg-bw/ngay). Bi vai EDI, trong luong co thé nhé hon va muc tiéu thu thuc pham

cao hon theo don vi trong luong & tré em c6 nguy co phoi nhiém cao hon di voi cac
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hop chat OPE. Bang thoi, hé thdng giai doc sinh hoc & tré em chua hoan thién hoan
toan, 1am tang tinh nhay cam voi cac tac dong bat loi tir phoi nhiém cap tinh. Mic du
tré em c6 mic phoi nhiém tac thoi cao hon, ngudi 16n ¢6 tong LADD 16n hon do thoi
gian phoi nhiém dai hon.

So sanh EDI va LADD theo nhém mau va do tudi
Gia tri Trung binh va 95th

Tré em Ngwéi lén
100,32

1a3

4419 |
30 27,28 i

11,05 =
[ . ! }

Gia tri (ng/kg-bw/ngay)

aavi

204 18,94

11,69
10 1 860 759 <‘ il
3.79 = ‘

) [ = L L

Trung binh 95th Trung binh 95th

Nhém mau [l Wu deong tinh B T4t ca mAu phan tich

Hinh 3.17. Anh hwéng cia cach xir ly gia tri <MDL dén EDI (ng/kg-bw/ngay)
va LADD (ng/kg-bw/ngay) theo nhém tudi

Hinh 3.17 minh hoa 15 tac dong cua cach xur ly gia tri dudi ngudng phét hién
(<MDL) 1én uéc luong phoi nhiém. Khi chi diing mau duong tinh, cac uéc lwgng cao
hon nhét quén so vai kich ban gan MDL/2. Cy thé, ¢ tré em: EDI trung binh giam tir
44,19 xubng 27,28 ng/kg-bw/ngay -38,27%), con & 95 tir 100,32 xudng 88,57 ng/kg-
bw/ngay (-11,71%); ¢ ngudi I6n, EDI trung binh giam tir 11,05 xubng 6,82 ng/kg-
bw/ngay (-38,28%) va 95" tir 25,08 xudng 22,14 ng/kg-bw/ngay (-11,72%). Xu
hudng twong ty dwoc ghi nhan & LADD: tré em giam tir 3,79 xudng 2,34 ng/kg-
bw/ngay (-38,26%) va 8,60 xubng 7,59 ng/kg-bw/ngay (-11,74%) cho trung binh va
95 ngudi 16n tir 18,94 xudng 11,69 ng/kg-bw/ngay (-38,27%) va 42,99 xudng 37,96
ng/kg-bw/ngay (-11,70%). Su chénh léch Ién hon ¢ udc lugng trung binh phan anh
ty 16 mau khdng phat hién tuong d6i cao, khién kich ban MDL/2 kéo céc gié tri trung

tam xubng rd rét, trong khi dudi phan bd (951 it nhay hon. Vé déi tuong, EDI cua
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tré em cao hon nguoi I6n do BW nhé (EDI twong quan thuan vai IR/BW), con LADD
ctia ngudi 16n lai cao hon do thoi gian phoi nhidm sudt doi dai hon. Tir d6, luan &n
bao cdo song song hai kich ban ¢é minh bach d¢ nhay, dong thoi xem 95 nhu kich
ban than trong nham tranh danh gia thap rai ro trong dién giai quan ly.

V¢i ham lugng OPE trong 223 mau ca trong nghién cau nay, EDI trung binh
d6i véi tré em dat 44,19 ng/kg-bw/ngay, va dbi véi ngudi 16n 1a 11,05 ng/kg-bw/ngay
(hinh 3.17). G phan vj 95, ZEDI lan luot ting 1én 100,32 ng/kg-bw/ngay ddi vai tré
em va 25,08 ng/kg-bw/ngay dbi voi nguoi 16n. Nhitng gia tri nay cho thay rang, mic
phoi nhiém cua tré em van cao gap khoang 4 1an so véi ngudi I6n khi chuan hoa theo
trong luong co thé. TBOEP (20,34%), TEHP (17,77%), TCEP (14,26%) va TDCIPP
(13,53%) chiém hon 65% tong phoi nhidém EDI tir viéc tiéu thu ca. Diéu nay cho thay
phoi nhiém OPEs qua thuc pham thity san chi yéu chiu chi phéi boi mot sé hop chat
nhét dinh, dac biét la cac alkyl va Cl-alkyl OPE. XLADD trung binh qua tiéu thu ca
dat 3,79 ng/kg-bw/ngay ¢ tré em va 18,94 ng/kg-bw/ngay & nguoi lon. O 95,
YLADD tang 8,60 ng/kg-bw/ngay cho tré em va 42,99 ng/kg-bw/ngay cho nguoi Ion.

Gia tri ZEDI tinh toan duoc trong nghién cttu ndy nhin chung thap hon dang ké
S0 Vai cac nghién ciu trude day. Cu thé, Su va cgng si (2025) bao céo ZEDI cua
OPE qua tiéu thu cé& bién tai ving Hai Nam (Trung Quéc) dao dong trong khoang
73,9-1910 ng/kg-bw/ngay, cao hon mot dén hai bac do 16n so véi gia tri ghi nhan
trong nghién ctu hién tai [260]. Tuong tu, Lin va cgng su (2024) ghi nhan muc phoi
nhiém vuot qua 300 ng/kg-bw/ngay ddi véi mot sé hop chét riéng 16 tai khu vuc cira
song Hoang Ha [261]. Nguoc lai, Lian va cong su (2024) va Olivero-Verbel va cong
sir (2025) ghi nhan gia tri tong EDI thap hon hoic twong duong (2-30 ng/kg-bw/ngay)
khi khao sat phoi nhiém OPEs qua thity san tai ving vinh Laizhou va vinh Cartagena
[183, 262]. Su khac biét nay c6 thé xuat phat tir nhiéu yéu tb, bao gom su khéc nhau
vé muc d6 6 nhidm moéi trudng khu vue, dic tinh sinh hoc cua loai ca duoc khao sét,
thoi quen tiéu thy thyc pham dia phuong, cling nhu phwong phap tinh toan va gia
dinh dau vao (vi du: luong tiéu thy thuc pham, trong luong co thé). Dac biét, cac khu

vuc ¢6 mire d6 cdng nghiép hda cao hoic chiu tac dong 16n tir xa thai hoa chét cong
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nghiép nhu Hai Nam va cira song Hoang Ha c6 xu hudéng ghi nhan mac phoi nhiém
cao hon dang ké.
3.5.2. Danh gia riii ro sirc khoe
3.5.2.1. Panh gia rui ro khong gdy ung thu
Cac gia tri HQ va HI biéu thi rui ro khong gay ung thu ctia cac chat riéng I¢ va
téng OPE trong nghién ciru nay duoc tinh toan dua trén cong thie 2.20. Cac két qua

tinh toan HQ va HI duoc trinh bay trong bang 3.15.

Bang 3.15. Rii ro khong gy ung thw cia OPE qua dwong tiéu hoa

HQx10
Hop chit (n /kR f/[r)] ay) Tré em Nguwoi lon
gikgingay Trung binh 95t Trung binh o5t

TMP 10.000 1,84/1,05 4,18/3,84 0,46/0,26 1,05/0,97
TEP 125.000 0,12/0,07 0,21/0,19 0,03/0,02 0,05/0,05
TnPrP - - - - —
TIPrP — — — — —
TnBP 24.000 0,40/0,29 0,85/0,74 0,10/0,07 0,21/0,18
TiBP — — — — —
THP _ _ _ _ _
TBOEP 15.000 599/3,90 11,93/10,91  1,50/0,98 2,98/2,73
TEHP 35.000 2,24/1,44 6,13/5,47 0,56/0,36 1,53/1,36
TPhP 70.000 0,27/0,17 0,55/0,50 0,07/0,05 0,17/0,16
CDP - — — — -
EHDPHP 15.000 0,76/0,40 1,94/1,41 0,19/0,10 0,49/0,36
TCP 13.000 1,57/0,86 3,34/3,19 0,39/0,21 0,84/0,80
TCEP 22.000 2,86/1,93 6,96/6,12 0,72/0,49 1,74/1,53
TDCIPP 15.000 3,98/2,12 8,23/7,21 1,00/0,53 2,06/1,81
HI1x10* 20,04/12,23 44,33/39,58  5,01/3,07 11,08/9,95

Ghi cha: Cac gia tri HO duwoc trinh bay lan Leot viéc tinh todn trén hai kich ban: mau duwong tinh/tat
Cd CAC mau

Khi so sanh hai kich ban xu ly dit liéu <MDL cho thay sai khac dang ké & wdc
luong phoi nhiém va rai ro. O kich ban chi mau duong tinh, HI trung binh/95™ lan
luot 1a 20,04%10%/44,33%x10 (& tré em) va 5,01x104/11,08x10* (& ngudi 16n); khi
tinh toan & kich ban tit ca miu, cac gia tri twong tng giam 12,23x10%/39,58%10* (&
tré¢ em) va 3,07x107%/9,95x10~* (& nguoi 16n), suy giam -38,97% va -10,72% cho tré

em, -38,73% va -10,20% cho nguoi Ion. Su khac biét [6n hon ¢ trung binh so vai gia
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tri 95" phan anh ty 16 khdng phat hién dang ké 1am kéo thap uéc luong trung tam khi
diung MDL/2, trong khi dudi phan bd it nhay hon. Ciu truc dong gop theo hop chat
6n dinh gitra hai kich ban, néi bat bén chat TBOEP, TDCIPP, TCEP, TEHP: véi tré
em-trung binh & kich ban duwong tinh, lan luot 1a 5,99x10* (29,89%), 3,98x10*
(19,86%), 2,86x10 (14,27%), 2,24x10 (11,18%) (téng dong gop 1a 75,20%), trong
khi & kich ban con lai 1an luot 14 3,90x10 (31,90%), 2,12x10* (17,33%), 1,93x10
(15,79%), 1,44x10* (11,78%) (tong dong gop: 76,80%); tai phan vi 95M thir hang van
gitr nguyén (vi du kich ban duong tinh: TBOEP 26,92%, TDCIPP 18,56%, TCEP
15,70%, TEHP 13,83%). O moi trudng hop, HI déu nho hon 1, cho thay ring phoi
nhiém véi OPEs thong qua tiéu thu ca bién trong nghién ctu nay khéng gay ra nguy
co khong gay ung thu ddng ké cho ca tré em va nguoi 16n. Tuy nhién, HQ cao hon
dang ké & tré em, nhan manh sy can thiét phai giam sat dic biét nhém dan sé nhay
cam nay trong cac danh gia rai ro tiép theo. Cac hop chat TBOEP, TEHP, TCEP va
TDCIPP chiém ty trong chu yéu trong tong rii ro khong gay ung thu, véi tong cong
hon 85% gia tri HI cho ca tré em va nguoi I6n. Bac biét, TBOEP va TEHP ghi nhan
gia tri HQ cao nhat, cho thdy muac d6 phd bién va tiém ning rai ro cao hon cta cac
hop chat nay so véi cac OPE khéac. Cac hop chat con lai nhu TMP, TEP va TCP déng
gop rat nho vao tong HQ, phan &nh murc do rai ro thap va it tac dong dén tong thé

danh gia rui ro trong nghién ctu hién tai.

Phan tich bat dinh bang md phong Monte Carlo cho két qua phu hop véi cach
tiép can xac dinh néu trén. DS Vi tré em, chi s6 HI trung vi (P50) dao dong tir
1,22x10°% @én 1,97x1073, trong khi 95 (P95) tuong tng 1,77%1073 va 2,89x10°3. Bdi
v6i ngudi 16n, HI & P50 va P95 Ian lugt khoang 3,04x107 - 4,93x10 va 4,42x10" -
7,22x10* cho hai kich ban. Nhu vay, ngay ca trong phan vi 95 - dai dién cho nhém
phoi nhidm cao - tat ca gia tri HI van nho hon 1, khang dinh mc rai ro khdng gay
ung thu théng qua tiéu thy c& trong pham vi nghién ctu 13 thap. Két qua moé phong
Monte Carlo dugc minh hoa trong hinh 3.18, cho thiy phan b HI ¢ kich ban ‘chi
mau duong tinh’ dich sang phai so véi kich ban “tat ca mau’, nhung van nam hoan

toan dudi nguong HI = 1.
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Hinh 3.18. Phan bé chi sé6 HI tir mdé phang Monte Carlo

Khi so sénh HQ va HI trong nghién ciru ndy véi cac nghién cau qubc té cho
thay rang gia tri HQ va HI tinh toan dwoc qua tiéu thu ca bién tai Viét Nam hién tai
van thap hon dang ké so véi nhiéu khu vuc khac trén thé gisi. Trong khi Su va céng
s (2025) va Lin va cong su (2024) ghi nhan HQ tiém can hoic vuot mac 1072, nghién
ctru hién tai cho thidy HQ chi nam trong khoang 103, thap hon 1-2 bac d6 16n [260,
261]. Két qua nay phu hop véi gia dinh rang mirc d6 6 nhiém OPEs trong méi truong
bién khao sat con thap va ché do tiéu thy ca tai dia phuong chua dan t6i nguy co phoi
nhiém dang ké, dac biét d6i vai nhém tré em nhay cam. Bidu nay nhan manh vai trd
quan trong cua viéc tiép tuc giam sat dai han va mé rong pham vi nghién ctu dé theo
ddi bién dong nong do OPE trong thuc pham thuay san.

Cho dén thoi diém hién tai, chi c6 mot s6 OPE truyén théng duoc thiét 1ap gia
tri RfD, trong khi phan Ién cac hop chét con lai, hoic cac chat chuyén hoa cua céc
OPE truyén thong nay lai thiéu dir liéu RfD. Vi du, BBOEP gay anh huong dén sy
phét trién, 1am giam kha nang van dong cua tinh tring va qua trinh day thi o bé trai
[263]. Ngoai ra, DnBP gay ton thwong niém mac & bang quang va da day chudt [249].
BDCIPP ciing di dugc ching minh 14 tdc nhan dan dén hién tuwong sinh non, anh
huong tiéu cuc dén kha nang nhan thirc, ngdn ngit va twong tac véi xa hoi & tré em
[263]. Do @0, dé danh gi4 toan dién céc rui ro sic khoe cia OPE, can thuc hién cac

nghién ctru dé thiét lap gi tri RfD cho cac dan chiing trén.
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3.5.2.2. Danh gia rui ro gdy ung thu

Chi s6 rui ro ung thu sudt doi (ILCR) duoc sir dung dé dénh gia nguy co tiém
tang cuia phoi nhidm vai cac hop chit OPE qua dudng tiéu hda. Hién tai, trong co s&
dir liéu cua US EPA va cac to chirc qudc té, chi co hai hop chat OPE la TnBP va
TCEP duoc thiét 1ap gia tri OSF chinh thirc. Cac OPE con lai chua c6 OSF do thiéu
dit liéu dich t& hoc dai han hodc bang ching day du vé doc tinh giy ung thu. Do do,
ILCR trong nghién cttu nay chi dugc tinh cho hai hop chat TnBP va TCEP. Két qua
tinh toan ILCR dugc trinh bay trong hinh 3.19.
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Hinh 3.19. Rii ro gy ung thw cia TnBP va TCEP trong ca bién ‘
Gia tri rai ro ung thu (ILCR) duogc udc tinh cho bon nhom doi twgng gom tré

em va ngudi 16n & mic phoi nhiém trung binh va phan vi 95, véi hai kich ban mau
duong tinh va tt ca mau phan tich. Déi véi TCEP, ILCR ¢ kich ban miu dwong tinh
dao dong tir 1,08x10°8 (tré em, trung binh) dén 1,31x107 (ngudi 16n, 95M), trong khi
& kich ban tat ca mau phan tich cac gié tri twong ung 14 7,20x10° va 1,15x107. Nguoc
lai, TNBP cho gi4 tri ILCR thap hon gan mét bac do 16n trong moi trudng hop: chi tir
7,36x10710 d@én 7,88x10°° ddi véi mau duong tinh, va 5,52x10710 dén 6,90x10° khi
tinh trén toan bo mau phan tich. Nhu vay, TCEP ludn la chat dong gbp chinh vao rii
ro ung thu, v6i ILCR cao hon TnBP khoang 15-17 l1an & ca tré em va ngudi 16n, bat

ké kich ban tinh toan. Dong thoi, su chénh léch gitra hai kich ban “mau dwong tinh”
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va “tat ca mau phan tich” 13 twong d6i nho va khong 1am thay doi xu thé chung: rai
ro cao nhat ghi nhan & nhom ngudi 16n tai phan vi 951, tiép dén 1a tré em 95, trong
khi céc gi4 tri trung binh & ca hai nhdm tudi déu thap hon. Tat ca cac gia tri ILCR
déu nho hon 10, cho thdy phoi nhiém TCEP va TnBP qua tiéu thu cé bién trong
nghién ctru nay chua dat ngudng duoc xem 13 ddng quan ngai Vé rui ro ung thu, maic
d0 TCEP can duoc wu tién giam sat hon so véi TnBP. Sy khac biét rd rét nay phan
anh dic tinh héa hoc cua hai hop chat: TCEP, thuoc nhém Cl-alkyl OPEs, ¢6 kha
ning bén vitng sinh hoc cao va dé tich lily trong mé sinh vat, trong khi TnBP 12 mét
alkyl OPE c6 kha nang phan huy nhanh hon trong moéi truong nén gia tri OSF nho
hon so v&i TCEP. Ngoai ra, sy chénh Iéch I6n gitra gia tri trung binh va phan vi 95
cling cho thdy rang mot s cé thé tiéu thu nhiéu ca hon hoic tiép xic véi ngudn thuc

pham 6 nhiém nang c6 thé c6 nguy co cao hon muc trung binh.

Ngudi lén Tréem
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Hinh 3.20. Phan b6 ILCR tir md phéng Monte Carlo
M6 phong Monte Carlo ciing dugc ap dung cho chi s6 ILCR ¢ ca tré em va
ngudi 1on. Két qua cho thdy ILCR P50 trong khoang 7,71x10° - 1,42x10® va ILCR
P95 trong khoang 1,12x10°8 - 2,08x10® cho bén nhdm (tré em/ngudi 16n, hai kich
ban xir Iy sb liéu). Nhu vy, ké ca & phan vi 95, ILCR van thap hon nhiéu so véi
ngudng 10 thuong duoc sir dung dé danh gia rai ro ung thu ¢6 y nghia. Phan b
ILCR trong hinh 3.20 thé hién xu hudng twong tu HI: kich ban ‘chi mau duong tinh’

cho gia tri ILCR cao hon nhung van nam trong viing rai ro chap nhan duoc.



143

Két qua so sanh cho thay rang gié tri ILCR ddi véi TnBP va TCEP qua tiéu thu
ca bién trong nghién ctru hién tai thip hon dang ké so véi cac nghién ctru duoc thuc
hién tai cac khu vuc chiu 6 nhim cdng nghiép cao & Trung Québc. Su va cong sir
(2025) ghi nhan tong ILCR cua TCEP qua tiéu thu c& & Hai Nam dat khoang 2,4x 1010
d6i v6i nguoi 16n [260]. Lin va cdng sir (2024) béo cao ILCR cua TCEP dao dong
~107° cho tré em va nguoi 16n, cho thiy nguy co strc khoe tiém tang cao hon tai cta
séng Hoang Ha [261]. Lian va song sy (2024) cho thay ILCR d6i véi TCEP va TnBP
& vinh Lai Chau & muac 108 dén 10-°, gan twong duong véi nghién cau hién tai [183].
O Colombia, Olivero-Verbel va cdng su, 2025 bao cao ILCR ddi véi cac OPE thap
hon 1075 [2]. Khi so sanh véi ngudng rai ro sac khoe do US EPA khuyén nghi (10
dén 10%), tat ca cac gia tri ILCR wdc tinh trong nghién ctzu nay van nam dudi ngudng
gay lo ngai. Piéu nay cho thay rang rii ro ung thu qua tiéu thy ca bién do phoi nhiém
véi TnBP va TCEP hién tai con thap. Véi vai tro 1a nhitng hop chat c6 OSF va kha
nang tich lily dang ké, TCEP va TnBP nén dugc xem 1a hop chit vu tién giam sat
trong cac chuong trinh danh gia nguy co va quan ly an toan thyc pham thity san trong
tuong lai. Pong thoi, can tiép tuc thuc day viéc nghién ciru doc tinh va thiét 1ap OSF
cho cac OPE khac nham hoan thién danh gia rai ro toan dién hon d6i véi nhém hop
chat nay.

Phén tich do nhay dya trén hé sb twong quan Spearman giita cac tham sb dau
vao va két qua md phong cho thay cac tham sé phoi nhiém IR, BW, EF va ED déu
6 |p| x4p xi 0,48 - 0,50. Trong d6, IR (lwong cé tiéu thu) va BW (khéi luong co thé)
la hai tham sb chi phéi rd nhat, tiép theo l1a EF va ED véi mac anh hudng tuong
duong. Diéu nay cho thdy bat dinh cua HI va ILCR trong nghién ciu cha yéu bat
ngudn tir bién thién hanh vi dn ca va khac biét vé thé trong, trong khi nong d6 OPEs
trong c& va cac tham sé doc tinh (RfD, OSF) duoc coi la ¢b dinh nén khong tao ra su
bat dinh déng ké trong m hinh.

Viéc danh gia rui ro sac khoe trong nghién ctru nay la cac chi sé6 HQ, HI va
ILCR moi chi duoc tinh cho nhdm tri-OPE c¢6 san gia tri RfD hodc OSF, trong khi da
s6 cac di-OPE (nhu DPHP, BDCPP, BCEP, BCIPP, BBOEP...) chua c6 ngudng doc

hoc twong &ng. Trong bo dit liéu cua luan an, ndng dd mot sb di-OPE trong mé cé c6
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xu huéng ciing bac hoic cao hon so v&i chat me twong (ng, cho thdy nhém chat
chuyén hda nay c6 thé dong gop dang ké vao phoi nhidm tong thé nhung hién chua
duoc luong héa trong HI/ILCR. Céc nghién ctru gan déy ciing cho thay di-OPE duogc
phét hién pho bién trong méi truong, sinh hoc ngudi va cé thé gay tac dong noi tiét,
qua trinh phét trién hozc chuyén hoa, tham chi trong mét sé trudng hop con doc hon
tri-OPE tuong ung, trong khi dit liéu déc hoc dinh luong (RfD, OSF) van con rat han
ché [264, 265]. Vi viy, cac udc lugng HQ, HI va ILCR trong luan an duoc hiéu nhu
c4c gia tri udce tinh tdi thiéu d6i véi rai ro sac khoe tir nhom OPE dugc khao sat.
Trong céc nghién ctu tiép theo, viéc bd sung dit liéu doc hoc cho di-OPE, két hop
Vi tiép can dua trén biomarker va mé hinh doc dong hoc (vi du PBPK/PBK) sé la

huéng vu tién dé hoan thién danh gia rui ro cho ca chat me va cac chat chuyén hoa.
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KET LUAN VA KIEN NGHI
1.  KET LUAN

Qua qua trinh nghién cu, luan 4n d3 hoan thanh cac muc tiéu dé ra va dat duoc két
qua nhu sau:

e Di khao sat va xac dinh gia tri st dung cua quy trinh phén tich dong thoi cac
15 OPE va 7 di-OPE trong thit c bién trén thiét bi sic ky long siéu hiéu ning
cao ghép ndi khdi phd phan giai cao (UHPLC-HRMS) véi do thu hoi, d6 lap
lai, do tai 1ap va hiéu (ng nén dat theo yéu cau theo quy dinh cua Uy ban Chau
Au ban hanh (SANTE/11312/2021). Gigi han phét hién ctua phuong phap doi
voi mau thit ca dat 0,02 - 0,05 ng/g.

e Di ap dung quy trinh phan tich sau khi téi wu dé xac dinh néng d6 caa OPE
va di-OPE trong thit c& (c& chim, ca bon va ca chi vang) dugc thu thap ¢ mot
s6 khu vyc cang ca tai 3 mién. Tong nong d6 OPESs trong thit c4 dat 2,1 — 39,3
ng/g véi nong do di-OPEs tuong tng dat 3,2 - 263,4 ng/g. Phan tich da bién
(PCA) trén ho so OPE khong cho thay su tach bach rd rét gitra cac loai ca vé
cau hinh noéng d6 OPE. Tuy nhién, mét sé chi tiéu don 1¢ (vi du ZOPE hoic
mot vai OPE dai dién) van cho thay khac biét c6 y nghia thong ké giita mot s6
cap loai.

e Budc dau danh gia rui ro sic khoe cua cac OPE trong ca bién thu thap trong
nghién ctru nay duoc thyc hién cho tré em (1 — 6 tudi) va ngudi I6n. Tong EDI
cia OPE ¢ nhom tré em cao gap khoang 4 1an so véi gié tri phoi nhiém cua
nhom ngudi 16n. LADD ciia nguoi 16n cao gap 5 1an so vai tré em. Céc gid tri
HI, HQ va ILCR déu nho hon 1, ngay ca trong trudng hop kich ban xau nhat.
Piéu nay cho thay muc d6 rui ro sic khoe ciia cac hop chat nay trong cé bién
thu thap trong nghién ctru nay khong dang lo ngai ddi véi nguoi Vit Nam.

2. KIEN NGHI
Nghién ciru ndy 1a cong trinh dau tién xac dinh va dinh lugng néng d6 OPE va
di-OPE trong cé bién Viét Nam, dong thoi danh gia rii ro phoi nhiém cua cac hop

chat nay d6i vai sirc khoe con ngudi. BE ¢6 céi nhin toan dién hon, can tiép tuc mo
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rong pham vi nghién ctu theo thoi gian, nham thiét 1ap bo dir liéu giam sat 1au dai vé
su hién dién cua OPE trong thuy san. Bén canh do, viéc xac dinh OPE trong cac loai
ca thuoc bac dinh dudng cao hon 1a can thiét ¢é danh gia kha nang khuéch dai sinh
hoc trong chudi thyc pham bién, tir d6 cung cap dir lidu chinh x4c hon vé nguy co
phoi nhidm & con nguoi. Bac biét, cac nghién ciru chuyén sau vé di-OPE s& gitp 1am
13 hon vé& muc do tich liy va anh huéng ciaa nhdm hop chat nay trong hé sinh thai
bién tai Viét Nam, gop phan dinh huéng cac chién luoc kiém soat 6 nhidm va bao vé

sirc khoe cong dong.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Xay dung thanh cong quy trinh phan tich déng thoi OPE va chat chuyén hda
ctia ching trong cé bién (thit) trén thiét bi UHPLC-HRMS. Pay 1a nghién ctu
dau tién ¢ Viet Nam vé viéc xac dinh gia tri sir dung phwong phap phan tich
ddng thoi cac OPE trong nén mau sinh hoc.

2. X&c nhan gi4 tri sir dung cua phuwong phép phan tich OPEs va cac chét chuyén
héa caia chling trong nén mau sinh hoc. Panh gia duoc su hién dién, phan b
cac OPE trong c& bién thu thap & mot s6 cang cé bién tai mién Bic, Trung va
Nam cua Viét Nam.

3. Budc dau danh gia rui ro suc khoe do phoi nhiém OPE thong qua tiéu thy ca
bién. Diéu ndy gop phan cung cap dit liéu khoa hoc hd tro cac co quan quan
ly trong viéc thiét lap quy dinh vé gidi han du lugng OPE trong thyc pham va

giam sat an toan thuc pham.
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PL1
PHU LUC
PHU LUC 1. Thiét ké thi nghi¢m san loc yéu t6 anh hwéng
PL1.1. Thiét ké thi nghiém so b khdo sdt théng sé khi ion héa

PLI.1.1. Nguyén tic va phwong phdp khdo sdt

Nham xay dung co sé khoa hoc cho viéc lya chon dai khao sat cac thdng s khi
ion hoa trong cac budc thiét ké thi nghiém tiép theo, mét loat thuc nghiém so bo da
duoc tién hanh. Céc thi nghiém nay nhiam dénh gia riéng 1é anh hudng cua tirng thong
s6 SHG, AUG va SWG ddi voi cuong d6 tin hiéu ion héa thu duoc. Viéc xac dinh
khoang van hanh 6n dinh va phi hop cho tirng théng sé dong vai tro thiét yéu dé dam
bao tinh chinh xé4c va hiéu qua trong qua trinh t4i wu hoa sau nay. Dé dam bao két
qua khao sat phan anh ding anh huéng riéng biét cua ting yéu t6, trong mdi chudi
thi nghiém chi duy nhat mét théng sé duoc thay ddi trong khoang khao sat da dinh,
Theo tai liéu ki thuat do nha san xuét thiét bj cung cap, trong giai doan hiéu chuan
hé thdng, cac thdng sé khi ion hoa duoc thiét lap nhu sau:

e SHG: 12 arb,
e AUG: 0 arb,
e SWG: 0 arb.

Viéc thiét 1ap nay nhiam muc dich dam bao tdc do phun swong miu 6n dinh
(théng qua SHG) trong khi téi thiéu hda anh huong tir cac dong khi phu tro, tao diéu
kién 1y twong cho viéc hiéu chuan tin hiéu ion hoa nén. Trong khao sat so bd, cau
hinh nay tiép tuc duoc &p dung budc dau dé danh gia riéng 1¢ anh huong cua ting
thong sé.

PL1.1.2. Thuc nghiém

Tién hanh phun dung dich chuan chat phan tich & nong d¢6 100,0 ng/mL trong
dung mdi MeOH/UPW = 1/1 (v/v) vao ngudn ion hoa hé thong khdi phé véi toe do
50 pL/phtt. Cuong do tin hiéu cua cac chat phan tich duoc ghi nhan & cac diéu kién
khao sat tdc d6 khi, cu thé:

e TNI: AUG =0 arb, SWG = 0 arb, SHG thay d6i tir 10 arb dén 50 arb.
e TN2: SHG = 12 arb, SWG = 0 arb, AUG thay ddi tir 0 arb dén 30 arb.
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e TN3: SHG = 12 arb, AUG = 0 arb, SWG thay ddi tir 0 dén 20 arb.
Tién hanh thyc hién lap lai 3 1an & mdi thi nghiém. Cudng do tin hiéu cua 15
OPE duoc ghi nhan dé phuc vu cho viéc danh gia sy thay d6i cuong d6 tin hiéu ¢
cac thi nghiém.
PLI.1.3. Két qua khdo sdt théng sé khi ion héa
a) Két qua khdo sat toc dé SHG

Sy thay ddi cudng d6 tin hiéu cua cac chat phén tich khi thay doi tbc d6 SHG
tir 10 dén 50 arb duoc thé hién trong hinh PL1.1.
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Diéu kién khi (arb)

CDP - TCEP -% TEHP -# TiBP TnBP
Hopchdt ~* EHDPHP —& TCP  -& TEP - TIPP TnPrP
- TBOEP —# TOCIPP —% THP THP TPhP

Hinh PL1.1. Cuong @b tin hiéu chat phan tich & céc diéu kién téc 46 SHG

Khi SHG tang tir 10 dén khoang 25-30 arb, cuwong do tin hiéu tang lién tuc doi
v6i hau hét cac hop chit khao sat, dat cuc dai trong ving 25-30 arb. Xu huéng nay
phan &nh vai tro thiét yéu caa ludng khi phun chinh trong viéc hd trg phan tan mau,
tang hiéu qua hoa hoi, va t6i vu hoa qua trinh hinh thanh ion. Tuy nhién, khi SHG
tiép tuc ting vuot qua 30 arb units, cudng d6 tin hiéu bit dau suy giam dang ké.
Nguyén nhan dén tir ludng khi phun qua manh dan dén phan tan ion trudc khi chling
kip di vao dau do, hodc 1am rat ngan thoi gian lwu cua c&c ion trong ving ion hoa,
lam giam hiéu suat phat hién tong thé.
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C6 thé thiy, khoang 10 - 30 arb dugc duoc lva chon 1am ving khao sét tdi wu
cho céc budc thiét ké thi nghiém tiép theo do cac yéu té: (1) bao phu toan bo giai
doan ting trudng tin hiéu, tir mic SHG thap dén dinh cuc dai, (2) dam bao dir liéu
khao sat nam trong ving tin hiéu 6n dinh va c6 tinh kha thi cao cho ti uu héa va (3)
tranh viing toc d6 khi phun qua cao, noi tin hiéu bt dau suy giam va bién dong 16n.

Do d6, SHG trong khoang 10 dén 30 arb khéng chi du rong dé danh gia mtrc d6
thay doi tin hiéu khi diéu kién van hanh dao dong (d6 nhay hé thong), ma con cho
phép xay dung md hinh hdi quy bac hai mét cach chinh xéc, nhd bao phu toan bo giai
doan tin hiéu ting truong dén cuc dai. Pong thoi, lra chon khoang nay ciing gitp
dam bao qua trinh van hanh thyuc té dién ra an toan, tranh cé4c rai ro lién quan dén su
bat n tin hiéu hoic qua tai ap suat trong ngudn ion hoa.

b) Két qua khdo sat téc dé AUG

Két qua khao sat anh huong cua toc do AUG dén cuong do tin hiéu ion hoa
(hinh PL1.2) cho thiy xu huéng bién thién rd rét theo kiéu phi tuyén ddi véi hau hét
cac hop chat dugc nghién cau. Cu thé, khi AUG ting tir 0 dén khoang 10-15 arb,
cudng do tin hiéu ting dang ké, phan anh vai tro hd tro caa khi bd tro trong viéc thic

day qué trinh hoa hoi giot swong va tao diéu kién thuan lgi cho sy hinh thanh ion.

Be+051

Ge+05

4e+05
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Diéu kién khi (arb)

copP TCEP  -% TEHP -% TiBP TnBP
Hop chét EHDPHP ~# TCP  —# TEP TIPTP TnPrP
TEOEP % TDCIFP % THP TP TPhP

Hinh PL1.2. Cuong d tin hiéu chat phan tich & cac diéu kién toc a0 AUG
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Tai viing AUG tir 10 dén 15 arb, da sb cac hop chét dat duoc cudng do tin hiéu
cuc dai. Pay duoc xem 12 viing hoat dong tdi uu vé mat hiéu suat ion héa. Tuy nhién,
khi AUG tiép tuc tang vuot qua 15 arb, tin hiéu c6 xu hudng suy giam, dic biét rd rét
& mirc AUG tir 25-30 arb. Diéu nay c6 thé duogc Iy giai bai viéc tang toc do khi bd
trg qua mirc c6 thé 1am mat 6n dinh céc giot swong, gay cudn trdi ion khoi ving ion
hoa hozc 1am rit ngan thoi gian luu cia ion trong ngudn, tir d6 lam giam hiéu suat
tong thé.

Dua trén xu huéng nay, khoang AUG tir 10 dén 20 arb duoc lra chon 1am ving
khao sat ti wu cho cac budc thiét ké thi nghiém tiép theo. Viéc lwa chon khoang nay
dam bao bao phi toan bo ving tin hiéu cuc dai (10-15 arb), dong thoi cho phép danh
gia do bén va tinh 6n dinh cua hé théng trong diéu kién AUG cao hon (15-20 arb),
ma chua roi vao vung tin hi¢u suy giam manh. Khoang khao sat nay cling phu hop
véi dic tinh trung binh cta toan bd nhdm hop chat, tao nén tang ving chic cho viéc
xay dung md hinh hda hoi quy va téi wu hoa cac théng sé van hanh.

¢) Két qua khao sat téc dé SWG

Két qua khao sat anh huong cia SWG dén cuong d6 tin hiéu ion hoa duoc thé
hién trong hinh PL1.3, cho thay xu huéng bién thién rd rét theo toc ¢ dong khi. Khi
SWG ting tir 0 dén khoang 10 arb, cuong do tin hiéu cua cac hop chat khao séat duy
tri & mic cao va tuong d6i on dinh. Pay 1a vang van hanh cho phép khi 1am sach nhe
nhang ving ion hda, loai bo dung méi thira ma khdng 1am anh hudng dang ké dén
qua trinh ion hoa va thu nhan tin hiéu.

Tuy nhién, khi SWG ting vuot qué 10 arb, dac biét trong khoang 15 dén 20 arb,
cudng do tin hiéu giam manh ¢ hau hét cac hop chat. Xu hudng suy giam ddng loat
nay c6 thé dugc giai thich bai tac dong cua ludng khi manh hon, 1am cudn tréi cac
ion trudc khi ching kip dugc phat hién, dong thoi 1am giam thoi gian luu cia ion

trong ngudn ion hoa, tir d6 1am giam hiéu suat hinh thanh va thu nhan ion.
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Diéu kién khi (arb)

- COP % TCEP % TEHP % TiBP - TnBP
Hop chdt % EHDPHP —#% TCP & TEP % TIPF —# TnPIP

-» TBOEP - TDCIPP % THP % TMP -# TPhP

Hinh PL1.3. Cuong dd tin hiéu chat phan tich & cac diéu kién téc 46 SWG

Trén co so phan tich xu huéng tin hiéu, khoang 0 dén 10 arb duoc lya chon 1am
viing khao sat téi uu cho cac bude thiét ké thi nghiém tiép theo do: (1) duy tri cuong
dd tin hiéu cao va o6n dinh, (2) t6i wu hoa hiéu qua 1am sach ving ion héa ma khéng
lam anh huong tiéu cuc dén qué trinh phat hién, va (3) tranh dwoc cac rui ro vé suy

giam tin hiéu va bién dong di liéu do van hanh & téc 46 SWG cao.
PL1.2. Thiét ké thi nghiém sang loc yéu té anh hwéng

PLI1.2.1. Muc tiéu
Sau khi xac dinh duoc khoang khao séat hop 1y cho ting théng sb khi ion héa
trong giai doan khao sat so bo, budc tiép theo nham sang loc céc yéu té anh huong
c6 ¥ nghia dén cuong do tin hiéu ion héa. Viéc sang loc nay gidp tbi wu hoa sé luong
bién can thiét cho cac budc thiét ké thi nghiém chi tiét tiép theo, dong thoi dam bao

tinh hiéu qua va do chinh xac trong mé hinh hoa.



PL6

PL1.2.2. Cdc yéu t6 khdo sdt
Ba yéu t6 chinh lién quan dén qu4 trinh ion héa duoc dua vao thiét ké thi nghiém
sang loc duoc trinh bay trong bang PL1.1. Bén canh d6, cac mic khao sat cu thé cua
ting yéu té dugc thé hién trong bang PL1.2.
Bang PL1.1. C4c yéu té chinh dwoc sang loc

Yéu td Ky hiéu Pon vi Khoang khao sat
SHG A arb 10-30
AUG B arb 10 - 20
SWG C arb 0-5

Bang PL1.2. Cac mitc khio st ciia cac yéu té anh huéng
Mirc khao sat SHG (arb) AUG (arb) SWG (arb)
-1 (muc thap) 10 10 0
0 (trung tam) 20 15 5
+1 (muc cao) 30 20 10

Viéc xac dinh cac muc khao sét duwa trén két qua khao sat so bo (PL1.1), dam
bao bao pha ving tin hiéu 6n dinh, cuc dai, ddng thoi tranh khu vuc tin hidu suy giam
ro rét.

PL1.2.3. Thiét ké thi nghiém

Thiét ké thi nghiém dugc xay dung theo md hinh FFD, véi 2 mic thi nghiém (-
1; +1), 3 yéu té (SHG, AUG, SWG) két hop. S lugng thi nghiém can thyc hién la
10 thi nghiém, bao gdm 23 = 8 thi nghiém & dinh, 2 thi nghiém trung tam nham kiém
tra tinh phi tuyén nhe va udc luong nhiéu hé thong. Cau triic ma tran thi nghiém duoc
trinh bay trong bang PL1.3.

Bang PL1.3. Cau tric ma tran thuc nghiém

SHG AUG SWG
Thi — _ _
nghiém  Kyhigu GO gopien  GBUT o, Cidwm
(A) thuwe (B) thue ©) thue
(arb) (arb) (arb)
1 -1 10 -1 10 -1 0
2 +1 30 -1 10 -1 0

3 -1 10 +1 20 -1 0
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SHG AUG SWG
Thi S ___ _
nghiém  Kyhigu  CRT gopey  GROT g,  GHAM
(A) thuc (B) thuc ©) thuc
(arb) (arb) (arb)
4 +1 30 +1 20 -1 0
5 -1 10 -1 10 +1 10
6 +1 30 -1 10 +1 10
7 -1 10 +1 20 +1 10
8 +1 30 +1 20 +1 10
9 0 20 0 15 0 5
10 0 20 0 15 0 5
Cong thirc tong quéat caa mo hinh hdi quy c6 dang:
Y=Bo+B1A+P2B+P3C+P12AB+B13AC+B23BC+P12sABCH+e (PLCT.1)
Trong do:

e Y la dap tng do dugc (cuong do tin hiéu Cps)
e o lahé sé chin (intercept)
o PB1,B2,p3 la hé s6 hoi quy cua cac hiéu tmg chinh twong (ng Vi cac yéu to A
(SHG), B (AUG) va C (SWG)
o PBi2,P13,B2s 12 hé s6 hoi quy cua cac hidu Gmg tuong tac hai yéu to (AB, AC,
BC)
e Pizs la hé s6 hoi quy cua hiéu ing tuong tac ba yéu té (ABC)
e ¢ lasai s6 ngiu nhién, gia dinh phan phdi chuan vai trung binh bang 0 va
phuong sai khong doi. ’ o
Sau khi m6 hinh dugc xay dung, phan tich ANOVA dugc tién hanh dé kiém tra
muc @6 phu hop ciia mod hinh va xac dinh nhitng yéu té va tuong tac ¢ anh huong
¢ y nghia dén dap tng phan tich, dua trén tiéu chi gia tri p-value nho hon 0,05.
PL1.2.4. Két qua thuwc nghiém
Két qua san loc yéu t6 anh hudng dén qua trinh ion hoa duoc trinh bay trong
bang PL1.4. Béi vai phan tich ANOVA, cac gi4 tri p-value tuong tng véi ba yéu td
khi ion héa (SHG, AUG, SWG) déu rat nho, phan Ién dudi 0,05, cho thay ca ba yéu
t6 c6 anh hudng co y nghia thong ké dén cuong do tin hiéu ciia hau hét cac hop chat.
Pic biét, yéu té SHG cho thay p-value rat thap (0,001-0,007) & tat ca cac hop chat
khao sat, phan &nh vai tro chi phéi cua téc do khi phun chinh d6i voi qua trinh ion
hoa. Cac yéu t6 AUG va SWG ciing cho thdy anh huéng dang ké & nhiéu hop chat,

mac di mirc d6 6 sy khac biét nho vé p-value gitra cac hop chit.



Bang PL1.4. Két qua san loc yéu té anh hwéng dén qua trinh ion hoa cac hep chat cia cac yéu téd SHG, AUG, SWG

ANOVA M©& hinh
Hop (p-value) 2 A
o Biéu do Pareto
chét SHG AUG SWG . .
(arb) (arb) (arb) DF | F-statistic | R“adj p-value
SHG
e SWG
g’ AUG
P AuGswe :
TMP 0,001 0,047 0,010 2 1228 0,9896 | 0,008 3 e |
> sweswe |
SHG-AUG-SWG i
0 1 2
—log,y(p —value)
% AUG :
P SHG-AUG:SWG |
TEP 0,003 0,055 0,022 2 561 0,9772 | 0,017 3 sean |
¥ sheswe :
AUG SWG i
00 05 10 15 20 25
~logy,(p - value)
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ANOVA M6 hinh
H‘."p (p-value) 2 A
chat SHG AUG SWG DF | F-statistic | R?adj -value piéu do Pareto
(arb) (arb) (arb) J| P

TnPrP | 0,002 0,081 0,015 2 70,5 09819 |0.014 3 e |
: —|01g13(p—va|ue] ’

% AUG :

TiBP 0007  |0,220 0,055 2 228 0,9444 | 0,042 S eune |

| 0.0 0.5 1.0 I1.5 20

—log,y(p —value)
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ANOVA M©d hinh
Hop (p-value)

chét SHG AUG SWG
(arb) (arb) (arb)

Biéu dd Pareto

DF | F-statistic | R?adj | p-value

SHG

SWG
AUG
AUG:SWG

TIPrP 0,001 0,058 0,010 2 84,7 0,9849 | 0,012

SHG:5WG

YEéutd f Tuong tac

SHG:AUG

SHG:AUG:5WG

=

1 2
—log,y(p —value)

SHG

SWG
AUG

AUG:SWG

TnBP 0,001 0,052 0,011 2 110,9 0,9884 | 0,009

YEutd f Tuong tac

SHG:8WG

1
1
1
1
1
SHG:AUG 1
1
1
1
SHG:AUG:5WG !

1

=

1 2
—log,y(p —value)
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Hop
chat

ANOVA
(p-value)

Mo hinh

SHG
(arb)

AUG
(arb)

SWG
(arb)

DF

F-statistic

R? adj

p-value

Biéu dd Pareto

THP

0,001

0,050

0,010

114,2

0,9888

0,008

Yéutd/ Tuongtée

SHG

SWG

AUG

AUG-SWG

SHG:AUG

SHG:AUG:SWG

SHG:SWG

o

1
1 2

—log,q(p —value)

TBOEP

0,001

0,009

0,002

803,1

0,9984

0,001

Yéutd/ Tuong tac

SWG

AUG

AUGSWG

SHG:AUG:SWG

SHG:AUG

SHG:SWG

=)

|

2
~logy,(p - value)

3
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ANOVA Mo hinh
H‘.)'p (p-value) 2 A
chat SHG AUG SWG DF | F-statistic | R? adj -value plew do Fareto
(arb) (arb) (arb) 1| °
SHG
é AUG
TEHP | 0,001 0,002 0,001 2 20530  |09994 |0,001 S eunc
| 0 1 2 3 4
—log,y(p —value)
SHG
é AUG
TPhP 0,001 | 0,003 0,001 > |8492 0,0985 | 0,001 S e
| | 0 1 2 3
—log,y(p —value)
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ANOVA M©d hinh
Hop (p-value)

chét SHG AUG SWG
(arb) (arb) (arb)

Biéu dd Pareto

DF | F-statistic | R?adj | p-value

SHG

SWG
AUG:SWG
AUG

CDP 0,001 0,057 0,028 2 109,3 0,9883 | 0,009

SHG:AUG

YEéutd f Tuong tac

1
1
1
1
1
SHG-AUG:5WG 1
1
1
1

SHG:5WG

=

1 2
—log,y(p —value)

SHG
SWG
AUG
AUG:SWG

EHDPHP | 0,001 0,002 0,001 2 1986,0 0,9994 | 0,001

SHG:5WG

YEutd f Tuong tac

SHG-AUG:5WG

SHG:AUG

=

1

3

.

2
—log,y(p —value)
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Hop
chat

ANOVA
(p-value)

Mo hinh

SHG
(arb)

AUG
(arb)

SWG
(arb)

DF

F-statistic

R? adj

p-value

Biéu dd Pareto

TCP

0,001

0,006

0,002

861,4

0,9985

0,001

YEéutd f Tuong tac

SHG

SWG

AUG

AUG:SWG

SHG:5WG

SHG-AUG:5WG

SHG:AUG

=

1

2
—log,y(p —value)

3

TCEP

0,001

0,046

0,010

125,7

0,9898

0,008

YEutd f Tuong tac

SHG

SWG

AUG

AUG:SWG

SHG:AUG

SHG:8WG

SHG:AUG:5WG

=

1 2
—log,y(p —value)
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ANOVA M6 hinh
Hop (p-value) P
chat SHG AUG SWG DF | F-statistic | R? adj -value Bieu do Pareto
(arb) (arb) (arb) 1| °

% AUG :

TDCIPP | 0,002 0,061 0,013 2 |958 0,9866 | 0,010 S eme |
| | 0 1 I 2
—log,y(p —value)

Ghi chl: DF: bdc tw do, F-statistic: chi sé kiém dinh F, R%adj: R? hiéu chinh

V& chat lugng cua mé hinh hdi quy, cac chi sé danh gia chat luong mo hinh déu dat muc rét cao, cu thé:

e Gia tri F-statistic dao dong tir 22,8 dén 2053,0, véi tat ca p-value tong thé nho hon 0,05, x4c nhan rang cac mé hinh hoi quy tuyén
tinh duoc xay dung déu co y nghia thong ké tong thé.

e Giatri RZ hidu chinh dao dong tir 0,9444 dén 0,9994, cho thay cac md hinh ¢ kha nang giai thich 94.44% dén gan nhu 100% bién
thién cua dir liéu thuc nghiém. Piéu nay ching to cac yéu té khao sét giai thich gan nhu toan bo sy bién thién cia cuong do tin
hiéu cho tirng hop chat, va sai sé mé hinh rat nho.

C6 thé thay, ca ba yéu t6 khi ion hoa (SHG, AUG, SWG) déu ¢ anh hudng c6 ¥ nghia thong ké di vai cuong do tin hiéu cia phan 16n
cac hop chat khao sat. Trong d6, SHG 1a yéu té quan trong nhat, dwoc xac nhan trén toan bo hop chat, AUG va SWG ciing c6 tac dong dang
ké, nhung mirc d6 anh hudng c6 dao dong nhe tly thudc vao ting hop chat cu thé. Vi vay, trong cac budc toi wu hoa chi tiét tiép theo, ca ba
yéu t6 SHG, AUG va SWG déu duoc gitr lai trong mé hinh héa va thiét ké thi nghiém téi wu hoa bé mit dap wng (CCF) va khong c6 yéu tb
nao bi loai bo khoi quy trinh phat trién phuong phép.

PL15
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PHU LUC 2. Két qua phan tich d9 thu hdi ciia cic OPE dwa theo quy trinh xir
1y miu ciia Ding va céng sw (2018)

Dua vao quy trinh xir li mau duoc trinh trong nghién ctiru cua Ding va céng su
(2018), mau c& thém chuan c6 nong do 100,0 ng/g duoc tién hanh xir 1i mau va phan
tich trén hé théng UHPLC-HRMS. D6 thu hdi va hiéu tng nén caa 15 hop chat OPE
duoc trinh bay trong hinh PL2.1.

TPhP - - ; TPhP e
TnPIP - l—}—-« ' TnPrP 1 "—f—'
TnEP - . : TnEP A —= ] :
THP 1 ——— we{  —F= ]
TIPP —] PPy —p—te
& TP ] THP - >—E
a TEPH —t , ! TEP E‘. :
]?' TEHP ""‘—‘ : TEHP 7 : |
TDCIFP o TOCIPR E
P — : . TGP ¢—E

TCEP - g ; TCEP1 —’—_}_‘
TBOEP - —— : TBOEP —

EHDPHP - —— i | EHDPHP
COP- — coP v—’—-—:;

B0 thu héi (%) " Hieu tmg nén (%)
Hinh PL2.1: P thu hdi va hiéu ing nén cia cac hep chat OPE dya trén
nghién ctru cia Ding va cgng sw (2018)

Do thu hdi cua cac hop chat dao dong trong khoang 41,3+7,2% (CDP) dén
72,445,1% (THP). Trong d6, hau hét cac hop chat déu co do thu hdi nho hon 70%,
ngoai trir THP va TEHP. Pang luu ¥, v6i 1 g mau ca thém chuan, hiéu ang nén caa
cac hop chat dao dong tir -32,842,1 dén 19,4+6,4%. Trong khi hau nhu tt ca cac hop
chat néu chiu anh huéng cua hién tugng “tc ché” ion, TCEP 1a hop chat duy nhat
chiu anh huéng cua hién tuong “ting cuong” ion. V&i do thu hdi nhé hon 70% va
hiéu @ng nén khéng nam trong khoang chap nhan dugc (SANTE/11312/2021, £20%),
phuong phap cua Ding va cgng su (2018) [124] khéng thich hop trong nghién cuu
nay. Cu thé, qua trinh tinh sach dich chiét khéng phi hop vai nén mau cé thanh phan
béo cao (nhur c4 chim), mat mau trong qua trinh héa hoi dung méi, cling nhu khac
biét vé tinh chat mau phan tich ban dau (mau tuoi). Viéc sir dung phuong phéap xtr Ii
mau trong nghién cau cua Ding va cong s (2018) khong phan anh chinh xac ham

luong OPE trong mau c4. Do d6, viéc phat trién 1a diéu can thiét trong nghién ctu
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nay. Céc thi nghiém téi uvu phuong phap xtr Ii mau trong nghién cau nay bao gém:
t6i uu diéu Kién hoa hoi dung méi, lua chon vat liéu tinh sach dich chiét. Bang viéc
t6i wu cac diéu kién thi nghiém, phuong phap phat trién dugc dap ung duoc do 1ap
lai, d6 tai lap, ting d6 nhay cta phuong phap, ciing nhu giam thiéu tdi da anh huang

cta nén mau dén két qua phan tich.



PHU LUC 3. Két qua phan tich CCF va xac nhan chéo k-fold
Két qua thi nghiém thiét ké md hinh CCF va kiém dinh chéo k-fold dugc trinh bay cu thé trong bang PL3.1.

Bang PL3.1: Két qua mo hinh héa thuc nghiém CCF va x&c nhan chéo k-fold sir dung hdi quy phi tuyén

Hop chat | RZhiéu F- p-value Lack of fit Kiém dinh chéo k-Fold

chinh statistic (k=10, polynominal regression)

Df | Sum Sq | F-value | p-value RMSE MAE RMSE/MAE

TMP 0,86 12,2 0,002 5 5,5x10% 8,4 0,11 0,26 0,23 1,13
TEP 0,78 7,4 0,007 5 6,7x10%° 10,5 0,09 0,26 0,25 1,04
TnPrP 0,78 7,5 0,008 5 5,5x10% 15,4 0,06 0,26 0,25 1,04
TIPrP 0,77 7,0 0,009 5 2,7x10%0 13,3 0,07 0,27 0,25 1,08
TnBP 0,77 7,0 0,009 5 5,0x10% 13,4 0,07 0,23 0,21 1,10
TiBP 0,80 8,1 0,006 5 2,5x10%° 8,3 0,10 0,26 0,24 1,08
THP 0,78 7,4 0,008 5 3,0x10% 8,2 0,10 0,21 0,19 1,11
TBOEP 0,79 7,6 0,007 5 6,3x10%° 14,4 0,07 0,24 0,21 1,14
TEHP 0,81 8,8 0,004 5 3,5x10%° 7,8 0,10 0,21 0,19 1,11
TPhP 0,80 79 0,006 5 3,6x10% 13,7 0,07 0,25 0,23 1,09
CDP 0,80 8,1 0,006 5 | 4,0x10%° 14,4 0,07 0,22 0,19 1,16
EHDPHP 0,80 8,0 0,006 5 3,4x10% 14,3 0,07 0,22 0,19 1,16
TCP 0,80 7,9 0,006 5 6,7x10%° 15,9 0,06 0,26 0,24 1,08
TCEP 0,75 6,4 0,010 5 7,0x10%° 16,8 0,06 0,31 0,29 1,07
TDCIPP 0,81 8,6 0,005 5 6,6x10%° 4,6 0,19 0,25 0,23 1,09
ver Df: bdc ty do

Sum Sq: Tong binh phwong sai léch
RMSE (Root Mean Squared Error): Sai so trung binh binh phwong goc
MAE (Mean Absolute Error): Sai so tuyét doi trung binh
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X&c nhan chéo k-fold 1a mot ky thuat quan trong trong thong ké dé danh gia do
tin cay va kha ning tong quéat hda caa mé hinh hoi quy. Nguyén Ii hoat dong chu yéu
cua phuong phap nay dua trén viéc tinh toan Iap lai qua trinh danh gia, giup tang do
tin cay cua két qua, cling nhu dua ra dugc cac tham sé téi vu cho mé hinh xay dung
duge. Trong d6, polynominal regression (hoi quy phi tuyén) thudng duoc sir dung
trong xac nhan chéo k-fold d¢ mé hinh héa quan hé phi tuyén giira bién doc lap va
bién phu thudc trong md hinh hda thuc nghiém.

Bang viéc sir dung két hop hoi quy phi tuyén, xac nhan chéo k-fold gidp lva
chon béc ti wu cua da thirc bang cach thir nghiém tuan tu véi céc bac khéac nhau va
danh gia hiéu qua cua ching trong tap dit liéu huan luyén. Tir d6, mé hinh dugc mo
ta c6 d6 phic tap phu hop nhét, tranh viéc mé hinh quéa don gian hoic quéa phic tap.
Pong thoi, viéc danh gia nay dam bao rang md hinh khong chi phu hop véi dir ligu
hién tai ma con cé kha nang du doan chinh xac trén cac dir liéu mai.

Phuong trinh tong quat cua hdi quy phi tuyén bac d cd thé duoc viét nhu sau:
y =B+ Bix + Box? + -+ Byx? + € (PLCT.2)
Trong do,

y 1a bién phu thudc
x 1a bién doc lap
Bo, 1, -, Ba 1 cac hé s6 hoi quy can ude lugng
€ 1a sai s6 ngau nhién
Vi k=10, cac gié tri RMSE (0,21 - 0,31) va MAE (0,19 - 0,29) dat gié tri thap,

chang minh md hinh tir CCF khéng chi phii hop vai dit liéu huan luyén ma con c6

kha ning du doan tot trén dir liéu méi (bang PL3.1). Tir d6 ddn dén md hinh hoat
dong 6n dinh hon va ting kha ning du doan trén tap dit liéu méi. Gia tri RMSE/MAE
giup phat hién dugc cac outliers trong dir liéu thuc nghiém. Trong nghién ctru nay,
c6 thé thay ti 16 RMSE/MAE dao ddng tir 1,04 dén 1,16, minh chang cho cac sai s6
phan phdi dong déu xung quanh gia tri thuc, gilp khang dinh mé hinh hoat dong on

dinh va phu hop téi dix liéu thuc nghiém.
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PHU LUC BANG

Bang S1. Cudng d6 tin hiéu caa ion phan tir chat phan tich khi tién
hanh thi nghiém CCF (x10° cps)

Bang S2. M6 hinh phi tuyén va db thi bé mat dap tng cua cac hop
chat OPE

Bang S3. Sic ki 6 va phwong trinh duong chuan caa hop chat OPE
Bang S4. Nong do OPE (ng/g dw) trong thit ¢ chi vang va ca bon
thu thap vao thang 8/2022

Bang S5. Nong d6 OPE va di-OPE (ng/g dw) trong mau ca chim
thu thap trong giai doan 2021-2023

Bang S6. Nong d6 OPE (ng/g khdi lugng uét) trong thit ca bién
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Bang S1. Cwong dd tin hiéu ciia ion phan tir chat phan tich khi tién hanh thi nghiém CCF (x10° cps)

SHG AUG SWG

TMP TEP TnPrP TiBP TIPrP TnBP THP TBOEP TEHP TPhP CDP EHDPHP TCP TCEP TDCIPP
(arb) (arb) (arb)

10 20 0 75 6,8 5,9 4,3 3,8 57 47 6,7 5,9 49 53 49 6,5 5,5 7,1
10 20 10 55 50 4,3 3,2 2,8 42 34 5,0 4,2 35 39 36 48 4,1 5,2
10 15 5 10,1 92 7,8 5,9 5,2 76 62 9,2 7,8 66 7.2 66 89 7,2 9,9
10 10 0 89 81 6,8 5,1 4,6 68 55 8,2 6,7 58 63 57 1,7 6,7 8,8
10 10 10 52 47 3,9 3,0 2,8 40 3.3 4,8 3,9 35 36 33 44 4,0 51
20 15 10 6,7 7,0 5,9 4,3 4,0 6,0 48 6,9 5,6 51 54 50 6,6 6,0 7,1
20 20 5 83 75 6,4 4,6 4,4 6,4 52 7,4 6,0 55 59 54 73 6,3 7,7
20 15 5 111 99 8,7 6,2 59 85 7,0 9,9 8,1 73 80 73 97 9,0 10,4
20 15 5 116 10,3 91 6,4 6,3 88 7.3 10,4 8,4 75 83 76 10,2 9,5 10,7
20 15 5 109 96 8,7 6,0 59 82 67 9,9 7,8 70 79 73 97 9,4 9,7
20 15 0 102 90 79 5,6 5,9 76 64 9,2 7,3 65 7,3 6,7 89 8,8 9,3
20 10 5 85 58 51 3,6 3,5 48 41 59 4,7 41 456 42 56 5,6 59
30 20 0 53 438 4,1 2,9 2,9 38 33 4,8 3,8 33 37 34 45 4,5 4,8
30 20 10 42 3,8 3,3 2,3 2,3 31 26 3,8 3,1 27 29 2,7 3,6 3,5 3,7
30 15 5 85 85 7,3 5,3 5,0 69 6,0 8,5 6,9 59 64 59 79 7,7 79
30 10 0 45 41 3,5 2,5 2,4 44 39 51 4,6 28 41 38 38 3,5 3,8
30 10 10 58 6,3 5,3 3,7 3,5 51 44 6,3 5,0 42 46 42 56 5,5 5,4
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Bang S2. M6 hinh phi tuyén va dé thij bé mat dap wng cia cac hep chat OPE

Do thi bé mit dap kng

Hop chat Mb hinh
P SHG - AUG SHG - SWG AUG - SWG
YTEP = 9,5)(105 - 1,9><104x1 -
6,2x10%;, — ) )
3’6X104x3 o asomoN
1,7x103%x,x, + ® ] \
1,4x10%; x5 — g oe- g 2
3 (U] (Y] (U]
TEP 7,2x10%x, x5 — 3 e 2 2
3,5X103x12 - o _ — #etS
4,2 . _WMQ{::::::ﬁj
X - RakU5
9;2 1043622 o | T 7“05_/4
4,3x10%x3 ' ‘ ' '
10 15 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG =5 Slice at AUG =15 Slice at SHG = 20
yere = 8,3x10° — 1,6x10%x,
— 3,9X103x2 - o q o “ o _r "
4 o~ - Ga00n T depps - —Pﬁuuunm - ;s s \% % S
3,4)(10 X3 — J7=+05N _—fmmnnx §§ é&iﬁp Ty, ) \{%
® —— 750000 . 7-———;007“05 o — 750000
1,8x10%x;x, + fu\ i \ / \
e _ _ Sergs
1,2><104x1X3 — E = 7 g @ - g © -
5} 5}
TnPrP 6,2x10%x, x5 — S - 2 | . g |
4,3x103x12 — o /
- o T T esanoe R
8 1X104x2 —_ ————7ates f/_// —_ /‘ \g
! 2 o _ T éstean 52*054 o S8 750090 ,w*as - o _‘!‘:5 /
3 9x104x2 T T T T T T T T T T T T T T T
! 3 10 15 20 25 30 10 13 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
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Po thi bé mit dap vng

Hop chat Mb hinh
P SHG - AUG SHG - SWG AUG - SWG
y1iee = 5,7x10° — 9,8x103x,
— 3,4X103x2 - © _om o .
2,3x10%x; - ::;;;fnx’q PPN
1,5x10%;x, + mf:::i;ﬁ_kk¥k““mx\\ Y \\
7,7x10%x; x5 — g § _5EEHKK\\\\ §
TIPFP 4,0x10%, x; - 2, ﬁ) g .,
3,3x10%2 — - / L
5,6X104x22 - _:\I—EE‘GDUU 5,\,05/ \ /f
2,6X104XS2» T T T T T T T T T T T
10 15 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Slice at SWG =5 Slice at AUG = 15 Slice at SHG = 20
yee = 8,1x10° — 1,5x10%x,
—1,1x10%, — R
3,6x10%x; — B S
@ _ - r n‘z/ 60000 65"000 \e*\
3,6x10%, x, + e \ | NN
9,8X103x1x3 — g 2 SR g / 750000 \
o F w
TnBP 1,2><103x2 X3 — 3 =- = £
(U]
3,8x10%? — . R / 5 v -
7,6x10%x% - N = - -
3,4X104X§ T T T T - ‘ \
10 15 20 25 30 10 15 20 25 30 o - : ‘ : : g
SHG (arb) SHG (arb)
Slice at SWG =5 Slice at AUG = 15 10 12 14 16 18 20

AUG (arb)
Slice at SHG = 20
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Po thi bé mit dap vng

Hop chat M6 hinh
oP SHG - AUG SHG - SWG AUG - SWG
yigp = 5,9x10° — 1,4x10%; —
3’5X103x2 - o o o
O T 460000 ~ Homap — i - 35 — s Q)/ y\' S
2,3x10%; - === e V3
7,5x10%,x, + = - T . - O\
8,7x10%x, x5 — g e- g~ g <"
- — 3 — —
TiBP 4,0x10%, x5 - ¢ | ”) ¢ |
1,8X1O3X12 - ™ / T Be+05
e “ ]
5,9X104x22 — 5”95%_/////// // o
2 9X1O4x2 v s T ° T T =t T \ 25 \ \ T T 1
! 3 10 15 20 25 30 10 13 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
yTHp = 6,6x10° — 8,7x10%x,
—1,2x10%, — - . -
o s = 4Em0p “ - - o NN
3,2x10%5 — Tﬁgﬁm\s !/ W““m! 1/.§ & 0
©  _ gusDs e _/"/_i__;; .
= 1 [14] w Be4-05
3,6x10%x,x, + %‘i‘“‘“H\\\\ e — “‘::iii ‘\
3 = @ F e 7/_/_4_——'—640000 5
7,5X10 X1X3 - E - J_iﬁ, ] J_iﬁ, 85000
THP 1,1x10%x, x5 — 3 v 2 e s
3.2
2,5x10% - —— //// o v o
6,3X10 xz - Esmnm% @‘@épi \
2,8x10%2 e L ® T . . S
! 3 10 15 20 25 30 10 15 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG =5 Slice at AUG =15 Slice at SHG = 20
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Po thi bé mit dap vng

Hop chat M6 hinh
oP SHG - AUG SHG - SWG AUG - SWG
yTeoer = 9,6x10° —
1,6X1O4x1 - o
~ 70000 - Ec+05 \) \)
1,6x10%, — N"‘q o M
4,4x10%; — = N \
— w 950000 — —_ i
3,6x10%x,x, + g e- ] ]
4 o ® o 8s000g
TBOEP 1,2x10%¢; x5 — = = 5
1,7x10%x, x5 — -
2 3 g - D405
3,4x10%7 — e
9,1x10%x2 — | e —
4.2 10 15 SHGQ? 0 25 30 10 13 SHGZ[() 0 25 30 10 12 Ate( Lﬁ) 18 20
ar ar arl
4’1X10 x3 Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
yreHp = 7,7x10°% — 1,5x10%,
- 1’0X104x2 - o o o
o T * 80405 - —— 550000 - - 2 o — N
3.0x10%, - e g “\\ﬂ T %'1
5,2x10%,x; + - \ :S:W;N |/
9,6X103x1x3 - g e - g “ g “©
© ©
TEHP 2,0x10%x, x5 — = R 2 . _’_> 2 .
8,4X102xf - o~ _-——'fiﬂqw// ~ _ T esjong o~
4..2 - Ta+0E __—f_/
7,4X10 xz - o eamnfjf e 730600 /
4,.2 = TR T T 1 S T T = \ 2 \ \ T T T
3,6x10%x3
10 15 20 25 30 10 13 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
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Po thi bé mit dap vng

Hop chat M6 hinh
oP SHG - AUG SHG - SWG AUG - SWG
yrehe = 6,9x10° — 1,6x10%;
—3,2x10%, — i i
~ —— 4s0000 - ok : = 4
2,6x10%; - ::;zzox'- | NN
2,1x10%,x, + T E——— N \
1,0x10%; x5 — g § %7 §
TPhP 5,0x10%x, x5 — 2 2 q_x%:::> 2
3,5x10%2 — N oy
6,7X104x22 - &G@/ ‘ﬂg‘ ;
3,2X104X32 S T T \ \ 25 \ \ T T a
10 13 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
ycop = 7,6x10° — 1,4x10%,
— 8,0x10%, — i i i
N s * S0y ﬂ = e ~ 450 = F/ o =_ o
3,7X 1O4X3 - ﬁswuuu\\ Esmo\ d;? ;;96? & B5000 ge‘n‘? %%a
3,2x10%,x, + @ \ - - S;;f;\ =
8,6><103X1X3 - g 2 - g “ 7 g “ 7
CDP 3,5x102x, x5 — S s- 2 2
\‘"“-—-__
3 2 Ta000q
4,1x10%2 — ¢ o o
7,3x10%2 — — = f
o T 05 80000 o T o A
3 3X104x2 T T T T = T T T T T T T T T T T
! 3 10 15 20 25 30 10 15 20 25 30 10 12 14 16 18 20
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG =5 Slice at AUG =15 Slice at SHG = 20
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Po thi bé mit dap vng

Hop chat MO hinh SHG - AUG SHG - SWG AUG - SWG
yeHppHp = 7,0x10° —
1,3x10%, — o _ o —
7,9x10%, ) :\-\'l Vo5
3,4x10%; — © ’“\ o / - ?
3,1x10%x;x, + g e- g g ©-

EHDPHP 7,7x10%, x5 — S o @ 2 2
6,0x10%%, x5 — - )ﬂﬂf///// L (V)
3,7x103xf — e o §
6,7x10%2 — e — s

10 15 20 25 30 10 12 14 16 18 20
3,0x10%x3 Siceat SWQ~ 5 Sice at AUG - 15 Sice at SHG - 20
yrcp = 9,4x10° — 2,1x10%,
~2,5x10%, — 3
3,8x10%; - W \%;5
1,2x10%x,x, + “] i \
1,3x10%, x5 — g g g -
TCP 6,0x10%x, x5 — = 2 g |
5,6x10%x% — o
9,1x10%2 — \ f
4’3X1O4x§ 10 15 20 25 30 1‘0 1‘2 1‘4 WIS WIB 2IO
SHG (arb) SHG (arb) AUG (arb)
Slice at SWG =5 Slice at AUG =15 Slice at SHG =20
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Po thi bé mit dap vng

Hop chat M6 hinh
oP SHG - AUG SHG - SWG AUG - SWG
yrcep = 8,7x10° — 8,4x103%x,
—7,8x10%x, — . .
= E50000 “_5 N e = SO b= P \)ﬂ S
3,6)( 1O4x3 _ ﬁh«tm\ ﬁsmn\! —r;@i?@ A" FHE000 "oy %
1,OX102x1x2 + ?aefns\ ® - ssmﬁ\ i Batis gé,
1,1><104X1x3 — g g © - g 856000
TCEP 7,7x10%x, x5 — S s 2 | . 2
7,7x10%2 - " — .
8,5x10°x2 — S e e 4
3 5X1O4X2 = e ﬂ ° T | | = . T T 1
! 3 1 15 20 25 30 10 13 20 25 30 12 14 16
SHG (arb) SHG (arb) AUG (arb)
Sliceat SWG=5 Slice at AUG =15 Slice at SHG = 20
yTocier = 9,8x10° —
3,2X1O4x1 - o . r
- 550000 - 3 i Se+l8 T
3,1x10%, — e RN R
4 W — _ 500 feros \ /
4,3x10%; + e
2.0x10%,x, + 2 © \ o
TDCIPP 1,4x10%; x5 — 2 - -
3
3,6x10°x, x5 — ~
3.2
4,8X10 xl — ieﬁowo%
9,4X104x22 _ ° R = T T T T T
4.2 10 15 20 25 30 1 12 14 16 18
SHG (arb) SHG (arb) AUG (arb)
4’5X1O x3 Slice at 83\;6:5 Slice atAlj(rS: 15 Slice at SI?IEE:QO
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Bang S3. Sic ki dd va phwong trinh dwong chuan cia hgp chat OPE

A N R
TT | Hop chat Peak Pwong chuan
50ppb TMP TMP
¥ = 5.83684X + 1.231e4; R*2: 0.9996; Origin: ignore; W: Equal; Area
NL: 4.33E5
RT: 2.97 mz: 79.10 ]
400000 R 60000001
miz: 108,01
350000 i
5000000
300000 1
= 250000 4600000}
£ 200000 ;
1 TMP | rom .
100000 2000000
50000 1
i 267 3.23 e
25 3.0
RT(min) o T
0 20 a0 60 a0 100
50ppb TEP TEP
Y =T7.84%7e4X + 4,52823; R*2: 0.8997; Origin: igncre; W: Equal; Area
RT: 4.76 NL: B.42E5
miz: 89.10 E
BDDDDD: NL: 4.3365 8000000
700000 miz: 127,11 mowm_’
600000—4 6000000
g S0 25000000}
2 TEP £ soo0]  J
. 4000000
= 300000 -
. 3000000
200000+ 4
10 b 2000000—_-
14.58 493 1000000
0 T T 1 T 1 I T L)
46 47 438 49 5.0

RT(min)

1
0 20 a0 60 80 100
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TT | Hop chat Peak Pwong chuan
50ppb TnPrP TPP
NL: 8.58E5 Y = 9.128e4X — 1.652e4; R"2: 0.9999; Origin: lgnore; W: Equal; Area
. RT: 9.43 miz: 99.10 10000000}
200000 NL: 3.69E5 T
5 miz: 141.11 aoooul:lclj
700000: 8000000
GODDODj 7000000
> 500000 o 6000000
3 TnPrP 5 400000 2 5000000
< 3000004 4000000
200000 3000000}
100000 2000000
E-g._-:e 924 - 976 o]
92 9.4 9.6 .
RT(min) 0 20 40 60 80 100
50ppb TIPrP L
NL: 4.83E5 Y = 4.968e4X — 2.269e4; R"2: 0.9998; Origin: Ignore; W: Equal; Area
miz: 99.11 ]
| NL: 2.21E5 5000000
500000 RT: 8.57 miz: 141.11 Y
- 4000000
400000 1
> 4
4 TIPrP | |2 300000 iy
2 - ]
=
— 200000 2000000

86
RT(min)

87 88

1000000
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TT | Hop chat Peak Pwong chuan
50ppb TnBP TBP
Y = 1.297e5X + 5.879e4; R"2: 1.0000; Origin: Ignore; W: Equal; Area
RT: 13.90 NL: 1.30E6
mfz: 99.01 14000000
1200000 NL: 3.29E5 n
miz: 155.01 12000000
1000000 -
10000000}
~ 800000 R
= © 8000000}
5 TnBP § 600000 ]
E 6000000}
400000 d
4000000-]
200000 ]
2000000
0 ]
13.8 139 14.0 14.1 0 N,
RT(min) 0 20 40 60 80 100
50ppb TiBP TP
NL: 2.78E5 Y = 2.871e4X - 1.091e3; R"2: 0.9999; Origin: Ignore; W: Equal; Area
m/z: 99.01 ]
1000000 AiaB1ES 3000000
1 RT: 13.60 m/z: 155.01 ]
800000 25000003
' >  600000- m:rtml:moo—:
6 TiBP g 3 21500000
€ 400000 i
g 1000000
200000 3
113.46 500000
0wy T T T E
135 136 137

RT(min)
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TT | Hop chat Peak Pwong chuan
50ppb THP THP
NL: 7.23E5 Y = 5.832e4X + 2.888e4; R"2: 0.9998; Origin: Ignore; W: Equal; Area
RT19.15 m/z: 99.10
700000 NL: 2.13E5 S H
600000: miz: 267.10 A
500000 = 5000000
= 400000: 4000000
7 THP a 4 g i
£ 300000 3000000
20900": 2000000
100000 0
- 1000000
|]_
19.0 19.1 19.2 19.3 0 : | . ; ; | . ; y .
RT(min) 0 20 40 60 80 100
50ppb TBOEP TBEP
Y = 2.812e4X + 3.379e3; R"2: 0.9999; Origin: Ignore; W: Equal; Area
RT: 14.61 NL: 2.77E5 r
m/z: 299.10 3000000_:
300000 NL: 4.38E5 3
T m/z: 199.00 2500000_:
00000 ZDDDUUD—:
8 | TBOEP |3 . S
S 150000 15000003
[—4 -
100000 1000000
50000 3
14.42 500000
T T T T 3
14.4 146 0 i .
RT(min) 0 20 40 60 80 100
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TT | Hop chat Peak Pwong chuan
50ppb TEHP v
Y = 2.272e4X + 1.041e4; R"2: 0.9995; Origin: Ignore; W: Equal; Area
RT:21.48 NL: 2.94E5 3
miz: 89.00 ZSDDDUO—_
NL: 5.49E4 3
250000 miz: 113.30 2000000
200000 ;
= 15000003
9 TEHP 2 150000 g3
3 % 2
£ Lo0000 1000000
50000 5000003
0 21.27 21.36 21.72 3
T = § T T N | N T 3
214 216 0 , T -
RT(min) 0 20 40 60 80 100
50ppb TPhP -
NEATIES Y = 1.798e4X + 3.899%4; R"2: 0.9998; Origin: Ignore; W: Equal; Area
RT: 12.82 miz: 77.10 2000000
160000 NL: 6.16E4 18000003
miz: 152.10 B
140000 1600000
120000 14000003
> 100000 . 12000003
10 TPhP 2 30000 £1000000
< 60000 800000
40000 6000003
20000 400000
12.63 13.01 E
03 . [ — 2000003
126 12.8 13.0 0 , e .
RT(min) 0 20 40 60 80 100
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TT | Hop chat Peak Pwong chuan
50ppb CDP CDP
. Y = 1.698e4X + 2.689e3; R"2: 0.9997; Origin: ignore; W: Equal; Area
RT: 12.64 NL: 1.20E6
1200000 miz: 162.01 40000090~1
] NL: 5.71E5 18000000-]
1000000} e 2000 16000000
800000 14000000
= ~ 12000000
11 CDP E 500000‘_: Ewooocoo—j
= 4000004 8000000
1 60000003
2000004 R
] 4000000
11234 12.93 3
Oy T, T T p————— 2000000
124 126 128 130 0
Himin) 0 20 40 60 80 100
50ppb EHDPHP EHPDHP
NL: 1.52E5 Y = 1.948e4X + 1.898e3; R"2: 0.9990; Origin: ignore; W: Equal; Area
RT: 14.02 m/z: 174.01
140000 NL: 8.58E4
3 m/z: 251.00
120000
100000
& 3
12 | EHPDHP ||z 200007
£ 60000
40000+
20000+
C T T T I
14.0 14.2
RT(min)
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TT | Hop chat Peak Pwong chuan
50ppb TCP TCP
NL: 1.55E5 Y = 1.609e4X + 1.243e2; R"2: 0.9997; Origin: Ignore; W: Equal; Area
RT: 16.14 miz: 243.11 1800000
NL: 1.39E5 3
0000 1600000
4 miz: 166.11 3
120000 1400000
100000 1200000—-
~ 3
13 TCP 2 80000 g 100000y
2 60000 < 8000003
40000 600000
20000 400000
0 ol : 200000
L : - ~
16.0 16.2 0 ity :
RT(min) 0 20 40 60 80 100
50ppb TCEP TCEP
. NL: 14664 Y = 1.441e3X + 1.082e3; R"2: 0.9995; Origin: Ignore; W: Equal; Area
35000 MNL: 3.B1E4 140000
m/z: 63.01 ]
30000 120000
- 25000 100000
= ] -
14 TCEP 2 . £ 80000-]
S 15000 60000
10000 s
40000
5000 ]
20000
0 :
55 56 5.7 58 59 o IR B e e e e B S R
RT(min) 0 20 40 60 80 100
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Hop chat Peak Pwong chuan
50ppb TDCIPP TDCPP
: NL: 2.02E4 Y = 3.162e3X + 1.351e3; R"2: 0.9994; Origin: Ignore; W: Equal; Area
RT:12.17 m/z: 99.00
NL: 1.72E4
25000 miz: 209.01
20000
=
TDCIPP | |2 15000
= 10000
5000
11.99 12.05
0 L
12.0 12.2 124
RT(min)
50ppb DMP DMP
NL: 2.01E5 Y = 2.632e4X + 6.724e3; R"2: 0.9996; Origin: ignore; W: Equal; Area
RT: 2.91 e
200000 vz 79,01 3000000
NL: 8.39E4 .
miz: 63.01 2500000_‘_‘
150000 .
2000000
é\ -
0000 & ]
DMP ;:c:. ! 0 51500000
= ]
50000 1000000
2.53 2.68 3.19 3.29 500000
Tl r 5
2!5 ' 2.[7 2.9 3.1 3.3 o
i T I L} l T I T | L}
RT(min) 0 20 40 60 80 100
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TT | Hop chat Peak Pwong chuan
50ppb BCEP BCEP
NL: 6.52E5 Y = 1.143e4X + 1.342e4; R"2: 0.9995; Origin: ignore; W: Equal; Area
_ RT. 4.61 miz: 35.21 .
600000 BT 2450 2500000
| m/z: 103.01 R
500000 ]
4 2000000
- 400000— ]
17 BCEP 2 300000- § 1500000
[=4 -~ -
200000+ 1000000
100000 :
4 4.35 4.96 500000
0 T T S TR IR FRET g n
4.4 4.6 _ 4.8 5.0 0
RT(min) 0 20 4|0 BIG BIO 100
50ppb DPhP DPhP
NL: 4.41E6 Y = 1.521e4X — 2.132e3; R"2: 0.9996; Origin: ignore; W: Equal; Area
RT: 9.11 m/z: 93.11
4000000 NL: 1,23E6
miz; 155.01
3500000
3000000
2 2500000
= 1500000
1000000
500000
9.51
0 T | ESRRT] 'ERR | | T
9.0 9.2 94 95
RT(min)
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TT | Hop chat Peak Pwong chuan
50ppb BDCIPP BDCIPP
RT: 8.56 NL: 1.01E6 Y = 1.182e5X + 1.013e5; R"2: 0.9991; Origin: ignore; W: Equal; Area
1000000 — m/z: 35.21 r
NL: 5.50E5 1300000’0'_
32 miz: 283.01 16000000
3800000 ]
] 14000000
> 600000 12000000
19 BDCIPP 2 - 510000000—3
€ 400000 8000000
5 B 6000000}
h 4000000
8.26 9.00 ]
L ot S s U B s ey 2000000
8.2 8.4 8.6 8.8 9.0 0 3
Ri(min) 0 20 40 60 80 100
50ppb DnBP DnBP
RT: 8.72 NL: 4.13E5 Y = 1.189%e4X + 9.344e3; R"2: 0.9998; Origin: ignore; W: Equal; Area
mfz: 78.51 8000000 —
400000 NL: 7.70E4 i
350000 miz: 152.91 7000000
300000 soouucc)—-
- 250000 5000000
- w i
20 DnBP ;:: 200000 £4000000-
£ 150000 g
3000000
100000 J
50000 ZDDDGGO—“
ol 8.?:8 S 9.22 1000000
8.4 8.6 8.8 9.0 9.2 o
RT(min) 0 20 4|0 BIG BIO 1 I|JO
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TT | Hop chat Peak Pwong chuan
50ppb BBOEP BBOEP
RT: 8.13 NL: 2.23E6 Y = 2.711e4X + 4.162e3; R"2: 0.9991; Origin: ignore; W: Equal; Area
5 miz: 97.01 2000000
3 NL: 8.56E5 ]
2000000: m/z: 197.10 ]
3 2500000
1500000 2000000}
2 3 ]
@ 3 & ]
21 BBOEP £ 10000003 £1500000
c 3 ]
5000005 1000000
775 7.8 8.63 500000
c /l J 1 T 1 1 1 T 1 T -
T 7.9 8.1 8.3 8.5 -
i T T T T T T T T
o 0 20 40 60 80 100
50ppb BEHP BEHP
. NL: 1.48E6 Y = 1.523e3X — 3.062e2; R"2: 0.9983; Origin: ignore; W: Equal; Area
RT: 15.02 iz 206,96 .
1400000 NL: 6.43E5 600000
- m/z: 79.01 |
1200000
3 500000
1000000 i
Z 800000 400000
22 BEHP 2 i g 1
£ 00000 < 300000}
400000: 200000
200000 i
414.71 15.36 100000
0 o T T | i L }
148 15.0 15.2 154 0
1 L} l L} I T | L} I T
K 0 20 40 60 80 100
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Bang S4: Nong d§ OPE (ng/g dw) trong thit ca chi vang va ca bon thu thap vao
thang 8/2022

Cd chi vang (n = 32)

Cd bon (n = 19)

Hop chat DF Ham luong Trung DF Ham luong Trung
(%) (Trung binh) Vi (%) (Trung binh) vi
TMP 50 0,3-1,1(0,7) 0,7 47 0,2-16(0,8) 0,7
TEP 44 02-16(,1) 1,2 53 0,2-1,4(0,9) 0,9
TnPrP 41 0,1-0,8 (0,4) 0,4 37 0,2-1,2(0,8) 0,8
TIPrP 25 0,1-0,7(0,4) 0,5 32 0,1-0,8(0,4) 0,4
TnBP 75 0,1-1,2(0,6) 0,6 68 0,2-0,8 (0,4) 0,4
TiBP 59 01-2,7(,5) 1,6 58 0,2-1,2(0,7) 0,9
THP 63 0,1-15(0,7) 0,7 63 0,3-1,6(1,1) 1,3
TBOEP 63 0,4 16,8 (4,7) 3,7 68 0,5 12,6 (4,4) 3,2
TEHP 72 0,2 - 8,2 (3,4) 3,5 74 0,1-32(1,2) 1,1
TPhP 75 02-21(12) 1,5 68 0,2-3,0(1,9) 2,0
CDP 38 0,1-1,2(0,6) 0,5 32 0,2-1,6(1,0) 1,1
EHDPHP 41 0,2-0,9(0,7) 0,8 26 0,2-0,5(0,3) 0,3
TCP 50 0,1-1,1(0,5) 0,4 47 0,2-1,5(0,8) 0,7
TCEP 81 0,1- 24,3 (6,4) 5,6 58 0,1-4,0(1,8) 15
TDCIPP 38 0,5-11,2(4,9) 4,9 21 0,3-2,1(0,9) 0,7
>alkyl OPEs 100 15-21,1(8,3) 7,1 100 0,5-16,5(6,5) 58
>aryl OPEs 94 0,2-4,6(1,8) 1,8 89 0,3-4,9 (2,3) 2,4
>Cl-alkyl OPEs 84 0,5-32,4(8,3) 6,1 68 0,1-4,0(18) 1,3
YOPEs 100 3,7-39,3 (17,0) 16,4 100 2,8-18,4(9,8) 8,4
DMP 100 2,7 64,0 (23,5) 174 100 1,7-107,6(257) 83
BCEP 25 2,8-17,1(8,4) 7,5 32 0,7-9,9 (5,8) 5,7
DPhP 84 1,3-16,8 (9,8) 9,3 89 1,1-28,6 (11,3) 11,0
BDCIPP 25 0,6 — 18,2 (6,6) 4,6 21 0,6 — 1,4 (0,9) 0,9
DnBP 63 0,3-27(1,3) 1,2 63 0,2-1,8(0,8) 0,6
BBOEP 63 0,7-22,0(8,7) 6,4 68 0,5-214(7,7) 48
BEHP 81 2,4 —138,7 (50,5) 33,1 74 0,9 -43,0(16,9) 13,9
5 di-OPEs 100 135-184,1(82,4) 737 100  11,5-152,9(55,7) 40,2
Téng 100 20,4 —209,3 (99,5) 88,1 100 14,4 - 167,2 (65,5) 47,6
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Bang S5: Nong d§ OPE va di-OPE (ng/g dw) trong miu ca chim thu thap trong giai doan 2021-2023

2021 2022 2023 Téng (n=172)
Hop cht __Thang 4 (n=36) Thang 12 (n=24) Thang 4 (n=30) Thang 8 (n=21) Thang 4 (n=29) Thang 8 (n=32) ong n
) DF Ham luong DF Ham luong DF Ham luong DF Ham luong DF Ham luong DF Ham luong DF Ham luong
(%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trung binh)
TMP 72 01-24 46 0,1-0,8 63 02-11 57 02-2,0 52 0,3-2,2 69 0,1-3,0 61 0,1-3,0
(1,3) 0,4) (0,6) (1,1) (1,3) 7 (1,1)
TEP 61 02-1,6 46 01-12 60 0,2-1,0 43 02-15 66 01-13 66 02-18 58 0,1-18
(0.9) (0,6) (0,6) (0.8) (0,9) (1,0) (0.8)
TnPrP 67 0,02-0,9 46 0,1-0,5 57 0,1-0,8 43 0,1-0,7 55 01-1,0 69 02-1,2 58 0,02-12
0,3) 0,3) (0,5) 0,4) 0,5) 0,7) (0,5)
TIPrP 69 0,04 -0,7 38 01-0,5 53 01-04 29 0,1-0,3 66 0,1-0,5 66 02-13 56 0,04-1,3
0,3) 0,3) 0,2) 0,2) 0,3) 0,7) 0,4)
TnBP 78 0,03-11 46 01-0,5 63 0,1-0,6 71 0,1-0,8 52 02-12 72 01-14 65 003-14
(0,5) (0.3) (0.3) (0.5) 0.7) (0.8) (0.6)
TiBP 72 01-19 42 0,2-0,8 53 0,04-1,0 62 02-13 62 02-14 63 01-15 60 0,04-19
(1,0) 0,5) (0,5) 0,7 0,8) (0,8) (0,8)
THP 67 02-24 46 01-10 70 02-13 67 0,4-2,0 55 0,2-2,0 75 01-29 64 01-29
(1.3) (0.,5) (0.8) (1.1) (1,0) (1.6) (1.1)
TBOEP 75 03-118 46 0,3-6,6 67 04-83 71 09-116 66 0,6-112 72 0,4-10,0 67 0,31-11,8
(6,6) 3,7) (4,6) (5,6) (5,8) (5,3) (5,4)
TEHP 64 1,0-154 50 0,8-5,9 63 0,2-8,0 67 05-129 59 1,1-115 75 1,3-133 63 0,2-154
(7,7) (3.4) (2,9) (3,7) (5,4) (6,5) (5,3)
TPhP 69 02-21 42 02-1.2 63 02-1,6 67 01-19 55 02-15 63 05-24 60 01-24
(0.9) (0.6) (0.8) (1.1) (0.8) (1.5) (1,0)
CDP 69 01-14 42 0,1-0,6 60 01-0,7 38 0,2-0,8 48 01-0,5 56 02-18 54 01-18
0,7) 0,3) 0,4) (0,5) 0,3) (1,0) (0,6)
EHDPHP 58 0,04-19 38 0,3-0,9 53 0,1-1,0 33 01-14 59 01-0,8 56 02-23 51 0,04-23
0,7) 0,5) 0,5) 0,8) 0,4) (1,2) 0,7)
TCP 58 01-31 50 01-12 53 01-15 48 01-24 55 02-23 69 08-2,8 56 0,1-31
1,7 0,7) 0,8) 0,8) (1,6) (1,8) 1,3)
TCEP 75 0,3-59 54 0,3-2,8 63 0,3-3.2 67 02-51 66 11-75 69 1,0-8,7 66 0,2-87
(3,0) (1,6) 1,8) (1,5) 4,7) (5,9) (3,3)
TDCIPP 64 02-54 46 0,3-4,2 63 0,3-5.2 43 0,1-6,5 76 12-75 63 11-75 60 01-75
(3,0) (2,3) (3,1) (2,5) (4,9) (3,6) (3,4)
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2021 2022 2023 <
Hop chi Thang 4 (n=36)  Thang 12 (n=24) Thang4(n=30)  Thang8(n=21)  Thang4 (n=29)  Thang 8 (n=32) Tong (n=172)
) DF Ham luong DF Ham luong DF Ham lugng DF Ham lugng DF Ham lugng DF Ham lugng DF Ham lugng
(%) (Trung binh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trungbinh) (%) (Trung binh)
Talkyl OPEs 100 2,6-28,1 100 1,0-10,3 100 15-137 100 2,0-19,0 100 0,5-238 100 2,4-26,7 100 05-28,1
(13,7) @7 (7,1) 9,2) (10,2) (13,8) (10,2)
>aryl OPEs 97 05-6,0 92 02-21 100 04-34 95 0,1-472 93 0,3-41 100 0,4-6,6 97 0,1-6,6
(2,6) (1,0) (1.5) (1,6) (1.8) 34) (2.1)
2Cl-alkyl OPEs 97 0,3-10,1 79 03-51 %0 0,3-6,8 86 01-70 97 14-140 88 15-149 90 0,1-149
(4.3) (2.4) (3.5) (2,5) (7.1) (7,2) (4.7)
>OPEs 100 7,2-315 100 2,4-145 100 2,5-20,1 100 4,5-248 100 7,8-389 100 10,9-38,3 100 2,1-389
(20,4) (7,5) (11,7) (12,9) (18,7) (23,5) (16,4)
DMP 100 0,13-69,9 0,3-4.2 80 0,3-572 100 1,1-107,6 79 0,89-66,2 100 0,89-1650 88  0,13-165,0
(21,9) 67 (2,3) (3,) (36,4) (18,7) (37,8) (23,8)
BCEP 58 04-154 0,6 -30,9 37 0,7-358 43 0,49-6,6 31 0,93-1738 41 0,80-29,7 42 0,36 - 29,7
(6,6) 38 (7,2) (12,9) (2,8) 9,1) (11,3) (6,4)
DPhP 81 06-131 05-93 80 0,6-87 86 0,70-13/4 72 0,30-9/4 81 0,56-19,7 77  0,30-19,7
(3,9) 58 (3,8) (3.1) (6,4) (3,4) (6,7) 4,2)
BDCIPP 78 04-253 05-34 80 05-80 33 042-135 86 0,37-19,8 78 0,27-145 70 0,21-25,3
(5,9) 46  (1,5) (2,6) 4,8) (6,5) (5,8) (5,6)
DnBP 42 01-19 04-73 40 0,2-178 62 0,28-21 62 0,14-25 47  0,06-4,3 46  0,06-4,3
0,7) 25  (2,6) (5,6) (1,0) (1,1) (1,5) (1,0)
BBOEP 61 0,3-331 0,2-0,8 57 03-11 67 19-147 62 0,19-31,0 66 042-179 59 0,14 - 33,1
(14,6) 38 (05) 0,7) (7,4) (8,8) (8,6) (10,0)
BEHP 78 0,6-136,6 2,0-17,9 80 0,14-20,2 76 1,0-123,0 79 089-1676 88 0,89-1310 78 0,56 - 167,6
(26,3) 67 (7,9) (10,3) (38,6) (36,1) (51,8) (33,9)
>di-OPEs 100 8,3-156,3 100 3,1-66,2 100 4,8-147,7 100 179-2141 100 8,3-263/4 100 142-212,0 100 3,2-2634
(63,1) (22,4) (42,8) (79,6) (60,6) (104,0) (63,3)
Téng 100 248-1780 10 5,2-80,7 100 11,3-1633 100 31,5-2331 100 17,6-291,8 100 25,0-2453 100 5,2-29138
(83,5) (31,9) (54,4) (92,4) (79,3) (127,4) (79,8)
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Bang S6. Nong @9 OPE (ng/g khdi lweng wét) trong thit ca bién

Hop chat DF (%) Khoing ndng @6  Trung binh  Trung vi
TMP 58 0,01-0,84 0,27+0,20 0,23
TEP 56 0,01-0,46 0,21+0,11 0,21
TnPrP 53 0,01-0,32 0,12+0,08 0,11
TIPrP 49 0,01-0,36 0,10+0,07 0,08
TnBP 66 0,01-0,36 0,14+0,08 0,14
TiBP 60 0,01-0,63 0,22+0,14 0,20
THP 64 0,03-0,80 0,27+0,17 0,24
TBOEP 66 0,08 — 3,78 1,34+0,85 1,25
TEHP 65 0,03 -4,17 1,17+1,01 0,83
TPhP 63 0,03-0,76 0,28+0,17 0,26
CDP 50 0,01-0,49 0,16+0,12 0,12
EHDPHP 48 0,01-0,59 0,17+0,13 0,13
TCP 55 0,02 -0,88 0,31+0,21 0,28
TCEP 68 0,03 -5,75 0,93+0,79 0,69
TDCIPP 54 0,03-2,48 0,89+0,56 0,90
Yalkyl OPEs 100 0,13-7,63 2,44+1,55 2,25
Yaryl OPEs 95 0,03-1,63 0,53+0,36 0,42
>Cl-alkyl OPEs 87 0,03 - 7,67 1,27+1,05 1,10
2OPEs 100 0,48 - 11,04 4,05+2,11 3,77




Thanh phén 2 (15,6%)
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PHU LUC HINH ANH
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Hinh S1. Sw phan bé cac diém thi nghiém & thanh phan chinh 1 va 2 theo yéu
té téc dd dong (a) va theo yéu té nhiét ao cot (b)
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HINH ANH LIEN QUAN PEN LUAN AN

SG NONG NGHIEP VA PHAT TRIEN NONG THON KHANH HOA
TRUNG TAM QUAN LY KHAI THAC CAC CONG TRINH THUY SAN

N A THONG

DT: 0258 3714 193 Enitangeahonro@emal con

& B e o6 ™

Hinh anh 2. Mot vai dja diém thu thap mau
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Hinh anh 3. Cac mau ca thu thap trong nghién cau
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Sic ki @6 phan tich OPE trén nén miu thuc

MAu ca chim tring

RT: 0.00-22.11
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Sic ki @6 phan tich di-OPE trén nén miu thuc

Mau ca chim

Mau ¢4 bon
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN DPic lap - Ty do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

S6: 934/QD-HVKHCN Ha Néi, ngay 22 théng 9 ndm 2025

QUYET PINH
Vé viée thanh 1ap Hoi ddng d4nh gi4 ludin 4n tién si cAp Hoc vién

GIAMDPOC
HOQC VIEN KHOA HQC VA CONG NGHE

Céin cir Quyét dinh s6 364/0D-VHL ngay 01/03/2025 ciia Chi tich Vién Han lam
Khoa hoc va Cong nghé Viét Nam vé viée ban hanh Quy ché Té chirc va hoat dong cua
Hoc vién Khoa hoc va Céng nghé;

Cdn cir Thong tu 56 1 8/2021/TT-BGDBT ngay 28/6/2021 ciia B§ Gido duc va
Dao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh dé tién si:

Can cur Quyet dinh s 1968/0D-HVKHCN ngay 28/12/2021 cua Gidm dée Hoc

vién Khoa hoc va Cong nghé vé viéc ban hanh Quy ché tuyén sinh va dao tgo trinh dé
tién St

Can cir Quyét dinh 56 2011/QD-HVKHCN ngay 30/11/2022 ciia Gidm déc Hoc

vién Khoa hoc va Céng nghé vé viéc cong nhdn nghién ciru sinh dot 2 ndm 2022 chwong
trink chdt lrong quéc té;

Cdn cie Gidy 1y quyén sé 331/UQ-HVKHCN ngay 19/9/2025 ciia Gidm doc Hoc
vién Khoa hoc va cong nghé;
Xeét dé nghi ciia Truéng phong Pao tao.

QUYET DINH:

Piéu 1. Thanh 1ap Hoi dong danh gia ludn an tién si cip Hoc vién cho nghién ctru
sinh Tran Lam Thanh Thién véi dé tai:

“Phat trién phwong phap phan tich va buéc diu danh giad rii ro sirc khoe
clia cic ester organophosphate trong mjt s6 loai c4 bién & Viét Nam”

Nganh: Hoa phén tich Ma s6: 944 01 18

Danh séch thanh vién Hoi ddng danh gi4 ludn 4n kém theo Quyét dinh nay.

Diéu 2. Hoi ddng c6 trach nhiém d4anh gia luén 4n tién s7 theo dung quy ché hién
hanh cia By Gido duc va Pao tao, Hoc vién Khoa hoc va Cong nghé.

Quyét dinh c6 hiéu luc t6i da 90 ngay k& tir ngay ky va phai dam bao thoi han
dao tao theo quy dinh ctia Hoc vién Khoa hoc va Cong nghé. Hoi dong tu giai thé sau
khi hoan thanh nhiém vu.

Piéu 3. Trudng phong T6 chirc - Hanh chinh, Trudng phong Dao tao, Trudng

phong K& toan, céc thanh vién c6 tén trong danh sach Hoi dong va nghién ctru sinh cé
tén tai Piéu 1 chiu trach nhiém thi hanh Quyét dinh nay./. ﬂ

Noi nhén:

- Nhu Piéu 3;

- Luu hd so NCS;

- Luu: VT, PT. TN16.
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Cho Ttian an cla nghien ctru sinh: Tran LAm Thanh Thién
V& d@ tai: “Phat trién phwong phap phan tich va bude dau danh gia rii ro

sire khoe ciia cac ester organophosphate trong mot s6 loai c4 bién & Viét Nam”
Nganh: Hoa phan tich

Ma s6: 9 44 01 18

Ngudi huéng dan 1: GS.TS. Lé Truong Giang - Vién Han 1am Khoa hoc va Cong

ngh¢ Viét Nam
Nguoi hudéng din 2: TS. Pao Hai Yén - Vién Héa hoc, Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam
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(Mau 8-HV-Mau nhdn xét lugn dn)
BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Ho va tén ngudi nhan xét: Nguyén Vin Tuyén
Hoc ham, hoc vi: GS. TS
Co quan cong tac: Hoc vién Khoa hoc va Cong nghé¢, Vién Han 1am KH&CNVN
Ho va tén nghién ciru sinh: Tran Lam Thanh Thién
Théy huéng din: GS.TS. Lé Truong Giang — Vién Han 1am KH&CNVN
TS. Pao Hai Yén — Vién Héa hoc, Vién Han 1am KH&CNVN
Tén dé tai ludn an: Phét trién phwong phép phén tich va bude diu danh gid rui ro strc khoe
clia cac ester organophosphate trong mot s loi ca bién & Viét Nam
Nganh: Hoéa Phén tich Mi s6: 944 01 18

Noi dung nhan xét:

1. Tinh cén thiét, thoi sw, y nghia khoa hoc va thwe tién ciia dé tai:

Trong nhitng nim gin ddy, viéc st dung cdc hop chdt chdéng chdy ester
organophosphate (OPE) ting manh ciing v6i su phat trién ctia nganh cong nghiép hoa chit
toan cau. OPE dugc g dung rdng rai trong nhiéu linh vire nhu nhya, dét may, dién tir va
vit lidu xdy dung, nhung qua trinh san xuét va thai bo da gy 6 nhifm moi trudng, dugc
phét hién trong nuéc thai, tram tich va sinh vét thily sinh & nhiéu nuéc, trong d6 c6 Viét
Nam. Pic biét 1 sau khi polybrominated diphenyl ethers (PBDE) bi cAm theo Cong uéc
Stockholm nim 2009, OPE tré thanh chét thay thé phd bién, tuy nhién tac dong doc hoc va
rii ro dai han cta chung van chua dugc nghién ciu ddy di. O Viét Nam hién chua c6
ngudng gidi han OPE trong thuc phdm va chua cé phuong phap phan tich ham luong dé
gidm sat trong mau sinh hoc, vi vdy nghién ctru sinh lya chon nghién ctru d@ tai ludn an
“Phat trién phuong phap phan tich va budc dau danh gia rii ro sirc khoe cua céc ester
organophosphate trong mot s6 loai c4 bién & Viét Nam” 13 c6 tinh cap thiét, c6 y nghia
khoa hoc va thuc tién cao.

Luén 4n x4c dinh ba muyc tiéu xuyén sudt: phat trién, x4c nhan gia tri str dung phuong
phap UHPLC-HRMS; khéo sat hién dién/phan b OPE & di-OPE trong mdt s6 loai ¢4 bién
& ba mién; va budc dau danh gia rui ro strc khoe ngudi tiéu dung. Céc muc tiéu niy bam
sat vin dé thoi sy cia an toan thuc phim thily san va quan Iy hoa chét.

2. Sw khéng trung Iip ciia dé tai nghién ciru so véi cic cong trinh, luin vin, luin 4n
da cong bd & trong va ngoi nwéc; tinh trung thwe, ré rang va day di trong trich din
tai liéu tham khao.

Két qua nghién ctru, sb liéu cong bd va céac két luén cta luan dn khong trung lap véi

cdc do an, ludn van, ludn an hay cong trinh khoa hoc da cong bo trong va ngoai nudc.
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Luan 4n trich dan cac tai liéu tham khao 12 cac bai bao khoa hoc quéc té duge dang
trén c4c tap chi uy tin. C4c tai liéu tham khao déu phu hop v6i ndi dung cin téng quan,
duge trich din ddy du, dang tin cdy.

3. Sw phu hop giira tén dé tai véi ndi dung, gitra ndi dung véi chuyén nganh va ma sé
chuyén nganh.

Tén & tai phan 4nh ding ndi dung: trong tdm 1 phwong phép phén tich (thude
chuyén nganh Héa phan tich) va dénh gi4 rii ro stc khée ddi véi OPE trong c4 bién. Ciu
triic myc tiéu — ndi dung trién khai trong ludn an phil hop véi huéng Héa phén tich (ma sb
9440118) va dinh huéng tmg dung trong an toan thuc phim/mai trudng.

4. P§ tin cdy va tinh hi¢n dai ciia phwong phap di sir dung dé nghién ctru.

Luén &n st dung céc phuong phap nghién ctru hiéu dai va dang tin cy.

- Phuong phdp UHPLC-HRMS hién dai, t61 wu didu kién ion hoa, toc do dong, nhiét
9 cot va ché do do (PRM), danh gi4 do n dinh tin hiéu (RSD% 2,2-9,3% v&i chudn 1—
100 ng/mL), xac dinh IDL/IQL ctia 22 c4u tir (OPE & di-OPE) & mirc 0,02-0,03 ng/mL va
0,07-0,10 ng/mL.

- Quy trinh xtt Iy mAu cai tién dua trén QUEChERS két hop SPE (EMR lipid +
WAX), t&i uu bude héa hoi dung méi (ly tim chan khong két hop N2), gitip giam nhidu
nén lipid & mAu c4; so dd va thong sé thao téc phuong phép phan tich dugc trinh bay chi
tiét.

- Phuong phép phan tich duge xdc nhan gia tri st dung theo SANTE/11312/2021,
céc chi tiéu: do ding, d6 13p lai, do tai 1ap, MDL-MQL, va hiéu ng nén dat yéu ciu; gi6i
han phat hién trén nén thit ¢4 0,02 - 0,05 ng/g.

- C4c mb ta thiét bi, vat tu, quy trinh chuén héa dung cy, va cach ding chuin ddng
vi/chudn dong hanh dé hiéu chinh hdi thu trong nén giau lipid dwgc trinh bay rd; xur ly
théng ké chitng minh hiéu qué hiéu chinh.

5. Két qué nghién ctru méi ciia tac gid; nhitng déng gép méi cho sy phat trién khoa
hoc chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té, quéc phong, xa hoi
va doi song; ¥ nghia khoa hoc, gid trj va d§ tin cdy ciia nhirng két qua do.

Két qua nghién ctru cua ludn 4n da c6 nhiéu dong gép méi cho sy phat trién nganh
héa hoc néi chung va chuyén nganh héa phan tich néi riéng. Céc két qua thu dwge c6 nhidu
diém méi, bao gdm:

- Pham vi thu thip miu phén tich: 223 mAu ¢4 thu thép tai cac cang/cho ¢4 16n mién
Bic — Trung — Nam; liét ké rd toa d0, thoi gian va dic thi thuc dia. Ba loai dai dién ba ting
song: ca chim tring (Pampus argenteus), ¢ chi vang (Selaroides leptolepis), ca bon
(Psettodes erumei). Thiét ké nay phan anh chudi tiéu thu va ting sinh thai, ting y nghia
thuc tien.



- Dit lidu dinh lwrgng va phan bd: Téng OPE trong thit ¢4 2,1-39,3 ng/g (dw); tdng
di-OPE 3,2-263,4 ng/g (dw). Cé su khéc biét vé hd so 6 nhiém gitra loai/mién. Biéu db
phén bb, PCA va bidu d6 tam phén minh hoa 15 quy luét vu thé nhém alkyl/aryl/Cl-alkyl.

- Co ché — dién giai: Lun 4n ban lufn mbi quan hé giita dic tinh hoa-1y (log Kow,
kha ning chuyén héa thanh di-OPE), ting sdng/khu phan va ngudn thai ven bd trong kiém
soat phan bd ndng do.

- Panh gid rii ro: Tinh EDI va LADD cho tré 1-6 tudi va ngudi 16n; EDI (tré em)
xAp xi 4 1an so v6i ngudi 16n, trong khi LADD ngudi 16n x4p xi 5 14n so véi tré em; HI,
HQ, ILCR < 1 ngay ca kich ban x4u nhit; Hinh 3.17 minh hoa su khac biét EDI/LADD
theo nhém tudi. Két luan: rii ro hién tai khéng dang lo ngai dbi véi ngudi Viét Nam khi
tiéu thu cdc miu khao sat. Nhimg két qua nay b sung dir liéu nén diu tién cho Viét Nam
vé& OPE/di-OPE trong c4 bién, phuc vu thiét 14p ngudng/quy chuin va gim st an toan
thyc phim.

6. Uu diém va nhwgc diém vé ndi dung, két cdu va hinh thirc ciia ludn an.

Luan an ¢6 b cuc rd rang, ndi dung nghién ctru phong phu, k¥ thuét sir dung hién
dai va c6 déng gép méi, hinh thirc va ndi dung ludn an duge trinh bay theo qui dinh.

Luan 4n van c6 mot sb 16i chinh ta cin chinh sira, hoan thién.

7. N¢i dung ciia luin 4n d3 dwgc cong bd trén tap chi, ky yéu Héi nghi Khoa hoc
nao va gia tri ciia cic cong trinh da cong bd (cdp céng b6 WoS (SSCI, SCI/E, ESCI ...),
Scopus, qudc té c6 phan bién, tap chi trong muedc duwoc tinh diém theo Hoi dong Gido su
nha nwéc ... va xép hang SCIMAGO).

Két qua ctia luén 4n dugc dang trén 02 bai bao khoa hoc quéc té (Journal of Food
Composition and Analysis va Chemosphere) cung 01 bai dang trén tap chi trong nudc
(Vietnam Journal of Science and Technology). Pay la cic tap chi ¢6 uy tin, khing dinh
tinh khoa hoc va tin cdy ctia két qua ludn 4n.

8. Kétluin chung cin khing dinh:

Ban luéin 4n 1a cong trinh ¢6 y nghia khoa hoc va thyc tién. Luén 4n c6 ndi dung
nghién ctru phong pht, dat dugc nhiéu két qua, c6 tinh méi. Luén an dap Gng ddy du vé
mit ndi dung va hinh thirc ctia mot luan 4n tién si. Dé nghi Hoi déng cho phép NCS duge
bao vé luan an cip Hoc vién dé nhan hoc vi Tién si.

Ha Noéi, ngay [ thang 10 ndm 2025
Nguwdi nhan xét

\—/’\”-’/’:{;

GS. TS. Nguyén Vin Tuyén
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1
BAN NHAN XET/PHAN BIEN LUAN AN TIEN SI CAP HQC VIEN

Ho va tén ngudi nhan xét: Vuong Truong Xuan
Hoc ham, hoc vi: PGS. TS
Co quan cong tac: Trudong Dai hoc Khoa hoc, Dai hoc Théi Nguyén
Ho va tén nghién ciru sinh: Tran Lam Thanh Thién
Thay huéng dan: GS.TS. Lé Truong Giang — Vién Han 1am Khoa hoc va Cong nghé
Viét Nam
TS. Pao Hai Yén — Vién Héa hoc, Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam
Tén dé tai ludn 4n: “Phat trién phuong phap phan tich va bude dau danh gid rai ro

strc khoe ctia céac ester organophosphate trong mdt so loai ¢4 bien ¢ Viét Nam.”

Nganh: Hoa Phan tich Ma s6: 944 01 18

NoOi dung nhén xét:

I. Tinh cin thiét, thoi sy, y nghia khoa hoc va thuc tién cia dé tai:

- Dé tai mang tinh thoi su va cin thiét cao trong bdi canh 6 nhidm cac chit hitu co kho
phén hay, dac biét 1a cac ester phosphat hitu co (OPEs) dang tré thanh mdi quan tdm qudc
té. Viét Nam chua c¢6 nghién ciru toan di¢n vé OPEs trong thiy san, nén luan an da bo sung
khoang trdng khoa hoc quan trong. Két qua ¢ y nghia khoa hoc va thyc tién rd rét, phuc
vu gidm sat 6 nhiém va danh gia rti ro strc khoe trong tiéu thu thuy san.

2. Su khong trung lap cua dé tai nghién clru so vdi cac cong trinh, ludn vén, ludn an da
cong bd & trong va ngoai nude; tinh trung thuc, rd rang va day du trong trich dén tai liéu
tham khao.

- Pé tai c6 tinh méi, khong trung lip véi cac cong trinh trong va ngoai nude. Ludn dn c6
trich dan tai liéu ddy du, chinh x4c va cip nhat, dic biét 12 cdc cong trinh quéc té gan day.
Céch trinh bay trich dan ro rang, dam bao tinh trung thuc va khoa hoc.

3. Su phu hop giita tén dé tai véi ndi dung, gitta ndi dung véi chuyén nganh va ma s6
chuyén nganh.

- Tén dé tai, ndi dung va phuong phép nghién ctru phit hop chit ché véi chuyén nganh Hoa
phén tich, tdp trung vao phat trién va ing dung phuong phap dinh lugng vét cac hop chit
hitu co trong mau sinh hoc.

4. D0 tin cdy va tinh hién dai ciia phuong phap da sir dung dé nghién ciru.

- Ludn 4n st dung thiét bi hién dai (UHPLC-HRMS) két hop thiét ké thi nghiém (DoE) dé

t6i wu hoa diéu kién phan tich. Quy trinh thdm dinh tuin thi huéng dan
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SANTE/11813/2017, dam bao do dung, do lap lai va do nhay dat chuin quéc té. MDL dat
0.02-0.05 ng/g, ching t6 phuong phap c6 do nhay va df tin cdy cao. Cac s6 lieu dugce xir
ly bing céc phuong phap théng ké chit chg, cho két qua co do tin cdy cao.

5. Két qua nghién ctru méi cia tac gia; nhimg déng gép méi cho sy phat trién khoa hoc
chuyén nganh; dong gép méi phuc vu cho san xudt, kinh té, quéc phong, xd hoi va doi
sbng; y nghia khoa hoc, gié trj va do tin cdy ctia nhirng két qua do.

« LAn dAu tién tai Viét Nam phat trién va xac nhan phwong phéap phan tich dong thoi 15
OPEs va 7 di-OPEs trong md cé bién.

« Cung cap bo dir liéu nén dau tién vé OPEs trong thily san Viét Nam (223 mau, ba mién).
« Budc diu danh gia rui ro stre khoe (EDI, HI, ILCR) khi tiéu thu ca bién.

M ra hudng nghién ctru vé chét 6 nhiém méi ndi trong méi trudng Viét Nam.Uu diém
va nhugc diém vé noi dung, ket cau va hinh thirc cua luén an.

6. Noi dung ctia ludn 4n da duge cong bd trén tap chi, ky yéu Hoi nghi Khoa hoc nao va
gié tri clia cc cOng trinh da cong bd (cdp cong bé WoS (SSCI, SCI/E, ESCI ...), Scopus,
qud;c 1é ¢6 phan bién, tap chi trong nudc duogc tinh diém theo Hoi d(i‘ng Gido sw nha
niede ... va xép hang SCIMAGO).

- Nghién ciru sinh da c6 céc bai bao cong b trén tap chi quéc té co phan bién thudc hé
thong WoS/Scopus, ciing véi cac bdo cao hdi nghi khoa hoc trong nude. Cac cong bd phan
anh trung thuc ndi dung va két qua chinh cta lun 4n. Téc gia dd c6 2 bai bao dang trén tap

chi qudc té Q1 va 01 bai bao ding trén tap chi Khoa hoc ¢6 uy tin trong nude.
7. Két luan chung can khéng dinh:

- Luén an dap Umg dy du yéu cau ctia mot cong trinh tién s7 chuyén nganh Hoéa phén tich:
¢ tinh mdi, gid tri khoa hoc va tmg dung rd rang, phuong phép hién dai, sb liéu tin cay.

- Ban tom tét phan 4nh trung thuc ndi dung chinh cua luén an.

- P& nghi cho phép NCS Trin Lam Thanh Thién bao v¢ ludn dn cip Hoc vién dé xét cong
nhan hoc vi Tién st Hoa phan tich.

Théi Nguyén, Ngay 06 thang 10 nam 2025

Ngwoi nhan xét

ht

PGS.TS. Vwong Trwong Xuan



(Mdu 8-HV-Mdu nhén xét ludgn én)

BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Tén dé tai ludn an: “Phdt trién phuong phdp phan tich va buée dau danh gid rui ro

sttc khoe cuia cdc ester organophosphate trong mét sé lodi cd bién & Viét Nam”,
Nganh: Hoa phén tich
Ma sé: 9 44 01 18
Nghién ctru sinh: Tran Lam Thanh Thién
Thay huéng dén: GS.TS. Lé Trudng Giang
TS. Pao Hai Yén
Ho va tén ngudi nhéan xét luan an: PGS.TS. Trinh Thu Ha

Co quan cong tac: Vién Héa hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam

N§i dung nhin xét:

1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thwe tién ciia dé tai luin 4n.

Nho dic tinh nho diic tinh chdng chy hiéu qua va tinh linh hoat & mit ciu
triic hoa hoc ester organophosphate (OPE) dang dugc sir dung rong rai trong san
xuat nhya, dét may, thiét bi dién tr, vét liéu xdy dung va nhidu san phdm tiéu ding
khac. Tuy nhién qua trinh san xuét, tiéu thu, va thai bo céc san phim chira OPE
dén dén phat thai ra cac hop chit nay vao méi truong.

Céc OPE di duogc tim thz’iy trong nudc mat, nudce thai, trdm tich va dac biét
la trong sinh vat thity sinh & cac qubc gia trén thé gidi. Tai Viét Nam mot s6 két
qua nghién ciru da bude dau ghi nhén sy hién dién ctia OPE trong nurée mat, khong
khi trong nha va c4 bién.

Nhiéu OPE ¢6 kha nang tich ity sinh hoc va lan truyén qua chudi thirc an
khi con ngudi tiéu thy c4 bién nhidm OPE céc hop chét nay c6 thé xdm nhap vao
co thé va gly ra cac tac dong bét loi nhu rdi loan noi tiét ton thiong hé than kinh
rbi loan chuyén héa va nguy co ung thu. Dic biét sau khi di vao co thé OPE cling
c6 thé bi chuyén hoa sinh hoc thanh céc chit chuyén hoa di-OPE ma dit liéu vé
ddc tinh va anh hudng sirc khde clia con nguoi ctia chiing van con han ché chua
dugc quan tim ddy du trong cac danh gié i ro.

Hién nay tai Viét Nam van chua ban hanh ngudng gi¢i han ham luong OPE
trong thuc pham ciing nhu chua c6 céc phwong phép phan tich tiéu chuan hoa dé
giam sat cac hop chét nay trong mau sinh hoc nhu cé bién. Cée phuong phap
thuong duge sir dung dé phan tich OPE nhu tric quang (UV-VIS), dién hoéa, dién
di mao quan, sic ky 1ong két hop véi hé théng khdi phd (LC-MS/MS), sic ky
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khi két hop khdi phd (GC-MS). Tuy nhién céc phuong phép nay van ton tai mot
s6 han ché nhu d6 nhay thép hoc phén tich dugc it chit OPE, thdi gian lau. Do
d6 dé tai “Phdt trién phuwong phdp phan tich va buée dau danh gid rii ro sirc
khde cia cdc ester organophosphate trong mét sé lodi cd bién & Viét Nam” 1a
cén thiét, c6 tinh khoa hoc va ¢6 gia tri thye tién cao.

. Sw khong tring lip ciia dé tai nghién ciru so véi cic cong trinh, luidn an da
cong bé & trong va ngoai nwéc; tinh trung thue, ré rang va diy da trong
trich din tai liéu tham khio.

Tén dé tai va ndi dung nghién ciru cta luén 4n khong tring 1ap véi cac cong
trinh, ludn vén, ludn 4n da cong bd & trong va ngoai nude. Luan an sir dung tai
liéu tham khéo phong phu, ¢6 ndi dung phu hop, véi 262 tai liéu tham khao,
trong d6 c6 260 tai liéu tiéng Anh va 02 tai liéu tiéng Viét, thé hién sy trung
thuc, 1 rang va day di, cac tai liéu tham khao cdp nhat méi dén nam 2025.

. Sw phit hgp giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh
va mi sb chuyén nganh.

Luéin an thue hién mot khéi lugng 16n cong viée, thu duge mot s két qua co
y nghia khoa hoc va y nghia thyc tién. Tén dé tai va cac ndi dung nghién ctru ctia
luan an phit hgp véi chuyén nganh Hoa phén tich. M4 sb: 9 44 01 18 theo chuong
trinh dao tao ctia Hoc vién Khoa hoc va Cong nghé.

. D4 tin cdy va tinh hi¢n dai ciia phwong phap da sir dung dé nghién ciru.

Céc két qua trong ludn an co6 d tin cdy va dg chinh xédc cao. Luén an st
dung céc phwong phap phan tich trén thiét bi hién dai UHPLC-HRMS, phi hop
vO1ndi dung nghién ciru, ¢ dd tin cdy va do chinh xéc cao. Cac thi nghiém dugc
thiét ké theo Thiét ké thuc nghiém Doehlert Design (DoE) va kiém tra do tin
c@y qua phan tich phuong sai (ANOVA). Cac két qua duoc xir ly theo phuong
phap thong ké bing cic phin mém wu viét, hién dai.

. Két qua nghién ciru méi ciia tac gia.

- ba xdy dyng thanh cong quy trinh phén tich déng thdi OPE va chét
chuyén héa clia ching trong c4 bién (thit) trén thiét bi UHPLC-HRMS. Dy 1a
nghién ctru dau tién ¢ Viét Nam vé viée xac dinh gié trj sit dung phuong phap
phén tich dong thai cac OPE trén nén miu sinh hoc.

- P x4c nhan gié tri sir dung ctia phuwong phép phan tich OPE va céc chét
chuyén héa cta chiing trong nén méu sinh hoc. Panh gid duge su hién dién phan
bd ctia cdc OPE trong c4 bién thu thdp & mot sb cang c4 bién tai mién Bic,
Trung va Nam ctia Viét Nam.

- P bude ddu danh gia rii ro stc khoe ra phoi nhiém OPE thong qua tiéu
thu ca bién.

A o A A __As A A \ 3 - o A r
. Uu diém va nhwoc diém vé ndi dung, két chu va hinh thirc ciia ludn an.



Luén 4n da thyc hién nghién ctru day d céc ndi dung pht hop véi muc tiéu
nghién ctru dé ra véi khdi lugng cong viée 16n, c6 nhiéu sé lieu va két qua,
phuong phap phan tich chinh xéc, ¢6 nhiéu diém méi, bd cuc hop 1y két cdu ludn
an chdt ch€, hinh thirc trinh bay ctia ludn an dep va ding theo quy dinh cia Hoc
vién Khoa hoc va Céng nghé.

Nhuoe diém cén chinh sira :

- B0 xung thém vao phan mé dau thong tin v& phuong phap phan tich

OPE va chiét tach mau sinh hoc/cé bién.

- Xem lai cin thng nhét giita phin nhén xét két luan “T; rong do khong
ghi nhdn dugc sy khdce biét vé nong dé OPE giita céc lodi cd” véi phan
nhén xét trong trang 116 “Da cd sw khdc biét dang ké vé nong d¢p OPE
gitta cdc mdu cd trong nghién civu nay”.

- Chinh sira mot s6 16i in 4n nhu hinh v& trong PL10, PL17.

. N§i dung ludn 4n da dwge cong bd trén tap chi, ky yéu hoi nghi khoa hoc
nao va gia tri khoa hoc ciia cic cong trinh di cong bo.

Tac gia da c6 03 bai bao dugc cong bd trén céc tap chi khoa hoc chuyén
nganh uy tin trong va ngoai nudc, trong do c6 01 bai dang trén tap chi Journal
of Food Composition and Analysis thugc danh myc SCIE (Q1, IF = 4,6), 01 bai
dugc dang trén tap chi Chemosphere thudc danh muc SCIE (Q1). 01 bai duoc
chip nhén ding trén tap chi Vietnam Journal of Science and Technology thudc
danh muc Scopus.

. Két luan chung:

Luén 4n thye hién mot khoi lwgng 16n cong viée, thu duge mot sd két qua
¢6 y nghia khoa hoc va y nghia thyc tién, dép tmg céc yéu cau cua luin 4n tién
sT nganh Hoa phén tich. Céc két qua cia luin 4n dugc cong bd trén céc tap chi
khoa hoc quéc té va quéc gia c6 uy tin. Ban t6m tit ludn 4n da phan anh trung
thanh ndi dung co ban cta luén én.

Ludn én “Phadt trién phwong phdp phdn tich va bude ddu ddnh gid rui ro
sikc khde cuia cdc ester organophosphate trong mét sé lodi cd bién & Viét Nam”
dap (mg diy du cdc yéu cdu vé ndi dung va hinh thirc theo quy dinh cua Hoc
vién Khoa hoc va Céng nghé vé chuong trinh do tao Tién si Héa Phan tich. T6i
dong y dé nghién ctru sinh trinh ban lun 4n cta minh bao vé truée hoi ddng
danh gid Luén an cép Hoc vién dé nhan hoc vi Tién si.

Ha Néi, ngay 15 thdang 10 nam 2025
Nguwdi nhian xét
’%%f

PGS.TS. Trinh Thu Ha
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Mau trinh bay Ban nhdn xét /phan bién (lam 02 ban)

BAN NHAN XET/PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Ho va tén ngudi nhan xét: Leé Thi Trinh
Hoc ham, hoc vi: PGS. TS
Co quan cong tac: Truong Dai hoc Tai nguyén va Mai trudng Ha Noi, B Nong
nghiép va Moi truong
Ho va tén nghién ctru sinh: Trdn Lam Thanh Thién
Théy huéng din: GS.TS. Lé Truong Giang — Vién Han 1dm Khoa hoc va Cong nghé
Viét Nam

TS. Pao Hai Yén — Vién Hoa hoc, Vién Han 14m Khoa hoc va
Cong nghé Viét Nam
Tén dé tai luan &n: Phat trién phuong phéap phén tich va budce dAu danh gia rai ro st
khde ctia cac ester organophosphate trong mdt s loai ¢4 bién & Viét Nam

Nganh: Ho6a Phan tich Mi s6: 944 01 18
NoOi dung nhén xét:

1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thre tién ciia dé tai:

Dé tai mang tinh thoi s cao, giai quyét mot van dé cép thiét trong linh vuc an toan
thue phdm va strc khoe méi truomg. Trong nhitng nim gén day, céc chit chong chay brom
héa (PBDEs) bj han ché sir dung trén toan cau theo Cong udc Stockholm, cic ester
organophosphate (OPEs) d4 try thanh nhom hop chét thay thé phd bién. Tuy nhién, dit liéu
vé mirc d6 ton luu, doc tinh va rii ro strc khoe ciia OPEs, dic biét 1a cac chit chuyén hoéa
clia chiing (di-OPEs), tai Viét Nam con rat han ché do vdy hudng nghién ctru cau luén an
dép g nhu cdu cdp bach vé viéc gidm sat cdc chét 6 nhiém hitu co méi néi trong moéi
trudng va trong chudi thure phdm.

Ludn 4n c6 ¥ nghia khoa hoc su séc, viéc xdy dung va xac nhan gia tri st dung
thanh cong mot quy trinh phan tich ddng thoi 15 OPE va 7 di-OPE bing ky thuat hién dai
UHPLC-HRMS 1a mot dong gop quan trong trong linh vyc Hoa phén tich tai Viét Nam.
Cung vé6i d6, nghién ctru cung cip mot s6 dit ligu khoa hoc dau tién vé sy hién dién, phan
bd va trong quan gitta OPE va di-OPE trong céc loai ¢4 bién c6 gi4 tri kinh té cao, dai dién
cho c4c tng sinh thai khac nhau tai ca ba mién Viét Nam.

Gid trj thuc tién ctia ludn 4n 14 rit ro rang va c6 tiém ning tmg dung cao. Céc két
qua nghién ctru cung cép co s& dit lidu khoa hoc ban ddu, dang tin ciy dé céc co quan quan
Iy nha nude (nhuw BO Y té, Bo Nong nghi¢p va Moi truong), cac don vi nghién ctru khéc
tham khao trong viéc xdy dung céc quy dinh, tiéu chuin v& gi6i han du lugng OPE trong
thuc phém, dic biét 1a thiy san. Két qua dénh gia rai ro strc khoe bude diu cting 12 ngudn
thong tin dé canh bao va bao vé sirc khde ngudi tiéu dung.



2. Su khéng tring lip ciia dé tai nghién ciru so v6i cac cong trinh, luin vin,
ludn 4n da cong bd & trong va ngoai nwérc; tinh trung thye, rd rang va day
dii trong trich din tai liéu tham khao.

Tinh méi va khong tring 13p: Dya trén téng quan tinh hinh nghién ctru trong va
ngoai nudc duge trinh bay chi tiét trong ludn an va hiéu biét cta ngudi doc, c6 thé khing
dinh dé tai 12 mot cong trinh nghién ctru mai, va khong tring lip véi céc cong trinh di
cdng b tai Viét Nam. Lu4n 4n 12 nghién ciru tién phong trong viéc phat trién phuong phap
phén tich déng thoi OPE va di-OPE trén nén mau c4 bién va khio sat su phan b ctia ching
trén quy md toan qudc. Tinh méi clia nghi€n ctru da dugc minh chirng rd nét qua 03 cong
trinh khoa hoc dugc cong bd trén cac tap chi quéc té uy tin thudc danh muc SCIE
(Chemosphere, IF=8.1; Journal of Food Composition and Analysis, IF=4.0) va Scopus.

Tinh trung thuc trong trich dan: T4c gia da thé hién sy nghiém tac va trung thuc
trong hoc thudt. Danh muyc tai liéu tham khao phong pht (262 tai liéu), cip nhat, chi yéu
& cdc cOng trinh tir c4c tap chi quéc té uy tin. Cach trich din trong toan vén luén 4n 15
rang, nhit quan va chinh xéc, cho thiy nghién ciru sinh da nghién ciru su sdc va ton trong
cac cong trinh ctia nhitng tac gia di trude.

3. Su phil hop giira tén dé tai véi ni dung, giira ndi dung véi chuyén nganh
va mi s6 chuyén nganh.

Noi dung nghién ctru phit hop véi tén dé tai. CAu triic ludn 4n duoe xdy dung logic,
bam sat cac muc tiéu dé ra: tir phét trién phuong phap phén tich (Chuong 2, Muc 3.1, 3.2,
3.3), 4p dung phuong phéap dé khao sét thuc trang 6 nhidm (Muc 3.4), dén danh gia rui ro
sirc khoe (Muc 3.5). Céc ddi twong, pham vi va ndi dung nghién ciru hoan toan nhét quéan
v6i tén dé tai.

Su phil hgp v6i chuyén nganh: Ngi dung ¢t 16i cia luéin 4n 1a nghién ctru phat trién,
t6i wu hoa va thAdm dinh mot quy trinh phén tich phtrc tap, hién dai, hoan toan phu hgp vai
chuyén nganh Hoa phén tich.

4. Do tin cdy va tinh hién dai ciia phwong phap da sir dung dé nghién ctu.

Luén 4n da sir dung mot hé théng phwong phap nghién ciru rét hién dai, hé théng va
c0 do tin cdy cao.

Phuong phép phén tich: Viée lwa chon k§ thuat sic ky 16ng siéu hiéu niang ghép ndi
khdi ph phan giai cao (UHPLC-HRMS) 14 hoan toan phu hop, ddy 1a mdt trong nhitng k¥
thuat tién tién nhit hién nay cho phan tich vi lwong céc chit hitu co trong nén miu phirc
tap.

Phuong phap t8i uu hoa: Téc gia d4 ap dung phuong phép Thiét ké thi nghiém (DoE)
v6i md hinh Thiét ké trung tdm tdng hgp dang mit phing (CCF) dé tdi wu hoa céc diéu
kién phan tich. Day 1a mdt cach tiép can khoa hoc, hé théng, nhidu wu diém so v6i phuong
phép t6i ru hoa don yéu té truyén thbng.



3

Phuong phép xir Iy mAu: Quy trinh xir Iy mAu dya trén k§ thust QUEChERS cai tién,
két hop tinh sach bang hé vat liéu méi (EMR-WAX) cho thdy s dAu tr nghién ctru séu
cua téc gia dé giai quyét thach thirc v& nén mAu giau lipid.

Phuong phép x4c nhan va xir Iy s lidu: Ludn 4n da tham chiéu huéng din thdm
dinh phuong phép ciia Uy ban Chau Au (SANTE/11312/2021) va sir dung c4c phuong
phap thong ké phit hop dé xir 1y va dién giai dit lidu, dam bao do tin cay cta két qua.

D¢ tin cdy va hién dai: Nhin chung, cdc phuong phéap duge sir dung trong luin 4n
déu mang tinh cép nhdt cao, tidm c4n véi cdc nghién ctru hang ddu trén thé gi6i trong cling
linh vue, dam bao cac két qué thu dugc c6 d chinh xéac va tin cdy cao.

5. Két qua nghién ctru méi ciia tic gid; nhirg déng gép mai cho sy phat trién
khoa hgc chuyén nganh; déng gép méi phuc vu cho sin xuét, kinh té, quic
phong, x4 hi va doi song; y nghia khoa hoc, gi4 trj va d¢ tin cdy clia nhirng
két qua do.

Luén 4n d3 dat dugc nhiéu két quéa quan trong va c6 nhitng déng gop méi, cu thé:
= V& khoa hoc:

(1) Lan d4u tién tai Viét Nam, da x4y dyng va xé4c nhén thanh cong quy trinh phan
tich ddng thoi 15 OPE va 7 chét chuyén héa di-OPE trong nén miu thit c4 bién bing
UHPLC-HRMS véi hiéu ning cao (d6 thu hdi 83,1-108,6%, gi6i han phat hién 0,02-0,05
ng/g).

(2) Cung cép bo dir liéu gbe kha toan dién dAu tién vé thuc trang 6 nhiém OPEs va
di-OPEs trong 3 loai c4 bién (ca chim tring, c4 chi vang, c4 bon) tai cac ving bién trong
yéu ciia Viét Nam, véi téng ndng do OPEs dao dong tir 2,1-39,3 ng/g dw va di-OPEs tur
3,2-263,4 ng/g dw.

(3) Phat hién ra cdc quy luit phan bd OPEs theo loai (lién quan dén ting sinh thai),
theo khong gian (khu virc mién Bic ¢6 hd so 6 nhiém khac bi¢t) va theo thoi gian (co su
bién dong ndng do lién quan dén giai doan gidn céch x4 hoi do COVID-19).

= V& thyc tién:

Két qua danh gi4 rii ro cho thdy mitc d6 phoi nhim OPE qua tiéu thu c4 bién &
Vi€t Nam hién tai chua dang lo ngai (HI va ILCR < ngudng cho phép), nhung tré em 1
nhém ddi trong c6 nguy co cao hon ngudi 16m. Day 1a nhitng thong tin khoa hoc ban du
1am co s¢ cho céce co quan quan 1y trong viée hoach dinh chinh s4ch an toan thwe phdm va
bao vé strc khde cong ddng.

Cac két qua nay dang tin cdy, dugc chirmg thuc qua viéc cong bd trén cac tap chi
quoc t€ ¢ uy tin cao.

. A M . A A As A A P - » A »
6. Uu diém va nhwoc diém vé ndi dung, két cau va hinh thire ciia luan an.
a) Vé noi dung:
= Uu diém:

+ Cau tric luan 4n chit chg, logic, cic chuong muc duge trinh bay khoa hoc.
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+ Tong quan tai li€u chi tiét, sdu sdc va toan dién, thé hién kién thirc chuyén mon
ctia nghién ciru sinh vé linh vic nghién ctru.

+ Phuong phép nghién ctru hién dai, duge trién khai bai ban, dic biét 1a viée ap dung
DoE trong tdi wu héa va SANTE trong thim dinh phuong phap.

+ K&t qué nghién ctru phong phi, c6 nhi¢u déng gop mai va dugce théo luin siu sic,
c6 sy lién hé vai céc nghién ctru trén thé gidi va boi canh thyec tién tai Viét Nam.
» MOt s6 han ché va gop y:

+ Tai Muc 2.4 (Thu thép va béo quan mAu): Phan giai thich Iy do/ can c lya chon
cac dia diém, thoi diém. tan sudt 1é‘1y mau cu thé, tiéu chi Iya chon c4c cang c4, loai ¢4 cin
duqc l1am 18 hon ((v1 du: t1ep cin vé dia diém theo luorng thuy sén tai cang, khu vire cung

cap, loai c4,....vé thoi diém theo miia danh bit, v& loai c4 theo khu v, tAng nudc sinh
song,...)

+ Lufn én da chi ra mdt han ché 16n 1a thiéu dir lidu doc hoc cho nhidu hop chit
OPE va hau hét céc di-OPE. Mic di ddy 12 han ché chung ciia khoa hoc hién tai, phan ban
luan c6 thé nhin manh siu hon vé muc do khong chéc chin (uncertainty) ma diéu nay gay
ra cho két qua danh gia rdi ro, dic biét khi ndng do di-OPE dugc phat hién cao hon dang
ké so v6i chit me (chét gbc). Do vay trong phin thao luan ctia Muc 3.5.2 (Panh gia rii ro
strc khoe), NCS nén bd sung thém thao luéin nhén manh vé két qua danh gid rdi ro hién tai
c6 thé dang & mirc dénh gi4 thép, wéc tinh do chura tinh dugc rii ro tir cac chit di-OPE vén
co nf‘mg dd cao, tai liéu tham chiéu vé nhén xét nay. Tur do, dé xut manh mé hon vé su
can thiét ctia c4c nghién ctru doc hoc trong twong lai d6i vdi cac chit chuyén hoa nay.
b) V& hinh thirc:
= Uu diém:

+ Luén an dugce trinh bay chuyén nghi€p, cong phu, vian phong khoa hoc mach lac,
rd rang.

+ He théng bang biéu, hinh anh da dang, dugc danh sé va cha thich ddy du, hd tro
hiéu qua cho viéc minh hoa két qué. Viée sir dung cac bidu dd phirc hop (biéu d6 tam phén,
biéu d6 PCA, heatmap) cho thiy k§ ning xir Iy va truc quan héa dit lidu tét ciia NCS.

= Mot s6 han ché va gop y:

+ M9t vai hinh dnh ¢6 mat d6 thong tin kha cao (vi dy Hinh 3.12, 3.14, 3.16), c0 thé
gdy khé khan cho ngudi doc néu khdng c6 phan chii giai chi tiét timg thanh phan. NCS nén
bd sung thém cac dong chu thich ngay dudi hinh dé giai thich rd hon vé y nghia cla tirng
biéu dd con hodc cac ky hiéu. Vi du:

Hinh 3.12 (Trang 116): Can cha thich 18 ndi dung cua tirng biéu dd (a), (b), (c), (d)
dé ngudi doc d& dang phén biét biéu dd sang loc, biéu dd bién va sy phin bd diém mau
theo loai ca va khu vuc;
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Hinh 3.14 (Trang 121): Can giai thich rd cAu tric ma trin cta hinh: mdi hang tuong
tng véi mot nam (2021, 2022, 2023), va mdi cot thé hién céc két qua PCA khéc nhau (biéu
6 bién, biéu db diém mAu trén cac thanh phin chinh).

Hinh 3.16 (Trang 125): Phan cht giai cAn ghi r5 mbi biéu db con (a), (b), (c), (d)
twong (g véi mdi trong quan & nhém dbi tugng ndo (vi du: (a) cé chi vang, (b) cé bon,
(c) c4 chim triing mia xun, (d) c4 chim tring mua thu).

+ Cén ra soét lai toan vin dé phat hién va stra c4c 18i chinh t4, 16i danh méy nhé con
st lai.

7. Noi dung ciia luin 4n di dwgc cong bo trén tap chi, ky yéu Hji nghi Khoa

hoc ndo va gia tri ciia cdc cong trinh di cong bd (cdp cong bé WoS (SSCI,
SCI/E, ESCI ...), Scopus, qudc té cé phan bién, tap chi trong nudc dugc tinh
diém theo Hoi dong Gido sw nha nude ... va xép hang SCIMAGO).

Nghién ciru sinh d& cong bd 03 bai béo khoa hoc, trong d6 c6 02 bai trén céc tap chi
quéc t& rét uy tin thudc danh muc SCIE (Chemosphere, IF 8.1; Journal of Food
Composition and Analysis, IF 4, 01 bai d& duoc chip nhén ding trong tap chi trong nudc
thugc danh muc Scopus.

8. Két luan chung:

Luén 4n “Phat trién phuong phép phén tich va budc dau danh gid rui ro sic khoe
clia cdc ester organophosphate trong mot s lodi ¢ bién & Viét Nam” ciia nghién ciru sinh
Tran Lam Thanh Thién 1a mot cong trinh nghién ctru khoa hoc nghiém tic, cong phu, c6
hé théng va chira dung nhiéu déng gop méi ca vé mit khoa hoc va thue tién. Tac gia da
thé hién ning luc nghién ctru ddc 14p, sing tao va sy am hiéu chuyén mon sau sic. Cac két
qua ctia ludn 4n hoan toan déng tin cdy va di dugc cong dong khoa hoc trong nude, qudc
té ghi nhén.

Lu4n 4n hoan toan d4p g yéu ciu ctia mot ludn 4n tién st chuyén nganh Hoéa phan
tich. Ban tom tét luén 4n c6 phan anh trung thanh ndi dung co ban ciia luén 4n. T6i dong ¥
cho NCS dugc bao vé truée hoi ddng bao vé ludn 4n tién si cdp Hoc vién dé nhan hoc vi
tién si chuyén nganh Hoa phan tich.

Ha Noi, ngay 08 thang 10 nam 2025

Nguwoi nhan xét

A

Lé Thi Trinh
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BAN NHAN XET/PHAN BIEN LUAN AN TIEN SI CAP HQC VIEN

Ho va tén ngudi nhan xét: Tran Manh Tri
Hoc ham, hoc vi: PGS.TS '
Co quan cong tac: Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quoc gia Ha Noi
Ho va tén nghién ctru sinh: Trdn Lam Thanh Thién
Thay huéng dan: GS.TS. Lé Truong Giang — Vién Han 1am Khoa hoc va Cong ngh¢
Viét Nam

TS. Dao Hai Yén — Vién Hoa hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam
Tén dé tai luan an: Phdt trién phuong phdp phén tich va budc dau dinh gid riii ro
strc khde ciia cdc ester organophosphate trong mgt so lodi cd bién ¢ Viét Nam
Nganh: Héa Phén tich Mi s6: 944 01 18

Noi dung nhén xét:

1. Tinh cin thiét, thoi sw, j nghia khoa hoc va thuc tién ciia dé tai:

Nghién ctru phat trién cac phuong phép phan tich chinh xac cac hgp chét hitu co trong
mau mdi trudng cling nhu thue pham ludn doi héi sw ti mi va cin trong. Hién nay, nhiéu
phong thi nghiém da dugc trang bi cac thiét bi phéan tich chinh xé4c va hién dai. Tuy nhién,
nhin chung nang luc phan tich céc hgp chét hitu co clia cic phong thi nghiém van con rat
yéu. Poi ngii, nhan lyc c6 tay nghé cao trong linh vire phan tich héa mdi truong con kha
khiém ton. Céc tiéu chudn, quy chuin vé cac hop chit hitu co méi ndi chua df’)ng bd.
Nguyén nhén chinh dugc cho la thiéu cac phuong phédp phan tich hidu qua duva trén cac
thiét bj phan tich hién dai. Didu d6 din dén nhitng hiéu biét ciia cac nha khoa hoc ciing nhu
cong dong vé mirc do phan bd va rii ro phoi nhidm do céc chét 6 nhiém hitu co méi ndi
nhu nhom ester organophosphate tich lily trong méi trudng va thue pham con nhiéu han
ché. Vi vdy, nghién ciru sinh lya chon dé tai luan 4n tién si: “Phat trién phuong phéap phan
tich va budc dau danh gia rai ro strc khoe clia céc ester organophosphate trong mot sé loai
ca bién & Viét Nam” mang lai nhiéu y nghia khoa hoc va thyc tién. Pay 14 van d& méi, cdp
thiét va kho trong linh vurc can dugc phat trién dé dong gop nhitng thanh tuyu méi cho nganh
Hoa phén tich.

2. Sw khong trung ldp cia dé tai nghién ciru so voi cdc cong trinh, ludn vin, lu@n dn
di cong bé ¢ trong va ngodi nwdéc; tinh trung thuc, ré rang va ddy di trong trich dan tai
liéu tham khdo.

Theo hiéu biét ctia ngudi phan bién, tén dé tai ludn an, cac s lidu, cac két qua nghién
ciru, cac nhin xét va két luat dugc trinh bay trong ban luin an hoan toan khdng cé su tring

l3p v6i bat ky luan 4an, ludn van hay céc cong bd trong va ngoai nude nao trude do.
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3. Swpha hop giita tén @ tai véi ndi dung, giiva nji dung véi chuyén nganh va ma sé
chuyén nganh.

Noi dung chinh ciia luén 4n 12 phit trién phuong phép phan tich cac hop chéit nhém
ester organophosphate trong nén miu c4. Sau dé, tic gia 4p dung quy trinh da chuén héa
dugc dé phén tich dinh luong cac chit muc tiéu (22 chét) trong cdc mau cé bién. Tir bo s6
liéu thu dugc, tac gia da danh gia mirc do tich lily cta cac chit nghién ctru va rai ro dén
strc khde con nguoi do su tiéu thy mau ca bién. Vi viy, noi dung trinh bay trong ban luéan
4n hoan toan phu hgp v6i chuyén nganh dao tao Hoa phan tich, ma sd: 9440118. Tén dé
tai ludgn an phi hop véi ndi dung nghién ciru duge trinh bay trong ban lugn én va tém tat
luan an.

4. D§ tin ciy va tinh hi¢n dai ciia phwong phdp di sit dung dé nghién ciru.

Nghién ctru dugce thyc hién bai ban, cong phu va ti mi bao gbm day du cac bude nhu
tong quan tai liu, thiét ké thi nghiém va xir 1y, danh gia s6 liéu. Pic biét, nghién ctru duge
thure hién trén céc thiét bj phén tich chinh xdc va hién dai nhét hién nay 1a sic ky 16ng hiéu
nang cao (UHPLC) ghép ndi véi detector khdi phd phéan giai cao (HRMS) va ddy du cac
thiét bi phu trg vi viy céc s6 liéu cong bo trong ludn 4n 13 hoan toan dang tin cay.

5. Két qua nghién ciru méi ciia tdc gid; nhitng dong gop méi cho sw phit trién khoa
hoc chuyén nganh; déng gép méi phuc vu cho sin xudt, kinh té, quéc phong, xi hdi va
doi song; y nghia khoa hoc, gid tri va dp tin cdy ciia nhitng két qua do.

1) Cong trinh luan 4n da lap dung thanh céng va xac nhén céc gia tri sir dung cuia
phuong phép phan tich dong thoi 15 chit OPE va 7 chét di-OPE trong nén mau cé
bién thiét bi hién dai nhét hi¢n nay la séc ky 6ng ghép ndi khdi phd phan giai cao.

2) Ban ludn dn 1a cong trinh dau tién bao cdo vé muc d tich lily ctia céc chit OPE va
di-OPE trong 3 loai mau ca bién thu thap tai cac khu vuc mién Bic, Trung va Nam
cua Viét Nam.

3) Cong trinh luén 4n da budc dau danh gid mic do rii ro dén ste khoe con nguoi do
sir tiéu thy c4 bién c6 nhiém OPE va di-OPE.

6. Uu diém va nhwoc diém vé ndi dung, két ciu va hinh thirc ciia lu@n an.

Uu diém:

- Ludan an duge trinh bay rd rang, mach lac, diing vin phong khoa hoc va dugc in 4n
sach dep.

- Noi dung cua luan 4n phong phi va dy di cac bude nghién ciru. Noi dung nghién
ctru duoc trinh bay chinh xéac, logi va khoa ho.

Nhuge diém:

- Ban luén 4n va tom tit luan 4n can duogc chinh sita mot s 16i chinh ta, in 4n va
chuin hoa cac thudt ngir trude khi nop luu chiéu.
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7. Npi dung ciia lugn dn da dwgc cong bo trén tap chi, ky yéu Hpi nghi Khoa hoc nao
va gid tri ciia cdc cong trinh di cong bo (ccfp céng bé WoS (SSCI, SCI/E, ESCI ... )
Scopus, quc‘v’c té ¢é phan bién, tap chi trong nuée duwoc tinh diém theo Hi dc‘;ng Gido s
nha nwdc ... va xép hang SCIMAGO).

Noi dung trinh bay trong ban ludn 4n lién quan truc tiép dén 03 cong trinh da duge
cong bd ciia NCS. Bai béo thir nhit ding trén tap chi Journal of Food Composition and
Analysis (nha xuét ban (NXB) Elsevier), tap chi thugc danh muyc SCIE, Q1 theo SIMAGO,
chi s6 tuong tac (IF): 4,6 va duge Hoi dong gido su nha nuée (nganh Héa hoc va Cong
nghé¢ thuc pham) tinh t5i da 3,0 diém. Bai bo th hai dang trén tap chi Chemosphere (NXB
Elsevier), tap chi thudc danh muc Q1, tuy nhién tap chi Chemosphere khong con dugc chi
muc trong Wed of Science cta Clarivate nita nén dugc tinh t6i da 1,0 theo quy dinh cua
Hoi dong gido sw nha nude. Bai béo thi ba ddng trén tap chi Vietnam Journal of Science
and Technology, tap chi thudc danh muc Scopus, xép hang Q4 va duoc tinh téi da 1,5 theo
quy dinh ctia Hoi dong gido su nha nude.

Noi dung céc bai bdo déu lién quan truc tiép dén nodi dung trinh bay trong luan 4n.
Céc bai bdo déu c6 chit lwong va gia tri khoa hoc cao. Céc tap chi ding tai cdc bai bio déu
la cac tap chi c6 uy tin.

8. Két lugn chung céan khing dinh:

Nhin chung, véi khéi lugng cong viéc 16n, ban ludn 4n cia NCS Trdn Lam Thanh
Thién dép g ddy dii cac yéu cAu theo quy dinh ca vé ndi dung va hinh thire déi véi mot luan
an Tién si chuyén nganh Hoa phan tich, ma s6 9.44.01.18. Noi dung trong ban tom tit luén dn
dd phan 4anh trung thyc, diy du va ro rang c4c ndi dung cot 16i cia ludn an. Toi dong y dé
NCS Tran Lam Thanh Thién dugc trinh ludn n ctia minh ra bao vé tai Hoi ddng chim luan

an tién st cép Hoc vién. NCS Tran Lam Thanh Thién xtng dang nhan hoc vi tién si.

Ha Noi, Ngay 06 thang 10 nam 2025

Ngwoi nhan xét

e e R e
PGS.TS. Tran Manh Tri



(Mc'ivu 8-HV-Mau nhdn xét | udn dan)
BAN NHAN XET/ PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Tén d tai luan 4n: “Phat trién phuong phap phén ti?h va buéc’déu dénh gié rui ro
strc khoe clia céc ester organophosphate trong mot so loai ca bién ¢ Viét Nam”
Nganh: Hoa phén tich
M s6: 944 01 18
Nghién ctru sinh: Trén Lam Thanh Thién
Thiy hudng dan: GS.TS. Lé Trudng Giang
TS. P4o Hai Yén
Ho va tén ngudi nhan xét luan dn: PGS. TS. Nguyén Xuén Trudng

Co quan cong tac: Truong Hoa va Khoa hoc Su séng — Pai hoc Bach Khoa Ha Noi
Nogi dung nhén xét:

1. Tinh cin thiét, thoi s, ¥ nghia khoa hoc va thyc tién ciia dé tai ludn 4n
Hop chit organophosphate esters (OPEs) ngay cang duogc st dung rong rdi thay

thé cho céc chit chdng chay brom héa (PBDEs). Céc nghién ctru gan dy da phat
hién OPEs trong mdi trudng (nudc mit, nudc thai, bun, trdm tich) va chudi thyuc
phim bién (sinh vét thiy sinh, c4 bién). Hién nay, & Viét Nam chua c6 nghién ctru
hé théng nao v& OPEs trong mAu sinh hoc va thuc phim, dic biét 1a c4 bién - mot
ddi tugng duogc tidu thu phd bién trong doi séng. Dé tai cta luan an “Phat trién
phwong phép phén tich va budc dau danh gia rai ro suc khoe cua céc ester
organophosphate trong mot s6 loai cé bién & Viét Nam” cung cap co s& dif liéu nén
vé mirc d9 6 nhiém va rii ro sitc khoe clia cac OPEs; quy trinh phan tich phat trién
dép g theo yéu cau quéc té (Reg. (EU) 2021/808, SANTE/11312/202 1). Noi dung
nghién ciru ctia luén 4n c6 tinh thoi sy, cép thiét va c6 y nghia khoa hoc, ¥ nghia
thyc tién,

2. Sy khéng trung lip cia dé tai nghién ciru so véi cdc cong trinh, ludn 4n da
cong bd & trong va ngoai nwéc; tinh trung thye, rd rang va diy di trong
trich din tai liéu tham khio
D¢ tai luan 4n: “Phét trién phuong phap phén tich va budc ddu dénh gid rii ro

sttc khoe cua cdc ester organophosphate trong mét s6 loai c4 bién ¢ Viét Nam”

khong tring 1ap véi cac ludn én trong nudce va tén dé tai tiéng Anh “Development
of an analytical method and preliminary assessment of health risks of
organophosphate esters in various marine fish species in Vietnam” khong thay c6
su trung 1ap. Theo tra clru cho théy, céc so lidu, cac két qua nghién clru, cac nhan

xét, két ludn ciing khong thiy trung 14p v6i cdc ludn 4n dad bao vé trong nude va g

nude ngoai.



Luén an tham khao 262 tai li¢u, trong do hau hét 1 tai liéu Tiéng Anh, cip nhat

(dén 2025) v& van d& nghién ciru, dugc trich din ddy du va rd rang dam bao dd tin
céy.

3. Su phu ht;rp gitra tén d@ tai véi ndi dung, giira ndi dung véi chuyén nganh
va mi sé chuyén nganh

Tén dé tai phi hop véi ni dung nghién ciru, ndi dung nghién ciru clia dé tai phu
hop v&i chuyén nganh Héa phén tich, ma s chuyén nganh 9.44.01.18.
4. D) tin cdy va tinh hi¢n dai clia phwong phép da s dung dé nghién ciru

Phuong phép nghién ciru ctia ludn 4n duge thiét ké logic, chit ché va khoa hoc.
Phuong phép phén tich dugc xdy dyng, t6i wu va thim dinh theo huéng din
SANTE/11312, sir dung st dung cdc ndi chuén ddng vi; Cac thi nghiém duoc thibt
ké, t6i wu hoa ddng thoi nhidu thong s6; Quy trinh lam sach mAu sinh hoc nhiéu
lipid bing SPE — Florisil két hqxp chiét QUEChERS cai tién; Luan 4n st dung hé
thiét bi UHPLC- HRMS tién tién phti hop cho phan tich vét OPEs; Phén tich dit liéu
str dung phan mém chuyén dung, do d6 c4c két qua thu duge cé d tin cay cao.

5. Két qua nghién ctru méi ciia tic gia
Lu4n 4n da thu dugc nhiéu két qua c6 y nghia.
- Phét trién va xac nhn phuong phép phan tich dbng thoi OPE va di-OPE trong

m ca bién bang hé UHPLC-HRMS, c6 d nhay cao, d6 thu hdi 70-120%, gidi han

phat hién thip (dén 0.02 ng/g khéi lugng wét). Téi wu cac thong s6 chiét — séc ky —
khdi phd, dam béo tinh bn dinh va do bén cia phuong phap.

- Xay dyng quy trinh x{ ly mau sinh hoc nhiéu lipid ¢6 hidu qua tach chon loc
cao, két hop lam sach bing SPE-Florisil va str dung chuén ddng vi trong ddng khi
khong c6 CRM cho OPEs trong mé ca.

- Cung cap dir liéu ddu tién tai Viét Nam vé phan b OPE va di-OPE trong ca

bién tai ba mién Béc-Trung—Nam; ddng thoi bude dau ude lugng rdi ro phoi nhiém
qua thyc phdm dbi véi nguoi tidu dung Viét Nam.

6. Uu diém va nhwge diém vé ndi dung, két cAu va hinh thirc ciia lufin 4n

Céc két qua nghién ciru cta luan 4n duge trinh bay trong 140 trang, chia thanh
3 chuong (Tong quan, Pdi tugng va Phuong phép nghién ctru, Két qua va Théao
luén), phé“m Két ludn va gf‘:am 41 Bang, 25 Hinh, 51 trang Phu lyc. Luén an c6 b cuc
hop 1y, logic, hinh v& va bang biéu trinh bay r5 rang.

Luén 4n dap (mg day di yéu clu vé ndi dung va hinh thirc ctia mét luén 4n tién
sT chuyén nganh Héa phén tich.
7. Noi dung luin 4n di dwge cdng bo trén tap chi, ky yéu hdi nghi khoa hoc

nao va gia tri khoa hoc ciia cdc cong trinh di cong bd

Téc gia c6 03 cong trinh cong bd lién quan dén nodi dung luén an. Trong d6 c6
02 bai bao quédc té thuoc danh muc SCIE, Q1; va 01 bai dang trén Tap chi Phén tich
Hoéa, Ly va Sinh hoc. Day déu 1a cac tap chi trong nudc va qudc té uy tin.



Céc cong bd déu phan anh ndi dung, két qua nghién ctru chinh trong luén 4n, cé
chét lugng tét va c6 gid tri tham khao.
8. Két luin chung

Lugn 4n dép tmg day du yéu cdu vé ndi dung va hinh thire ctia mdt luén 4n tién
si chuyén nganh Héa phan tich, cé y nghia khoa hoc va ¢6 nhitng déng gép mai.
Ban tom tét luén 4n phan 4nh trung thanh ndi dung cta luan 4n.

T61 dong y ludn én duge dua ra bao vé trude hoi dong cham luén 4n tién si cip
A A [ . ~ M [ P
Hoc vién d€ nghién ciru sinh nhén bang Tién si.

Ha Ngi, ngay 09 thdng 10 nam 2025
Ngudi nhan xét

PGS. TS. Nguyén Xuin Truong



BAN NHAN XET LUAN AN TIEN S1 CAP HQC VIEN

[1o va tén ngudi nhan xét lun 4n: Nguyén Thi Anh Hudng
Hoc ham, hoc vi: PGS. TS.
Co quan cong tac: Truong Dai hoe Khoa hoc Tw nhi¢n, PHQGHN
[lo va (én nghién ctru sinh: Trin Lam Thanh Thi¢n
Thay huéng dan: GS.TS. Lé Truong Giang
TS. Dao Hai Yén
Tén dé tai luan an: Phét trién phuong phép phan tich va budc dau danh gia rui ro sirc
khoe cuia cac ester organophosphate trong mot s0 loai cé bién ¢ Viét Nam
Nganh: Héa phan tich Mi s6: 944 01 18

NOI DUNG NHAN XET

1. Tinh cin thiét, thoi s, y nghia khoa hoc va thye tién ciia d@ tai
Céc hop chét chéng chay, trong dé ¢é céc ester organophosphate (OPE), duoc
su dung nhiéu trong céc san ph;im nhua, dét may, dién t, vat liéu xdy dung,... Tuy
nhién, viéc st dung céc hop chét nay tiém 4n nguy co gy tdn hai dén strc khoe con
ngudi khi bi phoi nhiém theo céc con dudmg khac nhau. Do do, dé tai “Phat trién phuong
phap phan tich va buoc ddu danh gia rui ro sirc khde cia céc ester organophosphate trong
mdt s6 loai ¢ bién ¢ Viét Nam” 1a can thiét, co y nghia khoa hoc va thuc tién trong viéc
phét trién quy trinh phan tich va budc dau danh gia rui ro stre khoe cia cac hop chat nay.
2. Sy khéng triung lip cta dé tai nghién ciru so v6i cdc cong trinh, ludin vin, luin 4n
di cong béd ¢ trong va ngoai nwde; tinh trung thue, rd rang va ddy di trong trich
dén tai lidu tham khio
Pé ai luan an khong tring ldp véi cdc cong trinh, luén van, ludn an cla céc tic gia
khéc da cong b trong va ngoai nudce. Téc gia sir dung 262 tai li¢u tham khdo, cap nhat dén
nim 2025, duoc trich din trung thye, rd rang va day du.
3. Sw pht hop giita tén dé tai véi ndi dung, gitra ndi dung véi chuyén nganh va ma 56
chuyén nganh
N6i dung ludn 4n phd hop voi tén dé tai va chuyén nganh Hoa phén tich ma s6 9 44
0118 1l
4. D tin cdy va tinh hién dai ctia phwong phap da su dung dé nghién ciru
Céc phuong phép str dung trong nghién cru déu phtt hop vé6i cac ndi dung tuong
ang. Trong d6, phuong phap phén tich sir dung trong nghién ctu la séc ki long siéu higu

ning ghép ndi khdi phd phén giai cao (UHPLC-HRMS). Déy la phuong phép phan tich
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hién dai, phit hop v6i muc tidu, ndi dung nghién ciru nham phén tich cac hop chét chong

chay co phét pho trong ¢4 bién can do nhay va chon loc cao. Phuong phép xir Iy mau

chiét pha rén cling dugc st dung phdi hgp nhim ting cudng hiéu quéa phan tich ab6i voi

nhém chit nay. Ngodi ra, céc phuong phap xi 1y va phan tich sb liéu, danh gié rii ro,...

cling dugc st dung trong nghién curu.

5. Két qua nghién ctru méi cia tic gia; nhirng déng gop méi cho sy phat trién khoa
hoc chuyén nganh; dong gép méi phuc vu cho sian xuét, kinh té, quoc phong, xi

hdi va doi sdng; ¥ nghia khoa hoc, gia tri va d§ tin ciy ciia nhing két qua do
Mot s6 két qua dat duogc ctia ludn an:

- Pi khao sat lua chon didu kién phén tich va xir Iy miu nhim xéac dinh dong
thoi 15 hop chit OPE va 7 di-OPE trong thit ¢4 bién bing phuong phap séc
ky 16ng siéu hidu ning ghép ndi khéi phd phan gidi cao (UHPLC-HRMS).
Phuong phap da duoc thAm dinh dap (mg yéu cau theo quy dinh ctia Uy ban
Chau Au SANTE/11312/2021.

- Da ap dung phan tich ham lugng céc hop chét OPE trong 223 mAu c4 bién (172
mau c4 chim, 19 mau c4 bon va 32 méu c4 chi vang) thu thap tai mot ) vung
bidn & Viét Nam. Tir dé, bude dau rii ro sic khoe do phoi nhiém OPE trong
thit c4 dd duogc ude tinh cho tré em va ngudi 1én, cho thdy chua cé nguy co
dang lo ngai.

6. Uu diém va nhwoe diém vé ndi dung, két ciu va hinh thire ciia lufn 4n.

Luén an c6 khéi luong thuc nghiém khé 16n, két qua nghién ctru c6 y nghia khoa
hoc va thuc tién trong viéc khao sét lua chon céc diéu kién phan tich d&‘mg thoi cac OPE
va bude diu danh gia rai ro stre khoe do phoi nhi€m céc hop ch4t nay. Ludn 4n c6 két cau
va hinh thirc duge trinh bay theo quy dinh, trinh bay logic.

Phén Phuong phap nghién ctu cin dugce viét lai dudi dang cac phuong phap st
dung (vi du: phuong phap ldy mau, phuong phap phan tich, phuong phép xtr Iy mau,
phuong phap xir ly s6 liéu, phuong phap danh gié rui ro,...) thay cho viéc liét ké cach
thue hién. Téi thiéu, néu phuong phéap trude khi trinh bay cach thyc hién. Ngoai ra, con
mdt s6 1381 chinh ta, danh mdy, format can ra soat chinh stra.

7. No§i dung cia ludn an da dwoc cong bo trén tap chi, ky yéu Hoi nghi Khoa hoc
nao va gia tri cda cac cong trinh da cong b6 (cdp cong bo WoS (SSCI, SCI/E, ESCI
..), Scopus, quéc 1é ¢6 phan bién, tap chi trong nudc duge tinh diém theo Héi dong
Gido su nha nudce ... va xép hang SCIMAGO).

NCS va céac dong tac gia da liét ké 03 cdng trinh khoa hoc lién quan dén luan 4n.
Trong do, 02 cdng trinh dugc céng bb trén cac tap chi chuyén nganh cla qube té:
Journal of Food Composition and Analysis (ISL, Q1), Chemosphere (ISI, Q1) va 01



"
=)

cong trinh di dugc chép nhin ding trén tap chi Vietnam Journal of Science and
Technology (Scopous, Q4). Day déu 1a céc tap chi chuyén nganh c6 uy tin vi chét luong
tot. Xem lai va cdp nhat hién trang bai bao s6 3 vi dd dugc chip nhén dang tir 23/9/2024.
8. K&t luan chung

Ludn 4n ddp (ng céc yéu chu ddi vai mot lun 4n tién si chuyén nganh Hoa phén
tich. Ban tom tat luén an phan anh trung thanh ndi dung co ban cia luén an. Ludn dn c6 thé
dua ra bao vé cép Hoc vién dé nhan bang Tién si.

[a Noi, ngay 40 thang A0 nim 2025

Nguwoi nhan xét

Nguyén Thi Anh Huong



(Méu 21-HV-BB cia HP cap Hoc vién)

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Poc lap - Ty do - Hanh phic
HOC VIEN KHOA HQC VA CONG NGHE

Ha N¢i, ngay 13 thang 11 ndam 2025

’ BIEN BAN CUA _
HOQI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN

Ho va tén NCS: Tran LAm Thanh Thién

Tén d& tai lugn én: “Phat trién phwong phdp phan tich va budc dé}u ddnh gid rii
ro strc khée ciia cdc ester organophosphate trong mot so loai ca bién ¢ Viét Nam”
Nganh: Héa Phan tich

Mi s6: 9 44 01 18

Nguoi huéng dan 1: GS.TS. Lé Trudng Giang — Vién Han 1am Khoa hoc va Cong
nghé Viét Nam

Ngudi hudng dan 2: TS. Pao Hai Yén — Vién Héa hoc, Vién Han 1d4m Khoa hoc va
Cong nghé Viét Nam

Thoi gian bao vé: Bét dau tir 9h00 ngay 13 thang 11 nim 2025

Dia diém bao vé: Phong hop 1705,’H(_)c Vién‘KH&’CN, Vién Han lam KH&CN
Viét Nam, nha A28, 18 Hoang Quoc Viét, Cau Giay, Ha No6i

Thanh phéan tham du:

- Hoi ddng c6 mat: 6/7 thanh vién. Danh sach Hoi dong nhu sau:

Ving mat: 01 (PGS.TS. Nguyén Xuan Truong)

Ho va tén, hoc ham Lrch
TT : ? * Co quan cong tac nhiém trong
hoc vi AT
Tt Hoi dong
X s :_ | Hoc vién Khoa hoc va Cong nghé, 2 0
1 | GS.TS. Nguyén Van Tuyén Vién Han lam KHCNVN Chu tich
PGS.TS. Vuong Truong Truong Pai hoc Khoa hoc, .
? | Xusn Pai hoc Théi Nguyén iy
o - Vién Hoa hoc, 8
3 | PGS.TS. Trinh Thu Ha Vién Han lam KHCNVN Phan bién 2
Truong Dai hoc Tai nguyén va Moi Uy vién -
4 | PGS.TS. Lé Thi Trinh truong Ha Noi, Tyhu, e
_ B4 Nong nghiép va Moi trudng Y
— , Truong Pai hoc KHTN, Moo
5 | PGS.TS. Tran Manh Tri B hoe Oulle gia FIE N Uy vién
¢ |PGS.TS. Nguyén Thi Anh Truong Pai hoc KHTN, {v vign
Huong Pai hoc Quéc gia Ha Noi s
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- Pai biéu tham du:

GS.TS. Lé Truong Giang — Dai dién tap thé hudng dan

TS. Nguyén Thi Trung Phé Giam déc Hoc vién KHCN

Phan I:

1. Dai dién co s dao tao tuyén b 1y do, doc quyét dinh ctia Giam d6c Hoc vién

Khoa hoc va Cong nghé vé viéc thanh lap Hoi dong danh gid luan 4n tién st cip Hoc

vién va moi GS.TS. Nguyén Van Tuyén - Chu tich Hoi dong diéu khién phién hop

2 Ch tich Hoi ddng - GS.TS. Nguyén Vin Tuyén cdng bd danh sach thanh vién

¢6 mit (6/7 thanh vién), budi hop di didu kién dé lam viéc theo quy ché. Chi tich

Ho1 déng dé nghi Thu ky thong bao cac didu kién chudn bi cho budi bao vé va doc

ly lich khoa hoc ciia NCS

3. PGS.TS. L& Thi Trinh - Uy vién Thu ky thong béo cac diéu kién cho budi bao

vé ctia NCS Tran Lam Thanh Thién

- Dé tap hop day dt 07 nhan xét luan 4n ctia 07 thanh vién trong Hoi dong;

- Di ¢6 gidy xac nhén clia cdc dong tac gia cho phép NCS dugc sit dung bai bao;

- Luan é4n, théng tin tém tit vé nhing déng gép méi cua luan 4n tién si duoc ding

trén trang web cia Bo Giae duc & Dao tao ngay 29/9/2025 va website Hoc vién

KH&CN ngay 23/9/2025;

- Tin v& ngay bao vé da duoc ding trén trang web ctia Hoc vién KHCN ngay

21/10/2025.

- LLKH va bang diém cua NCS.

- V& thoi gian thuc hién: NCS. Tran Lam Thanh Thién di bao vé luén 4n cap co s&

ngay 17/4/2025, d& tai da nhan dugc 02 phan bién doc lap dong y cho NCS bao vé

ludn 4n tién sy cép Hoc vién, NCS Tran Lam Thanh Thién xin bao vé cép hoc vién
trong thoi gian 03 nam. | '

Nhu vay, NCS c6 du cac diéu kién dé bao vé ludn 4n tién si cdp Hoc vién.

4. Chu tich Hoi dong néu cau héi: Cac thanh vién hdi dong va nhitng nguoi tham
du néu cau hoi hodc y kién thic méc (néu c6) v& ly lich khoa hoc va qua trinh
dao tao ctia nghién ctru sinh, Khong ai ¢6 y kién gi, Cha tich Hoi ddng dé nghi
NCS trinh bay két qua luan 4n. Yéu cdu NCS sinh trinh bay néi dung luan &n
trong thoi gian khong qua 30 phut. Khong duoge doc ban tém tit lun 4n hodc
van ban chuin bi trude

5. NCS Tran Lam Thanh Thién trinh bay lun 4n tr 9h15 dén 9h50 ngay
13/11/2025.

N&i dung trinh bay gom 4 phan chinh
Phan 1: Dt van dé, muc tiéu, ndi dung va téng quan van dé nghién ciu

Phan 2: Di tuong, phuong phap, k¥ thuat nghién ctu



Phén 3: Céc két qua nghién ctru va thao luan
Phan 4: Két luén va kién nghi
6. Chu tich Hoi dong moi cac phan bién doc nhan xét va dit cau hoi
PGS.TS. Vwong Trwong Xuin - Phan bién 1 (c6 ban nhin xét kem theo)
Céac gop y va cau hoi:

(1) Mau thu tai cang/cho c6 phan anh dung ving danh bét khong? Nghién ctru
sinh d& lam gi dé kiém soat sai léch khong gian?

(2) Trong diéu kién chua ¢6 CRM cho OPEs, nghién ctru sinh da kiém chtng
d6 dung dinh luong cia phwong phép nhu thé nao?

(3) Céch xit ly céc gié tri duéi MDL anh hudng nhu thé nao dén két qua EDI,
HI va ILCR?

(4) Nghién ctru sinh d danh gid bat dinh cta két qua (HI/ILCR) bang phuong
phép nao, va yéu té nao gay bat dinh 1én nhat?

(5) Khi thiu dit liéu doc tinh (OSF) cho nhiéu OPEs, nghién ctru sinh ¢6 dé
xudt gi cho huéng nghién ctru tiép theo dé hoan thién danh gid rui ro stre khoe?

(6) Trong qua trinh ti uu diéu kién phan tich bang thiét ké thi nghiém (DoE),
tai sao NCS chon Central Composite Face-centered (CCF) thay vi Box-Behnken
hodc Full Factorial Design?

(7) Khi st dung UHPLC-HRMS, NCS d4 lam thé nao dé giam hiéu tmg nén
(matrix effect) trong mau ca c6 ham luogng lipid cao, va co sd nao 8 lya chon chuén
ddng vi ndi cho timg nhém OPEs?

(8) Trong phan danh gia rii ro sitc khoe, NCS d3 tinh toan lidu phoi nhiém
hang ngay (EDI) dua trén nhiing gia dinh nao vé khéi lwong co thé, muc tidu thu c4,
va céch lua chon cac thong s nay c6 phit hop voi dan sé Viét Nam khong?

(9) Céc hop chét OPEs c6 nhiéu nhém thé khac nhau (alkyl, aryl, chlorinated).
Theo NCS, déc tinh phan cuc va kha nang thiy phan cta tirng nhém anh huéng nhu
thé nao dén su phén bé va tich lily trong cac loai c4 khac nhau (b mat - giita - day)?

(10) Trong tuong lai, néu mubn nang cao do chinh xac cua dénh gia rui ro,
NCS nén két hop thém chi s6 sinh hoc (biomarkers) ndo hodc mé hinh hép thu—
chuyén héa—thai trir (ADME) nao dé phan anh t6t hon nguy co ctia OPEs dbi voi
con nguoi?

Pénh gia chung: Luan 4n hoan toan dép tmg yéu cdu ctia mot luén dn tién si
chuyén nganh Hoéa phén tich. Ban tom tat ludn 4n c6 phan anh trung thanh noi dung
co ban cta luan 4n. Pdng y cho NCS duge bao vé trude hdi dong bao vé luan an tién
sT cap Hoc vién dé nhan hoc vi tién si chuyén nganh Héa phan tich.

PGS.TS. Trinh Thu Ha - Phan bién 2 (cé ban nhan xét kem theo)
Cac gop y va cau hoi:



(1) Bb sung thém vao phan m¢ dau thong tin vé phuong phap phéan tich OPE
va chiét tich mau sinh hoc/c4 bién.

(2) Xem lai can théng nht gitta phan nhan xét két luan “Trong d6 khong ghi
nhan dugc su khac biét vé ndng do OPE giita cac loai c4” véi phan nhén xét trong
bang 116 “Da co6 sy khac biét dang ké vé ndng d6 OPE gifta cAc mau cé trong nghién
ciu nay”.

(3) Chinh stra mét 6 16i in an nhu hinh vé& trong PL10, PL17.

Panh gia chung: Luan an hoan toan dap tng yéu cau ctia mot ludn &n tién si
chuyén nganh Hoa phan tich. Ban tom tit luan 4n c6 phan anh trung thanh ndi dung
co ban clia luan an. Pdng ¥ cho NCS duoc bao vé trude hoi ddng bao vé luan an tién
sT cap Hoc vién dé nhan hoc vi tién si chuyén nganh Hoéa phan tich.

7. Cac thanh vién khac trong Hoi1 ddng dua ra y kién nhan xét va dat cu hoi
PGS.TS. Tran Manh Tri - Uy vién (cé ban nhin xét kém theo)

Cac gép y va cau haoi:

Gié tri IDL, IQL nén chuyén thanh don vi thuong dung, tuong tu véi céc gid
tri liéu luong phoi nhiém.

Ban luan 4n va tém tit ludn 4n cln dugc chinh stta mot sé 16i chinh ta, in 4n
va chudn hoa cac thuat ngit, ra sodt hinh thirc cdc bang trong toan bd luan an trudce
khi nép luu chiéu.

Mau trc"‘fng (v&i méu cd) chudn bi nhw thé nao?

Panh gia chung: Lun 4n hoan toan dap tmg yéu cau ctia mot luan an tién si
chuyén nganh Hoa phén tich. Ban tom tit luin 4n ¢ phan anh trung thanh ndi dung
co ban ctia luan 4n. Pong y cho NCS duoc bao vé trude hdi ddng bao vé luén an tién
sT cép Hoc vién dé nhan hoc vi tién st chuyén nganh Hoéa phén tich

PGS.TS. Nguyén Xuin Trwong - Uy vién (cé ban nhian xét kém theo)

Pinh gia chung: Ludn 4n hoan toan dap tng yéu cau ctia mot ludn 4n tién si
chuyén nganh Héa phan tich. Ban tém tét luan an c¢6 phan anh trung thanh ndi dung
co ban cuta luén an. I—)c"‘mg y cho NCS duoc bao vé trude hoi dong bao vé ludn 4n tién
st cAp Hoc vién dé nhan hoc vi tién si chuyén nganh Hoa phan tich.

PGS.TS. Nguyén Thi Anh Huwong - Uy vién (c6 ban nhin xét kém theo)

Cac gop y va cau héi:

Phan phuong phap nghién cttu can dugc viét lai dudi dang cic phuong phap
str dung (vi du: phuong phép 14y mau, phwong phép phén tich, phuong phap xi ly
mau, phuong phap xtr 1y sb liéu, phuong phap danh gid rii ro,...) thay cho viéc liét
ké cach thuc hién. Téi thiéu, néu phuong phap trude khi trinh bay cach thuc hién.
Ngoai ra, con mdt s6 18i chinh ta, danh may, format can ra soat chinh stra.



Panh gia chung: Ludn an hoan toan dap Ung yéu cau ctia mot ludn 4n tién st
chuyén nganh Hoéa phan tich. Ban tom tit luan 4n c6 phan anh trung thanh ndi dung
co ban cta luin an. Pong ¥ cho NCS duge bao vé trude hoi ddng bao vé luan an tién
si cap Hoc vién dé nhan hoc vi tién st chuyén nganh Héa phéan tich.

PGS.TS. Lé Thi Trinh - Uy vién -Thu ky (cé bian nhan xét kém theo)

Cac gop y va cau hoi:

+ Tai Muc 2.4 (Thu thap va bao quan méu): Phan giai thich ly do/ can cir lya
chon cac dia diém, thoi diém. tan suét léy mau cu thé, tiéu chi lua chon cac cang ca,
loai ¢4 can duoc 1am 16 hon ((vi du: tiép can vé dia diém theo lugng thiy san tai
cang, khu vuc cung cép, loai ca,. ...vé thoi diém theo mua dénh bt, vé loai ca theo
khu vuec, té“mg nudc sinh séng,. i)

+ Luén an da chi ra mdt han ché 16n 1a thiéu dit liéu doc hoc cho nhiéu hop
chit OPE va hiu hét cac di-OPE. Mic du day la han ché chung ctia khoa hoc hién
tai, phﬁn ban ludn c6 thé nhdn manh sau hon vé muc dd khong chic chin
(uncertainty) ma diéu nay gay ra cho két qua danh gia rui ro, déc biét khi nong do
di-OPE duoc phat hién cao hon déng ké so voi chit me (chét gbc). Do viy trong
phan thao luan ctia Muc 3.5.2 (Panh gid rui ro sttc khoe), NCS nén bd sung thém
thao luan nhin manh vé két qua dénh gia rai ro hién tai ¢6 thé dang & mtrc danh gia
thdp, udc tinh do chua tinh duge rii ro tir cac chét di-OPE vdn c6 ndng db cao, tai
lidu tham chiéu vé nhén xét nay. Tur do, dé xuét manh mé hon vé su can thiét cua
cac nghién ctru dgc hoc trong tuong lai d6i voi cac chat chuyén héa nay.

+ Mot vai hinh anh cé mat d6 thong tin kha cao (vi du Hinh 3.12, 3.14, 3.16),
c6 thé gy kho khin cho ngudi doc néu khong c6 phan chi giai chi tiét timg thanh
phan. NCS nén bd sung thém céc dong chii thich ngay duéi hinh dé giai thich rd hon
vé y nghia cua timg biéu db con hodc céc ky hiéu (chi tiét theo ban nhan xét)

Panh gia chung: Luan an hoan toan dap tng yéu cau clia mot luan 4n tién si
chuyén nganh Hoa phan tich. Ban tom tit luan an cé phan anh trung thanh ndi dung
co ban ctia luan 4n. Pdng ¥ cho NCS duoc bao vé trude hoi dong bao vé luén 4n tién
sT cap Hoc vién dé nhan hoc vi tién si chuyén nganh Hoéa phan tich

GS.TS. Nguyén Vin Tuyén — Chii tich (cé ban nhin xét kém theo)

Chu héi: Sir dung k¥ thuat phdi tron dung moi khi chay HPLC, giai quyét
viéc toa nhiét dung moi metanol/ nude khi str dung ché d6 gradien

Panh gia chung: Danh gia cao vé két qua luan an. Luan 4n hoan toan dap
ing yéu cdu & mirc xudt sac cia mot luan én tién st chuyén nganh Hoéa phan tich.
Ban tém tit ludn 4n cé phan anh trung thanh ndi dung co ban cua luén an. Dong ¥
cho NCS duoc bao vé trude hdi ddng bao vé luén an tién si cap Hoc vién dé nhan
hoc vi tién si chuyén nganh Hoa phan tich



8. Tac gia luén an tra 1o cac cau hoi cua phan bién
Cac cau hoi cua Phan bién 1:
Cdu I:
+ Céc mu ca duoc quy vé ving dé dam bao tinh dién hinh.
+ NCS C4 géng thu thap mAu c4 ty nhién (tir tau, s6 higu tau, vi tri d4nh bat), loai
bo cac mau ca dong lanh hodc khong cé ngudn gdc thi loai bo
+ Dé& tranh su sai 1éch vé khong gian NCS dén dung cang 2 lAn/nam trong 3 nim,
chi tép trung 03 loai ca du kién thuc hién
+ Céc két qua phén tich PCA cho thay két qua phan tich ngau nhién, khong bi sai 5O
hé thong
Cdu 2: Chiing minh d¢ dang khi khong ¢ chudn CRM bang céch thém chuan, ding
chudn dong vi, xac dinh gi4 tri phuong phap
Cdu 3: Céac gi4 tri tinh toan chi tinh trén gia tri duong tinh véi MDL, loai bé cac gia
tri Am tinh tic 12 tinh trén ndng dd cao nhét co thé trén mau ca,
Cdu 4, két hgp cau hoi clia phan bién 2
+ NCS d3 khéc phuc bang cac k¥ thuat t6i wu vat ligu tinh sach, diéu kién ion héa,
str dung chuén ddng vi dé chinh xac két qua phén tich
+ Nguyén tic dung chuén ddng vi: theo dung 1y thuyét (trong truong hop khong c6
b chudn ddng vi ctia OPE). Str dung viéc xac dinh gia tri st dung ctia phuong phap
dé dam bao d6 chinh x4c cta s6 lidu.
Cdc cdu hoi khde: Xin tiép thu, chinh sira
Céu héi ctia GS.TS. Nguyén Vin Tuyén: NCS da thir cac k¥ thuét phdi tron va thiét
bi ¢ hé théng khir bot khi.
Cac y kién khdc: NCS ghi nhan va chinh stra toan bd cac ¥ kién cia céc thanh vién
hoi dong
9. Nhiing ngudi tham du c6 thé dat cau hoi dé kiém tra kién thirc va trinh d6 nghién
ctru khoa hoc cta nghién ctru sinh: khong
10. Téc gid luan n tra 101 cdc cau hoi néu ra: khong
11. Dai dién tap thé hudng dan phat biéu y kién bang van ban: khong
Phan IT: Hoi dong hop riéng dé bau ban kiém phiéu, bé phiéu kin va thio luin
thong qua quyét nghi clia Hoi dong
1. Ban kiém phiéu
Hoi ddng da bau ban kiém phiéu gém 3 thanh vién bao gom:
PGS. TS. Tran Manh Tri — Trudng ban
PGS.TS. Nguyén Thi Anh Huong - Uy vién
PGS.TS. Lé Thi Trinh - Uy vién
2. Két qua danh gi: (c6 bién ban kiém phiéu kem theo)
- 6/7 phiéu déu nhét tri dong y danh gid “Tén thanh”
- Trong do 6/7 phiéu dénh gia luan 4n dat mtc do “Xuét sic”



3. Chu tich Hoi ddng thong qua quyét nghi cia Hoi dong (c6 Ban quyét nghi kém
theo)

4, Quyét nghi da duoc tit ca céc thanh vién Hoi dong nhét tri thong qua bang biéu
quyet cong khai.

Phén TII:

1. Trudng ban kiém phiéu cong b6 két qua danh gid lusn 4n
6/7 phiéu danh gia “Tan thanh”
Trong d6 6/7 phiéu danh gia luan an dat mic “Xudt sic”

2. Chu tich Hoi df‘)ng doc quyét nghi cia Hoi df’ing

=3 Cl}ﬁ ticthﬁji dc:‘)ng tuyén bd Hoi dé“mg da hoan thanh nhiém vu va trao lai quyén
dieu khién cho Co s¢ dao tao

Budi bao vé luan 4n Tién si cAp Hoc vién ctia NCS Tran Lam Thanh Thién két
thiic vao hdi 11h 30 phit ngay 13 thang 11 nam 2025.
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Nguyén Thi Trung



(Mdu 22-HV-Quyét nghi)

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Poc lap - Tu do - Hanh phic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha N¢i, ngay 13 thang 11 ndm 2025

QUYET NGHICUA
HOQI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN

Ho va tén NCS: Tran Lim Thanh Thién
Tén dé tai luan an: “Phadt trién phwong phdp phan tich va bwéc dau danh gid rii
ro sirc khée ciia cdc ester organophosphate trong mét sé loai cd bién ¢ Viégt Nam”
Nganh: Hoéa Phan tich

Mi s: 9 44 01 18

Ngudi hudng dan 1: GS.TS. Lé Truong Giang — Vién Han 14m Khoa hoc va Cong
nghé¢ Viét Nam

Ngudi huéng dan 2: TS. Pao Hai Yén — Vién Héa hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam

Dai biéu tham du: GS.TS. Lé Truong Giang — Dai dién tap thé huéng dén
TS, Nguyén Thi Trung Phé Giam ddc Hoc vién KHCN
Quyét nghi ctia Hoi dong:
1. Két qua bé phiéu danh gia ludn 4n cia Hoi dong
- S6 phiéu phat ra: 06
- S6 phiéu khéng hop 1é: 0
- S6 phiéu tan thanh: 06/06
- S6 phiéu xép loai xuét sic: 06/06
2. Nhirng két lufin khoa hoc co' ban, nhiing diém méi, dong gop méi ciia luéin 4n
La nghién ctru dau tién xay dung va xac dinh gia tri sir dung cua quy trinh
phan tich dong thoi cac OPE va di-OPE trong thit ¢4 bién trén thiét bj séc ky 1ong
siéu hiéu ning cao ghép ndi khdi phd phan giai cao, mang dén hiéu qua cao ciing
nhu tang tinh chil dong trong phan tich, tiét kiém thoi gian.
Ludn 4n la cong trinh dau tién khao sat sy hién dién va phan bé ctia cac OPE
va di-OPE trong mdt sd loai cé bién duge thu thap tai cac cang cé tiéu biéu & ba mién

Bac, Trung va Nam cua Viét Nam. Céc loai ca dai dién cho nhicu tang sinh thai khac



nhau (tdng mit, tAng giita va tang day), cho phép budc dau dénh gia muc do phan
bd OPE theo mdi truong sinh song.

Budc dau danh gid rui ro stre khoe do phoi nhiém OPE théng qua tiéu thu cé
bién. Didu nay gép phan cung cép dit liéu khoa hoc hd trg cic co quan quan ly trong
viée thiét 1ap quy dinh vé gidi han du lugng OPE trong thuc pham va giam sat an
toan thuc pham.

3. Co s& khoa hoc, d§ tin ciy ciia nhirng luin diém va nhing két luin néu trong
luan an

Cac luan diém va két luan cta ludn an duoc xdy dung trén co s& khoa hoc
vitng chéc, ca vé ly thuyét 1an thuc nghiém. Vé phuong dién ly luan, nghién ctiu sinh
da tong hop twong dbi hé thong cac van d@ lién quan dén ngudn gbc, tinh chat, doc
tinh, su hién dién trong moi truong va rii ro stre khoe cua cac hop chit OPE/di-OPE,
dong thoi chi ra duge khoang tréng nghién ctru tai Viét Nam dé lam can ¢t xac dinh
muc tiéu va ndi dung cua luan an.

Vé phuong dién thuc nghiém, cac két qua va két luan dugce rut ra tir mot chudi
nghién ctru 6 thiét ké rd rang, st dung phuong phép phan tich hién dai, duge téi uu
va kiém dinh theo céc tidu chi thong dung trén thé gidi (gidi han phat hién, do thu
hoi, do lap lai, hiéu tng nén,...). K& hoach léy mau duoc trién khai tai nhiéu khu
vuc va trén nhiéu loai ca khac nhau, bao dam tinh dai dién va do tin cdy cta bd )
lidu. Céc tinh toan phoi nhiém va danh gié rui ro stic khoe dya trén khung phuong
phép ctia cac t6 chirc qudc té, két hop voi s6 liéu tiéu thu thuc té trong nudc, nén céc
két luan vé muc do rui ro ¢6 co sé dinh lugng rd rang. Nhin chung, chudi 1ap ludn
logic, s6 liéu duoc xir Iy hop 1y, c4c gidi han nghién ctru dugce néu tuong d6i minh
bach; do do, cac luan diém va két luan ctia ludn 4n ¢6 co s& khoa hoc tot va dd tin
cy cao, c6 thé st dung lam tai liéu tham khéo cho cac nghién ctru va hoat dong quan
ly tiép theo trong linh vuc nay.

4. Y nghia vé Iy luin, thyc tién va nhirng dé nghi sir dung cic két qua nghién
ctru ctia lugn an
V& ly luan:

(1) Lan déu tién tai Viét Nam, da xay dung va x4ac nhén thanh cdng quy trinh
phén tich dong thoi 15 OPE va 7 chit chuyén hoa di-OPE trong nén miu thit c4 bién
bing UHPLC-HRMS véi hiéu nang cao (d6 thu hoi 83,1-108,6%, gi6i han phat hién
0,02-0,05 ng/g).

o



(2) Cung cép bd dit lieu gbe khé toan dién diu tién vé thyc trang 6 nhiém
OPEs va di-OPEs trong 3 loai ¢4 bién (c4 chim tring, ca chi vang, ca bon) tai céc
viing bién trong yéu ctia Viét Nam, véi tong nong do OPEs dao dong tir 2,1-39,3
ng/g dw va di-OPEs tur 3,2-263,4 ng/g dw.

(3) Phat hién ra cac quy luat phéan bd OPEs theo loai (lién quan dén tang sinh
thai), theo khong gian (khu vuc mién Béc ¢6 hd so 6 nhidém khéc biét) va theo thoi
gian (c6 sy bién dong ndng do lién quan dén giai doan gidn cach xa hdi do COVID-
19).

Vé thuc tién

Nghién ctru phan tich va budce dau danh gi rui ro stic khoe clia cac OPE trong
mdt sb loai ca bién 1a hudng nghién ciru con rat méi & Viét Nam. Luan 4n tip trung
khdo st xdy dung quy trinh phan tich ham luong OPE va di-OPE trong cé bién, tir
day lam nguon gdc dé danh gid su khic biét vé ho so 6 nhiém OPE va di-OPE gifta
céc loai c4, cling nhu danh gia mre d§ anh hudng téi stre khoe con ngudi.

Két qua dénh gié ri ro cho thiy mirc d6 phoi nhiém OPE qua tiéu thu c4 bién
& Viét Nam hién tai chua dang lo ngai (HI va ILCR < ngudng cho phép), nhung tre
em 12 nhom ddi tuong ¢4 nguy co cao hon nguoi 16n. Day 13 nhiing thong tin khoa
hoc ban dau lam co sd cho cac co quan quan ly trong viéc hoach dinh chinh sach an
toan thuc pham va bao vé stic khoe cong déng.

Céc két qua nay dang tin cdy, duoc chimg thuc qua viéc cong bb trén cac tap
chi qudc t& ¢6 uy tin cao va lam co s khoa hoc cho cac nghién ctu tiép theo trong
Iinh vuc nay.

5. Nhirng thiéu s6t vé ndi dung va hinh thire ciia ludn 4n:

- V& noi dung: Luan 4n van con mot s6 han ché nhét dinh trong thiét ké va
dién giéi: (i) mau thu chu yéu tai cang/chg, thong tin vé ngu trudng va kha ning sai
léch khong gian méi duge théo ludn & cip ving,; (i) danh gia rti ro stic khde con
chiu nhidu bét dinh do thiéu dif liéu doc hoc (RfD, OSF) cho nhiéu OPEs va déc biét
la di-OPEs, cach xtr ly gid tri dudi ngudng phat hién va lugng héa bat dinh can duge
trinh bay chat ch&; (iii) mot s6 ndi dung dién giai gitra phan tich da bién va so sanh
don bién theo loai/khu vuc chua that nhat quan, can lam rd hon moi lién hé gitta
bang, hinh va két luan; (iv) phan “Phuong phap nghién ctru” & mot s6 tiéu muc con
thién vé mé ta quy trinh thao tac, chua tach bach rd tén phuong phap, nguyén ly va

chi ti€u danh gia.



- V& hinh thirc: Ludn 4n va ban tom tt van con mot s6 181 chinh ta, 13i in 4n,
dinh dang va chua hoan toan thong nhét vé thuat ngfr, cach viét tén loai, ky hiéu hoa
hoc; mot sb hinh c6 mat do thong tin cao, nhiéu panel nhung chu giai, ky hiéu va
cach trinh bay chua that su rd rang, can tiép tuc ra soét, chuan hoa va chinh stra k¥
hon truée khi ndp luu chiéu.

6. Mirc dd dap ing cac yéu cau ciia luin an: Dap Gng xuat sic.

- Luan an ¢6 khéi lugng 16n, c6 nhiéu két qua va dong gép méi, phuong phap
nghién ctru hién dai, két qua dang tin cdy, khong trung lap véi két qua cua céc cong
trinh khoa hoc ma cac tac gia khac da cong bd.

- Luan 4n ¢6 y nghia khoa hoc va thuc tién, phtt hop dép ting cic yéu cau
cta ludn 4n tién si chuyén nganh Héa Phén tich (ma s6: 9 44 01 18).

- Nghién ctru sinh ¢6 trinh do, xtr 1y t6t cac s6 liéu két qua nghién ciru va tra
107 t6t cac cau hoi.

- Céc bai bao da cong bd c6 ndi dung phit hop véi ndi dung cia lusn an. Gom
01 bai da dang trén tap chi Journal of Food Composition Analysis (SCIE, Q1); 01
bai dang trén tap chi Chemosphere (SCIE, Q1), 01 bai duoc chap nhan déng trén tap
chi Vietnam Journal of Science and Technology (Scopus). Ban tém tat luan 4n d
phan anh trung thuc ndi dung co ban cua luan an.

- Ban luan an ctia NCS Tran Lam Thanh Thién dép tmg duoc céc yéu cau cia
luén 4n Tién si Héa hoc v& ndi dung va hinh thirc. Ban tém tét luan an pht hop véi
ndi dung cua ban luan an.

7. Nhirng diém can b sung, sira chira (néu ¢6) truée khi ndp ludn an cho Thw
vién Quoc gia Viét Nam:

Hoi ddng yéu cau NCS chinh sira theo gép ¥ cua cac thanh vién trong hoi
ddng, stra chita 156i ché ban in an.

8. Kién nghi ctia Hoi dong vé viéc cong nhén trinh d va cip bang tién si cho
nghién ciru sinh

- Hoi dfing (06/07 thanh vién c6 mat) deé nghi Hoc vién Khoa hoc va Cong
nghé, Vién Han lam Khoa hoc va cong nghé Viét Nam cho phép nghién ctru sinh
Tran Lam Thanh Thién hoan thanh céc thii tuc dé nhan hoc vi Tién si sau khi dé didu
chinh, bd sung va stra chita theo nhitng y kién déng gép clia cac thanh vién trong HO
dong.

- Quyét nghi nay duoc 06/07 thanh vién c6 mit trong Hoi dong chim luan an

nhét tri thong qua bang biéu quyét cong khai.
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Nghi quyét phai ghi 15 sb thanh vién Hoi ddng nhét tri théng qua bang biéu quyét
cong khai

THU KY CHU TICH
R ey
ne
PGS.TS. Lé Thj Trinh GS.TS. Nguyén Vin Tuyén
XAC NHAN CUA

HOQC VIEN KHOA HOGYAGONGNEHE
PHO GIAM POC

Nguyén Thi Trung




(Mdu 6-HV-Ban gidi trinh chinh sita, bo sung cap HV)

VIEN HAN LAM
KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Ty do - Hanh phic

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN Si
CAP HQC VIEN

Ngay 13 thang 11 nam 2025, Hoc vién Khoa hoc va Cong nghé da té chire danh
gid luan an tién st C'fip Hoc vién cho nghién ciru sinh TrAn Lam Thanh Thién theo
Quyé{ dinh $6 934/QD-HVKIICN ngay 22 thang 9 nam 2025 ctia Gidm déc Hoc vién.

Dé tai: Phat trién phuong phap phén tich va bude diu danh gia rii ro stre khoe
cda céc ester organophosphate trong mot sd loai ¢4 bién & Viét Nam
Ma s6: 9 44 01 18

Neudi hudng dan khoa hoc: GS.TS. Lé Truong Giang — Vién Han lam Khoa
hoc va Cong ngh¢ Viét Nam

Nganh: Hoa phan tich,

TS. Dao Hai Yén — Vién H6a hoc, Vién Han 1am
Khoa hoc va Cong nghé Vit Nam '
Theo Bién ban cta Hoi dong, NCS phai b6 sung va chinh sia ludn an céc diém
sau day:

Nhén xét/Chinh sia Tra 19i ciia NCS

| PGS. TS. Vwong Trieong Xuin

anh dung vung danh bat khong?
Nghién ciu sinh dd lam g1 dé

Kiém soat sai 1¢ch khong gian?

1. Miu thu tai cang/cho co phan

Viée thu thap mau trong n_ghién duge xdy dung
theo hai truc chinh: (i) bao dam tinh dai dién céip
ving bién va (ii) kiém soat/dinh lugng sai léch
khong gian nhu sau.

(1) Bdo dam tinh dai dién theo viing bién (Bdc-
Trung-Nam)

NCS lwa chon khung l;fiy mau theo ba ving
bién thay vi cap tinh nhim pht hop muc tiéu so
sanh & quy md ving va didu kién thue dia (lich
cip bén, mua vu). Danh muc cang/chg dé bén kem
toa dd duoce liét ké 10 troag bang 2.5 twong ing;
uu tién ldy mau ngay khi tau viia cdp cang, han
ché t6i da trung chuyén. Chi giit cdc mau ¢4 danh
bt tu nhién c6 dir lidu di kém (ngay d6 bén, diém
thu, loai, kich thudc), dong thoi loai trir cac 16

| donv lanh xa bo hodc Lbor‘a tuy xudt duge thuno

Luvu y: Cide chiv ky xde nh@n can gin véi ndi dung trén ciing mot trang gidy. Hec vién sé khéng xdc
nhén néu phan chiv kp tich réi vei ki dung



| tin d4nh bit.

(2) Bién phdp kiém sodt va dinh lwong sai léch
khong gian

Pé giam bién thién sai léch khong gian, NCS
duy tri cung mdt tdp cang/chg dai dién cho tung
vung qua cac dot thu. Vi cac loai duge theo doi
doc thoi gian (vi du ¢4 chim tring), NCS thuc hién
PCA phan ting theo nam/khu vuc dé kiém tra kha
nang phan tich nhom khong gian. Két qua PCA
tdbng cho thdy khong hinh thanh cum & rét theo
khu vuc, goi y ré’mg sai I¢ch khong gian ¢ cép
vung la han ché trong pham vi b dit liéu hién co.

2. Trong diéu kién chua c6 CRM
cho OPEs, nghién ctru sinh da
kiém chtmg do dung dinh luong
ctia phuong phap nhu thé nao?

Trong diéu kién chua ¢6 CRM cho OPEs, do dung
cia phuong phap duge kiém ching theo chudi
phép thir sau:

(1) Thir nghiém thém chudn trén nén mau thuc (3
nén, 3 mitc nong do)

NCS da thém chuén vao md ca ¢ ba muc thap-
trung binh-cao, va tién hanh x@r Iy theo phuong
phép duoc t6i wu. Két qua thu duge: do thu hoi
dao dong trong khoang tir 83% dén 108%, RSD
cia d0 lap lai < 7,7%, dép uvng ti€u chi
SANTE/11312/2021 (dd thu hdi 70 - 120%, RSD
< 15%). Day 1a co s thay thé CRM dé wéc lugng
d6 dung trong chinh nén mau.

(2) Chuadn dong vi

St dung chudn ddng vi theo nhom céu tric dé
hiéu chinh thu hdi va hiéu tng nén, vi dy: TnBP-
d27, TEHP-dsi, DPhP-djo, BCEP-ds... Phuong
phép x4y dung chuén phan tich trong dung mdi két
hop chudn ddng vi (khong ding hiéu chuén theo
nén) dam bao chudn hoa dap ting nhét quan gitta
céc 16 mau phan tich.

(3) Bdnh gid va kiém sodt hiéu iing nén

ME ndm trong khoang -17,7% dén -4,0% (hién
twong nén ion nhe) va duge bu trir hiéu quéa nho
chuéin ddng vi. Dong thoi kiém tra tinh dic hiéu
bang ty 1¢ ion (sai khdc trong +20%) va thoi gian
luu (ART< 40,1 phut) so v6i chuin. Trong bdi
canh chua c6 CRM cho OPEs, NCS chirng minh
do ding bang chudi phép thir, bao gom (i) thém
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chuin vao nén mau 3 mac (do thu hdi 83 - 108%, |
RSD<7,7%), (ii) chudn ddng vi (kiém soat ME -
17,7% dén -4,0%), (iii) thém chuan trén miu dai
dién dé kiém tra tinh dic hiéu bang ty 1¢ ion. Nhu
vdy, do dung cua phuong phép da dugc xdc nhén
du do tin cay cho muc tiéu dinh lugng OPEs trong
md ca du khong ¢cd6 CRM sin c6.

3. Cach xtt Iy céc gia tri dudi
MDL anh huéng nhu thé nao
dén két qua EDI, HI va ILCR?

NCS da chinh stra va tinh toan, phén tich lai
theo hai kich ban xir Iy (chi mau duong tinh va
gan MDL/2 cho cdc miu < MDL) cho ting hop
chét, sau do téng hop XEDI, HI va ILCR tuong
ang. NCS s& bd sung két qua tinh toan theo timg
hop ché‘it, bao cao ca hai kich ban trong muc 3.5.
Céch trinh bay ndy minh bach hon, phan anh diung
anh huong cua dir liéu bi kiém duyét téi danh gia
phoi nhiém va i ro.

4. Nghién cuu sinh da danh gia
bat dinh cta két qua (HI/ILCR)
bing phuong phap nao, va yéu td
nao gy bét dinh 16n nhat?

Bét dinh cua cdc chi s6 HI va ILCR duge dénh
gia bing md phong Monte Carlo. NCS xdy dung
mo hinh véi 10.000 vong 1dp cho bbn trudng hop:
(i) tré em - chi sir dung cac mau dwong tinh, (ii) tré
em - toan bd mau, (iii) ngudi lon - chi mau duong
tinh va (iv) nguoi 16n - toan bo mau.

Trong mdi vong lap, cac tham sé phoi nhiém
chinh duge cho bién thién +20% quanh gia tri
danh nghia, bao gdm: lugng cé tiéu thu hing ngay,
khoi lugng co thé, tin suét photi nhiém trong nim
va thoi gian phoi nhiém. Gia tri HI va ILCR duoc
tinh lai cho timg vong lip, tir do thu dugc phan bd
x4c sudt ctia hai chi sd rui ro cho tirng nhom tubi
va tirng kich ban xir 1y dir liéu ndng do.

Két qua md phong cho thidy phan bd HI va
ILCR kha hep, nhét quin v&i céc gia tri tinh toén
theo cach tiép can xac dinh. Pi v6i tré em, chi sb
HI trung vi (P50) dao dong trong khoang 1,22x10"
3 (kich ban toan bd mau) dén 1,97x107 (kich ban
chi mau duong tinh), con phan vi 95 (P95) tuong
tng khoang 1,77x107 va 2,89x107. Di véi nguoi
I6n, HI P50 nam trong khoang 3,04x10* -
4,93x10* va HI P95 khoang 4,42x10* - 7,22x10*
cho hai kich ban. Nhu vay, ngay ca ¢ phéan vi 95 -
twong Gng v6i kich ban phoi nhidm cao - tit ca gia




trj HI déu nh6 hon 1, khang dinh rai ro khong giy
ung thu théng qua tiéu thy ca trong pham vi
nghién ctru 1a thip. Dbi véi ILCR, két qua Monte
Carlo cho thdy P50 trong khoang 7,71x107 -
1,42x10® va P95 trong khodng 1,13x10°® -
2,08x10°% & ca tré em va ngudi 16n, cho hai kich
ban xir Iy dir liéu. Cac gia tri nay thdp hon nhiéu
so v6i khoang 107 - 10 thuong duoc sit dung dé
xem xét rui ro ung thu c¢6 y nghia, do do rui ro gdy
ung thu do TCEP va TnBP qua duong ti€u thu ca
ciing duoc danh gia 1a rit thap. Hai hinh phan b
HI va ILCR (Monte Carlo) trong ludn an cho théy
rd xu huéng: kich ban “chi mau duong tinh” ludn
cho gid tri rai ro cao hon va dudng phén bd dich
sang phai so v6i “toan bd miu”, nhung véan nim
trong ving rui ro chp nhan dugc.

Pé xac dinh yéu té gay bit dinh 16n nhat, NCS
tinh hé s6 twong quan Spearman giita cac tham 5O
phoi nhiém (IR, BW, EF, ED) va gia tri H/ILCR
thu duge tir 10.000 vong lap. Két qua cho thdy gia
tri |p| ctia bon tham s6 dao dong trong khodng 0,48
- 0,50, trong do, tham s IR va BW ¢6 do nhay
cao nhét (p ~ +0,50 v6i IR va p = -0,49 véi BW),
tiép dén 1a EF va ED v6i mic anh huéng twong
duong. Diéu nay cho thdy bit dinh cia HI va
[LCR trong md hinh chu yéu xudt phét tir bién
thién hanh vi tiéu thu c4 va khac biét thé trong
gifta cac ca nhén, trong khi ndng do OPE trong c4
va cac thong sb doc tinh (RfD, OSF) duge giit cb
dinh nén khong dong gop dang ké vao do bét dinh
trong khung phan tich hi¢n tai.

Do dé, ¢6 thé két luan (i) bat dinh cia cac chi
s& HI/ILCR d3 duogc dinh lugng bing mé phong
Monte Carlo, va (ii) cac tham s6 phoi nhiém - dic
biét 1a IR va BW- 1a nhiing yéu t6 chi phdi chinh
d6i v6i do bét dinh cua két qua danh gia rii ro
trong luédn an.

5. Khi thiéu di li¢u doc tinh
(OS¥) cho nhiéu OPEs, nghién
ctru sinh ¢6 d& xudt gi cho huéng
nghién ctu tiép theo dé hoan

Viée xdy dung OSF/RfD cho cac OPE, ddc biét 1a
cac di-OPE, doi hoi cac nghién cuu doc hoc
chuyén sdu va quy trinh ddnh gid nguy co ¢ mirc
tiéu chudn quan ly rii ro, vugt ra ngoai pham vi




thién danh gié rai ro stic khoe?

fhuc hién cia ludn an nay. Do do, NCS chi co thé
dé xuét dinh huéng nghién ctu tiép theo dé timg
budc hoan thién danh gia rui ro stre khoe nhu sau:
- in-vitro: thuc hién cdc thtr nghiém sang loc co
ché nhu tac dong nd1 tiét, stress oxy hoa, xac dinh
gen-djc, két hop phén tich phién ma nhdm xéac
dinh diém khoi phat tac dung bit lgi & muc té
bao/mo.

- in-vivo ngén - trung han: thiét ké cac nghién clru
28-90 ngay tap trung vao co quan/md dich, sau do
st dung méd hinh PBPK/PBTK dé quy dbi diém
khoi phét téc dung bat loi ndi tai sang liéu twong
duong & ngudi, 1am co s thiét 1ap chi s OSF
hodc RID.

- Lam ré co ché tic déng (MoA/AOP): néu bing
chung cho thiy gen-doc khong cé anh hudng cé y
nghia théng ké co6 thé ap dung cach tiép can
ngudng dé xay dung RfD; nguoc lai, néu gen-ddc
¢6 biéu hién c6 y nghia thong ké thi 4p dung md
hinh tuyén tinh lidu-dap ang & ving lidu thap dé
suy dién OSF.

- M6 hinh héa BMD/BMC: st dung bd dit licu
téng hop (in-vitro + in-vivo + PBPK) dé phan tich
BMD/BMC, tir d6 dé xuit cac gia tri RfD/OST
tam thoi kém theo khoang bét dinh, phuc vu ra
quyét dinh trong giai dogn chua c6 dit liéu dai han.
Trong khudn kho ludn 4an, NCS chi dung lai &
muc néu dinh hudng ddc hoc va ké hoach phéi
hop lién nganh; cac két qua trong nghién ciu tao
tién dé cho cic nghién ctiu trong tuong lai.

6. Trong qua trinh t6i vu didu
kién phén tich bing thiét ké thi
nghi¢m (DokE), tai sao NCS chon
Central Composite Face-
centered (CCF) thay vi Box-
Behnken hodc Full
Design?

Factorial

Trong nghién ctru nay, NCS lua chon thiét ké
Central Composite IFace-centered (CCF) thay vi
Box-Behnken (BBD) hodc IFull Factorial Design
(FFD) vi céc ly do sau:

(1) Rang budc vén hanh cia thiét bi

- Cac bién t6i wu lién quan dén khi ESI
(sheath/aux/sweep gas) chi duge phép thay dbi
trong dai cho phép cuia UHPLC-HRMS. CCF la
mdt bién thé ctia Central Composite Design véi o
=1 nén céc diém “sao” ndm trén mit khéi, toan bo
t6 hop thi nghiém déu nim trong ving van hanh




an toan, khong phai ngoai suy ra ngoai gioi han |
thiét bi.

- Nguoc lai, BBD chi b6 tri cac diém thi nghiém &
“mdt gitta”, khong cham tdi bién ctua khong gian
khao sat nén kém nhay khi cAn nhén dién do cong
& ving ria - von quan trong vdi cic thong s khi
ion héa. FFD & 3 mirc mudn mo ta dang tin cdy bé
mat dap ung bac hai thuong phai ting thém muc
hodc sb thi nghiém, rit dé tiém can hodc vuot qua
gi6i han thiét bi.

(2) Hiéu qud vé sé lirong thi nghiém

- FFD ¢ 3 mirc cho 3 yéu td can tdi uu s& cin 3° =
27 thi nghiém (chua tinh diém tdm), dan téi chi
phi phéan tich lon, trong khi van phai bd sung
diém/muc dé udc lugng tot thanh phéan bac hai.

- BBD cho ma trdn 12 lan chay va céc diém tam,
tuy giam thiéu sé luong thi nghiém nhung dir ligu
tinh toan lai thiéu diém & ving bién nhu da néu.

- Thiét k& CCF (CCD véi o = 1) cho sb chay 2% +
2k + 1o = 8 + 6 + no (v6i 4-6 diém tam), véi sb 1an
thi nghiém can phai thuc hién khoang 18-20 thi
nghiém. Ma trdn nay vura du dé udc lugng cac hé
s6 béc hai, vira tiét kiém hon FFD nhung van bao
phu duoc toan b dai thong s6 can tdi vu.

(3) B tin cdy ciia mé hinh t6i wu héa thu dioc

- Céc diém tam duoc ldp lai cho phép ude luong
sai s6; két qua phan tich cho thiy ton tai do cong
¢6 ¥ nghia théng ké, minh chimg cho viée st dung
mo hinh béc hai.

- Kiém dinh lack-of-fit khéng c6 y nghia thong ké,
ching t6 mo6 hinh CCF phu hop vai dir ligu thuc
nghiém.

- Két qua kiém dinh chéo k-fold (k-fold cross-
validation) cho sai s6 du bdo thdp (RMSE/MAE
xép xi 1,0 - 1,2 1an sai s6 thuc nghiém), cho théy
kha nang khéi quat ctia md hinh tét.

- Phan tich phén du khong phat hién cau triic bét
thuong theo tha tu thi nghiém.

- Piém tdi vu (desirability cuc dai) ndm bén trong
dai van hanh cua thiét bi, khong can ngoai suy ra
ngoai mién khao sat.




|T Tu cac yéu t6 trén, NCS lya chon thiét ké

Central Composite Face-centered (CCF) vi: (1) ton
trong rang budc bién cta thiét bi (o = 1, khong
vuot ngudng van hanh), (ii) ude lugng tin cdy md
hinh béc hai va nhay véi dd cong tai ving bién,
(iii) s6 lwong thi nghiém hop ly hon so véi FFD,
va (iv) mo hinh thu duoc di dugc kiém chimg
théng ké (khong ghi nhén lack-of-fit, sai sb du béo
thdp, diém t&i wu ndm trong khoang khao sét).
BBD tuy ¢6 uvu diém vé 56 chay nhung thiéu diém
bién nén khong pht: hop véi muc tidu toi wu cac
tham s& ESI trong diu kién rang budc vén hanh
cua ludn an.

7. Khi st dung UHPLC-HRMS,
NCS da lam thé nao dé giam
hiéu tng nén (matrix effect)
trong mau ¢4 c6 ham lugng lipid
cao, va co sO nao dé lua chon
| chudn ddéng vi nodi cho timg
nhom OPEs?

(1) Gidm hiéu iing nén doi voi mau cd giau lipid

Trong cac mau cd c6 ham lugng lipid cao, NCS ép
dung céc budce két hop dé han ché hi¢u tng nén
(matrix effect, ME) trén UHPLC-HRMS: 1
- Chiét - tinh sach: st dung quy trinh QuEChERS
nuGe-MeCN, sau d6 tinh sach bang d-SPE voi vt
litu EMR-Lipid két hop WAX nham loai lipid
trung tinh va céc hop chét phin cye mang dién

- Téi wu diéu kién ESI va gradient LC bing Doli-
CCF: céac thong ) sheath/aux/sweep gas, nhiét do
ngudn va chuong trinh gradient duge t&i wu bang
thiét ké thi nghiém Central Composite Face-
centered gitip ting d nhay cho OPEs nhung van
han ché nhiéu nén.

- Hiu trng nén duoc dinh lrong theo phuong phap
thérn chudn truge xir ly; két qua ME% ndm trong
khoang -17,7% dén -4,0%, thé hién tic ché ion nhe
va duge bu trir hiéu qua nhd chuan dong vi.

(2) Co so lwa chon chudn dong vi cho tirng nhém
OPEs

- Pdng céu triac - déng co ché ion hoa: wu tién cac
dong phan dong vi (C, H) cta chinh hop chét
dich: néu khong sin co, chon (if)ng vi cO cung
nhém chire va kiéu khung (tri-ary!, tri-chloroalkyl,
di-alkyvl...).

- Dong thoi gian luu (dong rira gidd gan nhat): ticu

chi ART < 0,10 phit dé chudn dong vi va chat
- =

pemre ———1
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phén tich bi anh huéng cing muc higu ting nén
mau doc theo chuong trinh dung méi sac ky 1ong.
- Cung co ché phin manh ion: chon chét dong vi
tap ion tién chdt/san phiam tuong ty Véi
MRM/PRM cua chat phan tich, giup dap (ng
chuén hoa én dinh.
- Trudng hop thiéu chuén dong vi riéng 1é: st
dung chat dong vi dai dién theo nhém céu truc;
néu van khong du, chon dong vi c6 thoi gian luu
va do phan cuc gin nhét dé hidu chinh twong dbi.
Két qua trinh bay trong luin 4n cho thdy cac
chét chudn déng vi duge lua chon dép tng t6t céc
tiéu chi trén (sai khac vé thoi gian luu nho, céac
manh ion tuong dong, ME nhe va duoc bu trir sau
chuén hoa), nho d6 dd chinh xac va do lap lai cta
phép do OPEs/di-OPEs trong nén miu c4 giau
lipid dugc dam bao.

8. Trong phan danh gia rii ro
strc khoe, NCS da tinh toan lidu
phoi nhiém hang ngay (EDI) dua
trén nhitng gia dinh nao vé khéi
lugng co thé, mure tiéu thu ca, va
cach lua chon cac thong s nay
¢6 phit hop v6i dan s6 Viét Nam
khong?

Trong nghién ctru, NCS da tinh toan liéu phoi
nhiém hang ngay (EDI) dya trén nhitng gia dinh:
(1) Khéi heong co thé:

Nguoi 16n: 60 kg, tré em: 15 kg. Cic gia tri nay
pht hop véi thyc hanh dénh gia i ro dang dugc
sir dung trong nudc va nhat quin véi nhiéu nghién
ctru tai Viét Nam. Khi cdn danh gid chi tiét hon
cho ting nhom tudi/gidi tinh/dia ban, BW ¢o thé
duoc hiéu chinh theo s6 liéu Khao sat Dinh dudng
2019-2020 cua Vién Dinh dudng (NIN). Trong
khuon kho luan an, NCS sir dung 60 kg va 15 kg
nhu gid tri dai dién “trung binh” cho nguoi 16n va
tré em Viét Nam.

(2) Muc tiéu thu ca.

- Kich ban trung tdm su dung 99,5 g ca tuoi/ngay,
pht hop voi sé lidu khao sat khdu phin dinh
dudng ¢ Viét Nam.

(3) Phit hop véi ddn sé Viét Nam va cdch sit dung
trong ludn an:

- Cap thong s6 BW = €0/15 kg va IR = 99,5 g c4
twoi/ngay (trung tm) dugc ding dé biéu dién mot
nguoi Viét Nam trudng thanh va tré em dién hinh,
khong phai nhom nghé hay nhém tiéu thy cyc cac,
do do6 phtu hgp voi muc tiéu danh gid rii ro cip
dan s6 chung.




- Céc tham sd phoi nhiém khac (EF, ED, AT)
duge lay theo huéng dan clia USEPA va phan biét
rd gitta rui ro ung thu (ILCR, AT = thoi gian song)
va khong gdy ung thu (HQ/HI, AT = ED), trong
d6 HI chi gop céc chat co RfD, con ILCR chi gp
cac chét c6 OSF.

Céc gia dinh vé BW va IR trong ludn an: (i)
dua trén sd liéu hién co cho déan s6 Viét Nam, va
(ii) nhdt quan véi khuyén nghi qudc t& (USEPA,
FAO/SEAFDEC) trong bdi canh dit lidgu Viét
Nam. Diéu nay gitp EDI va céc chi s6 HQ/HI,
ILCR phan anh tuong ddi sat diéu kién phoi nhidém
clia ngudi Viét, ddng thoi vin c6 du dia diéu chinh
khi ¢6 bo sb litu nhan khiu-dinh dudng chi tiét
hon trong tuong lai.

9. Céc hop chat OPEs c6 nhiéu
nhom thé khac nhau (alkyl, aryl,
chlorinated). Theo NCS, déc tinh
phéan cuc va kha ndng thiy phan
cia tirng nhom anh huong nhu
thé nac dén sy phan bd va tich
liy trong céc loai cd khac nhau
(b& mit - giita - day)?

Vé mat co ché, muc do phéan cuc (log Kow) va kha
nang thiy phén/qué trinh chuyén hoa quyét dinh
OPE phén b6 uu thé & pha nudce hay pha hat-trim
tich, tir d6 chi phdi con duong phoi nhiém chi dao
(qua mang hay qua thuc dn dédy) va khuynh hudng
tich liiy & cdc nhom c4 ting mit - gitta - day.
Trong luan 4n, NCS hiéu va dién giai theo céc
nhom chinh nhu sau:

(1) Nhom chlorinated-alkyl OPEs:

- Do ¢6 nhém clo va lién két P=0, nhém nay phan
cuc hon va tan tt trong nude, véi log Kow thuong
& murc thdp-trung binh. -

- Hé qua 1a cac hop chit nay chiém wu thé & pha
hoa tan, it gén manh vao lipid hay trAm tich sc voi
cdc OPE rét ky nude. D6i v6i c4, iép xic qua
mang la con duong quan trong nhét, diic biét & cac
loai boi chu yéu trong cdt nudce (ting mit va tang
gifra).

- Do muc ky nudc khong qué cao va thuong co tde
do dao thai/chuyén hoéa tuong dbi nhanh, khuynh
hudng tich liy sinh hoc (BCF/BMF) khéng cao.
Vi véy, vé ly thuyét, Cl-alkyl OPEs c6 thé duoc
phat hién kha thuong xuyén trong méu hoidc md ca
tAng mit/gitta, nhung ndng do mo lipid va do tich
lily theo bac dinh dudng thuong han ché hon so
véi nhom rét ky nude,

(2) Nhém alkyl OPEs




- Nhom alkyl OPEs c6 dai ky nudc rong. Mot sé |
hop chat nhu TEHP ¢6 log Kow rat cao, wa lipid
va d& gn vao hat hitu co va bun-trdm tich.

- Céc hop chét alkyl rat ky nude ndy ¢é xu hudng
uu thé & pha hat/trdm tich hon 1a pha nuéc, nén cé
tang day va cac loai an day c6 nguy co phoi nhiém
cao hon do an sinh vat day, mun ba hitu co hodc
tram tich giau hitu co.

- Déi véi cac alkyl OPEs ¢6 log Kow trung binh
nhu TnBP, TiBP, muc tich ity duge du bdo ¢ mic
trung gian, vira chiu anh hudéng ctia phan bé pha
vao lipid, vira phu thudc manh vao khd nang
chuyén hoa dic thu cua tirng lodi ¢4 (enzyme gan,
tbe do dao thai...). Do vay, su khac biét gitra ca
tAng mit-gilta va ca tang day vé nong do tich lity
d6i voi nhom nay thuong khong rd rang nhu voi
alkyl chudi dai.

(3) Nhém aryl OPEs va di-OPEs

- Aryl OPEs thuong c¢6 log Kow cao, ky nudc
manh, nén uu ti€n phén bd & hat lo ling va trdm
tich, vé mit phan bd mai truong twong tu céac alkyl
OPEs rat ky nuge. Do d6, ca ting ddy ¢ nguy co
cao hon do #n sinh vat ddy hogc vat chat trdm tich
da gin OPE.

- Tuy nhién, nhiéu aryl OPEs dé thiy phan hoic
chuyén héa thanh di-OPEs phan cuc hon (vi dy
DPhP). Cac di-OPEs nay c6 log Kow thip hon, it
gén lipid, wu thé ¢ pha nuéc hodc huyét twong va
duoc bai thai dé hon.

- Két qua 13, du ca ting déy c6 thé phoi nhiém cao
hon d6i voi aryl-OPEs, nhung nong do tich lily
thue té trong md lipid c6 thé khong quéa cao do
chuyén hoa nhanh sang di-OPEs. Nguoc lai, ty 1€
di-/tri-OPEs cao trong méu ca goi y ring: (i) da co
qué trinh chuyén hoa tai chd trong co thé ca,
va/hodc (ii) nguf’in thai mdi trudng von da chua
nhiéu san phdm thiy phan.

Do d6, dac tinh phdn cuc va kha ndng thuy
phan cda timg nhém OPE tao ra su khac biét vé
con dudng phoi nhiém va kiéu tich liy gitta ca
tAng mit/giita va ca ting ddy: (i) nhém phan cuec,
dé thiy phan uu thé & pha nudc - mang - huyét
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twong (phoi nhiém nhiéu hon & ca tan_g mit/gifta, |
tich liy lipid thdp), va (ii) nhom rat ky nude, gin
hat/trdm tich uu thé & chudi thire dn ddy - mo lipid
(phoi nhiém va tich lily twong déi cao hon & cé
tang day), dic biét véi cac aryl OPE dé tao di-
OPE.

10. Trong twong lai, néu mudn
nang cao do chinh xac cua danh
gid rii ro, NCS nén két hop thém
chi so sinh hoc (biomarkers) nao
hodc md hinh hip thu-chuyén
hoa-thai trir (ADME) nao dé
phan anh tot hon nguy co cla
OPEs déi voi con ngudi?

Trong céc nghién ciru tiép theo, dé nang cao do
chinh xac ctia danh gia rii ro, NCS ¢6 thé két hop
thém ca chi sd sinh hoc va mé hinh dong hoc hép
thu-chuyén hoa-thai tri. V& biomarker, huéng phi
hop va thuc té nhét 1a do cac chit chuyén héa dac
hi¢u cua OPE trong nudc tiéu, vi chiing phan 4nh
phoi nhiém téng qua nhidu dudng (an, hit, bui, 1iép
xuc tay-miéng). Cu thé, BDCIPP cho TDCIPP va
BCEP cho TCEP 1a céc chit chuyén hoa da duoc
st dung rong rai va tuong ddi dic hiéu cho nhom
Cl-alkyl OPEs; DPhP la biomarker kinh dién cho
TPhP, trong khi véi EHDPHP c¢6 thé bd sung thém
cac chat chuyén hoa hydroxyl héa nhu OH-
EHMPHP/OH-EHDPHP dé bam sat hon chét me;
d6i v6i TBOEP, BBOEP va mét sb di-alkyl
phosphate lién quan c6 thé ding nhu chi dau bd
tro' khi nhém ether OPE déng gop ding ké. Thiét
ké nghién ctru nén ldy mau nude tiéu lip lai theo
thoi gian va hiéu chinh theo creatinine hodc ty
trong dé giam bién thién ndi ca thé, tir d6 wée
luong phoi nhiém c4 nhan dang tin cdy hon so v&i
cach suy nguoc don thudn tir khdu phén ca.

Song song, vi¢c xdy dung hcdc &p dung cac
md hinh PBPK cho mot s OPE dién hinh (nhu
TDCIPP, TCIPP, TCEP) s& gitip mo ta rd hon cac
qué trinh hdp thu, phan bd vao mé, chuyén héa
thanh di-OPE va thai trir qua nude tiéu, ké ca khi
¢6 tai tudn hoan rudt-gan. Khi co dong thoi nong
d6 biomarker trong nudc tiéu va md hinh PBPK da
hiéu chudn, c6 thé suy nguoc tir ndbng do
biomarker vé lidu nap vao bén ngoai, rdi tir dé tinh
EDI, HQ/HI va IL.CR cho tirng ¢4 nhan hodc nhom
dan sb. Két hop thém md phéng Monte Carlo dé
lan truyén bit dinh va bién thién sinh hoc s& cho
phép bdo céo két qua dudi dang phan b6 (vi du
P50, P95) thay vi mot gid tri diém. Cach tiép can
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dua trén biomarker két hop PBPK nhu vay sé gén
chit dir liéu phoi nhidm thuc t& véi cac chi s6 rii
ro, giam phu thudc vao céc gia dinh don gian vé
khau phin hay khéi luong co thé, va phan dnh t6t
hon nguy co tiém 4n cia OPEs déi véi stc khoe
con nguoi.

PGS. TS. Trinh Thu Ha

1. B4 sung thém vao phian mé
ddu thong tin vé phwong phap
phan tich OPE va chiét tdich mau
sinh hoc/cé bién.

NCS da chinh sira va bo sung thém cac thong tin
d¢ hoan thién ban luan an.

2. Xem lai can théng nhit gitra
phin nhan xét két luan “Trong
do khong ghi nhan dugce sy khac
biét vé nong d6 OPE gifta céc
loai ¢a” v6i phan nhén xét trong
bang 116 “Pa cd su khac biét
dang ké vé ndng do OPE giita
cic mau ca trong nghién chu
nay”.

NCS da chinh stra lai cdc nhan xét dé tranh gay
hiéu nham do sir dung cau chit chua ro nghia. O
phan phan tich da bién (PCA trén hd so OPE), cic
diém dir lidu ca céac loai ca khong tach thanh céc
cum rd rang theo loai, do d6 NCS két luan la
“khong ghi nhan dugc su tach bach rd rét gifta cac
loai vé& céu hinh ndng do6 OPE”. Nguoc lai, & hinh
3.11, cac kiém dinh don bién déi véi mot s6 chi
tiéu nhu XOPE hodc mot vai OPE riéng lé cho
thiy mdt s6 cdp loai/mau ca c6 khic biét ¢6 y
nghia théng ké (dic biét khi st dung kiém dinh phi
tham s6), nén phan nhan xét ghi 1a “co su khéc
biét dang ké...”. Nhu vy, cdu & phian PCA phan
anh buc tranh téng thé da bién (ca hd so OPE,
khong thiy tach nhém rd rét theo loai), trong khi
nhin xét gé’m vGi hinh 3.11 lai noi vé mot s6 chi
tiéu don 1& va mot s6 cip loai cu thé. DE tranh gay
hiéu nham 1a hai két luan di 1ap nhau, NCS da
chinh lai cdu chir cho nhat quan véi két qua dat
duoc.

3. Chinh stra mot s6 161 in 4n nhu
hinh v& trong PL 10, PL.17.

Céc 181 in 4n tai PL10 va PL17 da dugc khéc phuc;
NCS da xuét lai phu luc dd hoa theo chuan in 4n
cua luan an.

PGS. TS. Trin Manh Tri

1. Gia tri IDL, IQL nén chuyén
thanh don vi thuong dung, tuong
tw voi cde gia tri liéu luong phoi
nhiém.

NCS da chinh stra lai don vi cac thong s6 IDL,
IQL, EDI, LADD, ILCR cho théng nhét véi céc
gid tri ndng do va lidu phoi nhiém trong luén an.

2. Ban ludn an va tom tit ludn an
can duoc chinh stra mot so 1oi

NCS xin tiép thu y kién ciia phan bién. Ban ludn

an toan vin va ban tom tat da duoc ra soat lai 101




“chinh ta, in 4n va chudn hoa cac
thuat ngit, ra soat hinh thuc cac
bang trong toan b ludn én trudc
khi n6p luu chiéu.

in an, chuan hoa h¢ thong thudt ngit/viét tat va

thong nhat hinh thire trinh bay cac bang theo ding
quy dinh ctia Hoc vi¢n trude khi ndp lvu chicu.

3. Mau trang (v6i mau cd) chuan
bi nhu thé nao?

NCS da bo sung va chinh stra phuong phap chuan
bi mau tring (véi mau ¢d) & muc “2.5.2.1. Chuan
bi méu tring” trong quyén ludn 4n.

'PGS. TS. Nguyén Thi Anh Hion
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1. Phan phuong phéap nghién ctru
can dugc viét lai dudi dang céc
phuong phdp st dung (vi du:
phuong phap Ay mau, phuong
phap phan tich, phuong phap xir
Iy mau, phuwong phap xir ly sé
lidu, phuong phép dénh gid rui
ro,...) thay cho viée liét k€ cach
thue hién. T4 thiéu, néu phuong
phap trudc khi trinh bay cach
thue hién. Con mot sb 16i chinh
ta, danh mdy, format cin ra soat
chinh stra.

Trong ban ludn an chinh sira, myc Phuong phap

nghién ctru da dugc co cau lai theo ding cdc nhom

phuong phap thay vi chi li¢t ké cac bude thye
hién, gdbm: (i) phuong phap tong quan tai licu, (ii)
phuong phap 1y miu va bao quan mau cé bién,
(iii) phuong phap xit ly mau sinh hoc, (iv) phuong
phap phén tich OPE/di-OPE bang UHPL.C-
HRMS, (v) phuong phap x ly s6 liéu thong ké va
(vi) phuong phap danh gia rii ro suc khaée. Pong
thoi, NCS da ra soat lai toan bd ludn an tean vin
va ban tom tat dé chinh sira 18i chinh ta. danh may,
chuén hoa thuat ngir/viét tit va thdng nhat dinh
dang bang, hinh, cin 1€, font chir trizée khi nop luu
chiéu.

PGS, TS, Lé Thi Trinh

1. Tai muc 2.4 (Thu thdp va bao
quan mau): Phan giai thich ly
do/cin ¢ lya chon cac dia diém,

| tAn sudt lay mau cu the, tiu chi

lua chon cac cang ca, loai ca can
duoc lam 16 hon (vi du: tiép can
vé dia diém theo luong thiy san
fal cang, khu vuc cung cAp, loai
ca,... vé thoi diém theo mia danb
bt, vé loai ca theo khu vue, ting
nude sinh sbng,...).

Trong ban ludn an da chinh stra, NCS da bd sung
va 1am rd hon co s6 hra chon dia diém, tin suat léy
mau va tiéu chi lua chon loai cé nhur sau:

- Vé tiéu chi lya chon loai ¢4, & churong 2 va bang
2.1 di néu rd ba tidu chi: (i) dai dién cho ¢4 sdng
odn bo, tAng gitta va tang déy dé phan 4nh phoi
nhiém theo ting sinh séng, (ii) phan bd & ca ba
mién Béc - Trung - Nam, va (iii) ¢6 gia tri kinh té,
dugce tidu thu phd bién trong bira dn gié dinh Viét
Nam. Ba loai c4 chim triing, ¢4 chi vang va ¢4 bon
diroc lwa chon vi déap g dong thdi cée tiéu chi
nay.

- V& lya chon dia diém, tai myuc 2.4, NCS da bd
sung doan giai thich: cdc cang cd va chg hai san
trong bang 2.5 1a nhitng diu mdi ¢6 san luong cap
bén 16n tai mdi vung, tiép nhin san pham tir cdc
ngu trudng ven bo 1an cdn va 1a ngudn cung chip
chinh cho thi trwdng nodi dia. do do 6 thé dai dién




cho chudi cung tmg ca bién tiéu thu & ting ving
bién. Nhing dia diém nay dugc giit ¢6 dinh trong
sudt giai doan 2021-2023 dé bao dam so sanh theo
vung.

- V& tAn sudt va thoi diém léy mau, ludn an da
trinh bay rd trong bang 2.6 viéc bd tri nhidu dot
l4y mau trong cdc nim 2021-2023 (thang 4, 8 va
12), twong Gng voi cac dgt khai thdc chinh trong
nam va diéu kién tau thuyén cip bén, qua d6 ghi
nhan dugc bién dong theo mua trong pham vi
nguén luc cho phép. Dong thoi, mau chi dugce thu
khi tau vura cép bén, han ché miu trung chuyén
dong lanh va loai trir cac miu khong truy xudt
duoc thong tin danh bét (ngdy, vi tri, loai, kich
thude).

Do do, phi‘m 2.4 da duogc chinh sta dé lam ro
cin ot lya chon dia diém, tan suat ldy mau va tiéu
chi chon loai ¢4, bao dam tinh dai dién vé khong
gian (mién Béc - Trung - Nam), thoi gian (nhiéu
dot trong nam) va tang sinh séng (tAng gitra - ting
day) theo gop y cia Hoi dong.

2. Ludn an da chi ra mot han ché
l6n la thiéu do liu doc hoc
(RfD, OSF) cho nhiéu hgp chat
OPE va hau hét céc di-OPE.
Mic du day la han ché chung
ctia khoa hoc hién tai, phan ban
ludn ¢o thé nhén manh sau hon
vé mic do khong chic chin
(uncertainty) ma diéu nay gdy ra
cho két qua danh gia rui ro, déc
biét khi nong do di-OPE dugc
phat hién cao hon déng ké so véi
chit me (chét gbc). Do vay trong
ph?m thao ludn cua muc 3.5.2
(Panh gia rui ro strc khoe), NCS
nén b sung thém thao luan nhén
manh vé két qua danh gia rii ro
tr cac chat di-OPE vdn c6 nong
do cao, tai liéu tham chiéu vé
nhan xét nay. Tu do, dé xudt

Trong ludn 4n, NCS da néu han ché chung 1a
hiu nhu chi c¢6 gid tri RED/OSF cho mot s tri-
OPE dién hinh (TCEP, TDCIPP, TCIPP, TPhP...),
trong khi da s6 di-OPE (vi du DPHP, BDCPP,
BCEP, BCIPP, BBOEP...) chwa dugc thiét lap
ngudng doc hoe (RfD, OSF). Diéu nay din téi xu
huéng danh gia rai ro thiéu dong gop ctia nhém
chét chuyén héa, méic du trong bo di liéu ludn an,
né‘mg do mot s6 di-OPE trong ca thuong cung bac
hodic cao hon so véi chit me twong Gng.

Tiép thu goép y cta Hoi ddong, NCS di bo sung
vao muc 3.5.2 mot doan thdo ludn riéng nhén
manh ré’mg: (1) cac chi sb HQ, HI, ILCR hién nay
méi chi tinh trén nhém tri-OPE c¢6 san RfD/OSF
nén can duoc hidu nhu ude luong tbi thidu cia rii
ro; (ii) nhidu nghién ctru gin day cho thiy di-OPE
dugce phat hién rong rai trong mdi truong va sinh
hoc nguoi, mot ) treong hop c6 doc tinh noi tiét,
anh hudong dén phat trién hodc chuyén héa, thaim

chi cao hon tri-OPE tuong Ung, trong khi dit li¢u
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1115:1-{111 mé& hon vé sy can thiét cua
cac nghién ctru doc hoc trong
twong lai déi voi cac chét chuyén
hoa nay.

doc hoc dinh luong van rat thiéu.

Trén co s& do, ludn an nhan manh muic do
khong chic do bo sot dong gop ciia di-OPE trong
cac chi sb rai ro, dong thoi dé xudt manh cic
nghién ctu doc hoc tuong lai can tip trung vao
nhom chét chuyén hoa (di-OPE) dé xdy dung
RfD/OSF, két hop véi dit liéu biomarker trong
ngudi. Viée didu chinh nay gitp phin thao luén
yira trinh bay két qua rai ro dinh lugng hién cé,
vira 1am rd han ché va huéng nghién ctu tiép theo
d6i voi cac chit di-OPE ¢6 nong do cao nhung
thiéu nguong doc hoc.

3. Mot vai hinh anh c¢6 mat do
thong tin khd cao (vi du Hinh
3.12, 3.14, 3.16) c6 thé gy kho
khin cho nguoi doc néu khong
c6 phan chu giai chi tiét timg
thanh phan. NCS nén bd sung
thém cac dong chu thich ngay
dudi hinh dé giai thich ro hon vé
y nghia cla ting biéu dd con
(panel) hodc cac ky hiéu. Vi du:

- Hinh 3.12 (trang 116): Can cht
thich rd ndi dung cua tung panel
(a), (b), (¢), (d) dé& nguoi doc dé
dang phén biét biéu db sang loc,
biéu dd bién va sy phan bd diém
mau theo loai ca va khu vuec.

- Hinh 3.14 (trang 121): Can giai
thich & chu trGc ma trin cua
hinh: mdi hang tuong ung vdi
mot nam (2021, 2022, 2023), va
mdi cot thé hién cac két qua
PCA khac nhau (biéu dd bién,
biéu db diém méu trén céc thanh
phén chinh).

- Hinh 3.16: Phin chu giai can
ghi 16 mdi biéu do con (a), (b),
(¢), (d) twong Gmg v6i mdi twong
qun ¢ nhom dbi tugng ndo (vi
du: (a) ca chi vang, (b) ca bon,

NCS xin chan thanh cam on gop y ctia Hoi dong.
NCS da ra soat lai toan bd cac hinh c6 mat do
thong tin cao va chinh stra/bd sung chi giai chi
tiét. Ngoai viéc bd sung cha thich chi tiét, NCS
ciing da didu chinh b cuc trong céc hinh lién quan
dé tang kha ning doc.
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¢4 chim traing mua thu).

4, Can ra soat lai toan van dé | NCS da ra soat toan vin dé stra 16i chinh ta, 15i
phat hién va sira cac 16i chinh ta, | danh may va dinh dang con s6t, hoan thién hinh
16i danh may nho con sét lai | thite trude khi ndp ban chinh thire.

(NCS can doc ra soat lai toan bo
luAn 4n mot cach cdn than dé
dam bao tinh hoan hao vé mait
hinh thic trudc khi ndp ban
chinh thirc).

GS. TS. Nguyén Viin Tuyén

1. Str dung k§ thudt phdi tron | Khi chay HPLC & ché do gradient v6i hé dung
dung méi khi chay HPLC, giai | méi MeOH/nuéc, NCS sir dung phéi tron dung
quyét viéc toa nhiét dung moi | mdi online (pha dong A: nuGe/FA, pha dong B:

1 MeOH/nuée khi st dung ché do | MeOH), ddng thoi gitr nhiét d6 cot va chai dung
gradient? méi 6n dinh. Chuong trinh gradient duge thiét ké
tang/giam %MeOH tuyén tinh, khong nhay béc

I dot ngdt, va ludn co thoi gian can b‘é’mg lai du dai
gifta cac lan tiém. Nho do, nhiét sinh ra khi tron
MeOH/nude duoc giam thiéu, duong nén va thoi
gian luu van 6n dinh, khong anh huéng dén két

qua phan tich.

Nghién ctru sinh chan thanh cam on Qui thdy, c¢o trong Hoi dong danh gia luan
an tién si cap Hoc vién da gop y va tao co hdi cho NCS hoan thién ludn én ciia minh.
Xin trén trong cam on./.
Ha Noi, ngdy 28 thang 11 nim 2025
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MO PAU
Ly do liwa chon dé tai

Trong nhitng ndm gan day, sy phat trién nhanh chéng ctia nganh cong
nghiép hoa chét toan cau di kéo theo su gia ting dang ké trong viéc sir
dung cac hop chat chéng chay, dic biét 1a cic ester organophosphate
(OPE). Nho dic tinh chong chay hiéu qua va tinh linh hoat vé cdu triic hoa
hoc, OPE dang dugc st dung rong réi trong san xuit nhya, dét may, thiét bi
dién tir, vat liéu xdy dung va nhiéu san pham tiéu dung khac. Tuy nhién,
qua trinh san xut, tiéu dung va thai bé cic san pham chita OPE din dén
phat thai cac hop chit nay vao méi truong. Cac nghién ctru gan dy & nhiéu
qudc gia chau A va chau Au di phat hién OPE trong nudc thai, bun, trim
tich va dac biét 1a trong sinh vat thiy sinh. Tai Viét Nam, mdt sb két qua
khéo sat budc dau da ghi nhan sy hién dién cia OPE trong nudc mat,
khong khi va c4 bién - mot méat xich quan trong trong chudi thuc pham cua
nguoi dan. Nghién cuu ctia Bui Quang Minh va cdong sy (2023) da phat
hién OPE dao dong tir 39,0 - 181,5 ng/g trong lugng kho trong cic mau ca
bién thu thap tai cic cho dia phwong & Ha Noi. Nhimg phat hién nay cho
thiy OPE khong chi c6 mit trong méi trudong ma con c6 xu hudng tich liy
sinh hoc trong cac loi sinh vat bién.

Nhiéu OPE c6 kha ning tich liy sinh hoc va lan truyén qua chudi thirc
an. Khi con nguoi tiéu thu ca bién nhiém OPE, cac hop chét nay c6 thé xam
nhdp vao co thé va gdy ra cac tac dong bét loi nhu réi loan ndi tiét, ton
thuong hé than kinh, rdi loan chuyén hoa va nguy co ung thu. Dic biét, sau
khi di vao co thé, OPE con c6 thé bi chuyén hoéa sinh hoc thanh cac chét
chuyén hoa (di-OPE) ma dit liéu vé doc tinh va anh hudng sic khoe con
ngudi cia nhitng hop chat ndy van con rat han ché, chua duge quan tdm

day dii trong cac danh gia rai ro hién nay.



Mic du truée day, cic chat chéng chiay brom hoa nhu ether
polybrominated diphenyl (PBDE) timg 1a nhom chat wu tién nghién ctru do
mirc d6 tich lily cao va doc tinh manh. Tuy nhién, tir sau khi Coéng udc
Stockholm bé sung PBDE vao danh muc kiém soat nim 2009, nhiéu quéc
gia da cAm hoic han ché sir dung nhém chét nay, din dén xu huéng chuyén
d6i sang OPE nhu 13 chét thay thé phd bién. Trong khi muc d6 doc hai cua
PBDE d3 duoc nghién ctru trong ddi day du, thi hd so doc tinh va tac dong
dai han ctua OPE - dic biét 1a cac chit chuyén héa di-OPE - van con nhiéu
khoang tréng. Chinh didu nay ciing dat ra yéu cau cap thiét trong viéc
nghién ctru OPE, dic biét 1a trong bdi canh dir liéu vé muc d6 6 nhiém va
tac dong cta chung tai Viét Nam van con rat khan hiém.

Hién tai, Viét Nam van chua ban hanh ngudng giéi han ham luong
OPE trong thuc phim ciing nhu chua c¢6 cac phuwong phap phan tich tiéu
chuin hoa dé giam sat cac hop chit nay trong mau sinh hoc. Pong thoi, cac
nghién ciru vé OPE trong thyc pham, thily san - ddc biét 1a c4 bién - van
con 101 rac, thiéu hé théng. Trudc nhitng bat cap va khoang trong khoa hoc
néu trén, nghién cuu sinh lya chon thuc hién dé tai luan an: “Phat trién
phuong phap phan tich va budc dau danh gia rii ro sic khoe ciia cac ester
organophosphate trong mét s6 loai ca bién ¢ Viét Nam”.

Muc tiéu nghién civu ciia dé tai
e Phat trién phuong phap phén tich va xac nhan gia tri st dung
phuong phéap phan tich cac OPE va di-OPE trong mot s6 loai ca bién bang
phuong phap UHPLC-HRMS.
° Panh gia muc d6 hién dién cua OPE va di-OPE trong mot s6 loai
c4 bién duge thu thap tai cac cang ca 1on ¢ 3 mién, phan tich mbi lién hé

gitta ndng d6 OPE véi méi trudng sinh trudng cua timg 1oai.



e Budc dau danh gia rui ro sitc khoe OPE & con ngudi thong qua
viéc tiéu thu ca bién.

Ngi dung nghién cuu

e Tbi wu hoa phuong phap chiét tich dong thoi cac chat OPE va di-
OPE trong thit c4 va phan tich trén thiét bi sic ky long hiéu ning cao ghép
nbi dau do khdi phd phan giai cao.

e  Xac nhéan gia tri st dung phuong phap phan tich cac OPE va di-
OPE trong thit ca.

e Phan tich ham lugng OPE va di-OPE trong cac mau cé thu thap
duge. Cac két qua phan tich duoc dénh gia su phan b OPE trong ca bién
thu thép tai cac cang ca tai 3 khu vuc nghién cttu, va twong quan gitta OPE
va di-OPE trong ca bién.

e Budc dau danh gia rui ro stc khoe ngudi tiéu dung khi tiép xac
voi voi OPE qua duong ti€u hoa.

Y nghia khoa hoc va thuc tién ciia dé tai

Nghién ciru phan tich va budc dau danh gia rui ro sirc khoe ciia cac
OPE trong mdt s6 loai ca bién 1a hudng nghién ctru con rt méi & Viét
Nam. Luan an tap trung khao sat xay dung quy trinh phan tich ham lugng
OPE va di-OPE trong c4 bién, tir day lam ngudn gbc dé danh gia su khac
biét v& ho so 6 nhidm OPE va di-OPE & céc loai c4, ciing nhu danh gia mirc
dd anh huong téi stic khde con nguoi.

Nhirng dong gop mdi cua ludn dn

e Langhién ciru dau tién xay dung va xac nhan gia tri s dung ciia
quy trinh phén tich dong thoi cac OPE va di-OPE trong thit c4 bién trén
thiét bj sic ky 16ng siéu hiéu ning cao ghép ndi khéi phd phan giai cao,
mang dén hiéu qua cao cling nhu ting tinh chu dong trong phén tich, tiét

kiém thoi gian.



° Luén an la cong trinh dau tién khao sat sy hién dién va phan bd
cua cac OPE va di-OPE trong mét sb loai ca bién duoc thu thap tai cac
cang ca tiéu biéu ¢ ba mién Béc, Trung va Nam ctia Viét Nam. Cac loai c4
dai dién cho nhiéu ting sinh thai khac nhau (tdng mit, tang gilta va ting
day), cho phép budc dau danh gia mirc d6 phan b OPE theo modi truong
sinh song.

e Budc dau danh gia rui ro sirc khoe cua OPE thong qua tiéu thy ca
bién. Piéu nay gop phan cung cap dit liéu khoa hoc hd trg cac co quan quan
1y trong viéc thiét 1ap quy dinh vé giéi han du luong OPE trong thyc phim
va giam sat an toan thuc pham.

II. NOI DUNG LUAN AN

CHUONG 1. TONG QUAN
Phan téng quan tai lidu tdp hop cac nghién ciru trude ddy vé cac van dé:
1.1. Gi6i thiéu vé chit chdng chay
1.2. Chét chéng chay co phdt pho
1.2.1.  Ung dung lam chat chong chdy
1.2.2.  Ung dung lam chat héa déo
1.2.3. Tinh hinh sir dung chat chong chdy OPE
1.2.3.1.  Tinh hinh sir dung OPE trén thé gici
1.2.3.2.  Tinh hinh sit dung OPE ¢ Viét Nam
1.3. Tinh chit héa Iy ciia OPE va ving dung
1.4. Doc tinh ciia OPE
1.5. Chét chuyén héa
1.6. Sw hién dién ciia OPE trong méi trwong
1.6.1.  Nguon phat thai OPE trong méi trieong
1.6.2. S hién dién va cdc yéu té anh huéng dén qud trinh phan

bo/chuyén héa ciia OPE trong méi truong bién



1.6.3.  Nguon goc va chuyén héa ciia OPE trong sinh vit bién
1.7. Hién trang khai thac va tiéu thu ca bién ¢ Viét Nam
1.7.1.  Hién trang khai thac
1.7.2. M tiéu thu cd bién ¢ Viét Nam
1.8. Rui ro sirc khée ciia OPE
1.8.1. Danh gia rui ro siec khoe
1.8.2.  Rii ro sikc khée ciia OPE déi véi con nguoi
1.9. Phuwong phap phén tich chit OPE trong miu sinh vit
1.9.1.  Chiét mau va tinh sach dich chiét
1.9.2.  Phuwong phap phan tich OPE
1.10.Thiét ké thi nghi¢m trong phat trién phwong phap phan tich
1.10.1. Téng quan vé thiét ké thi nghiém
1.10.2. Phan logi thiét ké thi nghiém
1.10.3. Pham vi trng dung ciia thiét ké thi nghiém
1.10.4. Thiét ké trung tam tong hop dang mdt phang (CCF)
1.10.5. Xdc nhén thiét ké thi nghiém
1.11. Tinh hinh nghién ciru trong nwéc
CHUONG IL POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1.D6i twgng nghién ctru va pham vi nghién ciru
2.1.1.  Poi tieong nghién ciru
+Mudi lam hop chat OPE: TMP, TEP, TnPrP, TIPrP, TnBP, TiBP,
THP, TBOEP, TEHP, TPhP, CDP, EHDPHP, TCP, TCEP, TDCIPP.
+ Bay hop chét di-OPE: DMP, BCEP, DPhP, BDCIPP, DnBP, BBOEP,
BEHP.
2.1.2. Pham vi nghién ciru: mau cé bién (bao gdbm cé chim tring - Pampus
argenteus, ca chi vang - Salaroides leptolepis va ca bon - Psettodes

erumei) thu thap tai cic cang ca 16n ¢ ba mién Viét Nam, cu thé:



+ Khu vuc mién Bic: Hai Phong, Quang Ninh, Nam DPinh

Khu vyc mién Trung: Da Nang, Quy Nhon, Pha Yén, Khanh Hoa

Khu vyc mién Nam: Ba Ria - Viing Tau, thanh phé H6 Chi Minh,

Tién Giang
2.2.Phwong phap nghién ciru
2.3.Héa chit, dung cu va thiét bi
2.4. Thu thip miu va bin quan

Céac mau ca bién (223 miu c4) duoc thu thap tai cac cang cac va chg
hai san 16n & cac cang ca ¢ ba mién Viét Nam. Ba loai ca duoc lya chon
trong thi nghiém nay 1a ca chim trang (Pampus argenteus, n = 172), ¢ chi
vang (Salaroides leptolepis, n = 32) va ca bon (Psettodes erumei, n = 19)
duoc thu thap & cac khu vyc trén trong giai doan 2021-2023. Mau c4 duoc
boc ki trong gidy nhom va dugc chira trong thing giit nhiét co chira d4 kho
r0i van chuyén vé phong thi nghiém. Sau d6, méu ca duoc tién hanh danh
vay, 16t bo da, phi 1 ca dé loai bo xuong va phan dau. Mau phi 1& thit ca
dugc thim kho bang gidy khong bui, 1am lanh & -20°C va tién hanh qua
trinh dong khoé mau cho dén khi khdi lugng khong doi. Mau sau khi dong
kho duoc nghién nho va trir trong cac 1o thay tinh t6i mau & nhiét do -20°C
cho dén khi phan tich.
2.5. Noi dung nghién ctru thwe nghiém
2.5.1. Xay dung phuong phdp phan tich UHPLC-HRMS
Khao sat t6i wu didu kién phan tich OPE va di-OPE (ion hoa

electrospray, toc d6 dong, nhiét do 10 cot) trén UHPLC-HRMS. Panh gia
d6 6n dinh cua tin hiéu phan tich trén thiét bi UHPLC-HRMS. Xéc dinh
gidi han phat hién va gioi han dinh lugng cua OPE va di-OPE trén
UHPLC-HRMS.
2.5.2. Phat trién phirong phdp xik i mau



2.5.2.1. Chudn bi mdu tring

Thuc hién tao mau tréng bé‘mg cach sir dung mau thit ca chim sau khi
déng nhat mau chiét xuat véi dung moi acetonitrile lanh dé loai bo su hién
dién chat phan tich trong mau, it anh huong dén tinh chét phiic tap va giir
lai dic tinh cua nén mau.
2.5.2.2.  Khdao sat phiong phdp xir li mau ban dau

Céc giai doan trong quy trinh xir Iy mau xac dinh ndng d6 OPE va di-
OPE trong ca dugc trinh bay trong hinh 2.1.

l'_‘ _____ - Them chuan dong himh
‘- Mau +
UPW + MeCN 1%AA | Thay vivo I.h..:l]ll]\\‘])
ld— ——————— MNal'l

MeS0,
Rung situ im

Dung mér phia trén

Rira giai
20 mL MeCN:toluene

|H o heop dich c]ncl‘

+ i g

'

<>

Pliin tich OPEs trén
UHPLC-HRMS
Hinh 2.1. Céc giai doan trong quy trinh xir Iy miu cin dworc t6i wu
2.5.2.3.  T6i wu diéu kién héa hoi dung méi
Anh huoéng cua didu kién hoa hoi dung méi duoc tién hanh ¢ 3 truong

hop, bao gdm (i) cd quay chan khong, (ii) hoa hoi dudi dong khi N, & nhiét



d6 phong va (iii) két hop k¥ thuét ly tim chan khong va héa hoi duéi dong
khi N, ¢ 1°C.
2.5.2.4.  Khdo sdt vt liéu tinh sach dich chiét

Tién hanh khao sat, d4nh gia kha ning tinh sach dich chiét ctia 10 loai
vat liéu tinh sach thuong mai. Ngoai ra, EMR-WAX dugc st dung dé danh
gi4 anh huong ctia nén mau & cac loai ¢4 ¢6 ham lugng béo khac nhau.
2.5.3. Xac nhan gia tri sir dung phuwong phap

Sau khi t6i wu quy trinh xtr Iy miu, cac théng s6 gii han phat hién
(MDL), giéi han dinh lugng (MQL) ctia phuong phép, d6 dung, do tai lap,
d6 lap lai, hiéu ung nén duoc danh gia nhim xac nhan gia tri str dung
phuong phap phén tich OPE va di-OPE trong cé bién.
2.54. Phan tich ham hrong OPE trong mau cd bién

Cac mau ca bién thu thap & muc 2.4 dugc tién hanh phén tich xac dinh
ham luong OPE c6 trong mau. Cu thé, 223 mau ca (172 mau ca chim, 19
mau c4 bon va 32 mau ca chi vang) dugc tién hanh xac dinh OPE va di-
OPE trong mau thit ca.
2.5.5. Bdnh gid rii ro phoi nhiém OPE trong cd qua qud trinh tiéu thy
thuee pham
2.5.5.1.  Ubc lwong phoi nhiém hang ngay

Liéu hip thu udc tinh hang ngdy (EDI, ng/kg/ngay) va lidu hip thu
trung binh hang ngay subt doi (LADD, ng/kg/ngay) dugc danh gia thong

qua viéc tiéu thu thit ca bién dugce tinh theo cong thtrc 2.1 va 2.2:

C; x IR
EDl = ——— (2.1)
C; X IR X RF X ED
LADD = (2.2)
BW x AT

2.5.5.2.  Danh gia rii ro khong gay ung thw



Thuong s6 nguy hiém (HQ) va chi s6 nguy hiém (HI) duoc sir dung dé
mo ta cac rii ro khong gy ung thu cia OPE thong qua duong tiéu hoa dbi
v6i timg chat cu thé va tong cac hop chat OPE gay ra. HQ va HI dugc tinh
o cong thuc 2'3;

- EDI,
— pp— L .3
HI = ileQi_izl i_ (2.3)

Trong d6, R/D 1a liéu tham chiéu duong miéng (ng/kg/ngay). Néu HI

< 1 chimg minh céc tac dong bat loi tiém 4n dbi véi sirc khoe con ngudi khi
tiéu thy cé bién 1a khong déng ké.
2.5.5.3. Danh gia rui ro ung thu
Chi s6 ung thu sudt doi (ILCR) thuong ap dung ddi v6i cac hop chat
da duoc xéac dinh 1a c6 kha ning gy ung thu khi phoi nhiém kéo dai, nhu
TCEP va TnBP. ILCR dugc tinh theo cong thirc 2.4.
ILCR = O5F x LADD 24)

2.5.6. Phuwrong phdp xit Iy s6 liéu
Nghién ctru nay dugc xir Iy dir liéu, phan tich théng ké va trinh bay két
quéa bang hinh anh thong qua chuong trinh R (phién ban 4.3.2). Cac phép

tinh toan, xir 1i thong ké va cac goi (package) hd trg sir dung trén R.

CHUONG 3. THAO LUAN KET QUA
3.1. T6i wu hoéa diéu kién UHPLC-HRMS
3.1.1. Toi wu diéu kién ion héa electrospray
Str dung thiét ké thi nghiém Central Composite Face-Centered (CCF)
dé t6i wu téc do dong cua cac khi phun, khi b6 tro va khi 1am sach. Xéc
nhan chéo k-fold (k = 10) dé danh gia va dam bao mo hinh hoat dong on
dinh. biéu kién t8i wu cho khi phun, khi bod trg va khi lam sach & nguén ion
hoéa cta thiét bj khéi phé 14n luot 14 20 arb, 15 arb va 5 arb.
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3.1.2. Toi wu toc dg dong va nhiét do

Bé‘mg viéc danh gia anh huong cua tde do dong va nhiét do dén do
phan giai va hé sd bat di xtng ciia peak sic ky, nhiét do cot 45°C va tdc
d6 dong 0,4 mL/phut duge chon lam diéu kién t6i wu cho phén tich sic ky
long trong nghién ctru nay.
3.1.3. Piéu kién t6i uu phan tich UHPLC-HRMS

Béng viéc tién hanh céac khao sat vé diéu kién tdi wu cho quaé trinh ion
hoa phan tir chat phan tich ¢ ché do ESI & HRMS, ciing nhu diéu kién
UHPLC, diéu kién UHPLC-HRMS dugc sir dung trong nghién ciru nay
duoc trinh bay trong bang 3.1 va 3.2.

Bang 3.1: Piéu kién van hanh UHPLC

Yéu to Thong s6
Cot sac ki Cot Hypersil Gold™ aQ
) (150 mm x 2,1 mm, kich thudc hat 3,0 um)
Toc do dong 0,40 mL/phut
Nhiét dé cot 45°C

Thé tich tiém mau 3,0 pL
Dung moi tiém MeOH/UPW = 1/1 (v/v)

Pha dong (A) UPW chuta 0,1%FA (pH}/=2,68)
(B)  MeOH

Gradient pha Thoi gian %A %B Do doc

dong (phut) gradient
0,0 100 0
0,5 100 0 5
2,0 60 40 1
22,0 0 100 5
22,1 100 0 5
25,0 100 0 5

Biang 3.2: Piéu kién vin hanh HRMS
Ngudn ion héa Phén tich khoi
Yéu to Théng sé Yéu té Théng sé
Dién the phun (kV) +4,9, Do phdan giai Q1  35.000

3,5 (FWHM)
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Ngudn ion héa Phén tich khoi
Yéu té Théng so Yéu té Théng so
Khi phun (arb) 20 Do phdn giai 03 17.500
) (FWHM)

Khi b6 tro (arb) 15 AGC target 1x10°

Khi lam sgch (arb) 5 Maximum IT 50 ms

Nhiét do ong dan ion (C) 320 Khi ban pha Ar (5,0)
Tdc do dong: 2
arb

Nhiét do hoa hoi (°C) 300

Bang 3.3: Thoi gian luu va thong sé bd phén tich khoi cia OPE
Thoi Ché Ion  Ion phian manh (Da)-

Hoo chét cﬁgg; gian d6 phan ning lugng bin pha (V)
op dbng hanh luu ion ti¥ Ion dinh Ion dinh

(phut) héa (Da) Ilwong (Da) danh (Da)
TMP TEP-dis 2,97 + 141,1 79,1 (22) 109,0 (16)

TEP TEP-dis 4,74  +  183,1 99,0(18) 127,1(12)
TnPrP TnPrP-dy 942  + 2252 99,1(17)  141,1(10)
TIPtP TnPrP-dy 8,56  + 2252 99,1(17)  141,1(10)
TnBP TnBP-dyy 13,88 + 267,01 99,0(17)  155,0(10)
TiBP TnBP-dyy 13,58 +  267,1 99,0(17)  155,0(10)
THP TEHP-ds; 19,14 +  351,2 99,1(19)  267,1(10)
TBOEP  TnBP-dy 14,60 + 3992 199,0(15) 299,1 (13)
TEHP TEHP-ds; 2148 + 4352 99,0(38) 113,3(38)
TPhP TPhP-d;s 12,80 + 3272 77,1 (38)  152,1(38)
CDP DPhP-djp 12,64 + 3411 152,0(35) 2990 (26)
EHDPHP TnBP-d»; 14,01 +  363,1 174,0(35) 251,0(8)
TCP TEHP-ds; 16,12 +  369,0 166,1(29) 243,1(28)
TCEP TEP-dis 5,63 + 2850 63,0(24) 99,0 (22)
TDCIPP  TnPrP-dy 12,15 + 4308 99,0(26)  209,0 (15)
DMP BCEP-ds 2,90 - 1250 79,0(25) 63,0 (18)
BCEP BCEP-ds 4,61 —  221,0 352(10) 103,0 (10)
DPhP DPhP-djy 9,11  —  249,1 93,1(30)  155,0(24)
BDCIPP BBOEP-ds 8,55 — 3190 352(10)  283,0(10)
DnBP DnBP-d;s 8,72 — 2085 78,5(56)  152,9(50)
BBOEP  BBOEP-ds 8,12 — 2972 79,0(30)  197,1(20)

BEHP BEHP-d34 15,02 - 321,3 209,1(15) 79,0 (39)
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3.1.4. B$ én dinh tin hiéu phén tich OPE va di-OPE trén UHPLC-HRMS

Két qua danh gia cho thiy thiét bi UHPLC-HRMS sir dung dé phan
tich OPE va di-OPE cho tin hiéu phén tich tét, c¢ tinh 6n dinh cao.
3.1.5. Gioi han phat hién va gioi han dinh luong cua UHPLC-HRMS

Két qua tinh toan gidi han phat hién va gidi han dinh luong cua thiét bi
tuong d6i nho va 6n dinh voi cac chit, ndm trong khoang 0,06 dén 0,09 pg
va 0,20 dén 0,30 pg.
3.1.6. Puong chudn cdc hop chit OPE va di-OPE

Céac duong chuan OPE va di-OPE dugc dung trén mdi twong quan
giita ndng do cac chat (1,0 - 100,0 ng/mL) va dién tich peak, tir d6 thu duoc
céc phuong trinh dudng chuan c6 hé sé hdi quy tuyén tinh 16n hon 0,995.
Do chéch tuong dbi trung binh < 5,0% va hé sd goc 1on ching minh
phuong phap c6 dg nhay cao.
3.2. Phat trién phwong phap xir Iy miu phén tich OPE trong c4
3.2.1. Két qud khao sdt toi wu diéu kién héa hoi dung méi

Két qua nghién ciru cho thdy k¥ thuat hoa hoi dung méi c6 anh hudng
dang ké dén hiéu sut thu hoi chét phan tich, voi d6 thu hoi trung binh lan
luot 13 66,3% (EV1, c¢6 quay chin khong voi ap sudt 10 mbar & 40°C),
80,8% (EV2, khi N, & nhiét d phong) va 97,2% (EV3, ly tdm chan khong
+ khi N, & 1°C) (hinh 3.1); su khac biét nay c6 y nghia théng ké cao
(ANOVA, p <0,05). Co quay chan khong gay thét thoat mau do hién tugng
“bumping” trong qué trinh chuyén pha, trong khi EV2 (thdi N> & nhiét do
phong) han ché hién tugng nay nhung lai kéo dai thoi gian bay hoi va co
nguy co oxy hoa chét phan tich. Nguoc lai, EV3 — két hop ly tim chén
khong & 10 mbar va 40°C va dong khi N, & 1°C — gitip kiém soat hiéu qua

qua trinh héa hoi, gidm mat mau va rit ngéan thoi gian xir ly, nho d6 mang



13

lai d6 thu hdi cao va 6n dinh nhat. EV3 duoc xac dinh 1a phuong phap hoa
hoi t6i wu cho phén tich dinh lugng chinh xac.

125

[T

......

=

Bigu ken thi nghigm
Evt

E\Q

B1§ thy hdi (%)

CIPF

EHDPHP

=

Hinh 3.1: D thu hdi cac hgp chit & cac diéu ki¢n héa hoi dung méi

3.2.2. Keét qua lwa chon vdt liéu tinh sach

Phan tich ANOVA cho théy su khac biét vé& do thu hdi cua cac hop
chat khi sir dung cac vat liéu hap phu khao sat c6 y nghia théng ké (p =
1,8x102' < 0,05). Voi tit ca cac hop chit déu c6 do thu hdi ndm trong
khoang chap nhan, WAX-EMR 1a vat liéu hap phu phi hop cho qua trinh
tinh sach dich chiét trong nghién ctru nay, véi do thu hdi cac chat OPE va
di-OPE nam trong khoang 84,6% dén 109,4%.

Hop chét

Biéu kién thi nghigm [I1] ir cung chudn aéng hann [ Knéna sir qung chudn éng hanh

Hinh 3.2: D thu hdi cic hgp chit OPE va di-OPE trong cac loai ca sir
dung hé¢ EMR-WAX
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Két qua cho théy hé EMR-WAX c6 hi€u qua trong tinh sach dich chiét
cac mau ca v6i nén c6 ham lugng chat béo khic nhau (hinh 3.2). P9 thu hoi
céc hop chat OPE dao dong tir 69,7% dén 130,0%, phu thudc vao nén mau
va dic tinh ion héa cia timg hop chat (vi du, TPhP bi wrc ché, TCP duoc
tang cuong trong ESI). Nhém di-OPE cho thiy su khac biét ddng ké vé do
thu hoi gitta ca chim va c4 chi vang (p < 0,05), phan anh anh huéng cua
thanh phén nén dén tinh sach dich chiét. Sau khi hiéu chinh bﬁng chuén
ddng hanh, do thu hdi cua cic hop chat ndm trong khoang chip nhan (80-
120%), khang dinh vai tro can thiét ciia chuan déng hanh trong phan tich
dinh lwong. H& EMR-WAX 1a phu hop cho xir Iy nén méu sinh hoc phirc
tap. o
3.2.3. Quy trinh xuw i mau toi vu

Sau khi t6i wu cac diéu kién thi nghiém, quy trinh x&r li mau hoan
chinh str dung trong nghién ctru nay duoc trinh bay ¢ hinh 3.3.

Miu ci .
Thém chuan dong hanh

Mau +
UPW + MeCN 1%AA Thém vao hén hop

l‘F ******* NaCl
I — MgSO,
| Vortex + ly tam Rung siéu am

Dung ma1 phia trén

Chiét pha rin

50 mg EMR (phia trén)
50 mg WAX (phia duan)

Rura giai:
— 20 mL MeCN:toluene
Hon hop dich chiét
t rira giai
— 1

Héa hoi dung méi
1 Ly tam chan khéng (10 mbar, 40°C)
2.Dong khi N, (5 L/phat) & 1°C

!

Phan tich OPEs trén
UHPLC-HRMS

Hinh 3.3: Quy trinh xir Iy miu phén tich OPE sau khi dwoc t6i wu
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3.3. Xdc dinh gia tri s dung phwong phap

Két qua vé do dung, do tap lai, d6 tai lip, MDL, MQL va hiéu tmg nén
dugc trinh bay trong bang 3.4-3.5. Cuy thé, do thu hdi ciia cac hop chat & ba
noéng d6 khao sat lan luot nim trong khoing 83,1% - 106,1%, 83,3% -
108,6% va 83,9% - 107,9%, dap ung dugc tiéu chuan cua
SANTE/11312/2021. D¢ lap lai ctia phwong phép phan tich c6 RSD% nam
trong khoang tir 1,4% dén 7,7%. Bén canh d6, do tai lip cua phuong phap
phan tich c6 RSD% (n = 18) dao dong trong khoang 1,9% — 6,3%. Cac gia
tri RSD% ciia d6 lap lai va do tai lap déu nhé hon 20%. Bang viéc thém
chuan & néng d6 0,2 ng/g o nén mau thit c4, 10 miu lap dugc tién hanh thi
nghiém dua trén quy trinh t5i wu (hinh 3.3) dé xac dinh MDL. Két qua udc
lwong MDL cua cac hop chat phan tich ndm trong khoang tir 0,02 ng/g dén
0,05 ng/g, voi gia tri R xac dinh ndm trong khoang 4,0 dén 9,9 - dap ung
dugc yéu cau cia AOAC. Do d6, MQL ciia cac hop chét nam trong khoang
tir 0,07 ng/g dén 0,18 ng/g. Bén canh d6, hiéu img nén miu dwuoc danh gia
trong nghién ciru nay. Céac gia tri hiéu ing nén nam trong khoang -17,7%
dén -4,0% & cac chat phan tich. Két qua nay cho thdy c6 mot s tap cht ton
tai trong nén mau anh huéng dén chit phan tich trong qua trinh ion hoa
bang k¥ thuat ESI. Tuy nhién, cic gia trj ndy ndm trong khoang +20%, dap
tmg dwoc yéu ciia cia SANTE/11312/2021. Cac két qua nay cho thiy
phuong phap phan tich hoan toan dap tmg yéu cau phén tich dinh luong
ham lugng vét OPE trong mau thit ca.
3.4. Ham lwong OPE va di-OPE trong c4 bién
3.4.1. Ham luvong OPE va di-OPE trong thit cda

Két qua ndng do cua cac hop chat OPE trong nghién ctru nay duoc
tinh dya trén ham luong kho. Nf”mg dd cua cac hop chit OPE duoc trinh

bay trong bang 3.6.
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Bang 3.4: D) thu hoi, d I3p lai, d9 tai Lip, giéi han dinh lwrgng va hiéu ving nén cia phwong phap phan tich

OPE trong thit ca

P thu hoi (%) P lap lai Do tai liap

) (RSD%) (RSD%)
TT  Hepchat —737""5 100 1 50 100 1 50 100 ?:ggL) ME(%)

ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g

1 TMP 87,7 856 857 3,5 30 23 33 45 36 0,08 -16,2
2 TEP 872 859 89 30 3,1 43 33 30 33 0,11 -11,0
3 TnPrP 97,1 950 101,5 39 48 1,7 34 45 23 0,07 -4,0
4  TIPrP 106,1 102,8 101,1 55 7,7 47 53 59 63 0,12 9,7
5  TnBP 923 975 91,7 1,5 26 19 38 31 25 0,09 -13,0
6 TiBP 858 97,6 1053 3,6 46 1,8 37 35 3] 0,11 -14,6
7  THP 93,8 106,7 1036 51 33 3,6 49 33 31 0,13 -17,6
8 TBOEP 87,8 854 869 54 26 44 44 24 38 0,16 -11,7
9 TEHP 84,0 863 8.6 59 35 35 54 38 38 0,13 9,1
10 TPhP 86,7 833 865 40 26 50 46 28 48 0,13 7,5
11 CDP 96,5 1065 978 58 1,5 29 56 19 32 0,15 -11,9
12 EHDPHP 854 108,6 942 44 44 29 52 41 36 0,14 -12,5
13 TCP 93,7 974 1079 41 44 31 49 45 29 0,15 -17,7
14 TCEP 105,8 103,1 1064 4,7 33 21 56 34 30 0,15 -15,0
15 TDCIPP 939 884 927 40 21 31 55 25 29 0,15 -7,0
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Bang 3.5: P9 thu hdi, 9 1ip lai, d ti lip, giéi han dinh lwong va hi¢u ving nén ciia phwong phap phan tich
di-OPE trong thit ca

I = 2 W 0

£ 1 50 100 1 50 100 1 50 100 MQL o
TT ~ Hop chat ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g (ng/g) ME(%)
1 DMP 83,1 90,6 854 37 49 14 44 41 3,1 0,10 -16,0
2 BCEP 90,5 869 934 51 47 37 62 46 38 0,14 -8,7
3  DPhP 91,6 937 958 38 6,7 38 32 57 33 0,17 -6,0
4  BDCIPP 90,9 922 914 37 50 46 3,7 53 45 0,16 9.3
5 DnBP 879 91,5 91,5 47 36 3,5 45 39 41 0,13 13,3
6 BBOEP 878 928 86,7 36 22 33 32 35 27 0,14 -13,5
7  BEHP 90,1 934 964 52 38 42 46 38 53 0,18 -11,3
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Bang 3.6: Nong do OPE (ng/g trong lwgng khd (dw)) trong miu thit ca

Hop chat DF (%) Khoing nong @ Trung binh Trung vi
TMP 58 0,1-3,0 1,1 0,9
TEP 56 0,1-1,8 0,8 0,8
TnPrP 53 0,1-1,2 0,5 0,4
TIPrP 49 0,1-1,3 0,4 0,3
TnBP 66 0,1-1,4 0,6 0,6
TiBP 60 0,1-2,7 0,9 0,8
THP 64 0,1-2,9 1,1 0,9
TBOEP 66 0,3-16,8 52 5,1
TEHP 65 0,1-15,4 4,6 3.4
TPhP 63 0,1-3,0 1,1 1,0
CDP 50 0,1-1,8 0,6 0,5
EHDPHP 48 0,1-23 0,7 0,5
TCP 55 0,1-3,1 1,2 1,1
TCEP 68 0,1-243 3,7 2,8
TDCIPP 54 0,1-11,2 3,5 3,5
Yalkyl OPEs 100 0,5-28,1 9,6 8,8
Zaryl OPEs 95 0,1-6,6 2,1 1,7
ZCl-alkyl OPEs 87 0,1-324 5,0 43
YOPEs 100 2,1-393 16,0 15,2
DMP 91 0,1 -165 23,9 12,3
BCEP 39 0,4 -29,7 6,5 4.9
DPhP 79 0,3 -28,6 5,7 3,7
BDCIPP 59 0,2-253 5,5 3,2
DnBP 50 0,1-43 1,0 0,9
BBOEP 60 0,1 -33,1 9,5 7,4
BEHP 78 0,6 - 167,6 34,6 21,0
2di-OPEs 100 3,2-2634 65,4 51,3

Nong d6 téng cac hop chat OPEs (YOPEs) trong mau ca dao dong tir
2,1 dén 39,9 ng/g dw (trung binh 16,0 + 8,2 ng/g dw), tuong tng 0,48-
11,04 ng/g trong lugng wét, thip hon so véi nhidu khu vyc trén thé gidi.

TCEP 1a hop chit chiém wu thé véi ndng do cao nhét do dic tinh bén viing

va kha ning tich lily sinh hoc qua co ché gin két véi protein. Trong khi do,
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cac aryl-OPE nhu TPhP va TCP c¢6 ham luong thip, du c6 log Kow cao,
phan anh sy hién di€n han ché trong moi truong. TBOEP va TEHP duogc
ghi nhan & néng d6 cao do ngudn phat thai tir cac san pham tiéu ding.
3.4.1.1. Su khdc biét vé ham lwong OPE giita cac logi ca

Dé danh gia su khac biét vé mirc do 6 nhiém OPEs giira cac loai ca, 72
mau ca thudc ba lodi ca duge thu thap vao thang 8 nim 2022 dugc phan
tich OPE (alkyl, aryl va Cl-alkyl OPEs). Két qua cho thiy ca chim tring ¢
ham luong alkyl OPEs cao nhat (9,2 + 5,3 ng/g dw), ca chi vang c6 ham
luong Cl-alkyl OPEs vuot trdi (8,3 + 7,3 ng/g dw), trong khi aryl OPEs
chiém uu thé trong ca bon (2,3 + 1,4 ng/g dw) (hinh 3.4.a). Téng ndng do
OPEs (3 OPEs) ciing khac biét 1o rét, cao nhit & céa chi vang (17,0 = 9,5
ng/g dw), v6i su khac biét c6 y nghia thong ké giira ca chi vang va ca bon
(» < 0,05, hinh 3.4.b).

~
=
<

(@ Alkyl OPES (%)

Loaica

B8 Cibon
B Cichivang
B8 Cachim

»  Téngnéng 6 OPEs trong mdu ¢4 (ng/g)

) Ca bon Cach

C4 chiving
Loai ca

Aryl OPEs (%)

Hinh 3.4: Biéu d6 tam phan hién thi ty 1¢ ciia alkyl OPE, aryl OPE va
Cl-alkyl OPE va (b) sy phan bo tong ndng do OPE giira cac lodi ca
Phan tich PCA cho thay TCEP, TBOEP va TDCIPP 1a cic hop chat
dong gop 16n nhit vao sy phan tan dit 1iéu, tuy nhién khong c6 su phan tach
13 rang gitra cac loai ¢4 hay khu vuc thu miu do su chdng chéo trong dic

diém ho so 6 nhiém (hinh 3.5). Diéu nay phan anh su tich lity OPEs khong
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chi phu thudc vao nguon 6 nhiém méi trudng ma con lién quan dén dic tinh
sinh hoc nhu kha nang hap thu, chuyén hoa va hanh vi tim moi cia ting

loai ca.
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.| Ty dong gop
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Hinh 3.5: Két qua PCA dua trén nong d9 ciia OPE trong miu thit ca
3.4.1.2. Su khdc biét vé ham lwong OPE theo khong gian — thoi gian & cd
chim

Su phan bd cac nhom OPE trong ca chim cho thay alkyl OPEs chiém
uu thé, tiép theo 1a Cl-alkyl va aryl OPEs. Trong giai doan 2021-2023, hd
so 6 nhiém ctia ca chim chu yéu la alkyl OPEs, dac biét 1a TBOEP (66,9%),
(hinh 3.6.a). C6 su khac biét dang ké vé nong do OPE giita cac thoi diém
thu mau (p < 0,05), véi ndng do thap trong nam 2021 — tring véi giai doan
Viét Nam thyc hién gian cach xa hoi quy mo 16n do COVID-19. Cac bién
phap gidn cach va dong clra nha may lam giam phat thai cong nghiép, tir do
giam 6 nhim moéi trudng. Sau 2022, ndng d6 OPE trong c4 chim tring c6

xu hudng ting trd lai. K&t qua nay cho thay mdi lién hé rd rang giita hoat
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dong cong nghiép va mic d6 6 nhidm OPE trong c4 chim tring (hinh
3.6.b).

(a) (b)
Alkyl OPES (%) ns
—8—

L}

Théi gian

B T421
B8 11221

L .
/5 % > 1 - 7422
L. 2 A 7822
f 5o - - ‘ 8 T4123
/ \° T B T83
VAN TR ® o\ . -

Aryl OPEs (%) K s

Téng néng 86 OPE (ng/g)

DA TA21  Ti221 Ta2 822 _ Tan3 1823
e abegin Théi diém thu thap méu

Hinh 3.6: Biéu do tam phan hién thi ty I¢ ciia alkyl OPE, aryl OPE va
Cl-alkyl OPE & miu thit ca va (b) sw phén bo tong nong dy OPE trong
mau thit ca chim

Variabies - PCA Individuals - PCA Indiiduals - PCA

Knuwe

Om2 (31 8%)
Oz 31 8%)

*IMén Tng
] Ndn Bic
{ # 8énNam
“e ‘
Ot (474%) Omt (47.4%) D2 (318%)
Variables - PCA Individuals - PCA Individuals - PCA
3 551 7 Khuwe
g H 2ot { [8IménTrong
% S 3 M Bic
& & % & = 1én Nam
"y "
. O (41.2%) Dim? (41.2%) " omepor)
Variables - PCA Individuals - PCA Individuals - PCA
L ~ = Kuwe
5.0 3 2 < Midn Trung
3 g = Mén B
§ 3 i Midn Nam
D (259%) ! Dt (359%) 2 5 4%)

Hinh 3.7: Két qua phan tich thanh phén chinh dya trén nong d¢ cia
cic hop chit OPE trong ca chim thu thap trong giai doan 2021-2023

Két qua PCA theo timg nam cho thdy cac hop chat nhu TBOEP, TEHP,
TCEP va TDCIPP 1a yéu t6 chinh anh huong dén sy bién dong hd so OPE
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trong c4 chim (hinh 3.7). Pic biét, mau ca tir khu vuc Bic B ¢6 xu hudng
tich liiy TEHP va TBOEP cao hon, cho thay dnh huéng tir hoat dong cong
nghiép tai khu vuc nay. Cac két qua phan anh sy tich liiy OPE trong ca
khong chi phu thudce vao ngudn phat thai ma con bi chi phdi boi yéu t6 thoi
gian, khong gian va tinh chat hoa hoc ciia timg hop chét.
3.4.2. Twong quan giita OPE va di-OPE trong mau thit cd

Nong d6 Ydi-OPEs dao dong tir 3,2-263.,4 ng/g dw (trung binh 63,9 +
48,2 ng/g dw, voi BEHP, DMP va DPhP 1a cac hop chit chiém wu thé. Tét
ca cap OPE/di-OPE déu 6 hé s6 Raiwi > 1, ngoai trt BBOEP/TBOEP, cho
thdy xu hudng chuyén hoa va tich lily dang ké di-OPE trong m ca. Mot s6
cip nhu TMP-DMP, TPhP-DPhP, va TnBP-DnBP thé hién mdi tuwong
quan duong c6 ¥ nghia théng ké. Viéc DMP, DPhP va BEHP c6 gia tri
Raii cao cho thdy sy hién dién kép ciia OPE va di-OPE trong ca co thé sinh
vat va moi truong song.
3.5. Riii ro phoi nhiém OPE trong c4 thong qua qua trinh tiéu thu
3.5.1. Ubc lwong phoi nhiém hang ngay

YEDI trung binh & tré em cao nhat khi tiéu thu ca chi vang (46,27
ng/kg/ngay) va ca chim tring (45,19 ng/kg/ngdy), trong khi ca bon ghi
nhan muc EDI thip hon dang ké (28,74 ng/kg/ngdy). Xu huéng twong tu
dugc quan sat & nguoi 16n, phan anh riang ca chi vang va ca chim tring c6
thé chira tong lugng OPE cao hon so vdi ca bon trong diéu kién khao sét.
Nguoc lai, ZLADD ¢ tré em dat 8,45 ng/kg/ngiy & ca chim trang, gan gap
do6i so voi ca bon (4,68 ng/kg/ngay) va ca chi vang (3,97 ng/kg/ngay). O
ngudi 16n, TLADD tir ca chi vang (19,83 ng/kg/ngdy) va ca chim tring
(19,37 ng/kg/ngay) déu vuot trdi so v6i ca bon (12,32 ng/kg/ngay).
3.5.2. Panh gia rui ro sic khoe

3.5.2.1. Banh gia rui ro khong gay ung thw
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O trudong hop tinh toan dya trén cic mau duong tinh, HI ddi voi cac
hop chit OPE qua tiéu thy ca bién dat 20,04x10* dbi voi tré em va
5,01x10~* d6i v6i ngudi 16n & mirc trung binh. O phan vi 95, cac gia tri HI
tang 1én 44,33x10~* va 11,08x10~* twong tng. Tat ca cac gia tri HI déu nho
hon 1, cho thay rang phoi nhiém véi OPEs thong qua tiéu thu cé bién trong
nghién ciru nay khong gay ra nguy co khong gay ung thu dang ké cho cé tré
em va nguoi 1on.
3.5.2.2. Panh gia rui ro ung thu

Gi4 tri rai ro ung thu (ILCR) duoc udc tinh cho bon nhém dbi tuong
gdm tré em va ngudi 10n & mirc phoi nhiém trung binh va phéan vi 95®, véi
hai kich ban miu duong tinh va tat ca mau phén tich. P6i véi TCEP, ILCR
& kich ban mau dwong tinh dao dong tir 1,08x10® (tré em, trung binh) dén
1,31x107 (ngudi 16n, 95"), trong khi ¢ kich ban tat ca mau phén tich cac
gia tri twong mg 1a 7,20x10? va 1,15x10”7. Nguoc lai, TnBP cho gia tri
ILCR thap hon gan mot bac d6 16n trong moi trudng hop: chi tir 7,36x1071°
dén 7,88x10° d6i v6i mau duong tinh, va 5,52x107° dén 6,90x107 khi tinh
trén toan b mau phan tich. Nhu vay, TCEP luén 1a chit déng gop chinh
vao riii ro ung thu, véi ILCR cao hon TnBP khoang 15-17 1dn & ca tré em
va nguoi 16n, bat ké kich ban tinh toan. M6 phong Monte Carlo ciing duoc
ap dung cho chi s6 ILCR & ca tré em va nguoi 16n. Két qua cho thdy ILCR
P50 trong khoang 7,71x10° - 1,42x10® va ILCR P95 trong khoang
1,12x10% - 2,08x10® cho bdn nhom (tré em/ngudi 16m, hai kich ban xir 1y
) ligu). Nhu vay, ké ca & phan vi 95, ILCR van th?ip hon nhiéu so véi
ngudng 10 thuong duoc st dung dé danh gia rai ro ung thu c6 y nghia.
Tét ca gia tri ILCR trong nghién ctru nay déu dudi ngudng giy lo ngai do
Cuc Bao vé Méi trudng Hoa Ky khuyén nghi.
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KET LUAN

Qua qua trinh nghién ctru, luén 4n di hoan thanh cac muc tiéu dé ra va
dat duoc cac két qua chinh sau:
e Phat trién va x4c dinh gié tri st dung ctia quy trinh phén tich dong thoi
cic 15 OPE va 7 di-OPE trong thit ca bién trén thiét bi sic ky long siéu
hiéu ning cao ghép ndi khéi phd phéan giai cao (UHPLC-HRMS) véi giGi
han phét hién 0,020-0,050 ng/g, d6 thu hdi 83,1%-108,6%, dam bao cac
tiéu chi theo huéng dan SANTE/11312/2021.
e Ap dung phuong phép xéac dinh ndng do ctia OPE va di-OPE trong thit
c4 3 loai (ca chim trang, ca bon, ca chi vang) dugc thu thap & mot sé khu
vuc cang ca tai 3 mién. Téng néng do OPEs trong thit ca dat 2,1-39,3 ng/g
dw va di-OPEs tir 3,2-263,4 ng/g dw. Khong ghi nhan sy khac biét vé nong
do giita cac loai, nhung hd so 6 nhiém OPE & ¢4 chim khu vuc phia Bic
khac biét rd so véi cac ving con lai.
e Budc dau danh gid rui ro stic khoe cia cac OPE trong cé bién thu thap
trong nghién ciru nay duoc thuc hién cho tré em (1 - 6 tudi) va nguoi 16n.
Tong EDI cia OPE & nhém tré em cao gép khoang 4 1an so véi gié tri phoi
nhidm cua nhom ngudi 16n. LADD cua ngudi 16n cao gép 5 1an so voi tré
em. Cac gia tri HI, HQ va ILCR déu nho hon 1, ngay cé trong truong hop
kich ban x4u nhat.

KIEN NGHI

Dé c6 cai nhin toan dién hon vé hién trang 6 nhiém OPE & ca bién
Viét Nam, can mé rong pham vi nghién ciru theo thoi gian va loai c4, dac
biét 1a cac loai ¢ bac dinh dudng cao, nham danh gia kha nang khuéch dai
sinh hoc. Ngoai ra, nghién ctru chuyén sau vé di-OPE s& lam rd hon muc
d6 tich 1ty va tac dong cua nhom chét nay, hd trg xy dung chién luge

kiém soat 6 nhiém va bao v¢ suc khoe cong dong.
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INTRODUCTION
Justification for the thesis

In recent years, the rapid advancement of the worldwide chemical
industry has resulted in a notable rise in the use of flame retardants,
particularly organophosphate esters (OPEs). OPEs are extensively used in
the manufacturing of plastics, textiles, electronics, building materials, and
many consumer items due to their efficient flame-retardant characteristics
and versatile chemical structure. The manufacturing, use, and disposal of
items containing OPEs lead to the emission of these chemicals into the
environment. Recent research in several Asian and European nations has
identified OPEs in wastewater, sludge, sediments, and notably in aquatic
life. Preliminary survey findings in Vietnam have shown the presence of
OPEs in surface water, air, and marine fish, which constitute a significant
component of the food chain for the population. Research conducted by Bui
Quang Minh et al. (2023) identified XOPE levels between 39.0 and 181.5
ng/g dry weight in marine fish samples obtained from local markets in
Hanoi. The results indicate that OPEs are prevalent in the environment and
have a tendency to bioaccumulate in marine organisms.

Numerous OPEs possess the capacity for bioaccumulation and
dissemination along the food chain. Consumption of marine fish
contaminated with OPEs may lead to their absorption in the human body,
resulting in detrimental consequences including endocrine disruption,
neurological damage, metabolic problems, and an increased risk of cancer.
Specifically, once entering the body, OPEs may undergo biotransformation
into metabolites (di-OPEs), for which toxicity and human health impact
data remain few and have not been adequately included into existing risk
assessments.

Despite brominated flame retardants, including polybrominated



diphenyl ethers (PBDEs), being a focal point for research due to their
significant accumulation and toxicity, numerous countries have prohibited
or limited their use following the inclusion of PBDEs in the control list of
the Stockholm Convention in 2009, resulting in a shift towards OPEs as
preferred substitutes. Although the toxicity of PBDEs has been extensively
researched, the toxicity profile and long-term effects of OPEs, particularly
di-OPE metabolites, remain little understood. This is an immediate need for
study on OPEs, particularly with the limited data on their contamination
levels and effects in Vietnam.

At present, Vietnam has not established a threshold level for OPE
concentration in food, nor are there defined analytical procedures for
monitoring these substances in biological samples. Concurrently, research
on OPE in food and seafood, particularly marine fish, remains disjointed
and unstructured. In light of the aforementioned deficiencies and scientific
voids, the researcher chooses to research the thesis topic: “Development of
an analytical method and preliminary assessment of health risks of
organophosphate esters in various marine fish species in Vietnam”.

The research objectives

o Development of an analytical method and validation of the
analytical method for OPEs and di-OPEs in various marine fish species
using UHPLC-HRMS.

. Assessment of the occurrence of OPE and di-OPE in various
marine fish species obtained from major fishing ports throughout three
regions of Vietnam, along with an investigation of the correlation between
OPE concentration and the growing environment of each species.

o Preliminary health risk assessment of OPE in humans via marine

fish consumption.



The content of the thesis

e  Optimization of the method for the simultaneous extraction of
OPE and di-OPE compounds in fish tissue, followed by analysis using
high-performance liquid chromatography combined with high-resolution
mass spectrometry.

e  Method validation for the analysis of OPEs and di-OPEs in fish
muscle tissue.

e  Investigation of OPE and di-OPE concentrations in acquired fish
specimens. The analytical findings assessed the distribution of OPE in
marine fish obtained from fishing ports in the three research locations, as
well as the correlation between OPE and di-OPE in marine fish.

e  Preliminary assessment of consumer health risks associated with
exposure to OPE via the gastrointestinal system.

The scientific and practical significance of the thesis

The investigation into the analysis and initial assessment of health risks
associated with OPEs in certain marine fish species is a novel research
avenue in Vietnam. The thesis focuses on optimizing and developing a
methodology to determine OPE and di-OPE concentrations in marine fish,
so establishing a foundation for evaluating the disparities in OPE and di-
OPE contamination patterns across fish species and assessing the
implications for human health.

Novel contributions of the thesis

e  This study is the first investigation to develop and validate a
methodology for the simultaneous analysis of OPEs and di-OPEs in marine
fish tissue using ultra-high-performance liquid chromatography coupled
with high-resolution mass spectrometry, thereby enhancing efficiency and
expediting the analytical process.

e  This thesis is the first study to examine the occurrence and



distribution of OPEs and di-OPEs in various marine fish species gathered
from various fishing ports in the northern, central, and southern regions of
Vietnam. The fish species exemplify several ecological strata (surface,
midwater, and benthic layers), enabling an initial evaluation of the
distribution of OPEs based on their habitat.

. Initial assessment of health risks associated with OPE exposure
via marine fish intake. This aids in supplying scientific evidence to assist
regulatory agencies in establishing OPE residue limits in food and
overseeing food safety.

II. CONTENT OF THESIS
CHAPTER 1. RESEARCH BACKGROUND

The literature review section consolidates prior research on the topics.
1.1. Introduction of flame retardants
1.2. Organophosphate flame retardants
1.2.1.  Application as flame retardant
1.2.2.  Application as plasticizer
1.2.3.  Utilization of OPE flame retardants
1.2.3.1.  Global state of OPE utilize
1.2.3.2.  Vietnam's state of OPE utilize
1.3. Physical and chemical properties of OPE and applications
1.4. Toxicity of OPE
1.5. Metabolites
1.6. Environmental presence of OPE
1.6.1. Sources of OPE emissions in the environment
1.6.2.  Occurrence and factors affecting the distribution/metabolism of

OPEs in the marine ecosystem
1.6.3.  Origin and metabolism of OPEs in marine organism

1.7. Current state of marine fishing and consumption in Vietnam



1.7.1.  Current fishing status

1.7.2.  Marine fish consumption in Vietnam

1.8. Human exposure to OPEs

1.8.1.  Health risk assessment

1.8.2.  Health risks of OPEs to humans

1.9. Method for analyzing OPE flame retardants in biological samples

1.9.1. Sample extraction and purification

1.9.2.  OPE analytical methodologies

1.10. Experimental design in the development of analytical methods

1.10.1. Overview of experimental design

1.10.2. Classification of experimental designs

1.10.3. Scope of application of experimental design

1.10.4. Face-centered central composite design

1.10.5. Validation of experimental design

1.11. Present state of research in Vietnam

CHAPTER II. RESEARCH OBJECTIVES AND METHODOLOGY
2.1.Research object and scope

2.1.1.  Objectives

+ Fifteen OPE compounds: TMP, TEP, TnPrP, TIPrP, TnBP, TiBP, THP,

TBOEP, TEHP, TPhP, CDP, EHDPHP, TCP, TCEP, TDCIPP.

+ Seven di-OPE compounds: DMP, BCEP, DPhP, BDCIPP, DnBP,

BBOEP, BEHP.

2.1.2. Scope of study: marine fish samples (including white pomfret -
Pampus argenteus, yellowstripe scad - Salaroides leptolepis and
flounder - Psettodes erumei) collected at major fishing ports in
three regions of Vietnam, specifically:

Northern region: Hai Phong, Quang Ninh, Nam Dinh
Central region: Da Nang, Quy Nhon, Phu Yen, Khanh Hoa



+ Southern region: Ba Ria - Vung Tau, Ho Chi Minh City, Tien
Giang

2.2.Research methodology
2.3. Chemicals, instruments and apparatus
2.4.Sample collection and preservation

Marine fish specimens (223 samples) were obtained from ports and
major seafood markets in three areas of Vietnam. The three fish species
used for this experiment were silver pomfret (Pampus argenteus, n = 172),
yellowstripe scad (Salaroides leptolepis, n = 32), and flounder (Psettodes
erumei, n = 19), obtained from the aforementioned sites between 2021 and
2023. The fish samples were meticulously covered in aluminum foil,
preserved in a cooler with dry ice, and transported to the laboratory.
Subsequently, the fish specimens were weighed, skinned, and filleted to
exclude bones and heads. The fish fillet samples were dried using dust-free
paper, frozen at -20°C, and freeze-dried until a consistent mass was
achieved. Subsequent to freeze-drying, the materials were pulverized and
preserved in opaque glass containers at -20°C until analysis.
2.5. Experimental research content
2.5.1. Development of a UHPLC-HRMS analytical methodology

Examine the optimal parameters for the analysis of OPE and di-OPE,
including electrospray ionization, flow rate, and column oven temperature,
using UHPLC-HRMS. Assess the stability of the analytical signal in
UHPLC-HRMS. Ascertain the instrument detection limit and instrument
quantification limit of OPE and di-OPE using UHPLC-HRMS.
2.5.2. Development of sample preparation method
2.5.2.1.  Prepare blank sample

A blank sample was generated utilizing silver pomfret tissue after

homogenizing the extracted sample using a cold acetonitrile solvent to



eliminate analytes, minimally affecting the complex properties while
preserving the features of the sample matrix.
2.5.2.2.  Examination of preliminary sample processing techniques

Figure 2.1 illustrates the phases in the sample preparation approach for

quantifying OPE and di-OPE concentrations in fish.

777777 Spike surrogate standards

Sample +
UPW + MeCN 1%AA Add mixture”
l+ 777777 + NaCl
MgS0,
‘ Vortex + Centrifuge Sonicate
Supernatant
Elution:

20 mL MeCN:toluene

Sample extract+
eluate

UHPLC-HRMS
analysis

Figure 2.1. All stages in the sample preparation neeed modification

2.5.2.3. Optimizing solvent evaporation conditions

The impact of solvent vaporization conditions was examined in three
scenarios: (i) rotovap, (ii) vaporization under N, flow at ambient
temperature, and (iii) a combination of vacuum centrifugation and
vaporization under N, flow at 1°C.
2.5.2.4. Assessment of pure extract materials

The effectiveness of 10 commercial purifying substances was
examined and assessed. The EMR-WAX material was employed to assess

the impact of sample matrix in fish with varying fat content.



2.5.3. Method validation

Following the optimization of the sample processing procedure, the
method parameters including the method detection limit (MDL), method
quantification limit (MQL), accuracy, reproducibility, repeatability and
matrix effect were assessed to validate the method for the analysis of OPE
and di-OPE.
2.54. Analysis of OPE and di-OPE content in marine fish samples

The marine fish samples collected in section 2.4 were analyzed to
determine the OPE content in the samples. Specifically, 223 fish samples
(172 silver pomfret samples, 19 flounder samples and 32 yellowstripe scad
samples) were analyzed to determine OPE and di-OPE in fish muscle
samples.
2.5.5. Assessment of OPE exposure risk in fish consumption
2.5.5.1. Estimated daily exposure

Estimated daily intake (EDI, ng/kg/day) and lifetime average daily
dose (LADD, ng/kg/day) through consumption of marine fish was

calculated using the formula 2.1 and 2.2:

C; % IR
EDI = — (2.1
C; IR x RF x ED
LADD = (2.2)
BW x AT

2.5.5.2.  Non-carcinogenic risk assessment

The hazard quotient (HQ) and hazard index (HI) are used to describe
the non-carcinogenic risks of OPEs via ingestion for each specific
compound and the sum of the OPE compounds. The HQ and HI are

calculated as formula 2.3.

n n EDjI’
= ;= : 2-3
HI EZIHQE 2. 7. (2.3)




Where, RfD is the oral reference dose (ng/kg/day). If HI > 1, OPE
exposure in fish has adverse health effects. Conversely, HI < 1 indicates
that the potential adverse health effects on humans from consuming marine
fish are negligible.
2.5.5.3. Cancer risk assessment

Incremental lifetime cancer risk (ILCR) is often used for chemicals
recognized as carcinogenic due to prolonged exposure, including TCEP and

TnBP. ILCR is computed via formula 2.4.
ILCR = OSF x LADD (2.4)

2.5.6. Data analysis
This study utilized the R program (version 4.3.2) to process data,
evaluate statistics, and present results visually. Calculations, statistical

analyses, and package programs were utilized in R.

CHAPTER 3. RESULTS AND DISCUSSION

3.1. Optimization of UHPLC-HRMS conditions
3.1.1. Optimizing electrospray ionization conditions

Utilizing Central Composite Face-Centered (CCF) experimental
design to optimize the flow rates for sheath gas, auxiliary gas, and
sweep gas. K-fold cross-validation (k = 10) was used to validate and verify
the model's consistent performance. The ideal parameters for sheath gas,
auxiliary gas, and sweep gas at the mass spectrometer's ionization source
were 20 arb, 15 arb, and 5 arb, respectively.
3.1.2. Optimize flow rate and temperature

This study determined that a column temperature of 45°C and a flow
rate of 0.4 mL/min are appropriate conditions for liquid chromatography
analysis, based on the evaluation of the effects of flow rate and temperature

on the resolution and asymmetry coefficient of chromatographic peaks.
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3.1.3. Optimal conditions for UHPLC-HRMS
This study presents the UHPLC-HRMS conditions, detailed in Tables
3.1 and 3.2, derived from surveys on the most optimal circumstances for

analyte molecule ionization in ESI mode and UHPLC parameters.
Table 3.1: UHPLC operating conditions

Components Parameter
Column Hypersil Gold™ aQ
(150 mm x 2,1 mm, 3,0 pm particle size)
Flow rate 0.40 mL/min
Oven temp. 45°C

Injection volume 3.0 uL
Injection solvent MeOH/UPW = 1/1 (v/v)

Mobile phase (A)  UPW containing 0.1%FA (pHY=2.68)
(B) MeOH
Gradient Time %A %B Curves
(min)
0.0 100 0
0.5 100 0 5
2.0 60 40 1
22.0 0 100 5
22.1 100 0 5
25.0 100 0 5
Table 3.2: HRMS operating conditions
Ion source Mass analyzer
Parameter Value Parameter Value
Spray voltage (kV) +4.9, QI resolution 35,000
-3.5 (FWHM)
Sheath gas (arb) 20 Q3 resolution 17,500
(FWHM)
Auxiliary gas (arb) 15 AGC target 1x10°
Sweep gas (arb) 5 Maximum IT 50 ms
Transfer tube temp. (°C) 320 Collision gas Ar (5.0)
Rate: 2 arb

Solvent evap temp.( °C) 300
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Table 3.3: OPE and di-OPE mass-spec conditions and retention time

Fragmentation ion (Da)

Retention Precursor  with collision energy (V)
Compound  Surrogate time (min) Mode (Da) Quantitative  Confirm
ion (Da) ion (Da)
TMP TEP-d;s  2.97 + 141.1 79.1 (22) 109.0 (16)
TEP TEP-dis 4.74 + 183.1 99.0 (18) 127.1 (12)
TnPrP TnPrP-dy; 9.42 + 225.2 99.1 (17) 141.1 (10)
TIPrP TnPrP-d;;  8.56 + 225.2 99.1 (17) 141.1 (10)
TnBP TnBP-dy;  13.88 + 267.1 99.0 (17) 155.0 (10)
TiBP TnBP-dy;  13.58 + 267.1 99.0 (17) 155.0 (10)
THP TEHP-ds; 19.14 + 351.2 99.1 (19) 267.1 (10)
TBOEP TnBP-dy;  14.60 + 399.2 199.0 (15) 299.1 (13)
TEHP TEHP-ds; 21.48 + 435.2 99.0 (38) 113.3 (38)
TPhP TPhP-d;s 12.80 + 327.2 77.1 (38) 152.1 (38)
CDP DPhP-dip 12.64 + 341.1 152.0 (35) 299.0 (26)
EHDPHP TnBP-dy;  14.01 + 363.1 174.0 (35) 251.0 (8)
TCP TEHP-ds; 16.12 + 369.0 166.1 (29) 243.1 (28)
TCEP TEP-dis  5.63 + 285.0 63.0 (24) 99.0 (22)
TDCIPP TnPrP-dy;  12.15 + 430.8 99.0 (26) 209.0 (15)
DMP BCEP-ds 2.90 - 125.0 79.0 (25) 63.0 (18)
BCEP BCEP-d;s 4.61 - 221.0 35.2 (10) 103.0 (10)
DPhP DPhP-djp 9.11 - 249.1 93.1 (30) 155.0 (24)
BDCIPP BBOEP-ds 8.55 - 319.0 35.2(10) 283.0 (10)
DnBP DnBP-dis  8.72 - 208.5 78.5 (56) 152.9 (50)
BBOEP BBOEP-ds 8.12 - 297.2 79.0 (30) 197.1 (20)
BEHP BEHP-d3s 15.02 — 321.3 209.1 (15) 79.0 (39)

3.1.4. Signal stability of OPE and di-OPE assessment via UHPLC-HRMS
The assessment results indicated that the UHPLC-HRMS apparatus

employed for OPE and di-OPE analysis produced robust analytical signals

with significant stability.

3.1.5. Limit of detection and limit of quantification of UHPLC-HRMS
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The calculated limits of detection and limits of quantification of the
device were relatively small and stable across substances, ranging from
0.06 to 0.09 pg and 0.20 to 0.30 pg, respectively.

3.1.6. Standard curves of OPE va di-OPE

Standard curves for OPE and di-OPE were established by correlating
substance concentrations (1.0-100.0 ng/mL) with peak areas, resulting in
standard curve equations with linear regression coefficients above 0.995.
The average relative bias was less than 5.0%, and the substantial slope
coefficient indicated the method's excellent sensitivity.

3.2. Development of a sample preparation method for analyzing OPE
3.2.1. Optimizing solvent evaporation conditions

The study's results indicated that the solvent vaporization technique
markedly influenced analyte recovery, yielding average recoveries of
66.3% (rotovap at 10 mbar and 40°C), 80.8% (N, gas at ambient
temperature), and 97.2% (vacuum centrifugation combined with N, gas at

1°C) (figure 3.1); this variation was statistically significant (ANOVA, p <

0.05)
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Figure 3.1: Recoveries of compounds under vaporization conditions
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Vacuum evaporation results in sample loss due to "bumping" during
phase transition, while EV2 (N, blowing at ambient temperature) mitigates
this issue but extends evaporation duration and poses a danger of analyte
oxidation. Conversely, EV3 — using vacuum centrifugation at 10 mbar and
40°C alongside N, gas flow at 1°C — proficiently regulates the evaporation
process, minimizes sample loss, and decreases processing duration, so
yielding the best and most uniform recoveries. EV3 was shown to be the
most effective evaporation technique for precise quantitative analysis.

3.2.2. Results of selection of pure metarials

ANOVA analysis indicated that the disparity in compound recovery
using the examined adsorbent materials was statistically significant (p =
1.8x102! < 0.05). All compounds exhibited recoveries within the
acceptable range, indicating that WAX-EMR was an appropriate adsorbent
material for the extraction purification process in this investigation, with
recoveries of OPE and di-OPE substances ranging from 84.6% to 109.4%.

=
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Recovery (%)

| Japunopy

BBOEP
BCEP
EHDPHP

Compound

Condition [[J] Normal [B] surrogate correction
Figure 3.2: Recovery of OPE and di-OPE in fish using the EMR-WAX
The findings indicated that the EMR-WAX effectively purified

extracts from fish samples with varying lipid matrix compositions (Figure
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3.2). The recoveries of OPE compounds varied from 69.7% to 130.0%,
contingent upon the sample matrix and the ionization characteristics of
each drug (e.g., TPhP experienced inhibition, while TCP was increased in
ESI). The di-OPE group exhibited a statistically significant disparity in
recovery between white pomfret and yellowstripe scad (p < 0.05),
indicating the impact of matrix composition on extract purification.
Following correction with surrogate standards, the recoveries of the
compounds fell within the permitted range (80-120%), so affirming the
essential function of surrogate standards in quantitative analysis. The EMR-

WAX system is adept at processing complex biological materials.
3.2.3. Optimal sample preparation

After optimizing the experimental conditions, the complete sample

treatment process used in this study is shown in figure 3.3.

Sample

l‘_ Spike surrogate standards

‘ Sample + ‘
UPW + MeCN 1%AA Add mixture

14— ——————— NaCl
MgSO,
‘ Vortex + Centrifuge Rung si¢u am
F ****** Dung moi phia trén
SPE

50 mg EMR (upper)
50 mg WAX (under)

l.._ ______ Elution:

r 20 mL MeCN:toluene
Sample extract +
eluate

Solvent evaporation
1. Vacuum centrifuge (10 mbar, 40°C)
2.N, (5 L/min) at 1°C

v

UHPLC-HRMS
analysis

Figure 3.3: OPE analysis sample processing method after optimization
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3.3. Method validation

The results of accuracy, repeatability, reproducibility, MDL, MQL,
and matrix effect are shown in tables 3.4 and 3.5. The recoveries of the
compounds at the three tested concentrations were from 83.1% to 106.1%,
83.3% to 108.6%, and 83.9% to 107.9%, respectively, according to the
criteria of SANTE/11312/2021. The method of analysis exhibited a
repeatability with an RSD% of 1.4% to 7.7%. The analytical approach
demonstrated reproducibility with a relative standard deviation (RSD%) of
1.9% to 6.3% (n = 18). The RSD% for both repeatability and
reproducibility were all below 20%. Ten duplicate samples were analyzed
to ascertain the method detection limit (MDL) at a concentration of 0.2
ng/g into the fish flesh sample matrix, following the optimized process
(Figure 3.3). The estimated MDL findings for the analytes varied from
0.020 ng/g to 0.050 ng/g, with the calculated R values ranging from 4.0 to
9.9, hence satisfying AOAC standards. The MQL of the compounds varied
from 0.07 ng/g to 0.18 ng/g. This research also assessed the matrix impact.
The matrix impact values for the analytes varied from -17.7% to -4.0%.
The result indicated the presence of contaminants in the sample matrix that
influenced the analytes throughout the ionization process using the ESI
method. Nonetheless, these values fall within £20%, so they satisfy the
criteria of SANTE/11312/2021. The findings indicate that the analytical
approach satisfactorily fulfills the criteria for quantitative determination of
trace OPE levels in fish flesh samples.
3.4. OPE content in marine fish
3.4.1. OPE and di-OPE concentration in fish

The concentrations of OPE compounds in this study were calculated
on a dry basis. The concentrations of OPE compounds are presented in
Table 3.6.
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Table 3.4: Recovery, repeatability, reproducibility, limit of quantification and matrix effect of the analytical
method for OPE in fish

Recovery (%) Repeatability Reproducibility
(RSD%) (RSD%) MOL
TT Compound 1 50 100 1 50 100 1 50 100 ME(%)
ng/ / / /g nglg ng/ / / / (ngfe)
g/g ng/g ng/g ng/g ng/g ng/g ngig ngig ngg
1 TMP 877 856 857 35 3.0 23 33 4.5 3.6 0.08 -16.2
2 TEP 872 859 839 3.0 3.1 43 3.3 3.0 3.3 0.11 -11.0
3 TnPrP 97.1 950 1015 39 438 1.7 34 4.5 2.3 0.07 -4.0
4  TIPrP 106.1 102.8 101.1 55 77 47 53 59 6.3 0.12 -9.7
5 TnBP 923 975 91.7 1.5 26 1.9 3.8 3.1 2.5 0.09 -13.0
6 TiBP 858 976 1053 3.6 4.6 1.8 3.7 3.5 3.1 0.11 -14.6
7 THP 93.8 106.7 103.6 5.1 33 3.6 4.9 33 3.1 0.13 -17.6
8 TBOEP 87.8 854 869 54 26 44 4.4 2.4 3.8 0.16 -11.7
9 TEHP 84.0 863 866 59 35 35 5.4 3.8 3.8 0.13 9.1
10 TPhP 86.7 833 865 40 26 50 4.6 2.8 4.8 0.13 -1.5
11 CDP 96.5 1065 978 5.8 1.5 29 5.6 1.9 3.2 0.15 -11.9
12 EHDPHP 854 1086 942 44 44 29 52 4.1 3.6 0.14 -12.5
13 TCP 937 974 1079 41 44 3.1 4.9 4.5 2.9 0.15 -17.7
14 TCEP 105.8 103.1 1064 47 33 2.1 5.6 34 3.0 0.15 -15.0
15 TDCIPP 939 884 927 40 2.1 3.1 5.5 2.5 2.9 0.15 -7.0
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Table 3.5: Recovery, repeatability, reproducibility, limit of quantification and matrix effect of the analytical
method for di-OPE in fish

Recovery (%) Repeatability Reproducibility
(RSD%) (RSD%)
50 100 1 50 100 1 50 100 MOQL o
TT Compound ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g (ng/g) ME(%)
1 DMP 83.1 90.6 854 37 49 14 44 41 3.1 0.10 -16.0
2 BCEP 90.5 869 934 51 47 37 62 46 3.8 0.14 -8.7
3  DPhP 91.6 937 958 38 67 38 32 57 33 0.17 -6.0
4  BDCIPP 90.9 922 914 37 50 46 37 53 45 0.16 93
5 DnBP 879 915 915 47 36 35 45 39 4.1 0.13 -13.3
6 BBOEP 87.8 928 867 36 22 33 32 35 27 0.14 -13.5
7  BEHP 90.1 934 964 52 38 42 46 38 53 0.18 -11.3
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Table 3.6: OPE concentration (ng/g dry weight) in marine fish

Compound DF (%) Conc. range Mean Median
TMP 58 0.1-3.0 1.1 0.9
TEP 56 0.1-1.8 0.8 0.8
TnPrP 53 0.1-1.2 0.5 0.4
TIPrP 49 0.1-1.3 0.4 0.3
TnBP 66 0.1-1.4 0.6 0.6
TiBP 60 0.1-2.7 0.9 0.8
THP 64 0.1-2.9 1.1 0.9
TBOEP 66 0.3-16.8 52 5.1
TEHP 65 0.1-154 4.6 34
TPhP 63 0.1-3.0 1.1 1.0
CDP 50 0.1-1.8 0.6 0.5
EHDPHP 48 0.1-23 0.7 0.5
TCP 55 0.1-3.1 1.2 1.1
TCEP 68 0.1-243 3.7 2.8
TDCIPP 54 0.1-11.2 3.5 3.5
Yalkyl OPEs 100 0.5-28.1 9.6 8.8
Yaryl OPEs 95 0.1-6.6 2.1 1.7
ZCl-alkyl OPEs 87 0.1-324 5.0 43
YOPEs 100 2.1-393 16.0 15.2
DMP 91 0.1-165 23.9 12.3
BCEP 39 0.4-29.7 6.5 4.9
DPhP 79 0.3-28.6 5.7 3.7
BDCIPP 59 0.2-253 5.5 3.2
DnBP 50 0.1-43 1.0 0.9
BBOEP 60 0.1-33.1 9.5 7.4
BEHP 78 0.6 - 167.6 34.6 21.0
2di-OPEs 100 3.2-2634 65.4 51.3
Total 100 5.2-291.8 81.4 66.9

The concentrations of total OPEs (3 OPEs) in fish samples varied from
2.1 t0 39.9 ng/g dw (mean 16.0 £+ 8.2 ng/g dw), equating to 0.48-11.04 ng/g
wet weight, which is lower than in several global areas. TCEP was the
main component, exhibiting the greatest quantities owing to its stability and

capacity for bioaccumulation via protein binding. Simultaneously, aryl-
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OPEs like TPhP and TCP were detected at low quantities, despite their
elevated log KOW, indicating their restricted environmental prevalence.
TBOEP and TEHP were detected at elevated amounts as a result of
emissions from consumer items.
3.4.1.1. Variations in OPE content between fish species

Seventy-two fish samples from three species, obtained in August 2022,
were tested to evaluate the disparities in OPE contamination levels, namely
alkyl, aryl, and Cl-alkyl OPEs. The findings indicated that white pomfret
exhibited the greatest concentration of alkyl OPEs (9.2 £ 5.3 ng/g dw),
yellowtail had a predominant level of Cl-alkyl OPEs (8.3 = 7.3 ng/g dw),
while flounder was characterized by a predominance of aryl OPEs (2.3 +
1.4 ng/g dw) (Figure 3.4.a). The concentrations of Y OPEs wvaried
substantially, with the greatest level found in yellowstripe scad (17.0 £ 9.5

ng/g dw), exhibiting a statistically significant difference compared to

flounder (p < 0.05, figure 3.4.b).
— “ =
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Figure 3.4: Ternary diagram showing alkyl OPE, aryl OPE and CI-
alkyl OPE and (b) the distribution of XOPE level among fish species

PCA analysis indicated that TCEP, TBOEP, and TDCIPP were the
main chemicals influencing data dispersion; nevertheless, a distinct
separation across fish species or sample locations was not evident owing to
the overlap in pollutant profile features (Figure 3.5). The buildup of OPEs

is contingent not only upon the source of environmental contamination but
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also on the biological traits, including absorption capacity, metabolism, and

feeding behavior, of each fish species.
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Figure 3.5: PCA results based on OPE concentrations in fish samples

3.4.1.2. Spatiotemporal variation in OPE content in silver pomfret

The distribution of OPE groups in pompano indicated that alkyl OPEs
were predominant, followed by Cl-alkyl and aryl OPEs. From 2021 to
2023, the contamination profile of silver pomfret was mostly characterized
by alkyl OPEs, particularly TBOEP, which constituted 66.9% (Figure
3.6.a). There were notable disparities in OPE concentrations throughout
sample periods (p < 0.05), with decreased levels seen in 2021, influenced
by the COVID-19 lockdown. The use of social distancing measures and the
closure of factories reduced industrial emissions, thereby lessening
environmental damage. Subsequent to 2022, the concentrations of OPE in
silver pomfret have shown a tendency to rise once again. This result
demonstrated a distinct correlation between industrial activity and OPE

contamination levels in pompano (Figure 3.6.b).
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The PCA findings per year indicated that chemicals including TBOEP,
TEHP, TCEP, and TDCIPP were the primary variables influencing the
variance of OPE profiles in pompano (Figure 3.7). Specifically, fish
samples from the Northern area exhibited elevated levels of TEHP and
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Figure 3.6: Ternary diagram showing the proportions of alkyl OPE,

aryl OPE and Cl-alkyl OPE in fish meat samples and (b) the
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and TBOEP, suggesting the impact of anthropogenic activities in this area.
The findings indicate that OPE accumulation in fish is regulated not only
by the emission source but also by temporal, spatial, and chemical aspects
of each molecule.
3.4.2. Correlation between OPE and di-OPE in fish sample

> di-OPEs concentrations varied from 3.2 to 263.4 ng/g dw (mean 63.9
+ 48.2 ng/g dw), with BEHP, DMP, and DPhP being the predominant
components. All OPE/di-OPE couples exhibited Rgywi > 1, with the
exception of BBOEP/TBOEP, suggesting a propensity for substantial di-
OPE metabolism and storage in fish tissues. Certain couples, including
TMP-DMP, TPhP-DPhP, and TnBP-DnBP, had statistically significant
positive relationships. The elevated Raiwi values of DMP, DPhP, and BEHP
indicate the concurrent existence of OPEs and di-OPEs in both biological
entities and the environment.
3.5. Risk of OPE exposure in fish consumption
3.5.1. Estimated daily exposure

The mean XEDI in children was greatest for yellowstripe scad (46.27
ng/kg/day) and white pomfret (45.19 ng/kg/day), while flounder exhibited a
much lower EDI (28.74 ng/kg/day). The same tendency was seen in adults,
indicating that yellowstripe scad and white pomfret may possess elevated
total OPEs compared to flounder under the surveyed circumstances.
Conversely, the XLADD in children for white pomfret was 8.45 ng/kg/day,
substantially twice that of flounder at 4.68 ng/kg/day and yellowstripe scad
at 3.97 ng/kg/day. In adults, the XLADD from yellowstripe scad (19.83
ng/kg/day) and white pomfret (19.37 ng/kg/day) surpassed that of
flounder (12.32 ng/kg/day).
3.5.2. Health risk assessment

3.5.2.1. Non-carcinogenic risk assessment
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In the case of calculations based on positive samples, the HI for OPEs
from marine fish consumption was 20.04x10~* for children and 5.01x10~*
for adults at the median level. At the 95% percentile, the HI values rose to
44.33x10* and 11.08x107*, respectively. All HI values were below 1,
indicating that exposure to OPEs from marine fish intake in this
investigation did not provide a substantial non-carcinogenic risk to either
children or adults.
3.5.2.2. Cancer risk assessment

The incremental lifetime cancer risk (ILCR) was estimated for four
receptor groups, namely children and adults at mean exposure and at the
95™ percentile, under two exposure scenarios (positive samples only and all
analyzed samples). For TCEP, ILCR values in the positive-sample scenario
ranged from 1.08 x 10® (children, mean) to 1.31 x 107 (adults, 95"
percentile), whereas in the all-samples scenario the corresponding values
were 7.20 x 10 and 1.15 x 107, In contrast, TnBP yielded ILCR values
nearly one order of magnitude lower in all cases: only 7.36 x 107 to 7.88 x
10 for positive samples, and 5.52 x 10'° to 6.90 x 10 when all analyzed
samples were considered. Thus, TCEP consistently emerged as the major
contributor to cancer risk, with ILCR values approximately 15-17 times
higher than those of TnBP for both children and adults, regardless of the
exposure scenario. Monte Carlo simulations were also applied to ILCR for
both age groups. The results showed P50 ILCR values in the range of 7.71
x 107-1.42 x 10" and P95 ILCR values in the range of 1.12 x 10® - 2.08 x
10* across the four groups (children/adults and the two data-treatment
scenarios). Even at the 95" percentile, the ILCRs remained well below the
commonly used threshold of 10 for indicating a potentially significant
cancer risk. All ILCR readings in this investigation were within the level of

concern advised by the US Environmental Protection Agency.
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CONCLUSION

The thesis has completed the set objectives and achieved the following
main results:
e  Development and validation of a simultaneous analysis procedure for
15 OPEs and 7 di-OPEs in marine fish muscle using ultra-high
performance liquid chromatography coupled to high resolution mass
spectrometry (UHPLC-HRMS) with a detection limit of 0.020-0.050 ng/g
and recovery of 83.1%-108.6%, ensuring the criteria according to the
SANTE/11312/2021 guideline.
e  Employing the methodology for quantifying the levels of OPE and di-
OPE in the muscle of three types of fish obtained from various fishing port
locales throughout three regions. The ZOPEs levels in fish ranged from 2.1
to 39.3 ng/g dw, whereas di-OPEs varied from 3.2 to 263.4 ng/g dw. No
variation in concentration was observed across species; however, the OPE
profile in silver pomfret from the northern area notably differed from that
in other locations.
e  The initial health risk evaluation of OPEs in marine fish gathered in
this research was conducted for children aged 1-6 years and adults. The
YEDI of OPEs in children was around fourfold greater than the exposure
value for adults. The LADD for adults was fivefold greater than that of
children. The HI, HQ, and ILCR values were all below 1, even under the
most adverse conditions.

PROPOSAL

To further understand OPE pollution in marine fish in Vietnam,
research should be expanded by time and fish species, particularly higher-
trophic species, to evaluate biomagnification. Research on di-OPE will also
help establish pollution management measures and safeguard public health

by revealing its buildup and effects.
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