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LOI CAM ON
Luén van nay dugc thuc hién tai Hoc vién Khoa hoc va Cong nghé, cling

véi su hd tro tan tinh ca toan thé 13nh dao va anh chi em trong Trung tdm Nghién

ctru Nong Duge, thude Trung tAm Nghién ciru va Phat trién céng nghé cao.

T6i xin chin thanh cdm on Hoc vién Khoa hoc va Cong nghé di tao nhiing
diéu kién tSt nhét trong subt qué trinh hoc tip va dé t6i c6 thé hoan thanh dé tai
nay.

Téi xin bay té 1ong biét on siu sic nhat dén PGS.TS Nguyén Tién Dat da
danh tron tdm huyét, tan tinh huéng dén, chi day em trong sut qua trinh hoc tap,
nghién ctru tai truong va hoan thanh d6 4n t6t nghiép nay.

Té1 xin cam on toan bd cac anh chi can bo phong Trung tdm nghién ciru
néng duoc, Trung tAm Nghién ctru va phat trién cong nghé cao da hd tro, gitip dd,
chi day tan tinh va déng g6p nhiéu y kién quy bau cho em trong sudt qua trinh em
hoc tép va nghién ciru tai Trung tim.

Cubi ciing em xin danh 101 cdm on téi chdng, gia dinh va ban bé cia em,
d3 lubén bén canh hd tro, dong vién, khuyén khich va tao moi diéu kién dé em yén
tAm hoc tap va hoan thanh luén vin t6t nghiép.

Vi kién thirc ban than con han ché nén trong qué trinh thuc tdp va hoan
thién dé tai ndy em khéng tranh khéi nhimg sai sét, kinh mong nhan dugc nhitng
y kién dong gop tir cac quy thdy cb.

Em xin chan thanh cam on!
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MO DAU

Bao bi, d0 nhya st dung dé bao quan thirc an dugc sir dung rAt nhiéu trong
cudc séng hién nay, nham luu trit, bao quan thyc pham. Bisphenol 13 mét phu gia
pho bién khi gop mat hau hét & cac loai bao bi. Miac di ham luong cua chung c6
mat trong cac loai bao bi, dd nhua rat thép tuy nhién, chiing lai c6 anh hudng to1
strc khoe con ngudi ngay ca vdi ndng do cuc thip (ppb hodc tham chi ppt). Cac
chét hitu co nay c6 thé thoi nhidm 1én cac nén thuc pham, co thé ngudi c6 thé phai
hap thu truc tiép cac chat nay tir viéc tiéu thu thuc pham hang ngay. Doi véi cac
loai thuc phdm c6 nén tinh bdt nhu ban, banh bin va gao, viéc danh gia mac do
thoi nhiém bisphenol tir bao bi 13 rat can thiét. Cac loai thuc pham nay thuong
dugc dong goi trong cac bao bi nhya hodc hop nhua nén kha nang tiép xuc voi
bisphenol tir bao bi 1a khé cao. Viéc tiéu thu luong thuc pham nay thudng xuyén
va trong thoi gian dai c6 thé gdy anh huong khong tt t6i sttc khoe con nguoi. Dé
dam bao strc khoe ctia con nguoi hién nay, van dé nay da thu hat khong chi su
quan tdm ctia cac nha khoa hoc trong nudc ma con ca cic nha khoa hoc qudc té.
Cho dén nay, cac nha nghién ctru & Viét Nam phan 16n tap trung vao nghién ciru
ham lugng cac chét nay trén nén mau cua cac bao bi nhua, tuy nhién, it c6 nhirng
nghién ctru vé su thoi nhiém cia cac hop chét hitu co ndy 1én cac thyc pham nén
tinh bot st dung cac bao bi, d6 nhya dé dung, luu trir hodc bao quan. Bisphenol
A va céac hop chat bisphenol khac 13 nhitng chat duoc st dung pho bién trong san
xuat nhua polycarbonate va nhua epoxy — thanh phan chinh trong nhiéu loai bao
bi thuc pham. Cac nghién ciru khoa hoc dd ching minh BPA c6 thé thoi nhiém tir
bao bi vao thuc pham. BPA 1a chat c6 nguy co giy réi loan noi tiét, anh hudng
xau dén stc khoe con ngudi, dugc nhiéu to chic qubc té quan tam va kiém soat

nghiém ngat.

Bisphenol dac biét 1a BPA, dugc s dung rong rai trong nganh cong nghiép
bao bi thuc pham. Khéng chi c6 vdy, sy thoi nhiém ctia bao bi nay c6 thé gay 6
nhiém méi trudng dit, nudce, khong khi. Dan dén anh hudng t6i co thé con ngudi
mot cach truc tiép hodc gian tiép, va gy ra anh huong nghiém trong ti strc khoe
con ngudi, lam ting nguy co mac bénh ung thu, anh huong dén kha nang sinh san,
anh hudng dén nhiém sic thé, c6 thé anh huodng tur thé hé nay sang thé hé khac.

Viéc danh gia mirc do thoi nhiém cia thuc doi véi cac hoa chat nay tir bao bi gitip
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hiéu rd hon vé mirc d6 rtii ro cho strc khde ngudi tiéu dung. Pong thoi, viée nghién
ctru anh huong cta Bisphenol gitp dam bao rang cac bao bi thuc pham dang duoc
str dung tudn thi cac tiéu chuin va quy dinh an toan thyc pham qudc gia va qudc
té. Tuy nhién, viéc phan tich, xac dinh ham luong cia cic hop chét ndy con gip
nhiéu kho khin do ciu trac, tinh chat hoa 1y va doc tinh ctia cic hop chat nay &

ngay nong do rat nho.

Viéc thuc hién dé tai nham cung cap bo sd liéu vé ham luong Bisphenol
trong nén mau nhua va nén mau thyc phidm nén tinh bot, qua d6 danh gia su théi
nhiém bisphenol khi st dung céc loai bao bi bao quan thuc pham khac nhau & cac
diéu kién khac nhau. Két qua nay c6 thé gop phan danh gia nguy co d6i véi stc
khde moi truong, tir do c6 nhiing khuyén nghi cho nguo1 dan vé viéc lua chon vat
liéu bao quan cling nhu nhung anh hudng c6 thé anh hudng dén su thoi nhidm cta

bao bi bao quan dén thuc pham.

Vi thue té hién nay, cac loai hop xép, hop nhua trong, nhya cung, nhyua
den dugc sir dung phé bién dé chira thuc phém nong, nhung nhan thirc cua nguoi
tiéu dung con han ché va viéc giam sat chua chat ché. Pé tai ¢6 co so khoa hoc
vitng chic khi dua vao cac nguyén 1y vé hién tuong thoi nhiém hoa chat tir vat

liéu vao thuc pham, ddng thoi tmg dung cic phuong phap phan tich hién dai.

Vi vdy, dé tai “Phén tich mét s6 hop chat bisphenol théi nhiém tir bao
bi nhwa 1én mdt s6 miu thwe pham nén tinh b§t” duoc lra chon nham khao sat
diéu kién phan tich va x4c dinh ham luong cac hop chat nay trong mau thuc pham
bang k¥ thuat HPLC-FLD. Qua d6, danh gia mdi quan hé gitta nguy co thoi nhiém

bisphenol véi thoi gian, nhiét d§ va nén mau tiép xuc.
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Chwong 1. TONG QUAN NGHIEN CUU
1.1 Tinh hinh nghién ciu trén thé giéi
1.1.1 Mgt 56 loai phu gia trong cdc loai bao bi thuwe phim

Bao bi thuc pham 14 vat dung quan trong dé bao quan thuc pham & cac nhiét
do khéc nhau, kéo dai thoi han str dung cia san phém va bao vé thuc phém khoi
cac tac nhan tu nhién, chéng han nhu khong khi, co thé lam giam hoac thay doi
chit luong cua chung. Trong s6 cac vat liéu, nhya di ndi 1én nhu mot vat liéu
tuong d6i an toan va thuan tién dé dong goi thuc pham co ban. Hién nay, c6 nhiéu
loai nhya khac nhau, mdi loai c6 dic tinh va tmg dung riéng trong linh vuc thyc
phém, c6 thé ké dén mot sé loai nhua phé bién trén thi truong nhu la
polycarbonate, polyetylen mat do cao va thap, styren, polypropylen, v.v. Nhiing
loai nhya nay dugc san xuat tir nhiéu loai polyme va phu gia khac nhau dugc sir
dung dé cai thién d6 dan hoi, tinh linh hoat, mau sic, do bén, do bén,... Hat vi
nhura va cc chit phu gia déu c6 thé di chuyén tir bao bi sang thuc pham hoic dd
udng theo thoi gian do sy gia ting nhiét do hodc strc cang. Thanh phan nhya hoic
chét phu gia trong thuc pham, néu khong duoc kiém soat ding cach, cé thé anh
huéng dén dic tinh cam quan ctia thuc pham va gy ra tac dong rdi loan noi tiét
néu vuot qua gia tri phap 1y hodc gia tri doc tinh [1]. Nhiéu chét lam déo va chat
phu gia duoc coi 1a chat gay rdi loan noi tiét (ED) va c6 anh hudng dén kha ning
sinh san hodc hoat dong nhu chat gy ung thu nhu este phthalate, alkylphenol
(AP), 2,2-bis(4-hydroxyphenyl)propane, bisphenol A va di(2-ethylhexyl) adipate
(DEHA).

Phthalate 1 cac hop chit hitu co tong hop, duoc giéi thiéu tir nhimg nim
1920, bao gdm cac dai dién phd bién nhu di(2-ethylhexyl)phthalate (DEHP),
diethylphthalate (DEP), di-n-butylphthalate (DBP), butylbenzylphthalate (BBzP),
diisoonylphthalate (DiNP), di-n-octylphthalate (DnOP) va diisododecylphthalate
(DiDP). Tir nam 1933, viéc bd sung DEHP vao polyvinyl clorua (PVC) dé gia
ting 6 déo da mo ra budc dot pha trong cong nghiép, thic diy sy mé rong manh
me Uing dung cia PVC trong san Xuét dung moi, chit két dinh, sap, muc in, dugc
pham, my pham, thudc trir sdu va bao bi thuc pham lam tir cellulose tai sinh. Do
khong lién két hoa hoc voi nén nhua, cac hop chét phthalate c6 thé di chuyén va

thoi nhiém vao thuc pham khi tiép xac. Thuc pham 1a ngudn thoéi nhiém chinh ctia
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mot s6 phthalate & ngudi [2, 3]. Trong d6 thuc pham dong goi, dic biét 1a cac san
pham c6 ham lugng chét béo cao, bi anh hudng nhiéu nhat boéi DEHP [4-8]. Mic
du & ngudi, cac hop chét phthalate sau khi xAm nhap véao co thé s& nhanh chong
bi thuy phan thanh cac monoester - dang chuyén héa dau tién va tiép tuc trai qua
qua trinh chuyén héa tai gan trude khi dugc bai tiét ra ngoai chil yéu qua nudc
tiéu va phan [9], tuy nhién, cdc nghién ctru van phat hién su hién dién ctia chung
trong huyét thanh, nudc 6i va sita me [10]. Piéu nay cho thay rang, mic du
phthalate c¢6 thdi gian ban thai ngan trong co thé, chung van ¢ kha ning tich liiy
tam thoi trong cdc mo6 sinh hoc va co thé truyén tor me sang thai nhi hoac tré so
sinh thong qua nhau thai hodc stra me, tir 46 lam déy 1én moi quan ngai vé anh
hudng tiém an d6i véi sirc khoe sinh san va phat trién ¢ nguoi. DBP, BBP va
DEHP duoc dua vao danh sach cac hop chat bi nghi ngd c¢6 dic tinh ED[11]. Bé
bao v¢ suc khde con nguoi, Co quan An toan Thuc ph.'flm Chau Au d3 thiét lap
Tong luong tidu thy hang ngay ddi voi mot sé chat gay 6 nhiém nay, cu thé la
0,01 mg/kg trong luong cua co thé (bw) dbi voi DBP, 0,5 mg/kg d6i véi BBP,
0,15 mg/kg d6i voi DINP va DiDP, 0,05 mg/kg d6i voi DEHP [12].

Mait khac, AP chu yéu dugc str dung lam chit boi tron, chat téy rura, nhua,
chét lam déo, thudc diét c6, my pham va 1am chat phu gia trong nhya[13]. O
ngudi, nguodn thdi nhiém chinh véi AP 1a qua dudng ho hép, an phai thuc pham
bi 6 nhiém va hép thu qua da. Nhiéu loai hop va bao bi thuc phém béng nhua khac
nhau da dugc phat hién la nguyén nhan tao ra sy thoi nhiém alkylphenol vao thuc
pham [14, 15]. Trong bao bi thuc pham, nonylphenol bt ngudn tir qua trinh oxy
hoa chat phu gia chéng oxy hoa trisnonylphenyl phosphite [16], mot chat chdng
oxy hoa/chat chéng oxy hoa, duoc thém vao cac vat liéu polyme nhu polyvinyl
clorua , polyolefin va acrylics). Luong an vao c6 thé dang ké thong qua hai san
trong d6 NP dugc phat hién trong trai an dugc & muic 696 ng/g va cé bién & murc
44 — 55 nglg [17, 18]. Su ro ri tir bao bi co thé 1a din dén con ngudi bi thoi nhiém
voi1 AP, nhu da dugce chirng minh trong sira c6 alkylphenol va phthalate dao dong
tr 0,28 dén 85,3 mg/kg [19], trong thirc an tré em ctia Pai Loan tinh khiét trong
d6 4-tert-octylphenol va nonylphenol dugc phat hién trong khoang tir 0,6 dén 21
ng/g trong lugng udt [20] va bisphenol A diglycidyl ether va cac dan xuét cia
BPA duoc phat hién trong nudc ngot va thuc pham dong hop ¢ muc 0,1 — 675
mg/kg [21]. V&i ddc tinh doc tinh va doc tinh sinh thai, nonylphenol da dugc dua
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vao danh sach 11 chat gy 6 nhiém ma chinh sach giam phat thai quyét liét da
duoc thuc hién & Chau Au [11].

Trong s6 nhiéu ung dung khac, BPA duoc st dung dé san xuit nhya
polycarbonate, nhyra epoxy cho lon, dd choi, hop dung 16 vi séng va dng dan nuée.
Pun néng va tiép xtic véi thuc pham co tinh axit hodc bazo, vi qua trinh khtr tring
trong hop hoic nhua polycarbonate, lam ting qua trinh thiy phan lién két este lién
két cac phan tir BPA trong nhua polycarbonate va epoxy va cac hop chat duoc
giai phong thanh thyc pham [22]. Vandenbergva cong su danh gia mic do thoi
nhiém ctia con ngudi voi BPA va nhan manh rang kha niang thdi nhiém BPA tiém
an c6 lién quan dén nguon thyc pham, dic biét 1a thuc pham dugc bao quan trong
hop c6 16p 16t bang nhua epoxy hodc nudc udng [23]. Uy ban Khoa hoc Thyc
pham Chéau Au uéc tinh mirc thoéi nhim BPA 14 0,48 — 1,6 g/kg mdi ngdy tir cac
ngudn thue pham [11]. Do luong BPA hip thu hang ngay cao, hop chét nay da
duoc phat hién trong huyét thanh, nuée tiéu, nude 6i va mo nhau thai [10]. BPA
thé hién kha ning trc ché hoat dong ciia estrogen va c6 thé gay anh hudong dén
chtrc ning sinh san. Mot s6 nghién ctru ciing chi ra kha ning gay gian doan hoat
dong cua hormon tuyén giap, thiic dy su ting sinh cta té bao ung thu tuyén tién
liét & ngudi va e ché qua trinh tong hop testosterone [22].

Di(2-ethylhexyl)adipat (DEHA) dugc sir dung & muc do thap, dé san xuat
mang polyvinyl clorua (PVC), vi vy ngudn nguyén liéu chinh cho tiép xtc véi
con ngudi 13 thuc phidm dugc boc trong mang PVC. Nhirng vat liéu nay day 8 —
25 mm va 10 — 30% duoc tao thanh boi chat hoa déo. Ngudn thoi nhiém DEHA
con nguoi la thuc phém dugc boc. Goulas, Zygoura, Karatapanis, Georgantelis va
Kontominas xem xét sy di chuyén ctia chat hoa déo tir mang PVC sang céc loai
khac nhau thuc pham va chat moé phong thuc pham [24]. Pac biét DEHA duoc
tim thay trong phd mai boc trong mang PVC ¢ murc tir 31 dén 429 mg/kg trong
khi & thit twoi cac mirc nay dao dong tir 49 dén 151 mg/kg. Khi xem xét doc tinh
ciia DEHA, mot nghién ciru trong phong thi nghiém trén chudt cho thdy hop chét
nay c6 kha niang gy ung thu gan. Tuy nhién, khong ghi nhan anh huéng dén nhu
cau tinh duc, mirc d6 hormone [10] va ciing nhu khong lam thay d6i tac dung ctia

thudc e ché testosterone [25].

C6 thé thiy, Bisphenol c6 anh hudng dang ké t6i sire khoe con ngudi, trong
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khi @6, BPA lai duogc st dung phé) bién trong cac loai nhya dung trong thuc phﬁm
hién nay, vi vay viéc nghién ctru vé bisphenol A va bisphenol can dugc chii trong
hon.

1.1.2 M@t s6 hop chit Bisphenol

Bisphenol 1a nhom hoa cht chtra hai vong phenolic néi lién bdi mot nhém
cacbon, c6 tng dung rong rii trong nganh nhwa va tong hop hitu co nhu nguyén
liéu tho trong san xuat nhya, polyme chdng chay, 16p 16t nhua trong thuc phim
va lon nudc giai khat, chét bit kin nha khoa va gidy in nhiét [26]. Hién nay, mbi
lo ngai vé bisphenol ngay cang ting do sy phan bd rong rii clia chung trong céc
loai moi trudng khac nhau va nhiing tdc dong bat loi tiém an d6i véi hé sinh vat
va con ngudi. Mot s6 loai bisphenol, chang han nhu bisphenol A, bisphenol B,
bisphenol F, bisphenol S va bisphenol AF da dugc chirng minh 1a ¢6 tac dung gay
r6i loan noi tiét [27, 28]. BPA c¢6 thé lam ting s6 luong té bao ung thu via MCF-7
& ngudi theo cach phu thudce vao lidu khi tiép xtc trong dng nghiém & nong do tir
1077 @én 1075 M [29]. Ngoai ra, BPA, BPB va BPAF ciing duoc xéac dinh 1a chét
chu van cua X mang thai & nguoi, thu thé (PXR) Ia moét thu thé hat nhan c6 chirc
nang diéu chinh chinh qua trinh chuyén hoa xenobiotic. BPF di cho thdy doc tinh
gen dang ké trong té bao HepG2 (dong té bao ung thu gan & ngudi) trong khi BPS
cling thé hién doc tinh gen va hoat dong estrogen twong tu nhu BPA [30]. Cac loi
ich cong cong dic biét co cling tap trung vao danh gia tic dong sire khoe tiém tang
va rui ro thoi nhidm ddi véi cac chat xenobamel estrogen nay. Tuy nhién, mic du
chung dugc st dung rong rai trong cac ung dung cong nghiép va thuong mai,
nhung su thoi nhiém BP ra méi trudng ciing nhu thyc phdm van can dugc nghién
ctru thém, dé biét rd hon vé cac con dudng thdi nhiém tir d6 ting cao su bao vé
sttc khoe ctia con nguoi. Cac nghién clru giam sat hién tai chii yéu tap trung vao
mot phﬁn nho cac chit tuong tu BP, chu yéu 1a BPA, loai chiém wu thé va duge
sir dung 1am monome trong san xuat nhya polycarbonate va nhua epoxy [30].
BPA duoc phat hién c6 mit khip noi trong mdi trudng, tham chi ca con nguoi
[31]. Tac dong gay rdi loan noi tiét va thoi nhiém rong rii cia BPA véi con nguoi
thong qua tiép xuc qua da, duong ho hap va ché do an udng, da dan dén viéc xem
xét cac quy dinh chit ché hon vé san xuat va str dung BPA & cac qudc gia va khu
vuc nhu nhu Bic My, Lién minh Chau Au va Trung Quéc [32-34]. Do d6, cac
chat twong tu bisphenol khéac co thé duoc dua vao thi trudng dudi dang thay thé
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trong mot sd san pham nhat dinh cho Gng dung va muc dich tuong tu [35]. Hién
nay, trong sd cac BP, BPF d duoc tim thay trong d6 udng déng hop va chat 1ong
lam day rau dong hop, dong thoi cling duge phat hién trong nude mit & Puc véi
ndng do dao dong tir 100 dén 1,80 x 10° ng/L [36, 37]. Du lugng BPB di duoc
xéac dinh trong ca chua got vo déng hop va d6 ubng ¢ mot sé nudc chau Au [38,
39]. BPB ciing di duoc tim thay trong huyét thanh nguoi véi ndng do tir 880 dén
1,19 x 10* ng/L va ndng do cua BPA trong nudc tiéu dugc bao céo 1a & mirc vai
microgam trén lit [38, 40]. BPS dugc tim thay trong nudc tiéu cua con ngudi va
cac san pham gidy nhu bién lai nhiét va tién gidy, duoc wdc tinh 1a mot trong

nhimg ngudn théi nhiém chinh cho con ngudi [41, 42].

Trén thé giéi, BPA dugc Gmg dung trong nhiéu san pham tiéu dung nhu chai
nudc, hop dung thuc phém, lon nudce ngot, binh sira tré em, va tham chi ca trong
16p phti noi that ciia dng nude va thiét bi dién tir. Tuy nhién, trong vai thap ky gan
day, nhiéu nghién ctru khoa hoc da chi ra rang BPA 1a mot chat gay rdi loan ndi
tiét, co thé bat chude hoic can thi¢p vao hoat dong cua hormone tu nhién trong
co thé. Két qua tir cac nghién ctru tai My, chau Au va chiu A cho thay BPA co
thé anh hudng dén sirc khoe sinh san, hé than kinh, qua trinh chuyén hoa, va lam
ting nguy co mac cac bénh nhu béo phi, tiéu dudng type 2 va mot s6 loai ung thu.
Co quan An toan Thuc pham chau Au, T6 chirc Y té Thé gidi va nhiéu qubc gia
nhu Canada, My, Phap da c6 cac chinh sach han ché hodc cam sr dung BPA trong
mot sb san phém, dac biét 1a cac san ph'flm danh cho tré nhé. Trong boi canh do,
nhiéu nude dang thuc déy cac nghién ctru vé doc chét hoc thé hé méi va thiét ké
cac hop chat thay thé an toan hon theo hudng hoa hoc xanh, ddng thoi ting cudong
giam sat mirc 46 phoi nhiém BPA trong cong dong dé bao vé sirc khoe con ngudi
va moi trudng mot cach hiéu qua hon. Lién minh chau Au (EU) 1a khu vuc di dau
trong viéc cAm BPA trong binh sita tré em tir nam 2011 va ap dat gidi han nghiém
ngit dbi vi mirc thoi nhiém BPA trong vat liéu tiép xtic v6i thuc pham. Canada
1a qudc gia dau tién trén thé gidi chinh thirc xép BPA vao danh muyc “chat doc
hai” nam 2010. Tai Hoa Ky, Cuc Quan 1y Thuc pham va Dugc pham (FDA) da
cadm BPA trong binh sita va coc cho tré nho, tuy nhién van cho phép sir dung han
ché trong mot s6 bao bi thuc phém. O chau A, Nhat Ban va Han Quéc da ban hanh
huéng din k¥ thuat nhdm han ché phoi nhiém BPA tir thuc phidm va san phim
tiéu dung.



Bang 1. 1 Mot sé din xuét Bisphenol trong nghién ctru

STT| Loai cong thic | Khdi lugng Cong thirc hoa hoc Hinh thanh boéi
Bisphenol phan tu phan tu
HO OH
1 BPA C1sH160- 228.291 O O Phenol Acetone
F
FF
2 | BPAF | CisHFsO, | 336.233 HOOH Phenol Hexafluoroacetone
F7LF
F
Cl_ _Cl
l
3 BPC C13H100,Cl» 256.37 0-Cresol Acetone
HO OH
HO OH
4 BPE CuuH12.0, 214.28 Phenol Ethanal




HO OH 5
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Isopropylphenol
HO
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OH
BPZ C1sH200: 268.34 Q O Phenol Cyclohexanone
HO OH
BPB C16H150- 242.304 Phenol Butanone
HO OH
BPF CisH10; 200.226 Phenol Formaldehyde
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HO”OOOH

Hinh 1. 1 Bisphenol A

Bisphenol A

BPA la mdt monome céng nghi€p dugc st dung dé san xuit nhua
polycarbonate (PC) va nhua epoxy. PC duoc st dung trong mot sé san pham tiéu
dung, bao gdm binh sita tré em va chai nuéc tai str dung. Nhua epoxy chu yéu
duoc st dung 1am 16p 16t bao vé bén trong lon thuc pham va d6 udng bang kim
loai. Mot s nghién ctru di chi ra rang BPA c6 thé lién quan dén mot s6 van dé
suc khoe va bénh tat. Mac du BPA duoc chuyén hoa nhanh chéong thanh BPA
monoglucuronide va dugc bai tiét nhanh chong qua nude tiéu & ngudi 1on [43,
44], mét luong nhé BPA tu do vAn c6 thé ton tai trong co thé va khong hoan toan
bi loai bd. Cac phan tir BPA tu do nay van c6 thé lién két véi cac thu thé trong co
the, diéu nay cho phép BPA tiép tuc tac dong dén cac qua trinh sinh 1y va giy ra
cac hiéu ung sinh hoc tiém tang, dac biét ddi voi hé théng ndi tiét va su phat trién
ctia cac mo sinh hoc [12].Nhiing tac dong bat loi tiém an d6i véi stiic khoe con
ngudi duoc quan sat thiy & dong vat thi nghiém tiép xuc voéi lidu thip BPA bao
gom ting ung thu tuyén tién liét va ung thu v, bat thuong vé dudng tiét niéu &
tré so sinh nam, suy giam kha ning sinh san. chat luong tinh dich ¢ nam gidi, day
thi sém & bé gai, rdi loan chuyén hoa bao gom tiéu duong va béo phi, khang
insulin (loai 2) va cac van dé vé hanh vi than kinh nhu rdi loan ting dong, giam
cha y [45]. Mot hoi dong chuyén gia gdm 12 nha khoa hoc ddc lap di dugc Trung
tam Panh gia Rui ro d6i véi Sinh san Con nguoi ctia Chuong trinh Chat doc Quéc
gia Hoa Ky triéu tap dé danh gia Bisphenol A. Dua trén khoang 500 nghién ciru
duge xem xét, hoi thao két luan réng kha nang xay ra cac van dé vé sinh san &
nguoi 1a “t6i thiéu” hodc “khong dang ké”. Tuy nhién, hoi dong bay t6 “mot sb lo
ngai” vé kha ning anh hudng dén hé than kinh hodc hanh vi ¢ thai nhi, tré so sinh
va tré nhé do phoi nhiém BPA. Dong thoi, hoi dong ciing dua ra “mdi lo ngai toi
thiéu” vé cac tac dong tiéu cuc dén tuyén tién liét, nguy co di tat bam sinh va kha
nang gay ra sy phat trién sém tudi day thi khi tiép xtic voi BPA trong tir cung. Doi
v6i nguoi trudng thanh, moi lo ngai vé nhitng anh hudng bt lgi dén chtic ning
sinh san do théi nhiém BPA trong cong dong dugc danh gia 1a “khong dang ké”
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[46]. Mot nghién ciru dich t& hoc di diéu tra mdi lién quan gitta ndng do BPA
trong nudce tiéu va anh huong strc khoe ctia nguoi dan Hoa Ky. D liéu tir nghién
ctru cho thdy ndng do BPA trong nudc tiéu cao hon c6 lién quan dén viéc ting ty
Ié méc cac bénh tim mach, tiéu duong va bat thuong vé men gan. Tuy nhién, cac
tac gia clia nghién ctru nhan thiy rang van can cac nghién ctru nhan rong va theo
ddi doc 1ap dé xac nhan nhimg quan sat ctia ho va cung cip thém bang ching vé
viéc liéu cac mbi lién hé c6 phai 12 nguyén nhan hay khéng [47]. Cac ngudn thdi
nhiém chinh qua ché d6 in uéng dugc cho 1a do BPA di chuyén vao thuc pham
va dd udng tir cac vat liéu dong gbi c6 chira BPA tiép xuc truc tiép voi thuc phdm
va di chuyén tir cac hop dung PC nhu binh sira tré em va chai udng tai sir dung
[48].

Ngudng Bisphenol A cho phép trong thyc pham theo quy chuan Viét Nam
12-1-2011 1a khong vuot qua 500ug/g [49].

Bisphenol AF

Bisphenol AF 1a mot hop chat hitu co flo twong tu v6i bisphenol A, trong
d6, 2 nhom metyl duoc thay thé bang nhom CFs. Ton tai dudi dang bot mau trang
dén xam nhat. Hién nay, BPAF dugc st dung lam monome cho polyimide,
polyamides, polyesters, polycarbonate, copolymers va mot sé loai polime dic biét
khac. Cac polyme chita BPAF rét hitu ich trong céc linh vuc dic biét nhu tong
hop vat liéu nhiét d§ cao, vat li€u dién tu, cdc nganh cong nghiép bao gém mi
phrflm, san xuét hoa chét, san xuét kim loai va cao su. Bén canh d6, BPAF cling

c6 thé stir dung nhu mot chat phu gia ctia nhya [50].

Hinh 1. 2 BPAF

BPAF 1a mot chat gay roi loan noi tiét [50]. Trong khi BPA lién két voi
gamma thu thé lién quan dén estrogen ¢ ngudi (ER-y) trong khi d6, BPAF lai bo
qua (ER-y), thay vao d6, BPAF kich hoat lién két voi ER-a va vo hiéu hoa ER-B
[51].

Bisphenol F
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Bisphenol F (BPF), tuong ty nhu BPA, 1a mdt hop chit hitu co co cong
thirc hoa hoc (HOCgsH4).CHo, 1a tién chat cua nhya. Do ca hai déu thuoc loai phan
tir dugc goi 1a bisphenol, ¢6 hai nhém phenol dugc két ndi thong qua mot nhém
lién két. Trong BPF, hai vong thom duoc lién két boi mot nhom methylene. Ngay

nay, do lo ngai vé 4nh huong strc khée cua BPA, BPF dan duoc sir dung rong rai

dé thay thé BPA [52].
HOOH

Hinh 1. 3 BPF

BPF dugc st dung rong rai trong san xuat nhya va nhua epoxy [53]. Bén
canh d6, BPF con dugc stir dung trong san Xuat 16p 1ot bé, duong 6ng, san cong
nghiép, 16p phu mat cau va duong, chat két cau, vita, 16p phu va vecni dién [54].
BPF duoc st dung trong 16p 16t, son mai, chat két dinh, nhua va 16p phi do udng
va lon thuc pham [52, 53]. BPF con dugc tim thiy trong cac vat lidu nha khoa
chang han nhu vat liéu phuc hoi, 16p 16t, chat két dinh, thiét bi gia trong miéng va
chét thay thé mo [52, 53, 55].

Tuy nhién, BPF gy ra su thay doi noi tiét t6 ¢ ngudi, cu thé 1a lam giam
tiét testosterone, dic biét tai tinh hoan nam gioi, déng thoi lam tang hoat dong cua
estrogen. Tac dong ro rét nhat duoc ghi nhan & tinh hoan cua thai nhi — co quan
nhay cam voi cac yéu t6 ngoai sinh do dic diém phat trién va tinh dé bi tac dong
trong giai doan nay. Mot nghién ctru cho thay BPF c6 tac dung 1am giam su tiét
testosterone twong tu nhu BPA, ting hon 80% so véi ddi chimg & tinh hoan bao
thai nguoi [56]. Nghién ctru nay dugc thuc hién bang phuong phap xét nghiém
tinh hoan thai nhi (FeTA) trong 6ng nghiém va khong nhat thiét phan anh cac co
ché ma BPF s@ trai qua néu con nguoi an phai. Vi dy, kha nang BPF kich hoat
estrogen trong céc thu thé thip hon BPA, mot nghién ctru cho thay thap hon tir 5
dén 10 1an) va hoat dong ctia cac bisphenol nay co thé khong truc tiép thong qua
cac thu thé nay, nhung khé gian tiép. Do d6, hau hét cac nghién ciru duoc thuc
hién vé chi1 dé nay déu sir dung nudi cay dong té bao ctia con ngudi, thay vi nghién
ctru vé thdi nhidm ¢ dong vat c6 vi. Mot sé danh gia khac déu chi ra rang BPF ¢

biéu hién réi loan noi tiét va sinh Iy trong tu nhu BPA, ca trong nudi cdy té bao
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co quan nguyén phat trong thi nghiém va trong sinh vét song, dic biét 1a thé hién

tac dung estrogen va khang androgen. [53, 57].

Bon trong s6 nam nghién ciru cho két qua ran BPF c6 tinh chat estrogen,
androgen va kich thich tuyén giap, dic biét 1a gay doc cho gan [53, 58]. Cac
nghién ctru trong phong thi nghiém vé BPF cho théy tac dong giy doc té bao, rdi
loan chuc ning té bao, ton thuong DNA va bién tinh nhiém sac thé [53].

Bisphenol B

HO OH

Hinh 1. 4: BPB

Bisphenol B (BPB) duoc st dung trong san xuat nhya polycarbonate, nhua
epoxy va nhua phenolic [59]. Tuy nhién, BPB c6 thé gay kich tng mat, doc hai
khi nuét phai va co thé gay hai cho méi truong nude. Nghién ctru cho thdy BPB
c6 thé gay rdi loan ndi tiét, anh hudng dén san xudt tinh tring va trong luong co
quan sinh duc nam. Do d6, BPB da duoc dua vao danh sach cac chit can quan

tam dic biét trong quan 1y hoa chat [60].
Bisphenol C,E, G, P, Z

Cl Cl
|
HO O O OH
Hinh 1. 5: BPC

Bisphenol C duoc str dung trong san xuat nhya epoxy, polycarbonate va mot
s6 ing dung khac. Mic du cac nghién ctru vé tac dong strc khoe ctia Bisphenol C
con han ché, nhung do ciu tric twong tu voi BPA, nhiéu nghién ctru dé chi ra rang
cac bisphenol c6 thé anh huong tiéu cuc dén strc khoe con nguoi. Ching c6 thé
gay 10i loan ndi tiét t6 vi co thé twong tac véi cac thu thé estrogen trong co thé.
Khi lién két v6i cac thu thé estrogen, ching c6 thé 1am thay d6i hoat dong cua
hormone, anh hudng dén cac qua trinh sinh 1y nhu phat trién, sinh san va chuyén

hoa [61]. BPC c6 thé lam giam chat lwong tinh tring, roi loan phét trién sinh duc
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va lam tang nguy co vo sinh. Pic biét, c6 thé anh hudng dén sy phat trién cua thai
nhi néu tiép xtc trong qua trinh mang thai [62]. Bisphenol E, Bisphenol G,
Bisphenol P 1a mot hop chit hoéa hoc thudc nhom bisphenol va cAu trac tuong tu
nhu céc bisphenol khac nhu BPA, BPB va BPC. BPE chu yéu duoc sir dung trong
san xudt nhira epoxy va cac tmg dung cong nghiép khac. Bisphenol E, G, P tac
dong ddi v6i hé thdng noi tiét va strc khoe con nguoi [63]. BPZ lam suy giam
chtic ning ty thé va gay ra stress oxy hoa va ton thuong DNA, dan dén qua trinh
chét rung som trong té bao nodn [64]. Bisphenol Z ¢6 thé hoat dong nhu mot chat

gay roi loan noi tiét [65].
1.2 Tinh hinh nghién ctru trong nwéc

BPA c6 thé thoi nhiém vao thuc pham, méi trudng xung quanh va gy anh
huong tiéu cuc dén strc khoe con nguoi. Tat Viét Nam, da c6 mdt $6 nghién ctru
tap trung vao viéc xac dinh sy hién dién cia BPA trong bao bi thuc phrflm va moi
truong, tuy nhién, viéc nghién ctru chua duoc phé) bién nén chi durng lai & cac dé
tai nghién ctru cac cap thac si, tién si va chua c6 nhiéu bai bao dang chi y. Viéc
quan tim dén sy xuat hién cua Bisphenol A trén cac nén moi truong bi thoi nhiém
tir cac loai bao bi thuc pham, dan dén gdy 6 nhiém méi truong ciing nhu anh
huong nghiém trong dén sitc khoe con ngudi. Nghién ctru xac nhan sy hién dién
cua BPA trong tram tich bé mat tai khu vuc tiép nhan nudc thai tir bai chon lép
Phudc Hiép, BPA c6 xu hudng tang nhe theo thoi gian do sy tich iy tir nudce thai
vao tram tich ddy, nhung giam d6t ngdt vao thang 6 do hoat dong nao vét bun ctia
Cong ty Moi truong do thi [66].

Nghién ciru xay dung quy trinh phan tich Bisphenol A trong cic nén mau
nudc dat trén hé may GC/MS: Nhiém vu ndy tip trung vao viéc xay dung quy
trinh phan tich BPA trong mau nudc va dat bang may GC/MS, nham danh gia
mirc d6 6 nhiém BPA trong méi truong [67].

Nghién ctru phan tich va dénh gia rii ro phoi nhiém mét sé hop chat hiru co
nhom paraben, bisphenol va phthalate trong mdi truong cho thiy BPA di duoc
phét hién trong 100% cac mau bui PM,s va SPM [68].
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1.3 Phuwong phap xac dinh ham lwgng mét s0 loai bisphenol trong thuc
phlem
1.3.1 Giéi thiéu vé phwong phap sic ki 16ng hiéu ning cao (HPLC) diu do
huynh quang

Pau do huynh quang c6 d6 nhay va do chon loc cao di véi céc chat phan
tich phéat huynh quang khi bi kich thich bai bic xa UV. Cac thanh phan mau khdng
phat huynh quang khéng tao ra tin hiéu do, do d6 budc 1am sach mau cé thé duoc
don gian hoa. Pau do huynh quang (FLD) 1a dau do nhay nhat trong sé cac dau
do hién ¢ cia HPLC, c6 thé phat hién sy hién dién caa mot phan ti chat duy nhat
trong budng do. Do nhay cia dau do huynh quang cao hon 10 — 1000 lan so véi
dau do UV — Vis [69]. Hién tuong huynh quang hién tuong quang — phat quang
la sy hap thu 4nh sang c6 budc song nay dé phét ra anh sang c6 budc song khac
thuong trong mién anh sang nhin thay. Pinh luat Stokes vé sy phét quang: anh
sang phat quang c6 budc song dai hon budc song cua anh sang kich thich Apg > Ak
[58].

1.3.2 Cac phuwong phap xiy dung dwong chuan dinh lweng

Cac phuong phap dua trén sic ky long két hop véi phat hién bang ta ngoai,
huynh quang, dién hoa, phd khdi, phd khéi hai 1an (MS/MS), sac ky khi két hop
véi phd khdi, ciing véi ELISA da duoc phaét trién dé xac dinh bisphenol A trong
cac mau thuc pham va sinh hoc.

Bisphenol A 1a hop chét c6 kha nang phat huynh quang twong ddi manh —
dic diém thuong duoc khai thac trong cac phwong phap phan tich quang pho.
Trong d6, budc séng kich thich phd bién nhat 1a 275 nm, mac du mot sé nghién
ctru cho thay BPA c6 thé dugc kich thich hiéu qua & cac budc song thap hon,
trong khoang 224-235 nm, tly thudc vao diéu Kién phan tich va méi truong mau
[70]. Nguoc lai, budc soéng phét xa caa BPA duoc st dung nhat quan hon trong
cac nghién ctru, thudng nam trong khoang 300 —317 nm [71]. Gia tri cu thé cd thé
dao dong doi chit tuy theo diéu kién phan tich va cdu hinh thiét bi, tuy nhién ving
budc song nay da dugc xem la dac trung cho huynh quang phéat xa ciia BPA.

Kuroda va cong su da nghién ctru cac thdng sé budc song kich thich va phat
xa d6i v6i BPA sau khi dan xuét bang DIB-CI (4-(4,5-diphenyl-1H-imidazol-2-
yl)benzoyl clorua), lan luot 1a 350 nm va 475 nm [72]. Vi cap budc song nay,
gigi han phat hién (LOD) thap, dat tir 0,04 dén 0,05 ppb, dd duoc béo céo boi
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Watanabe va cong su [73]. Trong mot nghién ciru khac, Sun va cong su ghi nhan
LOD 1én dén 4,6 ppb [74], cho thay sy bién thién dang ké gitta cac phuong phép.
Trong mot bai bdo khac, Mao va cong su st dung cap budc séng kich
thich/phat xa 1a 228/316 nm — tuong tu nhu déi voi BPA chua dan xuét — khi &p
dung thudc thir huynh quang p-nitrobenzoyl clorua [75]. Tuy nhién, cac budc song
nay c6 thé chua duoc tdi vu héa cho dang dan xuét, dan dén gigi han phét hién ¢
muc 2,7 mg/L, twong dwong véi mirc dic trung cia BPA chwa din xuét [75].

Phuong phép sic ky khi két hop vai phd khéi (GC-MS) ciing dugc (ng
dung phé bién dé x4c dinh BPA trong ca mau thuc pham va sinh hoc, nhd do phan
giai cao va gigi han phat hién thap hon so véi LC-MS. Tuy nhién, mot han ché
ciia GC-MS 1a yéu cau budc dan xuat hoa twong dbi phuc tap va tén thoi gian.
Mic di dan xuat hoa khong phai 1a diéu kién bat budc trong cac phén tich dinh
tinh hodc xac nhan BPA [76], viéc dinh luong BPA bing GC-MS ma khong dan
Xuat van con kha hiém gap [77].

Trong ché do6 ion hoa bang tac dong dién tur (EI), cac thudc thir dan xuat
phd bién bao gom: acetic anhydride (tao BPA diacetate) [78]; c4c thudc tht silyl
héa nhu BSTFA (N,O-bis(trimethylsilyl)trifluoroacetamide), c6 hoac khdng cé
TMCS (trimethylchlorosilane) [79]; va MtBSTFA (N-(tert-butyldimethylsilyl)-
N-methyltrifluoroacetamide) két hop  Véi tBDMCS  (tert-butyl
dimethylchlorosilane) [80].

Trong da sé nghién ciu, BPA c6 gan nhan dong vi di duoc st dung dé hiéu
chinh va dam bao do chinh xac cao trong phan tich cdc mau thuc pham va sinh
hoc bang GC-MS. Mac di mét sé phuong phap GC-MS ban dau ¢d gisi han phat
hién con kha cao [78], hién nay hau hét cac phuong phap déu di dat do nhay tot,
véi gidi han phat hién dudi mac ppb.

Do BPA hidp thu anh sang UV tuong d6i yéu nén d6 nhay khi st dung
phuong phap phat hién bang phé UV khong cao, khién k¥ thuat nay it duoc &p
dung trong phan tich BPA. So véi phat hién huynh quang, gidi han phat hién
(LOD) cua phuong phap UV cao hon it nhat 15 lan. Gi6i han dinh luong (LOQ)
d6i vi BPA khi sir dung phat hién UV & budce song 228 nm dao dong tir 5-10
ng/g dén 67 ng/g trong cic mau thuc pham [81], trong khi chi khoang 3,7 ng/g khi

str dung phat hién huynh quang [82]. DPéi v6i mau sinh hoc nhu huyét thanh nguoi,
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LOQ khi sir dung UV c6 thé 1én t&i 150 ng/mL, trong khi véi phuong phap huynh
quang chi yéu cau khoang 10 ng/mL [83].

1.3.3 So sanh cac phwong phap phan tich ham lwong BPA trong miu thuc
pham

Viéc lyra chon phuong phép phan tich pht hop dong vai tro then chét trong
viéc x4c dinh tinh trang thoi nhiém BPA trong cac mau thuc pham. Cac wu nhuoc
diém cta cac phwong phap nhu HPLC/FLD, HPLC/MS, GC/MS va UV-Vis duoc
trinh bay chi tiét trong bang 1.2. Nhin chung, v6i ddu do MS, ca HPLC va GC
déu dua cho két qua kha tdt, véi do nhay cao, co thé xac dinh duogc céu tric cua
céc chit san phém, tuy nhién, chi phi van hanh cling nhu yéu cau vé mat ki thuat
12 mot van dé khac ma can phai luu y dén. Bén canh d6, do diéu kién thuan loi vé
mit co s& vat chat co san tai noi lam viéc, HPLC/FLD cling co thé dua ra két qua
kha tt, voi do nhay, dd chinh xac cao, vi¢c lva chon HPLC/FLD Ia hoan toan phu
hop.

Bang 1. 2 Bang so sanh vu nhugc diém cta cac phuong phap

P h;}"‘,"“g Do | Po | Thoi | Yéucdu |Uudiém| Han ché
PRaP | phay |chinh | gian |chudn bi
Xac phan mau
tich
cone | Chiée | PO can i b di
HPLC/FLD | Cao | Cao | "9 | xuit can ' | tién, cin chuin
binh .z chon loc x4~
thict 2 bi mau k¥§
tot
Rét | Rét Chiét | e, | Chiphiceo
HPLC/MS Nhanh | xuatcan | . ’ yéu cau ky
cao cao X do nhay .
thiét thuat cao
Cuc cao
X % Chiét . Khong phu hop
GeMs | R R Npanh | xudtcan | PN | v ce miu
thict khong bay hoi
, Chiét bon Do nhay thép,
. Trung | Trung | Rat 2, x| gian, tiét | chi phat hi¢n
UV-Vis s s xuatcan | .. . Cox
binh | binh | nhanh i kiém chi | khi mau da qua
thiét . L,
phi xu ly
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Chwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1 HOA CHAT VA POI TUQNG NGHIEN CUU
2.1.1 Péi twong nghién cieu

e Dbi tugng nghién ctru: Cac mau com, bln, banh cubn va chéo duoc tu

chuén bi.
Hop x0p, hop nhua den, hop nhya trong duge gia cong mua ngoai thi trudng

e Pham vi nghién ctru : Him lugng mét sé hop chat bisphenol trén thuc pham

c6 nén tinh bdt khi stir dung cac mau dé nhya, bao bi bao quan.

Bang 2. 1: Céc loai d6 nhua, bao bi sir dung trong nghién ctu

Tén Hinh anh Nguyén lleuksan xuat chu
yeu
’ Polystyrene (co thé tir
Hop x0p Polypropylene,
Polyethylene)
Hop nh?’"‘ trong Polyethylene Terephthalate
meém
Polypropylene (dé hop),
Hop nhya den Polyethylene Terephthalate
(ndp hop)
Hop nhua trong
olmg Polypropylene

2.1.2 Hoba chat va thiét bi
Bang 2. 2: Danh sach cac loai chat chuan sir dung

STT Teén Ham | e xa
luong
1 2,2-Bis(4-hydroxyphenyl)propane, 4,4'- 99 9% Sigma,
Isopropylidenediphenol - BPA ' Duc
5 2,2-Bis(4-hydroxyphenyl)butane, 4,4'-sec- 99 9% Sigma,
Butylidenediphenol - BPB ' buc
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3 | Bis(4-hydroxyphenyl)-2,2-dichloroethylene - BPC | 99,9% Sggla’
4 4,4'-Ethylidenebisphenol, 1,1-Bis(4- 99 9% Sigma,
hydroxyphenyl)ethane - BPE ' buc
5 Bis(4-hydroxyphenyl)methane, 4,4'- 99 9% Sigma,
Methylenediphenol - BPF ' buc
5 2,2-Bis(4-hydroxy-3-isopropylphenyl)propan - 99 9% Sigma,
BPG ’ brc
7 4,4'-Cyclohexylidenebisphenol - BPZ 99,9% Sggla’
8 4,4'-Sulfonyldiphenol, BPS, 4-Hydroxyphenyl 99 9% Sigma,
sulfone, Bis(4-hydroxyphenyl) sulfone - BPS ' buc
9 4,4'-(1,4-Phenylenediisopropylidene)bisphenol - 99 9% Sigma,
BPP ’ buc
10 4_1,4'-(Hexaf|uoroisopropylidene)diphenol, 2,2- ~09% Sigma,
Bis(4-hydroxyphenyl)hexafluoropropane - BPAF buc
11 Methanol HPLC ogop | Tisher,
Drtrc
12 Nuée HPLC 999 | TISher,
Drtrc
13 Acetonitrile HPLC ggop | Tisher,
btic
14 Methanol 96% Tru?g
Quodc
15 Dichlomethane 99% -gsgg
16 Hé thong HPLC — FLD Thermo Dionex Ultimate Thermo,
3000 Durc
17 |  Céc dung cu thiy tinh céc, binh dinh muc, ... Trung
Quodc
, A Trung
18 May ly tam lanh Quéc

2.2 PHUONG PHAP NGHIEN CUU
2.2.1 Phwong phap mé phéng phoi nhiém

Mdi mau thuc pham cé khdi lugng can chinh xac 100,00g va dugc gia nhiét
trude khi tiép xdc véi hai mat cac loai hop trong cac diéu kién khac nhau, nham
m6 phong qué trinh thdi nhiém cé thé xay ra trong thuc té. Cac yéu té dugc thay
dbi trong nghién ctu gom:
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e Thoi gian thdi nhiém: Mau thyc pham duoc tiép xic véi hop & nhiét do ban
dau 100°C trong cac khoang thai gian: 0 phat, 5 phit, 10 phat, 15 phat va
20 phut.
e Loai vat liéu tiép xtc: Bbn loai hop nhua khac nhau duoc st dung dé danh
gia mtc do thoi nhiém.
Sau khi tiép xuc, mau thuc pham bi théi nhiém duoc thu thap dé tién hanh phan
tich.

Hinh 2. 1 Thi nghiém mé phong thuc pham tiép xc véi bao bi nhua
2.2.2 Phwong phap xir Iy miu

Quy trinh chiét xuat mau vat lidu hop xdp, hop nhua va thuc pham nén tinh
bot da tiép xdc voi cac loai bao bi nay duoc thuc hién theo cac tiéu chuan quy
dinh trong QCVN 12-1:2011/BYT [84]. Cu thé, Can 1,0 g mau cho vao binh nén
200 ml, thém 20 ml dicloromethan dé hoa tan cac chat théi nhiém. Khi mau hoa
tan hoan toan, thém tur tir 100 ml aceton bang dung cu nhé giot, ddng thoi lic déu.
Hon hop sau @6 dugc ly tam 10 phat & 3000 vong/phat. Dich trén thu duge dem
¢ quay dén thé tich khoang 2 ml. Thém 10 ml acetonitril, sau d6 dinh muc tiép
bang nudc dén 20 ml. Dich chiét cudi cung duoc loc qua mang loc 0,22 pm trudc
khi phan tich theo diéu kién trong Bang 2.3.

Ddi v6i cac mau thuc pham nén tinh bot da tiép xuc véi hop bao bi, quy
trinh chiét xuat st dung dung méi hdn hop Dicloromethane: Methanol véi ty 1¢
1:20 (v/v) nham myc dich chiét xuat téi da cac hop chét thoi nhiém tir bao bi vao
thue pham. Mau thuc pham duoc ngdm trong dung mdi hén hop nay va trai qua
qué trinh chiét siéu am dé nang cao hiéu qua chiét xuat. Sau khi quéa trinh chiét
Xuat hoan tat, dich long thu dugc duoc loc bo tap chat. Phan cin ran caa mau tinh
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bot tiép tuc dwoc nghién nho va ngam trong dung moi, sau d6 1ap lai qué trinh
chiét xuat thém ba lan. Ty Ié dung méi so véi mau duoc duy tri & mac 20 ml dung
moi cho mdi 1 g chét ran, nham dam bao tinh dai dién va hiéu qua cta qué trinh
chiét xuét. Dich loc thu duoc sau ba lan chiét xuat duoc loai bot dung mdi. Sau
d6, 10 ml dung dich chuan bisphenol c6 nong do xac dinh dugc thém vao dich
chiét, sau d6 diéu chinh thé tich mau 1én 100 ml. Cudi ciing, mau dugc loc qua
mang loc co dudng kinh 16 loc khong 16n hon 0,22 pm truéc khi phan tich theo
cac diéu kién phan tich da duoc xac dinh trong bang 2.3.

2.2.3 Phwong phap phan tich mau bang sac ki 16ng hiéu ning cao (HPLC)
Bang 2. 3: Céc thdng sb phan tich

Théng s6 Gia tri diéu kién

Pha tinh Cot PerkinElmer, 250x4.6mm, Sum

Pha dong Dang hé, ACN/Nudc (60/40,v/v)
Téc d6 dong 1mL/phut

Budc song kich thich, budc song phat
Aex = 275 nm, Aem = 313 NM

Xxa
Nhiét do cot 40°C
Nhiét do mau 25°C
Thé tich tiém mau 1uL
Thoi gian 40 phat
S 1an lap lai 5

Mau sau xir Iy dugc phan tich bang hé sac ky long hiéu ning cao vi
detector huynh quang (HPLC/FLD) nham xac dinh nong do mot sé hop chat
bisphenol bi thdi nhiém tir cac hop nhua.

Xac dinh khoang tuyén tinh va dwong chuan

Xay dung duong chuan duoc tién hanh bing cach chuan bj 6 dung dich
chuan hdn hop bisphenol c6 néng do tir 10 pg/L dén 140 pg/L biang cach pha
lo&ng dung dich chuan géc. Cac ndng do cu thé duoc lya chon bao gom 10, 16,
20, 40, 60, 100 va 140 pg/L. Mbi dung dich duoc tiém vao hé théng HPLC/FLD
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dé do tin hiéu huynh quang, sau d6 dung do thi twong quan giita tin hiéu thu duoc
va nong do6 cac chat bisphenol phan tich [85]. Phuong trinh hdi quy tuyén tinh y
= ax + b duoc xac dinh véi hé s twong quan tuyén tinh R2,

Giéi han phat hién (LOD), Giéi han dinh lwgng (LOQ)

G161 han phat hién (LOD) va gi61 han dinh lugng (LOQ) cta cac bisphenol
duoc xac dinh dua trén d6 1éch chuan (SD) cua két qua do l1ap lai 10 lan tai né)ng
d6 chuan thap nhat 10pg/L cua cac bisphenol. LOD c6 thé xac dinh dwa vao do
déc ciia duong chuan va do léch chuan caa tin hiéu do [85].

LOD =3,3x>2 : LOQ =10x>2
a a
Trong d6: SD 1a do Iéch chuan cua tin hiéu, a 1a d6 doc caa dudng chuan.
Do léch chuan duoc tinh dya trén d6 léch chuan caa mau thém chuan & ndng do
10pg/L LOD, Iap lai thi nghiém 10 lan.

D¢ lip lai [86]

Dé xac dinh kha nang lap lai, mot miu com, bln, chéo bat ki dugc st dung
1am nén mAu dai dién v6i ndng do thém chuan 10pg/L, 40 pg/L, 140 pg/L do lap
lai 7 1an trong khoang thoi gian ngin dé dam bao phan tich su 6n dinh ciia phuong
phap. Do 13p lai (hay do chum) thé hién do léch caa mdi két qua do riéng 1& (x;)
s0 v&i két qua trung binh (xtg). P léch chuan tuong d6i (RSD):

RSD(%) = SDx 20

Xrg

Trong d6: SD 1a do léch chuan cua tin hiéu, a 1a d6 déc cua duong chuan.
Do léch chuan duoc tinh dya trén d6 léch chuan caa mau thém chuan & ndng do
10pg/L LOD, Iap lai thi nghiém 10 lan.

Do tai lap duogc tién hanh trén mau com com, bun, chao bat ki duoc st dung
1am nén mAu dai dién v6i nong do thém chuin 10pg/L, 40 pg/L, 140 pg/L do lap
lai 7 1an vai thoi gian khac nhau.
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Chwong 3. KET QUA VA THAO LUAN
3.1 Piéu kién chay phan tich mot so bisphenol trén hé théng HPLC-FLD

Trudc khi tién hanh thir nghiém trén mau, thiét bi can duoc t6i wu hoa cac
di€u kién chuan. Moi loai thiét bi cé cac diéu ki€n t6i wu khac nhau, phu thudc
vao dac tinh cua doi twong nghién ctu. Trong nghién clru nay, cac thiét bi dugc

sir dung 1a HPLC-FLD c6 sén trong phong thi nghiém.

Cac hop chat duoc st dung trong nghién ciru dam bao d6 tinh khiét dé 1am
chét tham chiéu (d6 sach theo HPLC trén 98%). Khao sat cac yéu té cua diéu kién
phan tich: hé dung méi, ti I& phan trim dung moi dung lam pha dong, téc do dong,
thé tich bom mau va budc séng quan sat va danh gia dya trén hinh dang va dién
tich tin hiéu dé lya chon diéu kién phan tich dong thai cac hop chét.

3.1.1 Xac dinh bwéc séng trén thiét bi HPLC-FLD

Budc song kich thich (Excitation Wavelength, Ae): 230 nm. Budc song
phat xa (Emission Wavelength, Aem): Diéu chinh phtt hop v6i phd phat xa cta chat
phan tich, thuong st dung 305-315 nm. Budc song phat xa dugc chon 1a Aem =
313 nm.

D6 nhay va cuong do phat hién: Téi wu dd khuéch dai tin hiéu dé tang d6 nhay

nhung tranh nhiéu nén.

U ] xR
[

’ Ape =230 nm |*

~Covrll

Hinh 3. 1: Khao sat lya chon budc song kich thich Ex trong dai 200-290 nm, véi
Aem = 313 nm, d6 nhay 7, PMT1

Két qua phan tich trén hé théng HPLC-FLD voi diéu kién phan tich di duoc
biéu dién trén sac ki do trong hinh 3.2. C6 thé thay rang hinh dang va sy phan tach
tin hiéu cua cac chat trén sic ki dd tét, phi hop dé phan tich déng thai 9 chat tham
chiéu. Pé xac dinh anh huong nhiéu nén Ién két qua phan tich cac mau com bi
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théi nhidm, ban bi thdi nhiém, banh cudn bi thdi nhiém va chao bi thdi nhiém céc
mau d6i chimg am duoc xir li va phan tich véi ciing mot diéu kién vai cac mau
thue. Sac ki do cta cac mau ddi ching am duoc so sanh voi sic ki do cta mau
tham chiéu va duoc biéu dién trong hinh dudi day. C6 thé thay rang, trén sic ki
dd cua cac mau khong xuét hién cac tin hiéu khac tai thoi gian luu cia cac chat
tham chiéu nhu hinh 3.3. Vi vy, diéu kién phan tich di duoc téi vu hoa duge dé
cap ¢ bén trén phl hop dé tién hanh phan tich cac tinh bot bj thoi nhiém tir cac
loai hop khac nhau.

Bang 3. 1 Thong tin vé thoi gian luu, do sach theo HPLC-FLD cua céc chat

tham chiéu
Tén chit Thoi giz,m luu

(pht)

Bisphenol F 4,383
Bisphenol E 4,938
Bisphenol A 5,730
Bisphenol B 7,257
Bisphenol AF 8,990
Bisphenol C 9,450
Bisphenol Z 10,157
Bisphenol P 24,533
Bisphenol G 34,007
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Hinh 3. 2: Sic ki dd c4c chat chuan bisphenol trén HPLC — FLD
Sdc ky dé cua mau trang (A) va mau chudn BPs (B) véi BPF (1), BPE (2), BPA (3), BPB (4), BPAF (5), BPC (6), BPZ (7), BPG

(8) va BPP (9)
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Hinh 3.3 Sdc ky do thé hién dnh huéng nhiéu nén 18n két qud phan tich

Scic ky do anh hieong ciia mau tinh bét va mdu chudn BPs véi BPF (1), BPE (2), BPA (3), BPB (4), BPAF (5), BPC (6), BPZ (7),

BPG (8) va BPP (9)
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3.1.2. Tham dinh phwong phéap dinh lwong
3.1.2.1. Phwong trinh dwong chudn

Puong chuan cua cac bisphenol duge xay dung véi 7 diém c6 ndng do
trong khoang 10 — 140 ppm. Céc thong s thiét bi duogc sir dung theo diéu kién da
lwra chon trong bang 2.3. Két qua thu duogc cho thiy phuong trinh dudng chuan
duoc trinh bay trong Bang va biéu dién trong Phy luc. Hé s twong quan tuyén
tinh R? cua cac phuong trinh nam trong khoang 0,99 < R2< 1,00, cho thdy mdi
quan hé tuyén tinh giira cuong do tin hiéu va nong do chat chuan, dam bao do tin

cay cua phép do mau.

Bang 3. 2: Phuong trinh dudng chuan cua cac chat

LOD LOQ
(hg/L) | (/L)

1 | Bisphenol A | y=2700,9x-9533,5 | 0,9954 | 0,943 | 3,009

STT Tén Phuong trinh R?

2 Bisphenol B | y =1962,5x - 3557,1 | 0,9943 1,001 | 3,193

3 | Bisphenol C | y=1566,9x +6185,3 | 0,9941 | 1,080 | 3,445

4 | Bisphenol E | y=2310,3x-4260,9 | 0,9962 | 1,092 | 3,485

5 | Bisphenol F | y=3648,4x-5378,9 | 0,9951 | 0,966 | 3,083

6 | Bisphenol G | y=2404,4x-854,37 | 0,9987 | 0,969 | 3,091

7 | Bisphenol AF | y =1694,5x + 4963,6 | 0,9964 | 0,269 | 0,859

8 Bisphenol Z | y =1706,5x + 5020,9 | 0,9984 | 0,476 | 1,518

9 Bisphenol P | y=6014,7x-14319 | 0,9948 | 0,753 | 2,401

3.1.2.2. Gigi han phét hiégn va gidgi han dinh luweng

G161 han phat hién (LOD) va gidi han dinh lugng (LOQ) cua cac bisphenol
duge xac dinh dya trén do 1éch chuén (SD) cua két qua do l1ap lai 10 lan tai néng
d6 chuan thap nhat ctia cac bisphenol. Két qua duoc trinh bay trong bang 3.2. Gia
tr1 LOD cua céac bisphenol dao dong trong khoang 0,269 - 1,092ug/L, tuong ung
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v6i LOQ tir 0,859 - 3,485ug/L. Nhitng gia tri nay cho thdy phwong phap HPLC-
FLD c6 d6 nhay cao, cho phép phan tich bisphenol & ndong do rét thap.

3.1.2.3. g lap lai va d¢ tai lap

Dé xac dinh kha nang lip lai, mdt mau com, bun, chao bat ki duoc sir dung
1am nén mAu dai dién v6i néng d6 thém chudn 10,0 pg/mL dé dam bao phan tich
duoc tat ca cac bisphenol lya chon. Két qua trinh bay trong bang 3.4. Gia tri
RSD% thé hién kha ning lap lai cua phép do. Vi RSD% < 2,20% cho thiy
phuong phap c6 do lip lai cao, phu hop véi tiéu chuan quéc gia TCVN
10643:2014 (dua trén AOAC 999.11) da quy dinh.

Theo tiéu chuan qubc gia TCVN 10643:2014, dugc xay dung dua trén
phuong phap AOAC 999.11, yéu cau vé do lap lai duoc quy dinh nghiém ngit
nham dam bao tinh chinh xac va do tin cdy trong phan tich du luong hoa chit hoidc
chét gy 6 nhiém trong thuc pham. Viéc dat dugc gia tri RSD% nho hon 2,20%
ching té phuong phép phan tich bisphenol 4p dung trong nghién ctru nay dap ting
day du cac tiéu chi k¥ thuat da dé ra, dam bao chat lugng va tinh chit ché trong

kiém nghiém thuc pham.

Mic du tiéu chudn nay khong dé cap truc tiép dén bisphenol, nhung van thé
hién viéc 4p dung cac phuong phap phén tich hoa hoc trong kiém tra an toan thuc
pham. Trong phan tich bisphenol, cac phong thi nghiém thuong st dung phuong
phap sac ky long hiéu niang cao két hop v6i dau do huynh quang (HPLC-FLD)
hodc dau do khéi pho (HPLC-MS/MS) nham dat duoc d6 nhay va do chinh xac
Cao.

Tuong tu, do tai lip duoc tién hanh trén mau com véi ndng d6 thém chuan
10pg/mL vai thoi gian phén tich khac nhau (tir ngay 1 dén ngay 6). Gia tri RSD%
thé hién kha nang tai lap phép do dugc tinh toan va hién thi trong bang 3.2. Cac
gia tri RSD% dao dong tur 0,852 — 3,473%. Mac du gia tri nay cao hon do lap lai
nhung van nam trong giGi han cho phép theo quy dinh cua tiéu chuan qubc gia
TCVN 10643:2014 (dya trén AOAC 999.11).
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Pon vi: pg/L

TN BPA BPB BPC BPE BPF

10 60 140 10 60 140 10 60 140 10 60 140 10 60 140
1 10,13 | 60,17 | 140,87 | 9,53 60,1 | 140,21 | 10,94 | 59,41 | 1405 | 9,54 | 59,85 | 140,75 | 10,05 | 59,9 | 140,33
2 10,32 | 59,78 | 140,18 | 9,57 | 60,23 | 140,37 | 9,61 | 59,26 | 140,07 | 9,98 | 59,69 | 140,01 | 9,66 59,9 | 141,67
3 9,94 | 59,93 | 141,17 9,9 60,07 | 140,62 | 9,40 | 59,35 | 138,06 | 9,91 | 60,03 | 140,28 | 9,99 | 59,81 | 139,94
4 10,13 | 60,1 | 140,53 | 9,91 | 60,96 | 140,32 | 9,16 | 60,29 | 139,25 | 10,02 | 59,85 | 140,99 | 9,96 | 59,89 | 140,66
5 10,07 | 59,85 | 139,36 | 9,97 | 59,21 | 139,71 | 9,38 | 60,27 | 140,81 | 10,04 | 60,43 | 139,94 | 10,00 | 59,53 | 140,28
6 10,19 | 59,85 | 139,81 | 10,07 | 59,96 | 140,58 | 9,27 | 59,93 | 141,36 | 9,82 | 61,67 | 140,66 | 9,96 | 60,22 | 140,99
TB | 10,130 | 59,947 | 140,320 | 9,825 | 60,088 | 139,960 | 9,627 | 59,752 | 140,008 | 9,885 | 60,253 | 140,438 | 9,937 | 59,875 | 140,645
SD 0,126 | 0,155 | 0,674 | 0,222 | 0,560 | 0,354 |0,661| 0,471 | 1,190 |0,187| 0,739 | 0,426 | 0,140 | 0,221 | 0,616
RSD% | 1,244 | 0,259 | 0,480 | 2,257 | 0,932 | 0,253 | 6,863 | 0,789 | 0,850 | 1,893 | 1,227 | 0,303 | 1,404 | 0,369 | 0,438
TN BPG BPAF BPZ BPP

10 60 140 10 60 140 10 60 140 10 60 140
1 9,62 | 59,81 | 140,49 | 10,05 | 60,38 | 140,40 | 9,52 | 59,85 | 140,76 | 10,03 | 59,82 | 140,27
2 10,29 | 60,12 | 140,94 | 10,15 | 60,2 | 140,30 | 10,01 | 59,89 | 140,1 | 9,89 | 60,26 | 140,54
3 9,99 | 59,83 | 140,56 | 10,25 | 60,52 | 140,46 | 9,89 | 59,87 | 140,85 | 9,97 | 59,99 | 140,87
4 9,87 | 60,00 | 139,44 | 10,38 | 60,96 | 139,03 | 9,88 | 60,5 | 139,93 | 9,91 | 59,91 | 140,82
5 9,89 | 60,35 | 139,5 | 10,02 | 60,31 | 139,54 | 9,81 | 60,87 | 139,94 | 9,96 | 58,16 | 140,45
6 9,82 | 60,44 | 140,81 | 10,38 | 60,16 | 140,27 | 9,93 | 59,54 | 141,37 | 10,02 | 57,01 | 141,54
B 9,913 | 60,092 | 140,290 | 10,205 | 60,422 | 140,000 | 9,840 | 60,087 | 140,492 | 9,963 | 59,192 | 140,748
SD 0,221 | 0,263 | 0,656 | 0,158 | 0,294 | 0,581 |0,170| 0,495 | 0,591 | 0,056 | 1,305 | 0,449
RSD% | 2,233 | 0,437 | 0,468 | 1,547 | 0,486 | 0,415 | 1,727 | 0,824 | 0,421 | 0,567 | 2,204 | 0,319
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Bang 3. 4 Két qua do danh gia do tai lip trén nén mau com

Pon vi: ug/L

STT | BPA | BPB | BPC | BPE | BPF | BPG | BPAF | BPZ | BPP

1 10,49 | 9,68 | 10,83 | 9,72 | 98 | 9,53 | 10,17 | 10,22 | 10,17

2 9,9 | 10,2 | 11,62 | 10,24 | 9,38 | 10,04 | 10,08 | 10,29 | 9,84

3 10,01 | 10,33 | 11,42 | 10,21 | 10,08 | 10,29 | 10,16 | 9,88 | 9,86

4 9,67 | 964 | 109 | 10,27 | 10,25 | 9,64 | 10,14 | 10,1 | 10,43

) 10,46 | 9,54 | 11,71 1042 | 10,2 | 9,4 | 10,07 | 10,08 | 9,78

6 9,93 | 956 | 11,26 | 9,45 | 9,69 | 9,79 | 10,02 | 10,2 | 10,2

B |10,09| 9,83 | 11,29 |10,05| 9,90 | 9,78 | 10,11 | 10,13 | 10,05

Sb 0,300 0,319 | 0,345 | 0,348 | 0,308 | 0,309 | 0,086 | 0,152 | 0,240

RSD% | 2,990 | 3,250 | 3,274 | 3,473 | 3,112 | 3,153 | 0,852 | 1,503 | 2,394

3.2 Két qua phan tich ham lwong mét so bisphenol trong cic miu nhua
Ham lugng caa 9 chat tham chiéu trong cac mau hop nhua duoc dinh luong
va biéu dién trong bang 3.5 va bang 3.6.

Cac mau hop xdp trang c6 su hién dién cua nhiéu loai bisphenol, dic biét
la BPA, v6i ham luong dao dong tir 25,166 + 2,155 ug/em? dén 29,203 + 4,975
pg/cm2, Cac loai bisphenol khac nhu BPF, BPE, BPAF, BPC, BPZ va BPG ciing
duoc phat hién vai mic d6 kha ddong déu trong cac mau, mac di mot s6 hop chét
khong dugc phat hién o tat ca cac mau. Hop nhya trong mém c6 ham luong
bisphenol cao hon dang ké so véi hop x6p trang, dic biét 1a BPA, voi muac do rat
cao, tir 375,742 + 37,266 pg/cm? dén 436,443 + 52,367 pg/cm2. Ngoai BPA, céc
loai bisphenol khac nhu BPF, BPE va BPAF ciing dugc phéat hién vai mace d6 cao,
Vé6i gid tri dao dong tir 0,329 + 0,026 pg/ecm? dén 0,571 + 0,050 pg/cm? dbi véi
BPF va tir 2,276 + 0,302 pg/cm? dén 2,788 + 0,319 pg/cm? ddi véi BPE.
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Bang 3. 5 Ham lugng mot s bisphenol trong hop xdp trang va hop nhya trong mém

Don vi: ng/cm?

Mau | Ki hiéu BPF BPE BPA BPB| BPAF BPC BPZ BPG BPP
HXT1 | 0,380 +0,045 | 0,305 0,026 | 251662155 | - 1582; 0,785 + 0,052 |19,668 + 2,857 i 3,163 + 0,077
HXT2 | 0421+0034 |0302+0,029| 25361+3192 | - 1638571i 0,831 + 0,086 |19,529 + 2,250 i 3,327 + 0,153
Hop ’
Xop | HXT3 | 04250037 [0314+0,026 286850604 | - | “o% |0841+0085 21.898+1965 - 3,471 +0,203
trang 1462 +
HXT4 | 0,407 +0060 |0298+0014| 2711041932 | - o2 | 0,810£0020 19,074+ 1,349 i 3,334 + 0.276
HXT5 | 0,449+0042 |0329+0037| 29203+4975 | - 166fggi 0,822 + 0.120 18,338 + 0.342 i 3,004 + 0,149
HNTL | 0411 +0,046 | 2443+ 0241 | 423257 +11.216 | - 462§gli 27587 + 1.450 ] 4,121 + 0,352 46,480 + 5,873
Hop | HNT2 | 0401+0,016 |2,788+0,319 391,371 +15448 | - 460398; 27,042 + 2,931 ] 4,121 +0,352| 32,870 + 0,625
32‘5‘3 HNT3 | 0,453+ 0049 | 2,538 + 0,214 | 406,972 + 58,636 | - 36936‘5‘; 27,498 + 3,374 ] 3,552 + 0.452| 32,105 + 2,572
mém 3,751 +
HNT4 | 0,329+ 0026 | 2.276 + 0,302 | 375.742 + 37.266 | - oL [27.21243.187 ] 4,743 + 0.393| 33.506 + 2,565
HNT5 | 0571+ 0050 | 2,629 + 0,399 | 436.443 + 52,367 | - 464311; 27.049 + 1,407 ] 3.828 + 0.477| 31,721 + 1.569
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Bang 3. 6 Ham luong mot sb bisphenol trong hop nhra trong ctimg va hop nhya den

Don vi: ng/cm?

Mau | Ki hiéu BPF BPE BPA BPB| BPAF BPC BPZ BPG BPP
HNC1 06432751 1,495+ 0235 | 313.873 £ 27,523 | - 4603?211 26,453 + 1,165 i 1,894 +0105| 4.914 + 0,714
| aNc2 | 9901 1 19540005 | 342325 + 13,048 | - | *302% o5 51041806 i 1,510 £ 0,095| 4449 + 0,173
Hop 0,051 L — L H — L 01460 ] — ] ] — ] ) — b
nhua | ea | 0694% | con 0 1aa 30150033448 | - | 3% 1578841 183 i 2088 + 0.185| 4.289 + 0,364
trong 0,067 0,215
cung | HNCa 064824i 0,967 + 0,065 | 300215 + 53,354 | - 3692221 26,849 + 3,538 i 1,505 + 0,042| 3,725 + 0,147
HNC5 Ofggf 1,316 + 0,033 | 322,600 + 16,160 | - 4622371 25.244 + 2,507 i 2208+ 0214| 4549 + 0,388
0.093 £ 4322+
HNDL | 000, 09650001 | 47,041£2623 | - o i i i i
unp2 | 908 50004 0062| 4740543044 | - | A191% ; ; ] ;
Hop 0,007 0,691
nhua | AND3 | OM2% | 0g3810085| 4641645254 | - | 3962% ; ; ] ;
oy 0012 |0838%0 416 25, 0.221
cn
0,084 £ 3.861 +
HND4 | O 058940008 | 4860422546 | - o i i i i
0075 % 4085+
HNDS | 0070 07850088 | 4777724975 | - o, i i i i
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Bang 3.6 cho thay rang hop nhya trong mém c6 xu hudng giai phéng nhiéu
bisphenol hon, dic biét 13 BPA, so vai hop xdp trang.

Trong cac mau hop nhya trong cimg, ham luong BPA dao dong tir 300,215
+ 53,354 pg/cm? dén 342,325 + 13,048 pg/cm?, thap hon so voi hop nhua trong
mém nhung van khé cao. Cac hop chat khac nhu BPF va BPE ciing c¢6 mit, Vi
ham lugng dao dong tir 0,403 + 0,044 pg/cm? dén 0,694 + 0,067 pg/cm? ddi véi
BPF va tir 0,967 + 0,065 pg/cm? dén 1,530 + 0,144 pg/cm? ddi véi BPE. Sy hién
dién cua céac bisphenol nay cho thay rang hop nhuya trong cing ciing cd thé gop
phan vao su théi nhiém cac hop chat bisphenol vao thuc pham.

Hop nhua den ¢ ham luong bisphenol thap nhat trong cac loai hop, Véi
murc 46 ctia BPA dao dong tir 46,416 + 5,254 pg/cm? dén 48,694 + 2 546 pg/cm?.
Cac bisphenol khac nhu BPF va BPE c6 ham luong thap hon nhiéu, tir 0,075 +
0,004 pg/cm? dén 0,112 + 0,012 pg/cm? dbi véi BPF va tir 0,589 + 0,098 pg/cm?
dén 0,965 + 0,091 pg/cm? d6i voi BPE. Sy hién dién caa bisphenol trong hop
nhya den mic di thap nhung van dang cha y.

Ki thuat phan tich thanh phan chinh (Principal Components Analysis -
PCA) 12 mot thuat toan théng ké duoc sir dung rong réi nhat trong viéc giam kich
thudc cua mot tap dir liéu. Phuong phap PCA duoc giéi thiéu lan dau tién bai
Karl Pearson vao nim 1901, duoc Harold Hotelling phat trién doc lap va dit tén
vao nhitng nam 1930. Y tuong chinh cia phuong phap PCA 1a giam kich thudc
ctia mot tap dix liéu gom sé luong bién Ién, nhung ddng thoi ciing gitr lai cang
nhiéu cang tét thdng tin trong tap dir liéu. Su giam thiéu nay dat duoc bang céch
chuyén d6i thanh mét tap hop cac bién mai, cac thanh phan chinh (PC) dugc xac
dinh bang su két hop tuyén tinh c4c bién ban dau trong dix liéu. Cac PC dugc chon
sao cho ching khdng c6 méi lién hé véi nhau va ching dugc sip xép sao cho
thanh phan dau tién biéu dién duoc nhiéu thong tin nhat cd thé trong dix liu va ti
1& ndy giam dan & cac PC tiép theo. Phuong phap PCA sir dung phép bién doi truc
giao dé bién d6i mot tap hop dir liéu tir mot khong gian nhiéu chiéu sang mot
khong gian mai it chiéu hon (2 hoic 3 chiéu) nham téi wu hoa viéc thé hién su
bién thién cua dix liéu [87]. Trong nghién ctru nay, PCA dugc sir dung dé tim ra
méi quan hé giira thanh phan héa hoc chinh cua céc loai hop xbp, nhua va xu
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hudéng thdi nhidm céc hop chét bisphenol vao mau tinh bot, phan loai dix liéu va
chi ra nhitng thanh phan dic trung cho tirng nhém.

Biéu dd sut giam phuong sai (scree plot) 1a mot cdng cu quan trong trong
phan tich thanh phan chinh (PCA) dé nhan biét dugc mutc d6 quan trong cua mdi
thanh phan chinh (Principal Component - PC) trong viéc giai thich phuong sai
cua dit liéu. Biéu d6 sut giam phuong sai (scree plot) cho thay ti 18 phuong sai ma
mdi PC duoc giai thich giam dan theo tht tu dit liéu tir PC dau tién d¢én PC cudi
cung (PC). Khuyu tay (elbow) trong scree plot 13 diém ma sau do, ty 1& phuong
sai giai thich cua cac PC giam dang ké va nhanh chéng tré nén gan nhu phang.
Piém nay thuong 1a dau hiéu cho thay sb lugng cac thanh phan chinh can thiét dé
giai thich mot phan I6n phuong sai trong dir liéu [88].

Khuyu tay danh dau vi tri ma cac PC tiép theo khong con dong gop nhiéu
VAo viéc giai thich phuong sai. Trong biéu db hinh 3.3, thiy khoang 65% phuong
sai duogc giai thich ¢ PC1, theo sau 1a PC2 va PC3 véi ti 1& phuong sai duoc biéu
dién giam nhanh chong xudng lan lugt hon 22% va 7%. Khi nhin vao biéu do,
ban s& nhan thay sy giam dan manh mé cua ty 1é phuong sai giai thich tir PC1 dén
PC3, va sau d6 céc gié tri tiép theo tré nén khong dang ké. Khuyu tay xuat hién &
day sau PC2, vi tir PC3 tro di, ty 1é phuong sai giam dan ma khong cé su dong
gop dang ké.

Khuyu tay thuong la diém quyét dinh s6 luong cac PC can thiét cho phan
tich. Téng ty 1¢ phuong sai giai thich cia PC1 va PC2 dat hon 87%, ta c6 thé lya
chon chi sir dung hai thanh phan chinh nay dé biéu dién va phan tich di liéu ma
khéng mat qué nhiéu théng tin quan trong. Vay c6 thé sir dung hai PC nay d¢ biéu
dién va phan tich toan bo dir liu.

Trong khi biéu d6 phan tan hai chiéu cho phép truc quan héa sy phan bé va
su phan nhdm mau trong khdng gian hai chiéu méi theo ki thuat giam chiéu dix
liéu thi biéu do tai cho thay cudong d6 anh hudng cua ting yéu té khao séat 1én cac
PC duéi dang vector. Tuy nhién, biéu db kép c6 thé dugc str dung dé thé hién truc
quan ca hai dir liéu trén cung lac trén mot biéu do. Theo biéu dd ¢ hinh dudi day,
PC1 (truc hoanh) biéu dién anh huong duong dang ké di véi tat ca chin yéu td
(twong wng véi 9 hop chat tham chiéu) trong khi c6 su khéc biét dang cha ¥ vé
anh huong cia cac tham sé nay déi voi PC2 (truc tung).
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65,59%

60~

N
3

Phén trim phuong sai duoc biéu dién

3,60%
049%  0,16%  0,09% 0,02%

Cac phuong sai dugc biéu dién PC1-PC8

Hinh 3. 3 Biéu d0 sut giam phuong sai ctia cac thanh phan chinh (PC1 dén PC8)

11 V BFF | -

Dim2 (22.3%)

BPQF/

0
Dim1 (66%)

Hinh 3. 4 Biéu do kép PCA clia cac mau hop véi cac chat tham chiéu

T hinh trén c6 thé thay, nhém hop nhua den (HND) nam & goc phan tu IV,
dbi dién véi goc phan tu I noi tap trung nhdm hop nhua trong mém (HNT) va
vector dai dién cho BPA. Do d6, BPA dugc coi dong thoi l1a chat chi thi duong
ctia nhém HNT va chit chi thi &m caa nhom HND. Piéu ndy c6 thé dugc minh
chtng bang dix liéu ham lwong trong bang s6 liéu. Ham lwong BPA & nhdm HNT



36

dao ddng trong khoang tir 375,742 dén 436,443 pg/cm?, cao nhat so véi cac nhém
khac va khac biét rd rét so vdi nhom HND, trong d6 BPA chi dao dong tur 46,416
dén 48,694 pg/cm2.

Trong khi d6, nhém hop xdp trang (HXT) c6 thé dugc dic trung bai su hién
dién dong thoi caa hai chat BPZ va BPAF. Ham luong BPZ & nhém HXT dao
dong tir 18,338 dén 21,898 pg/cm?, cao hon déng ké so voi ham luong & cac nhom
con lai, cho thiy vai tro dai dién cua hop chat nay déi voi nhém HXT. Tuong tu,
nhom hop nhua trong cimg (HNC) duoc dac trung baoi su hién dién cua BPC va
BPG, vai ham lugng BPC trung binh 26,389 pg/cm? va BPG trung binh 1,877
pg/cma,

Ngoai ra, tat ca cac chi sd bisphenol, dic biét Ia BPA, BPZ va BPAF, c6 thé
duoc coi | chi thi Am ctia nhém HND, do nhém nay duge xac dinh & vi tri xa nhat
vé phia &m cua truc hoanh (Dim1), tch biét véi cac nhom con lai. Biéu d6 ciing
cho thay su khac biét rd rét vé ham lugng BPA va cac hop chét lién quan giira
bdn nhém mau, tir d6 khang dinh vai tro phan biét cua cac chat nay déi vai ting
nhom vat liéu.

Nhin chung, ham luong cta phan 16n cac bisphenol cao hon rd rét & cac
nhém hop nhya trong mém va nhya trong cting, cho thay méi lién quan giira tinh
chat vat liéu va kha nang phat thai hda chat. Phat hién nay phi hop véi cac nghién
ctru trude ddy cho thay cac san pham nhua trong, dic biét 1a khi tiép xtc nhiét
hodc 1au dai, c6 xu hudng giai phdng BPA va céc bisphenol khac véi nong do cao
hon. Két qua ndy cho thay su can thiét phai kiém soat chat luong va giam sat hoa
chét trong bao bi thuc pham, dic biét 12 hop nhya trong mém va cing, nham dam
bao an toan cho stc khoe nguoi tiéu ding. Phat hién nay khang dinh kha ning
phan biét va kiém soét chat luong ciia cac nhdm mau nghién ciru. Két hop véi cac
dix liéu sinh hoc va héa hoc lién quan da dugc cdng bd, két qua nghién ciu gop
phan l1am séng to vai tro cia cac chi s6 BPZ, BPF, BPAF va BPE trong viéc dic
trung, phan loai va danh gia chét luong c4c nhdm mau.

Dua trén biéu d6 PCA, c6 thé thdy vector BPA huéng vé phia bén trai do thi,
gan véi nhom HNT, cho thdy BPA 1a mét bién c6 anh huong tich cuc d6i véi
nhém mau nay. Ham lugng BPA trong nhém HNT cao hon rd rét so Vi cac nhom
khac, va su khac biét nay dugc minh hoa rd qua biéu do hop sau dy. Piéu nay



37

x&c nhan rang BPA la yéu té quan trong trong viéc dic trung héa nhém HNT.
Anh huong cia BPA ddi voi su phan tach nhdm mau ciing phan anh sy lién két
giira bién nay va cac hop chét dic trung c6 trong nhém HNT. Su hién dién va ham
lwgng cao cua BPA trong nhém HNT c6 thé lién quan dén cac dic diém sinh hoa,
ngudn goc hoidc quy trinh xt 1y dac thi cia nhém nay. Nguoc lai, cac nhém HNC,
HND va HXT nam & phia ddi dién, xa khoi huéng vector BPA, cho thay BPA c6
anh huong tiéu cuc ddi véi cac nhom nay. Dac biét, nhdm HND va HXT c6 ham
lugng BPA thap nhat, diéu nay cang lam rd vai trd phan loai cia BPA trong viéc
phan biét nhém HNT véi cac nhdm con lai. Két qua nay hoan toan phu hop Véi
gia thuyét rang cac hop chat dai dién cia nhém HNT bj anh huéng boi BPA va
c6 xu hudng thay doi dong bo vai bién nay. Vi vay, BPA khdng chi 1a mét bién
quan trong trong md hinh PCA ma con ¢6 thé duoc sir dung nhu mét chi thi hoa
hoc dé nhan dién va kiém soat chat lwong cac mau thuoc nhém HNT.

3.3 Phan tich miu nén tinh bjt

Ham luong mot sé bisphenol duoc phét hién trong cac mau ban, com, banh
cudn, chao khi tiép xtc vai hop x6p, hop nhwa trong cing, hop nhua trong mém,
hop nhua den thé hién & bang 3.7.

Két qua phan tich cho thdy BPA 1a chat thdi nhiém phé bién nhat trong ca
hai loai bao bi thuc pham duoc khao sat, gdbm hop x6p va hép nhua trong cing.
BPA xuat hién trong hau hét cac mau thuc pham, véi nong do trong hop x6p cao
hon dang ké so véi hop nhua. Bic biét, & mau com va chao, ham lugng BPA trong
hop xdp dao dong tir khoang 38 pg/kg dén hon 79 pg/kg, cao vuot troi o Vi cac
loai thyc pham khac. Trong khi d6, ddi véi hop nhua, ham luong BPA trong céac
mau com va chéo ciing ghi nhin xu hudng ting theo thoi gian nhung & muc thap
hon, tir khoang 5 pg/kg dén 10 pg/kg. Riéng mau bun, ham luong BPA 6n dinh
quanh muc 5 pg/kg va khong bién dong déng ké theo thoi gian, cho thay muc thoi
nhidm thap va 6n dinh. Ngoai BPA, cac hop chat khac nhu BPZ va BPE ciing
duoc phét hién nhung xuét hién cé chon loc va tily thudc vao loai bao bi ciing nhu
dic tinh caa thyc pham. BPZ chi duoc tim thay trong hop xdp dung banh cudn va
chéo, vai ndng do cao dang ké, dac biét 1a trong banh cudn (1én dén gan 30 pg/kg
sau 20 phut). Biéu nay cho thay BPZ c6 kha ning thoi nhiém manh trong moi
truomg c6 dd am cao va co thé chira chat béo. Trong khi d6, BPE chi xuat hién
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trong hop nhua dung com va chao, voi ndng do tang dan theo thoi gian tiép xuc,

tir khoang 0,6 pg/kg dén hon 7 pg/kg sau 20 phit.

Xu huéng thdi nhidm theo thoi gian ciing dwgc ghi nhan rd nét trong hau hét
cac mau. C4c hop chét c6 xu hudng thdi nhiém manh hon khi thoi gian tiép xuc
kéo dai, dic biét & cac mau thuc pham néng hoac chia nhiéu nude nhu chéo va
com. Piéu nay phu hop véi co ché khuéch tan chat thoi nhiém tir vat liéu bao bi
vao thuc pham dudi tac dong cua nhiét do va thoi gian. Nguoc lai, nhitng thuc
pham c6 nhiét 6 thip hon hodc it 4m, nhu ban, cho thady muc thdi nhidém thap va
khong bién d6i nhiéu.

Bang 3. 7: Ham luong mot s6 bisphenol trong cic mau thirc in dung trong hdp

x6p, hop nhua trong climg

Pon vi: pg/kg miu

Mau | Thoi Hop x0p Hop nhua trong cing
tinh gian
A , BPA BPZ BPA BPE

bot | (phat)

5 5,154+1,019 - 1,027+0,001 -
) 10 5,141+1,046 - 1,024+0,001 -

Bun 15 5,180+1,025 - 1,045+0,004 -
20 5,159+1,012 - 1,029+0,001 -
5 65,476+1,029 - 7,835+0,086 | 0,630+0,056

Com 10 |65,448+3,058 - 7,728+0,062 | 0,589+0,076
15 |65,479+4,044 - 8,819+0,084 | 1,018+0,095
20 | 65,522+2,022 - 8,7750,065 | 1,3433%0,056
5 6,367+0,502 | 21,054+1,511 | 2,281+0,138 -

Banh 10 6,595+0,834 | 29,924+1,601 | 3,410+0,197 -

cubn 15 6,752+0,559 | 29,945+1,504 | 3,916+0,146 -
20 6,740+0,671 | 29,999+1,655 | 3,939+0,065 -
5 38,304+1,119 | 6,613+1,021 | 5,119+1,360 | 3,163%0,635

Chio 10 59,861+1,14 | 12,689+2,088 | 10,874+0,904 | 5,326%0,665
15 |79,217+1,908 | 13,600+1,569 | 10,889+1,291 | 6,471+0,379
20 |78,340+1,984 | 15,577+1,060 | 10,849+2,761 | 7,334%0,442
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Bang 3. 8: Ham luong mot s6 bisphenol trong cac mau thirc an dung trong hdp

nhya den, hop nhya trong mém

DPon vi: pg/kg miu

Mau Thot Hop nhua . \
] ] Hop nhya trong mém
tinh gian den
bot (phat) BPA BPA BPE BPC
5 1,037+0,905 | 3,399+0,065 |0,511+0,035 -
BN 10 1,039+0,083 | 3,422+0,083 |0,477+0,023 -
15 1,051+0,464 | 3,721+0,540 |0,824+0,123 -
20 1,029+0,002 | 3,631+0,264 |1,088+0,073 -
5 2,858+0,080 |13,167+1,504 | 1,096+0,076 | 5,154+0,710
Com 10 2,935+0,053 | 15,150+2,010 | 1,669+0,175 | 5,150+0,950
15 2,929+0,094 | 15,028+2,701 | 1,644+0,061 | 5,154+1,013
20 1,839+0,103 | 15,025+1,811 | 2,066+0,057 | 5,157+0,812
5 1,883+0,047 | 8,843+0,188 - -
Banh 10 1,920+0,103 | 9,649+0,124 - -
cudn 15 1,977+0,089 | 9,819+0,296 - -
20 1,980+0,057 |10,521+0,167 - -
5 19,926+1,085 | 7,969+1,053 | 2,037+0,405 | 7,554+0,910
) 10 20,817+2,327 | 17,147£1,453 | 7,039+0,583 | 8,205+0,850
Chao 15 20,333+1,567 | 22,556+1,046 | 9,051+0,464 | 9,954+1,011
20 20,889+1,625 | 28,175+1,489 | 9,229+0,502 | 9,967+0,922

3.3.1 Ham lwong cac bisphenol trong mau chao dwng trong hdp xép, hép
nhwa trong cing, hdp nhwa trong mém, hdp nhwra den thay déi theo thai gian.

Mau néng (& nhiét do bat dau 100°C) tiép xuc vai cac loai hop khac nhau

theo tirng khoang thoi gian (5, 10, 15, 20 phdt), dugc chiét theo quy trinh & muc
2.2.1. Két qua phan tich cho thay chu yéu bisphenol A bi théi nhiém. Ngoai ra con
xuat hién thém céc bisphenol E, Z, C.
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Hinh 3. 5: Biéu d6 ham luong bisphenol Z trong mau chao bi théi nhiém hop
x6p
BPZ chi xuat hién & mau chéo tir hop x4p Véi gid tri ting dan theo thoi gian
tiép xtc tr 6,613 dén 15,577 pg/kg. Sau 15 phat khéng c6 su bién dong dang ké.
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Hinh 3. 6 Biéu d6 ham lugng bisphenol C trong mau chéo bj thdi nhiém hop
nhya trong meém

Qua biéu @b 3.6 thay BPC trong mau chéo bi thdi nhiém hop nhya trong
mém c0 gia trj taing dan theo thoi gian tir 7,544 dén 9,967ug/kg, dén sau phut 15
lwogng thdi nhidm ting khong dang ké.
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Hinh 3. 7 Biéu d6 ham lugng bisphenol E trong mau chéo bj théi nhiém
Trong mau chdo ¢ biéu d6 hinh 3.7, BPE c6 sy thdi nhiém tir hop nhua
trong. O thoi diém 5 phit dau, ham lugng BPE thdi nhiém tir HNC cao hon HNT.
Tuy nhién, ¢ cac khoang thoi gian sau, ham lugng BPE tir HNT vuot Ién va cao
hon HNC. Qua trinh théi nhiém BPE ting nhanh trong 10 phat dau tién va cé xu
hudéng chiing lai tir 15 dén 20 phat.
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Hinh 3. 8 Biéu d6 ham luong BPA trong mau chéo

Qua biéu do hinh 3.8, ham lugng BPA trong mau chéo tiép xtic voi hop xop
thay doi ro rét theo thoi gian va tuy thudc vao loai vat liéu:
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O mau HNT, ham lugng BPA ban dau thip hon so v6i HX nhung ting dan
theo thoi gian, tr 7,969 pg/kg (5 phut) 1én 28,175 pg/kg (20 phat). Xu hudng nay
phan &nh kha nang giai phong BPA 6n dinh nhung dang ké cua hop HNT trong
sudt qué trinh tiép xc.

Déi véi miu HNC, ham lwgng BPA thap nhat trong tat ca céc loai hop, chi
dao dong tir 5,119 pg/kg (5 phat) dén 10,889 pg/kg (15 phit) va gan nhu khong
thay doi & 20 phut (10,849 pg/kg). Diéu nay cho thay hop HNC c6 mic do thdi
nhim BPA thap va 6n dinh theo thoi gian.

Mau HND ghi nhan ham luong BPA trong mau chdo dao dong nhe tur
19,926 pg/kg (5 phat) dén 20,889 pg/kg (20 phat). Khéng giéng nhu HX va HNT,
ham lugng BPA & HND khong tiang dang ké theo thoi gian, cho thay hién tuong
thdi nhiém chua yéu xay ra trong giai doan dau tiép xuc.

Tong thé, ham luong BPA trong cic mau chao cd xu hudng ting theo thoi
gian tiép xtic d6i voi hau hét cac loai hop, phan anh sy thdi nhiém BPA tir bao bi
vao thuc pham. Hop HX thé hién nguy co thdi nhiém cao nhat, dic biét trong 15
phat dau. Hop HNT c6 mic thdi nhidém trung binh va ting dan theo thoi gian. Hop
HNC c6 muc thoi nhiém thap nhat va on dinh sau 10 phut, trong khi hop HND
chi ghi nhan thdi nhiém ban dau véi su thay d6i khong dang ké sau do.

3.3.2 Ham lwong mét sb bisphenol trong mau ban dung trong hap xép, hép
nhwa trong cieng, hép nhwa trong mém, hép nhwa den thay déi theo thai gian

Mau néng (& nhiét do bit dau 100°C) tiép xuc voi cac loai hop khac nhau
theo ting khoang thoi gian (5, 10, 15, 20 phut), duoc chiét theo quy trinh & muc
2.2.1. Két qua phan tich cho thay chu yéu bisphenol A bi thoi nhiém.

Trong biéu d6 hinh 3.9: Ham luong BPE xuat hién & mau bun tiép xtc hop
nhua trong mém. Luong BPE bit dau & mirc 0,630 pg/g va ting dan 1én 1,343
Hg/g sau 20 phut. Ham Iwgng BPE c6 xu hudng tang theo thoi gian.
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Hinh 3. 10 Biéu d6 ham lugng BPA trong mau ban
Tir biéu do hinh 3.10:

Dir liéu vé ham luong bisphenol A (BPA) trong mau bun sau khi tiép x(c
vé6i bdn loai hop (HX, HNT, HNC, HND) cho thay khong c6 su thay d6i dang ké
theo thoi gian. Hop HND ghi nhan micc BPA cao nhat, dao dong tir 10,037 dén
10,051 pg/kg va on dinh trong sudt quéa trinh thir nghiém, cho thay hién tuong
théi nhiém xay ra ngay tir dau ma khong tiép tuc ting theo thoi gian.

Tuong tu, hop HNC ciing c6 muc thdi nhiém BPA cao nhung thap hon so
véi HND, dao dong tir 8,027 dén 8,045 pg/kg va khdng co sy gia ting theo thoi
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gian. Trong khi d6, hop HNT ghi nhan ham lugng BPA thap hon (7,399-7,631
ng/kg) va c6 xu hudéng ting nhe, phan anh hién tuong thoi nhiém cham nhung
lien tuc. Pang cha y, hop HX c6 mac BPA thap nhat va 6n dinh nhat (5,141
5,180 pg/kg), cho thay kha ning thoi nhidm BPA thap khi tiép xuc véi ban.

Nhin chung, ham lugng BPA trong mau bun khong ting déng ké theo thoi
gian, khac biét so vai mau chao. Hop HND c¢6 mic thdi nhiém cao nhat nhung on
dinh, trong khi HNC ¢6 mic thdi nhiém thap hon HND nhung cao hon cac nhém
con lai. Hop HNT cho thdy xu hudng thdi nhiém cham, con hop HX ¢ mirc BPA
thap va 6n dinh nhat. So véi mau chio, ham luong BPA trong mau ban thap hon
dang ké va it bién dong, cd thé do dic tinh vat ly caa thuc pham: chao cé nhiét do
cao va trang théi long nén dé thuc day qua trinh théi nhiém BPA manh hon so véi
bun.

3.3.3 Ham lwong mdt sé bisphenol trong miu com dwng trong hp xép, hép
nhwa trong cieng, hép nhwa trong mém, hép nhwra den thay déi theo thoi gian

Mau néng (& nhiét do bat dau 100°C) tiép xuc vai cac loai hop khac nhau
theo tirng khoang thoi gian duge chiét theo quy trinh ¢ muc 2.2.1.

o
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Hinh 3. 11 Bi¢u d6 ham lugng bisphenol C trong miu com bj thdi nhiém tir hop
nhya trong mém

Khéac véi BPC bi théi nhiém & mau chao, ham luong BPC bi thoi nhiém
trong com duy tri 6n dinh trong khoang 5,145 — 5,157 pg/g tir 5 dén 20 phut.
Lugng BPC bi thoi nhiém gan nhu ngay 1ap tirc khi com tiép xtic v6i hop nhua
trong mém. Sau thoi diém 5 phut tiép xtc, ham luong BPC duy tri 6n dinh, khong

c¢6 thém qua trinh thoi nhiém dang ké.
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Hinh 3. 12: Biéu d6 ham luong bisphenol E trong mau com (pg/kg mau)

Tir biéu d6 hinh 3.12 trong mau com, BPE chu yéu thoi nhiém tir hop nhwra
trong va hop nhua cimg. Ham luong BPE trong mau sir dung hop nhua trong
(HNT) ludn cao hon so voi hop nhya cimg (HNC) trong sudt qua trinh khao sat.
Pic biét, su thoi nhiém BPE tir HNT ting nhanh trong 10 phut dau, sau do tiép
tuc tang nhung voi tbc dd cham hon. Ham luong BPE c6 xu hudng ting theo thoi
gian, cho thay qua trinh thoi nhiém BPE c6 thé dién ra tir tir thay vi ngay lap tirc
nhu BPC.

70
= 60
I(§
en 50
=
E ——HX
<
E 30 HNT

HN

£ 20 ¢
g HND
g 10
E

0

5 10 15 20
Thoi gian (Phat)

Hinh 3. 13 Biéu d ham lugng BPA trong mau com
Tir biéu d6 hinh 3.13, sy thay d6i ham luong bisphenol A (BPA) thdi nhiém
trong mau com tiép xuc véi cac loai hop khac nhau theo thoi gian va theo vat liéu
cho thay nhimg xu hudng dic trung. Hop HX ghi nhan mac BPA cao nhat, dao
dong tir 65,476 dén 65,522 pg/kg va gan nhu khong thay doi theo thoi gian. Diéu
nay cho thay BPA da thoi nhiém vao com ngay tir giai doan dau tiép xuc va dat
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trang thai bdo hoa, khong tiép tuc gia taing. Hop HNT ¢6 muc thdi nhiém trung
binh, tang tir 13,167 pg/kg (5 phat) 1én 15,150 pg/kg (10 phut), sau d6 6n dinh
quanh mac 15,025 pg/kg. Hop HNC c6 ham lwgng BPA thap hon (7,728-8,819
Hg/kg) vai su gia tang nhe theo thoi gian. Bang chu y, hop HND ghi nhan muc
thoi nhiém BPA thap nhét, chi dao dong tir 2,858 pg/kg (5 phit) dén 2,839 pg/kg
(20 phut), cho thay mic d6 thdi nhidm rat thap va 6n dinh.

Nhin chung, hop HX c¢6 ham lugng BPA théi nhim vao com cao nhét
nhung 6n dinh theo thoi gian; hop HNT c6 xu hudng ting nhe va dat trang thai
can bang sau 10 phut; hop HNC ghi nhan sy dao dong 16n nhét, ¢ thé do co ché
giai phong BPA dic biét; trong khi d6 hop HND cho thay mic thdi nhiém thap
va 6n dinh nhat. So véi cac thuc pham khac nhu chéo, ban va banh cudn, mau
com c6 mitc BPA cao hon dang ké, dac biét khi tiép xuc vai hop HX. Nguyén
nhan c6 thé do dic tinh vat Iy cua com — it nudc nhung giit nhiét 1au — tao diéu
kién thuan lgi cho BPA thdi nhidm nhanh chéng ngay tir dau.

3.3.4 Ham lwong mét so bisphenol trong mau banh cuén tiép xdc trong hép
xop, hop nhwa trong cing, hop nhwa trong mém, hép nhura den thay doi theo
thoi gian

Mau néng (& nhiét do bit dau 100°C) tiép xuc vai cac loai hop khac nhau
theo tung khodng thoi gian (5, 10, 15, 20 phut), duoc chiét theo quy trinh & muc
2.2.1. Két qua phan tich cho thay chii yéu bisphenol A bi thoi nhiém.
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Hinh 3. 14: Biéu d6 ham lurong BPZ trong mau banh cuén bj thdi nhidm tir hop
xop (1g/kg mau)
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Tir biéu d6 hinh 3.14, sy thoi nhiém BPZ chi yéu dién ra trong 5-10 phut

dau, sau d6 6n dinh du thoi gian tiép xtc kéo dai thém.
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Hinh 3. 15 Biéu d6 ham lugng BPA trong mau banh cudn

Biéu d6 hinh 3.15, hop HNT c6 mic BPA cao nhat, tir 8,843 pg/kg (5 phit)
1én 10,521 pg/kg (20 phat), cho thay cé sy thoi nhiém BPA lién tuc va manh theo
thot gian. Hop HX c¢6 mirc BPA trung binh, dao dong tur 6,367 ug/kg 1én 6,74
ng/kg, voi su gia tang nhe nhung khong qué 16n. Trong khi do, hop HNC cé muc
thoi nhiém thap hon, ban dau chi 2,281 pg/kg (5 phut) va ting dan 1én 3,939 ng/kg
(20 phuat), nhung van thap hon nhiéu so véi HX va HNT. Dac biét, hop HND c6
muc BPA thép nhét va 6n dinh nhat, chi dao dong nhe tir 1,883 pg/kg dén 1,98
ng/kg, cho thay it thoi nhiém BPA vao thyc pham.

So v6i mau chao va bun trude d6, ham lugng BPA trong mau banh cudn co
xu hudng thap hon so véi chdo nhung cao hon so véi bun. Diéu nay ¢6 thé do ddc
tinh cua banh cudn — c6 d§ am cao nhung khong gilt nhiét 1au nhu chédo, khién

qué trinh thoi nhiém BPA dién ra chdm hon nhung van x4y ra.
3.3.5 Panh gia chung cac bisphenol bi théi nhiém

Nhin chung, mau chéo cho thdy mirc d6 thoi nhiém BPA va BPZ cao nhat

trong tat ca céac loai thuc phém khao sat, dac biét ro rét trong hdp nhya den va hop
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x6p. Piéu nay cho thiy thuc pham c6 dang 10ng va nhiét do cao co thé thic day
qua trinh thoi nhidm cac hop chat nay. Mau com c¢6 murc thoi nhiém BPA & mirc
trung binh, tuy nhién, ham luong BPA c6 xu hudng ting dang ké sau 5 phut tiép
xtc v6i hop, cho thiy thoi gian tiép xtc ciing 1 yéu t6 anh huéng quan trong.
Trong khi d6, mau btin va banh cudn ghi nhan mirc d6 thoi nhiém BPA thép nhit,
v6i su dao dong tuong ddi nho gitra cac loai hdp, co thé do dic tinh thue phém

ngudi nhanh va it gilr nhiét hon.

Hop chat BPE c6 su hién dién rd rét trong com, chdo, va bin nhung khong
xuét hién trong banh cudn. Cac mau thuc phim dong trong hop nhua cing thuong
c6 muc do0 BPE cao hon, dic bi¢t 1a khi thor gian tiép xuc vo1 bao bi lau hon.

Chéo c6 mirc 6 BPE cao nhit trong moi thoi gian va hop.

Com bi thoi nhiém luong BPC dang chu y, chu yéu khi dugc dung trong hop
nhua trong. BPZ chi xuét hién & mau chao, banh cudn tir hop xbp voi gia tri ting
dan theo thoi gian tiép xuc, diéu ndy cho thiy hop xbp c6 thé 1a ngudn dic trung
thoi nhiém BPZ.

Bang 3. 9 Bang so sanh giira cc loai bao bi dung thuc pham

Loai hap I:ﬁg‘n']“ggg 8P Q)bdgli‘;' Cac bisphenol khac

Hop xép 79,217 + 1,908 pg/kg Xuat hién BPZ; thoi nhiém kép
' (chao, 15 phat) BPA va BPZ.

Hop nhua | 28,175+1,489 pg/kg (chdo, | Thoi nhiém BPE va BPC déng ke,

trong mém | 20 pht) dac biét khi dung com, chéo.

Hop nhya | 10,849+2,761 pg/kg (chdo, | Thoi nhiém BPE r6 rét, dic biét véi

trong ctrng | 20 phat) thuc pham néng.

Hop nhua | 20,889+1,625u9/kg (chao,

den 20 phat)
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KET LUAN VA KIEN NGHI
KET LUAN

1. B3 tham dinh thanh cong phuong phap dinh luong cac bisphenol bang sic ky
long hiéu niang cao két hop dau do huynh quang (HPLC-FLD) véi do tuyén tinh
cao (0,99 <R?<1), gidi han phat hién (LOD) va gidi han dinh lugng (LOQ) thép,
chuing té phuong phap c6 d6 nhay cao va do tin cdy tot. Do lap lai va do tai lap
ctia phuong phap dat yéu cau theo tiéu chuan quéc gia TCVN 10643:2014 voi
RSD% déu nam trong gii han cho phép.

2. Két qua phan tich thyc té trén cac miu hop nhua cho thay ham lugng bisphenol,
dic biét 1a BPA, xuét hién phé bién véi néng dd cao nhit & cac mau hop nhya
trong mém va hop nhya trong cung, thap hon & hop xbp tring va hop nhya den.
Ngoai ra, mot ) bisphenol khac nhu BPF, BPZ, BPAF va BPP ciing dugc phat

hién ¢ nong d6 dang ké tily vao timg loai vat liéu.

3. Tir qua trinh phan tich mot s6 hop chat bisphenol thoi nhidm tir bao bi nhya 1én
cac mau thuc pham nén tinh bt (com, bun, banh cudn, ch&o), nghién cru da dua

ra cac két luan nhu sau:
Mtrc d6 thoi nhiém bisphenol phu thudc vao loai bao bi va loai thuc phém
« Hop nhua ctng va hop nhua den c6 nguy co giai phong BPA cao nhét
« Chéo c6 muc thoi nhidm bisphenol cao hon so vi bun, com va banh cuén
Bisphenol A (BPA) 1a hop chat dé c6 kha niang thoi nhiém
Nhiét d6 va thoi gian tiép xtic anh huéng dén mire thdi nhidm bisphenol

« Mau thuc pham c6 nhiét dd cao hon hoic tiép xuc lau hon véi bao bi nhya

c6 xu hudng hap thu bisphenol nhiéu hon.
« Thuc pham néng 1am gia ting qua trinh thoi nhiém bisphenol.
KIEN NGHI
Péi voi nguoi tidu ding
« Han ché dung bao bi nhya dé dung thuc phdm néng, dic biét 1a chao, bin,
vi nhiét do cao c6 thé 1am ting mirc thoi nhiém bisphenol.

« Uu tién st dung bao bi an toan nhu thay tinh, inox hodc gidy thuc pham
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thay vi hop x6p tring trong hodc nhya den.

Tranh st dung hop nhua nhiéu 1an, dic biét khi d3 bi trﬁy xudc hoac tiép

xuc vo1i nhiét do cao.

D61 vo1 nha san xuat thuc pham va bao bi

Nghién ctru va phat trién cac loai bao bi nhwa an toan hon, khéng chua
bisphenol hodc ¢6 kha ning thoi nhiém thép.

Ghi nhén rd rang trén bao bi vé kha ning chiu nhiét va huéng dan st dung
an toan cho nguoi tiéu dung.

D061 véi co quan quan 1y

Ban hanh quy dinh chit ché hon vé giéi han thoi nhiém bisphenol trong bao
bi thuc phém, dic biét ddi véi thuc phém nong va thuc phém c6 do 4m cao.
Tang cuong kiém tra va giam sat chat lugng bao bi nhya trén thi truong,

dam bao san pham déap Ung ti€u chuan an toan.

D01 véi phat trién dé tai

Khdo sat so sanh mirc d6 thoi nhiém Bisphenol tir cac loai bao bi nhua trén
cac loai thyc pham khac nhu nén béo, nén long.

Tiép tuc nghién ctru thém cac hop chat khac c6 nguy co thoi nhidém tir bao
bi nhua trén nén thuc pham.
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Phu luc

Thanh phan dinh du@ng DV | Ham lwgng | TLTK Thanh phan dinh du@ng PV | Hamlwong | TLTK
(Nutrients) (Unit) | (Value) |(Source) (Nutrients) (Unit) (Value) (Source)

Nwére (Water) g 14.0 1 Téng sé isoflavon (Total isoflavone) mg -
Nang lwgng (Energy) KCal 344 Daidzein mg -

KJ 1439 Genistein mg -
Protein g 79 1 Glycetin mg -
Lipid (Fat) g 10 1 Téng sé acid béo no g 0.160 3
Glucid (Carbohydrate) g 75.9 1 (Total saturated fatty acid)
Celluloza (Fiber) g 0.4 1 Palmitic (C16:0) g 0.140 3
Tro (Ash) g 0.8 1 Margaric (C17:0) g 0.000 3
Buwéng tdng sb (Sugar) g - Stearic (C18:0) g 0.010 3

Galactoza (Galactose) g - Arachidic (C20:0) g 0.000 3

Maltoza (Maltose) g - Behenic (22:0) [+] 0.000 3

Lactoza (Lactose) g - Lignoceric (C24:0) g 0.000 3

Fructoza (Fructose) g - TS acid béo khéng no 1 néi dai [+] 0.180 3

Glucoza (Glucose) g - (Total monounsaturated fatty acid)

Sacaroza (Sucrose) g - Myristoleic (C14:1) [+] 0.000 3
Calci (Calcium) mg 30 1 Palmitoleic (C16:1) g 0.000 3
Sat (Iron) mg 1.30 1 Oleic (C18:1) [+] 0.180 3
Magié (Magnesium) mg 14 1 TS acid béo khéng no nhiéu ndi déi g 0.160 3
Mangan (Manganese) mg 0.900 1 (Total polyunsaturated fatty acid)

Phospho (Phosphorous) mg 104 1 Linoleic (C18:2 n6) g 0.130 3
Kali (Potassium) mg 241 1 Linolenic (C18:2 n3) [+] 0.030 3
Natri (Sodium) mg 5 1 Arachidonic (C20:4) g 0.000 3
Kém (Zinc) mg 1.50 1 Eicosapentaenoic (C20:5n3) '] 0.000 3
Péng (Copper) ug 230 1 Docosahexaenoic (C22:6 n3) g 0.000 3
Selen (Selenium) ug 318 1 TS acid béo trans (Total trans fatly acid) [+] -

Vitamin C (Ascorbic acid) mg i} 1 Cholesterol mg 0 3
Vitamin B1 ( Thiamine) mg 0.10 1 Phytosterol mg -

Vitamin B2 (Riboflavin) mg 0.03 1 Lysin mg 239 3
Vitamin PP {Miacin) mg 16 1 Methionin mg 1585 3
Vitamin B5 (Pantothenic acid) mg 1.342 3 Tryptophan mg 77 3
Vitamin B6 (Pyridoxine) mg 0.145 3 Phenylalanin mg 353 3
Folat (Folate) ug 9 3 Threonin mg 236 3
Vitamin B9 (Folic acid) ug 0 3 Valin mg 403 3
Vitamin H (Biotin ) ug 3 5 Leucin mg 546 3
Vitamin B12 (Cyanocobalamine) ug 0 3 Isoleucin mg 285 3
Vitamin A {Retinol) ug 0 1 Arginin mg 551 3
Vitamin D (Calciferol ) ug - Histidin mg 155 3
Vitamin E (Alpha-tocopherol ) mg - Cystin mg 135 3
Vitamin K (Phyllogquinone) ug - Tyrosin mg 221 3
Beta-caroten ug 0 3 Alanin mg 383 3
Alpha-caroten ug 0 3 Acid aspartic mg 621 3
Beta-cryptoxanthin ug 0 3 Acid glutamic mg 1288 3
Lycopen ug 0 3 Glycin mg 301 3
Lutein + Zeaxanthin ug 0 3 Prolin mg 31 3
Purin mg - Serin mg 347 3

Phu luc hinh 1: Bdng thanh phan dinh dwéng cua gao té may trong 100g phan
an dwoc
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Thanh phan dinh dugng BV |Ham lugng | TLTK Thanh phan dinh dudng DV | Hamlwong | TLTK
(Nutrients) (Unit)| (Value) [({Source) (Nutrients) (Unit) (Value) (Source)

Nwére (Water) g 13.9 2 Téng so isoflavon (Total isoflavone) mg -
Nang lwong (Energy) KCal 346 Daidzein mg -

KJ 1447 Genistein mg -
Protein g 8.4 2 Glycetin mg -
Lipid (Fat) g 1.6 2 Téng sb acid béo no g 0.110 3
Glucid (Carbohydrate) g 749 2 (Total saturated fatty acid)
Celluloza (Fiber) g 0.5 2 Palmitic (C16:0) g 0.090 3
Tro (Ash) g 0.7 2 Margaric (C17:0) [+] 0.000 3
Buomng téng so (Sugar) g - Stearic (C18:0) g 0.010 3

Galactoza (Galactose) g - Arachidic (C20:0) g 0.000 3

Maltoza (Maltose) g - Behenic (22:0) g 0.000 3

Lactoza (Lactose) g - Lignoceric (C24:0) g 0.000 3

Fructoza (Fructose) g - TS acid béo khéng no 1 noi dbi [+] 0.200 3

Glucoza (Giucose) g - (Total monounsaturated fatty acid)

Sacaroza (Sucrose) g - Myristoleic (C14:1) g 0.000 3
Calci (Calcium) mg 16 2 Palmitoleic (C16:1) g 0.000 3
Sat (iron) mg 1.20 2 Oleic (C18:1) g 0.200 3
Magié (Magnesium) mg 17 2 TS acid béo khang no nhigu néi dbi g 0.200 3
Mangan (Manganese) mg 1.100 2 (Total polyunsaturated fatty acid)

Phospho (Phosphorous) mg 130 2 Linoleic (C18:2 n6) g 0.190 3
Kali (Potassium) mg 282 2 Linolenic {C18:2 n3) g 0.010 3
Natri (Sodium) mg 3 2 Arachidonic (C20:4) g 0.000 3
Kem (Zinc) mg 2.20 2 Eicosapentaenoic (C20:5 n3) g 0.000 3
Pong (Copper) ug 280 2 Docosahexaenoic (C22:6 n3) g 0.000 3
Selen (Selenium) ug 15.1 3 TS acid béo trans (Total trans fatly acid) [+] -

Vitamin C (Ascorbic acid) mg 0 3 Cholesterol mg 0 3
Vitamin B1 ( Thiamine) mg 0.16 2 Phytosterol mg -

Vitamin B2 (Riboflawvin) mg 0.06 2 Lysin mg 246 3
Vitamin PP (Niacin) mg 24 2 Methionin mg 160 3
Vitamin B5 (Pantothenic acid) mg 0.284 3 Tryptophan mg 79 3
Vitamin B6 (Pyridoxine) mg 0.107 3 Phenylalanin mg 364 3
Folat (Folate) ug 7 3 Threonin mg 244 3
Vitamin B9 (Folic acid) ug 0 3 Valin mg 416 3
Vitamin H (Biotin) ug - Leucin mg 563 3
Vitamin B12 (Cyanocobalaming) ug 0 3 Isoleucin mg 294 3
Vitamin A (Retinol) ug 0 3 Arginin mg 568 3
Vitamin D (Calciferol ) ug - Histidin mg 160 3
Vitamin E (Alpha-tocopherol) mg - Cystin mg 140 3
Vitamin K (Phylloquinone) ug - Tyrosin mg 228 3
Beta-caroten ug 0 3 Alanin mg 395 3
Alpha-caroten ug 0 3 Acid aspartic mg 640 3
Beta-cryptoxanthin ug 0 3 Acid glutamic mg 1328 3
Lycopen ug 0 3 Glycin mg 310 3
Lutein + Zeaxanthin ug 0 3 Prolin mg 321 3
Purin mg - Serin mg 358 3

Phu luc hinh 2: Bdng thanh phdn dinh dwéng cia gao nép may trong 100g phan
an dwoc
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Thanh phéan dinh dudng DV |Hamluvgng | TLTK Thanh phéan dinh dudng PV | Ham lwong | TLTK
(Nutrients) (Unit) | (Value) [{Source) (Nutrients) (Unit) (Value) (Source)
Nwére { Water) g 72.0 1 Téng so isoflavon (Total isoflavone) mg -
Nang lwong (Energy) KCal 110 Daidzein mg -
KJ 459 Genistein mg -
Protein g 1.7 1 Glycetin mg -
Lipid (Fat) g - Téng s6 acid béo no g -
Glucid (Carbohydrate) a 257 1 (Total saturated fatty acid)
Celluloza (Fiber) a 0.5 1 Palmitic (C16:0) 1] -
Tro (Ash) a 0.1 1 Margaric (C17:0) 1] -
Buwéng téng sb (Sugar) g - Stearic (C18:0) g -

Galactoza (Galactose) g - Arachidic (C20:0) g -

Maltoza (Maltose) g - Behenic (22:0) g -

Lactoza (Lactose) g - Lignoceric (C24:0) a -

Fructoza (Fructose) g - TS acid béo khéng no 1 néi dbi a -

Glucoza (Giucose) a - (Total monounsaturated fatty acid)

Sacaroza (Sucrose) a - Myristoleic (C14:1) 1] -
Calci (Calcium) mg 12 1 Palmitoleic (C16:1) 1] -
Sat (iron) mg 0.20 1 Oleic (C18:1) g -
Magié (Magnesium) mg - TS acid béo khéng no nhigu néi dbi g -
Mangan (Manganese) mg - (Total polyunsaturated fatty acid)

Phospho (Phosphorous) mg 32 1 Linoleic (C18:2 n6) g -
Kali (Potassium) mg - Linolenic (C18:2 n3) a -
Natri (Sodium) mg - Arachidonic (C20:4) g -
Kem (Zinc) mg - Eicosapentaenoic (C20:5n3) g -
Pong (Copper) ug - Docosahexaenoic (C22:6 n3) g -
Selen (Selenium) ug - TS acid béo trans (Total trans fatly acid) 1] -
Vitamin C (Ascorbic acid) mg 0 1 Cholesterol mg 0 1
Vitamin B1 ( Thiamine) mg 0.04 1 Phytosterol mg -
Vitamin B2 (Riboflavin) mg 0.01 1 Lysin mg -
Vitamin PP (Niacin) mg 1.3 1 Methionin mg -
Vitamin B5 (Pantothenic acid) mg - Tryptophan mg -
Vitamin B6 (Pyridoxine) mg - Phenylalanin mg -
Folat (Folate) ug - Threonin mg -
Vitamin B9 (Folic acid) ug - Valin mg -
Vitamin H (Biotin) ug - Leucin mg -
Vitamin B12 (Cyanocobalamine) ug - Isoleucin mg -
Vitamin A (Retinol) ug 0 1 Arginin mg -
Vitamin D (Calciferol) ug - Histidin mg -
Vitamin E (Alpha-tocopherol) mg - Cystin mg -
Vitamin K (Phylloquinone) ug - Tyrosin mg -
Beta-caroten ug 0 3 Alanin mg -
Alpha-caroten ug 0 3 Acid aspartic mg -
Beta-cryptoxanthin ug 0 3 Acid glutamic mg -
Lycopen ug 0 3 Glycin mg -
Lutein + Zeaxanthin ug 0 3 Prolin mg -
Purin mg - Serin mg -

Phu luc hinh 3: Bang thanh phdn dinh dwéng cia ban trong 100g phdn dn diroc
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Thanh phan dinh dugng BV |Ham lugng | TLTK Thanh phan dinh dugng BV | Hamlwong | TLTK
(Nutrients) (Unit) | (Value) [(Source) (Nutrients) (Unit) (Value) (Source)
Nwére (Water) g 13.0 1 Téng so isoflavon (Total isoflavone) mg -
Nang lwong (Energy ) KCal 349 Daidzein mg -
KJ 1460 Genistein mg -

Protein g 11.0 1 Glycetin mg -
Lipid (Fat) g 0.9 1 Téng s6 acid béo no g -
Glucid (Carbohydrate) g 74.2 1 (Total saturated fatty acid)
Celluloza (Fiber) g 0.3 1 Palmitic (C16:0) g -
Tro (Ash) g 0.6 1 Margaric (C17:0) g -
Buwéng téng sb (Sugar) g - Stearic (C18:0) g -

Galactoza (Galactose) g - Arachidic (C20:0) g -

Maltoza (Maltose) ] - Behenic (22:0) g -

Lactoza (Lactose) g - Lignoceric (C24:0) g -

Fructoza (Fructose) g - TS acid béo khdng no 1 néi dbi g -

Glucoza (Glucose) g - (Total monounsaturated fatty acid)

Sacaroza (Sucrose) g - Myristoleic (C14:1) g -
Calci (Calcium) mg 34 1 Palmitoleic (C16:1) [+] -
Sat (iron) mg 1.50 1 Oleic (C18:1) g -
Magié (Magnesium) mg - TS acid béo khdng no nhiéu néi déi g -
Mangan (Manganese) mg - (Total polyunsaturated fatty acid)
Phospho (Phosphorous) mg 97 1 Linoleic (C18:2 n6) i} -
Kali (Potassium) mg - Linolenic (C18:2 n3) a -
Natri (Sodium) mg - Arachidonic (C20:4) g -
Keém (Zinc) mg - Eicosapentaenoic (C20:5n3) g -
BPong (Copper) ug - Docosahexaenoic (C22:6 n3) g -
Selen (Selenium) ug - TS acid béo trans (Total trans fatty acid) g -
Vitamin C (Ascorbic acid) mg 0 1 Cholesterol mg 0 1
Vitamin B1 ( Thiamine) mg 0.10 1 Phytosterol mg -
Vitamin B2 (Riboflavin) mg 0.04 1 Lysin mg 432 1
Vitamin PP (Niacin) mg 1.1 1 Methionin mg 320 1
Vitamin BS (Pantothenic acid) mg - Tryptophan mg 150 1
Vitamin B6 (Pyridoxine) mg - Phenylalanin mg 702 1
Folat (Folate) ug - Threonin mg 490 1
Vitamin B9 (Folic acid) ug - Valin mg 808 1
Vitamin H (Biotin) ug - Leucin mg 1036 1
Vitamin B12 (Cyanocobalamine) ug - Isoleucin mg 667 1
Vitamin A (Retinol) ug 0 1 Arginin mg 679 1
Vitamin D (Calciferol) ug - Histidin mg 300 1
Vitamin E (Alpha-tocopheral’) mg - Cystin mg -
Vitamin K (Phylloquinone) ug - Tyrosin mg -
Beta-caroten ug 0 3 Alanin mg -
Alpha-caroten ug 0 3 Acid aspartic mg -
Beta-cryptoxanthin ug 0 3 Acid glutamic mg -
Lycopen ug 0 3 Glycin mg -
Lutein + Zeaxanthin ug 0 3 Prolin mg -
Purin mg - Serin mg -

Phu lyc hinh 4: Bang thanh phan dinh dudng cta bidn sei trong 100g phan in duoc
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Phu luc bang 1: Ham lwong mét sé bisphenol dwroc phét hién trong hép xop, hép nhua trang, hép nhira mém, hgp nhya cing tinh
theo khoi lwong

DPon vi: pg/L

Mau h'fe'u BPF BPE BPA BPB | BPAF BPC BPZ BPG BPP
HXT1 | 0,38+0,024 | 0,305+0,02 | 25166+4,458 | - |1,294+0,062 | 0,785+0,04 | 19,668+2,081 3 3,163+0,288
HXT2 | 0,421+0,023 | 0,302+0,018 | 25361+3,175 | - | 1,367+0,235 | 0,831%0,084 | 19,529+2,312 - 3,327+0,148
Hop xép tring | HXT3 | 0,425£0,023 | 0,314+0,023 | 28,685+4,405 | - | 1,595+0,117 | 0,84120,108 | 21,898+3,026 - 3,47120,275
HXT4 | 0,407+0,012 | 0,208+0,043 | 27.11+0.564 | - | 1,462+0,168 | 0,81+0,010 | 19,074+1,854 - 3,334+0,336
HXT5 | 0,449+0,048 | 0,329+0,017 | 29.203+0,600 | - | 1,647+0,122 | 0,822+0,056 | 18,338+1,739 - 3,004+0,443
HNT1 | 0,411+0,039 | 2,443+0,263 | 423,257+28,078 | - | 4,290,472 | 27,587+2,162 i - 46,48+7,285
A HNT2 | 0,401+0,023 | 2,788+0,341 | 391,371+36,693 | - | 4,088+0,408 | 27,042+2,731 - 4121%0,347 | 3287329
Hop nhua trong |7 NT2770 45310 065 | 2,538£0,168 | 406,972£26.067 | - | 3,934£0,537 | 27,498+1,349 - 3,552+0,551 | 32,105+3,022
mem HNT4 | 0,329+0,021 | 2,276+0,274 | 375,742+24.834 | - | 3.751%0,45 | 27,21243,173 - 4,743+0.341 | 33,506+4,04
HNT5 | 0,571+0,049 | 2,629+0,379 | 436,443+50505 | - | 4.411+0,381 | 27,949+2,752 - 3,828+0,123 | 31,721%3,102
HNCL | 0,447+0,049 | 1,495+0,123 | 313,873+30.78 | - | 4,092+0,313 | 26,453+3,416 i 1,894%0,153 | 4,914+0,694
A HNC2 | 0,501+0,07 | 1,132+0,094 | 342,325+25259 | - | 4,362+0,393 | 25,611,621 - 1,510,181 | 4,449+0828
Hop nhua trong |7 N30 69470065 | 1,530,043 | 321520£33401 | - | 4,443£0,578 | 27,788+3,014 - 2,088+0,108 | 4,289+0,36
cume HNC4 | 0,403+0,058 | 0,967+0,137 | 300,215+29,325 | - | 3,099+0,497 | 26,849+0,74 - 1,59540,157 | 3,725+0,35
HNC5 | 0,622+0,068 | 1,31620,06 | 322,634,495 | - | 4,229+0,415 | 25244+2 713 - 2.208+0129 | 4,549+0,347

HND1 | 0,0930,002 | 0,965+0,064 | 47,0415,0137 | - | 4,322+0,107 ) ) ] ]

HND2 | 0,098+0,01 | 0,702+0,097 | 47,405+7,736 | - | 4,191031 - - - -

Hop nhua den | HND3 | 0,112£0,000 | 0,838£0,078 | 46,416:3.442 | - | 3,962+0,298 - - - -

HND4 | 0,084+0,003 | 0,589+0,058 | 48,694+1544 | - | 3,861+0,398 - - - -

HND5 | 0,075+0,008 | 0,785+0,058 | 47,777+3,142 | - | 40850313 - - - -
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Phu luc bang 2: Ham lwong mét s6 bisphenol diroc phét hién trong mau tinh bér dung trong hép nhua thay déi theo thoi gian

Pon vi: ug/kg mau

N Thoi . \ Hop nhya
Mau ) Hop xop Hop nhya trong meém Hop nhua trong cing
tinh bot (gm) den
BPA BPZ BPA BPE BPC BPA BPE BPA

5 5,154+1,019 - 3,399+0,065 | 0,511+0,035 - 1,027+0,001 - 1,037+0,905

Bun 10 5,141+1,046 - 3,422+0,083 | 0,477+0,023 - 1,024+0,001 - 1,039+0,083

15 5,180+1,025 - 3,721+0,540 | 0,824+0,123 - 1,045+0,004 - 1,051+0,464

20 | 5,159+1,012 - 3,631+0,264 | 1,088+0,073 - 1,029+0,001 - 1,029+0,002

5 |65,476+1,029 - 13,167+1,504 | 1,096+0,076 | 5,154+0,710 | 7,835+0,086 | 0,630+0,056 | 2,858+0,080

Com 10 | 65,448+3,058 - 15,150+2,010 | 1,669+0,175 | 5,150+0,950 | 7,728+0,062 | 0,589+0,076 | 2,935+0,053

15 | 65,479+4,044 - 15,028+2,701 | 1,644+0,061 | 5,154+1,013 | 8,819+0,084 | 1,018+0,095 | 2,929+0,094

20 | 65,522+2,022 - 15,025+1,811 | 2,066+0,057 | 5,157+0,812 | 8,775+0,065 | 1,3433+0,056 | 1,839+0,103

. 5 6,367+0,502 | 21,054+1,511 | 8,843+0,188 - - 2,281+0,138 - 1,883+0,047

Ba?h 10 6,595+0,834 | 29,924+1,601 | 9,649+0,124 - - 3,410+0,197 - 1,920+0,103

eron 15 6,752+0,559 | 29,945+1,504 | 9,819+0,296 - - 3,916+0,146 - 1,977+0,089

20 6,740+0,671 | 29,999+1,655 | 10,521+0,167 - - 3,939+0,065 - 1,980+0,057

5 |38,304+1,119 | 6,613+1,021 | 7,969+1,053 | 2,037+£0,405 | 7,554+0,910 | 5,119+1,360 | 3,163+0,635 | 19,926+1,085

Chéo 10 59,861+1,14 | 12,689+2,088 | 17,147+1,453 | 7,039+0,583 | 8,205+0,850 | 10,874+0,904 | 5,326+0,665 | 20,817+2,327

15 |79,217+1,908 | 13,600+1,569 | 22,556+1,046 | 9,051+0,464 | 9,954+1,011 | 10,889+1,291 | 6,471+0,379 | 20,333+1,567

20 | 78,340+1,984 | 15,577+1,060 | 28,175+1,489 | 9,229+0,502 | 9,967+0,922 | 10,849+2,761 | 7,334+0,442 | 20,889+1,625
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Sic ky dd emission 230/313 nm ctia mau hop va mau chuan BPs véi BPF (1), BPE (2), BPA (3), BPB (4), BPAF (5), BPC

(6), BPZ (7), BPG (8) va BPP (9)

Phu luc hinh 15: Sdc ky d6 c&c mau hgp xép trang, hép nhya trong mém, hép nhyea trong cing, hép nhuea den



