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LOI CAM POAN

T6i xin cam doan nhiing két qua nghién cru dugc thé hién trong luan van nay
l& nghién ctru cua t6i dudi sy hudng dan cua TS. Trinh Thu Ha. Toan bd noi dung
cta luan van déu duoc trinh bay dua trén quan diém, kién thirc c4 nhan hoic tich 1y,
chon loc tir nhiéu ngudn tai liéu c6 dinh kém chi tiét va hop 1&. Céc két qua nghién
ctru trong luan van nay 13 trung thuc va chua duoc ai cong b trong bét ci cdng trinh
nao. Toi xin hoan toan chiu trach nhiém va hinh thic ky luat theo quy dinh néu phét
hién bat ky gian 1an nao.

Tac gia

Bui Minh Thay



LOI CAM ON
Khi em ngbi viét nhitng dong nay thi c6 1& quang thoi gian con lai & Hoc vién
d6i voi em ciing khong con nhiéu nira. Hai nim qua 1a khoang thoi gian khong phai
qua dai, nhung d6i v6i em d6 1a mot phan thanh xuan ddy mau sic, tich liy dugc
nhiéu kién thue. Trong sudt 2 nam hoc tap va rén luyén tai Hoc vién Khoa hoc va
Cong nghé Viét Nam, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam, bén canh nd
lyc ctia ban than em luén nhan dugc nhitng 161 dong vién, sy gitp dd tan tinh cla gia

dinh, thay c6 va ban be.

Em xin t6 long biét on sdu sic nhat dén TS. Trinh Thu Ha — Vién Hoa Hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam — Nguoi ¢6 d3 ludn tan tAm va hét
minh tao moi diéu kién thuén loi gitp d& em trong sudt qua trinh hoc tip va thuc hién
Luan vin tot nghiép. Em xin cam on sy hd tro kinh phi cua dé tai “Xdy dung bé quy
trinh tiéu chudn xdc dinh chdt chong chdy trong méi truong, vt liéu chong chay va

ddnh gid mirc d nguy hai dén sitc khée con nguwoi”, ma sb: TDPCCC.05/21-23",

Em xin gti 161 cam on sdu sic t6i Ban 1anh dao, cac phong ban dao tao cing
cac thay c6 bo mon Hoa Phan tich, khoa Hoa hoc, Hoc vién Khoa hoc va Cong nghé
Viét Nam di luon giang day va truyén dat day nhiét huyét cho chung em trong 2 nim
qua, trang bi cho chiing em khéng chi nhimg kién thirc chuyén mén va con nhiing
kién thirc doi séng bd ich. Cac théy c0 ludn tao diéu kién thuan loi nhat dé em hoan

thanh luan van mdt cach tot nhat.

Em xin gui 161 cdm on té1 Ban Lanh dao Trung tdm Chuing nhan Phu hop
(QUACERT) cung toan thé cic anh chi ddng nghiép di dong vién va giup d& em

trong qué trinh em tham gia hoc tip nang cao kién thtrc chuyén mén.

Em xin gtri 101 cadm on sau sac to1 gia dinh, cac anh chi, cac ban bé cung khoa
trong suot thoi gian hoc tip da ludn dong vién, hd tro moi mit vé tinh than cling nhu

kinh té dé em c6 thé thuc hién luin vin va hoan thanh khoa hoc tt nhat.

Do thoi gian va kién thirc con nhiéu han ché, do vay khong tranh khoi nhiing
thiéu sot, em rat mong nhan dugc nhitng déng gop quy bau cua thay co.

Ha No6i, ngay thang nam 2023

Hoc vién thuc hién

Bui Minh Thay
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DANH MUC CAC KY HIEU VA CHU VIET TAT

Chir viét tat Tén tiéng Viét Tén tiéng Anh hoic tén khoa hoc
ACN Acetonitrile Acetonitrile
lon hoa hoa hoc &p suat khi _ o
APCI . Atmospheric pressure chemical ionization
quyén
o . o Association of Official Analytical
AOAC Hiép hoi cac nha hoa phan tich ]
Chemists
Bis (1,3-dichloro-2-propyl ) )
BDCPP ( Propy) Bis (1,3-dichloro-2-propyl) phosphate
phosphate
cV Hé s6 bién thién Coefficient of Variation
DCM Dichloromethane Dichloromethane
DF Tan suat phat hién Detect frequency
ESI Ton hoa phun dién tur Electron Spray lonization
T T Gas chromatography — Mass
GC/MS Sac ky khi ghép noi khoi pho
spectrometry
IDL Gidi han phat hién cua thiét bj Instrument Detection Limit
., o Liquid chromatography — Mass
LC/MS Sac ky long ghép noi khoi pho
spectrometry
Sic ky long ghép ndi khéi phé Liquid Chromatography - Tandem Mass
LC-MS/MS a_ ‘Ay °A,99 KIO Ol Khol pho q grapny
hai lan khoi pho Spectrometry
LOD Gidi han phat hién Limit Of Detection
LOQ Gidi han dinh luong Limit Of Quantitation
MDL Gigi han phat hién phuong phap | Method Dectection Limit
Gidi han dinh luong phuong .
MQL ] Method Quantitation limit
phap
MeOH Methanol Methanol
OPE Este co photphat Organophosphate este
OPFRs | Chat chdng chay phét pho hitu co | Organophosphate flame retardants




POD biém khoi dau Point Of Departure
RSD Do léch chuan twong doi Relative Standard Deviation
SD Do léch chuan Standard Deviation
Ty Ié tin hiéu chia cho nhiéu _ . .
S/IN . N Signal to noise ratio
duong nén
SPE Chiét pha ran Solid Phase Extraction
Tris (1,3-dichloro-2-propyl ) )
TDCPP ( propy) Tris (1,3-dichloro-2-propyl) phosphate
phosphate
TFA Trifluoroacetic acid Trifluoroacetic acid
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MO PAU

Chat chéng chéy photphat hitu co (OPERs) 1a mot nhém cac chat chong chay
duoc str dung dé thay thé cac chat chdng chay diphenyl ether polybrom hoéa ké tir khi
chat nay bi loai bé nam 2004. Tris (1,3-dichloro-2-propyl) phosphate (TDCPP) la mét
trong nhitng chat chong chay este phosphate hiru co dugc sir dung rong rai nhat Chau A,
thuong duoc sir dung trong bot polyurethane déo va cting [1]. Chét chong chay nay c6
thé dé dang xam nhap vao méi trudng tir cc san pham tiéu ding nhu vai boc xe hoi, san
pham tiéu ding, cac hoa chat ché bién va cac san pham x4p danh cho tré em [2,3].

D3 ¢6 nhiing nghién ciru chung minh rang TDCPP da dugc phét hién trong bui
tir nha riéng, tda nha vin phong va 6 to cho thay rang phan Ién dan sé bj phoi nhiém méan
tinh vi TDCPP theo nhiéu con dudng khac nhau. Trong d6 con duong gay phoi nhiém
TDCPP di duoc kiém tra vao nim 1981, nghién ctu cho thiy con duong hap thu caa nd
qua dudng tiéu hoa dugc chuyén héa nhanh chéng va rong rai. Trong 24 gio dau tién,
hon 80 % hoat tinh duoc bai tiét qua nuéc tiéu, phan hoic dudi dang thé CO,. Céc
enzyme microsome da chuyén h6a TDCPP thanh ba chat chuyén hoa, trong d6 chat
chuyén héa chinh duoc thai trir qua nudc tiéu 1a Bis (1,3-dichloro-2-propyl) phosphate
(BDCPP) [4]. BDCPP la chét chuyén héa da duoc phét hién trong nudc tiéu caa con
nguoi khi TDCPP ¢4 trong bui xung quanh, diéu ndy cho thdy TDCPP dugc chuyén héa
boi gan ngudi va gy anh hudng xau cho sirc khoe con nguoi [5].

Theo théng ké téi thoi diém hién tai, & Viét Nam chua c6 nghién ctiu ndo lién
quan dén viéc danh gia mic do phoi nhiém caa TDCPP ¢ ngudi va sy anh hudng cua
cac hop chat TDCPP, BDCPP t6i stic khoe con ngudi. Do d6 viéc nghién ciu xay dung
quy trinh dinh lugng BDCPP trong nuéc tiéu ngudi dé danh gia mirc d6 phoi nhiém va
rai ro stc khoe ciia TDCPP va BDCPP anh hudng téi con ngudi 12 rit quan trong va can
thiét trien khai.

Vi vay, dé tai “Nghién cieu phan tich Bis (1,3-dichloro-2-propyl) phosphate
trong nuwéc tiéu bing phwong phap sic ky léng ghép ndi khéi phé hai lan (LC-
MS/MS)” dugc hya chon thuc hién véi muc tiéu 1a: Nghién cau xay dung mét quy trinh
chiét tach Bis (1,3-dichloro-2-propyl) phosphate trong mau nuéc tiéu ciia con ngudi va
thyuc hién x4c dinh ham luong bang phuong phap sac ky long ghép ni hai lan khéi pho
(LC-MS/MS). Trén co so d6 thuc hién phan tich trén mot s6 lwong mau nudc tiéu thu
thap ngau nhién trén dia ban Ha Noi, tir d6 danh gid mic d6 phoi nhiém cua ngudi dan
d6i vai chat chéng chay TDCPP.



CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Tris (1,3-dichloro-2-propyl) phosphate trong méi trwong khong khi trong

nha, san pham tiéu dung va mau sinh hgc cua nguoi.

Tris (1,3-dichloro-2-propyl) phosphate (TDCPP) c6 cong thirc phan t la
CoH15ClsO4P. Pay la mot hoa chit hitu co halogen 10ng, nhét khéng mau, co chira
phot pho. N6 dugc sir dung rong rii trong cic san pham tiéu dung khac nhau véi
lugng san xuét 16n nhu bot polyurethane, vat li¢u xay dung, dd noi that, son phu, san
pham chin ga gbi dém, san pham tré em va no 1a chét thay thé quan trong cho Ete
diphenyl poly brom héa (PBDE). TDCPP c6 xu hudng dugc thai ra moi truong thong

qua nhiéu con dudng nhu qua trinh loc, bay hoi va mai mon[6].

Dua vao céac dic diém ciia TDCPP nhu ap suét hoi, diém soi, diém nong chay,
hé sb phan chia nudc-octanol, c6 mot sb nghién ctru da du doan su phan bd khac nhau
ctia TDCPP bang phan mém mé hinh[7], mic du TDCPP duoc chuyén hoa nhanh
chong voi thoi gian ban huy ngan va do bén thip, nhung trong mdi trudng thuc té,
TDCPP phan bd kha phé bién trong bui (trong nha va ngoai tro1), nudc, dat, tram tich,
cac mau sinh hoc. Nam 2017 di c6 théng k& mirc TDCPP bui trong nha téi da 1én t6i
2,14 mg/g tinh trén trong luong kho & California. Tuong tu, phat hién ra ring mic
TDCPP trung binh trong khong khi trong nha & cac truong miu gido Trung Qudc va
tiéu hoc Hong Kong 1a 15,00 ng/m®, TDCPP phé bién trong cac moéi trudng nhu
phong ngu, khu vyc sinh hoat chinh, vin phong va xe ¢ va ngudn chinh gy ra chinh
1a tir @ ndi that boc va cac san pham khac chtra Polyurethan. Ngoai viée duoc giai
phong vao khi quyén, TDCPP ¢6 duoc van chuyén va tich lily thém trong dat, trim
tich. Cho dén nay mot s6 nghién ctru di bao cdo su hién dién phong phti cia TDCPP
trong cac loai dat khac nhau, nhin chung ndong d6 TDCPP cao dugc tim thiy ¢ cac

khu vuc d6 thi hoa, cong nghiép hoa hodc chat thai dién tir [6].

Niam 1981, TDCPP di dugc phat hién mot luong dang ké trong cac mau huyét
tuong, tinh dich nam gidi, do d6 né da chi ra rang con ngudi da tiép xuc rong rai voi
TDCPP nhitng nam 1980. TDCPP dugc phat hién trong sita me, nhau thai, huyét
trong va mau nudc tiéu cua nguoi, vi dy, Kim va cong sy nam 2014 da tim théy mirc
TDCPP trong sira me ¢ Nhat ban c6 thé dat t&i 162 ng/g, TDCPP ciing dugc phat
hién trong 36,7 % huyét twong nguoi & Ha Bic, Trung Qubc. TDCPP duoc phat hién
trong nhau thai & mién déng Trung Qudc, nd cho thiy nguy co tiém an lay truyén
sang tré so sinh va gy lo ngai vé doc tinh tiém an va anh huong stc khoe dbi véi

nhiéu thé hé con ngudi [6].



Chét chuyén hoa BDCPP va chét chéng chay TDCPP di dugc phat hién mot
luong dang ké ¢ chét dich co thé ngudi, bao gdm huyét trong, tinh dich, sita me, nhau
thai va nudc tiéu. Do d6 giy lo ngai vé cac tac dong tiém an dbi véi sirc khoe con
ngudi do phoi nhiém. TDCPP da dugc chimg minh gdy ra doc tinh cp tinh, than
kinh, sinh san, gan va rdi loan ndi tiét va n6 da duoc dé xuit chat gy ung thu trong
dé xuét 65. TDCPP di dugc phan loai la mét hop chit c6 mirc vu tién cao, rat can cé

cac nghién ctru doc tinh sau hon hodc cac bién phap quan ly dugc dua ra [6].

Vao nam 2011, TDCPP da dugc Van phong Panh gia Nguy co Strc khde Moi
truong, Co quan Bao vé Moéi truong Tiéu bang California thém vao danh sach cac
hoa chat dé xuat nhu mot chat gay ung thu, phat hién thuong xuyén chat nay trong
dd noi that Hoa ky va c6 du bang chimg vé kha ning giy ung thu. TDCPP di duoc
Uy ban An toan San pham tiéu dung liét ké 1a chit gdy ung thu[8]. Thém do céc
nghién ctiru vé doc tinh ctia TDCPP trén hé sinh vat thuy sinh, chéng han nhu cé, ngua
van[9]. Nam 2017, Uy ban An toan San phiam tiéu dung Hoa ky (CPSC) di chip nhan
don yéu cau cam bét ky thanh phan nao thudc nhom halogen huu co trong cc san
phém danh cho tré em, vo boc dién tir, 36 ndi thit va ga trai givong. Tuy nhién, nhiéu
qudc gia bao gdm trung Qudc, Nhat Ban va Han Qudc van co rat it han ché ddi véi

viéc san xuét va ap dung TDCPP[6].

Tinh t6i thoi diém hién tai, thi tai Viét Nam chua c6 nghién clru théng ké nao

vé muc do phin bd caa TDCPP trong mdi trudng.

1.2. Chét chuyén héa Bis (1,3-dichloro-2-propyl) photphat ciia chit chéng chay
TDCPP trong qua trinh chuyén héa hoat dong sinh hoc & nguoi.

Bis (1,3-dichloro-2-propyl) phosphte (BDCPP) c6 cong thirc phan tir la
CsH11Cl404P. Cac thong sb hoa 1y co ban nhu khdi lwong mol phan tir 319,935 Da;
Trong luong riéng 1,5 + glcm?; Nhiét do soi 396,8 + 52 °C ¢ 760 mmHg; Ap suat hoi
0,0 + 2,0 mmHg. Pay 13 mot hop chat c6 d6 phan cuc cao, hang s6 phan ly pKa ~
1,18[10].

Con nguoi tiép xtac vdi chat chong chdy TDCPP thong qua nhiéu con duong
bao gom tiép xtic qua da, hit phai khong khi, cling nhu thirc an, bui. TDCPP ¢6 thé
dugc chuyén hoa nhanh chdng trong gan nguoi va cac hop chat chuyén hoa duge theo
ddi pho bién nhat.

Do tinh ing dung rong rai cia TDCPP sir dung trong 6 t6, d dac trong nha va

cac san pham khac chira polyurethane. Nhiéu nghién ciru ching minh rang TDCPP



dugc tim thiy trong khong khi va cho thay rang mot phan 16n dan sb bi phoi nhiém
man tinh vd1 TDCPP. Mot trong nhitng nhiém vy cua nhém lam viéc phan tich Vat
li¢u sinh hoc tr Quy Nghién ctru Btc (DFG), ho da xay dung mo{t quy trinh gidm sat
sinh hoc ctia con ngudi dbi véi TDCPP. QUa trinh chuyén hoa cia TDCPP dugc mo
ta trong cac nghién ctru invitro khic nhau va nguoi ta dd chi ra rang BDCPP 1a hop
chat chuyén hoa cy thé chinh cia TDCPP thudng duoc phat hién trong nudce tiéu. N6
1a chat thich hop nhat vi khong c6 OPFR nao khac dugc biét dén bi chuyén ddi hodc
thity phan thanh BDCPP. Cac con duong phoi nhiém thi rit phtic tap, TDCPP bi
phan huy va chuyén hoéa nhanh chéng. Trong 24 gid dau tién, hon 80% hoat tinh
phong xa duoc bai tiét qua nudc tiéu, cac enzyme micromsome di chuyén héa
TDCPP thanh ba chat chuyén héa va chit chuyén hoa chinh 1a Bis (1,3-dichloro-2-
propyl) phosphate (BDCPP)[11].

tris( 1,3-dichloro-2-propyl) bis(1,3-dichloro-2-propyl)
phosphate (TDCPP) phosphate (BDCPP)

Hinh 1.1. Céng thiic cAu tao cia TDCPP va BDCPP

Theo nghién ciru cua tac gia Tenlep va cong su[12], qua trinh chuyén héa cua
TDCCP dugc thuc hién trén chudt. Nam ngay sau khi tiém tinh mach, 92% chét phoéng
xa dugc sir dung bai tiét qua nudc tiéu (54%), phan (16%) va khi thé ra (22%), 4%
dugc phuc hoi trong co thé. Chat chuyén hoa chinh dugc tim thay trong nuée ticu,
phan va mat 1a BDCPP, tuong ty trén gan nguoi ciing vay[12]. Mot nghién ciru dbi
v6i ngudi & Hoa ky, 90% BDCPP duoc tim thay trong nudc tiéu [13].

Mot nghién ctru str dung phuong phap giam sat sinh hoc dé mé ta muirc do phoi
nhiém chat chéng chay cua 36 linh ctru héa duoc giao nhi€ém vu & bén trong, bén
ngoai, trudc va sau khi img pho vai cac tinh hudng hoa hoan. Linh ctru héa di cung
cap 4 miu nude tiéu (trude dam chay, 3 gio, 6 gio, 12 gio sau dam chay). Két qua
cho thdy nong d6 BDCPP, mot chat chuyén hoa ciia chat chong chay TDCPP cia

nhitng nguoi linh ctiru héa da dugce giao nhi€ém vu bén trong ¢6 nong dd cao hon véi



nhing nguoi giao nhiém vy bén ngoai, né cho thdy BDCPP c¢6 thé ton tai trong co

thé trong vai ngay sau khi tiép xuc [14].

Yu wanga va cong sy (2019)[15] d nghién ctru dinh luong chat chuyén hoa
OPFR trong nudc tiéu cua 19 tinh nguyén vién tir Albany, New York, Hoa Ky. Két
quéa cho thay 2 chat chuyén hoa chinh dugc tim thay 1a Dipheny phosphate (DPHP)
va BDCPP. Hai chit nay dugc phat hién trong tat ca cac mau nudc tiéu ¢ ndng do
dugc diéu chinh theo trong lugng riéng lan lugt 13 1060 pg/ml va 414 pg/ml, ddi voi
diéu chinh theo ceratinie ndng do 1an luot 1a 404 ng/g va 156 ng/g [15].

Nghién ctru ndy chiing toi s& tp chung vao hop chit chuyén héa BDCPP trong
nudc tiéu ngudi tir chit chong chay TDCPP. Do déy 1a chat chuyén hoa chinh trong 3
chét chuyén hoa c6 mét trong mau sinh hoc va dé thu thap mau nht.

1.3. Nguy co tac dong dén sirc khée con ngudi cia TDCPP va BDCPP.

Hoa chét chéng chay c6 mot lich su 1au doi vé viéc gy tac hai to1 stc khoe
con ngudi. Nam 1973, cac gia dinh ving ndng thén ¢ Michigan da tiép xuc véi chit
chéng chay PBB ¢ muic d6 cao khi di vao thirc dn va gdy nhiéu anh hudng nghiém
trong t6i strc khoe. Tiép theo 1a chit chdng chay PBDEs, sau khi thong tin vé su nguy
hiém cua PBDE duoc biét dén rong ri, cic co quan lap phap di hanh dong cAm chat
chdng chay. Cudi cing, cac nha san xuat hoa chit da duoc thoa thuin véi Co quan
bao vé méi trudng Hoa Ky dé ngimg san xuat PDBE. Thay vao d6 ho di tim dén
nhimng chét thay thé dé dang hon, nhung mdi chat chéng chay lai c6 nhimg doc hai
riéng cua chung. Dén nhimg nim 2006, TDCPP hién 1a mot trong nhitng hoa chat
hang dau duoc str dung dé xur 1y bot polyurethane dé chdng chay, di c6 khoang 10

dén 50 triéu tdn dd duoc san xuét va nhap khau vao hoa ky[16].

TDCPP dugc tiéu bang California chi dinh 14 chat giy ung thu theo dir luat 65
vao thang 10 nim 2011 dya trén cic nghién ctru trong phong thi nghiém cho thay su
gia tang cac khoi u ¢ than, gan va tinh hoan ciing nhu bang ching vé kha ning gay
dot bién[17].

Mot nghién ciru duge cong bd vao nam 2010 cho thay nam gidi tiép xtic nhiéu
v6i TDCPP ¢6 lugng hormone tuyén giap thap hon, giam so lugng tinh tring va lugng
prolactin cao hon. Nghién ctru da danh gia mic d6 phoi nhiém bang cach xac dinh
mirc d6 chat chéng chdy trong bui nha va lugng hormone do duoc trong huyét
thanh[6, 18].



Trong nghién ctru ctia nhom tac gia ngudi Trung Qudc[19], ho di thuc hién
nghién ctru trén nhom ngudi dai thao dudng tuyt 2 va ho xay dung méi lién quan giira
OPFR véi cac chat chuyén héa cia steroid. Két qua cho thdy qua trinh tong hop
hormone steroid d6i véi ngudi dai thao duong tuyt 2 bi thay doi nhiéu nhét khi nong
d6 OPFR ting cao, do d6 két luan rang nhitng ngudi c6 nguy co mic bénh dai thai
duong khi tiép xuc véi OPFR [19].

Blum va cdng su di c6 bao cdo chi ra rang gia tri POD (ndng d6 thdp nhat ma
tac dung gay ra vé mat hoa hoc) cia TDCPP & dong vat gam nham trong thi nghiém
In vitro nam trong pham vi phoi nhiém cta con nguoi, do d6 di goi ¥ rang tic dong
sttc khoe ctia TDCPP & con ngudi dang duge chu y va cac nghién ciru vé doc tinh
TDCPP trong cac md hinh trén té bao c6 ngudn gdc tir con ngudi hodc dich t& & ngudi.
Nhiéu nghién ctru In vitro di ching minh sy hinh thanh cac loai oxy phan tng (ROS)
tang 1én do tiép xuc v6i TDCPP trong cac dong té bao khac nhau cta con ngudi. Nha
nghién ctru Killilea d3 danh gia doc tinh té bao gay ra do tiép xtic véi TDCPP bang
cach st dung dong té bao HK-2 (6ng gan than bién ddi 16pa pillomavirus & ngudi).
Tiép xuc v6i TDCPP di trc ché tdc do ting truong cia té bao va kha ning ton tai cla
té bao, dong thoi e ché qué trinh tong hop protein va khién chu ky té bao ngimg hoat
dong [6].

Thém vao d6 cac nha nghién ctru dd bat dau xem xét liéu TDCPP ¢6 giéng nhu
cac hoa chét twong tu khéc, c6 thé gay hai cho hé than kinh hay khong. Mot nghién ciru
nam 2011 di thir nghiém tic hai cia hoa chit nay dbi voi sy phat trién cta ndo va so
sanh tac dung ctia né voi tac dung cuia chlorpyrifos — mét loai thude trir sau doc hai d6i
v6i hé than kinh, thi két qua cho thdy TDCPP con doc hai hon [20].

Kathryn A. Crawford va cac cong su da thuc hién nghién ctru phan tich
BDCPP, BCEP, DPHP trong mau nudc tiéu cua cac me bau & nhitng tudi thai 12, 28,
35 tuan tudi. Sau d6 theo ddi giita ndng do cac chat chuyén hoa chong chay véi can
nang, chiéu dai, chu vi vong dau va bung ciia tré so sinh, d6 dau nép gap da khi sinh
va 6 tuan sau khi sinh. Két qua cho thdy v&i kha nang phoi nhiém xay ra trong giai
doan dau mang thai co6 lién quan chat ché voi cac anh hudng xau dén noi tiét va su
phat trién so v&i phoi nhidm xay ra giai doan sau. Cac nha nghién ctru chi ra rang
BDCPP c6 lién quan dén ca sy ting trudng cia tré so sinh va ting kha ning phan tng
v6i d6 4n trong 6 tuan dau sau khi sinh; DPHP gitip téc d6 tich tu m& dudi da, nhung
c6 mbi quan hé nghich védi cac phép do vé kich thudc; BCEP thi lién quan tich cuc
tGi cac thong sb thanh phan co thé tré so sinh [21].



Hon nita, viéc tiép xtic hdn hop véi cac OPFR bao gom TDCPP di lam thay
d6i cac thong sé sinh hoc do stress oxy hoa trong nudc tiéu cia tré em. Ait bamai va
cong su di nghién ctru moi quan hé giira hdn hop cac chat chuyén hoa OPFR trong
nude tiéu va cac thong sé sinh hoc giy stress oxy hoa trong nudc tiéu bao gém 8-
hydroxy-2’-deoxy guanosine (8-OHdG), hexanoyl-lysine (HEL) va 4-hydroxynoneal
(HNE) trong sb 7 tré em & Hokkaido, d chtimg minh rang BDCPP c¢ lién quan dén
viéc tang muc d0 HEL va HNE chtr khong phai 8-OhdG [6].

1.4. Cac phuong phap chiét tach va phan tich BDCPP trong mau sinh hgc va
nuwoc tieu.

Chuan bi mau c¢6 tam quan trong quyét dinh doi véi viéc phan tich cac mau
sinh hoc. Mau, huyét tuong va nudc ti€u 1a nén mau phuc tap hon nhiéu so vdi nhi¢u
nén mau khac do su hién dién cua protein, muodi va cac hop chat hitu co khac nhau co6

tinh chit hoa hoc tuong tir v6i cac chat can phan tich.

Trong phan tich dinh lugng, dac biét la ESI-MS, thuong quan sat théy hién
tuong triét tidu tin hiéu do nhiéu ma tran. Do vay nhiing thay ddi trong quy trinh tién
xtr Iy mau co thé giai quyét dugce vin dé nay. Muc dich cta viéc chuan bi mau la dé

loai bo céac chat can trd va lam giau chat phan tich.

Chét chuyén hoa, chit phan tich trong cac chat nén phirc tap nhu huyét tuong,
mau, nudc tiéu khong thé duogc tiém truc tiép vao dung cu phan tich ma khong lam
sach mau hodc chuin bi mau. Néu mot phuong phap chuin bi mau khong phu hop
dugc st dung thi viéc phén tich d6 coi nhu khong c6 gia tri. Do d6 can chuyén d6i
cac chat phan tich thanh dang phu hop hon, ¢6 dic trude chit phan tich dé cai thién

do nhay.

Ngay nay, céc phuong phap chuin bj mau thuong duoc sir dung 13 chiét pha
ran (SPE), chiét long — long (LLE) va két tia protein (PPT). SPE va LLE la cac
phuong phap chuan bi mau quan trong nhat cho LC-MS [22].

1.5. Cac phwong phap chiét tach BDCPP trong mau sinh hoc va nuéc tiéu.

Pé bat dau thir nghiém va lya chon mdt quy trinh va k¥ thuat chiét phu hop
ching ta can biét va hiéu mot sb van dé nhu: Dic tinh cua chat phan tich, do 6n dinh
ctia chat phan tich, pham vi n6ng d6 chat phan tich, ban chat ctia nén mau, sb luong
mAu can phan tich, thoi gian, ngudn lyc sin co. Quy trinh cua phuong phap chuan bi

mau phai c6 kha ning thu hdi cao cac chat can phan tich.



D6 6n dinh cua chat phan tich trong mau nén dugc kiém tra ngay tir dau. Viée
lwru trit cling quan trong nhung viéc lya chon k¥ thuét chiét tach do né c6 thé bi nhiém
ban boi thanh phan vat chira khong phu hop. Pbi véi cac hop chit d& bay hoi nhu
halothane hodc cac hop chét wa béo cao thi hop va nut day bang nhua 14 khong phu
hop.

Pé t6i wu hoa quy trinh chiét tach can khao sat, lva chon chinh xéac cac thong

sO sau ddy do n6 anh hudng truc tiép ti hidu qua chiét tach [23]:

- Loai dung méi str dung: BJ phan cuc, mat do 1a cac yéu td quyét dinh sy hoa
tan cua cac chat phan tich d6 trong dung méi. Vai tro chinh ctia dung méi 1a hoa tan
cac chat can phén tich ciing nhu loai bo cac yéu té anh huong trong nén mau (theo
cac dir lidu duoc cong b thi dichlorimethane, hexan (1:1) hodc hexan — aceton (1:1)

thudng duoc st dung cho chiét tach cac chat chdng chay co phdt pho).
- Thoi gian chiét tach, s6 vong chiét tach (d6i véi thiét bi chiét 4p luc cao).

- Nhiét do cuia qua trinh chiét: Hiéu qua chiét tach thudng tang ty 18 thuan voi
su gia ting nhiét do. Didu nay 1a do giam d6 nhét ciia dung méi, cho phép dung moi
tham thdu vao bé mat. Tuy nhién, néu nhiét d6 quéa cao ctia qua trinh chiét tach 1am
ting sy rira troi cac chat gay can tré hodc c6 thé phan hity cic chét phan tich 1am giam

ndng do cua cc chit phan tich.
Mot s6 phirong phép chiét dang dweoe sir dung phé bién hién nay nhu:

- Chiét pha rdn (SPE): 1a mot k¥ thuét chiét xuét trong d6 cac hop chét bi hoa
tan hodc lo limg trong mot hdn hop 1ong duoc tach ra khoi cac hop chat khac trong
hdn hop theo cac tinh chét vat 1y va hoa hoc cta chung. Ky thuat ndy dang dugc ua
thich dé chiét xuét thudc, chat chuyén hoa tir cac mau sinh hoc do tinh chon loc cua
nod. Cac thong s6 quan trong nhat trong SPE bao gdm lya chon loai va luong chat hap
thu, xac dinh thé tich mau, thanh phﬁn va thé tich dung dich rura gidi. SPE c6 3 co ché
rira giai, dau tién 1a pha ddo nguoc (RP-SPE); thir hai 13 SPE pha thudng va cudi cling
1a SPE trao dbi ion.

- Chiét Long — Long (LLE): Puoc str dung dé chiét cac chat phan tich tir mau
16ng sang dung mdi hitu co bang cach tron va lic dung moi hitu co khong thé tron 1an
v6i nude (vi du nhu huyét twong, nudc tiéu hodc huyét thanh). O k¥ thuat nay, d6 pH
cia mau, pKa cta chat phan tich va sy phan bd hé sé phan chia ciia chat phan tich

gitta cac pha hitu co va pha nudc c6 vai trd quan trong doi voi qué trinh chiét. Mac



d0 LLE c6 kha nang lam sach mau vuot troi nhung mot loat cac hop chit khac c6 thé

dugc dong chiét xuat.

- Két tia protein (PPT): Xdy ra bang cach thém dung moéi hiru co, ion kim loai,
mudi hodc axit vao huyét twong hodc mau. Cac dung dich PPT pho bién 14 cac dung
moi hitu co (methanol, axetonitril hodc axeton), cac ion kim loai (kém sunfat), dung
dich tao ra mudi (nh6ém clorua) hoac cac dung dich dugc tao ra béng cach thém cac
axit nhu trichloroacetic, perchloric, metaphosphoric va Woltamic axit. Vi vay, chat

phan tich phai 6n dinh & cac gia tri pH thip va cao.

Nha nghién ctru Dirtu va cong sy da phan loai nudc tiéu ctia con nguoi la mot
nén mau c6 loi vi ham lugng lipid va protein thap va co thé tich mau 16n dap tng khi
can 1am giau mau ddi véi ndng d6 chuyén hoa thap [24]. Tuy nhién, chit nén c6 thé
chtra qua trinh proton héa trudc chiét xuat 1am cho viéc chiét xudt tré nén kho khan.
Viéc chiét tach cac chat chuyén héa PFR tir nudce tiéu chu yéu duoc thuc hién béng
phuong phap chiét pha ran SPE. Céac chat hap thy trao ddi ion chita cac nhém tich
dién manh c6 thé tuong tac voi cac chit phén tich thong qua tuong tic anion. Dé loai
bo sy twong tic ndy va thu hdi cac chat phén tich can thém mot dung méi hitu co co
ty 16 nho bazo. Trong d6 2 chat hip thy trao d6i anion yéu phd bién duoc st dung 1a
Oasis WAX va StrataX-AW, cho hiéu suat tt nhét trong viéc chiét xuat cac chat
chuyén héa PFR tir mau nude tiéu. Do thu hoi cua nd dat tir 75-113 %.

Cac nha nghién ctru nhu Thomas F. Webster va cong su [25]; Yu Wanga va
cong su [19] da thuc hién xir Iy mau trude khi dinh lugng chét chuyén héa cua chét
chdng chay trong trong nudc tiéu voi ki thuat chiét xut pha ran (SPE). O day cac
nha nghién ctru da sir dung cac cot va vat liéu hép phu la Strata-X-AW sau d6 dem
phan tich trén hé théng LC-MS/MS. Két qua danh gia duoc muc d6 phoi nhiém cua
TDCPP va TPHP trong con ngudi qua nhiéu nim dya trén nong do cia BDCPP va
DPHP trong nudc tiéu. Minmin Hou va cong su [26] d nghién ctru phéan tich OPE
va di-OPE trong cic mau mau (mau toan phan va huyét thanh) va mau nudce tiéu ciing
duogc chiét xuat v4i ki thuat chiét pha ran. P6i voi nén mau 1a mau sir dung ong chiét
ENVI-18 duoc chiét tuan ty v4i axetonitril va nuéce deion, sau d6 rira giai bang DCM
: ACN (25 : 75). Pbi voi quy trinh chiét Di-OPE, dich chiét dugc thay thé bang
methanol va dugc nap vao cot chiét HLB. Ddi voi cac mau nudc tiéu duge thém nodi
chuan va do pH duoc diéu chinh bang dung dich dém amoni axetat (10 mM, pH = 5)
sau d6 duoc lam sach qua cot co chat hap phu Strata-X-AW, dich rira giai bang amoni
hydroxit 5 % trong methanol.



10

Mot nghién ctru khac cua tac gia Yongqing Ma va cong su [27] da xay dung
phuong phap phan tich dé xac dinh 14 chat chéng chay photpho hitu co trong mau
sinh hoc di duogc phat trién bang phuong phap sic ky khi khdi phd (GC/MS). Céc
mAu sinh hoc duoc chiét xuit bang phuong phéap chiét xuét c6 hd trg vi song (MAE)
v&i1 hexan/axeton (1:1, v/v) lam dung méi, sau do6 str dung ky thuat lam sach hai budc,
sac ky tham thau gel (GPC) két hop véi chiét xuit pha rin (SPE). Két qua thi nghiém
cho thiy rang phuong phap da loai bo hiéu qua cac hop chat lipid va cac chét can tro

trong mau.

Thém nira, phuong phap QUEChERS ciing duoc ap dung cho cic hop chat
OPFR c¢ trong sita me. Tac gia Beser va cong sy [28] két qua cho do thu hoi dat 94
- 110 % dbi voi cac hop chat OPFR (trimethyl phosphate (TMP), triethyl phosphate
(TEP), tris (chloroethyl) phosphate (TCEP), triisopropyl phosphate (TiPrP), tri-n-
propyl phosphate (TPrP), triphenyl phosphate (TPP), tri-n-butyl phosphate (TNBP)
trong sita me bang phuong phap lam sach QUEChERS, str dung NaCl va MgSOa. Qua
trinh tiép theo 1a 1am sach bang SPE duoc béo céo 1a phuong phap lira chon dé theo
doi sinh hoc OPFR ¢ toc va mong tay. Tuong tu Alves va cong sy da xdy dung
phuong phap dé phan tich 4 chit chuyén héa (DPHP, DPB, BDCIPP va BBOEP)
trong toc va mong tay. Ho sir dung phuong phap phan huy axit, sau d6 dich chiét
duogc lam sach bang phuong phap SPE véi chit hip phu 1a Oasis Wax, d6 thu hoi dat
74 - 102 % trén toc va 85 — 110 % trong nén mong tay. Dudi ddy bang tham khao vé

diéu kién chiét tach ctia mot s6 phuong phap xir Iy miu duoc tim hiéu.

Bang 1.1. Piéu kién chiét tach ciia mét sé nghién ciru

Chat phan tich Piéu kién chiét tich TLTK

Dipropyl phosphate | - Sir dung 1 ml mau nudc tiéu sau d6 thém 2 ng | [15]
(DPRP), DNBP, | hdn hgp chuan noi;

diissobutyl - Tiép theo diéu chinh pH bang cach bo sung 1 mL
Phosphate  (DIBP), | dung dich dém amoni axetat (10 mM, pH = 5).
BBOEP, bis(2- | Sau d6 14c xody trong vong phit.

Ethylhexyl)

- Mau dugc nap vao hop chiét Strata-X-AW (60

phosphate  (BEHP), mg/cm?®) hoat héa véi 2 mL methanol va 2 mL

BCEP, BCIPP,
BDCPP, DPHP va
BMPP trong nudc

nudc.

- Tiép theo dugc rira giai v6i 2 mL amoni hydroxit

5% trong methanol. Dung dich rura giai dugc c6 dac
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ti€u va cac chat ndi

dén gan kho dudi dong khi nito nhe va dugc hoan

chuan nguyén voi 100 pL axetonitril.
- Cudi cung mau dugc ly tam va loc qua bo loc
nylon 0,22 um, Spin-X, Costar, Corning Inc.,
Corning, NY, U.S.

Diphenyl phosphate | Str dung 5 mL nudc tiéu dugc chuyén vao mot ong | [29]

(DPHP), diethyl | thay tinh va thém 10 ng mdi chat chuan ndi (dio-

phosphate (DEP), di- | diphenyl phosphate (dio-DPHP), d1o- BDCPP, ds-

n-butyl  phosphate | BBOEP.

(DNBP), bis(2- | Sau d6 miu dugc pha loang theo ty I¢ 1:1 (v/v)

ethylhexyl) voi nude Milli-Q va duoc axit hoa dén pH 6,5

phosphate  (BEHP), | bang axit axetic 0,1 M.

BPCPP trong nugc Tiép theo nap mau vao hop chiét Strata-X-AW da

tidu. hoat hoa v1 3 mL methanol va 3 mL nuéc Milli-
Q, nap mau véi toe d6 0,5 mL/phut, cac hop duoc
trang bang 3 mL nudc Milli-Q va lam kho bang
khi nito trong 5 phdt.
Céc hop chit duogc rira giai bang 2 mL acetonirtril
chira 5 % pyrrolidine hai lan. Dich rira giai két hop
duogc c6 dudi dong khi nito thdi nhe dén gan kho,
hoan nguyén véi 0,5 mL nude Milli-Q/MeOH (4 :
1, v/v) va loc qua mang loc Polytetrafluoroetylen wa
nude 0,22 um.

Phén tich trong mau | Lay 3 mL huyét thanh, sau d6 thém vao mét luong | [30]

huyét thanh: 16 OPEs
trong huyét thanh.

chat ndi chuan (50 ng TCEP-d12 va 50 ng TPhP-
d15), tiép theo thém 6 mL axeton.

Mau dugc chiét 2 1an voi 4 mL hdn hop hexan /
metyl tert-butyl ete (1 : 1, v:v), sau dé dich chiét
duogc rira bang 4 mL dung dich kali clorua (1 % w
/' w).

Tiép theo dich chiét dugc lam sach bang cach sir
dung cot sac ky tham thau gel (GPC), sau d6 1a
cot silica gel va alumin nhiéu 16p.

Cudi cung, duoc co dic dén 100 uL dé phan tich.
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1.6. Cac phwrong phap phan tich Bis (1,3-dichloro-2-propyl) photphat trong miu

sinh hgc va nuéec tiéu.

Viéc phan tich x4c dinh ham luong cac chit chdng chdy va danh gia muc do
phoi nhiém cta chiing trén co thé nguoi 13 rat can thiét. Hién nay trén thé gidi cac
nha nghién ctru ddc biét chi tAm trong viéc phan tich cac chit chuyén héa trong nudc
tiéu ngudi ctia chat chdng chay photphat hitu co dé theo ddi murc d6 phoi nhiém cia

OPFRs trén co thé ngudi.

Hién tai, cac tinh chit hoa hoc va vat Iy cua OPFRs va cac chét chuyén hoa
ctia chung 13 yéu t6 quyét dinh trong viéc lwa chon thiét bi. Mot s6 phuong phap da
dugc cac tac gia xay dung va phat trién thanh cong dé dinh luong chat chéng chay
OPFRs hoic cac chat chuyén hoa cia OPFRs trong nuéc tiéu ngudi nhu phuwong phap
sic ky khi (GC) hoic sic ky 1ong (LC) ghép ndi voi khdi pho.

Cooper E.M. va cong su [31] da xay dung phuong phap phan tich dinh lugng
BDCPP va DPP (day 1a hai chét chuyén hoa chinh cta chit chéng chay TDCPP va
TPP) trong nudc tiéu ngudi trudng thanh bang phuong phap sic ky 16ng ion hoa hoa
hoc 4p suat khi quyén ghép ndi khdi phd hai 1an. Gi6i han phat hién ctia phuong phap
1a 8 pg/mL d6i v6i BDCPP va 204 pg/mL dbi voi DPP. Do thu hdi cua cac chat phan
tich duoc thém vao nudc tiéu nam trong khoang tir 82 £ 10 % dén 91 + 4 % ddi véi
BDCPP va tir 72 + 12 % dén 76 + 8 % ddi voi DPP [31].

Van den Eede va cong su [32] da thuc hién phan tich so sanh trén hai phuong
phap 1a sic ky khi ghép nbi khédi pho hai lan véi hé EI duong (GC-MS/MS-EI*) va
sic ky 16ng ghép ndi khdi phé hai 1an véi hé ESI 4m (LC-MS/MS-ESI) dé phan tich
cac chat chuyén hoa OPFRs trong nudc tiéu. Ca hai ky thuat déu cho két qua tbt doi
v6i mot sd hop chét riéng 1é, nhu LC-MS/MS ¢6 LOQ thap hon d6i v6i DPHP va
BBOEP (tuong tng 1 0,3 va 0,15 ng/mL), trong khi 6 GC-MS/MS ¢6 LOQ thap
hon nhiéu so véi LC-MS/MS d6i voi BCEP, BCPP, BCDPP (tuong tmg 0,1 ; 0,06;
0,02 ng/ML) [34]. Cac tac gia da dé xuat k¥ thuat LC-MS/MS nhu mot phuong phép
chung dya vao thoi gian phan tich, tuy nhién GC-MS/MS duoc khuyén nghi cho cac
diakyl photphat clo hoa (DAP) vi tinh ky nudc va kha ndng ion hoa cua ching la cho
chung phu hgp hon voi ki thuat nay.

Do chit nén ciia miu rat phiic tap nén khi str dung k¥ thuat phan tich LC/MS
c6 thé dé bi hinh thanh céc phitc bén véi cac cation kim loai bao gom Na* dé dan dén
su hinh thanh cac ion [M*Na]* va [2M*Na]*, gdy can trd lam giam dd nhay va phai
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dugc theo doi dé giam thiéu tac dong ciia chiing dbi v6i hiéu suét tong thé cta phuong

phap.

Duéi day bang tham khao mot s6 phuong phap va diéu kién phan tich cia mot

sO chat chuyén hoa OPFRs trong nudc tiéu :

Bang 1.2. Piéu kién phan tich trén thiét bj LC-MS/MS ciia mét s6

hoa phun dién tir (ESI) va ion hoa
hoc & 4ap suit khi quyén (APCI)
duoc st dung déng thot

- Cot Kinetex (kich thudce : (100 x
2,1) mm; 2,6 m; Phenomenex,
Torrance, USA)

- Nhiét do tiém 60 °C

- Pha dong : Nuéc tinh khiét(A),
MeOH (B)

- Téc d6 dong 0,5 mL/phut
Ophit:90 % A+10% B

10 phut: 10 % A+90 % B

13 phit:10% A+90 % B

13,10 phut : 90 % A+ 10 % B
15phiut: 90 % A+10% B

- Nhiét do hoa hoi 150°C, Nhiét do
khi nito 350 °C

- Luu luong khi 5 mL/phut, ap suat
may phun suong 60 psi

- bi¢n 4p mao quan -4000V

- Manh me : 319 ; 319 ; 318 ; 320 ;
329

(LOD) 0,06 ng/mL

- G161 han dinh lugng
(LOQ) 0,2 ng/mL

- b6 1ap lai 3,1-6,5 %

- b6 tai lap 5,5 -8,5%

- Do thu hoi 80 -120 %
- PBo khong dam bao do
15%.

Cac mau co ndng do
Creatinine ting dan dan
dén nong do BDCPP

ting dan.

nghién ciu
Chat Piéu kién nghién ctru Két qua TLTK
phan
tich
BDCPP |- Thiét bj LC-MS/MS, quatrinhion | - Gidi han phat hién | [11]
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-Manh con : 35,1 ;37 ;35,1:; 35,2 ;
35,1

BDCPP ; | Thiét bi LC-MS/MS Gioi han phat | [33]
BCPP; | Cot C18(2) (50 x 2,0 mm, kich | hién(ng/mL)cua  cac
DPHP thudc hat 2,5 um, Phenomenex), chat BCPP; BDCPP;

hop bao vé Security Guard Polar- | DPHP 3 ip-DPHP ; tb-

RP (4 x 2,0mm) DPHP lan lugt 1a : 0,12;

- Pha dong MeOH, nudc (amoni 0,02:0.18:0,09; 0,09

axetat 0,8mM)

- Téc d6 dong chay 300 uL/phut

- Nhiét do 10 cot 45°C

- Chuong trinh gradient: 90 : 10

(nudc : methanol) gitr trong 3 phut,

tang 1&én 5: 95 trong 4 phut, gilt

trong 2 phut, trd vé diéu kién ban

dau trong 2 phat va giit trong 6

phat.
BDCPP, | Thiét bi LC-MS/MS Gi6i han phat hién cta | [34]
DPP BDCPP 12 0,05 ng/mL ;

- Cot nhdi Synergi Polar-RP
(Phenomex)

- Pha dong amoni axetat 10 mM
(A), Metanol (B)

- Chuong trinh gradient : ban dau
25 % B 1én 95 % B trong 5 phut va
gilt trong 5 phut, sau do6 gitr 5 phut
0 25% B.

- Toc d6 dong 0,25 mL/phit

- Nhi¢t do cot 35 °C, nhiét do khi
350 °C, Iuu lugng khi 7 L/phut, ap
suat may phun swong 40 psi, bo gia
nhiét khi vé boc 400 °C

DPP 12 0,5 ng/mL
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Sau khi tham khao, tim hiéu va phan tich co thé thiy phuong phap phan tich
nhitng ndm gan day pho bién trong phén tich chat chuyén hoa chdng chay trong nudc
tiéu nguoi 1a sir dung ky thuat chiét pha ran (SPE) lam sach mau va dich chiét dugc
phan tich trén thiét bi sac ky long ghép ndi khdi pho hai lan (LC-MS/MS). Pay 1a k§

thuat cho do chinh x4c va d¢ nhay cao, hi¢u qua, dang tin cay.

Véi k§ thuat MS mot 1an khong nghién ctru duoc co ché phan manh, sy khéc
biét giita cac ddng phan, xac dinh thém chi tiét cau trac héa hoc va chiju anh huéng
ctia nén mau phan tich. DPéi v6i MS/MS thi d3 khac phuc dugc nhiitng nhugc diém
nay dong thoi ting thém do nhay, ting d6 chinh xac két qua loai bé anh huéng cua

nén mau.

May khdi phd MS/MS gdm hai hé may khdi phé riéng biét doc 1ap nhau duoc
ndi lién v6i nhau va cach nhau mot bué)ng va cham. MS dau tién duoc su dung dé co
1ap ion so cap, ion ndy sau d6 s& bj phan manh tai budng va cham dé cho ra cac ion
thir cap, tiép dén MS thir hai s& phén tach cic ion nay va nhiing ion mong mudn s& di

dén detector va chuyén thanh tin hiéu.

1.7. Cac phwong phap danh gia mirc dd phoi nhiém dnh hwéng dén sire khée con
nguwoi cia TDCPP.

Dé danh gia rui ro stc khoe, mirc d6 phoi nhiém cua cac chit chng chay co
phot pho dbi véi con ngudi da duge danh gia trong rat nhiéu nghién ctru nhu dya trén
ndng d6 OPFRs trong bui, khong khi trong nha hang ngay hay dwa trén dién tich da
tiép xtic. Tuy nhién cac phuong phap nay thuong khéng nhit quan giita cac nghién
ctru khac nhau, din dén viéc 1am phire tap thém viée so sanh cac két qua danh gia
phoi nhim. Thém nira, viéc 1ay mau hoat dong & nhing thoi gian cu thé khac nhau,
quan thé khac nhau nhung lai chi c6 duy nhat mét méi trudng vi mé dan dén sy khong

chic chin trong udc tinh phoi nhiém va so sanh giita cac nghién ctru.

Trong khi d6 dua trén cac nghién ctru mé phong thuc té va nghién ctru di chi
ra rang cac OPFRs dé& dang dugc chuyén hoa thanh cac chat chuyén héa diester ciia
chung va thudong dugc phat hién trong nude tiéu ciia con ngudi. TDCPP duoc phat
hién & muc do cao trong nhiéu phuong tién mdi truong cé lién quan chat ché téi con
ngudi. BDCPP 1a chat chuyén hoa chinh cia TDCPP trong nudc tiéu con ngudi, ngoai
ra con c6 mot s6 dan xuat dimetyl cia BDCPP dugc du doan chuyén hoa trong gan

nguoi.
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Theo nghién ctru cta Li va cong su [35], diester 14 chat chuyén hoa chinh va 1a
san pham sinh hoc duoc phat hién thudng xuyén nhat, mic do phoi nhiém udc tinh cua
TDCPP dugc danh gia dya trén viéc phan tich ham luong BDCPP trong nudc tiéu.

Do vay, trong nghién ctru nay dua vao ham lugng BDCPP xac dinh dugc trong
nudc tiéu nguoi sé tinh toan liéu luong TDCPP phoi nhiém trén co thé nguoi va danh
gia nguy co phoi nhiém TDCPP d6i voi con ngudi.

CHUONG 2. POI TUQNG, NOI DUNG, PHUONG PHAP NGHIEN CUU
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2.1. Pbi twong va ndi dung nghién ciru
2.1.1. Déi twong nghién civu

- MAu nudc tiéu thu thap ngau nhién tai Ha Noi

- Bis(1,3-Dichloro-2-propyl) Phosphate (BDCPP)
2.1.2. Muc tiéu nghién ciru

Xay dung quy trinh xt Iy mau va xac dinh ham luong chat chuyén hoa Bis(1,3-
Dichloro-2-propyl) Phosphate (BDCPP) trong mau nudc tiéu bang phuong phap két
hop ky thuat xtr ly mau chiét pha rin va phuong phap phan tich sic ky long ghép néi
khéi pho hai 1an (LC-MS/MS).

Ung dung dé phan tich trong mau nudc tiéu thu thap tai Ha Noi va danh gia
nguy co phoi nhiém cua chat chdng chay TDCPP dén con ngudi.

2.1.3. Méu nghién ciru

Cac mAu nudce tiéu thu thap ctia 59 tinh nguyén vién sinh sdng tai khu vuc
ngoai thanh va ndi thanh Ha Noi. Cac tinh nguyén vién cung cap diy du théng tin vé
tudi tac, gidi tinh, noi sinh séng va duoc trinh bay chi tiét trong phu luc luin van.
2.1.4. Ngi dung nghién ciru

Pé dat dugc muc tiéu dé ra, nhitng ndi dung sau dugc nghién ctru tién hanh
thuc hién:

Noi dung 1: Nghién ctru xay dung quy trinh chiét tach va phan tich BDCPP
trong mau nudc tiéu bang phuong phap chiét pha rin va sic ky 1ong ghép ndi khoi
phé hai 1an (LC-MS/MS).

- Xay dyng duong chuan dinh luong cia BDCPP trén thiét bi LC-MS/MS.

- Xay dung quy trinh chiét tach mau.

- Tham dinh phuong phap: Xac dinh giéi han phat hién (LOD) va gidi han dinh
luong (LOQ), gidi han phat hién ciia phuong phap (MDL), Hiéu suét thu hoi,
do chinh xac, do lap lai.

Noi dung 2: Chiét tich va phan tich BDCPP trong mau nudc tiéu ciia nguoi
dan thu thap tai Ha Noi.

- Xac dinh dic diém cua mau nudce tiéu thong qua kiém tra cac thong s6 co ban,

bao gom do pH, trong luong riéng, tong Creatinin, téng protein, ure. ..
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- Ung dung phan tich cac mau nudc tiéu thu thap tai Ha Noi.

Noi dung 3: Panh gid nguy co phoi nhiém tac dong dén stc khoe con nguoi
cua TDCPP.

- Xir 1y s6 liéu, phan tich va danh gia két qua.
2.2. Héa chit, dung cu va thiét bi
2.2.1. Héa chit

- BDCPP (98%) dugc mua tir phong thi nghiém Wellington (Guelph, Ontario,
Canada);

- Cé4c chit noi chuan di-BDCPP duoc mua tir Dr.VIadimir Belov (Vién Hoa
sinh vat Iy Max Planck, Goettingen, Duc);

- Dung mdi Methanol (MeOH), Acetonitrile (ACN), nuéc (>98%) dat chuan
phan tich;

- Khi Nz ki thuat 99% dung dé dudi dung méi.

- Axit axetic 0,1 M (Merch)

Tat ca cac dung dich chuan 1am viéc déu duogc chuan bi trong ACN.
2.2.2. Dung cu va thiét b

- Céc dung cu va thiét bi dé thu thap mau nuéc tiéu;

- C4c thiét bj phan tich tai phong thir nghiém;

- Dung cu chiét SPE pha d4o (Varian Bond Elut Plexa; Agilent SampliQ);

- Hé théng phan tich HPLC I-Class két néi khéi phd MS/MS Xevo TQ-XS
héng Waters;

- Thiét bi ¢ cat quay chan khdng (Buchi Rotavapor® R-215);
- Bé siéu &m (SUPER RK510);

- Thiét bi ly tam (Hettich Rotina 420R, Dtc);

- Cén phan tich (£0.0001 mg);

- Tu say (50°C - 300°C) (Sellab, M¥)

- Tu nung;

- Tu lanh s&u (Sanyo Biomedical MDF-U333);
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- Thiét bi cit nudc tinh khiét (Elix 3 UV Water Purifiction System;
120V/60Hz, Millipore).

- Ong nhya ly tam c6 nap loai 10 ml.
- Binh dinh muc 10ml.

- Pipet, 6ng dong cac loai, phéu chiét, cdc thiy tinh, diia thuy tinh binh dinh
mrc cac loai.

- May lac Unitwist 300, may lac Vortex.
- Hé chiét 4p suat cao (ASE 350, Dionex, Thermo Fisher Scientific)
- Pau loc nylon/PTFE, 13 mm, 0.2um.

- Hé thdng thiét bi sic ky long két ndi khéi phé hai lan hing Waters: LC/MS-
MS (Model : Xevo TQ-XS) bao gém : b phan sac ky long siéu hiéu niang I-
Class va bo phan khéi phd ba ttr cuc véi ngudn ion héa tia dién ESI va ion hoa
héa hoc ap suat khi quyén APCI.
_ Cot séc ky ACQUITY UPLC C18 (kich thudc: (150 x 2,1) mm; 1.7um:
Phenomenex, Torrance, Hoa Ky).

2.3. Cong thuc tinh toan

- Do léch chuan:

- b6 léch chuan tuong d6i:

%RSD = >2 4100

th
- Do thu hoi: H (%) = Xin/Xpa*100
Theo tiéu chudn EPA 1614, phwong phdp phdn tich phdi dam bao gia tri %
RSD < 50% va hiéu sudt thu hai thugc khodng 70 — 120 %.
- Do lap lai cua phép do: Puoc xac dinh théng qua hé sé bién dong caa phép
do (CV) va dugc tinh theo cac dai lugng do léch chuan (SD).



20

2
g2 - Z:(:—_fm) (2.13) CcV = Xi-loo (2.14)

th
Trong dé:  Xw: Nong do trung binh, n: s6 lan do,
RSD (%) = CV (%)
Theo yéu cau cia EPA 1614: D6 lip lai (CV) < 15%; Do téi lap lai <25%

-Khoangtincdy: |\ 4 7 5 hoge x + Z.o

V&i co 6 miu bé, o chinh 1a S hodc SRD.

Trong nghién ctu ndy VG Xac suit tin cay 1a 96%, twong tng véi Z = 2 (quy
tic 26) duoc sir dung dé danh gia do tin cay cua phép do.

2.4. Phwong phap nghién ciru
2.4.1. Nghién citu thu thdp mdu nwéc tiéu

Quy trinh lay mau duoc chap thuan (cho phép) cua Hoi Dong dao dic trong
nghién ctiu y sinh hoc trudng dai hoc Y té cong cong (sé 337/2023/YTCC-HD3).

Cac mau nudc tiéu dugc thu thap tir cac tinh nguyén vién ¢ cac quan, huyén
noi va ngoai thanh Ha Nai véi thé tich mdi mau 1a 50 ml. Cac mau dugc dung trong
cac lo thary tinh nau 100 ml d4 lam sach bing MeOH, bao quan & -20 °C cho dén khi
phan tich (khdng qua 1 tuan). Cac mau nudéc tiéu da rd dong duoc dong nhit bang
cach tron qua may lic, cac miu nay duoc lay ra 10 mL dé xac dinh mét sb thong sb
chung trén nudc tiéu. Hon nita, mdi mau nudce tiéu duge chia thanh nim mau phy
dugc luu trir trong cac ng polypropylene 15 mL dé sir dung khi can phan tich céc
thong s6 co ban khac.

2.4.2. Nghién citu phin tich BDCPP bang LC-MS/MS

Phuong phap phan tich 13 phuong phap sic ky 1ong ghép néi khdi pho 2 l1an
(LC-MS/MS), qua trinh ion hoa phun dién tir (ESI) va ion hoa héa hoc ap suat khi
quyén (APCI) dugc sir dung dong thoi.

Céc thong sd phan tich cia hé thong LC-MS/MS duoc tién hanh véi miu
chuan va chuin dong hanh dugc pha trong ACN.
2.4.3. Nghién ciru chiét tach BDCPP trong nwéc tiéu bang chiét pha rin

Ham luong chat chuyén hoa chat chéng chay trong mau pham sinh hoc thuong
rat nho, do d6 viéc nghién ciru phuong phap dé xtr ly 1am giau mau rat can thiét, hién
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nay c6 phuong phap pho bién nhat 1a chiét pha ran. Qua trinh chuan bi mau doi hoi
hét sizc phai can than, vi nd 1a budc quan trong quyét dinh dén hiéu qua cua phuong
phap phan tich. Qué trinh chiét tach can loai bé duoc cac chat hitu co giy can tro.

BDCPP ciu tao ¢ chira nhém OH" mang dién tich &m nén 14 mot anion trong
khi d6 pH thudng dugc quan sét thay trong nudc tiéu nam trong khoang (pH 6 — 7).
Do d6 khao sat cac diéu kién chiét tach tap trung vao cac cot chiét pha ran trao doi
ion, str dung céac cot dudi day:

Bang 2.1. Khao sét cac cét chiét BDCPP trong nuéc tiéu

STT Tén cot Vit liéu pKa
1 Oasis WAX Polyme ~6,5
2 StrataX-AW Polyme 9
3 Bond Elut DEA Silica 10,1
4 SampliQ Silica ~6

Dua trén co sé nghién ctiu cua Petra Krystek va cong su (2019) vé quy trinh
chiét BDCPP tir nuéc tiéu, chung toi dua ra quy trinh xtr 1y chiét tich mau du kién

nhu sau:

*) Quy trinh chiét dir kién: Sau khi dong nhat héa cac mau nudce tiéu, 2 mL
nudc tiéu duoc thém vao chat noi chuan di-BDCPP (20 ug/mL) sau d6 diéu chinh
dén pH = 6 bang dung dich axit axetic 0,1M va lic votex trong vong 1 phat. Cot chiét
pha rin dugc hoat hoa bang 2 mL MeOH, sau d6 thém 2 mL nuéc tinh khiét. Cac
mau dugc nap 18n cot chiét pha ran & téc d6 dong chay 1 mL/phdt. Tiép theo cot chiét
duogc rira bang 2 mL nudc tinh khiét va lam khé trong chan khéng. Cot chiét dugc
rira giai vai 2 mL ACN (chira 5 % pyrrolidin) va duoc 1am bay hoi dén khd bang khi
N2 & nhiét do phong. Cudi ciing, phan can dugc hoan nguyén trong 500 uL nudc siéu
tinh khiét / MeOH véi ty 18 4:1 va dugc loc qua mang nylon 0,2 pm. Sau d6 dich chiét
dem di phan tich.

*) Kiém soat chat lugng/dam bao chat lugng: Mau tring duoc tién hanh bang
cach st dung 2 mL nudc mudi sinh 1y 0,9 % NaCl. Tat ca cac dung dich chuan déu
dugc chuan bj trong dung dich Acetonitril (ACN).

2.4.4. Nghién citu xdc dinh gid tri sit dung ciia phwong phdp chiét tich va phan
tich BDCPP trong mdu nuwéc tiéu
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2.4.4.1. Khdo sat gidi han phat hién (LOD), gidi han dinh lirong (LOQ) cua thiét bj
gidi han phét hién dinh luwong cia phuong phap (MDL, MQL)

LOD la néng do thap nhat cua chat phan tich ma thiét bi phan tich cd thé cho
tin hiéu phén tich khac c6 nghia so véi tin hiéu nén. LOD la nong do thap nhat cua
chat phan tich ma phuong phap phén tich c6 thé phat hién duoc so véi mau trang.

Trong nghién cau nay, gi¢i han phat hién (LOD) duoc xac dinh dua trén ty 1€
tin hiéu chia cho nhiéu dudng nén (S/N: Signal to noise ratio). Phan tich dung dich
chuan nong do 1 ng/mL, tinh ty 1¢ S/N, néu S/N <3 can ting ndng d6 khao sét, néu
S/N >3 giam ndng do khao sat cho dén khi S/N xap xi 3, chon nong d6 d6 1a giéi han
phat hién cua thiét bi.

- Gidi han phat hién (LOD):
LoD = 3Cmn
S/N (2.4)
Cmin: NOng d6 nho nhat ma chiéu cao tin hiéu pic caa chat phan tich
gap 3 l1an tin hiéu duong nén. S/N: Tin hiéu nén
- Gi6i han dinh luong (LOQ)
LOQ=3,33.LOD (2.5)

Gidi han phat hién cua phuong phap (MDL) dugc xac dinh bang cach phan
tich 8 mau thém chuan tir ndng do bang nong d6 gidi han phét hién cua thiét bi. Cac
mau duoc do trong cung diéu kién xac dinh.

MDL duoc tinh theo do 1éch chuan (SD) tir cac két qua xac dinh tir cac két qua
thi nghiém, theo céng thuec:

MDL = t(n—l, 1-0=0.99) X SD

(EPA 40 CFR Appendix B to Part 136, Definition and Procedure for the
Determination of the Method Detection Limit, revision 1.11)

Trong dé: t® 1 170=09) |3 chuan student véi bac tu do (n-1) vai do tin cay 99%.

Gidi han dinh lugng cua phuong phap (MQL) dugc tinh theo cong thuc:

MQL = 3x MDL

2.4.4.2. Khdo sdat dwong chuan va khoang tuyén tinh
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Khoang tuyét tinh: Khao sat khoang néng d6 cua chat phan tich trong d6 ¢
su phu thudc tuyén tinh giira ty & dién tich pic chat phan tich / dién tich pic chat
chuan vai néng do caa no.

Pé kiém tra khoang tuyén tinh, thuc hién phan tich cac dung dich chuan c6 nong
do tir 50; 100; 200; 400; 1000 ng/mL (ndng d6 ndi chuan thém vao cac mau 20 ng/L).

2.4.4.3. Khdo sdt do thu héi va dé diing ciia phwong phdp

Do thu hoi va d6 dung ciia phuong phap duoc xac dinh va tinh toan tai 3 mirc
ndng do (thap, trung binh, cao) dbi véi mdi chat phan tich. Dya trén két qua phan tich
trung binh cua céc két qua do duoc véi két qua mau chuan va mau chuan noi vai qua
trinh chiét tach mau Iap lai 8 lan.

Trong nghién ctru nay do thu hoi duoc tinh toan tir thi nghiém lap lai véi mau
thém chuan BDCPP & cac muc ndng d6 (0,5; 5; 100 ng/mL) l3p lai 8 lan. Chiét cac
mau thém chuan theo quy trinh chiét da xac dinh. Sau d6 phan tich biang phwong phap
trén LC-MS/MS.

Yéu cau: Do thu hdi phai nam trong khoang gia tri theo tiéu chuan tir 80% dén
120% (EPA 1614)

2.4.5. Phan tich mdu thuc té

Sau khi khao sat va téi vu héa dugc quy trinh phan tich, tién hanh chiét tach
va phan tich dinh luong ndng d6 BDCPP trong mau nudéc tiéu thu thap dugc. Céc
mau duoc xir Iy theo quy trinh xir Iy mau va duoc phan tich trén bang phwong phap
LC-MS/Ms di xdy dung. Phuong phap dinh luong 13 phuong phap duong chuan.

2.4.6. Nghién citu ddnh gid nguy co phoi nhiém

Pay 1a budc cudi cling quan trong trong qué trinh nghién ciru. Budc nay lién
quan dén viéc xac dinh tan xuat, mic do, tinh chat va thoi gian phoi nhiém cia nguoi
dan véi TDCPP.

Mtc d6 phoi nhiém cua ngudi dan véi TDCPP dugc dénh gia dya trén s ligu
phan tich BDCPP trong mau nuéc tiéu cua cac tinh nguyén vién, sy phu thudc cua
giéi tinh va d6 tudi khac nhau va tinh lidu phoi nhiém hang ngay dya vao ham luong
BDCPP.

Liéu luong phoi nhiém hang ngay cia TDCPP duoc tinh toan du theo nong do
chét chuyén hoa BDCPP trong nudc tiéu. Tham khao nghién ctru [41] cong thic st

dung tinh todn nhu sau:
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Trong do:
Dp: Liéu luong phoi nhidm hang ngay cia TDCPP (ng/kg bw/day)
Cm: Nong d6 chua diéu chinh ctia chat chuyén hoa BDCPP trong nudc tiéu (ng/mL)
UVexer: Lurong bai tiét nude tiéu hang ngdy ¢ mirc 20 mL/kg bw/ngay d6i véi
ngudi 16m va 22,2, mL/kg bw/day dbi véi tré em [41].
FUE: Phan mol cua chat chuyén héa trong nuéc tiéu dugc bai tiét (0,63 dbi
voi BDCPP) [26]
MWP va MWNS lan luot 13 trong lwong phan tir ctia cic chit ban ddu va cac
chat chuyén héa tuong tng.
2.4.7. Phwong phdp xir Iy sé li¢u
Cac két qua phan tich dinh luong duoc xir ly theo phan mém trén thiét bi LC-
MS/MS va sb liéu dugc xir Iy bang phan mém Microsolf Excel.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Phuwong phap phén tich BDCPP biang LC-MS/MS
3.1.1. Piéu kién phdn tich BDCPP bang LC-MS/MS

Qua tham khao mot s tai liéu[1, 11, 31] , ching tdi tién hanh khao sat xac
dinh BDCPP bing k§ thuat ion héa phun dién tar ESI két hop k¥ thuat ion hoa hoa
hoc &p suat khi quyén APCI.

Dinh luong duoc thuc hién trén hé thdng thiét bi sic ky long két ndi khéi phd
hai lan hdng Waters: LC/MS-MS (Model : Xevo TQ-XS) bao gom:

- Bo phan sic ky long siéu hiéu ning I-Class. Cot sic ky ACQUITY UPLC
C18 (kich thudc: (150 x 2,1) mm; 1.7um; Phenomenex, Torrance, Hoa Ky).

- Bo phan khdi phé ba tir cuc véi ngudn ion hoa tia dién ESI va ion héa hoa
hoc &p suat khi quyén APCI.

Trong phuong phép sac ki long khdi phd, pha dong rat quan trong anh huong
t6i nhidu yéu td nhu qua trinh tach, qua trinh ion hoa va tin hiéu cua chat phan tich.
Véi ki thuat ion hoa phun dién tir ban phé & ché d6 ion duong, qua trinh ion hoa ting
khi pha dong c6 thém cac chat nhu acid Acetic, acid Formic. Trong nghién ctu, ching
t0i sir dung hé dung méi pha dong nhur sau:

- Phadong A: 0,05% TFA
- Pha dong B: ACN 0,01% acid Formic

Trong k§ thuat ion hoa phun dién tir véi ché d6 bin phé ion duong, cac ion me
c6 dang [M+H]*. Detector dugc sir dung trong nghién ctiu nay 1a khéi hai lan, do d6
dé phat hién dung chat phan tich thi viéc chon duoc ion con 1a rat quan trong.

Dung xi lanh bom 5 pL dich chuan 20 ng/mL vao cot chiét sac ky va lya chon
2 jon con ¢ cudng d tin higu cao nhat dé dinh tinh va dinh luong. C6 dinh cac thdng

s6 ciia ngudn va khi nhu bang 3.1. Cac diéu kién sac ky chi tiét ¢ bang 3.2.

Bang 3.1. Céc thdng s6 cai dit trén LC-MS

STT Thong so Picu kién
1 Capillary (kV) 2,5
2 Cone (V) 22
3 Source Offset (V) 30
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4 Source Temperature (°C) 150

5 Desolvation Temperature (°C) 400

6 Cone Gas Flow (L/Hr) 150

7 Desolvation Gas Flow (L/Hr) 800

8 Collision Gas Flow (mL/Min) 0,11

9 Nebuliser Gas Flow (Bar) 7

Bang 3.2. Cac diéu kién phan tich trén LC-MS/MS
Thoéng sb ky thuat Théng tin

Pha tinh cot ACQUITY UPLC C18 (150 x 2,1) mm; 1,7um)
Nhiét do cot 60 °C

Thé tich bom mau S UL

Tbc do pha dong 0,2 mL/phat

Chat rira giai (A) 0,05% TFA va chét rira giai (B) ACN

Pha dong 0,01% Formic acid

Dung dich rira 90 Nudc 10 ACN

(Chi tiét tai bang 3.3)

Bang 3. 3. Ché dd bom mau gradient

Thoi gian Rira giai A Rira giai B Toc do dong
(phut) (%) (%) (mL/phat)
0 80 20
2 0 100
5 0 100 0,2
8 80 20
14 80 20

Céc thong s6 t6i wu hoa dieu kién phan manh duoc thé hién trong bang 3.4.
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Bang 3.1. Piéu kién dwoc sir dung dé phat hién BCDPP va chat chuan
dong hanh gin nhéan ddng vi di-BDCPP

Hop chat BDCPP d10-BDCPP
Quantitation Confirmation Quantitation
ion ion ion
Parent ion
318,87 318,87 328,7
(m/z)
Transition
Daughter ion
98,98 209,1 98,98
(m/z)
CE (eV) 15 10 10

Nhdn xét: Manh ion con m/z ¢6 cudng do 16n nhat ding dé dinh lugng, manh
con thir 2 ¢6 cuong do thip hon dung dé xac nhan chit phan tich.

Trén déy 1a toan bo 1a cac diéu kién duoc thiét 1ap trén thiét bj LC-MS/MS dé
xéac dinh ham lwgng BDCPP trong mau nuéc tiéu duoc &p dung trong nghién ctu nay.

3.1.2. Xay dung dwong chudn

Trong khoang nong do dung dich chuan BDCPP tir 50 — 1000 ng/mL cho hé
sb trong quan R > 0,996. Cac diéu kién do theo phan 3.1.1.

Compound name: BCDPP

Correlation coefficient: r = 0.998132, 12 = 0.996267

Calibration curve; 264.603 * x + 3319.29

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Hinh 3.1. Puong chuan cia BDCPP khoang nong d 50 — 1000 ng/mL

Phuong trinh hdi quy tuyén tinh thu dugc la:
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Y =264,603x + 3319,29

Trong dé: y 1a dién tich pic; x 1a nong d6 BDCPP (ng/mL)

Hé sb twong quan R? = 0,996, do d6 dudng chuan BDCPP duoc xay dung la
dang tin cdy va dugc st dung trong dinh lwong BDCPP trong nuéc tiéu.

3.2. Phuong phap chiét tach BDCPP trong miu nuwéc tiéu bang SPE
3.2.1. Piéu kign chiét tach BDCPP trong méu nwdc tiéu bang SPE

K thuat xu ly mau bfing ot chiét pha ran SPE duoc lya chon dé khao sat. Céac

budc thuc cua quy trinh lam sach SPE duogc thuc hién theo quy trinh trong muc 2.4.3.

Trong nghién ciru nay, ching t6i lya chon khao sat 4 cot chiét tach dé chiét
tach hop chit BDCPP trong mau nudc tiéu va phan tich trén LC-MS/MS bao gom:
Oasis WAX; StrataX-AW; Bond Elut DEA; SampliQ.

Chét nghién ctru BDCPP ¢6 dic tinh do phan cuc cao, pKa thip (pKa~1,18),
n6 gay kho khin cho viéc proton héa hoan toan va tao diéu kién cho qué trinh phan
ving, do d6 sir dung cot chiét pha ran SampliQ cho hiéu suat thu hdi chat phan tich
thdp chi dat 56,2 + 12 %.

Trong nudc tiéu pH thudng tir 6 - 7, BDCPP c6 thé trd thanh 1 anion. D6i véi
cot chiét Oasis WAX do pKa nam trong pham vi pH cta nuée tiéu nén can duoc diéu
chinh bang dung dich axit acetic 0,1M, con lai déi v6i Bond Elut DEA, StrataX-AW

chung t6i stir dung nudc deion.

Két qua khao sat cho thiy d6 thu hdi cua trinh chiét tach dat > 70 %, trong d6
qua trinh chiét tich bang StrataX- AW dat 96,5 %. Theo nhu quy trinh chiét mau dy
kién ban dau, chat rira giai 14 ACN chtra 5% pyrrolidine c6 pKa~ 11,3, do d6 du dé
trung hoa hau hét dién tich dwong ciia chat hap phu, lam giam tuong tac ion giira chat
hap phu va chat phan tich, tao diéu kién loai bo chat phan tich khoi chat hap phu SPE.
Do thu hoi chiét tach cua cac cot chiét ndy vaoi cac mau chat chuan duoc chi ra trong
bang 3.5.
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Bang 3.2. Hiéu suat thu hdi chit phan tich véi cac loai cot chiét pha rin

. Hing sb Nong d¢ chit | PO thu hdi
Cot chiét Vit liéu <
pKa chuian (ng/mL) (%)
Strata X-AW Polyme 9,0 50 96,5 + 5%
Oasis WAX Polyme 6,5 50 77 £ 16%
Bond Elut -DEA Silica 10,1 50 72 + 9%

Tir cac két qua thuc nghiém va phan tich trén cho thay do thu hoi caa chat phan
tich dat duoc cao nhat vai cot chiét pha ran Strata X-AW 1a 96,5 %. Do do, st dung
cot chiét nay duoc sir dung cho quy trinh chiét tich mau nuéc tiéu trong nghién ctu
nay.

Quy trinh chiét tich miu nudce tiéu: Thém chat chuan dong hanh dip-BDCPP
(20 pg/mL) vao 2 mL nudc tiéu, diéu chinh dén pH=6 bang dung dich axit axetic
0,1M, lc votex trong vong 1 phat. Cot chiét pha ran duoc hoat hda bang 2 mL MeOH,
sau d6 1a 2 mL nuéc deion. MAu s& duoc tai 18n cot chiét pha rin Strata X-AW & téc
d6 dong chay 1 mL/phut. Sau d6 cot chiét duoc rira biang 2 mL nudc deion va 1am
khé bang hat chan khéng. Cot chiét duoc ria giai v6i 2 mL ACN (chwra 5%
pyrrolidin) va duoc 1am bay hoi dén khd bang khi N2 ¢ nhiét d6 phong. Cudi cung,
phan cin duoc hoan nguyén trong 500 pL nuéc deion / MeOH vai ty 16 4:1 va dugc
loc qua mang nylon 0,2 um. Sau d6 dich chiét dem di phan tich trén thiét bi LC-
MS/MS.

3.2.2. Piéu kién dung méi rira gidi ciia qud trinh chiét tich BDCPP trong mdu
nwéc tiéu bang chiét pha rin

Trong nghién ciu nay chung t6i da so sanh gitta 2 dung mdi rira gidi la
ACN (chtra 5% pryrrolidin) va MeOH (chtta 5% amoni hydroxit) két qua cho thay hiéu
qua chiét tich cta hai chét dat > 90 %. Ddi v6i dung moi rira giai MeOH (chira 5% amoni
hydroxit) v&i pKa~9,25 [36] gan so v4i chat hap phu trén cot chiét SPE, voi pKa chat
hap phu StaraX-AW ~9, do d6 kha nang trung hoa ion duong ctia chat hap phu yéu hon
s0 v6i ACN (chira 5% pryrolidin). Két qua hiéu suat chiét tach duoc thé hién chi tiét
trong bang 3.6.
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Bang 3.6. Hiéu suat chiét ciia cac dung méi rira giai khao sat

Picu . . | Nong dj chat | P9 thu
PP o Hang so X s,
Dung méi rira giai kién Ka chuan hoi
chiét P (ng/mL) (%)
ACN (chtra 5% pyrrolidine) Theo quy 11,3 50 96 + 4%
trinh nhu
MeOH (chtta 5% amoni
_ muc 3.2.1 9,25 50 92 + 5%
hydroxit)

(chtra 5% pyrrolidine) lam dung méi chiét tach BDCPP trong nudc tiéu.

3.3. X4c dinh gia tri sit dung cia phwong phap chiét tach va phan tich BDCPP
trong miu nuéc tiéu bang LC-MS/MS

3.3.1. Gioi han phat hi¢n (LOD), gioi han phdt hién ciia phwong phdap (MDL)

Trong nghién ciu nay két qua gii han phét hién (LOD) cua thiét bi thu duoc
gia tri LOD 1a 0,01 ng/mL. Két qua nay cho thay thiét bi cé thé dap tmg duoc phan
tich mau chuan BDCPP & lugng vét khi khong can két hop véi phuong phéap xtr Iy va
lam giau mau.

Gidi han phét hién hién cua phuong phap (MDL) dugc xac dinh bang cach
thuc hién phan tich 8 mau thém chuan néng d6 thip 0,1 ng/ml sau khi d3 tinh hé s6
lam giau cua quéa trinh va 1am giau mau. Két qua duoc thé hién & bang 3.7, gidi han
phat hién thu dugc cia BDCPP la 0,0085 ng/mL.

Két qua cho thiy d6 thu hoi caa mau thém chuan dat 96,25 %, d6 léch chuan
tuong dbi 4,66 % nam trong giGi han cho phép cia EPA Method 1614. So sanh véi
MDL ciia cac nghién ciru khac tir cac tac gia trén thé gidi duoc thé hién trong bang
3.8. Két qua cho thdy MDL ciia BDCPP ¢ nghién ciru ndy tuong duong véi gia tri
MDL cua BDCPP ¢ cac nghién ctu [31, 15, 37].
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Bang 3.7. Két qua xac dinh giéi han phat hién va giéi han dinh lrong

Nong do
(ng/mL) BDCPP
Ham luong nén mau 0,051
C1 0,164
C2 0,159
C3 0,161
C4 0,160
C5 0,156
C6 0,158
Kgq nong do do C7 0,162
(ng/ml) C8 0,165
Nong d6 trung binh Crs 0,161
t(n-1, 99 %) 2,998
Do léch chuan SD 0,0028
Do léch chuan tuong d6i (RSD) (%) 4,66
Do thu hoi trung binh (%) 96,25
Gigi han phat hien MDL (ng/ml) (MDL = t(r-1, 99%). SD) 0,0085
Gidi han dinh lwong MQL (ng/mL
MQL= 3*MDL oD 0,025

*C1-C8: Ky hiéu ndng dd theo thir ty ciia mau phan tich

Bang 3.8.. Gia tri MDL ciia mét s6 nghién ciru tham khao

STT | MDL(ng/mL) TLTK
1 0,008 [31]
2 0,0127 [37]
3 0,01 [15]

Sau khi thuc hién cac thuc nghiém va phan tich, két qua thu duoc 1a: gisi han phét
hién cua thiét bi LOD la 0,01 ng/mL; Gigi han phat hién cta phuong phap (MDL) 1a
0,0085 ng/mL; Gidi han dinh lugng cua phuong phap (MQL) 0,025 ng/mL.
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3.3.2. Do lip lai, A9 diing, dd thu hdi ciia phwong phap

Phan tich 8 mau thém chuan Iap lai & 3 mic nong do (0,5 ; 5; 100 ng/mL)
trong diéu kién lap lai (cing diéu kién phan tich, cing khoang thoi gian thuc hién,
cuing thiét bi phan tich va do mot ngudi lam). Panh gia d6 lap lai thong qua hé sb
bién thién CV %, d6 dung thong qua hé sb thu hdi va so sanh véi cac gia tri yéu cau
theo phu luc F caa AOAC. Céc két qua dugc thé hién trong bang 3.9.

Bang 3.9. P l3p lai, 9 ding va do thu hdi ciia phuwong phap xac dinh

BDCPP
Nong dd thém chuan (ng/mL) 0,5 5 100
C1 0,51 4,89 99,65
C2 0,48 4,97 99,98
C3 0,49 5,01 100,01
Nang 46 do duoc C4 0,50 4,90 100,03
C5 0,47 4,75 99,79
C6 0,52 4,83 99,99
C7 0,49 4,90 99,99
C8 0,48 5,10 100,00
Nong do trung binh Cw (ng/mL) 0,49 4,92 99,93
Do thu hoi H (%) 96,57 98,97 99,93
Do lech chuan SD (%) 1,56 10,10 12,70
Hé sb bién thién Cv (%) 3,17 2,05 0,13

Do thu hoi ciia phuong phap xac dinh BDCPP thu duoc nam trong khoang
96,57 - 99,93 %. Hé s6 bién thién (Cv) c6 gia tri tir 0,13 - 3,17 %, cac két qua nay
nam trong khoang cho phép khi so sanh véi phu luc F cia AOAC 2016.

Qua khao sat d6 lap lai ciia phuong phap tai 3 nong d6 0,5; 5; 100 ng/mL cho
thay két qua lap lai, do thu hoi ciia phuong phép rat tot. Phwong phap c6 do chinh xéac
phU hop dé phan tich dinh lugng BDCPP.

Tir cac khao sat trén, chung t6i dua ra phuong phap chiét tach va phan tich
BDCPP trong nudc tiéu bang phuong phéap sic ky long ghép ndi khéi pho hai lan
(LC-MS/MS) cuy thé nhu sau:
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Quy trinh xtr ly mau: Thém chit chuan dong hanh dio-BDCPP (20 pg/mL) vao
2 mL nudc tiéu, diéu chinh pH = 6 bang dung dich axit axetic 0,1M, lic votex trong
vong 1 pht. Cot chiét pha rin duoc hoat hda bang 2 mL MeOH, sau d6 1a 2 mL nuéc
deion. Mau s& duogc tai 1én cot chiét pha ran Strata X-AW & toc d6 dong chay 1
mL/phtt. Sau d6 cot chiét dugc rira bang 2 mL nudc deion va 1am khé trong chan
khéng. Cot chiét duoc rira giai voi 2 mL ACN (chira 5% pyrrolidin) va dugc lam bay
hoi dén khd bang khi N2 ¢ nhiét ¢6 phong. Cudi ciing, phan cin dugc hoan nguyén
trong 500 pL nudce deion / MeOH vai ty 1€ 4:1 va duoc loc qua mang nylon 0,2 pum.
Sau d6 dich chiét dem di phan tich. Trén thiét bi LC-MS/MS. M6 ta duoc thé hién
trong hinh 3.2

Diéu kién trén thiét bi LC-MS/MS: Thiét bi sir dung cua hang Waters ( model:
Xevo TQ-XS). Ion héa dién tir (ESI) va ion hda hoa hoc ap suat khi quyén (APCI)
dugc sir dung dong thoi. Cot sic ky cot ACQUITY UPLC C18 (150 x 2,1) mm;
1.7um). Dé tach sic ky, 5 uL dich chiét duoc bom vao cot chiét sic ky. Pha dong la
gradient cua dung dich 0,05 % TFA (A), ACN 0,01 % Formic axit(B) ( bang 3.3),
téc 6 dong 1a 0,2 mL/phdt. Chét phan tich BDCPP duoc phat hién theo cac diéu kién
t6i wu hoa dua ra & trong bang 3.1 va 3.4.
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Thém chuin néi d -

2 mL nuée tié :
mL murde tiéu BDCPP (20 ygimL)

LS &
!
i ™)
Axit axetic 0, 1M pH=6
L A
+
i ™

Lic votex trong 1 phut

" A
Tai len o f Strata X Hoat héa bing 2mL
arten LEW ratd A MeOH, 2 mL nurére siéu
- : T A tinh khiét
r 3

Miu tai lén cot vii toe
dd dong 1 mL/phit

+
Rira giai: 2 mL nuoc ) Lam kho trong chin
siéu tinh khiet khéng
:

Lam bay hoi dén khé
bing khi N2 & nhiét
dé phong

Rira gidi: 2 mL ACN
(chira 5% pyrrolidin)
)

Cin hoa tan trong 300gL
ntecre MeQH v i 4:1
1-

Loe qua mang nylon
0.2 gm

* ™
Dich loc phin tich trén
LC-MS/MS

-

Hinh 3.2. Quy trinh chiét tich BDCPP trong nudc tiéu
3.4. Thu thip miu nuéc tiéu ciia ngudi dan tai khu veee Ha Noi

Dé danh gia d6 phoi nhidm cua ngudi dan tai khu vuc Ha Noi, chung toi da
thuc hién thu thap 59 mau nuéc tiéu cua céc tinh nguyén vién phan b & mot sb khu
vuc trong Ha No6i. Nhém tinh nguyén vién c6 do tudi tir 3 - 76 tudi, bao gom 34 ni
va 25 nam.

Cac mau nudc tiéu dugc thu thap lic 6 gio sang, dugce dung trong dung cu
chuyén dung c6 nap day va dé chd thoang mat. Do nudc tiéu dé 24 gio ¢d thé bi bién
do6i cac thanh phan sinh hoa do vi khuan, do d6 mau nudc tiéu duoc bao quan trong
mdi truong tiét tring va bao quan lanh trong ta dong -20°C cho dén khi phan tich.

Sau d6 xac dinh cac théng s6 dic trung co ban cta nudc tiéu bao gom ti trong,
d6 pH, glucose, tong creatinin va téng protein. Cac thong sb dic trung co ban duoc
thue hién bang thiét bi do nhanh.

Trong luong riéng nudc tiéu (Specific gravity — SG) la ty s gitra trong luong
ciia mot thé tich nudc tiéu va trong luong cia cling mot thé tich nudc cat. Ty trong
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nudc tieu phan anh tong trong luong cac chat hoa tan co trong nudc tiéu. Ty trong
nuéc tieu & ngudi binh thudng dao dong tir 1,003 - 1,030 va trung binh 1,015 — 1,025.

D6 pH nudc tiéu xac dinh dé danh gia tinh chat cua nudc tiéu dang & moi
truong axit hay bazo. pH nuéc tiéu dao dong tir 4,7 - 8 va trung binh 5,5 - 6,5.

Dinh luong glucose duoc chi dinh ddi véi nhimg tredng hop nghi ngd ¢6 ton
thuong lién quan dén than hoic nhiém trung duong tiét niéu. BSi v6i ngudi binh
thuong khi ché do an udng chira 50% carbohydrate khong kém theo ting glucose
trong mau thi Glucose am tinh.

Dinh luong tong protein trong nudc tiéu dé phan anh 1 phan diu hiéu cua tinh
trang bénh ly & than hozc gidp phat hién tién san giat trong thai ky.

Creatinin 1a mot trong nhitng loai chat thai cd trong méu cua co thé dugc than
loc va thai ngoai co thé theo dudng nudc tiéu. Creatin dong vai trd quan trong trong
viéc sinh ra ngudn ning lugng cho cic co hoat ddng. Néu chi s6 creatinine trong co
thé cao c6 thé 1a mot dau hiéu cua bénh ly than. Chi sé binh thudng & nam gigi 0,6 —
1,2 mg/dL; nit gigi tir 0,5 dén 1,1 mg/dL.

Céc thdng s6 co ban duoc thir bang phuong phap do nhanh. Két qua phan tich
tir 59 tinh nguyén vién cho thay gié tri pH nam trong khoang 5 - 8, khdng phét hién
glucocse trong mau nudc tiéu, ham luong creatinin trong khoang 0,101 — 1,02 g/L, ty
trong nudc tiéu (SG) trong khoang tir 1,005 dén 1,030 va mot sé miu duong tinh voi
protein.

3.5. Két qua BDCPP trong cac miu nuée tiéu thu thiap

Sau khi hoan thanh qua trinh khao sat, danh gia phuong phap va xay dung quy
trinh chiét mau téi vu. Nghién ctu di ung dung dé phan tich 59 mau nudc tiéu tir cac
nhom tinh nguyén vién trong khu vuc Ha Noi. Cac mau duogc ky hiéu Ul: mau nuéc
tiéu. Két qua thu duoc trong bang 3.10 dudi day.
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Bang 3.10. Nong d¢ BDCPP thu dwot tir mét s6 mau nuéc tiéu

(chwa hiéu chinh)

Ky .. | Gioi | BDCPP Ky .. | Gioi | BDCPP
STT ) Tuol i STT . Tuol | |
hi¢u tinh | (ng/mL) hi¢u tinh | (ng/mL)
1 Ul 9 nam KPH 31 U3l | 10 | nam KPH
2 U2 36 nit KPH 32 | U32 nam | 1,072
3 U3 38 | nam KPH 33 | U33 nam KPH
4 U4 5 nit 32,782 34 | U34 nam | 0,071
5 U5 40 | nam KPH 35 | U3 | 37 nir 7,189
6 U6 38 nit KPH 36 | U36 | 14 | nir KPH
7 u7 12 | nam 0,487 37 | U37| 3 nir 7,224
8 us 76 nit 0,072 38 | U38 | 42 | nam KPH
9 U9 13 nit KPH 39 | U39 | 6 nir 0,657
10 uio | 37 nit KPH 40 | U40 | 42 nir KPH
11 Uil | 37 | nam KPH 41 | U41 | 30 | nam | 42,999
12 ul12 7 nir 0,071 42 | U42 | 51 | nam | 0,425
13 ul3 | 18 nir KPH 43 | U43 | 30 | nor 7,874
14 ui | 11 | nam 1,390 44 | U44 | 28 | nam KPH
15 uls | 43 nir 0,086 45 | U45 | 49 nir 9,095
16 Ui | 45 | nam | 18,378 46 | U46 | 25 ni KPH
17 ul7 | 15 | nam KPH 47 | U47 | 20 ni 0,452
18 uls | 38 nir KPH 48 | U48 | 27 | nam KPH
19 u19 3 nir 0,289 49 | U49 | 26 | nam | 0,041
20 u20 7 nir KPH 50 | US0 | 24 nt | 12,009
21 Uu21 | 38 | nam 0,028 51 | U51 | 24 | nir KPH
22 uz22 | 10 | nam | 13,758 52 | U52 | 23 | nir KPH
23 U23 | 68 nir KPH 53 | U53 | 25 | nir KPH
24 uz24 | 30 nir 49,585 54 | U544 | 23 | nir 8,676
25 uz2s5 | 30 nir KPH 5 | US55 | 34 | nir KPH
26 Uz26 | 33 | nam KPH 56 | U56 | 38 | nitr | 22,599
27 uz27 | 28 nir 37,722 57 | U57 | 35 | nit | 32,277
28 U28 | 68 | nam 1,616 58 | U8 | 31 nr | 15,179
29 u29 | 42 nir KPH 50 | U59 | 23 |nam | 7,875
30 U3o | 42 nam KPH
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Qua két qua phan tich nhan thdy cdc mau nudc tiéu ¢ su xuat hién cua
BDCPP, ¢ 29 mau caa nhém tinh nguyén vién khdng phat hién va 30 miu cé nong
do tir 0,028 ng/mL dén 49,585 ng/mL. Tan suat phat hién DF 51%.

Theo cac nghién cau trén thé gisi [1, 31, 37] , véi tan suat phat hién DF > 50%
ma&i duoc xem Xét trong phan tich thong ké, do d6 két qua tan suat phat hién trong
nghién ciu DF= 51% du diéu kién xac dinh nong do chat chuyén héa OPFRs trong
nuéc tiéu sau khi diéu chinh bang trong lugng riéng (SG) va Creatinin (Cr). Tét ca
cac phan tich thong ké duoc thuc hién véi phan mém Excel.

Theo bang trén nong d6 cia BDCPP trong nudc tiéu béo cao khong duoc hiéu
chinh ddi voi do thu hoi cua cac chat ni chuan va pha loang. Dé giai thich cho sy khéac
biét vé do pha loang trong nudc tiéu, ching toi da tham khao phuong phap hiéu chinh
ndng d6 theo trong luong riéng (SG) [29] dé diéu chinh ndng d6 cua BDCPP.

C=Co. (1,024-1)/(SG-1)
Trong do:
C: Nong d6 chat chuyén hoa duoc diéu chinh theo trong luong riéng (ng/mL)
Co: Nong d6 chat chuyén hda (ng/mL)
SG: Trong luong riéng mau nudce tiéu (tham khao phu luc di véi tirng mau)

Bén canh viéc néng do chat chuyén hoa duoc diéu chinh theo trong luong
riéng (SG), ching tdi thue hién diéu chinh theo creatinin dé cho thay sy khéc biét vé
viéc pha lodng nudc tiéu va kiém soét kha ning gay nhiéu do chimg ning than bj suy
giam khi bai tiét creatinin. Ham lwong cac chét chuyén héa sau diéu chinh duoc tinh
bang don vi ng/mg. Tham khao theo nghién ciru [38].

C'= Co/Cr.Cra
Trong do:
C*: Nong do chat chuyén hoa dugc diéu chinh theo néng do Creatinin (ng/g)
Co: Nong do chat chuyén hoa (ng/mL)
Cr: Nong d6 creatinin (xem phu lyc dinh kém)
Cra4: Gié tri phu thudc va do tudi va gidi tinh (xem phu luc dinh kém)

Chung t6i thuc hién tinh toan hiéu chinh c4c mau nuéc tiéu bang phan mém
excel va két qua duoc thé hién tom tat trong bang 3.11.
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Bang 3.11. Tom tit nong dé chat chuyén héa BDCPP ban diu, nong
dd hiéu chinh theo trong lwong riéng va néng dd hiéu chinh theo

creatinin trong muéc tiéu thu thap tai Ha Noi

Nong do chwa |  Nong dd hiéu Nong dé hiéu
hiéu chinh chinh theo trong chinh theo

(ng/mL) lwgng riéng creatinin

(ng/mL) (ng/g)
Tan suat phat hién 51
(DF) (%)
Khoang nong d6 | KPH - 49,585 KPH - 238,000 0,462 — 716,000

Gia tri trung binh 11,481 20,002 117,012
Gia tri trung vi 7,19 5,8 32,14
Do léch chuan 14,26 44,8 169,20

Trong nghién ciu ndy, ndng d6 BDCPP trong nudc tiéu chwa hiéu chinh
(11,481 ng/mL) gap 2237 lan so voi bdo céo ¢ Trung Québc nim 2016 - 2017 véi
ngudi 16n va tré em [29], gap 41 1an so véi béo cao & My véi phu nit mang thai [39].
C6 nghién cau chi ra rang & Trung Qudc tan sut phét hién cia BDCPP chi dat 21 %
nhung & cu dan California dat 94 %, c6 thé thiy su khéc biét khu vuc vé viéc phoi
nhiém do viéc quan ly nghiém ngat trong viéc sir dung chét chdng chay. Tai Bang
California cua Hoa ky c6 cac tiéu chuan nghiém ngat vé tinh d& chay déi véi dd noi
thit nhung thay thé vao d6 1a st dung nhiéu TDCPP nén din dén tan suat phat hién

cao hon.

Viéc diéu chinh do pha loing nudc tiéu da dugc khuyén nghi trong danh gia
xenobiotic va thuong duge dua vao cic nghién cau dich t& hoc. Trong nghién cuu
nay chdng toi, thuc hién theo diéu chinh trong lwong riéng cua nudc tiéu, yéu t6 it bi
anh hudong boi nhitng thay d6i tudi tac, thanh phan co thé hoat dong thé chat, luu
luong nudc tieu, thoi gian trong ngay va bénh tat[37]. Gia tri trung binh cuia cac tinh
nguyén vién tim thay ¢ 20,002 ng/ml gap 1,74 1an so véi nong d6 BDCPP chua hiéu
chinh.
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Do c4c gié tri cua chat chuyén hoa BDCPP trong nudéc tiéu c6 thé bj anh huong
boi chirc nang than nén viéc diéu chinh creatinine di dugc thuc hién giam sai léch
tiém an nay, tuy nhién ciing c6 thé dan dén sai léch do phan 16p, dé loai trir kha ning
nay nghién ctru da két hop ndng do creatinine trong nudc tieu phi hop voi cac yéu tb
diéu chinh nuéc tiéu,

Tur két qua trén, chat chuyén hoa BDCPP dugc phat hién trén 50% mau cua
cac tinh nguyén vién trong khu viuc Ha Noi. Tir d6, cho thay khu vuc Ha Noi da co
kha ning phoi nhidm véi chat chong chay gdc cua né 1a TDCPP.

3.6. Xac dinh nguy co phoi nhiém TDCPP trong cic miu nwéc tiéu thu thap

dwgc va danh gia nguy co anh huéng dén sirec khoe con nguoi.

Nong d6 trong nudc tiéu cua chat chuyén hoa BDCPP duoc diéu chinh bang
trong luong riéng (SG) va Creatinin (Cr) va ching dugc sir dung so sanh gitra cac
nhom tudi va gigi tinh.

3.6.1. So sdnh theo dp tuoi

Nhom tinh nguyén vién duoc chia thanh 4 nhdm tudi (nhém 1 tir 3 - 17 tudi;
nhom 2 tir 18 - 24 tudi; nhém 3 tir 25 - 59 tudi; nhém 4 véi ngudi > 60 tudi), dua vao
két qua cta 4 nhém tudi chung toi xac dinh mdi lién quan caa do tudi va ham luong
chat chuyén hda BDCPP.

Nhom 1 véi do tudi tir 3 - 17, day 1a nhom tudi dai dién cho tré em va nguoi
dang di hoc. Nhém 2 ¢6 d6 tudi tir 18 - 24 dai dién cho d6 tudi sinh vién. Nhom 3 do
tudi tir 25 - 59 dai dién cho d6 tudi lao dong trong xa hoi va cudi cing nhém 4 véi do
tudi > 60 dai dién cho nguoi hét tudi lao dong. Két qua bang phan bd nong db theo
d6 tudi thé hién trong bang 3.12. Dé 13 hon vé két qua phan bd, ching tdi thé hién
trong hinh 3.3.
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3-17 tubi 18-24 tuéi 25-59 tudi > 60 tudi

Nong dd chwa hiéu chinh (ng/ml)
® Nong d9 hi¢u chinh theo trong lwong riéng (ng/ml)

B Nong dd hiéu chinh theo creatinin (ng/g)

Hinh 3.3. Phan bé nong dé chat chuyén héa BDCPP theo dd tudi
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Bang 3.12. Phan bd ndng dd BDCPP theo cac dd tudi

s Nong do hiéu | Nong dd hiéu
Nong do chua N k
] chinh theo trong chinh theo
hi€¢u chinh ) L
lwgng riéng creatinin
(ng/mL)
(ng/mL) (ng/g)
Gi4 tri nho nhat 0,071 0,085 0,561
Gi4 tri 1on nhat 32,781 26,202 108,001
3-17
.. | Gia tri trung binh 6,412 5,243 22,303
tuoi
Gia tri trung vi 1,072 1,113 8,411
DF (%) 53 53 53
Gia tri nho nhat 0,452 0,432 4,391
Gia trj 16n nhit 12,000 19,200 131,000
18-24
z. Gia tri trung binh 7,251 9,092 84,903
tuoi
Gia tri trung vi 8,270 8,360 102,000
DF (%) 57 57 57
Gia trj nho nhat 0,031 0,025 0,462
Gia trj 16n nhit 49,612 238,000 716,000
25-59
e Gia tri trung binh 15,402 31,201 179,000
uol
Gia tri trung vi 8,481 6,790 83,202
DF (%) 47 47 47
Gia tri nho nhat 0,070 0,062 0,711
Gia tri 16n nhat 1,794 1,432 30,102
> 60
.. | Gia tri trung binh 0,931 0,742 15,440
tuoi
Gia tri trung vi 1,211 0,970 15,400
DF (%) 67 67 67

Trung binh nong do cao nhéat dugc phat hién & nhom tudi 25 - 59. Nong do

chua diéu chinh cia BDCPP 1a 15,40 ng/mL; nong d6 da diéu chinh theo trong lugng
riéng 31,20 ng/mL va nong d¢ da diéu chinh theo creatinin 179 ng/g. Pay la nhom
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tudi nam trong khoang thoi gian lao dong ciia con ngudi, do d6 thoi gian ra ngoai 1am
viée tiép xtic v6i nhiéu ngudn phoi nhiém da dang nhu khoi bui, héa chét, quan 4o,
thiét bi dién tir, d0 noi that 6 t6...dAn t6i viéc da sd thanh vién c6 ndng d6 phoi nhiém
cao. Theo mdt s nghién ciru da cong bd [40, 41] ndng do chat chuyén héa BDCPP
c6 mdi twong quan chit ché trong viéc con ngudi tiép xtc nghé nghiép véi TDCPP.
Tuy nhién day ciing 13 Itra tudi c6 %DF thap nhét vdi DF=47%.

Theo nhiing nghién ctru trude day, ddi véi nhom tudi tré em tir 1 - 3 tudi, do
kha ning nhan thirc va théi quen hay cam nam va dua 1én miéng nén ndng do phoi
nhiém ciing kha cao. Tuy nhién, cic tinh nguyén trong nhom tudi 3 - 17 ctia chung
t6i 6 phan bd ndng d6 mau xép thtr 3 do mdt phan mau nudc tiéu 1y cua tinh nguyén
vién trong mua he, thoi gian nay tré em cling dugc quan tim cham séc hon. Cac ban

hoc sinh cling it tiép xuc vai mdi truong bén ngoai hon.

Tiép theo, nhém tudi 18 - 24 tudi 1a nhom trong d6 tudi sinh vién, ndng do
phat hién ciing khé cao, xép thtr 2 trong 4 nhom tudi phan tich. Pay ciing 1a nhém ¢6
da sb thanh vién tiép xtic v6i nhiéu ngudn phoi nhiém nhu thiét bi dién tir, thoi trang
da dang, khoi bui do di lai nhidu. Cubi cing 1a nhom tudi > 60, day 1a nhom thanh

vién c6 ndng d6 trung binh thap nhét.

Sau khi dua ra cic két qua phan tich trén, chung t6i da chi ra rang néng do chat
chuyén héa chong chay BDCPP phat hién & tat ca cac nhém tudi. Trong d6 nhoém tudi
25 - 59 ¢6 ndng d6 trung binh phoi nhiém cao nhat va nhém tudi > 60 c6 ndng do trung
binh phoi nhidm thap nhit. Tir d6 co thé 1y giai duoc nhitng nguyén nhan gy phoi
nhiém dén tir mdi trudng tiép xac hang ngay nhu khoi buyi trong nha va ngoai duong,
tur cac vat dung thiét bi dién tir, ndi thit, hoa chit, quﬁn 4o thoi trang.

3.6.2. So sanh theo giodi tinh

Trong nghién ctru ndy, nhom tinh nguyén vién dugc ldy mau gom nam va nit.
Két qua nong do trong nude ciia chat chuyén héa BDCPP st dung so sanh murc do
phoi nhiém theo gidi tinh dugc thé hién trong bang 3.13. Pé rd hon vé két qua phan
bd, chung t6i thé hién trong hinh 3.4.
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Bang 3.13. Két qua nong dé BDCPP theo giéi tinh

s Nong dd hiéu Nong d¢ hiéu
Nong do¢ chua . ,
chinh theo trgng chinh theo
hiéu chinh - ..
lwgng riéng creatinin
(ng/mL)
(ng/mL) (ng/g)
Gi4 tri nho nhat 0,0280 0,022 0,462
Nam | Gia tri 16n nhat 43,000 34,401 717,000
Gi4 tri trung binh 6,451 5,432 96,602
Gia tri nho nhat 0,072 0,061 0,712
Nit | Gid tri I6n nhat 49,600 238,000 491,001
Gia tri trung binh 14,400 29,901 122,000
600
500
400
300
200
o ]
O —_—
Nir Nam

Nong dd chwa hiéu chinh (ng/ml)
® Nong d9 hi¢u chinh theo trong lwong riéng (ng/ml)

¥ Néng dd hi¢u chinh theo creatinin (ng/g)
Hinh 3.4. Phan bé nong d9 chat chuyén hda BDCPP theo giéi tinh

Két qua cho thdy nong do chat chuyén héa BDCPP dugc phat hién ¢ nir gidi
cao hon nam giéi. Piéu d6 chi ra, phu nit c6 kha nang gy phoi nhiém cao hon so véi
nam gidi. Nguyén nhan dan t6i diéu nay co thé 1y giai 1a do phu nit c6 thoi gian tiép
xtc thudng xuyén véi mot s6 hoa chat 1am dep nhung son méng tay, mong chén;

quan 4o thoi trang da dang; lam cong viéc ndi trg ti€p xuc véi nhiéu vat dung nhua.

3.6.3. Tinh liéu phoi nhiém hang ngay ciia chit chéng chay TDCPP
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Két qua duoc trinh bay & bang 3.14.
Bang 3.14. Liéu lwong phoi nhiém wéc tinh hang ngay (ng/kg bw/day)
véi TDCPP dugc tinh toan tir ndng dé cia chat chuyén héa BDCPP
trong nuéc tiéu thu thap & Ha Noi

Liéu phoi nhiém u6c tinh
Gia tri hang ngay TDCPP
(ng/kg bw/day)
Gia tri trung binh 627,0
Nir gidi
Gi6i Gia tri trung vi 371,0
tinh Gia tri trung binh 281,0
Nam gidi
Gia tri trung vi 58,4
, Gia tri trung binh 304,0
3-17 tuoi
Gia tri trung vi 50,9
, Gia tri trung binh 310,0
18-24 tudi
Do Gia tri trung vi 353,0
tudi ) Gia tri trung binh 658,0
25-59 tuoi
Gia tri trung vi 363,1
, Gia tri trung binh 39,7
>60 tudi
Gia tri trung vi 39,7

Két qua liéu phoi nhidm wdc tinh hang hang cia TDCPP giita cac do tudi cho
thay liéu phoi nhiém ¢ nhom tudi 25 - 59, cac thanh vién trong do tudi di 1am 1a cao
nhat sau d6 dén nhom tudi ¢ do tudi sinh vién 18 - 24 tudi va thap nhat 1a nhom hét

tudi lao dong c6 do tudi > 60.

Két qua tinh toan theo gidi tinh chi ra gia tri trung binh liéu luong phoi nhiém
trén nit giéi cao gan gap d6i nam gidi. Két qua nay trong dong vai viée so sanh nong
do cia BDCPP ¢ muc 3.6.2.

Tir cac két qua vé lidu lugng phoi nhiém ctia TDCPP theo phan b gidi tinh
va do tudi & nhitng tinh nguyén vién trong khu vuc Ha Noi tuong ddi cao so véi 1 sd
nghién ciru da cong bd trudc ddy trén thé gisi [1, 15]. Tir d6 cho thdy, ngudi dan &

khu vuc noi va ngoai thanh Ha Noi c6 nguy co phoi nhiém véi chat chéng chay
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TDCPP, nguén giy ra nguy co phoi nhiém do con nguoi tiép xtic véi mdi trudng
khong khi byi trong nha va ngoai troi, str dung cac thiét bi c6 chat chdng chay TDCPP

nhu d6 ndi that gia dinh, vat dung nhya.
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KET LUAN

Trén co sé cac két qua thyc nghiém da nghién ctru xac dinh dugc phuong phap
xac dinh ham luong chat chuyén héa BDCPP cua chit chdng chdy TDCPP bang
phuong phap sic ky long ghép néi khbi pho 2 1an (LC-MS/MS) di thu duoc cac két
gua sau:

Di xac dinh dugc chiét tach BDCPP trong mau nudc tiéu s dung cot chiét
StrataX-AW vai hiéu suét thu hdi ~ 96,5 %.

Pi xac dinh duogc cac diéu kién chay sic ky long khéi phd dé do BDCPP bao
gom: chuong trinh gradient; toc do dong 0,2 mL/phit; cot ACQUITY UPLC C18
(150 % 2,1) mm; 1,7um); manh m/z me 318,87, manh m/z con 98,98 va 201,10. ba
xac dinh duoc khoang tuyén tinh (50-1000 ng/mL), duong chuan cé hé sé tuong quan
tuyén tinh 12 R2= 0,996; gidi han phat hién cua thiét bi 0,01 ng/mL, gigi han phat hién
cta phuong phap 0,0085 ng/mL, gidi han dinh lugng cua phuong phap 0,025 ng/mL.

D3 phan tich BDCPP trong mau nuéc tiéu cua nhém tinh nguyén vién trong
khu vic Ha Noi. Xac dinh va danh gia duoc liéu phoi nhiém TDCPP theo d6 tudi va
gi6i tinh ctia nhém tinh nguyén vién. Trung binh ndéng d cao nhét duoc phat hién ¢
nhom tudi 25 - 59. Nong d6 chua diéu chinh ctia BDCPP 1a 15,402 ng/mL; ndng do
da diéu chinh theo trong luong riéng 31,201 ng/mL va ndéng d6 da diéu chinh theo
creatinin 179,000 ng/g. Dbi voi gi6i tinh, trung binh ndng d6 cao nhat dugc phat hién
& nit gi¢i. Nong do chua diéu chinh cia BDCPP 1a 14,400 ng/mL; ndng d6 di diéu
chinh theo trong luong riéng 29,901 ng/mL va nong do di diéu chinh theo creatinin
122,000 ng/g. Liéu phoi nhidm hang ngay cia TDCPP trén co thé ngudi d6i véi nhom
tudi tir 25-59 tudi trung binh 1a 658,0 ng/kg bw/day, trung binh d6i v6i nir gidi 1a
627,0 ng/kg bw/day.

KIEN NGHI

Can phan tich BDCPP trén da dang mau nudc tiéu trén nhimg nhom ngudi
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khac nhau nhu phy nir mang thai, nhém ngudi tiép xdc nhiéu vat liéu chéng chay nhu
cdng an chita chay, tré so sinh.

Tiép tuc nghién ciru md rong cac chat thudc nhém chét chong chay co photpho
(OPFRs) va cac chat chuyén hoa cua chiing trong co thé ngudi trén nén mau da dang
hon nhu mau, huyét twong.
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Phu luc 01. Két qua dic diém co ban ciia miu nwéc tiéu

tr c&c tinh nguyén vién

— T(in TS Ciio”i Glucose oH Speci_fic Protein (Creatine
mau tinh mmol/L Gravity (g/L) (g/L)
1 Ul 9 nam neg. 5 1,030 neg. 1
2 U2 36 nit neg. 5 1,030 neg. 1
3 U3 38 nam neg. 6 1,030 neg. 1
4 U4 ) nir neg. 6 1,030 neg. 0,5
) Us 40 nam neg. 6 1,030 neg. 1
6 U6 38 nir neg. 5 1,030 neg. 1
7 U7 12 nam neg. 6 1,030 neg. 0,5
8 U8 76 nir neg. 7 1,030 neg. 0,1
9 U9 13 nir neg. 7 1,015 neg. 1
10 | U10 | 37 nir neg. 7 1,015 neg. 0,1
11 | Ul1 | 37 nam neg. 7 1,015 neg. 0,1
12 | Ul2 7 nir neg. 6 1,025 neg. 0,1
13 | U13 | 18 nir neg. 6 1,030 neg. 1
14 | U114 | 11 nam neg. 6 1,030 neg. 0,1
15 | Ul5 | 43 nir neg. 6 1,030 neg. 0,1
16 | Ul6 | 45 nam neg. 6 1,025 neg. 0,1
17 | Ul7 | 15 nam neg. 6 1,030 neg. 1
18 | U18 | 38 nir neg. 8 1,000 trace 0,1
19 | U19 3 nir neg. 6 1,020 neg. 0,1
20 | U20 7 nir neg. 7,5 1,005 neg. 0,1
21 | U21 38 nam neg. 6,5| 1,030 neg. 0,1
22 | U22 | 10 nam neg. 6 1,030 neg. 0.1
23 | U23 68 ntr neg. 6 1,030 neg. 0,1
24 | U24 30 nir neg. 8 1,005 trace 0,1
25 | U25 30 nir neg. 6 1,030 neg. 0,5
26 | U26 33 nam neg. 8 1,005 neg. 0,1
27 | U27 | 28 nir neg. 75| 1,010 3 0,1
28 | U28 68 nam neg. 6,5| 1,030 trace 0,1
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29 | U29 | 42 nir neg. 6 1,025 neg. 0,1
30 | U30 | 42 nam 28 6 1,030 neg. 0,1
31 | U31 | 10 nam neg. 7 1,025 neg. 0,1
32 | U32 6 nam neg. 7 1,015 neg. 0,1
33 | U33 9 nam neg. 8 1,010 3 0,1
34 | U34 5 nam neg. 7 1,020 3 0,1
35 | U3 | 37 nit neg. 6 1,030 neg. 0,1
36 | U3 | 14 nit neg. 6 1,030 neg. 0,1
37 | U37 3 nir neg. 6 1,030 neg. 0,1
38 | U38 | 42 nam neg. 6 1,030 neg. 0,1
39 | U39 6 nir neg. 6 1,030 neg. 0,1
40 | U40 | 42 nir neg. 6 1,030 neg. 0,1
41 | U41 | 30 nam neg. 6 1,030 neg. 0,1
42 | U42 | 51 nam neg. 6,5| 1,030 neg. 0,1
43 | U43 | 30 nir neg. 6 1,030 neg. 0,1
44 | U44 | 28 nam neg. 6 1,030 neg. 0,1
45 | U45 | 49 nir neg. 6 1,030 neg. 0,1
46 | U46 | 25 nir neg. 6,5| 1,025 neg. 0,1
47 | U47 | 20 nir neg. 6,5| 1,025 neg. 0,1
48 | U48 | 27 nam neg. 6 1,030 neg. 0,1
49 | U49 | 26 nam neg. 6 1,030 neg. 0,1
50 | US0 | 24 nir neg. 7 1,000 neg. 0.1
51 | U1 | 24 nir neg. 7 1,025 neg. 0.1
52 | U52 | 23 nir neg. 6 1,030 neg. 0,1
53 | U5S3 25 nir neg. 6 1,020 neg. 0,1
54 | U4 23 ntr neg. 6 1,020 neg. 0,1
55 | U55 34 ntr neg. 8 1,010 neg. 0,1
56 | U56 38 ntr neg. 6 1,025 neg. 0,1
57 | U57 35 nir neg. 6 1,020 neg. 0,1
58 | U5S8 31 nir neg. 75| 1,010 neg. 0,1
59 | U59 23 nam neg. 6 1,030 neg. 0,1
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Phu luc 02. Thong tin diéu tra tir cac tinh nguyén vién tham gia

ST | Ky |_ .. |Gisi| Quan Ky .| Gisi Quizin
) Tuod1 | | STT ) Tuoi ;

T hléu tin h phu-(‘)'ng hléu tin h phlIGng

1 Ul 9 | nam | Xyan Pinh | 31 U3l 10 nam Mai Dich

2 uz2 36 | n | Xyan Pinh | 32 U32 6 nam Mai Dich

3 U3 | 38 | nam | Xuan Pinh | 33 U33 9 nam | psng Ngac

4 u4 5 nt | Xuan Pinh | 34 U34 5 nam | psng Ngac

5 U5 | 40 | nam DPong Anh 35 | U3s | 37 n | Pong Ngac
Mé

6 U6 | 38 | nir DPong Anh 36 U3 | 14 nt | Tri/Nam Tir
Liém
Mé

7 u7 12 | nam Pong Anh 37 u37 3 ntt | Tri/Nam Tur
Liém
Mé

8 U8 | 76 | nir Pong Anh 38 U38 | 42 | nam | Tri/Nam Tu
Liém
Mé

9 Uug | 13 | nir Tay Md 39 U39 6 nt | Tri/Nam Tir
Liém
Mé

10 | U10 | 37 | nir Tay Md 40 | U40 | 42 nt | Tri/Nam Tir
Liém

11 | U1l | 37 | nam Tay Md 41 U4l 30 nam Xuan Mai

12 | U12 | 7 ntr Tay M 42 U42 | 51 | nam | Xyan Mai

13 | U13 | 18 | nit | An Khanh | 43 u43 | 30 nir Xuan Mai

14 | Ul4 | 11 | nam | An Khanh | 44 u44 28 nam Xuan Mai

15 | U15 | 43 | nit | AenKhanh | 45 | U45 | 49 nir Xuan Mai

16 | U16 | 45 | nam | An Khanh | 46 u4e | 25 nir C6 Nhué

17 | U17 | 15 | nam | An Khanh | 47 uar | 20 nir C6 Nhué
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18

ui8

38

nt | Hoaibuc | 48 | U48 | 27 | nam | (4 Nhué
19 | U9 | 3 | n% | Hoaibac | 49 | U4 | 26 | nam | b Nhué
20 | U20 7 n | Hoai Pac | 90 U50 24 ntr C6 Nhué
21 | U21 | 38 | nam | Hoaipge | 51 | USL | 24 | nt | ChuGidy
22 | U22 | 10 |nam | Hosipie | 52 | US2 | 23 | ng | VHH/Cau
Giay
23 | U23 | 68 | nit | Hosipae | 53 | US3 | 25 | ng | VHH/Than
h Xuan
24 | u24 | 30 | ni | TMaN g4 | usg | 23 | ng | YHH/Than
Xuan h Xuan
25 | u2s | 30 | ni | TN | 55 | uss | 34 | ng | YHH/Than
Xuan h Xuan
26 | U26 | 33 |nam | GiaLam | 56 | US6 | 38 | ng | (XuamVH
H/Cau Giay
27 |U27 | 28 | ny | NaMTU | 57 | ys7 | 35 | g | VHH/Cau
Liém Giay
28 | U28 | 68 | nam | CiuGidy | 58 | US8 | 31 | na | VHH/Cau
Giay
29 | U29 | 42 | ntt | Maipich | 59 | U59 | 23 | nam | VHH/Cau
’ Giay
30 | U30 |42 nam

Mai Dich
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Sample Name: 032023-spl-1

032023-spl-1 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+

blank 1 318.87 > 209.1
0.02 332397 2.758e+004
100+ 1.96
%3 4 .208. e,
3 62 7. ]
i
Ol rrrrprrerprerr e e e e e e peeeepeee Min
032023-spl-1 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
blank 1 318.87 > 209.1
0.02 332397 2.758e+004
100/ 4 g6

‘Vo—j
]

olrrwrrrrr]h'l'rlvrrr]'rrnTrr*rr]nTrp'rrlTrrrvTTn'!TrrrrrrTv|T|Yrr]'rfrr min
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-3

032023 -spl-3 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+

U2 318.87 > 209.1

100- 3.16 1.144e+005
%]

0- min
032023-spl-3 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
u2 318.87 > 209.1
100- 3.16 1.144e+005

%_:

i min
2.0 4.0 6.0 8.0 10.0 120

Sample Name: 032023-spl-5
032023 -spl-5 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
U4 318.87 > 209.1

1004 2.898e+005

F2:MRM of 2 channels,ES+

Sample Name: 032023-spl-2

032023-spl-2 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

U1 318.87 > 209.1
258

100 3.466e+005

2.87
BCDPP;3.50;742.11

%

0 min
032023-spl-2 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
U1 318.87 > 209.1
100 2.58 3.466e+005

%

0

Sample Name: 032023-spl-4
032023 -spl-4 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us 318.87 > 209.1

4.78 1.393e+005

100 4.39

min

F2:MRM of 2 channels, ES+
318.87 >209.1
1.393e+005

032023 -spl-4 Smooth(Mn,1x2)
u3

106 30 T8

min

20 4.0 6.0

Sample Name: 032023-spl-6

032023 -spl-6 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us 318.87 > 209.1
100 3.21 1.338e+005

F2:MRM of 2 channels,ES+

u4 318.87 > 209.1 us 318.87 > 209.1
100+ 2.898e+005 100 3.21 375 1.338e+005
]
%3: %
c:‘;"'l"'l A MAS YIRS haaa skl At A A o s a1 ) 0 min
2.0 4.0 6 8.0 10.0 12.0
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Sample Name: 23032023-spl-69-

Sample Name: 23032023-spl-70-

Page 14 of 52

23032023-spl-69- Smooth(Mn, 1x2) F2:MRM of 2 channels ES+  23032023-spl-70- Smooth(Mn, 1x2) F2MRM of 2 channels ES+
std-0.4ppm 318.87 > 200.1 sid-0.2ppm 318.87 > 209.1

BCDPP 1.9476+006 BCDPP 1.062e+006
03 272 ] 1009 273

-
.. | A

“1 P R L <
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Sample Name: 032023-spl-7

032023-spl-7 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
ue 318.87 > 209.1
100 2.79.3.08 1.315e+005

] 2.66
%
min
032023-spl-7 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
318.87 > 209.1
1.315e+005

Sample Name: 032023-spl-9
032023 -spl-9 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
U 318.87 > 209.1

3.05 9.081e+004
100 BCDPP

032023-spl-9 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
us 318.87 > 209.1

3.05 9.081e+004
1005 BCDPP

i
N
®
=

1

%

L

h T i min
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-11
032023-spl-11 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u10 318.87 > 209.1

100+ 23320 1.965e+005

%]
; 1.82
i 8.05 .

min

F2:MRM of 2 channels,ES+
u10 318.87 > 209.1
100+ 283 3.20 1.965e+005

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-8

032023-spl-8 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u7 318.87 > 209.1
100 2.87 2.473e+005

min

032023-spl-8 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
u7 318.87 > 209.1
2.87 2.473e+005

100

%

min

SRARAR LaRRt R

2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-10
032023 -spl-10 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
us 318.87 > 209.1

3.19 1.994e+005

min

F2:MRM of 2 channels,ES+
318.87 >209.1
3.19 1.994e+005

min
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-12

032023 -spl-12 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
ut1 318.87 > 209.1
100 2.094e+005

%

0
032023 -spl-12 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
u11 318.87 > 209.1
100 2.85.3:20 2.094e+005

%

min
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Sample Name: 032023-spl-13

032023-spl-13 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
u12 318.87 > 209.1
100+ 284319 7.790e+004

e

%t
i

30 6.858.01

8.76

min

032023-spl-13 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u12 318.87 > 209.1
3.19 7.790e+004

1004 2.84
B

B2 ha kaxas wis T T min
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-15

032023 -spl-15 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

U4 318.87 > 209.1

100— 3.19BCDPP
9 2.87 3.74

] 2.65 4790.28

2.408e+005

032023-spl-15 Smooth(Mn,1x2) F2:MRM of 2 channels ES+

u14 318.87 > 209.1
3.19BCcDPP
100+
] 2.87 3.74
3 265 4790.28

2.408e+005

min
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-17

032023-spl-17 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

U16 318.87 > 200.1
3.07 BCDPP 3.699e+005
1003 3.47
1 288 -
3 22770.61

032023 -spl-17 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u1e 318.87 > 209.1
1005 3.07 BCDPP 3.699e+005

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-14

032023-spl-14 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u13 318.87 > 209.1
100 7.740e+004

e 426
> 6.80 BAlg 73505

0 min
032023-spl-14 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
u13 318.87 > 209.1
100 286313 7.740e+004

BCDPP;3.74;2931.50
%
4.26
6.80 8.11 8.738.95
0 T T min

AR
2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-16

032023 -spl-16 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
u1s 318.87 > 209.1
100 3.19 2.464e+005

%

0 min
032023 -spl-16 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
uts 318.87 >209.1
100 3.19 2.464e+005

%

min

Sample Name: 032023-spl-18

032023 -spl-18 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+

u17 318.87 > 209.1
3.19 9.853e+004

F2:MRM of 2 channels,ES+
u17 318.87 > 209.1
100 3.19 9.853e+004

min
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Sample Name: 032023-spl-19

032023-spl-19 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+

u18 318.87 > 209.1

100~ 3.19 1.433e+005
3 279

%

i

min
032023-spl-19 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u1s 318.87 > 209.1
100~ 3.19 1.433e+005
%;j
i 8.91

S LiARa aanaet s min
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-21

032023 -spl-21 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

u20 318.87 > 209.1
2.55 1.436e+005

1005

F2:MRM of 2 channels ES+
u20 318.87 > 209.1
2.55 1.436e+005

min

Sample Name: 032023-spl-23

032023 -spl-23 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u22 318.87 > 209.1
1.268e+005

F2:MRM of 2 channels,ES+
u22 318.87 > 209.1
1.268e+005

Sample Name: 032023-spl-20

032023-spl-20 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u19 318.87 > 209.1
100 255283 327 1.618e+005

BCDPP;3.56;3625.29

%

L min
032023-spl-20 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
u19 318.87 > 209.1
100 255283322 1.618e+005

BCDPP;3.56;3625.29
» 88
4.28 8.75
0 oS, ot

2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-22

032023 -spl-22 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
u21 318.87 > 209.1
100 323 2.681e+005

%

0 min
032023 -spl-22 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u21 318.87 >209.1
100 323 2.681e+005

310 3.74
% 255
1.82 492 '
0 AEEALRLEARIE) min
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-24

032023 -spl-24 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u23 318.87 > 209.1
100 3.74 1.381e+005

032023 -spl-24 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u23 318.87 >209.1
100 3.74 1.381e+005

%

0 min
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Sample Name: 032023-spl-25

032023-spl-25 Smooth(Mn,1x2) F2:MRM of 2 channels ES+

u24 318.87 > 209.1
100 BCDPP 4.136e+005
3 2.68 3.29
. 2| 55800.60
i 2.57| || BCDPP;3.29;55800.60
- min
032023-spl-25 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
uU24 318.87 > 209.1
100— BCDPP 4.136e+005
] 2.68 3.29

2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-27

032023 -spl-27 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
u26 318.87 > 209.1
100~ 3.30 8.378e+004

032023-spl-27 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
uU26 318.87 > 209.1
1 OOq 3.30 8.378e+004

min

Sample Name: 032023-spl-29

032023 -spl-29 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

u28 318.87 > 209.1
100+ 329 3.903e+005
2.87
% 3,55

min

032023 -spl-29 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

u2s 318.87 > 209.1
3.29 3.903e+005

Sample Name: 032023-spl-26

032023-spl-26 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u2s 318.87 > 209.1
100 3.07 4.380e+004

™ 663 8.15
PR N8B0 4184

0 min
032023-spl-26 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
U2 318.87 > 209.1

3.07 4.380e+004

100 3.28
%

S BARAAARRRE Y ORI
2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-28

032023 -spl-28 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
u27 318.87 > 209.1
100 2.472e+005

0 min
032023 -spl-28 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u27 318.87 >209.1
100 BCDPP _ 2.472e+005

3.19
o 43244.90 Bl
1 Ml 403
0 T min
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-30

032023 -spl-30 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
u29 318.87 > 209.1
100 3.19 1.448e+005

% BCDPP;3.52;884.83

0 min
032023 -spl-30 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u29 318.87 > 209.1
100 3.19 1.448e+005

%

0 min
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Sample Name: 032023-spl-31

032023-spl-31 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
u30 318.87 > 209.1
100+ 1.027¢+005

6.60 8'058.70 9.54

min
032023-spl-31 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u3o 318.87 > 209.1
100 243 349 1.027e+005
gl
%;j
1 104 6.60 8.05 9.54

8.70

CARRNRAR AR RRE T min
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-33

032023 -spl-33 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
u32 318.87 > 209.1
2.63 1.530e+005

F2:MRM of 2 channels ES+
u32 318.87 > 209.1
1 OOq 263 1.530e+005

% 199
]
T v T min
20 40 60 80 100 120

Sample Name: 032023-spl-35
032023-spl-35 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us4 318.87 > 209.1

1004 2.55 06 1.552e+005

032023 -spl-35 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

u34 318.87 > 209.1
100+ 2.55 55 1.552e+005
4
-
% 1.91 |\frk 820
5| 3.82
5| 8.93

LSt L4 ST AN KA AAASHLARM RAASTRAMI ML) Lk haa st bl L
2.0 4. 6 80 100 120

Sample Name: 032023-spl-32

032023-spl-32 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u31 318.87 > 209.1
100 2.56 1.941e+005

%

0 min
032023-spl-32 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
U3t 318.87 > 209.1
100 2.56 1.941e+005

%
8.83 o

0 CRARRS LARRYR] T min

2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-34

032023 -spl-34 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
us3 318.87 > 209.1
100 3.17 4.958e+004

% 4.09

.738.899.09 14 o7 1208

0 min
032023 -spl-34 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u33 318.87 >209.1
100 317 4.958e+004

T min
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-36

032023 -spl-36 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
uss 318.87 > 209.1
100 1.754e+005

%

0
032023 -spl-36 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
uss 318.87 >209.1
100 BCDPP 1.754e+005

min

20 4.0 6.0 8.0 100 120
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Sample Name: 032023-spl-37

032023-spl-37 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
u36 318.87 > 209.1
2.55 3.219e+005

min

032023-spl-37 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
U36 318.87 > 209.1
2155 3.219e+005

2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-39

032023 -spl-39 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
uss 318.87 > 209.1
1004 2.553 08 1.819e+005

032023-spl-39 Smooth(Mn,1x2) F2:MRM of 2 channels ES+

u3s 318.87 > 209.1

100— 2.553 g 1.819e+005
]

i min
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-41

032023-spl-41 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

u40 318.87 > 209.1
283 1.968e+005

F2:MRM of 2 channels,ES+
u40 318.87 > 209.1

1004 2.83 ; 1.968e+005
3 2.54

%] 1g0

]

min

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-38

032023-spl-38 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

us7 318.87 > 209.1
100 3.05 2.884e+005
2.96 .18
% 254 3.73
1.04 4.91
0 min
032023-spl-38 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
u37 318.87 > 209.1
3.05 2.884e+005

100

2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-40

032023 -spl-40 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
U39 318.87 > 209.1
100 255318 3.108e+005

% BCDPP;3.54;4014.75

0 min
032023 -spl-40 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
U39 318.87 >209.1
100 255318 3.108e+005

% BCDPP;3.54;4014.75

min

20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-42

032023 -spl-42 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
u41 318.87 >209.1
100 2.758e+005

%

0
032023 -spl-42 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u41 318.87 >209.1
100 BCDPP 2.758e+005

%

min
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Sample Name: 032023-spl-43

032023-spl-43 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
ua2 318.87 > 209.1
6.9460+004

min
032023-spl-43 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
U4z 318.87 > 209.1
3.1 6.946e+004
1003 30
%;j 3
1 163
1 a
T T min

s N
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-45
032023 -spl-45 Smooth(Mn, 1x2)
U4

F2:MRM of 2 channels ES+
318.87 > 209.1
3.03 2.423e+004

F2:MRM of 2 channels ES+
44 318.87 > 209.1
100 3.03 2.423e+004

1 291

o,
/°4
= |

]

1 Ll
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-47

032023-spl-47 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u46 318.87 > 209.1
8.152e+004

83
min

032023 -spl-47 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
U4e 318.87 > 209.1
100+ 8.152e+004

4.93 6.83 8.03

8.83 ]
min

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-44

032023-spl-44 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u4a3 318.87 > 209.1
100 2.78 3.19 1.299¢+005

BCDPP
3.74
11653.13 8.06

%
893

0 min
032023-spl-44 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
u43 318.87 > 209.1
100 2.78 319 1.299¢+005

BCDPP
% 3.74
11653.13  8.06 8.93
0 BARAa LARRY RS min

2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-46
032023 -spl-46 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
u4s 318.87 > 209.1
100 2.853.07 1.598e+005
BCDPP
3.47
12945.11

%

0 min
032023 -spl-46 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u4s 318.87 >209.1
100 2.853.07 1.508e+005

min

T
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-48

032023 -spl-48 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+

ua7 318.87 > 209.1
3.18 1.924e+005

100

F2:MRM of 2 channels,ES+
u47 318.87 > 209.1
100 3.18 1.924e+005

%

min
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Sample Name: 032023-spl-49

032023-spl-49 Smooth(Mn, 1x2) F2:MRM of 2 channels ES+
u4g 318.87 > 209.1
1.98 2,66 3.03 3.880e+004

1.61 8.798.05 10.48

12,73 13.28

min
032023-spl-49 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
u4s 318.87 > 209.1
100, 98266303 3.880e+004
3 3.32
%
i 161
] 8.798.95 1048 . 1328
TR min

it T¥! 3
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-51

032023 -spl-51 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

i 318.87 > 209.1
BCDPP _ BCDPP R
100+
] 830 3.30
1 16029.25 || 15029.25
% :

min

032023-spl-51 Smooth(Mn,1x2) F2:MRM of 2 channels ES+

us0 318.87 > 209.1

100 BCDPP BCDPP 8.955e+004
3.30 3.30

16029.25 | 165029.25

N
8

S
(R

min

i I
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-53

032023-spl-53 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us2 318.87 > 209.1
100+ 1.882.53 85 5.441e+004

BCDPP;3.52;146.65

710566882010 12,01
min

032023 -spl-53 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us2 318.87 > 209.1
100- 188 2.53 2.85 5.441e+004

BCDPP;3.52;146.65
4.29

g 8.668.829.10 1201

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-50

032023-spl-50 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

ua9 318.87 > 200.1
100 307 gcopp 6.621+004
3.46
3057.20

" 4.26
N 6.69 8.83_9.30

0 min
032023-spl-50 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
u49 318.87 > 209.1
os 307 gcppp 6.621e+004

%
0 T T min

- TR
2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-52

032023 -spl-52 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+

us1 318.87 > 209.1
3.11 1.210e+005

100 3.28

% BCDPP;3.55;766.45
0 min
032023 -spl-52 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
Us1 318.87 >209.1
100 311 1.210e+005

%

min

Rt 2R T
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-54

032023 -spl-54 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
us3 318.87 > 209.1
100 3.03 3.022e+004

.09
4.53 6.84 8.07 gggg 4y 1267

13.86

0 min
032023 -spl-54 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us3 318.87 > 209.1
100 3.03 3.022e+004

4.09

- i
b 453 6.84 8.07 gggg 4o 1267

13.86
min

0

20 4.0 6.0 8.0 100 120
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Sample Name: 032023-spl-55

032023-spl-55 Smooth(Mn,1x2) F2:MRM of 2 channels ES+

Us4 318.87 > 200.1
100 2.86 _ BCDPP 6.147e+004
3 3.29
1 12501.57

min
032023-spl-55 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
54 318.87 > 209.1
2.86 BCDPP 6.147e+004
100;
o 182
J I RAARN Ranas wRAS min

T T
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-57
032023 -spl-57 Smooth(Mn, 1x2) F2:MRM of 2 channels,ES+
us6

318.87 > 209.1

100 BODPP 9.009e+004
3 2541l 97238.18
W, 4.09

F2:MRM of 2 channels ES+

us6 318.87 > 200.1
BCDPP 9.009e+004
1004
1 3.20
3 2.5}l 7238 18
%l 186 et

min

5 T
2.0 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-59
032023 -spl-59 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
uss 318.87 > 209.1

100+ 574 6.551e+004

%
min

032023 -spl-59 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

us8 318.87 > 209.1
100 BCDPP 6.551e+004
3 2.71 3.29
19385.14

BCDPP;3.29,19385.14 4 £

min

20 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-56

032023-spl-56 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

uss 318.87 > 209.1
1.71 3.15

100 5.264e+004

%

8.869.07 1022 1370
min

0
032023-spl-56 Smooth(Mn, 1x2) F2:MRM of 2 channels, ES+
us5 318.87 > 209.1
1.71 3.15 5.264e+004

100

13.70
min

0 el R

DR BREY 12
2.0 4.0 6.0 8.0 10.0  12.0

Sample Name: 032023-spl-58

032023 -spl-58 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
us7 318.87 > 209.1
100 2.55 2.790e+005

2.86
BCDPP;3.27;38540.31

%

0 min
032023 -spl-58 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
us7 318.87 >209.1
100 255 2.790e+005

% BCDPP;3.27;38540.31

min

1 8/ EREAH]
20 4.0 6.0 8.0 10.0 12.0

Sample Name: 032023-spl-60

032023 -spl-60 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us9 318.87 > 209.1
100 2.55 1.302e+005

%

0
032023 -spl-60 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+
us9 318.87 >209.1
100 2.55 1.302e+005

min

Page 23 of 52



Quantify Compound Report

66

MassLynx V4.2 SCN1007

Dataset: Untitled
Last Altered:  Thursday, March 30, 2023 17:02:43 SE Asia Standard Time
Printed: Thursday, March 30, 2023 17:03:27 SE Asia Standard Time

Sample Name: 032023-spl-61
032023 -spl-61 Smooth(Mn, 1x2)
blank 2

100+

F2:MRM of 2 channels,ES+
318.87 > 209.1
3.475e+004

g 8.718.88 1182 1343
min

032023-spl-61 Smooth(Mn,1x2) F2:MRM of 2 channels ES+
blank 2 318.87 > 209.1
BCDPP 3.475e+004
100q
e
6.38 811888 1 65 1343

T I T P P T T min
2.0 4.0 6.0 8.0 100 120

Sample Name: 032023-spl-62

032023 -spl-62 Smooth(Mn,1x2) F2:MRM of 2 channels,ES+

chuan 1ppm 318.87 > 209.1
100 BCDPP 2.905e+007
3.55
5556412.50
o
0 min
032023-spl-62 Smooth(Mn,1x2) F2:MRM of 2 channels, ES+
chuan 1ppm 318.87 > 209.1
100 BCDPP 2.905e+007
3.55
5556412.50
0 min

2.0 4.0 6.0 8.0 10.0  12.0
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# Name Sample Text Type Std. Conc RT Area  Conc.  %Dev 1°Ratio ...
1 1 032023-spl-1 blank 1
2 2 032023 -spl-2 u1 3.4998 742.106 1.000]
3 3 032023 -spl-3 u2 34723 1858.545 1.000
4 4 032023-spl-4 u3s 3.2249 1787.490 1.000
5 5 032023-spl-5 u4 31919  38017.184 1.000,
6 6 032023-spl-6 us 3.4888 2675.064 1.000
7 7 032023-spl-7 us 3.5603 2452048 1.000,
8 8 032023-spl-8 u7 35548 3834.961 1.000]
9 9 032023-spl-9 us 34723 3233.732 1.000]
10 10 032023-spl-10 U9 3.4668 2496.448 1.000
11 11 032023-spl-11 u10 3.8022 2640.936 1.000
12 12 032023-spl-12 ut1 34613 1871.140 1.000]
13 13 032023-spl-13 uU12 3.5493 2246.921 1.000]
14 14 032023-spl-14 u13 37418 2931.498 1.000]
15 15 032023-spl-15 u14 3.7418 4790.282 1.000]
16 16 032023-spl-16 u15 37473 3410.391 1.000
17 17 032023-spl-17 u16 34668 22770613 1.000
18 18 032023-spl-18 u17 3.4833 1099.577 1.000
19 19 032023-spl-19 u18 3.5548 832.082 1.000]
20 20 032023-spl-20 u19 3.5603 3625.294 1.000!
21 21 032023-spl-21 u20 3.5548 2516.788 1.000
22 22 032023-spl-22 u21 3.5493 3189.156 1.000
23 23 032023-spl-23 u22 3.1864 17881.061 1.000
24 24 032023-spl-24 u23 3.5493 1312.907 1.000!
25 25 032023-spl-25 u24 32909  55800.602 1.000
26 26 032023-spl-26 u25 3.5163 328.310 1.000]
27 27 032023-spl-27 U26 3.4668 1561.227 1.000)
28 28 032023-spl-28 ua27 3.1919  43244.902 1.000
29 29 032023-spl-29 u28 3.7582 5029.482 1.000,
30 30 032023-spl-30 u29 3.5163 884.833 1.000
31 31 032023-spl-31 u3o 3.7912 916.989 1.000
32 32 032023-spl-32 us1 3.7692 831.046 1.000
33 33 032023-spl-33 u32 3.4613 4453 691 1.000;
34 34 032023-spl-34 u33 3.5658 2671.461 1.000
35 35 032023-spl-35 us4 3.4613 3394518 1.000
36 36 032023-spl-36 u3s 34613 10928.007 1.000
37 37 032023-spl-37 u36 3.6208 428.446 1.000
38 38 032023-spl-38 us7? 3.4613 10965.052 1.000]
39 39 032023-spl-39 u3s
40 40 032023.spl-40 U39 35438 4014.754 1.000
41 41 032023-spl-41 u40 3.5548 334.066 1.000
42 42 032023-spl-42 u41 3.1864 48830813 1.000
143 43 032023-spl-43 u42 3.4669 3769.060 1.000
44 44 032023-spl-44 u43 3.7362 11653.125 1.000
45 45 032023-spl-45 U44 3.8077 892.893 1.000!
46 46 032023-spl-46 u4s 3.4668 12945.106 1.000
47 47 032023-spl-47 U46 3.5383 1008.581 1.000
48 48 032023-spl-48 u47 3.4668 3798.162 1.000
49 49 032023-spl-49 u48 3.5383 278.607 1.000;
50 50 032023-spl-50 u49 3.4558 3057.195 1.000
51 51 032023-spl-51 Us0 32064  16029.249 1.000;
52 _52_032023-spl-52 _Us1 ; i _ 35493 766453 _ 1.000
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# Name Sample Text Type Std. Conc RT Area  Conc.  %Dev 1°Ratio ...
53 53 032023-spl-53 us2 35218 146.652 1.000
54 54 032023-spl-54 us3
55 55 032023-spl-55 us4 32854  12501.570 1.000)
56 56 032023-spl-56 us5
57 57 032023-spl-57 us6 32909  27238.182 1.000
58 58 032023-spl-58 us7 32744 38540313 1.000
59 59 032023-spl-59 us8 32854 19385143 1.000
60 60 032023-spl-60 us9
61 61 032023-spl-61 blank 2 36428  11653.993 1.000
62 62 032023-spl-62 chuan 1ppm 3.5493 5556412500 1.000!
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