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ABTRACT

Bisphenol A (BPA) is an industrial chemical with major applications in the production
of polycarbonate plastics and epoxy resins. Polycarbonate plastics are used for food
containers, epoxy resins are used as coatings inside food and beverage cans. Exposure
to BPA can cause endocrine disruption, obesity, cardiovascular diseases, and possibly
cancer in humans. The aim of this study was to developed a method for the analysis of
BPA in urine using a liquid chromatography-mass spectrometry (LC-MS/MS). The urine
samples were incubated with B-glucuronidase/arylsulfatase enzyme and acetate buffer
at 37°C for 3 hours. The samples were then cleaned up through an Oasis HLB solid-phase
extraction column, eluted with methanol. The chromatographic column used was the
Kinetex® Phenyl-Hexyl column and analyzed on a Qtrap 3200 LC-MS/MS system. The
results showed that the limit of detection (LOD) of the method was 0.066 pg/L and the
limit of quantification (LOQ) was 1 pg/L. The recovery rate was 92.09% and the relative
standard deviation (RSD%) was 3.61%. The BPA analysis method has good sensitivity
and high recovery, according to the standards of the Association of Official Analytical
Chemists (AOAC). This method was applied to determine BPA concentration in 160 urine
samples from people living in Lang Son province, with the geometric mean 1.5 (Cl 95%:
1,32-1,70) pg/g creatinine, the median 1.48 (Cl 95%: 1,24 - 1,67) ug/g creatinine
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TOM TAT

Bisphenol A (BPA) la m6t hda chat cong nghiép co ing dung chinh trong san xuat nhua
polycarbonate (PC) va epoxy. Nhwa polycarbonate dugc st dung lam hop dung thuc
pham, nhua epoxy dugc st dung lam l3p phd bén trong clia lon dung thuc pham va do
uéng. Phai nhiém véi BPA cé thé gay rdi loan néi tiét, bénh béo phi, tim mach va cé thé
gay ung thu & ngudi. Muc tiéu ctia nghién cttu la nham xay dung phuong phap phan tich
BPA trong nudc tiéu bang hé théng sac ky long khdi phd (LC-MS/MS). Mau nudc tiéu dugc
U v&i enzyme B-glucuronidase/arylsulfatase va dém acetat & 37°C trong 3 gid. Sau d6 mau
duoc lam sach qua c6t chiét pha ran Oasis HLB, rira giai bang methanol. Cot sic ky dudc
str dung la c6t Kinetex® Phenyl-Hexyl column va phan tich trén hé théng LC-MS/MS Qtrap
3200. K&t qua cho thay: Gigi han phat hién (LOD) clia phuong phap la 0,066 pg/L, gidi han
dinh lugng (LOQ) la 1 pg/L. Pd thu hdi la 92,09% va do léch chun tuong déi (RSD%) La
3,61%. Phuong phap phan tich BPA c6 do nhay tét, dé thu hoi cao dap ing vdi cac tiéu
chuén ctia Hiép hoi cdc nha héa phan tich chinh théng (AOAC). Ung dung phuong phap
nay dé xac dinh ham lugng BPA trong 160 mau nudc tiéu clia ngudi dan séng tai tinh Lang
San cho thay ham lugng BPA trung binh nhan la 1,5 (Cl 95%: 1,32 - 1,70) pg/g creatinin,
trung vi la 1,48 (Cl 95%: 1,24 — 1,67) ug/g creatinin.

Tir khéa: Bisphenol A (BPA), nudc tiéu, LC-MS/MS, quy trinh

1. PAT VAN PE

Bisphenol A c6 cong thiic hoa hocla C,,H1,0,,dudc  dugc cong b6 nam 2008 - 2013 uwdc tinh hon 90%

téng hop bang cach ngung tu phenol va aceton trong
moi trudng axit & diéu kién pH thap, nhiét do cao.
Bisphenol A cé (rng dung chinh trong san xuat nhua
polycarbonate va nhua epoxy. Polycarbonate dugc
str dung trong hép dung thuc pham, trong khi nhya
epoxy dugc st dung trong l&p phti bén trong clia lon
thuc phdm va dd udng. Nguyén nhan chu yéu dan
dén su' xadm nhiém BPA a do su tén du clia cac BPA
tw do chua dugce polyme hod hoac giai phong cac
BPA tu do qua qua trinh thuy phan nhiét ti trong quéa
trinh san xuat nhya [1]. Viéc st dung cac san pham
nhua PC trong céc nganh céng nghiép thuc phdm va
dd uéng dan dén su phoi nhiém BPA dang ké & ngudi,
dac biét & cac nudc phat trién. Mot s6 nghién clu

*Tac gia lién hé

ngudi My va Duc tlr sau tudi trd lén dugc xac dinh
duaong tinh vé&i BPA trong nudc tiéu. Phai nhiém véi
BPA anh hudng dén su r6i loan noi tiét va chirc nang
sinh san; lam thay déi cac dudng truyén tin hiéu than
kinh; lam tang kha nang méac cac bénh ung thu, lam
thuc déy tién trién ung thu budng tring bang cach
tryc ti€p gay tang sinh té bao.

Con ngudi tiép xuc véi BPA tlr cac vat dung hang ngay
dugc lam ti nhwa PC, hay khi né ro ri tr hép dung
thuc phdm va do udng cé L6t nhya, chai nudc, khi
chung lién tuc dugc dun néng hodc rira bang chét
tay rira manh, hodc khi chung chira chat long c6 tinh
axit. BPA dugc hap thu bdi dudng tiéu hoa va dugc
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chuyén hoa & gan théng qua qua trinh glucuronid
hoa, sau dé dao thai ra khoi co thé qua mat hoac
nudc tiéu dudi dang BPA-glucuronide [2]. & ngudi,
BPA cling da dugc xac dinh trong huyét thanh, mau
thai nhi, mau day ron, nudc 6i, mo nhau thai va sira
clla ba me dang cho con bu.

Trong hai thap ky qua, mét s phuong phap phan
tich da dugc phat trién dé xac dinh va do ludng BPA
trong cadc mau sinh hoc va da dat dugc nhitng cai
tién dang ké vé gidi han phat hién cla cac phuong
phap nay. Cac phuong phap phan tich da duoc
phat trién dé xac dinh BPA trong cdc mau sinh hoc
clia con nguodi bao gom xét nghiém ELISA, GC-MS,
GC-MS/MS, LC-MS/MS va HPLC vdi dau do dién
héa hoac huynh quang. Trong dd, phuong phap
LC-MS/MS cho d6 nhay cao vai gidi han phat hién
thap, doé chinh xac cao. Trong nhirng nam gan day,
da co6 nhiéu phuong phap va nghién clru danh gia
BPA bang phuong phap LC-MS/MS nhu Calafat va
Needham, 2008; Mahalingaiah va cong su, 2008;
Nepomnaschy va céng su, 2009; Yang va cong su,
2009; Ye va cong su, 2009 [3].

Hién nay, tai Viét Nam con it nghién clru va phan tich
bisphenol A trong nudc tiéu. Muc dich cua nghién
clu la xay dung dugc quy trinh phéan tich Bisphenol
A trong nudc tiéu bang sac ky ldng khéi phd dap ¢ng
do6 nhay, dé chinh xac va don gian. Viéc xay dung ky
thuat phan tich BPA trong nudc tiéu, tir d6 s dung
BPA nhu la mét chi s6 dé giam sat sinh hoc trong 6
nhiém moi trudng do BPA ndi riéng va 6 nhiém moi
truong ndi chung.

2. PHU'ONG PHAP NGHIEN cUU

Nghién ctu dugc thuc hién tai Khoa Xét nghiém va
Phan tich, Vién Stc khoé nghé nghiép va Méi trudng.

2.1. Thiét bi, dung cu, hoa chat

- Thiét bi: Hé thdng sac ky ldng khdi phd (LC-MS/MS)
Sciex-Qtrap 3200

- Dung cu: Co6t dung tach chiét (SPE) HLB (60
mg/3mL); Lo (vial) ndu, dung tich 2 mL, loai danh
cho phan tich BPA; Lo (vial) ndu, dung tich 20 mL,
loai danh cho phéan tich BPA

- Hoéa chéat: Chat chuan Bisphenol A (d6 tinh
khiét 99,7%); Acetic acid (d6 tinh khiét >99%);
Amoniacetat (d6 tinh khiét =97%); Amoniac (d6
tinh khiét 25 — 30%); Chlohydric acid (d6 tinh khiét
37%); Acetonitril (do tinh khiét 299,9%); Methanol
(d6 tinh khiét 299,9%); Enzyme B-glucuronidase/

arylsulfatase; Mau chudn ching nhan (CRM)
ClinChek® Urine Control, lyophil for
compounds Level Il; Nudc siéu tinh khiét da loai bo
chat hitu co bdng may Millipore MiliQ

Phenolic

2.2. Lay mau, bao quan mau

- L8y mAu nudc tiéu: thu khoang 10-20 mL nudc tiéu
gilra bai vao céac lo thly tinh da dugc lam sach trudc
vGi ndp c6 L&p Lot polytetrafluoroethylen (PTFE)

- MAu dugc van chuyén va dugc bdo quan & 4°C.
Mau dugc bao quan & - 20°C cho dén khi phan tich.

2.3. Chuan bi mau

S dung 3 mL nudc tiéu cho vao vial 20 mL, thém 10
uL enzyme va 0,5 mL dém amoniacetat 1M. U hén
hop & trén & 37°C, 3 gio. Sau khi U xong, cho thém
1mldung dich amoniac 0,5%. Cét tach chiét pha ran
HLB dugc hoat hod bang methanol va nuéc. Cho hdn
hop da 0 chay qua cdt HLB. Sau khi hén hgp chay
qua, tién hanh rira cét bdng 2 mL HCL 0,1N va 2 mL
methanol 10%. Rira giai Bisphenol A trong cot bang
1 mL methanol vao lg (vial) 2 mL va dem di phéan tich
trén hé théng sac ky ldng khdi phd [4].

Xay dung dudng chudn: Chat chudn Bisphenol A
dugc pha trong Acetonitril va chudn bi day chuén
lam viéc gdom 6 diém chudn c6 ndng do 2 pg/L, 4
pg/L, 10 pg/L, 20 pg/L, 40 pg/L, 50 pg/L, 100 pg/L,
mau chuén chi*ng nhan (CRM).

2.4. Chuongtrinh phan tich trén hé théng LC-MS/MS

Mau nudc tiu sau khi xtr ly dugc xac dinh bang thiét
bi s&c ky ldng khdi phd LC-MS/MS Sciex Qtrap 3200,
str dung cot sac ky Kinetex Phenyl-Hexyl 100A kich
thudc 150mm x 4,6 mm x 5um vdi thé tich tiém mau
la 10 pl. Dung moi pha dong str dung vdi kénh A la
dungdich amoniacetat 1TmM va kénh B la Acetonitril.
T6c dd dong 500 pl/phut, chuong trinh dung méi bat
dau véi 68% pha dong kénh B (0+0,5 phut) tang dan
dén 95% pha déng kénh B (1+4 phut) trude khi giam
vé 68% pha déng kénh B (5+6 phdt), nhiét d6 cottach
dugc duy tri @ 40°C. BPA dugc ion héa nho ky thuat
ion héa phun dién tich (ESI) v&i ché dé am tai dién
thé 4,5 kV. Nhiét do ngudn ion hoa 450°C, ché do
do quan trdc phd khdi 2 lan MRM (multiple reaction
monitoring). Cac manh ion m/z: 227,1/211,1 va
227,1/132,8.
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3. KET QUA VA BAN LUAN
3.1. Xay dung dudng chuan

Xay dung dudng chuan vdi cac diém chuén c6 ndong
dé 2 pg/L, 4 pg/L, 10 pg/L, 20 ug/L, 40 pg/L, 50 pg/L
ta thu dugc két qua:

Pudng chudn Bisphenol A
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Hinh 1: Pudng chuén BPA

Khoéng tuyén tinh clia phép do c6 phuaong trinh hoi
quyy = 143,48 x -183,42 vGi hé s6 twong quan tuong
quan R=0,9990 dat yéu cau 0,995 < R< 1, hé s6 xac
dinh R?=0,9981 dat yéu cau 0,99 < R*< 1

3.2. Gigi han phat hién (LOD) va gi6i han dinh
lugng (LOQ)

Pé xac dinh LOD cua phuong phéap, tién hanh
phan tich 7 lan cla mau nudc tiéu c6 néng do
Bisphenol A thdp da dugc khao sat truwdc va ki
hiéu mau lan lugt T,T,T,T,T,T,T, tathudugc
két qua nhu sau:

Bang 1: Gidi han phat hién ctia phuwong phap (LOD)

STT | Tén mau | Ham lwong BPA trong mau (pg/L)
1 T1 0,57
2 T2 0,52
3 T3 0,55
4 T4 0,53
5 T5 0,58
6 T6 0,55
7 T7 0,52

C, 0,55

SD 0,02

LOD 0,06

C,;: Ham lugng Bisphenol A trung binh
LOD=3xSD;
SD: D6 léch chuan.

Qua két qua thuc nghiém chung téi thu dugc két qua
giatriLOD 40,06 pg/Lva LOQ ly thuyét dugc tinh bang
3 lan gia tri LOD. Chung t6i str dung thir nghiém LOQ
bang cach dua trén dé dung va dé chum cuia phuong
phap, do d6 LOQ c6 thé dugc tinh & ham lugng thap
nhéat c6 thé dat duoc yéu cau dd dung va dé chumva
k&t qua LOQ thuyc té 1 pg/L véi d6 dung la 84,69% va
dd chum 1a 5,03%. Két qua LOD thu dugc thap hon
S0 V3i k&t qua cua tac gia Calafat va Needham (2008)
la 2,6 pg/L; clia tac gid Nepomnaschy et al. (2009) la
1,82 pg/L; clia tac gia Mahalingaiah va cong su' (2008)
la 1,3 pg/L; cuia tac gia Wolff et al. (2007) la 2,0 pg/L
[3]. So sénh gia tri LOQ clia phuong phap xac dinh
bisphenol A bang LC-MS/MS, nghién cttu clia chung
t6i c6 LOQ thép hon LOQ cong bd cua Myridakis va
cobng su (2015) la 2,69 pg/L [5] va cao han Anderson
va cong sy (2014) cong b6 1a 0,75 pg/L [6].

3.3. Do chinh xac cuia phwong phap (dé thu héi va dé Lap lai)

Pé xac dinh dd thu hodi va do lap lai cla phuong
phap, ching t6i ti€én hanh phan tich & mau thyc
thém chuén & cac néng do 4 pg/L va 20 pg/L, mau

chuan chirng nhan (CRM). Thuc hién phéan tich lap
lai 7 lan, két qua thu dugdc nhu sau:

Bang 2: D6 thu héi, dé lap lai cua phuong phap

STT| No6ngdoBPA(ug/L) | Hiéu sudt thu hbi w:fgl‘z;:' (;g‘gr;%) ® ;&ﬁib ) AOAg/:?SD)
1 | MAuthémchudn4pg/L | 78,54-99,35% 5,95 60-115% <21
2 | MAuthémchuin20pg/L | 88,43 -98,60% 3,61 80-110% <15
3 | MAuCRM: 3,57-5,94 ug/L | 86,69 -105,15% 6,85 60-115% <21

AOAC: Hiép hdi cac nha héa phén tich chinh théng - Association of Official Analytical Chemists

g Crossrefd)) 87 n
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K&t qua theo bang 2 cho thay dé thu hoi va do lap
lai ctia phuong phap & cadc ndng do chudn déu dat
theo tiéu chuén cua AOAC. So sanh dd thu hoi
ma Anderson cung cac céng su cdng bd (2014)
dao doéng tU khoang 90,88-102,92% [6]. Theo
Myridakis va cong su (2015) dé thu hoéi phuong
phap trén LC-MS/MS & 75,2-88% [5]. TIr két qua
thu dugc cho thay do thu hoi chla phuong phéap
phéan tich Bisphenol A badng phuong phap LC-MS/
MS dat yéu cau.

3.4. K&t qua phan tich ham luwong BPA trén mau thuc

Ung dung phuong phap phan tich dé xac dinh ham
lwong chia BPA trong 160 mau nudc tiéu clia ngudi
dan tai Lang Son. Mau nudc tiéu dugc thu thap da
théng qua héi déng dao dirc cuia Vién Strc khoe nghé
nghiép va Moi trudng theo gidy chirng nhan sé 01/
GCN-HDDBD. Két qua cho thdy ham lugng BPA trung
binh nhanla 1,5 (Cl 95%: 1,32 - 1,70) pg/g creatinin,
trung vi la 1,48 (Cl 95%: 1,24 - 1,67) ug/g creatinin.
TAt c& cac mau phan tich déu phat hién néng do
BPA, chiém ti l& 100%, cho thay sy phai nhiém rong
rai clla BPA trong cudc song hang ngay. Néng do
BPA trung binh nhan trong nghién cltu clia chuing
toi la 1,50 pg/g creatinine c6 cuing muc dé vdi nong
d6 dugc bao cao clia Van Den Heuvel va cong su,
2020 & 150 ngudi dan nudc Bitrong do tudi tir 23-40
tudi tir nam 2011-2013 & 1,59 pg/g creatinine [7]va
1,669 pg/g creatinine theo nghién cu cua Carolin
Tschersich va cong sy tr nam 2014-2017 trén 515
ngudi dan & Blirc [8] va cao hon nghién clru cua
Antonia M. Calafat va cong su, 2005 [9] & 394 ngudi
dan My (1,33 pg/g creatinine), 520 nguci dan Trung
Quadc tir nam 2012-2013 la 0,78 pg/g creatinine (Yi-
Xin Wang va cong su, 2019) [10].

4. KET LUAN

Quy trinh ky thuat phan tich BPA trong nudc tiéu
bang phuong phap sac ky ldng kh8i phd, phi hop véi
diéu kién phong thi nghiém tai Viét Nam dap ing do
nhay, do chinh xac ctia phuong phép. Viéc xay dung
b6 dir liéu vé gia tri tham chiéu vé nong do BPA trong
nudc tiéu clia ngudi dan giup cho céc nha khoa hoc
str dung lam tai liéu tham chiéu trong céac nghién
cttu khoa hoc cling nhu trong viéc phong chéng phoi
nhiém vé&i BPA trong méi trudng.

5.LO1CAMON

Nghién ciru nay dugc hd tro tir nhiém vu khoa hoc
va cong nghé doc lap cdp qudc gia “Nghién citu xay
dung bé chi sé héa sinh co’ ban vé déc chat hoc
moéi trwong trén ngudi Viét Nam tudi lao déng”,
ma so dé tai PTOL.CN-39/21.
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