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Loi dau tién, em xin dugc bay to 10ng biét on t6i PGS. TS. Tran Manh Tri- Khoa
Hoda hoc- Truong Pai hoc Khoa hoc Ty nhién- Pai hoc Quéc Gia Ha Nbi va TS. Vi
Pirc Nam- Trung tdm Nghién ciu va Phat trién cong nghé cao- Vién Han 1am Khoa hoc
va Cong nghé Viét Nam di goi v dé tai, huéng dan va tao moi diéu kién gitp dd em
trong qué trinh thuc hién luan an.

Em xin chan thanh cam on cac thdy cd gido cong tac tai Khoa Hoa hoc-
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luan an.

T6i Xin cam on chan thanh téi Ban linh dao, cac dong nghiép tai Trung tam
Nghién ciu va Chuyén giao cdng nghé, nay la Trung tam Nghién ciru va Phat trién
cong nghé cao- Vién Han 1am Khoa hoc va Cong nghé Viét Nam di tao moi diéu
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dong vién va chia sé cung toi.

NCS. Lé Minh Thiy dwoc tai tro boi Tdp doan Vingroup- Cong ty CP va ho
tro boi Chuwong trinh hoc bong thac si, tién si trong nwéc cia Quy PJi méi sang tao
Vingroup (VINIF), Vién Nghién cizu Dir liéu lén, ma sé VINIF.2020.TS.58 va
VINIF.2021.TS.045.

NCS. L& Minh Thiy, VNU.2021.NCS.07, cdm on Quy Phét trién Dai hoc Quac
gia Ha Ngi da tai tror cho nghién ciu nay.

Ha Noi, ngay thang nam 2024
Nghién cwiu sinh
Lé Minh Thuy
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MO AU
1. Ly do lwa chon dé tai

Qua trinh c¢éng nghiép hoa da 1am moi truong dat, nude, tram tich, khong khi
tré nén 6 nhiém boi cac hoa chit doc hai, trong d6 c6 cac hop chat nhém paraben,
bisphenol, phthalate — 14 ca&c nhdm hda chat cong nghiép tong hop. Paraben (p-
hydroxybenzoic acid) 1a cac chat khang khuan phé rong duoc st dung nhiéu trong
duoc pham, thuc pham, san pham cham soc ¢4 nhan. Bisphenol (bisphenol A va cac
hop chét c6 cau trac twong tu bisphenol A) c6 tinh déo cao nén dugc st dung trong
cac do gia dung bang nhwa, my pham, dugc pham, san pham chim soc ¢4 nhan.
Phthalate (phthalic acid ester) véi tinh chat mém déo, dé tao khuén, 6n dinh nhiét nén
duoc biét dén la chat hoa déo trong san pham nhua va san pham chiam soc ¢ nhan.
Con ngudi ¢6 thé bi phoi nhiém do hit thé, an nubt va tiép xuc voi da vai cac hoa
chat nay khi tiép xdc véi méi truong song bi 6 nhiém. Pac diém chung vé tinh doc
ctia cac hop chét nay 1a gay nén nhiing bién doi bat thuong vé noi tiét tb cua dong
vat thir nghiém nhu thay d6i kha nang van dong, hé than kinh, hd hap va lam réi
loan hormone sinh san. Ching duoc phan loai vao nhdm cac hoa chat gay réi loan
noi tiét méi ndi. Pang lo ngai 13 mbi twong quan dang ké giira sy xuat hién cua
phthalate va paraben trong sita va nudc tiéu ngudi me véi nhiing su thay doi tap
tinh caa tré em méi sinh ciing duoc chi ra. O Viét Nam, 5 paraben va bisphenol A
d3 bi han ché str dung trong cac san pham chiam séc ca nhan va dugc pham. Bo Y té
cling d3 quy dinh ngudng cho phép cua Di-(2-ethylhexyl) phthalate (mét chat phd
bién trong nhom phthalate) trong thuc pham.

Hién nay, su phan b vé nong do cua céac paraben, bisphenol, phthalate trong
moi truong, thuc pham va sinh pham ¢ Viét Nam van con han ché do thiéu cac
phuong phap tiéu chuan, chua dong bo co so vat chat cua cac phong thi nghiém.
Nham gop phan bo sung théng tin vé sy & nhidm caa ba nhdm hop chat nay trong
moi trudng, nhiing rai ro vai sic khoe cong dong va hé sinh thai, tac gia da lua
chon dé tai luan an: “Nghién ciru phén tich va danh gia rui ro phoi nhiém mot sé

hop chit hitu co nhém paraben, bisphenol va phthalate trong moi trudong”.
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2. Muc dich nghién ciu ciia dé tai

- Nghién ctu khao sat quy trinh phan tich va xac nhan gia tri s dung cua
phuong phap phan tich mot s hop chat nhém paraben, bisphenol va phthalate trong
mau bui 1ang, nuwdc mat va tram tich.

- Panh gia su 6 nhidm cua cac hop chit ndy trong mau bui ling, nwde mit va tram
tich mt sdng thu thap tai Ha Noi; ma rong phan tich mau bui siéu min ¢ Bac Ninh.

- Budc dau udc tinh rai ro phoi nhiém paraben, bisphenol, phthalate qua duong
tiéu hoa byi va rii ro dbi voi sinh vat thity sinh trong méi trudng nudc va tram tich.
3. Péi twong va pham vi nghién ceu ciia dé tai

- Déi tugng nghién ctru: 7 hop chat nhém paraben, bisphenol A, bisphenol F, 10
hop chat nhoém phthalate.

- Pham vi nghién cuu:

+ MAau bui 13ng: thu tai nha &, xuéng stra chira xe, xudng tai ché chat thai.

+ MAu bui min: thu tai cac nat giao théng & tinh Bac Ninh.

+ Mau nudc: miu nudc mit thu & hd va sdng & Ha Noi.

+ MAau tram tich: thu tai séng T6 Lich, séng Nhug, song Pay.
4. Y nghia khoa hoc va thyec tién cia dé tai nghién ciu

Nghién ctru phan tich va danh gid rii ro phoi nhiém tir cac paraben,
bisphenol, phthalate trong bui lang, tram tich va nuéc mat trén dia ban Ha Noi 1a
hudng nghién ciu con rat méi ¢ Viét Nam. Luan an tap trung khao sat xay dung
quy trinh xac dinh cac chat nay trong cic d6i tugng méi truong, tir day lam co so
xac dinh ngudn gbc ciing nhu mirc d6 anh hudng téi stc khoe con ngudi va hé sinh

thai.
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CHUONG 1. TONG QUAN

1.1. TONG QUAN CHUNG VE BOI TUGNG NGHIEN CUU
1.1.1. Téng quan vé cac hgp chit nhom paraben

Paraben (p-hydroxybenzoate) la ester cua acid p-hydroxybenzoic cé cong thic
Cciu tao chung nhu Hinh 1.1, v6i bo khung 1a vong benzene, nhom hydroxyl va
nhom ester thé & vi tri para, trong d6, R & nhdm thé ester c6 thé 1a gbc alkyl (methyl
— heptyl) hoic aryl (benzyl, phenyl). Dwa vao ciu tric R ma paraben dugc phan
thanh paraben mach ngin (gom MeP va EtP) va paraben mach dai (gom PrP, iPrP,
BuP, iBuP, BBzP, HepP, PheP [31, 79]. Chung duoc téng hop theo phuong phap
truyén théng théng qua phan tng acid-base hoic qua trinh ester hoa acid p-
hydroxybenzoic va moét alcohol (R-OH) vai xdc tac thionyl chloride. Paraben la
chat kho bay hoi, nhiét d6 soi tuong d6i cao, tan vira phai trong nuéc (160 mg/L
(BzP)-2500 mg/L (MeP) & 25 °C), d6 hoa tan ti 1¢ nghich véi chiéu dai mach

carbon trong nhom thé ester [31].

OR

HO
Hinh 1.1. Cong thikc cAu tao chung cia paraben

Paraben duoc tim thay trong cac nguon tu nhién nhu trong vi khuan, thyc vat,
mot s6 loai qua. Tur gitra nhitng nam 1920, chung duoc tong hop va sir dung trong
cdng nghiép, dic biét 1a trong dugc—my pham va thuc pham do c6 dic tinh hoat
dong nhu chat bao quan [31]. Trong cdng nghiép duoc pham, paraben dugc sir dung
nhu ta duoc voi ham lugng <1% dé han ché su phat trién caa vi sinh vat va ngin
ngira su phan hay caa cac thanh phan hoat tinh va 1am chat hoa déo cua vo duoc
pham. Theo sb liéu nam 2008, ngudi ta udc tinh paraben dwoc st dung trong hon
22000 loai my pham véi ham luong toi da 0,4% cho mot hop chat riéng Ié hoac 1én
t6i 0,8% & dang hdn hop. Hon nita, nhd phé hoat dong chéng vi khuan rong, dic
tinh 6n dinh vé su thay doi ciia d6 pH, kha ning hoa tan trong nude du dé tao thanh
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dung dich, khong 1am thay ddi mau sic, mui khé nhan biét va chi phi san xuat thap
lam cho ching tré thanh lya chon téi wu dugc sir dung trong cac nganh cong nghiép
noi trén [31]. Tén thuong goi cia MeP, EtP va PrP trong cong nghiép lan luot 13 E-
218, E-214 va E-216. MeP va PrP thuong c6 mit cing nhau trong cac san pham
thuong mai.

Qua nghién ciu cac mau nudc tiéu, mau sita, huyét twong, qua trinh chuyén
hoa sinh hoc caa paraben ¢ ngudi duoc md ta nhu sau: dau tién, ching thay phan
thanh acid 4-hydroxybenzoic dudi tac dung cia enzyme esterase, roi lién hop voi
sulfate nho enzyme sulfotransferase (ST) st dung 3’-phosphoadenosine 5°-
phosphosulfate (PAPS) lam co chat, glucuronid nho enzyme UDP
glucuronosyltransferase (UGT) st dung acid UDP-glucuronic (UDPGA) lam co
chat hoic glycine nhd acid amine transferase (AT) trude khi dugc bai tiét qua nudc
tiéu. Dang lién hop paraben glucuronid duoc sir dung lam chat chi thi sinh hoc
trong nudc tiéu & nguoi thay vi acid 4-hydroxybenzoic- 1a mét chat chuyén héa

khong dic hiéu cua tat ca cac paraben [10].

o]

9 0

L HO
"0—S—0

H HN

0 O0——R

4-hydroxyhippuric acid
4-carboxyphenyl sulfate
0 HO o]
sulfuric acid
HO Glycine

UGT O—R
0 ar:
Paraben \hydx‘ol}'sis g

HO 0
OH =
Lo HO + R——OH
i/l\fo S o .
H OH

Ether-glucuronide 4-hydroxybenzoic acid coho

UGT UGT
hydrolysis
O
0 0 H()4< >—< 0
HO , o@—% (o) HO OH
OH
5 OH 0O-
OH OH

HO HO

ether-glucuronide ester-glucuronide

Hinh 1.2. Sw chuyén hoa ciia paraben trong co thé nguoi
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Bang 1.1. Thong tin c&c chat nghién ciu trong luan &n

’ , MW Do tan trong nwéc Log
Chat So CAS CTPT t°c (°C)  t%(°C) pKa
(g/mol) 6 25 °C (mg/mL) Kow
Nhom paraben
Methyl paraben (MeP)
o)
- 99-76-3 CsHsOs  152,2 131,0 270,5 2,50 1,96 -
0
HO
Ethyl paraben (EtP)
O
N 120-47-8  CoHi100s  166,2 116-117 297-298 8,85 2,47 8,34
HO
Propyl paraben (PrP)
94-13-3  CyoH120s  180,2 96,1 294-295 5,00 3,04

O
/@)‘\O/\/
HO
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, , MW Do tan trong nwoéc Log
Chat So CAS CTPT t°c (°C)  t%(°C) pKa

(g/mol) & 25 °C (mg/mL) Kow

Isopropyl paraben (iPrP)

0]
/Q)‘\O )\ 4191-73-5 CioH1203 180,2
HO

Butyl paraben (BuP)
(0]

NN 94-26-8  CuiH1403 194,2 68,5 156-157 2,07 3,57 8,47

HO

Benzyl paraben (BzP)

0
/@)‘\O/\Q 94-18-8  CusH1203  228,2 - - - - -
HO

Heptyl paraben (HepP)

(o]

o >N 1085-12-7 Ci4H2003  236,3 - , 3 )

HO
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, , Do tan trong nwoéc Log
Chat So CAS CTPT th (°C)  t% (°C) pKa
(g/mol) 6 25 °C (mg/mL) Kow
Nhém bisphenol
Bisphenol A (BPA)
CHs
< > | < > 80-05-7  CisHi602  228,3 160 360,5 0,12 3,32 9,6
HO ? OH
CHj
Bisphenol F (BPF)
H pKal=7,55
| 620-92-8  CisH1202  200,2 162,5 - Khoéng tan 2,91
HO T OH pKa2=10,8
H
Nhom phthalate
Dimethyl phthalate (DMP)
O
o 131-11-3  CioH1004 194,2 55 283,7 0,004 1,60 -
AN
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, , MW Do tan trong nwoéc Log
Chat So CAS CTPT t°c (°C)  t%(°C) pKa
(g/mol) 6 25 °C (mg/mL) Kow
Diethyl phthalate (DEP)
0
N 84-66-2  Ci2H1404 2222 -40,5 295 Khéng tan 2,47
Ov
0
Di-n-propyl phthalate (DPrP)
o)
579- 581
o 131-16-8  CuHisOs  250,3 : o : : -
O\/\
O
Di-n-butyl phthalate (DBP)
84-74-2  CieHi1604  278,3 -35 340 0,112 4,50 -

(0]
o >N
O\/\/
(0]
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, , MW Do tan trong nwoéc Log
Chat So CAS CTPT t%c (°C)  t% (°C) pKa
(g/mol) 6 25 °C (mg/mL) Kow
Diisobutyl phthalate (DiBP)
0 j/
@i::OJ\ 84-69-5  CieHi1604 278,3 -37 320 0,001 4,11 -
O
O
Dicyclohexyl phthalate (DCHP)
0 /O
0 84-61-7  CooH260s 330,4 66 - 0,004 5,6 -
o}
N0
Butyl benzyl phthalate (BBzP)
(6]
85-68-7  CioH20s 312,4 -35 370 Rat kém 4,73 -

O~
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(@]

O

N P e
(o]

, , MW Do tan trong nwoéc Log
Chét S6CAS  CTPT t°: °C) % (°C) pKa
(g/mol) 6 25 °C (mg/mL) Kow
Di-n-hexyl phthalate (DnHP)
O
S N 84-75-3  CaoHxoOs 334,5 58 - Khong tan 6,82 -
NP
O
Di(2-ethyl)hexyl phthalate (DEHP)
0 117-81-7  CaaH3s0s  390,6 -55 384 Rat kém 7,60 -
(6]
(0]
(6]
Di-n-octyl phthalate (DnOP)
IO 117-84-0 0 CaH3s0s4 390,6 25 - R4t kém 8,10
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Viéc sir dung rong rdi cac héa chat nay gay ra rai ro cho hé sinh vat séng dudi
nuéc (tao nudc ngot, cd) va sic khoe con ngudi ngay ca & khoang nong do thap (co
ng/L). Su ting 1én vé chiéu dai mach C hoic phan nhanh trong phan tu ti & thuan
Vvé6i doc tinh ciia paraben dbi véi sinh vat séng dudi nude [17-18, 89]. Trén thuc té,
paraben khong dwoc st dung riéng 1é ma st dung & dang hdn hop cac paraben dé
tang tac dung bao quan cua san pham. Thi nghiém trén chudt da chi ra paraben 1am
giam nong do testosterone trong tinh tring caa chudt duc. Nhiéu nghién ciu dich té
hoc ciing di chi ra paraben hoat dong nhu chat gay roi loan noi tiét dan dén nhiing
anh huong khéng mong mudn téi sicc khoe con ngudi. Tiép xtc véi paraben 1au dai
v6i ham lugng tir vai chuc dén hang nghin ng/g khién nguy co méc ung thu vi va
c4c van dé vé sinh san do hap thu qua da ngdy cang ting. Bén canh d6, mdi lién hé
giita viéc tiép xUc cua con ngudi voi PrP va BuP gin vai nhitng ton thuong tinh
trung & nam gidi va chirng aeroallergen & tré nho [56].

O My, viéc sir dung paraben trong my pham méi chi ding lai & mac khuyén
céo chir chua c¢6 quy dinh cu thé va ching dang dan duoc thay thé hoic giam sir
dung & mot s6 nha san xuat. Trong linh vuc phu gia thuc pham, co quan Quan ly
thuc pham va dugc pham My (FDA) cho phép sir dung paraben ¢ ngudng 0,1%.
Niam 1974, Uy ban chuyén gia hon hop cua té chize FAO va WHO vé phu gia thuc
pham di dua ra ngudng tong luong MeP, EtP va PrP tiéu thu hang ngay ¢ mic 10
mg/kg-bw/ngay. O Chau Au, Lién minh chau Au cho phép st dung paraben lam
phu gia thyc pham theo quy dinh EC sé 1333/2008 ciia Nghi vién Chau Au va cua
Hoi dong chau Au ngay 16/12/2018. Trong nganh céng nghiép thuc pham, PrP
khong duoc phép st dung. Déi voi nganh cong nghiép my pham, quy dinh sé
358/2014 va quy dinh s6 1004/2014 da cam sir dung iPrP, iBuP, PheP, BzP va PeP.
Con MeP, PrP, EtP va BuP van duoc sir dung phé bién. Riéng PrP, BuP va cac
mubi caa chiing da bi cAm trong cac san pham danh cho tré em duéi 3 tudi. O nganh
cong nghiép dugc pham, PrP bi han ché sir dung & mac anh huong co thé quan sét
duoc 1a 100 mg/kg/ngay. O Nhat Ban, EtP, PrP, iPrP, BuP, iBuP dugc phép sir dung

trong my pham hoic phu gia thuc pham véi ham lugng téi da tinh theo tong acid p-
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hydroxybenzoic 1a 1% [53]. O Viét Nam, cuc Quan 1y Duoc di ban hanh cong vin
s6 6577/QLD-MP quy dinh vé viéc st dung paraben trong my pham, trong dé, cam
sir dung iPrP, iBuP, PheP, BzP va PeP. PrP, BuP va cac mudi cua ching duoc ding
riéng 1é voi nong do tdi da 0,14% (tinh theo acid) va dang hdn hop cac paraben véi
téng ndng do t6i da 1a 0,8% (tinh theo acid) [5].

1.1.2. Giéi thiéu chung vé bisphenol A (BPA) va mét s6 déng loai cia BPA

Bisphenol A va cac chét tuong tu bisphenol A (bisphenol) 1a mot nhém hop
chat c6 chung cau tric gom 2 hop phan phenol véi cac nhdm hydroxyl thé & vi tri
para va ndi véi nhau qua cau carbon hoic cau luu huynh. BPA duoc coi 1a hop chat
dugc quan tdm nhat trong nhom bisphenol. O diéu kién thuong, BPA ton tai dang
ran khéng mau, ap suat bay hoi thap, kha ning hoa tan trong nuéc trung binh va tan
t6t trong cac dung mdi hitu co nhu acetone, alcohol. P9 hoa tan trong dung mdi hitu
co phu thudc vao cac nhdm thé caa ching.

Bisphenol duoc san xuat bang phan ung cua cac diols hoic dihalide nho
ngung tu ketone hoic aldehyde vai phenol. Nam 1905, BPA lan dau tién duoc duoc
tong hop bang phan tmg ngung tu phenol véi acetone c6 acid l1am chét xtc tac. Dén
nay, BPA la mét trong nhitng chat ¢ san lugng san xuat cao nhat trén toan thé gisi
Vv6i khoang 95% duoc st dung trong san xuat nhua epoxy va poly-carbonate (nhua
PC) véi vai tro lam ting d6 day va d6 bén cua vat liéu [57]. Nhya PC duoc st dung
trong nhiéu loai san pham tiéu dung nhu chai nuéc, dung cu thé thao, thiét bi y té,
d6 dién tir gia dung. Nhua epoxy duoc st dung 1am 16p 16t bao vé cho thuc pham va
d6 udng déng hop, 1am 16p phu trén nap kim loai cho chai, lo thiyy tinh. Khoang 200
chat ¢6 cdu truc tuong ty BPA dugc tim thay trong cong nghiép. San lugng BPA
toan cau di vuot 4,6 triéu tan vao nam 2012 va ting 4,6% tir naim 2013-2019 [49].

Nghién ctru vé chuyén héa sinh hoc cua bisphenol thyc hién trén mau sinh hoc
ciia dong vat thi nghiém, con nguoi nhu nuéc tiéu, huyét tuong, sita me (in vivo)
hozc thuc hién cac nghién ctru trong phong thi nghiém (in vitro) cho thay bisphenol
cd thé lién két véi nhiéu nhan thu thé trong co thé con ngudi nhu hoat tinh estrogen,

hoat dong trén androgen, glucocorticoid va hormone tuyén giap. O nguoi BPA duoc
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glucuronide héa va bai tiét qua nudc tiéu, con & chudt, BPA trai qua chu trinh
chuyén hoa & rudt nho cac enzyme 5°-diphospho-glucuronosyltransferase (UGTS)
2B15 va 1A9. Ngoai ra, dudi tac dong cua enzyme sulfotransferase (SULT) 1Al
con xay ra qua trinh sulfate hoa tao ra BPA sulfate. Cac nghién ctzu nay chi ra rang
BPA duoc bai tiét qua nuéc tiéu dudi dang glucuronide 1a cha yéu (chiém 94,6%),
BPA sulfate chi chiém luong nho (3,7%), con lai 1a BPA khéng lién hop [70].

CH,OH
HOy,
HO OH
HO' (0)

. 4,4'-(1-hydroxypropane-2,2-diyl)diphenol
BPA glucuronide UGTSs
2B15, 1A9
UDPGA f ‘
HO | | OH
BPA

CYP2AL,

SULTI1A1 CYP2C9
/ Nﬁ)m
/‘X‘\‘ O |Ci O ‘
S—OH HO OH
Ho o]
o OH
BPA sulfate ortho-hydroxylated BPA

Hinh 1.3. Chuyén hda ciaa BPA trong nghién ciru in vivo

Cac bisphenol c6 kha ning tac dong truc tiép 1én cac enzyme chéng oxi hoa va
bai tiét testosterone. Theo cac nghién ciru dich t& hoc, viéc tiép xdc lau dai voi BPA
lién quan dén béo phi, tiéu duong, ung thu tuyén tién liét, cac van dé vé than kinh
va sinh san & nguoi, dac biét o tré em [14, 85]. BPA c6 thé di qua nhau thai nguoi
va gdy ra cac nguy co tiéu cuc tGi su phét trién cua thai nhi. Ham luong BPA trong
nudc tiéu cua me mang thai ti 1 nghich véi su tang can cua tré so sinh. Co quan An
toan thuc pham Chau Au da dua ra mac canh bao gigi han hap thy tdi da BPA 1a 4
Hg/kg-trong lwong co thé/ngdy va nim 2011 da cdm san xuat, nhap khau binh sita
tré em chira BPA. Hién nay, viéc st dung BPA d3 bi kiém soét bai nhiéu to chic,
qudc gia trén thé gisi nhu bi cAm sir dung trong cac vt liéu tiép xdc véi thuc pham
& Nhat Ban va Canada. Viét Nam chua c6 quy dinh nao vé gisi han cho phép cua
bisphenol trong méi trudng va thuc pham ngoai yéu cau ki thuat ddi véi bao bi,
dung cu tir nhua PC dugce quy dinh trong QCVN-12-1:2011/BYT dbi véi BPA [4].
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Bang 1.2. Quy dinh vé BPA trong vt liéu tiép xdc truc tiép véi thuc pham &

Viét Nam
Thir vat liéu Thir th6i nhiém
Chitiéu Gioi han Chi tiéu o A . Dungdich Gioi han
. . . bieu kién ngam thoi A N ,
kiem tra toi da kiem tra ngam thoi toi da
25°C trong 1 gio Heptane
<500 60 °C trong 30 phat  Ethanol 20%
BPA BPA ] 2,5 pg/mL
ua/g 60 °C trong 30 phut Nudc

60 °C trong 30 phut  Acid acetic

Tir ddy, nhu cau cua thi truong vé cac san pham khéng chira BPA cling véi su
phét trién cua khoa hoc ky thuat da va dang thuc day viéc tim ra va sir dung céc chat
thay thé BPA, c6 thé ké dén nhu BPAF, BPF, BPS. Trong d6, BPF la chat thay thé
pho bién nhat. Chat nay duoc dung dé san xuat nhua epoxy va I6p pha, dic biét doi
V6i cac hé thdng can ting d6 day va do bén nhu 16p 16t bé va duong dng, san cong
nghiép, 16p phit mat cau duong, chat két dinh két cau, vira, vecni dién. Nhya epoxy
BPF ciing duogc sir dung cho mét s6 san pham tiéu dung nhu son mai, vecni, 16p 16t
chat két dinh, chat déo, 6ng nudc, chat tram ring va bao bi thuc pham [14, 61]. Tuy
vay, nhilng dic diém tuong ddng trong cau tric ngoai viéc dem t&i ky vong lam
chat thay thé 1y tuong thi cac hop chét thay thé nay ciing gay lo ngai vé cac nguy co
rai ro sac khoe va anh huong téi hé sinh thai twong tw nhu BPA. Nghién ciu vé
BPF di chi ra rang né c6 thé 1am rdi loan chic ning hé théng noi tiét nhu ndong do
hormone tuyén giap, cac théng sé6 mau, hoat dong cia enzyme, réi loan chic ning
té bao, ton thuong gen va bat thuong nhidém sac thé [67].

1.1.3. Giéi thiéu chung vé nhém phthalate

Phthalate la diester cua acid 1,2-benzenedicarboxylic, trong d6 R va R’ la 2
goc hydrocarbon, ¢ thé gidng hoidc khac nhau, dugc tao thanh tir phan ung giira
anhydride phthalic vai cac alcohol ¢6 do dai mach carbon tir 1 carbon (methanol)
dén 13 carbon (tridecyl alcohol) [38]. Dya vao ciu trGc mach carbon cia nhém
alcohol ma phthalate duoc phan thanh 2 nhdm: cac phthalate khéi lwong phan tir

thip véi do dai mach alcohol tir 3-6 carbon va céc phthalate cao phan tu véi do dai
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mach alcohol tir 7-13 carbon. O diéu kién thuong, phthalate ton tai dang long dau,
gan nhu khong c6 mau va rat khd nhan biét mui vi, nhiét do sdi cao, tan kém trong
nuéc nhung tan tot trong hau hét cac dung méi hitu co. Kha ning hoa tan trong
nudc ti 1& nghich véi chiéu dai mach carbon trong phan tir va khéi lugng phan tir.
CAu tric cia 2 nhanh R, R™ quyét dinh tinh chit hoa hoc va vat Iy riéng biét cua
ting chat, lam thay ddi hoat tinh sinh hoc ciing nhu déc tinh cua ching.

o)

OR

OR'

o)
Hinh 1.4. Cong thitc cau tao chung cia phthalate

Nhitng nam 1920, phthalate lan dau duoc gisi thidu véi vai tro 1a chat phu gia
trong nhya PVC, sau d6, duoc san xuat va str dung rong rdi dé 1am chat phu gia hoa
déo trong nhiéu san pham cong nghiép va dd gia dung nhu nhya PVC, vat lidu xay
dung, soi bao bi thuc pham, d6 choi tré em, san pham cham soc ca nhan. Dén nay,
hon 25 phthalate da dugc ng dung trong céng nghiép va thuong mai. Muoi hop
chat pho bién nhat 1a dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl
phthalate (DBP), diisobutyl phthalate (DiBP), butyl benzyl phthalate (BBzP),
dicyclohexyl phthalate (DCHP), di(2-ethyl)hexyl phthalate (DEHP), di-n-octyl
phthalate (DnOP), diisononyl phthalate (DiNP) va diisodecyl phthalate (DiDP).
DEHP Ia mét trong sé nhitng phthalate ¢6 nhiéu tng dung quan trong trong cong
nghiép [40]. Theo s6 liéu thong ké nam 2017, phthalate chiém téi 65% luong tiéu
thu chat déo trén toan thé giéi, thi lugng DEHP tiéu thy wéc tinh I1&n tsi 3,07 triéu
tan. Tir nam 2017 dén 2022, muc tiéu thu nhém hop chat nay ude tinh ¢6 xu hudéng
ting trung binh 1,3% mdi nam. Phthalate khéi lwong phan tir trung binh (DBP,
DiBP, BBzP) dugc ding trong san xuat vat liéu nhia PVC nhu thiét bi y té, chat két
dinh, son, muc; mot sé khac nhu DMP, DEP dugc dung 1am dung méi, chat gii mui

huong trong nudc hoa ciing nhu phu gia cho vat dung y té, my pham, san pham gia
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dung va san pham chiam soc ca nhan. Cac phthalate cao phan ti (DiDP, DiNP,
DPHP va DEHP) thuong duoc sir dung trong cong nghiép dé cai thién dd linh hoat
va tinh dan hoi cua cc vat lidu polymer ciing nhu nang cao tudi tho cua cac san
pham cdng nghiép nhu day cap, san, tim phu tuong.

Nghién ciu vé chuyén hoa cua phthalate di duoc tién hanh théng qua viéc
phan tich cac phthalate dang diester trong c4c mau sinh hoc nhu miu nuéc tiéu,
MAu mau va mau sira me. Két qua cho thay, chi tim thay dang mono-ester trong céc
mau thu thap duoc 1a chu yéu. Cac hop chat cé cau tric mach ngan thuong bi thuy
phan thanh dang mono-ester roi bai tiét luén qua nudc tiéu con hop chat co cau tric
mach 16n hon thi con trai qua cac qua trinh hydroxyl hda va oxy hoa roi méi duoc
bai tiét qua nuéc tiéu dudi dang cac hop chat lién hop. Trong co thé nguoi, qua
trinh trao d6i chat cua phthalate duoc dé xuat dién ra theo 2 giai doan: dau tién l1a
thay phan tir dang di-ester thanh dang mono-ester sau khi hap thu vao té bao; sau
do, dudi tac dung cua enzyme uridine 5’-diphosphoglucuronyl transferase tao thanh
lien hop glucuronid wa nudc. So d6 qua trinh chuyén hoa sinh hoc chung cua
phthalate trong co thé ngudi dugc trich dan theo tai liéu cua Frederksen va cong su
[23].

0 OH
0}
\R
1) OH
/ ) OH o
Hydroxylation
R
o on N o OH
—
(0] OH
0} (0]
\R \R \R
(0]
Oxidation
o
Diester phthalate Monoester phthalate OH Glucuronide conjugate
(0]
~N

Hinh 1.5. Chuyén hoa sinh hoc ciia phthalate trong co' thé nguoi
Mic du mang téi loi ich rat 16n cho cudc song nhung phthalate ciing c6 kha

ning can thiép vao hé théng noi tiét trong co thé nguoi va dong vat. Cac nghién ctu
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trén chuot thi nghiém da bao cdo vé su anh huong cua viéc phoi nhidm phthalate
dén hé thdng sinh san va phat trién cua chudt duc. Viéc tiép xuc voi phthalate ciing
dan t6i nhitng thay ddi ¢ cAu trdc va chie niang cua gan, than ciing nhu su gian doan
tin hiéu tuyén giap, suy giam chtrc ning mién dich. Tuy nhién, phthalate c6 doc tinh
cap tinh thap véi muc trung binh liéu gy chét 50% sé dong vat thi nghiém (LDso)
tir 1-30 g/kg trong luong co thé. Pang chu y, cac nghién ctu gan diy da chi ra méi
lien hé gitra phoi nhiém phthalate véi cac nguy co rdi loan néi tiét, lac ndi mac tir
cung, giam chat luong tinh dich, giam testosterone, cac bénh tiéu duong, béo phi,
hen suyén, ung thu va hay nhiém doc gan, tuyén giap, than va phoi ¢ ngudi. Mot s6
nghién ctiu tap trung vao doc tinh cia phthalate d6i vai hé sinh san, dac biét & nam
gi6i [63]. Co quan B&o vé Mbi truong Hoa Ky (EPA) da phan loai DEHP va BBzP
vao nhom céc chat c6 kha nang gay ung thu & ngudi. Con & chau Au, phthalate c6
tir 3-6 carbon trong phan tir duoc xép vao nhom nhitng chat doc sinh san cua con
ngudi (nhém 1B Agents). Chung ciing duoc béo cao 1a mot trong sé nhirng tac nhan
gay di tat trong qué trinh phat trién & thai nhi, dugc goi 1 “hoi chimg phthalate”.

Bang 1.3. Giéi han nguy co vé siec khoe ciia mét sé phthalate

Quac gia Chat MRL/ADI/R{D mg/kg-bw/ngay
R¢D phoi nhiém mén tinh 0,020
MRL phoi nhiém mén tinh 0,060
DEHP L )
MRL tiép xuc cap tinh qua miéng 7
Hoa Ky . .
MRL tiep xdc mi¢ng man tinh 5
BBzP R¢D tiép xdic man tinh 0,2
DnOP MRL tiép xuc cap tinh qua miéng 3
DEHP ADI 0,05
DBP ADI 0,1
. BBzP ADI 0,2
Chau Au
DnOP ADI 0,37
DiNP ADI 0,15
DiDP ADI 0,25
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Quaéc gia Chat MRL/ADI/RD mg/kg-bw/ngay
DEHP ADI 0,044
DBP ADI 0,06

MRL; RD; ADI: mite dé rui ro toi thiéu; lieu lwong tham chiéu; lieu lwong tham

Canada

chiéu hang ngay c6 thé chdp nhdn duoc.

Viéc sir dung cac phthalate 3 dan bi han ché va dugc quan Iy chit ché & nhiéu
qudc gia cd nén cdng nghiép tién tién trén thé gioi. Nam 2001, Nhat Ban cim DiNP
va DEHP trong d6 choi va DEHP trong ging tay xtr ly thuc pham. Ké tir nam 2007,
lién minh Chau Au da cam st dung 6 phthalate gdm DEHP, DBP, BBzP, DiDP,
DiNP va DnOP trong d6 choi va san pham danh cho tré em. Nam 2018, DiBP duoc
thém vao danh s&ch céc chat bi han ché str dung tai 28 qudc gia EU. Nam 2008,
Pao luat Cai thién An toan San pham tiéu dung Hoa Ky (CPSIA) di quy dinh d6
choi va do dung cho tré em khéng duoc phép chira BBzP, DBP va DEHP véi ham
luong vuot qué 0.1% trong lugng. Tai Australia, ham lugng DEHP dugc cho phép
c6 mat trong cac san pham binh dung thic an, d6 choi, dd dung danh cho tré em
khong qua 1% vé khdi lugng. Nam 2017, Trung Qudc da dit ra cac giéi han phat
hién cua 16 phthalate trong thuc pham, hop dung thuc pham va bao bi san pham.
Ham lwong DEHP hoa tan trong thiét bi truyén dich phai nho hon 10 mg/mL. O
Viét Nam, méi chi c6 quyét dinh 2204/QD-BYT nim 2011 cua Bo Y té ban hanh
tam thoi mac gigi han nhiém chéo DEHP trong thuc pham 1a 1,5 mg/kg ddi V6i
dang ran va 1,5 mg/L ddi véi dang long [4]. Tuy vay, con ngudi, dac biét I tré em
& nhiéu noi khac van c6 nguy co tiép xdc véi phthalate thong qua my pham, san
phdm cham soc c4 nhan, d6 dung hoc tap 1am biang nhwa PVC nhu do ding my
thuat, ba 16, thi xach, giay nhya mém, 6 du. Viéc nghién curu va su dung cac hoa
chat thay thé phthalate trong san xuat cong nghiép di duoc tién hanh & nhiéu nudc
trén thé giai.

1.1.4. Con duodng va mire dd phoi nhiém paraben, bisphenol, phthalate
Céc cong bo vé sy cd mat paraben, bisphenol, phthalate trong méi truong ciing

nhu cac chit chuyén hoa cua ching trong mau sinh pham ngudi cho thiy, con ngudi
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hoan toan c6 nguy co tiép xdc véi ching qua dudng tiéu héa (an nudt thuc pham
chtra chat 6 nhiém), hd hap (hit khdng khi chaa chat 6 nhiém) hoic hap thu qua da .
M¥ pham 1a nguén tiép xGc trung gian chinh giira paraben téi co thé nguoi [26].
Tiép xdc phthalate qua ché d6 an udng dugc bao cao 1a con duong phoi nhiém chi
yéu, sau d6 1 dn phai bui va hit thé khong khi trong nha, trong d6, cic hop chat
phthalate cao phan tir thuong xam nhép vao co thé ngudi qua duodng tiéu hoa, con
cac phthalate khéi lwong phan tir nhd xam nhép vao co thé qua dudng hd hap va hap
thu qua da [68]. Cac chat nay cd mat trong thuc pham chu yéu qua qua trinh san
Xuat, dong goi va luu trir.

Niam 2013, mot nghién ctu trén 267 mau thyc pham thudc cac nhom d6 udng,
thuc pham hang ngay, dau an, ca va hai san, ché pham tir ngii cbc, thit va céc san
pham tir thit, hoa qua, rau thu mua ngau nhién tai Albany, Hoa Ky da phat hién su
c6 mit cua BPA va cac chat twong tu no trong 75% mau duogc thir nghiém, voi ham
lwong trung binh 4,38 ng/g mau twoi [46]. Tré so sinh va tré em ¢ thé tiép xuc voi
BPA hang ngay do si dung binh sita, d6 uéng c6 chira nd. Mic d6 tiép xic véi
BPA ting 1én khong chi theo nhiét do (su rira troi BPA ting gap 55 lan khi str dung
nuéc soi so vai & nhiét d6 phong) ma con khi st dung nhiéu lan vat chia né [51].
Niam 2015, Healy va cong su da bao céo rang c6 téi khoang hon 90% tré em & My,
Chéu Au, Chau A va Uc nhiém BPA [32]. Phoi nhiém bisphenol do dic trung nghé
nghiép ciing c¢6 thé dén tir nhitng noi nhya duoc ddt chay va san xuat va nguoi lao
dong hit phai khong khi 6 nhiém. Trong mot nghién ciru duoc thuc hién tai xusng
san xuat nhya ¢ Trung Qudc, ham luong BPA trung binh trong khong khi phét hién
duoc 18n toi 450 pg/m3 va trong 90% mau nudée tiéu cua cdng nhan 1am viéc trong
d6 v6i ham luong trung binh 4,630 pg/g creatinine. Cac d6 ding bang nhua sau khi
hong, nude thai khi thai cia cac nha may san xuat nhua déu thai ra dat, nuoc va lai
anh huong toi con nguoi théng qua viéc sir dung ngudn nudc, thuc vat trong trén
dat, dong vat song & moi truong nudc bi & nhidm. Viéc phat hién bisphenol trong
c4c mau nudc tiéu & ngudi cho thidy mic d6 tiép xdc cac hda chat nay ¢ nguoi 1a

tuong d6i thuong xuyén. Viéc nghién ctu phan tich ham luong phthalate trong
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nhiéu loai thuc pham tiéu dung trén thi trudng di duoc tién hanh rong réi trén thé
giéi. Nam 2012, mot nghién ctru duoc thuc hién trén 78 mau thyc pham gom ngii
cbe, 46 ubng déng chai, gia vi, sita va san pham tir sita, dau thuc vat, hai san, thit va
san pham tur thit mua ngau nhién ¢ cac cho Trung Qudc da chi ra sy ¢ mit cua
DMP, DEP, DBP, DiBP, BzBP, DEHP ¢ trong >60% s mau va DnHP, DCHP,
DnOP >16% s6 mau thu thap dugc. Nam 2017, tac gia Toni va cong sy da tién hanh
phan tich va so sanh DEP, DiBP, DBP, DEHP trong cac mau café duoc mua ngau
nhién ¢ siéu thi da duoc dong géi san vai cac mau tu ché bién tai diéu kién phong
thi nghiém. Két qua cho thay ca 4 chat déu dugc phat hién trong cac mau dong goi
san, trong khi tan suat phat hién trong cac mau tu pha ché it hon. Sy khéc biét nay
cd thé xuat phat tir cach pha ché va dong goéi san pham [78]. Do vay, mic do rai ro
phoi nhiém phthalate c6 thé giam dang ké khi ché do an uéng cua cac ca nhan duoc
kiém soat nghiém ngat, han ché tiép x(c véi cac san pham dong goi san trén thi
truong. Mat khac, céc tai liéu truée day da chi ra raing, DMP dé& dang xam nhap vao
co thé qua dudng hd hap. DEP va DBP 1a 2 phthalate ¢6 nguy co chinh xdm nhap
vao co thé qua duong hd hap va hap thu qua da. Nhimg ngudi séng gan céac khu
cdng nghiép hoan toan c6 nguy co bi phoi nhiém phthalate qua tiép xdc da va su
phéat thai caa khong khi 6 nhiém. Céac bao cdo ciing chi ra sy ¢ mat cia DEHP va
DBP & khong khi trong nha va ngoai troi. Sy hap thu qua da xay ra khi str dung san
pham chim soc¢ c4 nhan hang ngay c6 chtra phy gia phthalate & bao bi san pham.
Tré so sinh ciing c6 nguy co tiép xdc phthalate khi uéng sita me khi me tiép xdc voi
phthalate hoic khi tré ngam, choi do choi c6 chira phthalate.
1.2. O NHIEM PARABEN, BISPHENOL, PHTHALATE TRONG MOI TRUONG
Sy ¢6 mat cua paraben, bisphenol va phthalate trong méi truong la két qua cua
qua trinh hoat dong cua con ngudi do ching duoc tong hop dé phuc vu muc dich
thuong mai. Theo thoi gian, chiing bay hoi vao khi quyén tir cic nha may, co so san
Xuat; di vao moéi trudng nudc qua qua trinh ria troi tir cac ngudn nudc thai sinh

hoat, nugc thai cong nghiép, phan vang pha khi/nuée hoic lang dong vao tram tich.
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1.2.1. © nhiém trong khong khi, bui min, bui ling

Trong khdng khi bao gdom ca pha hoi va pha hat (gém ca hat bui min, siéu min
c¢6 kich thudc <2.5 pm), cac chat ndy ton tai dwoc chi yéu do dic tinh d& bay
hoi/ban bay hoi hodc do khéng co lién két cong hoa tri véi cac vat liéu, san pham
nén d& dang gin vao cac hat vat chit [7]. Nong do cua ching trong mau khdng khi
trong nha cao hon tir 50-100 14n so v&i mAu ngoai troi. Tuy nhién, diéu ndy con phu
thudc va kich thudc cua chudi mach carbon trong phan tir va nhiét do moi truong
xung quanh. Két qua bao cao ham luwong tong 4 paraben trong khéng khi trong nha
& Isfahan (Iran) (0,004-1,25 ng/m®) cao hon mau ngoai troi (0,013-0,95 ng/m?d)
[30]. Tong ham luong BPA, BPF va BPS duoc phat hién trong ca 2 pha ¢ mau
khong khi trong nha thu thap ¢ cac bang Albany, NewYork (Hoa Ky) cling & muc
thap, vai gia tri trung binh lan luot 1a 0,43 ng/m?3, 0,69 ng/m® va 0,09 ng/m3. Ciing
tai day, su 6 nhiém cua phthalate trong pha hat & cac mau khong khi thu duoc dao
dong tir 11,7-7570 ug/g voi dong gop 16n nhat thue vé DIBP [80]. Téac gia Ma va
cong su da bao cdo ham luong tong 6 phthalate trong bui min ¢ Shanghai (Trung
Qudc) dao dong tir 13,3186 ng/m3 ddi véi PM2s va 10,1-445 ng/m? dbi véi PMao;
trong do, tong néng do phthalate trung binh thu thap ¢ cac thang mua nong (71,9
ng/m?3 dbi vi PMas va 207 ng/m? dbi véi PMio) cao hon 1,4-2,6 1an so véi nhiing
thang mua lanh (50,4 ng/m? d6i véi PM2s va 76,9 ng/m3 ddi véi PMio) [52]. O Viét
Nam, téng nong do phthalate trong 97 mau khong khi trong nha thu tai cac tinh
thanh phia Béc rat 16n, dao dong tir 106-16000 ng/m?3, trong d6 pha hat va pha hoi
lan luot tir 95,2—-13100 ng/g va 57,0-14900 ng/m3) [81]. Nam 2018, tac gia Truong
Anh Diing va cong su do duoc thanh phan phthalate trong bui khéng khi mua he tai
khu dan cu lang Phu D6 cao hon khu vuc giao théng dudng Pham Vin Bong [6].
C6 thé thiy, sy 6 nhiém phthalate trong khong khi cao hon rat nhiéu so véi 2 nhém
chat con lai 1a do tinh chat dé bay hoi cua né trong khi paraben va bisphenol Ia
nhom chat ban (khé bay hoi). Hon nita, cac chat nay dé dang tich tu nhiéu trong pha
hat hoac bam vao céc hat vat chat trong méi truong hon 1a trong pha hoi (sy dong

gop ndng d6 chu yéu dén tir cac hop chat khéi lwong phan tir Ion nhu DEHP).
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Déi v6i mau bui lang trong nha, cac chat nay xuat hién chu yéu do thdi ra theo
thoi gian tir rat nhiéu vat liu, san pham gia dung bing nhua. Con & bui lang ngoai
troi, chdng phéat sinh tir qué trinh chuyén hoa cua phé liéu, hoat dong cong nghiép,
dbt rac thai, nhién liéu. Nhin chung, su c6 mit caa ching trong cdc mau bui trong
nha I6n hon gip nhiéu lan trong cac mau buyi ling ngoai troi, cé thé giai thich do
trong nha cé nhiéu vat dung ciing nhu khong gian nho hon ngoai troi. Tir ddy ciing
cho thay vat dung trong nha 1a ngudn gdc phat tan chinh cua cac hda chét nay. Nong
d6 paraben trong bui lang dugc bao céo 1a thap hon bisphenol va ca 2 nhom nay déu
thip hon hang tram 1an so véi phthalate. Theo céng bé cua tac gia Wang cing cong
su, két qua ham luong bisphenol trong bui thu thap & Hoa Ky, Trung Qudc, Nhat
Ban va Han Qudc lan luot 1a 1350 ng/g, 1410 ng/g, 2380 ng/g va 2020 ng/g; con
ham luong paraben lan luot 1a 1560 ng/g, 573 ng/g, 2180 ng/g va 1850 ng/g [87].
Nong do BPA trong cac mau bui trong nha thu & khu vuc nha &, ki tac x4, van
phong tai Thuong Hai, Trung Qudc, & cac khu vuc cdng cong tai Tay Ban Nha va &
cac truong Trung hoc tai Barcelona lan lugt dugc bao co 1a 23000 ng/g, 4400 ng/g
va 48700 ng/g. O Viét Nam, nong d6 trung vi cua bisphenol va paraben tim thay
trong mau bui lan luot 12 184 ng/g (23-1750 ng/g) va 123 ng/g (40-840 ng/g) [83].
Mt khac, khao st sy c6 mat cua phthalate trong bui ling thu thap trong ki tlc xa
dai hoc & céc ba tinh phia Bac Trung Quédc cho thay nong d6 chiu tac dong bai thoi
tiét, cu thé céc tap chat nay cao hon & khu vuc ¢ khi hau lanh (517-533 pg/g 6
Shenyang va Harbin), thip hon & khu vuc c6 khi hau am ap (147 pg/g ¢ Baoding),
diéu nay nguoc voi két qua bao cdo vé phthalate trong bui min theo tac gia Ma cuing
cong su. Theo céc tai liéu da cong bd, phthalate c¢é trong mau bui trong nha &, salon
toc, trudng mam non & Trung Quoc, Thuy Pién, Hoa Ky véi ham luong cao téi
tram nghin pg/g, trong d6, DEHP 1a tap chat chinh. Két qua phan tich phthalate
trong mau bui trong nha thu thap tai cac trudng mam non ¢ Puc cho nong do DEHP
(888 mg/kg) chiém 70% tong ham luwong 10 phthalate nghién ctiu [24]. O Viét Nam,
mét nghién ctru truée d6 di bao co tong ham luong phthalate trong mau bui trong

nha thu thap tai nha o, siéu thi, ctra hang dién, hiéu thudc, phong thi nghiém vin
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phong & bdn tinh mién Béc vao mua hé nim 2014 ¢ mic 3,44-106 pg/g (trung vi:
22.6 ng/g), tuong dbi thap so véi cac nghién ctu Khac trén thé gidi. Co thé thay
rang, bui 12 mot trong nhitg méi truong trung gian quan trong nhit dé céc paraben,
bisphenol va phthalate chuyén héa giita cac vi méi truong khac va téi co thé con
ngudi, gay 6 nhidm khdng khi nghiém trong gy anh huéng téi sac khoe, bién dbi khi
hau, suy giam tam nhin nhung & Viét Nam, cac nghién ctu tip trung danh gia dic
trung thanh phan, ham luong c&c chat trong bui van con rat han ché.
1.2.2. O nhiém trong maéi trudomg nuwéc

Paraben va bisphenol c6 d6 tan trung binh trong nudc nén cé rat nhiéu cong bd
vé su 6 nhiém paraben va bisphenol trong mdi trudong nudc, dac biét 1a nudc thai va
nudc mat, trong d6 nude thai bao gom nudéc thai sinh hoat va nudc thai cong nghiép
dugc xem 1a con dudng chinh dwa ching ra méi trudng nude ndi chung [17]. Rat
nhiéu nghién ctu da bao cao rang cac cong nghé xu 1y nudc thai thong thuong
khong du kha nang loai bo paraben dugc xa ra moi trueong tir nudce thai cong nghiép
va nudc thai sinh hoat [22, 53]. Ham lugng paraben di duoc phat hién trong cac nén
mau nudc thai tir nha may xa Iy nuéc thai, nuéc mat & mic pg/L hoic ng/L thy
thuoc vao hop chat va ban chat cia mau. MeP va PrP thudng duoc phat hién véi
ham luong cao nhat, sau d6 1a EtP, BuP, iBuP. Su c6 mat cua iPrP va BzP it duoc
phat hién hoic phat hién véi ham luong rat thap. Nghién cau thuc hién trén mau
nudc mat thu & Bac, Hoa Ky, Nhat Ban, Han Quédc, Trung Quéc phat hién nong do
BPF, BPS tuong duong BPA con BPAF thap hon cac chét con lai. Phthalate c6 tinh
chat kém bén va dé bi phan huy sinh hoc trong méi trudng nhat, nhung chiing van
duoc b4o céo 1a tap chat 6 nhidm trong méi trudng nudce do su phan tan lién tuc va
tng dung rong réi trong cac san pham gia dung, dac biét 1a vat liéu bang nhya voi
ham lugng Ién téi hang tram pg/L, tham chi con dugc phéat hién trong nudc mua.
1.2.3. O nhiém trong méi trwong tram tich

Sy 6 nhiém paraben, bisphenol va phthalate trong tram tich chu yéu thong qua
qua trinh ling dong nudc thai va dugc bao cdo & cac khu vuc cta sdng, cira bién.

Paraben dugc phat hién trong cac mau tram tich vai ndng do twong dbi cao, cd thé

32



do trong tram tich chira rat nhiéu thanh phan hiru co c6 thé tiép xdc tryc tiép, lién
tuc Vi cac chat 6 nhiém hoa tan trong nudc dan dén ling dong paraben. O Trung
Qudc, st 6 nhidm phthalate trong tram tich séng dwgc cdng bd twong ddi nhiéu [25,
41, 43, 86, 94]. Nghién ctru khac dugc thuc hién tai phia bac bién Pong phat hién
nong do cua 15 phthalate tir 49,2-440 ng/g [11]. M6t nghién ciru méi dugc thyuc
hién bai Nguyen va cong su trén mau tram tich & ving bién Quang Ninh cho thiy
nong do BPA dao dong trong khoang 0,03-1,79 pg/kg va trung binh téng 13
phthalates 144,32 pg/kg (47,16-295,48 ug/kg) [60]. O nhiing khu vuc céch xa cac
hoat dong cua con ngudi, tram tich it nguy co bi 6 nhidm paraben. Hién chua c6
nhiéu céng b vé sy c6 mat caa ching trong cac mau méi truong dang ran nhu dat
va tram tich.
1.3. THUC TRANG KHU VUC NGHIEN CUU

O Viét Nam, hau hét cac do thi 16n, dic biét & khu vuc mién Bac dang phai
d6i mat véi tinh trang 6 nhiém moi trudng khong khi, dat, nudc, tram tich ngay
cang gia ting. Qua phén tich so bd s6 liéu quan trac khong khi ty dong & khu vuc
mién Bic, trong thanh phan bui lo Lirng thi bui min (PMzs) chiém ti trong twong ddi
cao. Theo sd liéu dugc cdng bé tai hoi thao “O nhiém khdng khi — Méi de doa véi
sirc khoe cong dong” nam 2017 thi lwong bui min PM2s nim 2016 trung binh & Ha
Noi 12 50,5 pg/m?® (cao gap 2 lan quy chuan quéc gia va gap 5 lan ngudng trung
binh cia WHO) [1]. Canh bao mic @6 6 nhiém khong khi & Ha Noi chi ding sau
thit 6 New Delhi (An DP9) — noi 6 nhiém khdng khi ning hang dau thé gisi voi 124
ng/m?3), dac biét 1a cac khu vyuc gan truc giao thdng hay céc khu vuc c6 hoat dong
cdng nghiép, xay dung. Tinh Bac Ninh ciing nam trong vung kinh té trong diém cua
dong bang Bac Bo, 1a mot trong nhitng d6 thi vé tinh cua thia d6 Ha Nbi, ¢ nhiéu
tiém ning vé dat dai, con ngudi va kha ning phat trién kinh té - x4 hoi. Vé6i sy phat
trién nhu vii bao vé kinh té trong nhiing nam gan day cling vai sy ra doi cia cac khu
cdng nghiép, cum cong nghiép, lang nghé da khién cho chét luong moi trudong, dac
biét 1a moi truong khéng khi bi anh huong nghiém trong. Theo bao cédo cia So Tai

nguyén va Moi truong Bac Ninh, tai cac diém quan tric canh duong giao théng &
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cac ngd tu thi tran cua cac huyén, cac cum cdng nghiép, cac lang nghé, hon 20% s6
ngay trong nim c6 ndng d6 bui cao hon lan luot 1,1-1,3 lan, 1,3-1,5 lan, khoang
1,8 1an so voi ngudng quy dinh trong QCVN 05:2013/BTNMT [1]. Cac ngay c6
ndng do bui cao thudng tap trung vao cac thang mua dong.

Xét sy 6 nhiém nuéc mat & Ha Noi, hién tai, tong lwong nude thai tai cac khu
vuc db thi, thi trdn trén dia ban Ha Noi wdc tinh khoang 7 triéu m¥/ngay dém. Theo
két qua quan tric phan tich nudc tai cac vi tri dac trang trén dia ban Ha Noi, nudc
thai chua co hé thong xur ly tap trung c6 nhiéu chi tidu vuot quy chuan Viét Nam
cho phép nhiéu lan.

Doi voi nén mau tram tich sdng & Ha Noi, song Ddy, song Nhué va song To
Lich- 14 cac sdng tiéu biéu & ddng bang séng Hong véi micc do 6 nhiém, d6 thi hoa
va sir dung dat khac nhau. Song To Lich chay qua noi thanh Ha Noi véi tong chiéu
dai khoang 17 km 1 sdng tiép nhan mot lugng 16n nudc thai sinh hoat chua qua xir
ly cung vai nudce thai tir cac khu cdng nghiép [77]. Séng Nhué dai khoang 75 km,
nam trong khu vuc d6 thi hoa cao, chay qua thu d6 va tinh Ha Nam. Nudgc thai tir
séng T6 Lich chwa qua xir ly s& d6 ra séng Nhué [35]. Nguoc lai, song Pay 1a mot
trong nhitng nhanh 16n nhat caa séng Hong, dai trén 240 km, cit ngang qua dia
phan Ha Noi, Hd Nam, Nam Dinh. O luu vuc séng Pay ton tai cha yéu cac hoat
dong san xuat néng nghiép cua ngudi dan [33].

1.4. TONG QUAN PHUONG PHAP PHAN TICH PARABEN, BISPHENOL,
PHTHALATE TRONG MAU MOI TRUONG

Mic du chua c6 tiéu chuan, quy chuan cy thé vé quy trinh phan tich cac hop
chat nay ¢ trong khéng khi, bui, nuéc va tram tich, nhung do ham luong céc chat
phan tich thuong & muc vét, viéc lya chon phuong phap phan tich va cac ky thuat
xtr Iy mau hién dai, nhanh, tiét kiém ludn 1a cac tiéu chi duoc wu tién.

1.4.1. Phwong phap lay mau, xir [y mau so bd va bao quan miu

Do paraben, bisphenol va phthalate thuong dugc sir dung trong cac vat liéu

bang nhira nén dé han ché nhidm chéo, cac dung cu thi nghiém han ché tir vat liéu

nhya va duoc trang bang acetone, hexane, sau d6 nung & 400 °C trong khoang 8 gid
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truéc khi tién hanh thi nghiém.

Péi véi mau bui, day 1a tap hop nhiéu hat ran nho, c6 kich thuéc khac nhau,
tn tai lau trong khong khi dudi dang: bui lo ling (c&c hat bui lo ling trong khéng
khi, c¢6 kich thuéc tir 0,001-10 pm), bui lang (hat bui dong lai trén bé mat vat thé,
¢6 kich thudc >10 um) va céc hé khi dung nhiéu pha (hoi, khéi, mu). Mau bui ling
thuong duoc lay bing cach quét thu cong bang chdi hoic ding may hat bui tir céc
bé mat cac vat dung trong gia dinh hodc trén san nha. Mau ¢ timg dia diém phai
dugc dong nhat va ray qua sang kich thudc 60—-500 pm dé loai bé cac manh vat lidu
c6 kich thuéc 1on va goi trong gidy nhom. i véi mau bui lo ling, ¢6 2 ki thuat
ldy mau dé xac dinh nong do cac hop chat hitu co dé bay hoi va ban bay hoi gom:

- Liy mau khong khi thu dong: Cac chat can phén tich dugc hap phu vao trong
cac vat liéu hap phu nhu bot polyurethane foam (PUF), silica gel, nhwa XAD, than
hoat tinh ma khéng can bom hut hay tac dong ndo khac. K¥ thuat nay don gian
nhung ton thoi gian thu mau va dung mai ria giai.

- Lay mau khong khi chua dong: Céac chat phan tich duoc hap phu vao vat liéu
hip phu nhu silica gel, than hoat tinh, polyurethane foam, XAD,, mang loc thuy
tinh, mang loc thach anh dudi tic dong bén ngoai nhu bom hit téc do thap trong
khoang thoi gian tir 4-24 gio. Mt sé mang loc dung trong ldy mau & pha hat:

+ Mang loc thach anh: duoc 1am tir 100% tinh thé thach anh nén no rat tinh
khiét, duoc nhiét d6 cao. Mang loc thach anh tro vé tuong tac héa hoc va sinh hoc.
Mt khac, nd c6 kha nang luu trir chat vo thoi han ma khong bi anh huéng boi do
am va c6 thé duoc 1am sach dé& dang. Chinh vi nhitng vu diém vuot tréi d6, mang
loc thach anh d4 duoc sir dung trong nhiéu nghién ciu.

+ Mang loc sgi thuy tinh: dugc lam tir 100% soi thuy tinh borosilicate nén no
rat tinh khiét va tring. N6 c6 kha ning chiu nhiét d6 Ién toi 500 °C, vai chat két
dinh 1a nhya hitu co nén mang loc thuy tinh khé bén, cho phép loc voéi tée do dong
chay cao, dé dang xu Iy va giam tic nghén khi hoc. Mang loc thuy tinh ciing da
duoc sir dung dé 1dy mau khi trong mot sb nghién ciu.

Néu mang loc thay tinh duoc két dinh bang nhya hitu co thi mang loc thach
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anh lai khéng chira phu gia. Do d6, mang loc thach anh c6 d tinh khiét cao hon va
rat phll hop trong phan tich luong vét. Mat khac, mang loc thach anh c6 kha ning
khang acid, cho phép dong khi di qua véi tbe do cao va kha ning két dinh rét tot.

Mdu nwéc mat duge mac bang gau kim loai hodc x6 inox vao binh thay tinh
cd nip day bang teflon hoic polytetraflourethylene (PTFE). Binh dwgc d6 day dé
tranh sy bay hoi cua chit phan tich. Mau dam bao duoc liy vao ngay tanh rao, sau 3
ngay khong c6 mua.

Mdu tram tich mat duwoc muc bang gau kim loai hoac xd inox, boc trong giy
nhom, sau d6 dem dong kho va nghién min dé dong nhat miu.

Tat ca cac mau déu duoc bao quan trong ta lanh ¢ nhiét do 0—4 °C trong diéu
kién khong c6 anh sang dé han ché bién doi sinh hoc cua mau.
1.4.2. Phuong phap xir Iy mau

Quy trinh xir Iy mau phan tich paraben, bisphenol va phthalate trong cac nén
mau méi trudng thudng gom cac budc: chiét tach, 1am sach, lam giau trude khi bom
phan tich Ién thiét bi dé loai bo bt cac nhidu anh hudng dén tin hiéu phan tich. Tuy
thudc vao loai mau ran, long, khi ma ki thuét chiét duoc lya chon cho phi hop. Céc
nén mau ran (bui, tram tich) duoc chiét bang ki thuat chiét long—ran nhu chiét
Soxhlet, chiét siéu am (UAE), chiét dung méi voi ap suat cao (PLE), lic véi dung
moi (SLE). Chiét long—ran Ia su tach chat phan tich ra khoi hdn hop ran hoac chat
hap phu trén bé mat ran bang cach hoa tan ra pha long. Vé thanh phan, chiing gom:
chat hoa tan, chat ran va dung moi. Dé ting toc do chiét, co thé tang dién tich tiép
xuc cua 2 pha ran-long. Trong d6, chiét Soxhlet 1a ky thuat chiét c6 dién cho hiéu
suit cao nhung tén thoi gian (8-18 gid) hon cac ki thuat chiét con lai (~10-30
phat/chu Ky chiét va lap lai 2-3 chu ky) va st dung luong Ién dung méi c¢6 doc tinh
cao (DCM, toluene) nén khong than thién véi moéi truong. Ky thuat chiét UAE duoc
st dung phd bién trong nghién ctru nhung can luu ¥ néu thoi gian siéu &m qué lau
hodc cuong d6 dao dong siéu &m qué 16n, 1am cho céc phan tir chat cé thé bi thay
d6i, cau tric bi pha v&, chuyén doi thanh dan xuit méi, anh hudng téi két qua. Chiét

PLE la ky thuat chiét mau nhanh, tu dong, st dung nhiét ¢ va ap suat cao (Ién tgi
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200 °C, ap suat bom dung mdi 1500 psi), tao ra lyc nén I6n pha v cac lién két
trong mau nén tiét kiém thoi gian va dung mai rat nhiéu. Pau do ap suat ty dong va
giai phéng 4p suat trong qua trinh gia nhiét, dau do kiém tra dung dich bing hong
ngoai, thiét 1ap va luu gitt chuong trinh chay ty dong, hién thi thong sb trén man
hinh thiét bi hozc phan mém, yéu cau ngudn khi N tinh khiét 99,99%.

Déi v6i mau dang long (miu nudc), cac ki thuat thuong dwoc sir dung nhu
chiét long-long (LLE), chiét pha ran (SPE), trong d6, ki thuat SPE duoc chon 1am ki
thuat xtr ly mau pho bién (chiét két hop 1am sach mau) vi tinh don gian, tiét kiém
thoi gian, chi phi va kha ning tuong thich vai phan tich sac ky cho hiéu suét thu
hoi, giéi han phat hién tét va han ché dung mai. Cac buéc chiét SPE bao gom: hoat
hoa cot, nap mau 1én cot, rira giai chat phan tich ra khoi pha tinh cta cot. Muc tiéu
la loai bo cac thanh phan khdng mong muén, giit lai cac chat phan tich sau d6 ria
giai chat phan tich bang dung méi thich hgp. Dung méi chiét phthalate khoi nén
mau thuong 1a dung modi hoa tan dwoc cac chat khéng phan cuc nhu
hexane/DCM/acetone. Nguoc lai, dung mdi chiét, ria giai paraben, bisphenol
thuong 1a dung mdi phan cuc manh nhu MeOH hoic hdn hop cac dung méi véi ti le
thich hop. Dich chiét sau d6 co thé duoc 1am sach qua sac ky cot hoic thong thuong
la 4p dung ky thuat SPE véi nhitng wu diém da dé cap ¢ trén. Dya trén tinh phan
cuc ciia cac chat phan tich ma pha tinh nhoi cot 1am sach thuong cé tinh khdng
phan cuc nhu Cis, Cs (d6i V6i phthalate) va khoang pH rong (dbi véi paraben va
bisphenol). Tuy nhién, tiy thuéc vao anh huong cua nén mau ciing nhu diéu kién
thi nghiém, rat nhiéu nghién ciru da cong bd da bo qua budc 1am sach ma dich chiét
dugc dem di lam giau, loc qua mang loc trude khi dem phan tich.

Céac phuong phap chiét thong thuong phd bién nhung bi nhiéu han ché nhu
can sir dung lwong mau va dung mai 16n, khudy hodc dun néng cung voi dung moi
trong thoi gian dai lam ting nguy co phan huay nhiét cia nhiéu hop chat phan tich.
Phuong phép chiét siu &m hozc chiét pha rin da khac phuc nhiing van dé nay mot
cach nhanh chéng, tiét kiém dung méi, than thién hon véi méi truong. Vi vay,

phuong phap chiét sidu am (d6i voi mau ran) va chiét pha ran d6i vai mau long
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duogc lya chon trong nghién ctiru ndy dé khao séat qué trinh xur Iy mau.
1.4.3. Phwong phap phan tich sic ky ghép néi khoi pho
1.4.3.1. Phwong phdp tdch sdc ky khi (GC) va sdc ky léng (LC)

Phan tach sic ky 1a phuong phap phan tich phii hop nhat dé phan tach cac hop
chat & ham luong nho (vVét/siéu vét) trong mau c6 nén phuc tap. Ca 3 nhdm chat nay
déu cd thé phan tach trén hé sic ky long (LC) va sic ky khi (GC) va cho théng tin
du6i dang thoi gian luu (RT). Phan tach paraben va bisphenol bang LC duogc ua
chudng hon do khéng can tao dan xuat thanh cac hop chat dé bay hoi trude khi tién
hanh phan tich nhu GC [28, 45, 55]. Tham chi, phuong phap LC van dugc wu tién
st dung cho trudng hop phan tich BPS du di tao dan xuat caa cac nhom hydroxyl
do d6 phan cuc cua né 16n hon nhiéu so véi cac hop chat khac (c6 nhoém sulfonyl
trong cau tao). Phthalate dugc phan tach chu yéu bang thiét bi GC do tinh chat dé
bay hoi. Dua vao dic tinh cua chat can phén tich va phuong phép tach, can lya chon
cot tach (thanh phan pha tinh, d6 phan cuc, d6 day pha tinh, chiéu dai cot), pha
dong (loai va toc d6 khi hodc dung méi), chuong trinh nhiét @6 GC hoic chwong
trinh dung mai (LC) thich hop.

Pha dong c6 nhiém vu dua chat phan tich c6 trong mau di doc cot tach, tuong
tac vai cac pha theo mot chuong trinh nhiét d6 hodc chuong trinh dung moéi. Trong
phuong phap GC, cac khi mang thudng duoc sir dung nhu He, N2, Ar véi dic diém
chung 1a do tinh khiét cao, tro v6i pha tinh va c6 kha nang khuéch tan tot. Trong
nghién ctu phthalate, khi mang thuong duoc sir dung 1a He (99,999%) véi téc do
dong khi 1a 1 mL/phut. Trong phuong phap LC phan tich paraben va bisphenol, pha
dong la cac dung méi hoic hon hop cia MeOH, H,O, ACN c6 dém acetate,
ammonium formate, ammonium acetate. Thong thuong, nhiét d6 soi (ddi véi GC)
va do phan cuc (d6i voi LC) khéac nhau cua céc chat dan dén sy twong tac cia ching
V6i pha tinh khac nhau, nhd d6, cac chat dugc phan tach ra khoi nhau.

Cot tach 1a cot nhdi hoic cot mao quan va dugc goi 1a phan “linh hon” cua sic
ky. D& ap ung nhu cau phan tich mau ¢ ham luong thap, cot mao quan (dung cho
GC) hoic cot véi pha tinh co kich thugc hat rat nho (2-3 pm) (ding cho LC)
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thudng duoc sir dung. Phthalate thudng duoc tch voi pha tinh c6 d6 phan cuc rat
thap, thuong co thanh phan poly (5% diphenyl, 95% dimethylsiloxane), twong ¢tng
véi cac loai ¢ot 5MS nhu DB-5MS, DB-5, HP-5MS, TG-5MS va chiéu dai cot
thuong la 30 m hoac 60 m véi 16p phim ¢6 d6 day 0,25 um. Paraben va bisphenol
thuong duoc tach trén cot chira pha tinh 1a Cig Véi chiéu dai 100 mm, duong kinh
hat khoang 3 um.

Chuong trinh nhiét d6 hoic chwong trinh dung méi can duoc nghién ciu dé
tach dugc cac chat ra khoi nhau. B4i véi phan tach phthalate, nhiét do dau thuong
tir 100 °C va nhiét do cudi khong qua 320 °C. Pay 1a nhiét do thich hop dé han ché
su phan hity cia cac hop chat nay. Céc khao sat dé dua ra chuong trinh dung moi
pha dong téi wu cho phan tich paraben va bisphenol ciing duoc thuc hién.
1.4.3.2. Dinh tinh va dinh lirong bang dau do khéi pho (detector MS)

Sau khi dugc tach trén hé thong sac Ky, cac cau tir di vao budng ion hda, bi ion
hoa roi duoc dan dén bo phan dau do (detector) dé phat tin hiéu dinh tinh va dinh
lugng. Detector MS duoc coi la detector van nang, cho do nhay, dé chon loc va do
chinh xac cao bang cach do ti s6 gitra khdi lwong va dién tich (m/z) cua cau tir chat
d6 dya trén chuyén dong cua cac ion nguyeén tir hay phan tir trong mot dién trudng
nhét dinh. Mot dau do MS co ban bao gém 4 phan Ia b dan mau, ngudn ion hoa, bo
phan tach khéi luong ion (mass analyzer) va ion detector. Nhu vay, trong nghién
ctru khéi phd cua bat ky chat nao, trudc tién nd phai dugc chuyén sang trang théi
bay hoi, sau d6 duoc ion hda bang céc ki thuat thich hop. Bé khac phuc nhitng kho
khin cua viéc tich hop gitra cac yéu cau vé sic ky, dic biét 1a sac ky long (hoat
dong ¢ ap suit cao, luong dung madi 16n, nhiét 6 twong d6i thip, chat phan tich ¢
thé long) vai detector MS (chan khong cao, nhiét ¢ cao, cac chat phan tich phai ¢
trang thai khi, van tbc dong chay nho), ky thuat ion hoa tai ap suat khi quyén
(Atmospheric pressure ionization—API) ra doi v6i wu diém noi bat 1a kha ning hinh
thanh ion tai ap suat khi quyén ngay trong budng ion hoa ciing vai su ion héa mém
(soft ionization), khong pha v& ciu trdc cta hop chat can phan tich, nhd d6 cé thé

thu dwoc khdi phd caa ion phan ta. Trong nghién ciu nay, d6i véi thiét bi
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LC/MS/MS sir dung kiéu ion héa tia dién (electronspray ionization — ESI) va ion
hoa va cham dién tu (electron impact — EI) ddi véi thiét bi GC/MS/MS. Hon nira,
ngudi ta ¢ thé didu khién dugc qué trinh pha v ion phan tir dé tao ra nhing ion
con tly theo yéu cau phan tich. C4c ion tao thanh dugc dwa vao bd phan tich khéi.
Tay theo loai dién tich cua ion nghién ctru ma ngudi ta chon kiéu quét ion duong
(+) hoic &m (-). Kiéu quét ion dwong thuong cho nhiéu thong tin hon vé ion nghién
ctru nén duoc ding phd bién hon. Hién nay, c6 4 kiéu detector MS dang duoc sir
dung bao gém: bay ion, cong huang cyclotron sir dung phép bién d6i Fourier, phan
giai cao, tir cuc (Quadrupole). Pau do tir cuc (Mot hoic ba tir cuc) c6 do nhay cao
trong phan tich dinh luong cac hop chat da biét (target compound), tao dugc nhiéu
phan manh trong ché do MS/MS, c6 thé lam duoc kiéu do mat phan tr trung hoa
(neutral loss), thich hop cho phan tich vi lugng cac chat da biét trudc cau tric nén
duoc luya chon sir dung trong luan an nay.

Trong cac ky thuat ghi pho thudc detector MS, ché d6 quét toan dai (Scan)
thuong duoc lya chon dau tién dé khao séat ion me do c6 kha nang nhan tat ca cac
ion manh trong qué trinh phan tich. Ché dé quan tric ion duoc lra chon (Selected
ion monitoring - SIM), chi ghi nhan tin hiéu mot s manh ion dic trung cho chat
can xac dinh di duoc lya chon trude d6 nén thudong duoc dung dé khao sat ning
lugng phan manh khi di biét ion me. Ché do quan tric cac qua trinh phan manh
duogc lya chon (Selected reaction monitoring - SRM) va quan trac nhiéu quéa trinh
phan manh (Multiple reaction monitoring - MRM) 1a 2 k§ thuat ghi phé c6 d6 nhay
cao. Ky thuat SRM: ¢6 1ap ion can chon, sau d6 phan manh ion cd lap do, trong cac
manh ion sinh ra, ¢d 14p 1 manh ion con can quan tim va dua vao dau do dé phat
hién. Ky thuat MRM: trén thuc té do yéu cau vé mat ki thuat déi vai phan tich vi
lwong nén cac ion con can quan tm thuong tir 2 try 18n, do vay, ky thuat ghi phd
MRM théng dung hon SRM. Nguyén ly hoat dong la c6 Iap ion me¢ & tir cuc thu
nhat, phan manh ion d6 & tr cuc thir 2 (thuc chat la budng va cham) thu dugc cac
ion con, ¢d lap 2 (hodc nhiéu) ion con can quan tm ¢ tir cuc thir 3 va dua vao dau

do dé phat hién. Tung cau tir s& dugc dinh tinh va dinh luong bang ché d6 ghi pho
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thich hop va tinh toan ham luong dua trén ti 1& Spic cua chat phan tich so véi chat
chuan twong tng.

Phuong phap ngoai chuin c6 sir dung chat chuan ddng hanh (LS) duoc ap
dung dé dinh lwong chat phan tich trong mau. Pay dan tré thanh cong cu mang lai
hiéu qua rat tot trong linh vuc phan tich paraben, bisphenol va phthalate ndi riéng
cling nhu cac hop chat hitu co ndi chung c6 ham luong thap (c& ng/mL) trong cac

nén miu moi truong.
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CHUONG 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. POI TUONG VA PHAM VI NGHIEN CUU
- Déi twong nghién cuau:
+ Bay hop chat nhém paraben: MeP, EtP, PrP, iPrP, BuP, BzP, HepP.
+ Hai hop chat nhém bisphenol: BPA, BPF.
+ Muoi hop chat nhom phthalate: DMP, DEP, DPrP, DBP, DiBP, DCHP,
BBzP, DnHP, DEHP, DnOP.
- Pham vi nghién cuu:
+ MAu bui lang: thu tai nha &, xudng sta chita xe, xuwdng tai ché chat thai
+ MAu bui min: thu tai cac nat giao théng & tinh Bac Ninh;
+ MAu nuéc: c&c mau nudc mit thu tai hd va séng & Ha Noi;
+ MAu tram tich: thu tai séng Td Lich, séng Nhué va song Day.
2.2. PHUONG PHAP NGHIEN CUU
% Phwong phdp tong quan tai li¢u
Tong quan tinh chat, doc tinh, nguon gbc phét sinh, su lan truyén trong moi
truong cua cac hop chat nghién ctu; xay dung quy trinh khao sat xir ly mau va phan
tich paraben, bisphenol, phthalate trong bui, tram tich, nudc phi hop véi diéu kién
phong thi nghiém; tdng quan khu vuc nghién ciru dé c6 thé dua ra nhitng giai thich
phU hop véi két qua phan tich thu dugc.
s Phuong phap thuc nghiém
- Khao sat va lra chon diéu kién phan tich paraben, bisphenol trén thiét bi
+ Phan tich dung dich chuan & ché do quét toan dai véi cac diéu kién khao sat,
thu thap thdng tin thoi gian luu va cac manh ion khdi dic trung cua ting chat, dya
trén pic sic ky lra chon diéu kién phan tich.
+ Phan tich dung dich chuan lip lai dé kiém tra 6 6n dinh cua tin hiéu.
+ Phan tich cac dung dich chuan 1am viéc & ché d6 SIM hoic SRM, xac dinh
giéi han phat hién (IDL) va gidi han dinh lugng cua thiét bi (IQL), dung duong
chuén 1am viéc.

- Khao sat quy trinh xir Iy mau va dua ra quy trinh téi vu
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+ Khao sét cot 1am sach, dung méi chiét, danh gia qua do thu hdi mau thém
chuan va chat chuan d6ng hanh thém vao mau trang;

+ Xéc nhan gid tri sir dung cua phuong phap xt Iy mau di tdi wu qua khoang
duong chuan 1am viéc, gidi han phat hién (MDL) va gigi han dinh lwong (MQL)
ctia phuong phap, do thu hoi cia mau thém chuan va chéat chuan dong hanh thém
Va0 mau.

- Thu thap mau thuc va phan tich theo quy trinh téi wu: thém cac chat chuan
d6ng hanh vao mau dé kiém soét qua trinh phan tich.

- X ly sé liu

+ Pinh lugng chat phan tich bang phan mém chuyén dung cua thiét bj va cac
tinh toan khac bang excel;

+ Phan tich twong quan ndng d6 cac cip chat trong mau bang twong quan
Spearman va phan tich thanh phan chinh (Principal component analysis, PCA),
phan tich nhoém (Cluster analysis, CA) bang phan mém Minitab.

2.3. THUC NGHIEM
2.3.1. Thiét bj - Dung cu

- Thiét bi sic ky long siéu hiéu ning cao ghép ndi khdi phd tar cuc
(UHPLC/TSQ Quantis™ MS, Thermo Scientific) kém cot Supelcosil™ LC-18 150
x 3,0 mm, 3 um (Sigma-Aldrich) (Phu luc 5);

- Thiét bi sac ky long hiéu ning cao ghép ndi khdi pho ta cuc (HPLC/MS/MS
8040, Shimadzu) kém cét Kinetex Cig-column 150 x 2,1 mm, 2,6 um (Sigma-
Aldrich) va thiét bi sic ky khi ghép néi khdi phé tir cuc (GC/MS/MS, TSQ9000,
Thermo Scientific (Hoa Ky) kém ¢t mao quan DB-5MS 30 m x 0,25 mm, 0,25 pm
(Agilent) (Phu luc 5);

- Can phan tich d6 chinh xac 0,1 mg; can ky thuat (Sartorius, Dtc);

- Bé siéu am S 100H, Elma (Puc);

- May do pH (HI2215 pH/ORP, Hana, Romania); may ly tdm, may vortex; may
loc nuac deion Milli-Q Integral 3 (Merck Millipore); May dong khé Edwards RV
(Anh);
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- Bo cd quay chan khong (Rocket, Buchi, Syncore) va bo thdi khi Nz c¢6 diéu

chinh nhiét do;

- B6 chiét pha rin kém bom hut chan khéng (Phenomenex);
- Cot chiét pha ran Bond elut LRC-C1s (Agilent), Poly Sery HLB 60 mg, 3 mL
(P/N 2.CA3179.0001, Anpel); Copure HLB 60 mg, 3 mL (P/N COHLB360,
Biocomma); Oasis HLB 60 mg, 3 mL (P/N WAT094226, Water);
2.3.2. Hoa chat

- Thong tin hoa chat chuan sir dung trong luan an dugc trinh bay ¢ Bang 2.1:

Bang 2.1. Danh sach chat chuan trong luan an

Chat chuan

Loai chuan,
do tinh khiét

Héang

MeP, EtP, PrP, iPrP, BuP, BzP, HepP

130
l
13C

1 13, 1
Ho”~ \13020 Ho”
13C¢-MeP 13C¢-BuP
BPA, BPF
13¢c-13¢ H3C 1;0:130
/ N\ 13
HO—13C/ 13C___Cl;_13c\ C OH
13C:13C CH3 130_130
13C1,-BPA
D o) D o] D o]
° O/ ° 0/\ 0/\/
5 SN o N NN
D o] D (o] D [e]
DMP-ds DEP-d4 DPrP-d4

D q
D. j/ b o NN
o
o OJ\ o O
D o

DiBP-d4

DnHP-d4

(0] (e}
13 J\ 130 )k
- §(|313 O/ 137 N3 O/\/\

NS, chuan don, rin,
>909%

LS, chuan don, rin,
>99%

NS, chuén don, ran,
>99%

LS, chuan don, rin,
>99%

LS, chuin don, ran,
>99%

Tokyo Chemical
Industry (Nhat Ban)

Sigma-Aldrich

Tokyo Chemical
Industry (Nhat Ban)

Toronto Chemical
(Canada)

Dr. Ehrenstorfer
GmbH (btc)
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Loai chuan,

Chat chuan _ s Hang
do tinh khiet
DEHP-d4
DMP, DEP, DPrP, DBP, DiBP, DCHP, DnHP, NS, chuan don, rén, _ _
Sigma-Aldrich
DEHP, DnOP >98%
NS, chuan don, rin,
BBzP Supelco
>99,9%

NS: chdt chudn phan tich;
LS: chdt chudn dong hanh.

- Céc chét chuan goc duoc can trén can phan tich (46 chinh xac 0,1 mg) va
chuan bi thanh cac dung dich chuan don ndng d6 1000 pg/mL trong hexane
(phthalate) hoac MeOH (paraben, bisphenol), bao quan ¢ -20 °C trong cac lo dung
mau toi mau.

- Chuan bi hdn hop dung dich chuan trung gian nong d6 50 pg/mL, 1 pg/mL, 25
ng/mL tir c4c dung dich chuan don va dudng chuan lam viéc theo Bang 2.2.

Bang 2.2. Pwong chuan lam viéc cia cac nhom chat

Call Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Dungmoi

Nhom paraben

Cns (ng/mL) 1 2 5 10 20 50 100

MeOH
Cis (ng/mL) 100 100 100 100 100 100 100
Nhom bisphenol
Cns (ng/mL) 1 5 10 50 100 200 500

MeOH
Cis (ng/mL) 200 2000 200 200 200 200 200
Nhom phthalate
Cns (ng/mL) 2 5 10 20 50 100 200

Hexane

Cis (ng/mL) 200 2000 200 200 200 200 200

- Céc hoa chat khac dugc liét ké trong Bang 2.3:
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Bang 2.3. C4c hoa chat khac dung thuc nghiém
Hoéa chat Thong tin
Chat khi Khi mang: Helium, d6 tinh khiét 99,9999%
Dichloromethane (DCM), hexane, acetone, acetonitrile (ACN),
methanol (MeOH) db tinh khiét dung cho sic ky (VWR, Phap)
Nudc deion May loc nudce deion Milli-Q Integral 3 (Merck Millipore)
Mudbi Na>SO04 khan (Merck), nung ¢ 400 °C trong 4 gio
Formic acid (FA), acetic acid, ammonium formate
(HCOONHy) d tinh khiét dung cho sac ky (Merck)

Dung moi

Acid, mubi

2.3.3. Thu thap mau, xir Iy so' b va bao quan mau
2.3.3.1. Mau byi
Mdau bui lang: Trong khoang thoi gian tir thang 11-12/2020, nghién ctu tién

hanh thu thap 26 mau bui ling trong nha, chia thanh cac nhém: nha & (n=13), xuong
stra chita xe (n=7) va xudéng tai ché chat thai (n=6) & Ha Noi. Cac mau bui thu tai
nha & déu nam & cac quan, huyén c6 mirc d6 d6 thi hda cao cua thu d6 Ha Nai, co
2—4 nguoi lén, 1-2 tré em va dién tich 30-60 m?, chira cac vat dung gia dinh nhu
may tinh xéch tay, ta lanh, may diéu hoa, may giat, quat dién, d6 choi tré em va cac
san pham gia dung bang nhua khac. Xudng stra chita xe 8-t 14 cac xudng tu nhan
c6 3-5 cong nhan, dién tich 80-100 m? vé&i hoat dong chinh la stra chita va bao
dudng 6 t6, xe may. Ngoai quat dién va mot sé mat hang nhua, khong c6 dd dién ti,
d6 gia dung nao. Xuong tai ché chat thai 1a cac xwong tu nhan két hop doanh
nghiép ¢ 2-3 cong nhan, dién tich 1am viéc 25-40 m? véi hoat dong chi yéu 1a thu
gom nhua cii, dung trong bao PP va khdng c6 hoat dong xi Iy nhu thao d&, phan
loai rac thai nhuya. CAc mau nay déu duoc thu thap tai thén Triéu Khic, x& Tan
Triéu, Thanh Tri, Ha Noi. Cac mau déu la mau gop duoc quét biang chéi ¢ nhiéu vi
tri khac nhau trén mat san hodc cac thiét bi trong phong roi dong nhat thanh mot
mau, sau d6 duoc goi trong gidy nhdm va chuyén téi phong thi nghiém. Tai day, tat
ca cac mau duoc sang qua ray kich thudc 16 150 pum roi dem phan tich hoic bao

quan & 4 °C dé han ché bién ddi sinh hoc cua mau.
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Hinh 2.1. Céc vi tri lAy mau bui ling

Mdu bui min: Nghién ciru mé rong thu cac mau bui PMo.1 va PMos tir thang 7—
9/2021 tai khu vuc giao théng ¢ tinh Bic Ninh bang thiét bi Nanosampler. May thu
mau duoc dit tai vi tri rong réi, thoang khi, bat bom hat trong 24 giod tinh tir thoi
diém bat dau khoi dong thiét bi. Sau 24 gio, tat bom, ghi lai thé tich khi hut duoc
(L), thu mang loc & tang kich thuée 0,1 va 0,5 um va géi trong gidy nhdm, bao quan
trong tdi zip. Chat phan tich duoc gitr trén mang loc thach anh & ting phan doan.
2.3.3.2. Mdu nwéc
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Hinh 2.2. C4c vi tri ldy miu nwéc mit & Ha Noi
Tir thang 4-5/2021, mau nuéc mit gdm nudc hd va nudce song duoc thu voi
diéu kién khong c6 mua trong 3 ngdy trude d6. Mau nudc hd thu tai hd Thién
Quang (n=7), hd Hoan Kiém (n=5), hd Ba Mau (n=6), hé Truc Bach (n=7), hd Tay
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(n=8) va mau nudc séng (n=33) thu theo chiéu dai song T6 Lich va sdng Kim
Nguu, 13 noi tiép nhan mot phan nuéc thai sinh hoat tir trung tdm Ha Noi va 8 mau
nudc séong Kim Nguu doan sau xir Iy ciia nha may nuéc thai Yén Sé. Mau duoc
dung trong chai thuy tinh téi mau da rira sach, say kho va thém 0,25 g/L NaNs dé
diét céc vi sinh vat gay phan huy cac chat trong mau. Sau khi chuyén vé PTN, céc
mau duoc loc qua gidy loc Whatman (kich thuong 11 um) dé loai bo cac hat lo
limg, sau do6 tién hanh phan tich trong thoi gian khong qua 5 ngay.
2.3.3.3. Mdu trdm tich

Tir thang 5-7/2021, 36 mau tram tich mit duoc thu thap ¢ d6 sau tir 0-15 cm
bang gau Van-Veen (250 cm?, Pan Mach). Cac mau duoc goi kin trong gidy nhém
va dyng vao tai zip, dé trong ti bao 6n va chuyén dén phong thi nghiém. MAiu sau
d6 dugc dong kho, sang qua mang 150 pm, nghién min va bao quan ¢ -20 °C.

X SO SRR MRS A I e A A
1O

Hinh 2.3. C4c vi tri ldy miu tram tich mat

2.3.4. T6i wu diéu kién phan tich paraben, bisphenol va phthalate trén thiét bj
2.3.4.1. Khdo sdt diéu kién phan tich paraben trén thi¢t bj UHPLC/MS/MS
Dua trén céc tai liu tham khao, cac hop chat paraben duoc lya chon tach bang
phuong phap LC-MS/MS véi cot sic ky 1a cot pha dao. Trong luan én, thiét bi
UHPLC/MS/MS TSQ Quantis™ (Thermo Scientific) va cot Supelcosil™ LC-18
150 x 3,0 mm, 3 pm (Sigma-Aldrich, Hoa Ky) duoc sir dung dé phan tich paraben.
Pau tién, t6i wu cac théng sb trong bo phan MS gém téc do dong khi mang,

dién thé, khi ban ph&, manh me du kién bang cach thém tryc tiép 10 pL dung dich

48



chuan paraben nong d6 1000 ng/mL vao hé théng va thay ddi tirng thong sb dén khi
cudng do tin hiéu pic dat cao nhat réi chon d6 1am thong s t6i wu.

Tiép theo, khao séat téc d6 pha dong bang cach phan tich 10 pL dung dich
chuan néng do 1000 ng/mL & ché d6 quét toan dai véi cac toe do 0,1; 0,3 va 0,6
mL/phat véi hé dung moéi pha dong la (A): 0,05% Ac/H20 va (B): MeOH. Dua trén
hiéu qua tach cac chat dé lra chon téc do pha dong téi wu.

Tiép theo, khao st hé dung moi pha dong bao gom:

+ Hé (I): (A): 4 mM HCOONH4/MeOH:H,0O = 2:98 (v:v) va (B): 4 mM
HCOONH4/H20

+ He (11): (A): 0,05% Ac/H.0 va (B): MeOH

Tur c4c thdng s6 khao sat da lua chon dugc, phan tich dung dich chuan 1000
ng/mL & ché do6 quét toan dai, so sanh pho cac chat thu duoc véi thu vién phd
NIST, két hop véi tai liéu tham khao dé lva chon ra 2 qué trinh phan manh dic
trung cua mdi chat. Nhin chung, qué trinh phan manh cua cac paraben déu dién ra
theo co ché: dau tién chudi alkyl & ester bi phan cat (dé tao ra ion manh m/z 136),
rdi mat CO> tao ra ion manh m/z 92.

Q 0]

“\ R ‘\L L
O',‘\/ | “;- o
R \ co2 :
v »
44
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© 0

m/z 136 .
m/z 92

Hinh 2.4. Co ché phan manh ciaa paraben & ché d ion hoa am
Dua theo co ché phan manh ndy cung véi phd quét & ché do toan dai, cac
manh ion me va con déc trung cta cac paraben dugc lya chon trong Bang 2.4.

Bang 2.4. Cac manh khéi dwoc lwa chon dé phan tich paraben

Chat phan tich Chat dong hanh
Chat  Manhme Manh con Chat  Manhme Manh con
MeP 151 136; 92
13Cs-MeP 157 142; 98
EtP 165 136; 92
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Chat phan tich Chét dong hanh
Chat  Manhme Manhcon ~ Chat  Manhme Manh con
PrP 179 136; 92
iPrP 179 136; 92
BuP 193 136; 92
BzP 227 136; 92 13Cs-BuP 199 142; 98
HepP 235 136; 92

Mit khac, trong phan tich MS/MS, ning lwgng va cham dé tao thanh 2 ion

phan manh dic trung ciing 1a mot théng sé quan trong do ¢6 anh hudng dén do nhay

va do 6n dinh cia phwong phéap phén tich. Thdng sb nay duoc t6i wu bang cach bom
dung dich chuan nong do 100 ng/mL chira ca NS va LS Ién hé thong LC/MS/MS &

cac nang luong va cham khac nhau rdi lay tich phan céc pic cua tirng chat & ting

nang luong va cham khac nhau va so sanh. Spic & qua trinh phan manh cho tin hiéu

cao hon dugc chon dinh lugng.
2.3.4.2. Khao sat diéu kién phan tich BPA va BPF trén thiét bj HPLC/MS/MS

Thao tac khao sat twong tu nhu véi paraben, BPA va BPF duoc khao sat phéan

tich trén thiét bi HPLC/MS/MS-8040 (Shimadzu) véi cot sic ky Kinetex C18-

column 150 x 2,1 mm, 2,6 um (Sigma-Aldrich, Hoa Ky).
- Téc do pha dong khao séat ¢ 0,1; 0,3; 0,6 mL/phut.

- Hé dung méi pha dong khao sat:

+ Hé (1): (A): MeOH va (B): 2 mM HCOONH4/H20:MeOH = 9:1 (v:v)

+ Hé (I): (A): MeOH va (B): 1% HCOONH4/H20

A

Relative Abundance

1003
Bisphenol A (BPA)
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Hinh 2.5. Phé MS ciia BPA va BPF & ché d¢ ion héa am
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Duya theo phdé MS & ché do toan dai, cAc manh ion me va con dic trung cua
BPA va BPF duoc lua chon trong Bang 2.5.
Bang 2.5. Cac manh khéi dwoc lwa chon dé phan tich BPA va BPF

Chat phan tich Chat dong hanh
Chat Maianhme Manhcon  Chat  Manhme Manh con
BPA 227 212; 133

13C-BPA  239; 241 223; 142
BPF 199 105; 93

2.3.4.3. Khdo sdt diéu kién phan tich phthalate trén thiét bi GC/MS/MS

Céc phthalate duogc phan tach trén thiét bi GC/MS/MS TSQ9000 (Thermo
Scientific), st dung c6t mao quan Agilent DB-5MS chura pha tinh khong phan cyc
30 m x 0,25 mm, 0,25 pm. 1,0 uL dung dich chuan néng d¢6 1000 ng/mL dugc bom
& ché do khong chia dong vai nhiét do cong bom mau la 280 °C. Khi Helium (tinh
khiét 99,999%) dugc st dung 1am khi mang. Nhiét d6 bo chuyén tiép va budng ion
hoa lan luot 1a 280 °C va 250 °C. biéu kién khao sat: toc 6 dong khi mang, chuong
trinh nhiét &6 budng cot.

Tir cac thdng s6 da lua chon, phan tich danh gia do 6n dinh cua tin hiéu phan
tich, xac dinh giGi han phét hién va gidi han dinh lugng cua thiét bi va xay dung
duong chuan 1am viéc nhu sau:

- Bdnh gid dé 6n dinh cua tin hidu phan tich

Do 6n dinh cua tin hiéu phén tich dwgc danh gia qua gia tri do léch chuan
tuong ddi cua Spic cac chat (RSD, %) bang cach bom 1ap lai 10 lan cac dung dich
chuan nong d6 50 ng/mL & cac diéu kién da t6i wu, ghi lai thoi gian luu (RT) va
Spic gitra cac lan bom. Theo quy dinh cua Hiép hoi cac nha phan tich hda hoc chinh
théng (AOAC), yéu ciu gia tri RSD tuong tng véi mac ndong d6 50 ng/mL <15%
(Phu luc 6).

- Xdc dinh gidi han phat hién va gisi han dinh livong cua thiét bi

Giéi han phat hién cuaa thiét bi (IDL) 1a ndng d6 nho nhét trong dung mdi cua
chat phan tich do duwoc ma tai dé cho ti Ié tin hiéu vai nhiéu nén ~3 (S/N~3). Giéi

han dinh lugng cua thiét bi (IQL) 1a ndng do nhé nhit trong dung mdi cua chat phan
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tich duwoc ma tai d6 cho ti Ié tin hiéu vai nhiéu nén ~10 (S/N~10).

IDL = Cs/n=3 X Vhit mau V& IQL = Cs/n=10 X Vhit miu
Trong d6, ti 16 S/N xéac dinh bang phan mém xir ly sé liéu cua thiét bi va IDL, 1QL
dugc tinh toan dya trén viéc phan tich dung dich chuan cé néng do thap nhat cua
duong chuan (1 ng/mL paraben, bisphenol va 2 ng/mL phthalate).

- Xay dung dwong chudn lam viée cua cac chat phan tich

Puong chuan 1am viéc trong luan an duoc xay dung theo phuong phép ngoai
chuan, s dung chat chuan déng hanh, bang cach bom phén tich cac dung dich
chuan 1am viéc tir call—cal7 d chuan bj trong muc 2.3.2. Phuong trinh duong
chuan 1a duong tuyén tinh biéu dién mdi tuong quan giira Spic véi nong do chat
tuong ung, c6 dang “Y = (atAa)X + (b+Ab)”, duoc xac nhan thong qua hé sé tuong
quan hdi quy tuyén tinh R2. Yéu cau 0,995<R?<1,000.

2.3.5. T6i wu quy trinh xir [y miu
2.3.5.1. Chudn bi mdu trang thém chudn

Mau trang (blank) c6 nén gidng mau thuc nhung khong chira chat phan tich.
Tuy nhién, do cac chat paraben, bisphenol va phthalate duoc st dung rong réi va cé
mat & hau khap cac vi méi truong nén viéc lya chon mau trang twong dbi kho khan.
Trong luan an nay, mau tring duoc chuan bj nhu sau:

+ Mau “blank” bui lang va tram tich: chiét Soxhlet mau bui, mau tram tich
trong 24 gid trong dung mdi DCM. Phan ran con lai sau khi chiét dugc dong khé,
nghién min dé dong nhat va bao quan trong giay nhom.

+ Mau “blank” nuéc: sir dung nuée cat 2 lan.
2.3.5.2. Khdo sdt cdc diéu kién xir Iy mau

Dua trén cac cong trinh da cong bo, luan an tién hanh khao sat quy trinh xir ly
mau bang cach khao sat doc lap cac yéu té theo trinh tu & Bang 2.6:

Bang 2.6. C4c thi nghiém khao sat quy trinh xir Iy mau

Khao sat Thong sb Chi tiéu phan tich

Vit lieu nhoi Poly Sery HLB (60 mg), Copure HLB

_ Paraben, bisphenol
cot SPE (60 mg), Oasis HLB (60 mg)
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Khao sat Théng sb Chi tiéu phan tich

Silica gel, Css phthalate
Thé tich dung _
N ~5,10,15mL Paraben, bisphenol
mOi rira giai
Dung moi MeOH,;
L Paraben
chiét (mau MeOH:H.O =1:2, 2:5, viv
dang rin, dai  MeOH:DCM =1:1, 1:2, 2:5, v:v bisphenol
dienlamau  Acethex=1:1, viv
phthalate

bui ling) Hex:DCM = 1:1, v:v

a) Khao sat lwa chon cét chiét pha ran SPE
Phan tich paraben, bisphenol:

Chuan bi 3 loai cot SPE HLB thé tich 3 mL chtra 60 mg vat liéu nhdi gom:
Poly Sery HLB, Copure HLB va Oasis HLB va 1 mL MeOH chira 50 ng/mL chuan
NS va LS, chinh pH~3 bing acid formic. Cot SPE dugc hoat héa voi 5 mL MeOH
va 5 mL nudc deion. Mau sau khi nap 18n cot duoc loai bo tap chat bang 10 mL
H20 chtra 5% MeOH va rira giai chat phan tich bang 10 mL MeOH. Chat phan tich

trong dung dich ria giai duoc 1am giau dudi dong khi N2 ¢ 40 °C vé 1 mL. Mau
duogc loc qua mang loc cé kich thudc hat 0,45 pm, chuyén vao lo dung mau thay
tinh va phan tich trén thiét bi LC/MS/MS.

Phén tich phthalate:

Chuan bj 2 loai cot SPE thé tich 6 mL chaa 500 mg vat liéu nhdi gdom: silica

gel va Cis. Thém 500 mg Na>SOj4 I1én cot va hoat hda vai 4 mL hexane. Thém 1 mL
hexane chtra 50 ng/mL chuan NS va LS va rira giai chat phan tich véi 10 mL
hexane:DCM = 1:1 (v:v). Chat phan tich dugc lam giau dudi dong khi N2 & 4 °C vé
0,5 mL. Mau dugc dem ly tim & 4 °C véi toe d6 4500 vong/phlt trong 5 phut dé
loai bo cac chét ran lo lang, chuyén vao lo dung mau thay tinh va phan tich trén
thiét bi GC/MS/MS.

Dua trén két qua hiéu suat thu hoi giita cac thi nghiém, lya chon cot SPE thich

hop.
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b) Khao sat thé tich dung mai rira giai paraben va bisphenol trén ct SPE

Str dung cot SPE lua chon & muc (a), khao sat thé tich dung méi rira giai
paraben, bisphenol do dung mdi MeOH can thoi gian va luong 16n khi N2 dé c6 dic.
Chuan bi 1 mL MeOH chira 50 ng/mL NS va LS. Hoat hoa cot véi 5 mL MeOH va
5 mL nudc deion. Nap mau Ién cot, loai tap chat véi 10 mL nuée chira 5% MeOH
va rira giai chat phan tich bang 5; 10; 15 mL MeOH, lam giau duéi dong khi Nz va
phan tich, so sanh hiéu suat thu hoi dé lua chon thé tich dung méi raa giai toi wu.

¢) Khao sat dung mai chiét

Tham khao céc phuong phap chiét tach tirng nhém chat trong mau bui va tram
tich, luan &n lya chon phuong phéap chiét siéu am dé chiét tach cac chat ra khoi nén
mau, dich chiét sau d6 duoc 1am sach dé loai bo cac chat anh hudng dén tin hiéu
phan tich bang phwong phap SPE. Pi vi mau nuéc, luan an sir dung phuong phap
SPE. Trong d6, cot SPE véi pha tinh phu hop va thé tich dung méi rira giai da duoc
lya chon tir khao sat & muc (a) va (b) trong muc 2.3.5.2. Mau ran duoc lya chon lam
dai dién 1a mau “blank bui ling”.

Quy trinh xir Iy miu duy kién: 250 mg miu duoc thém 50 ng/mL chuan NS va
LS (100 ng/mL paraben, 200 ng/mL bisphenol va phthalate) va chiét siéu am véi
dung méi khao sat & Bang 2.6, c6 da lanh dé han ché sy bay hoi cua chat phan tich,
sau d6 dem ly tdm & 4 °C voi toc d6 4500 vong/pht trong 5 phit va gan dich chiét
sang 6ng nghiém méi. Thao tac chiét dugc lap lai 2 1an. Toan bo dich chiét dugc
gop lai va c6 dac vé <0,5 mL truge khi 1am sach trén hé SPE. Cot SPE phan tich
paraben, bisphenol duoc hoat hoa lan lugt véi 5 mL MeOH, 5 mL nuéc deion. Cot
SPE phan tich phthalate duoc hoat héa véi 5 mL hexane. Sau khi nap mau Ién cot,
cac paraben, bisphenol duoc ra giai bang MeOH va phthalate rira giai bang
hexane:DCM = 1:1 (v:v). Dung dich rira giai duoc c6 dic bang dong khi N2 vé 0,5
mL roi ly tm & 4 °C téc dd 4500 rpm trong 5 phut dé loai bo cac chat ran lo ling,
chuyén vao lo dung mau sic ky va bom phan tich trén thiét bi. Dya trén d6 thu hoi
cua c4c chat ¢ cac thi nghiém khao sat dé lra chon dung méi chiét hiéu qua va dua

ra quy trinh xir Iy mau téi vu cho tirng tirng nhém chat trong ting nén mau.
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250 mg bui ling; o . 100 mL mau nuée
; . giay loc bui cat nhé o . .
500 mg tram tich ] Chinh pH~3 bang formic

Thém chuan NS;

4
\4

Thém chuan LS

Chiét siéu am i

Thém 10 mL dung mdi chiét (*);
Siéu am 10 phut, ¢c6 da lanh:
Ly tam 4500 rpm 35 phut, gan 14y dich chiét;

Lip lai thao tac 2 lan

v Théi dung moi vé <0,5 mL

Chiét SPE (***) 1.

I

Hoat héa cot (**) [

Nap dich chiét 1én cot

A

Rira gidi bang 10 mL dung méi (****) |7

Duéi dung moi bang khi N» vé vira can

A\ 4

[ Pinh miic 0,5 mL bang MeOH ] [ Pinh mitc 0,5 mL bang hexane ]
v L J

[ Phin tich trén LC/MS/MS ] [ Phan tich frén GC/MS/MS ]
A

[ Parabens, Bisphenols ] [ Phthalates ]

Céac ddau * twong ieng Véi diéu kién thi nghiém mé td ¢ Bang 2.6.
Hinh 2.6. So' @6 quy trinh xir ly mau dw kién
2.3.6. Kiém soat chat lwong va xir Iy s6 liéu phan tich
2.3.6.1. Kiém soat chdt lirong két qua phan tich
Dé han ché nhiém chéo trong qua trinh phan tich, tat ca cac thi nghiém duoc

thuc hién trén dung cu thiy tinh da dwgc trang rira dung moi va say kho (trir cot
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SPE), boc trong gidy nhdm. T4t ca cac mé mau déu tién hanh phan tich kém dung
mdi, dung dich chuan, miu tring thém chuan (QC) dé kiém soét chat luong [2].

Cac mau thyc déu duoc thém 50 ng/mL chuan LS dé danh gia hiéu suat qué
trinh xir Iy mau va phan tich. Két qua tinh toan ham luong chat phan tich trong mau
ban dau s& duoc hiéu chinh véi hiéu suat caa LS twong ¢ng trong tirng mau.

Phan mém diéu khién Xcalibur phién ban 4.0 va phan mém xu ly sé liéu
TraceFinder phién ban 3.3 (Thermo Scientific) dugc su dung trong qua trinh bom
phan tich va xt 1y s6 liéu trén thiét bi. Phan mém Microsoft Excel duoc sir dung dé
tinh toan, tong hop dit liéu; phan mém thdng ké mé ta Minitab® 20 (Hoa Ky) duoc
sir dung dé danh gia méi twong quan gitra ndng do cac chét trong tirng nén mau.
2.3.6.2. Xac nhdn gia tri su dung cua phwong phap phan tich

Dua vao k¥ thuat phan tich va diéu kién caa phong thi nghiém, viéc xac nhan
gia tri sir dung (XNGTSD) cua phuong phap phan tich thyc hién qua céc thong sé:
khoang tuyén tinh 1am viéc, gisi han phat hién (MDL) - gigi han dinh lugng (MQL)
ctia phuong phap, d6 chinh xac cua phuong phap (bao gom: d6 dung - thu hoi va do
chum — d¢ lap lai) [2, 9].

Khoang tuyén tinh 1am viéc 1a khoang nong d6 ciia chat phan tich ma phuong
phap do duoc cho tin hiéu ti 1& tuyén tinh véi ndng do cua chat phan tich, thu duoc
bang céach phan tich cac dung dich chuan c6 nong d6 tang dan.

D6 thu hoi (Re, %) 1a ti Ié phan traim lugng chat can phan tich con lai sau khi
tién hanh xir Iy mau va phan tich so véi lugng chat thém vao ban dau trong mau.
Trong khudn khé luan &n, ngoai viéc xac dinh Re (%) cua cac chat LS, do thu hoi
cua phuong phap duoc danh gia qua thi nghiém thém chuan 2 mac nong d6 10
ng/mL va 50 ng/mL vao mau trang lap lai 10 lan. Theo AOAC, Re+RSD (%) duoc
cho phép nam trong khoang tir 60-115+21% tuong ¢tng véi mic nong do chuan
thém vao la 10-50 ng/mL (10-50 pg/kg) (Phu luc 6).

Cdo dwoc

ReLs(%) = x 100%

thém vao

Cdo dwoc

ReNs(%) = x 100%

Cthém vao X ReLS twong ing (%)
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D¢ chum cua céc két qua do dugc trong cung didu kién thi nghiém nhu nhau,
dugc tinh thong qua d6 léch chuan SD hoic d6 léch chuan twong dbi RSD (%) cua

két qua phan tich Iap lai 10 lan va tinh theo cong thic:

SD = /2(11%1) va  RSD (%) = Zx100%

Trong d6:  SD la: do léch chuan;

n 1a: s6 1an thi nghiém lap lai

Xi la: gia tri tha “i”

% 1a: gié tri trung binh cua cac lan thi nghiém

RSD (%) la: do léch chuan tuong doi

Gisi hgn phéat hién cia phirong phip (MDL) 1a ndng d6 nho nhat cua chat

phan tich trong mau ban dau ma trai qua toan bd qué trinh phan tich cho ti 1¢ tin
hiéu vai nhidu nén ~3. Gidi han dinh luong cua phuong phap (MQL) 1a gia tri nong
d6 nho nhat cua chat phan tich trong mau ban dau trai qua toan b qué trinh phan
tich cho ti 1& tin hiéu vé&i nhidu nén ~10. Trong khuén khé luan &n, gia tri MDL
dugc xac dinh bang ndng d6 tai S/N=3, hiéu chinh véi hiéu suat ctua chat LS tuong
rng, nhan véi thé tich dinh muac va chia cho khéi lugng hodc thé tich mau chiét.

Cs/N=3 X Vam

MDL = = -
Re(%) x lwong mau chiét

2.3.6.3. Tinh todn nong dg paraben, bisphenol va phthalate trong mau
Nong d6 chat phan tich trong mau chiét duoc tinh nhu sau:

CfX Vdm

C = _ _
' Reps tong ing(%) X lrong mau chiét

Trong do:

e Ci: Nong do chat trong mau chiét (ng/g: mau bui lang va mau tram tich, ng/m?:
mau bui min, ng/L: mau nudc);

e Cr. Nong do chat trong dich cudi ciing bom 1én méay (ng/mL);

e Vam: Thé tich dinh muc cudi (mL);

e Recs: Do thu hoi caa chat LS tuong tng (%);

e Luong mau chiét: chat ran (g), bui min (m?3), chat long (L);
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Tir két qua phan tich ham lugng paraben, bisphenol va phthalate trong cac nén
mau, sir dung tuong quan Spearman danh gia twong quan vé ndng do cua cac cap
chat trong tirng nhém & tirng nén mau, st dung phuong phap thng ké da bién véi
c4c cong cu nhu: phan tich thanh phan chinh (Principal component analysis — PCA),
phan tich nhém (Cluster analysis — CA) dé phan loai sé liéu thanh cac nhém nhé
hon, c6 mdi lién hé gitra cac chit phan tich dé danh gia dic trung 6 nhiém cta moi
truong nghién cuu.

2.3.7. U6c tinh rii ro phoi nhiém paraben, bisphenol va phthalate téi hé sinh
thai va sirc khée con nguoi
2.3.7.1. Uéc tinh rui ro téi hé sinh thai tram tich va duwdi nwéc

Panh gia rui ro sinh thai 1a danh gia anh huong ma cac sinh vat nhay cam gap
phai khi tiép xUc véi cac chat 6 nhiém trong méi trudng sinh song. Thuong s rai ro
(RQ) dugc sir dung dé xac dinh nhiing anh huong méi truong téi cac loai nhay cam
nhu t40, gidp Xac va ca, duoc tinh toan dya trén ndng d6 chat phan tich do duoc
trong mdi trudng va nong do du doan khong anh huang cua chat nay téi sinh vat
thir nghiém [86, 89, 95] va chia thanh 3 cip d6 anh huong thap, trung binh, cao
twong @ng voi RQ <0,1; 0,1<RQ<1 va RQ>1 [86].

o~ N7 MEC
Q= £ PNEC;

1=

Trong do:

e n: sb hop chat;

e MECi: ndng d¢ chét i do dugc trong mdi trudng;

e PNECIi: nong d¢ chat i dy doan khong gy anh hwong trong méi truong
(ngudng an toan), dugc tinh toan nhu sau:

PNECcip tinh = LCs0/ AFcip tinh = ECs0/ AFcép tinh
PNECman tinhn = NOEC/AF man tinh

Trong do6:

e LCso: lidu lwong gay chét 50% dong vt thi nghiém:;

e ECso: mot nira ham lugng hiéu luc tdi da;
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e NOEC: ndng d6 anh huéng khong quan sat duoc (ngudng an toan);

e AF 14 hé s6 doc, lan lugt c6 gia tri bang 1000 hozic 100 cho doc tinh cap tinh
va man tinh [21, 65, 94].
2.3.7.2. Uéc tinh rii ro phoi nhiém téi sirc khée con nguoi

Uéc tinh liéu phoi nhiém hang ngay: Theo hudng din cua Co quan Bao vé

Moi trudng Hoa Ky (US EPA 2011) va cac cong bé trude diy [82-83], luong phoi
nhiém wudc tinh hang ngay (the estimated daily intake—EDI, ng/kg-bw/ngay) cta con
nguoi khi tiép xtc véi paraben, bisphenol va phthalate trong bui ling qua con
duong tiéu héa (EDlnétnui) duoc tinh toan theo cong thuc:

Ci*f
BW

EDI =

Trong do:
e EDI: li¢u lugng phoi nhiém hang ngay (ng/kg-bw/ngay);
e Ci: ndng d6 paraben, bisphenol, phthalate trong bui (ng/g);
o f: toc d6 hap thy byi trung binh (g/ngay);
e BW: cn ning co thé trung binh ciia ngudi Viét Nam (kg)

Theo Trung tdm danh gia méi truong qubc gia Hoa Ky va luong tiéu thu hang
ngay chap nhan dugc cho DEHP (ADI=50 pg/kg/ngay) dugc khuyén cao bai co
quan an toan thuc pham chau Au.

Tac dung khéng gdy ung thw: chi sb nguy hiém (HQ) dugc tién hanh dé danh
gia tac dong khong gy ung thu ctia cac chat 6 nhiém ti ngudi. Pi véi phoi nhidém
qua duong miéng:

HO = EDI
Q= R(D
Trong d6: R¢D: liéu tham chiéu qua duong miéng

Bang 2.7. Gia tri liéu tham chiéu qua dwong miéng cia mat sé chat

R:D RtD R:D
Paraben . Bisphenol . Phthalate .
(mg/kg/ngay) (hg/kg/ngay) (hg/kg/ngay)
MeP + EtP 10 BPA 50 DnBP 01
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R:D R:D R:D

Paraben Bisphenol Phthalate
(mg/kg/ngay) (Mg/kg/ngay) (Hg/kg/ngay)
PrP 0,1 DiBP 0,2
BBzP 0,5
DEHP 0,05

Nguy co sizc khoe cong dong do chat gay 6 nhiém trong moi truong gay ra cao
khi HQ>1 va rui ro dugc coi ¢d thé chap nhan duogc khi HQ <1.

Tac dung gdy ung thi: 1a nguy co ung thu tiém an do tiép x(c qua miéng Voi
méi truong bi 6 nhiém, duoc tinh theo cong thuc: ILCR = B x EDI. Trong d6: B 1a
hé so rui ro, (1,40x10) doi véi DEHP. Nguy co giy ung thu t&i sic khoe con
ngudi do phoi nhidm cac chat doc nay & muac cao khi gia tri ILCR > 1x10 va chap
nhan duoc khi ILCR < 1x10°.
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CHUONG 3. KET QUA VA BAN LUAN

3.1. KET QUA KHAO SAT PIEU KIEN PHAN TICH TREN THIET BI
3.1.1. Két qua khao sat diéu kién phan tich paraben trén UHPLC/MS/MS

Két qua khao sat tc do pha dong trong phuong phap phén tich paraben cho
thiy & 0,3 mL/phat cho cudng dé tin hiéu, hinh dang pic, Spic tét nhat va cé thoi
gian phan tich ngan nén day 1a téc d6 pha dong duoc lya chon.

Véi toe d6 pha dong 0,3 mL/phut, ti 1é dung moi pha dong duoc khao sat. Két
qua cho hé dung méi | c6 cudong d6 cua céc pic sac ky tot, chan pic can doi khong bi
ché ngon. Thoi gian luu cta cac chat phan tich mudn hon so véi hé dung mai 11. Hai

pic siac ky cua n-PrP va iPrP co ban tach ra khoi nhau. Do d6, Iya chon hé I: (A):

0,05% Ac/H20 va (B): MeOH lam hé pha dong xac dinh 7 paraben.
Bang 3.1. Piéu Kién toi wu phan tich paraben trén UHPLC/MS/MS

Thong so Gia tri
Pha dong (A): 0,05% Ac/ H20 va (B): MeOH
Tbc do pha dong 0,3 mL/phut
5% B (2 phat) -> 60% B (20 phat) -> 100% B (0,1 phat)
Chuong trinh pha dong

Thé tich bom mau
bién thé

Nhiét d6 budng tao ion
Nhiét do hoa hoi

Khi CID

Khi mang 6 MS

Khi va cham

Ché d6 dinh luong

-> 5%B (gitr 2,9 phat).

10 pL

3,0kV

320°C

300 °C

2 mTorr

N2

Ar

lon h6a &m, ngudn ESI, dinh lugng MRM

Véi cac diéu Kién phén tich dugc dua ra trong Bang 3.1, sic db tach 7 paraben

duoc trich dan trong Hinh 3.1.
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Hinh 3.1. Sic ky do tach 7 paraben trén UHPLC/MS/MS TSQ Quantis™
Hinh 3.1 cho thay cac pic duogc tach rd rang, can ddi, khong bi kéo dau hoic
kéo dudi, trong d6, cip dong phan (PrP va iPrP) co ban duoc tach ra khoi nhau.
Thong tin vé RT va nang lugng va cham (CE) ti uu twong Gng tao ra 2 phan manh
dic trung cua cac paraben va 2 chat dong hanh duoc trinh bay trong Bang 3.2.

Bang 3.2. Thoi gian luu va nang lwong phadn manh caa cac paraben

Ning lwgng va cham Ning lwgng va cham

RT RT
(CE, eV) (CE, eV)
NS (phat) (phat)
binh lwgng  Pinh tinh Pinh lwgng  Dinh tinh
MeP 6,4  151>136 (12) 151>92 (19)
EtP 7,1  165>136 (15) 165>92 (20)
13C-MeP 6,42 157>142 (13) 157>98 (19)
PrpP 78  179>136 (14) 179>92 (22)
iPrP 8,0  179>136 (14) 179>92 (22)
BuP 9,3  193>136 (16) 193>92 (22)
BzP 9,2  227>136 (14) 227>92(22) BC-BuP 9,29 199>142 (15) 199>98 (23)
HepP 14,3 235>136 (18) 235>92 (26)

Két qua phuong phap phan tich paraben sau khi da t6i wu cac diéu kién phan
tich trén thiét bi duoc trinh bay o Bang 3.3.
D¢ on dinh cua tin hidu phan tich: dugc danh gia théng qua do léch chuan

tuong ddi (RSD, %) cua Spic cac paraben trong ngay (d6 1ap lai) va lién ngay (d6
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tai 1ap). Trong Bang 3.3, gia tri RSD cua tin hiéu phan tich lan luot dudi 6% (d6 lap
lai) va 8,3% (d6 tai lap), trong khoang quy dinh caa AOAC (Phu luc 6) [9].

Bang 3.3. Pd 6n dinh cida tin hiéu phan tich, dwong chuén lam viéc, IDL, IQL

P 6n dinh ciaa tin hiéu

, o . IDL IQL
Chat phéan tich (RSD, %o) Puong chuan lam viéc, R?
— (Pg)  (p9)
bo lap lai D¢ tai lap
y =(0,0212 + 0,0002)x - (0,0032 + 0,0074),
MeP 1,4 55 1,0 3,0
R? = 0,9997
y =(0,0135 + 0,0001)x - (0,0096 + 0,0032),
EtP 2,0 6,3 1,0 3,0
R2=0,9998
y =(0,0197 + 0,0001)x - (0,0100 £ 0,0041),
PrP 3,9 5,4 5,0 15
R? =0,9999
] y =(0,0093 + 0,0001)x - (0,0073 £ 0,0028),
iPrP 2,3 4,2 5,0 15
R2=0,9998
y =(0,0166 + 0,0001)x - (0,0043 + 0,0042),
BuP 3,5 4,1 5,0 15
R? =0,9998
y = (0,0130 + 0,00004)x - (0,0028 + 0,0019),
BzP 3,1 5,3 1,0 3,0
R2=0,9999
y =(0,0136 + 0,0001)x - (0,0062 + 0,0026),
HepP 6,0 8,3 1,0 3,0
R? =0,9999

Khoang tuyen tinh 1am viéc: Khoang tuyén tinh 1am viéc ¢ 7 nong do tir 1-100

ng/mL v&i nong do chuan dong hanh 100 ng/mL nhu trinh bay ¢ Bang 2.2. Céc

phuong trinh dudng chuan 1am viéc ¢é hé sé twong quan hdi quy R?>0,9997.
3.1.2. Két qua toi wu diéu kién phan tich bisphenol trén HPLC/MS/MS
Két qua khao sat toc do pha dong cho thiy ¢ 0,3 mL/phlt cho cudng d6 tin

hiéu, hinh dang pic, Spic t6t nhat va cd thoi gian phan tich ngan nén day 1a toc do

pha dong dugc lua chon.

Két qua khao sat hé dung mdi pha dong cho thay ¢ hé 1, cac chat cho cuong do

tin hiéu caa céc pic sac ky tét, chan pic can dbi hon so véi hé 11 nén hé 1 gom (A)
MeOH va (B) 2mM HCOONH4/H20:MeOH (9:1, v:v) duoc chon.
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Bang 3.4. Piéu kién téi wu phan tich BPA va BPF trén HPLC/MS/MS

Thong sb biéu kién
(A): MeOH
Pha dong
(B): 2mM HCOONH4/H20:MeOH (9:1, v:v)
Tbc do pha dong 0,3 mL/phdt
20%B (2 phat) -> 75%B (1 phat) ->95%B (2 phut,
Chuong trinh pha dong

Thé tich bom mau
Dong khi mang & MS
Nhiét 36 DL

Nhiét do budng ion
Khi CID

Khi mang & MS

Khi va cham
Ché do dinh luong

gitr 3 phat) -> 20%B (10 phat, gitr 2 phat).
2 UL

15 L/phat

250 °C

400 °C

230 kPa

N>

Ar
ion hoa &m, ngudn ESI, MRM

Véi cac diéu kién phan tich duoc dua ra trong Bang 3.4, sac do tach BPA va

BPF trong nghién ctru dugc trich dan trong Hinh 3.2.

Max Intensity : 23,629

EDDDDE
45000%
400005
35000é
30000%
25000%
20000
15000é
10000%

5000

Time:. 0.549% Scan® 107 Inten. 182

BPA

BFF

0

0.0 10 20

30 40 50 6.0 70 8.0 9.0 min

Hinh 3.2. Sic @b tach BPA va BPF trén hé¢ HPLC/MS/MS (8040, Shimadzu)

Hinh 3.2 cho thay cac pic duoc tach hoan toan khoéi nhau, can d6i, khdng bi
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kéo dau hoic kéo dudi. Tuwong ty nhu phan tich paraben, thdng tin vé thoi gian luu
va nang lugng va cham twong (ng vaéi 2 qua trinh phdn manh dac trung cua BPA,
BPF va ¥ C-BPA duoc trinh bay trong Bang 3.5.

Bang 3.5. Thoi gian lwu va nang lwgng phan manh cia BPA va BPF

RT Ning lwgng va cham (CE, eV) Ls RT  Ning lwgng va cham (CE, eV)

(phat) DPinh lwgng Pinh tinh (phat)  Pinh lweng binh tinh

BPF 49  199>93(22) 199> 105 (21)

3C.BPA 535 239>223(21) 241> 142 (24)
BPA 54  227>212(17) 227>133(25)

Két qua phuong phap phan tich BPA va BPF sau khi da tdi uu cac diéu kién
phan tich trén thiét bi duoc trinh bay ¢ Bang 3.6.

Bang 3.6. P on dinh caa tin hiéu phan tich, dwong chuan lam viéc, IDL, IQL

P 6n dinh ciaa tin hiéu

, o . IDL IQL
Chat phan tich (RSD, %o) Puong chuan lam viéc, R?
———— — (Pg)  (PY)
D¢ lap lai D¢ tai lap
y =(0,079+0,002)x - (0,047+0,323),
BPF 4,9 7,1 2,0 6,0
R? =0,9999
y =(0,051+0,001)x - (0,313+0,210),
BPA 5,6 6,0 2,0 6,0
R?=0,9998

B¢ én dinh cua tin hiéu phan tich: dung dich chuan nong dé 50 ng/mL duoc
bom 1ap 10 lan trong 1 ngay va 3 ngay lién tuc trén hé HPLC/MS/MS & cac diéu
kién di t6i uu. Trong Bang 3.6, gia tri RSD cua tin hiéu phan tich lan luot dudi
5,7% (a6 lap lai) va 7,1% (d0 tai lap) trong khoang quy dinh caia AOAC (Phu luc 6)
[9].

Khodng tuyén tinh lam viéc: Khoang tuyén lam viéc & 7 ndéng do tir 1-500
ng/mL v&i nong do chuan dong hanh 200 ng/mL nhu trinh bay ¢ Bang 2.2. Céc
phuong trinh dudng chuan cé hé sé twong quan hdi quy R?> 0,9997.

3.1.3. Két qua toi wu diéu kién phan tich phthalate trén GC/MS/MS
Két qua khao sat téc do dong khi mang ¢ 0,8; 1,0; 1,2 mL/phut cho thay ¢ 1,0

mL/phdt cho céc pic sic ky tach ra khoi nhau, ¢6 hinh dang can déi va cudng do tin
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hiéu cao. Chuong trinh nhiét d6 10 cot cling duoc khao sat bang cach thay doi toe do

gia nhiét dé thu duogc cac pic ¢ hinh dang tét nhat va tach khoi nhau. Biéu kién tdi

uu phan tich cac phthalate duoc trinh bay trong Bang 3.7.
Bang 3.7. Piéu kién téi wu phan tich phthalate trén GC/MS/MS

Théng sb

Piéu kién

Nhiét d6 hoa hoi mau
Ché 6 bom mau

Thé tich bom mau
Khi mang

Téc do dong khi mang

Chuong trinh nhiét do

Nhiét do bo chuyén tiép
Nhiét do budng ion hda
Ché @6 dinh lugng

280 °C

Khdng chia dong

1uL

He, d¢ tinh khiét 99,999%

1 mL/phat

40 °C (2 phat) -> 220 °C 20 °C/phut, gitr 3 phat) -> 250 °C (5
°C/phat, git 2 phut) -> 280 °C (3 °C/phut, gitr 3 phat)

280 °C

230 °C

SIM (Selected ion monitoring)

34

Hinh 3.3. Sic d6 tach 10 phthalate trong dung dich chuan 100 ng/mL

Hinh 3.3 cho thay céc phthalate déu dugc tach khoi nhau & chuong trinh nhiét

d6 va cac diéu kién di chon, cac pic can dbi, khong bi kéo dau hoic kéo dudi, cac

cip dong phan (DBP va DiBP), (DnOP va DEHP) ciing duoc tach khoi nhau tuwong

d6i tét. Thoi gian luu va 2 manh dic trung cta cac phthalate duoc trinh bay trong

Bang 3.8, trong d6, ion c6 dién tich pic 16n hon duoc chon dé dinh luong.
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Bang 3.8. Thoi gian lwu va manh dic trung cia cac phthalate

NS RT (pht) m/z LS RT (phut) m/z
DMP 9,8 163 DMP-d4 9,8 167
DEP 10,7 149; 177 DEP-d4 10,7 153
DPrP 11,8 149 DPrP-d4 11,8 153
DiBP 12,5 159; 223 DIBP-ds 195 153
DBP 13,3 149
DnHP 18,3 149 DnHP-d4 18,2 153
BBzP 18,4 149; 206 BB2P-ds 18.4 153

DCHP 20,9 149; 167
DEHP 21,2 149: 167; 279 DEHP-da 211 153
DnOP 24.9 149; 279

m/z in dam la manh dinh lwong

Bang 3.9 tom tat cac thong s6 dat dwoc khi phan tich phthalate trén thiét bi
GC/MS/MS theo cac diéu kién di lya chon.

Bang 3.9. Pd 6n dinh cia tin hiéu phan tich, dwong chuén lam viéc, IDL, IQL

P 6n dinh cia tin higu

£ A e " . IDL IQL
Chat phan tich (RSD, %) Puong chuan lam viéc, R?
P PP PPTRTS (pg)  (PY)
D¢ lap lai Do tai lap
y = (0,005+0,00001)x + (0,005+0,001),
DMP 3,7 4,8 4,0 12
R? =0,9999
y= (0,008 +£0,00001)x + (0,009+0,001),
DEP 4,4 58 1,0 3,0
R?=0,9993
y =(0,012+0,00006)x + (0,035+0,006),
DPrP 1,7 44 0,22 0,66
R? = 0,9998
_ y = (0,011+0,00008)x + (0,087+0,008),
DiBP 1,7 59 0,11 0,33
R? =0,9998
y =(0,011+0,00009)x + (0,042+0,009),
DBP 2,2 3,6 0,48 1,44
R? = 0,9997
DnHP 4,2 4,5 y = (0,007+0,00004)x + (0,008+0,004), 0,39 1,17
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Do 6n dinh ciia tin higu

) o X ) IDL IQL
Chat phan tich (RSD, %) Puong chuan lam viéc, R?
e (pg)  (PY)
bo lap lai Do téi lap
R? =0,9997
y = (0,007+0,0001)x + (0,011+0,012),
BBzP 3,6 5,6 0,96 2,88
R? = 0,9987
y = (0,004+0,00002)x - (0,001+0,001),
DCHP 4,2 6,2 51 15,3
R? =0,9996
y = (0,015+0,0004)x + (0,164+0,045),
DEHP 1,8 3,1 0,8 2,4
R? = 0,9997
y = (0,004+0,00001)x - (0,005+0,001),
DnOP 2,0 5,4 55 16,5
R? =0,9995

D¢ én dinh cua tin hiéu phan tich: dung dich chuan nong d6 50 ng/mL duoc

bom 1ap 7 1an trong 1 ngay va 3 ngay lién tyc trén hé GC/MS/MS & cac diéu kién da

t6i wu. Trong Bang 3.9, gia tri RSD cua tin hiéu phan tich lan luot dudi 4,4% (4o
lap lai) va 6,2% (d¢ tai 1ip) nam trong khoang quy dinh cua AOAC (Phu luc 6) [9].

Khoang tuyén lam viéc: & 7 nong do tir 2-1000 ng/mL véi nong do chuan

dong hanh 200 ng/mL nhu trinh bay & Bang 2.2. Cac phuong trinh duong chuan

dugc xay dung bang phan mém Xcalibur phién ban 4.0 (Thermo Scientific) ¢6 hé sé

tuong quan hoi quy R2>0,9995.

3.2. KET QUA KHAO SAT QUY TRINH XU LY MAU.
3.2.1. Lwa chon cot SPE

3.2.1.1. Phan tich paraben
Két qua khao sat cot SPE phan tich paraben:

Bang 3.10. P thu hdi caa cac paraben khi sir dung céc loai cét SPE (%)

NS Poly Sery Copure Oasis Ls Poly Sery Copure  Oasis
HLB HLB HLB HLB HLB HLB
MeP 76,3 70,8 93,0
13C-MeP 61,4 60,9 82,9
EtP 84,6 73,0 90,2
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Poly Sery Copure Oasis Poly Sery Copure  Oasis
HLB HLB HLB HLB HLB HLB
PrP 80,5 59,8 80,2
iPrP 70,0 64,1 80,4
BuP 88,1 76,6 92,2
BzP 81,2 75,4 87,9 13C-BuP 70,3 65,3 83,8
HepP 69,2 50,0 85,2
100
80
9
= 60
=
=
S 40
(=11
o)
20
0
13C-MeP  MeP EtP PiP iPrtP 13C-BuP  BuP  BzP  HeP
EPoly Sery HLB mCopure HLB mOasis HLB

Hinh 3.4. P$ thu hdi cia cac paraben khi sir dung cac cot SPE
Bang 3.10 va Hinh 3.4 cho thiy trong 3 loai cot dugc khao sét thi Oasis HLB

60 mg cho do thu hoi cua cac paraben cao va 6n dinh nhit nén duoc chon cho quy

trinh xtr Iy mau.
3.2.1.2. Phan tich bisphenol

Két qua khao sat lya chon cot SPE phan tich BPA va BPF:
Bang 3.11. P thu hdi caa cac bisphenol khi sir dung cac loai cot SPE (%)

Poly Sery Copure  Oasis Poly Sery  Copure Oasis
HLB HLB HLB HLB HLB HLB
BPF 70 64,1 80,4
13C-BPA 65,4 62,3 85,6
BPA 61,4 60,8 82,8
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m Poly Sery HLB = Copure HLB m Oasis HLB

Hinh 3.5. P$ thu hoi ciia cac bisphenol khi sir dung céac cot SPE

Bang 3.11 va Hinh 3.5 cho thay cot Oasis HLB 60 mg cho d6 thu hdi cua cac
bisphenol cao va on dinh nhat nén dugc chon cho quy trinh xir Iy mau.
3.2.1.3. Phan tich phthalate

Két qua khao sat cot SPE phan tich phthalate cho thay cot silica gel khong

thich hop dé 1am sach mau khi c6 5/10 hop chat phthalate khéng thu héi duoc, cot
C18 cho két qua on dinh véi d6 thu hdi dao dong tir 81,5 dén 105%. Vi vay trong
phuong phap xir Iy mau phan tich phthalate lya chon cot SPE C18.

Bang 3.12. P thu hdi cac phthalate trong khao séat lwa chon cot SPE

NS Hiéu suat thu hoi (%) s Hiéu suat thu hoi (%)
CotCis  Cotsilica gel Cot Cus Cot silica gel

DMP 88,2 100,2 DMP-ds 90,0 98,1
DEP 81,5 - DEP-d4 95,3 -
DPrP 93,7 54,6 DPrP-d4 95,1 60,1
DiBP 89,7 -

DiBP-ds 87,9 -
DBP 96,5 -
DnHP 93,1 69,8 DnHP-d4 98,3 70,1
BzBP 101 -

BzBP-d, 98,5 -
DCHP 95,0 58,7
DEHP 97,6 -

DEHP-d4 94,1 -
DnOP 105 65,6
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Hinh 3.6. P$ thu hoi ciia phthalate khao sat cot SPE
3.2.2. Lwa chon dung mdi chiét cho miu dang ran (dai dién nén bui ling) va
thé tich dung mai rira giai paraben, bisphenol
3.2.2.1. Phéan tich paraben
Khao séat dung moi chiét: Chiét mau trang da thém 50 ng/mL chuan NS va 100

ng/mL LS-paraben st dung cac ti 16 dung méi chiét khac nhau bao gom MeOH
(100%), MeOH:H,0 (1:2 va 2:5, v:v). Két qua thu duoc cho thay do thu hoi dao
dong tang dan theo ti I¢ dung mdi MeOH: H.0 (1:2, viv); MeOH: H20 (2:5, v:v);
MeOH la 30,4-55,2%, 54,6-72,8%, 81,5-112%. Do d6, lya chon dung méi MeOH
dé chiét paraben ra khoi nén mau.

Bang 3.13. P thu hdi cac paraben khao sat ti 18 dung mai chiét (%)

MeOH MeOH:H.0 MeOH:H20 MeOH MeOH:H:0  MeOH:H:0
100%  (1:2,viv) (2:5, v:v) =S 100%  (1:2,v:v) (2:5, vv)
MeP 112 54,8 72,8
EtP 852 52,9 60,4
P 995 55.2 65.6 BC-MeP 112 55,0 72,5
iPrP 84,7 45,7 57,1
BuP 92,2 50,2 60,5
BzP 815 304 54,6 BC.BuP 915 49,8 60,7
HepP 86,9 46,6 61,8
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13C-MeP MeP EtP n-PrP iPrP BuP 13C-BuP BzP HepP
HEMeOH 100% B MeOH:H20 (1:2, v:v) HEMeOH:H20 (2:5, v:v)

Hinh 3.7. Két qua khao sat dung méi chiét paraben

Khao sat thé tich dung mdi rira giai: Chiét mau trang bang MeOH rdi khao sét

thé tich MeOH rua giai paraben trén cot SPE & cac mirc 5, 10 va 15 mL.

Bang 3.14. P thu hdi cac paraben twong tng véi cac thé tich rira giai (%)

NS V=5mL V=10mL V=15mL LS V=5mL V=10mL V=15mL

MeP 89,9 90,3 116

EtP 57,9 93,1 87.2
13~
PrP 72,8 90,4 101 C-MeP 895 112 116
iPrP 65,3 96,8 85,2
BuP 531 83,9 93,1
BzP 50,6 83,3 85,0 BCBUP 528 812 004
HepP 651 77,7 85,9
100
80
g
,E 60
£ 40
:
20
0

13C-MeP MeP EtP n-PrP iPrP 13C-BuP BuP BzP HepP
BV=SmL ®V=10mL ®=V=15mL

Hinh 3.8. Két qua khao sét thé tich dung méi rira giai phan tich paraben
Két qua @6 thu hdi (%) céc paraben dugc trinh bay trong Bang 3.14 va Hinh
3.8 cho thay khi rira giai 5 mL thi d6 thu hdi (%) cac paraben trong khoang 50,6—
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89,9% va cac paraben chua duoc rira giai ra khoi cot chiét pha rin hoan toan. O thé
tich rira giai cao hon 12 10 mL, 15 mL, do thu hdi (%) tang 1én va dao dong 80,5—
113% va 85,0-116%. Tuy nhién, viéc rira giai 15 mL MeOH tiéu tén rat nhiéu thoi
gian théi dung méi do tinh chat kho bay hoi cua MeOH. Vi vay, lya chon thé tich
dung méi rira giai ¢ 10 mL 12 phu hop vira ¢6 duoc d6 thu hoi kha tét, tiét kiem
dung méi va qua trinh ¢ can ciing dé dang hon.

Tir cac khao sét trén, quy trinh xir Iy mau téi vu phan tich paraben trong nén
mau ran (bui pha hat, tram tich) va mau nudc duoc trinh bay & Hinh 3.9:

Chiét mau:

Mdu bui lang: Can 250 mg;

Mdu bui min: Cit nho % gidy loc;

Mdu tram tich: can 500 mg;

Mdu nwéc: lay 100 mL nude chinh pH~3 bang formic acid

Cac mau ran dugc can vao ng nghiém thuy tinh, thém 100 ng/mL LS va dé
yén trong 30 phdt tao can bang giita cac pha. Mau duoc chiét siéu am véi 10 mL
MeOH trong 10 phut c6 da lanh dé han ché sy bay hoi cua chat phén tich, sau d6
dem ly tam & 4 °C véi toc do 4500 vong/phut trong 5 phit va gan lay dich chiét
sang 6ng nghiém méi. Thao tac chiét duoc lap lai 2 1an. Toan bo dich chiét dem gop
lai, c6 dic dudi dong khi N2 & 4 °C vé <0,5 mL va tién hanh 1am sach trén cot SPE.
Mau nuéc duge thém 100 ng/mL LS, dé yén trong 30 phit tao can bang giita cac
pha rdi chuyén sang budc chiét két hop 1am sach trén cot SPE.

Lam sgch mdu: Cot SPE (Oasis HLB, Water) duoc hoat héa lan lugt véi 5 mL

MeOH va 5 mL nudc deion trugc khi nap mau 1én cot. Mau nude duoc nap qua cot
va dé chay qua cot ty nhién. Cac chat khong mong mudn dugc loai bo bang 10 mL
H.0:MeOH (95:5, v:v). Cac paraben dwogc rira giai véi 10 mL MeOH rdi lam giau
bang céch thdi N2 dung dich rira giai & 4 °C vé chinh xac 0,5 mL. Mau dugc loc qua
mang loc c6 kich thuéc 0,45 um dé loai bo céc hat lo litng, chuyén vao lo dung mau
sic ky va phan tich trén thiét bi UHPLC/MS/MS Quantis™.
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250 mg bui Ling; s L 100 m L m4u nuwéc chinh
BN i . giay loc bui cat nhé . .
500 mg tram tich i pH~3 (Formic acid)

Thém 100 ng/mL chuan LS

Chiét siéu Am ]4—

Thém 10 mL MeOH,
Siéu am 10 phut, ¢6 da lanh:
Ly tam 4500 rpm 5 phut, gan ldy dich chiét:

Lip lai thao tic 2 1an

v Thoi dung méi vé <0.5 mL & 4 °C

Hoat hoa cot VA e R .
e - - Chiét SPE, cot Oasis HLB I
5SmL MeOH, 5 mL H;O L ¢

Nap dich chiét 1én cot;
J Rira tap biang 10 mL H.0:MeOH (95:53, v:v)

[ Rita gidi bing 10 mL MeOH ]

Pudi dung méi bang khi N, vé <0,5 mL

A

[ Pinh mirc 0,5 mL bang MeOH ]

[ Phin tich trén LC/MS/MS ]

[ Parabens ]

Hinh 3.9. Quy trinh xir ly miu phan tich paraben
3.2.2.2. Phan tich bisphenol
Két qua khao sat dung méi chiét: Chiét mau trang da thém 50 ng/mL chuan

NS va 200 ng/mL ¥C-BPA ¢ céc ti Ié dung moi khac nhau la MeOH:DCM = (1:1,
1:2, 2:5, v:v) (100%), MeOH:H20 (1:2 va 2:5, v:v).
Bang 3.15. P thu hdi BPA va BPF ng véi céc ti 1é dung moi chiét (%)

MeOH:DCM MeOH:DCM MeOH:DCM Ls MeOH:DCM MeOH:DCM MeOH:DCM

(1:1, viv) (1:2, v:v) (2:5,vv) (1:1, viv) (1:2, viv) (2:5, viv)
BPF 107 62,8 89,5 BC-
99,0 60,2 75,0
BPA 98,4 52,7 70,1 BPA
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Hinh 3.10. Két qua khao sat dung moi chiét BPA, BPF
Két qua ¢ Bang 3.15 va Hinh 3.10 cho thiy d6 thu hoi cua BPA (98,4%) va
BPF (107%) cao nhat khi chiét trong MeOH:H,0=(1:1, v:v) thap hon khi chiét
trong MeOH:H,0=(1:2 va 2:5, v:v). Do d6, MeOH:DCM 1:1 (v/v) dugc lua chon
dé chiét BPA va BPF khéi nén mau.
Két qua khao sat thé tich dung mdi rira giai: Vé6i dung mdi chiét la

MeOH:DCM (1:1, v:v), tién hanh chiét mau trang dé thu duoc dich chiét roi khao
sat thé tich MeOH rua giai cac bisphenol ¢ cac muc 5, 10, va 15 mL.
Bang 3.16. P thu hdi BPA va BPF twong ng véi cac thé tich riva giai (%)

NS V=5mL V=10mL V=15mL LS V=5mL V=10mL V=15mL

BPF 70,8 102 112
13C-BPA 67,1 94,2 97,9
BPA 62,4 93,6 98,7

100

80

60

40

Do thu hoi (%)

20

0
BPF BPA 13C-BPA
BEV=SmL ®=V=10mL ®=V=15mL

Hinh 3.11. Két qua khao sat thé tich dung méi rira giai BPA va BPF
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Két qua thu duoc khi rira giai 5 mL thi d6 thu hdi caa BPF, BPA lan luot 1a
70,8%, 62,4% cho thay cac chét nay chua duoc rira giai ra khoi cot SPE hoan toan.
Khi ting 1én thé tich MeOH rira giai 1én 15 mL thi d6 thu hdi cao hon hin (BPF,
BPA lan luot 12 112%, 98,7%). Ciing gidng nhu nhém paraben viéc rira giai 15 mL
dung méi thi kha ton va lam tn thoi gian ¢6 can dung méi. Do d6, lya chon thé tich
dung méi rira giai & 10 mL c6 do thu héi hai BPF va BPA kha tét 1a 102%, 93,6%,
tiét kiém dung mai va qua trinh ¢d can ciing dé dang hon.

Tir két qua khao sat trén, quy trinh xir Iy mau téi wu phan tich bisphenol trong
cac nén mau ran (bui lang, bui min, tram tich) va mau nuéc nhu sau:

Chiét mdu:

Mdu bui ldng: Can 250 mg;

Mdu bui min: Cit nho % gidy loc;

Mdu tram tich: can 500 mg;

Mdu nuwéc: lay 100 mL nuée chinh pH~3 bang formic acid

Cac mau dang ran déu duoc can vao 6ng nghiém thay tinh, thém 200 ng/mL
LS va dé yén trong 30 phdt tao can bang gitta cac pha. Mau duoc chiét bang phuong
phap siéu am véi 10 mL MeOH:DCM (1:1, v:v) trong 10 phut c6 d4 lanh dé han
ché su bay hoi cua chat phan tich, sau d6 dem ly tim ¢ 4 °C véi toc d6 4500
vong/phut trong 5 pht va gan lay dich chiét sang ong nghiém méi. Thao tac chiét
duogc lap lai 2 1an. Toan bo dich chiét dem gop lai, co dic dudi dong khi N2 ¢ 4 °C
vé <0,5 mL va tién hanh lam sach trén cot SPE. Mau nudc dugc thém 200 ng/mL
LS, dé yén trong 30 phut tao can bang giita cac pha roi chuyén sang buéc chiét két
hop lam sach trén cot SPE.

Lam sgch mdu: Cot SPE (Oasis HLB, Water) duoc hoat héa lan lugt véi 5 mL

MeOH va 5 mL nudc deion trudc khi nap mau 1én cot. Mau nude duoc nap qua cot
va dé chay qua cot nho trong luc. Cac chat khdng mong muén dugc loai bé bang 10
mL H20:MeOH (95:5, v:v). Sau d9, cac bisphenol dugc ria giai véi 10 mL MeOH
roi 1am giau bang cach thdi N2 dung dich rira giai & 4 °C vé chinh xac 0,5 mL. Mau

duoc loc qua mang loc c6 kich thudc 0,45 pum dé loai bo cac hat lo lang, chuyén
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vao lo dung mau sic ky va phan tich trén thiét bi HPLC/MS/MS.

250 mg bui lang; » L ) 100 mL mau nuéc chinh
T i Y. giay loc bui catnhoé L.
500 mg tram tich - pH~3 (Formic acid)

Thém 200 ng/mL chuan LS

Chiét siéu am —

Thém 10 mL MeOH:DCM (1:1, v:v),
Siéu am 10 phat, co da lanh;
Ly tam 4500 rpm 5 phut, gan lay dich chiét:

Lap lai thao tac 2 lan

v Thoi dung méi vé <0,5 mL ¢ 4 °C

Hoat héa cot s . .
e —[ Chiét SPE, ¢ot Oasis HLB 1.
5mL MeOH, 5 mL H;O L *

h

Nap dich chiét 1én cot;
Rira tap bing 10 mL H-O:MeOH (95:5, v:v)

[ Riia giai biang 10 mL MeOH ]

budi dung méi bang khi N» vé <0,5 mL

y

[ Dinh miic 0,5 mL bing MeOH ]

[ Phin tich trén LC/MS/MS ]

[ Bisphenols ]

Hinh 3.12. Quy trinh xir ly méiu phan tich bisphenol
3.2.2.3. Phén tich phthalate
Véi cot SPE 14 cot Cis, tién hanh khao sat thay d6i ti 16 dung mdi chiét bao
gom: acetone:hexane=1:1 (v:v), hexane:DCM=1:1, (v:v). Két qua cho thiy chiét
bang dung moi hexane:acetone (1:1, v:v) cho d6 thu hdi dao dong trong khoang tur
85,2—109%, trong khi dung méi hexane:DCM (1:1, v:v) c6 mot sb chat bi mét trong

qua trinh thi nghiém.
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Bang 3.17. Két qua dd thu hdi khao sat dung mai chiét phthalate (%)

Ace:hex Hex:DCM Ls Ace:hex Hex:DCM
(1:1, viv) (1:1, viv) (1:1, viv) (1:1, viv)
DMP 98,1 105 DMP-d4 95,0 97,1
DEP 85,2 102 DEP-d4 89,3 87,0
DPrP 109 - DPrP-d4 95,1 40,1
DiBP 88,1 -
DiBP-ds 87,9 -
DBP 105 74,5
DnHP 90,7 78,6 DnHP-d4 98,3 70,1
BzBP 89,3 92,0
BzBP-d4 98,5 80,0
DCHP 90,3 100
DEHP 105 -
DEHP-d4 94,1 -
DnOP 102 52,0

100

P& thu hdi (%)
N o) )
<o < <

3]
(=]

0

FFfLFFSSS S & FFF F »

SHERVMEVER VRN FFFFTIFLES N Q
CEIOYST IS F §
mAce:hex (1:1, viv)  ®Hex:DCM (1:1, v:v)

Hinh 3.13. Két qua khao sat lwa chon dung mdi phan tich phthalate
Tir cac két qua khao st trén, luan an dua ra quy trinh xt Iy mau téi wu d6i voi
phan tich phthalate trong c4c nén mau ran (bui ling, bui min, tram tich) va mau
nudc nhu sau:
Chiét mau:
Mdu bui lang: Can 250 mg;

Mdu bui min: Cit nho % gidy loc;

78



Mdu tram tich: can 500 mg;

Mdu nwéc: lay 150 mL nude

250 mg bui ling; L L. , - x .
S - ¥ giay loc bui cat nho 150 mL mau nwoce
500 mg tram tich I

Thém 200 ng/mL chuéin LS

Chiét siéu am -

Thém 10 ml. ace:hex (1:1. v:v);
Siéu am 10 phat, ¢6 da lanh;
Ly tim 4500 rpm 5 phit, gan lay dich chiét;

Lap lai thao tac 2 lan

v Thdi dung méi vé <0.5 mlL

Hoat hoa cdt s )
S —— Chiet SPE, cot C18

r

5 mL hexane

Nap dich chiét [én ¢6t

[ Rira giii ln"mg 10 mL hex:DCM (1:1, v:v) ]

J Pudi dung méi bang khi N; vé vira can

[ Dinh mic 0,5 mL bing hexane ]

Y

[ Phan tich trén GC/MS/MS ]

[ Phthalates ]

Hinh 3.14. Quy trinh xir ly miu phan tich phthalate
Cac mau dang ran déu duoc can vao 6ng nghiém thay tinh, thém 200 ng/mL
LS va dé yén trong 30 phdt tao can bang gitta cac pha. Mau duoc chiét bang phuong
phap siéu am vai 10 mL hexane:acetone=1:1 (v:v) trong 10 phat c6 da lanh dé han
ché su bay hoi cua chat phan tich, sau d6 dem ly tim ¢ 4 °C véi toc d6 4500

vong/phut trong 5 phit va gan ldy dich chiét sang 6ng nghiém méi. Thao tac chiét
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duoc 13p lai 2 1an. Toan bo dich chiét dem gop lai, c6 dic dudi dong khi N2 vé <0,5
mL va tién hanh 1am sach trén cot SPE. Mau nudc dugc thém 200 ng/mL LS, dé
yén trong 30 phut tao can bing giira cac pha roi chuyén sang budéc chiét két hop 1am
sach trén cot SPE.

Lam sach mdu: Cot SPE (Bond elut LRC-Cis, Agilent) duoc hoat hoa véi 5

mL hexane trudc khi nap mau 18n cot. Mau nude duoc nap qua cot va dé chay qua
cot nho trong luc. Sau do, cac phthalate duoc rira giai vai 10 mL hexane:DCM=1:1
(v:v) rdi 1am giau bang cach thoi N2 dung dich rira giai ¢ 4 °C vé chinh xac 0,5 mL.
Mau dugc ly thm & 4 °C véi toc dd 4500 vong/pht trong 5 phit dé loai bo cac hat
lo liing, chuyén vao lo dung mau sac ky va phan tich trén thiét bi GC/MS/MS
TSQ9000.
3.3. XAC NHAN GIA TRI SU DUNG CUA PHUONG PHAP PHAN TiCH

Sau khi lva chon duoc diéu kién xtr Iy mau téi wu, tién hanh xac nhan gia tri
sir dung ctia phuong phap phan tich tirng nhom chat trong cac nén mau théng qua
danh gia cac thong sb: do thu hoi, do 1ap lai, gidi han phét hién va gigi han dinh
lugng cua phuong phap (MDL, MQL).
3.3.1. Phwong phap phan tich paraben trong mau bui, nwéc va tram tich

Gidi han phat hien (MDL), gigi han dinh lwong (MQL) ciua phwong phap:
Mau trang thém chuan nong do 10 ng/mL dugc lam thi nghiém lap 10 lan va phan
tich trén thiét bi UHPLC/MS/MS & cac diéu kién da t6i uu. Tin hiéu pic dugc nhan
dién khi cho ti 18 tin hiéu/nhidu nén >3 (S/N > 3). MDL dao dong trong khoang tir
0,50-1,3 ng/g; 0,04-0,27 ng/L; 0,43-1,3 ng/g lan luot twong Gtng VSi Mau byi, mau
nudc va mau tram tich mat (Bang 3.18). C6 thé thiy, d6 nhay cta phuong phap du
dé dap ang phan tich cac paraben trong mau & mitc ham lugng vét (ppb).

b6 thu hoi (Re, %): Bé danh gia d6 thu hdi, cac mau trang dugc thém chuan ¢
2 muac noéng d6 10 ng/mL va 50 ng/mL va lam thi nghiém Iap 10 lan. Két qua trinh
bay ¢ Bang 3.18 cho thay, & mac thém chuan nong d6 10 ng/mL, d6 thu hdi cta cac
paraben dao dong tu 73,5%5,6-87,5+5,8%; 71,248,2-89,2+5,4%; 74,6%5,0%—

106,3+6,4% lan luot twong Gtng Voi MAu bui, nude va tram tich; & mac thém chuan
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nong d6 50 ng/mL, do thu hoi cua cac paraben dao dong tir 76+4,5-98+5,3%:;
75,9+7,0-106,3+4,5%; 81,9+5,6-97,1+3,2% lan luot twong ¥ng Vi mau bui, nudc
va trim tich va déu nam trong khoang chip nhan duoc theo quy dinh caia AOAC
(Phu lyc 6) [9]. Mat khac, lugng mau chiét trong luan &n thap hon nhiéu so véi
phuong phép chiét truyén théng nhu Soxhlet (véi mau ran) va chiét long-1ong (Voi
mau nuéc) nhd &p dung cac ki thuat chiét nhanh, hién dai ma van cho két qua tin
cay.

3.3.2. Phwong phap phén tich bisphenol trong mau bui, nwéc, tram tich

Gidi han phat hien (MDL), gigi han dinh lwong (MQL) ciua phwong phap:
Mau trang thém chuan nong do 10 ng/mL dugc lam thi nghiém lap 10 lan va phan
tich trén thiét bi HPLC/MS/MS & cac diéu kién da t6i wu. MDL dao dong trong
khoang tir 4,0-5,0 ng/g; 0,5-1,0 ng/L; 2,0-3,0 ng/g lan luot twong &ng v4i mau bui,
nudc va tram tich. Co thé thay, do nhay cua phuwong phap du dé dap wung phan tich
BPA va cé4c chat tuong tu BPA trong mau ¢ mac ham luong vét (ppb).

D6 thu hai (Re, %): tuong tu nhu paraben, c&c mau trang dugc thém chuan ¢ 2
muc néng d6 10 ng/mL va 50 ng/mL va lam thi nghiém lap 10 lan. Bang 3.19 cho
thay, & muc thém chuan nong do 10 ng/mL, do thu hoéi dao dong tir 78,4+10,5—
79,1+9,8%; 78,9+7,3-83,5+6,4%; 82,1+5,6-89,2+5,0% lan luot twong (g Vi mau
bui, nudc va tram tich; & mic thém chuan néng do 50 ng/mL, d6 thu héi dao dong
tir 80,4+4,0-93,8+5,1%; 88,4+6,7-90,245,4%; 91,0+5,4-92,3+4,5% lan luot tuong
ng v&i mau bui, nude va trim tich va déu nam trong khoang chap nhan duogc theo
quy dinh cia AOAC (Phu luc 6) [9]. Mit khac, lwong mau chiét trong luan ap thap
hon nhiéu so véi phuong phéap chiét truyén théng nhu Soxhlet (véi mau ran) va
chiét long-long (v6i mau nudc) nho ap dung cac ki thuat chiét nhanh, hién dai ma

van cho két qua tin cay.
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Bang 3.18. Két qua XNGTSD cua PP phan tich paraben, bisphenol, phthalate trong mau bui, nwéc, tram tich

Do thu hoi (%) MDL MQL

Méu bui Maiu nwéc MAu trim tich 5 . . . . .

Mau Mau Mau Mau Mau Mau
Paraben Thém . .
bui nwéc tram tich  bui nuwéc  tram tich
Thém chudn Thém chuin chuin 10 Thém chudn Thém chudn Thém chuén (nglg) (ng/L) (ng/g) (ng/g)  (ng/L) (ng/g)
10 ng/mL 50 ng/mL ng/mL 50 ng/mL 10 ng/mL 50 ng/mL

13Ce-MeP - 91,2+4,1 - 79,516,4 - 83,7t5,6 - - - - - -
MeP 86,5£5,2 96+4,7 88,1+4,0 91,435 80,7+6,1 81,9+5,6 0,40 0,06 0,43 1,2 0,18 1,29
EtP 82,516,9 90+6,0 75,74£5,1 83,4£3,9 74,6£5,0 88,9+4,5 0,58 0,04 0,51 1,74 0,12 1,53

PrP 81,2+6,0 89+5,1 71,315,6 81,6x4,4 87,0£4,5 90,1+3,4 2,03 0,08 1,0 6,09 0,24 3
iPrP 75,615,7 80+5,6 86,5+6,5 100,145,3 101+5,3 87,3+4,6 3,03 0,09 0,72 9,09 0,27 2,16

13Ce-BuP - 88,416,8 - 89,5+6,3 - 94,4+3,7 - - - - - -
BuP 76,0£9,1 88+8,7 71,248,2 75,9+£7,0 106,3+6,4 92,0£5,1 2,49 0,27 1,3 7,47 0,81 3,9
BzP 87,545,8 98+5,3 89,2454 106,3+4,5 89,246,7 89,946,7 0,59 0,12 0,5 1,77 0,36 15
HepP 73,5£5,6 76+4,5 73,8+£8,8 88,3+6,0 79,7£4,8 97,1+£3,2 0,56 0,12 0,7 1,68 0,36 2,1

3C-BPA - 89,9+4,9 - 91,5+4,1 - 95,6+3,1 - - - - - -
BPF 79,1+9,8 93,845,1 78,9+£7,3 88,416,7 82,1+5,6 91,0+£5,4 4,0 0,5 3,0 12,0 15 9,0
BPA 78,4+£10,5 80,4+4,0 83,5+6,4 90,2+5,4 89,2+5,0 92,3t4,5 50 1,0 2,0 15,0 2,9 59

DMP-d4 - 86,5+7,1 - 83,445,7 - 85,7+5,2 - - - - - -
DMP 73,9+5,6 79,145,0 85,1+5,9 85,6+4,8 84,3£16,5 85,5+6,1 1,0 1,3 2,0 3,0 3,9 6,0
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D) thu hoi (%) MDL MQL
MAu bui MAu nuée MAu tram tich N N N . N N
Mau Mau Mau Mau Mau Mau
Paraben Thém . . A . . A
) ) : ) ) ) bui nuwéc tram tich bui nuwdéc  tram tich
Thém chuan Thém chuan  chuan 10  Thém chuan Thém chuan Thém chuan (nglg) (ng/L) (ng/q) (nglg)  (ng/L) (ng/g)
10 ng/mL 50 ng/mL ng/mL 50 ng/mL 10 ng/mL 50 ng/mL
DEP-d,4 - 84,345 - 90,1+5,4 - 94,2+3,5 - - - - - -
DEP 81,7+4,5 82,4+3,4 94,3+6,2 89,6+5,1 78,1+12,0 98,7+2,0 1,0 0,50 2,0 3,0 1,5 6,0
DPrP-d, - 89,9441 - 85,5+4,2 - 86,0+5,1 - - - - - -
DPrP 85,2+5,0 80,2125 80,4147 81,1+3,2 104+9,5 94,4+3,7 1,0 0,50 2,0 3,0 1,5 6,0
DiBP-d4 - 90,1+5,0 - 87,745,2 - 88,9+5,3 - - - - - -
DiBP 10546,1 90,1+3,9 87,5+6,0 88,316,1 99,7+£14,7 89,9+4,8 10 0,50 1,0 3,0 1,5 3,0
DBP 81,234 103+2,5 78,215,1 87,214,4 90,5+12,5 101+5,2 10 0,50 2,0 3,0 1,5 6,0
DnHP-d4 - 92,3+£5,7 - 87,0+6,5 - 88,9+5,6 - - - - - -
DnHP 77,315,3 114477 80,1+6,5 83,516,7 95,4+12 /4 90,5+4,4 50 1,0 2,0 15 3,0 6,0
BBzP 78,215,4 89,5145 82,1+7,1 80,1+7,0 88,4+7,5 95,6+2,3 50 0,75 2,0 15 2,2 6,0
DCHP 84,416,7 82,0£5,4 88,4+6,3 93,245,5 95,6£13,5 104+3,0 50 1,3 2,0 15 3,9 6,0
DEHP-d4 - 86,7+4,4 - 95,744,1 - 90,4+3,6 - - - - - -
DEHP 103+5,9 83,3+3,0 81,9+4,0 84,6127 102+10 95,045,0 20 0,75 1,0 60 2,2 3,0
DnOP 10645,0 91,0+4,9 82,816,5 80,8+4,1 89,8+9,4 95,5+6,0 5,0 1,3 2,0 15 3,9 6,0
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3.3.3. Phwong phap phan tich phthalate trong mau bui, nwéc va tram tich

Gigi han phét hién (MDL), giéi han dinh lwong (MQL) Ciia phirong phdp: mau
tring thém chuan ndéng do 10 ng/mL duoc 1am thi nghiém lip 10 lan va phan tich
trén thiét bi GC/MS/MS & cac diéu kién da tdi vu. MDL dao dong trong khoang tir
1,0-20 ng/g, 0,5-1,3 ng/L; 1,0-2,0 ng/g lan lugt d6i véi mau bui, nude, tram tich
(Bang 3.20). C6 thé thay, do nhay cua phuong phap du dé dap tng phan tich céc
phthalate trong mau & mac ham lugng vét (ppb).

D¢ thu héi (Re, %): cac mau trang duoc thém chuan ¢ 2 mac nong do 10
ng/mL va 50 ng/mL va lam thi nghiém l3p 10 lan. Két qua cho thdy, & muc thém
chuan néng d6 10 ng/mL, d6 thu hoi cua 10 phthalate dao dong tir 73,9+5,6—
106+5,0%; 78,2+5,1-94,3+6,2%:; 78,1+12,0-104+9,5% lan luot twong tNg Vi mau
bui, nuéc va tram tich; & mac thém chuan nong do 50 ng/mL, d6 thu hoi cua 10
phthalate dao dong tu 79,145,0-114+4,7%; 81,1+3,2-93,2+5,5%; 85,5+6,1—
104+3,0% lan luot twong tng voi mau bui, mau nudc va mau tram tich mat (Bang
3.20) va déu nam trong khoang chap nhan duoc theo quy dinh cia AOAC (Phu luc
6) [9]. Mit khac, lwong mau chiét trong luan an thip hon nhiéu so véi phuong phap
chiét truyén thong nhu Soxhlet (véi mau ran) va chiét long-long (véi mau nudc)
nho &p dung cac ki thuat chiét nhanh, hién dai ma van cho két qua tin cay.

3.4. O NHIEM PARABEN, BISPHENOL, PHTHALATE TRONG MAU BUI
3.4.1. O nhiém paraben, bisphenol, phthalate trong miu bui ling
3.4.1.1. Nong d¢ va phan bé cac chat trong mau bui lang

Nhin chung, ham lugng paraben, bisphenol, phthalate phén tich trong cac mau
bui ling thu & xuong tai ché chat thai déu cao hon nha & va xudng stra chita xe. O
mau bui trong nha, tong ham luwong paraben trong khoang 13,5-1319 ng/g (trung
binh/trung vi: 371/278 ng/g) thap hon nghién ctru di céng bd ¢ Ha Noi nim 2021
(<MQL-1650 ng/g; trung binh/trung vi: 403/285 ng/g [83], Nanjiang, Trung Qudc.
(13,1-4220 ng/g) [42]. Trong bao céo khac tai My, ham luong téng 5 paraben ghi
nhan khi phan tich 80 mau bui trong nha dao dong tir 140-39090 ng/g (trung vi:
3490 ng/g) [15]. Piéu nay cho thay paraben dé dang duogc tim thay trong mau bui
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trong nha bai tinh chat dic trung va dugc sir dung nhiéu trong cac san pham hang
ngay. Nguoc lai, ca tn suat va ham luong paraben phat hién trong xuong sira chira
xe twong doi thap, tin suat <57% va nong do tir <MQL-73,2 ng/g (trung binh/trung
vi: 23,1/46,1 ng/g) cho thdy hau nhu khong c6 ngudn phét sinh paraben tai xudng
stra chita xe. Tai xuong tai ché chét thai véi ngudn rac thai sinh hoat da dang, hoat
dong tiéu huay, tai ché tao ra lwong bui 16n va dic tinh d& hap phu do kha ning bay
hoi/ban bay hoi cua paraben nén hau hét cac mau bui & day déu phat hién chat nay.

B Paraben [ Bisphenol [] Phthalate
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Hinh 3.15. Nong d paraben, bisphenol, phthalate trong mau bui ling

Tong nong do paraben trong xudéng tai ché chat thai dao dong tir 538-2357
ng/g (trung binh/trung vi: 1357/1330 ng/g). Trong 7 hop chat paraben nghién ctu,
MeP dugc phét hién ¢ tat ca mau buyi trong nha va xuong tai ché chat thai véi nong
d6 trung binh/trung vi lan luot 1a 182/106 ng/g (13,5-639 ng/g) va 1081/1042 ng/g
(456-1905 ng/g). Chi c6 57% mau tai xuong sira chira xe phat hién sy ¢ mit cua
MeP véi nong do dao dong <MQL-56,3 ng/g (trung binh/trung vi: 18,5/30 ng/g).
PrP 1a hop chét phé bién thir hai trong sé cac paraben nghién ctru, véi tan suat phat
hién 1a 100% trong mau bui thu & xudéng tai ché (nong do: 30,9-178 ng/g; trung
binh/trung vi: 117/132 ng/g), 92% mau bui trong nha (ndng do: <MQL-310 ng/g;
trung binh/trung vi: 80,4/41,4 ng/g) va trong xudng sira chira xe (Néng do: <MQL—
16,9 ng/g; trung binh/trung vi: 4,59/16,1 ng/g). Piéu ndy ching minh tinh thong
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dung ciia MeP va PrP hon cac hop chét paraben khac.
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Hinh 3.16. Phan bd nong dd paraben, bisphenol, phthalate trong bui ling

BPF va BPA duoc phat hién trong tat ca cac mau bui lang thu thap vai tong
ham lugng giam dan theo tha tu: & xudng tai ché chat thai (1983-159582 ng/g;
trung binh/trung vi: 67958/39808 ng/g) > xudng stra chita xe (12166-82497 ng/g;
trung binh/trung vi: 43715/45508 ng/g) > nha ¢ (123-3269 ng/g; trung binh/trung
vi: 922/666 ng/g). Véi mau bui trong nha, tan suat phat hién BPF va BPA lan luot 12
92% va 85%. Trén thyc té, khdng cd nhiéu nguon phat sinh bisphenol tir vat dung
sinh hoat ciing nhu it ¢6 kha niang chung it bi tic dong nhiét, vat 1y dé phat sinh vao
bui. BPF ciing dang dan tré thanh hoa chat thay thé cho BPA trong c4c san pham
nhya phuc vu cudc séng hang ngay. Mot nghién ciru dwoc thu 49 mau bui trong nha
& Han Qudc ciing cho két qua vé sy chénh léch dang ké vé nong do phat hién BPF
va BPA véi nong do BPF (<MQL-1,2 pg/g; trung binh: 0,102 pg/g) va BPA (0,86
9,3 pg/g; trung binh: 3,0 pg/g) [47]. Tuy nhién nong d6 BPA trong nghién ctiru nay
van & muc cao c6 thé do qua trinh chuyén doi BPA biang BPF ¢ Viét Nam cham
hon & Han Québc. O xudéng sira chira xe, bisphenol c6 thé bat ngudn tir vat lidu
chéng chay bang nhyua epoxy trong 0-t6 duoc gia cong ciing nhu tidu huy tai day
sinh ra bui hoac day a khu vuc thuong xuyén st dung son dudi dang phun suong
nén viéc tai tao bui tir c4c san pham nay dé& xay ra. O cac khu vuc xuang tai ché

chat thai, ham lwong trung binh/trung vi cia BPF va BPA & mdi truong nay phat
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hién lan luot 1a 66849/38958 nglg (1864-156326 ng/g) va 1109/850 nglg (119
3256 ng/g). Hién nay, co rat it bao céo vé bisphenol trong bui tai méi truong nay
nhung véi sy da dang caa vat liéu, cing véi dic tinh dé bay hoi va lién két véi cac
vat chat nén ching dé dang bi phat tan vao méi trudng., Vi vay, can xem xét sy 0
nhiém céc hop chat nay tai day dé danh gia va ngin chin 6 nhiém ra cac khu vuc
khac ciling nhu anh hudng téi sic khoe con nguoi.

Tong ndng d6 phthalate phat hién trong cac mau bui ling giam dan theo thi ty
khu vuc xuéng tai ché chat thai (16890-199122 ng/g; trung binh/trung vi:
78733/51129 ng/g) > xudng stra chira xe (37973-167780 ng/g; trung binh/trung vi:
74874/59936 ng/g) > nha & (2294-113397 ng/g; trung binh/trung vi: 40581/35197
ng/g). O noi lam viéc, 6 nhiém phthalate trong nghién ctru nay cao hon khoang 2-9
lan & cac khu vuc 1am viéc khac ¢ mién Bac Viét Nam céng bd nim 2016 nhu cta
hang, siéu thi (8030-106000 ng/g; trung binh/trung vi: 40200/32700 ng/g); phong
thi nghiém (421-53300 ng/g; trung binh/trung vi: 27800/22200 ng/g); van phong
(4500-17000 ng/g; trung binh/trung vi: 8280/5370 ng/g) [82] nhung van thip hon
dang ké so véi xudng stra chira rac thai dién tir & Thai Lan (86000—790000 ng/g;
trung vi: 600000 ng/g) [58]; xuong san xuat dién tor ¢ Hong-Kong (378000
1810000 ng/g) [36], xuong tai ché chat thai dién te ¢ Trung Qudc (170000—
5300000 ng/g; trung vi: 140000 ng/g) [16]. Nong do DEHP chiém 55,1% va déng
gop ti 1é cao nhat trong nhém phthalate (11135-93275 ng/g; trung binh/trung vi:
42224/33923 ng/g), theo sau la DBP (1775-45572 ng/g; trung binh/trung vi:
11244/5648 ng/g), chiém 14,7%. Cac chat DMP, DEP, DPrP, DCHP phéat hién &
nong do khong dang ké véi tong nong do chiém < 2% ndng do6 phthalate. Théng tin
vé 6 nhiém phthalate trong bui ¢ noi 1am viéc con twong ddi han ché so véi cac chat
6 nhiém khac nhu PAH, PCB, tuy nhién, nhitng s6 liéu ndy phan nao phan anh cac
san pham chua phthalate duoc ap dung ¢ Viét Nam ¢ muc d6 thap hon cac qubc gia
khac. So véi cac nghién ciru vé bui trong nha ¢ nha riéng, nong do phthalate trong
nghién ciru nay tang nhe so V4i nghién cau thyuc hién tai cac tinh thanh mién Bac
nim 2016 (3440-79300 ng/g; trung binh/trung vi: 26800/22600 ng/g) [82] va thap
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hon rat nhiéu so véi cac nuéc khéc, nhue ¢ Thai Lan (753-13810 pg/g) [63], Han
Quéc (175-4491 ug/g; trung binh/trung vi: 1825/1550 ug/g) [38], Trung Qudc
(181-9240 pg/g) [36]. Mot sé phthalate c6 dong gép noéng do cao nhu: DEHP
(205055900 ng/g; trung binh/trung vi: 25879/7900 ng/g) chiém 63,8%; theo sau la
DBP (103-11200 ng/g; trung binh/trung vi: 3276/1826 ng/g) chiém 8%, cac hop
chat DnOP, BBzP, DiBP chiém khoang 5-7%. C6 thé thiy rang, DEHP va DBP I
cac phthalate chinh gay 6 nhiém trong bui ling, diéu nay tuong ty véi mot cong bd
vé phthalate trong bui trén thé gisi, véi DEHP va DBP dugc chitng minh 14 cac hop
chat déng gop téi 65% va 28% trong tong sé 6 phthalate (DMP, DEP, DBP, BBzP,
DEHP, DnOP) [38]. Nghién ctru cua nhom tac gia Li va cong sy vé sy 6 nhiém
phthalate trong c4c mau bui trong nha & 2762 dja diém & Trung Quéc tir nam 2007—
2019 ciing cho thay sy dong gép cua tung cau tir giam dan theo th tw DEHP >
DBP > DiBP > DMP > DEP > DiBP [44]. Ly giai vé diéu nay, phthalate 1a cac hop
chat hiru co ban bay hoi nén t6n tai giita cac pha khi, hat lo lirng va bui ling. Khi
d6, cac hop chat ¢ khéi luong phan tir cao nhu DEHP ¢6 kha nang hap phu cao
hon & pha hat [38, 49]. Hon nita, khoang 80% luong phthalate dugc san xuat va sir
dung lam chat hoa déo trong nganh cong nghiép polymer [59] va khoang 50% chat
hoa déo trén thi truong déu c6 sy dong gop caa DEHP trong thanh phan [38]. Do
d6, chat nay duoc tim thdy dé dang véi ham lugng cao trong bui trong nha va trong
cac vi moi trudng khac. Pang cha y, mot nghién cau cong bb nam 2021 da chi ra sy
dong gop 16n cua hop chét diisononyl phthalate (DiNP) trong mau bui lang thu tai
cac xuong tai ché chat thai dién tar & Trung Québc (66%) va trong nha & (15-18%).
Do d6, cac nghién ctru sau ndy dé ma rong danh sach cac hop chat s& dugc trién
khai dé cung cap thong tin toan dién hon ndng d6 ciing nhu dic tinh 6 nhiém cua
céc hop chat nay [16].
3.4.1.2. Bdc trung é nhiém cua paraben, bisphenol, phthalate trong mau bui lang
Pé danh gia mdi trong quan cua ndng do ting cap chat paraben, bisphenol,
phthalate trong mau, phan tich twong quan Spearman duoc sir dung cho cac tap dir

liéu.
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Bang 3.19 ghi nhan 14 cip paraben c6 twong quan duong cao vé ndng do Véi p
<0,05 va r >0,7 chiing t6 cac paraben cling ¢6 ngudn phét thai trong tu nhau ¢ trong
bui, c6 thé giai thich 1a do cic paraben thudng duoc sir dung két hop dé cai thién
kha nang khang khuan cua cac san pham thuong mai va ¢ kha niang phat tan ra bén
ngoai trong ddi gidng nhau [15, 42]. Pang chu ¥, iPrP 1a hop chat it c6 twong quan
duong nhat véi cac chat con lai, didu nay c6 thé do chit nay dd bi cAm str dung
trong cac san pham my pham luu hanh & Viét Nam. Thyc té cho thay, paraben c6
mat trong ca4c mau bui trong nha thudng duoc phat tan tir cac san pham cham soc ca
nhan, my pham, duoc pham dién hinh nhu cac loai san pham dang xit (xit khoang,
xit vubt toc, xit phong...) ma co chira paraben trong cong thuc ché tao. Ngoai ra,
c4c loai my pham, san pham gia dung nhu dau rira bat, kem danh rang, dau goi sau
khi dugc st dung c6 thé theo ludng khi phat tan hodc hoa tan vao nudc, boc hoi,
hap phu vao bui. Trong cac xuong tai ché chat thai, nguon gbc paraben cé thé tir cac
san pham du thira trong rac thai nhuwa va duoc gia nhiét, tac dong vat 1y dén lién két
véi san pham tao thanh cac hat bui va ling dong ¢ khu vuc.

Bang 3.19. Twong quan Spearman ndng dd paraben trong cac mau bui ling

MeP EtP PrP iPrP BuP BzP

0,769%
EtP
0,000P
0,830 0,696
PrpP
0,000 0,000
_ 0,713 0,604 0,841
IPrP
0,000 0,001 0,000
0,814 0,719 0,704 0,626
BuP
0,000 0,000 0,000 0,001
8P 0,753 0,704 0,620 0,596 0,744
z
0,000 0,000 0,001 0,001 0,000
0892 0,709 06/8 069 0,775 0,740
HepP

0,000 0,000 0,000 0,000 0,000 0,000
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Tworng quan Spearman néng do BPF-BPA trong mau bui Iéng
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Hinh 3.17. Twong quan Spearman nong dé BPA-BPF trong cac mau bui ling
Hinh 3.17 ghi nhan nong do BPF va BPA c6 tuong quan dwong trung binh
trong mau bui ling vai r = 0,642. Biéu nay cho thiy tai cac khu vuc nghién ciru van
ton tai cc san pham co6 chira 2 chat nay, thanh phan caa ching cé thé dén chung tur
mot ngudn gdc. Trén thuc té, BPA dang dan duoc thay thé boi BPF trong san pham
tuy nhién chua phai hoan toan. Dua trén thong tin cac san pham duogc tai ché va vat
lieu sir dung tai xudng tai ché cho thdy ngudn rac thai dwa vao tai ché co rat nhiéu
san pham nhwa c6 ky hiéu sé 7 (c6 thé chaa bisphenol) hay cac san pham cé st
dung son chdng dn mon va nhya polycarbonate (san pham tir cong truong xay dung,
rac thai sinh hoat). O nha &, sy xuat hién cta bisphenol thuong dén tir cac san pham
nhya trong nha nhu r6, ghé, chau, san pham dugc son chéng an mon, son chong
thAm qua qua trinh str dung bi tréc son, nhiét phan huy dan dén ling dong trong bui.
Bang 3.20. Twong quan Spearman ndng do phthalate trong cac mau bui ling
DMP DEP DPrP DBP DiBP DnHP BBzP DCHP DEHP
DEP 0,6382
0,000P
0,589 0,541
0,002 0,004
0,126 -0,182 -0,121
0,541 0,375 0,556
DiBP 0,438 0,337 0,323 0,584

DPrP

DBP

90



DMP DEP DPrP DBP DiBP DnHP BBzP DCHP DEHP
0,025 0,093 0,107 0,002
0,430 0,323 0,376 -0,098 0,237
0,028 0,107 0,059 0,633 0,244
0,538 0,243 0,196 0,118 0,175 0,511
0,006 0,231 0,337 0,566 0,393 0,008
-0,136 0,032 0,121 0,234 0,412 -0,143 -0,149
penP 0,509 0,877 0,555 0,251 0,037 0,485 0,466
0,286 -0,082 0,175 0,387 0,363 -0,094 0,071 0,240
0,157 0,689 0,392 0,051 0,068 0,648 0,731 0,237
-0,160 -0,122 -0,106 0,569 0,409 -0,271 -0,063 0,504 0,425
0,435 0,553 0,606 0,002 0,038 0,180 0,761 0,009 0,030

DnHP

BBzP

DEHP

DnOP

a: gia tri twong quan r; b: gia tri khoang tin cgy (p-value)

Tir Bang 3.20, phan tich twong quan Spearman chi cho méi twong quan duong
& mirc trung binh vé ndng d6 cua mot sé cip phthalate nhu: DMP-DEP (r=0,638);
DMP-DPrP (r=0,589); DEP-DPIP (r=0,541); DBP —DiBP (r=0,584); DMP-BBzP
(r=0,538); DnHP-BBzP (r=0,511); DBP-DnOP (r=0,569). M&i lién hé giia cc cip
chat nay cé thé duogc giai thich bang su tuong dong veé tinh chat héa ly (cap dong
phan DBP-DIBP) hoic ung dung cia cac phthalate c6 khdi lwong phan tir thap
trong cong nghiép my pham, nudc hoa, dugc pham, chat két dinh. DEHP thé hién
mdi twong quan nghich véi tat ca 9 phthalate con lai c6 thé do DEHP c6 tinh ky
nude cao hon va kha ning héa hoi thdp hon cac chat khac. Pang chd ¥, phan 16n
c4c cap nong do co turong quan <0,5 mac di ndong do phét hién 16n, dua ra gia thiét
rang cac phthalate trong bui c6 ngudn géc phuc tap. Véi bui trong nha ¢, phthalate
thuong xuat phat tir cac vat gia dung nhya, cac hat vi nhya trong san pham. O
xuong sira chira xe, ngudn phat thai phthalate dén tir cac loai nhua chéng chay,
nhya siéu cing. O xuong tai ché chat thai, ngudn phét sinh phthalate 1a hén hop
nhiéu thanh phan va c6 tac dong nhiét, tac dong vat Iy khién kha ning giai phong

phthalate tir rac vao bui rat cao.
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Biéu dé phan tich thanh phén chinh trong méu bui ling

DBP BPF

PC2 (20,4%
[=]

.-0..2 -01 OfD 0.-1 0-2 0-3
PC1 (37,5%)

Hinh 3.18. Biéu d6 phan tich thanh phan chinh trong mau bui ling

Phuong phép phan tich thanh phan chinh (principal component analysis —
PCA) duoc sir dung dé tim kiém céc thanh phan cé sy déng gép chinh trong bd sd
lieu. Kich thudc bo sb ligu dugc giam xudng giup danh gia trong tim cac diém khéc
biét trong bo sb liéu. Phan tich thanh phan chinh cua toan bo cac chat paraben,
bisphenol, phthalate trong mau buyi ling thu dugc Hinh 3.18, c¢6 thé thay chi tir ba
thanh phan chinh dau tién (PC1, PC2, PC3) da giai thich duoc toi 67% tong phuong
sai tich liiy cia mau bui lang, cu thé: PC1, PC2, PC3 lan luot dong gop ti 1é tich liy
phuong sai 1an luot 1a 37,5%; 20,4%:; 9,3%. Cac yéu t6 chinh anh huong dén phan
bd trong céc chiéu PC (déng gop >30%) bao gom: HepP, DMP, DEP, BPF, DBP,
DiBP, DnHP, DEHP. Tir ndng d6 cé4c chat nay, sir dung phuong phap phan tich cum

(CA—cluster analysis) dé phan loai mau bui ling trong nghién ciu.

Biéu db phan loai mau theo néng dé cac thanh phan chinh trong méu bui ling

48.33

65.56

P twong dong

82.78+

B LB LD D N P B D 5 A N M B N B A A 6o
P R I

Méau bui ldng

Hinh 3.19. Biéu d@d phan loai miu theo ndng a9 cac thanh phan chinh trong
mau bui ling
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Két qua phan tich nhom dia diém lay miu céc thanh phan chinh trong mau bui
ling thu duoc & Hinh 3.19 cho thay cd thé phan loai mau thanh 4 nhém mau tuong
tw nhu cach thu mau. Nhém 1 gém cac mau H-1, 8, 2, 10, 6, 12, 3, 4, 9, 13 véi do
tuong dong khoang 90% va nhém 3 gém cac mau H5, H7 voi do twong dong
khoang >90% la cac mau lay tai nha riéng. Didc diém chung cua cac khu vuc nay la
phong kin, it bi anh huéng boi cac yéu t6 ngoai troi nhu anh sang, nhiét do va
ngudn phat thai cac hop chat nay cd thé dén tir qué trinh sinh hoat sir dung san
pham cham soc ¢4 nhan, d6 nhua gia dung. Nhom 2 gom cac mau WRS-1,4,5,3 véi
d6 twong dong khoang 90% la cac mau lay tai cac ctra hang stra chita xe. Dic diém
chung 1a co dién tich rong nhat so véi 3 nhdm nha o, xuong sira chita xe, xudng téi
ché chat thai, chi c6 quat dién, mot sé mat hang nhua, khong c6 d6 dién tir, gia dung
va nguon phat sinh cac chat nay chu yéu tir cac hoat dong udn nan khuén nhua, st
dung nhwa chng chay, nhua siéu cimg, son... Nhom 4 gébm cac mau WR-5, 1, 2, 6,
3 vé6i d6 trong ddng 90-95% la cac mau thu tai xuwdng tai ché chat thai, co dién tich
nho. Nguon phéat thai cac chat 6 nhiém nay rat da dang, chu yéu dén tir hoat dong tai
ché str dung nhiét, tac dong vat ly 1én cac vat liéu nhua cil.

3.4.2. Ham lwgng phthalate trong mau bui min

Nghién ctru dd mé rong phan tich ham lugng phthalate trong cac mau bui
min PMos va PMo thu thap tai tinh Bic Ninh — mét tinh giap Ha Noi va co tée do
phét trién Kkinh té rat nhanh, véi muc dich phat trién phuong phap phan tich toan
dién cac hop chit c6 trong bui. Dya vao ham luong so bd cac hop chat phét hién
duogc trong bui lang, nhan thay ham lugng paraben, bisphenol nhé hon rat nhiéu so
véi phthalate nén chi ¢6 nhom phthalate dugc lya chon md rong phan tich trong
mau byi min. Téng ndng d6 10 phthalate phat hién dugc trong bui PMoy tir 1,76—
372 ng/m3 (trung binh/trung vi: 70,4/34,0 ng/m3) va trong bui PMos tir 2,24-895
ng/m? (trung binh/trung vi: 47,4/15,4 ng/m3). Ti 1& nong d6 phthalate trong bui
PMos /PMo.1 = 0,67 cho thay cac chat nay c6 xu hudng hap thy vao bui PMo1 hon.
Dén nay, chua c6 cac nghién ciu cdng bd vé& ham luong va phan b céc hop chat

nay trong bui min cé kich thudc hat nho hon 1 um. Tac gia Ma va cong su bao cao
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ham luong téng 6 phthalate trong bui min PMzs va PM1o & Shanghai (Trung Qudc)
lan lugt dao dong tir 13,3-186 ng/m? (trung binh: 59,8 ng/m3) va 10,1-445 ng/m?3
(trung binh: 132 ng/m®) trong d6, sy 6 nhiém phthalate ¢ cac thang mua nong
(71,9-207 ng/m3) cao hon 1,4-2,6 lan cac thang mua lanh (50,4-76,9 ng/m®) [48].
Nong d6 phthalate trong bui PM2s trong nha va ngoai troi thu tai Taiwan, Trung
Qudc lan luot 12 538+235 ng/m? va 182+185 ng/m? [13]. Két qua nay con phu thudc
vao khu vuc dia 1y, diéu kién khi twong, mia va mic do céng nghiép hoa cuaa tirng
khu vuc.

Trong sé 10 hop chat phan tich, tan suat phat hién trong mau cia mot s chat
>50% nhu: DBP (100%) > DEP (90%) > DiBP (86%) > DPtP (79%) > DMP (69%)
> DEHP (52%). DCHP khong phét hién duoc trong cdc mau thu thap. Nhin chung,
cac phthalate c6 khdi luong phan tir thap co xu hudng duoc tim thay vai tan suat
cao hon phthalate c6 khéi lugng phan tir cao. Xu hudng nay nguoc lai voi phan b
cac chat trong bui lang, cho thiy ring c6 sy uu tién phan bd céc phthalate khéi
lugng phan tir thap va trung binh trong pha khi hon [7, 80]. Mic du tan suat phét
hién cia DEHP thap hon cac phthalate c6 khéi lwong phan tir thap nhu lai do duoc
nong d6 cao nhat (trung binh lan luot 14 61,2 va 42,2 ng/m? trong PMos va PMo.1).
Nong d6 trung binh cia DBP trong PMos va PMo1 lan luot 12 18,5 va 7,69 ng/m?®.
3.5. O NHIEM PARABEN, BISPHENOL, PHTHALATE TRONG MAU NUGC
3.5.1. Nong dé va phan bo cac chat trong miu nwéc

Két qua phan tich cac mau nudc mit lay tir 5 hd, nudc sbng trude xu Iy va
nuéc song sau xi Iy duoc tom tit trong Hinh 3.20.

Déi v6i miu nude mit 1y tai cac hd, tong ndng do trung binh caa 3 nhdm chit
tang dan theo thi ty: paraben (27,3-93,0 ng/L; trung binh/trung vi: 46,1/44,6 ng/L)
< bisphenol (40,7-129 ng/L; trung binh/trung vi: 80,9/82,0 ng/L) < phthalate
(2278493139 ng/L; trung binh/trung vi: 51191/51142 ng/L). Tan suat phat hién cac
hop chét nay trong nudc hd twong ddi cao, c6 thé lién quan dén vi tri cac hd nam
trong khu vuc néi thanh, ¢ mat do dan cu déng duc, sir dung nhiéu san pham c6

chta chung nén di ria tréi vao nguodn nude. Hon nita, cac ho trong nghién ciu 13
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cac hd khdng co hé thdng thoat nudce va tiép nhan truc tiép nuée thai dan sinh.

[ Paraben [ Bisphenol [] Phthalate

1000000 | . :
100000 1 g
~ 10000 1 :
8D
2 ]
< 1000 1
b‘n 4
S ] : *
20100 g .
I = ===
10 1
o ]
Nuée ho Nuwéc song trwdce xa Iy Nudc song sau xw Iy

Hinh 3.20. Téng ndng dé paraben, bisphenol, phthalate trong mau nwéc

Xét nhdm paraben, mic du c6 do bén rat thap trong méi truong nudc nhung
c4c chat ndy van duoc phét hién trong mau nghién ciru véi tong nong do trung binh
cta ca 7 paraben trong nuéc ho khdng co su khac biét dang ké va giam dan theo thi
tu: hd Thién Quang (32,2-93,0 ng/L; trung binh/trung vi: 51,2/48,0 ng/L) > hd Trlc
Bach (33,2-80,2 ng/L; trung binh/trung vi: 49,7/45,5 ng/L) > hd Ba Mau (37,9-51,6
ng/L; trung binh/trung vi: 45,5/46,7 ng/L) > hé Tay (27,3-64,9 ng/L; trung
binh/trung vi: 43,0/44,6 ng/L) > hé Hoan Kiém (37,7-44,6 ng/L; trung binh/trung
vi: 39,9/38,7 ng/L). Hb Thién Quang thudc khu vuc quan Hai Ba Trung, noi c6 mat
d6 dan cu rat cao & Ha Noi (33420 nguoi/km?, s6 liéu théng ké nam 2022). Ngoai
ra, dién tich hd Thién Quang (5 ha) nho hon rat nhiéu so véi hd Tay (500 ha). Luu
lwong xa thai nuéc hd Thién quang khoang 600 m3/ngay dém va 1a nuéc nhan truc
tiép chwa qua xtr Iy. MeP va PrP duoc phat hién trong tat ca cac mau véi ham lugng
dao dong tur 4,44-64,8 ng/L (trung binh/trung vi: 12,1/7,60 ng/L) va 6,11-12,8 ng/L
(trung binh/trung vi: 9,70/9,85 ng/L), ciing 1a 2 chit déng gop ndng d6 chi yéu so
VGi cac paraben con lai, trong d6, MeP c6 ndng d6 Ion nhat. Céac paraben c6 khoi

luong phén tir 16n hon nhu BuP, BzP, HepP phat hién ¢ 54,5-84,8% mau, véi ham
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lwong <3,5 ng/L. Xét nhom bisphenol, tdng néng d6 cua BPA va BPF giam dan
theo tht tu: hd Thién Quang (45,8-129 ng/L; trung binh/trung vi: 95,7/93,7 ng/L) >
ho Tay (73,3-113 ng/L; trung binh/trung vi: 88,6/85,9 ng/L) > hd Trlc Bach (45,9—
115 ng/L; trung binh/trung vi: 85,4/96,4 ng/L) > ho Ba Mau (44,2-100 ng/L; trung
binh/trung vi: 67,8/67,1 ng/L) > hé Hoan Kiém (40,7-76,3 ng/L; trung binh/trung
vi: 57,3/56,9 ng/L). Nong d6 BPF lén hon khoang 1,8 lan so véi BPA ghi nhan c6
su chuyén dich tich cuc giita 2 hop chat nay. Nong do cia BPA trong nghién ctu
nay thap hon hd Taihu (73-678 ng/L; trung binh/trung vi: 217/157 ng/L) [68] va ho
Luoma (49-110 ng/L; trung binh/trung vi: 86/77 ng/L) [90]. Nguoc lai, ndng do
BPF trong nghién ctru nay cao hon ho Taihu (1,1-40 ng/L; trung binh/trung vi:
7,1/4,6 ng/L) [69] va hé Luoma (<MQL-94 ng/L; trung binh/trung vi: 21/18 ng/L)
[90]. Tan suét phét hién hai hop chat nay trong mau nuéc 1a 100% cho thay day
cling 1a mot trong nhitng hop chat 6 nhiém phd bién trong méi trudng nudc & Ha
Noi. Hon thé nira viéc ton tai cac hop chit nay trong nudc hd cho thay ngudn nuéc
dua vao ho van con bi 6 nhidm tir cac xudng san xuat vat liéu xung quanh hé. Thuc
té viéc quan Iy nudce thai tai HA Noi con kha kém nén viéc dwa thiang nudc thai chaa
nhiéu chat & nhiém trong d6 c¢6 bisphenol vao hé théng ho tai Ha Noi van con dién
ra. Bén canh do, co quan chirc nang dang c6 cac chinh sach cho luu thong dong
chay hon 1a cac ho tU s& huéng t6i viéc giam thiéu hon cac thanh phan 6 nhiém
trong nuéc ho. Xét nhom phthalate, ndng d6 trung binh cua tong phthalate giam dan
theo thir ty: hd Tay (28140-93139 ng/L; trung binh/trung vi: 65271/66474 ng/L) >
hd Trdc Bach (31985-66856 ng/L; trung binh/trung vi: 51057/51584 ng/L) > ho
Hoan Kiém (22784-67704 ng/L; trung binh/trung vi: 46677/47773 ng/L) > ho Ba
Mau (29168-53427 ng/L; trung binh/trung vi: 46165/48483 ng/L) > ho Thién
Quang (28456-56424 ng/L; trung binh/trung vi: 42765/42876 ng/L). T4t ca 10 hop
chat déu duogc phat hién véi tan suat cao (>80%), trong d6, DEHP duoc phét hién
nong do cao nhat (1596-36426 ng/L; trung binh/trung vi: 18085/19190 ng/L),
chiém 35,3% tong ham lugng phthalate, theo sau 1a DBP (783-28957 ng/L; trung
binh/trung vi: 11974/11705 ng/L) cho thay su phan bd rong khap cua hda chat nay
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trong moi trudng nuéc ¢ noi thanh Ha Noi. Nhin chung, cac hd nay déu nim &
trong khu dan cu dong dic, tiép nhan tryc tiép nuéc mua va nude thai sinh hoat cua
dan xung quanh va chua c6 hé thong luu théng dong chay. Hién nay, & Viét Nam
chua c6 nhiéu nghién ciu b4o cdo vé su cO mit cua cac paraben, bisphenol va
phthalate trong cdc mau nuéc mat thu tai cdc hd chay trong d6 thi. Két qua cua
nghién cau s& 13 tién dé cho cic danh gia sdu hon vé su phan bd cua cac hop chat

nay trong nudc hd néi riéng va nudc mit néi chung & Viét Nam.

100% 1
aDnOP @DEHP

DCHP @BzBP

80% -

@bDnHP ODBP

aDiBP  @mDPrP

60% -

aDEP  &@DMP

40% - oBPA  @BPF

BHepP M@BzP

200 4
% WBUP  OiPP

mPrP OEtP

0% -
Paraben Bisphenol Phthalate i Paraben Bisphenol Phthalate : Paraben Bisphenol Phthalate mMeP

Nwée HO Nwéc séng trwée xwv ly Nwée séng sau xuv ly

Hinh 3.21. Phan bd ndng d paraben, bisphenol, phthalate trong mau nwéc

Doi v6i mau nudc mat lay tai cac song chua qua xtu ly thu thap tai song T6
Lich va Kim Nguu, ndng do paraben nim trong khoang tir 58,1-519 ng/L; trung
binh/trung vi: 141/80,1 ng/L), trong do, cac mau thu & séng Td Lich ¢ néng do
trung binh/trung vi: 207/191 ng/L (61,5-519 ng/L) va song Kim Nguu c6 ndng do
trung binh/trung vi 69,7/71,0 ng/L (58,1-80,1 ng/L), cao hon khoang 3 lan nong do
paraben trong mau nuéc hd nhung van thap hon cac cong bd ¢ Trung Qudc [53, 74,
92-93], Tay Ban Nha [12], An D6 [37]. MeP va PrP duoc phat hién trong tat ca cac
mau, trong d6 dong gop ti 1& 16n nhat 1a MeP (9,05-433 ng/L; trung binh/trung vi:
66,2/21,6 ng/L), chiém 47% tong nong do paraben, theo sau 12 PrP véi ndng do thap
hon 2,6 1an (9,31-124 ng/L; trung binh/trung vi: 24,9/11,9 ng/L). Nong d6 MeP,
EtP, PrP va BuP trong mau nudc thai truéc xir ly & nghién ctu nay thap hon hang
chuc 1an lan cong bé & Tay Ban Nha (lan luot 1a 290-10000; 250-1600; 520-2800;
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39-270 ng/L) [28] nhung cao hon 1a Nhat Ban, My va Buc [54]. Tuong tu nhu cac
mau nuéc hd, cac paraben cé khéi luong phan tir 16n hon nhu BuP, BzP va HepP
dugc phat hién trong khoang 80% mau véi tdng nong do cac chat nay chi chiém
<15% tong ndng d6 paraben. Do tinh tan trong nudc tét hon cac paraben cé Khoi
lwong phan tir [6n va tng dung rong rdi trong cac san pham chim séc ca nhén, vat
lieu gia dung ma céc paraben c6 khéi lwgng phan tir nho thuong dugc phét hién &
ham Iugng I6n hon. Xét nhém bisphenol, BPA va BPF ciling dugc phét hién trong
tat ca cac mau véi nong do cao hon khoang 1,3 lan paraben (95,9-407 ng/L; trung
binh/trung vi: 185/152 ng/L). Nong d6 BPF (57,6-244 ng/L; trung binh/trung vi:
114/91,1 ng/L) cao hon khoang 1,6 lan nong do BPA (26,7-163ng/L; trung
binh/trung vi: 70,8/60,9 ng/L) va déng gop khoang 61,7% tong ndng do nhém nay.
Ca 2 chat nay déu c6 hang s phan b octan/nudc (logKoew) <4 nén dugc phat hién
nhiéu trong pha nuéc nhung c6 kha niang chuyén héa nhanh chéng (chu ky béan ra
15-180 ngay) [49]. Xét nhém phthalate, ca 10 phthalate déu dugc phét hién trong
C4C MAu nudC NAy, VGi tong nong do trung binh/trung vi: 126695/120998 ng/L
(20646404702 ng/L), cao hon hang trim 1an nong d6 paraben, bisphenol va hon
rat nhiéu so vai sb lidu béo cao & Pan Mach va Ba Lan [8]. DEHP van dugc phat
hién 1a thanh phan dong goép ndéng do chu yéu trong nude thai, nim trong khoang
8580-150000 ng/L (trung binh/trung vi: 56640/47100 ng/L). Phthalate van duoc
phét hién trong cac mau nudc thai sau xu Iy, véi nong do giam di khoang 10 lan so
V6i trugec xir ly, nam trong khoang 26836-79816 ng/L (trung binh/trung vi:
46900/41750 ng/L). Trén thyc té, phthalate c6 thé bi bay hoi, phan huy, tich liy vao
trong bun hodc chuyén héa sinh hoc trong qué trinh xu Iy nudc thai. Sy phan bé céc
phthalate trong nudc bi chi phi bai tinh tan ciia chat d6 trong nuéc. Cu thé, do tan
cua phthalate giam khi ting chiéu dai chudi mach carbon trong phan tt chat, hoic
khi tdng nhiét d0 mai truong.

Két qua phan tich mau nuéc song da qua xtr ly cho thay c6 sy giam dang ké ca
vé tan suat phét hién ciing nhu ham luong cac paraben, véi néng do dao dong tir

26,0-38,2 ng/L (trung binh/trung vi: 30,3/28,2 ng/L), giam 4 1an so véi trude xi 1y.
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Déng chu y, tin suat phét hién cac chat EtP, iPrP, BuP, BzP, HepP ciing giam
xubéng con 30-80%. Ham luong bisphenol (24,9-51,4 ng/L; trung binh/trung vi:
36,8/34,6 ng/L) ciing giam khoang 5 1an so vé&i nuéc thai trude xir ly. Nong do
phthalate (26836-79816 ng/L; trung binh/trung vi: 46876/41746 ng/L) giam khoang
2,7 1an so voi trude xt 1y. Sy c6 mit caa cac hop chat ndy trong mau nuée da qua
xtr ly cho thay, cac nha may xu 1y nudc thai chua hoan toan c6 thé loai bo dugc
ching ra khoi méi trudng. Piéu nay ciing da dugc cdng bd ¢ cac nghién ctu vé qua
trinh xir 1y nuéce thai ¢ cac nha may xir Iy nude thai & Trung Quoc [31, 34, 75].
3.5.2. Pic trung 6 nhiém ciaa paraben, bisphenol, phthalate trong miu nwéc

Do6i voi mau nuéc ho, két qua phan tich twong quan Spearman cho cac cap
nong d6 paraben, BPA-BPF, phthalate lan luot duoc chi ra trong Bang 3.21, Hinh
3.22 va Bang 3.22.

Bang 3.21. Twong quan Spearman ndng dd paraben trong cac miu nwéc ho
MeP EtP PrP iPrP BuP BzP

0,303%
EtP
0,086°
0,176 0,712
PrP
0,327 0,000
-0,260 -0,004 -0,105
iPrP
0,144 0,982 0,560
0,097 -0,207 -0,102 0,152
BuP
0592 0,248 0570 0,399
. 0,09% 019 0261 0,51 0,107
z
0597 0290 0142 0,400 0,552
-0,155 -0,144 0,160 0,147 0,405 0,366
HepP

0,388 0423 0374 0416 0,019 0,036

a: gia tri tweong quan r, b: gia tri p-value
Két qua phan tich twong quan Spearman ndng d6 cac cap paraben chi ra hau

hét céc cap c6 hé sb trong quan <0,5 don vi, trir EtP—PrP (r=0,712). C6 thé thiy, 2
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chat nay van duoc sir dung phé bién, tuy nhién ngudn phat sinh paraben vao nudc
phtic tap hon va bi anh huong boi cac diéu kién nhu do pH, thoi gian bén ré.

Tuong quan Spearman vé nong do cua cip BPA-BPF & muc trung binh
(r=0,597) cho thay 2 hop chat nay con ton tai cung nhau va c6 méi lién hé vé ngudn
g4c phét sinh. Cac hé trong nghién ciru déu thudc cac quan trung tdm Ha Noi, mat
d6 dan cu rat cao, hoat dong dan sinh rit da dang bao gdm nha &, trudng hoc, y té,

salon téc, ctra hang tap hoa va BPA van chua thé dugc hoan toan loai bo.

Néng dd BPA (ng/L)

Twong quan Spearman néng do BPF-BPA trong miu nuérc hé Twong quan Spearman néng dé BPF-BPA trong miu nuéc séng

&
=]

Néng dd BPA (ng/L)

r
S
E

r=0.597 p=0.000 r=0.933 D=0.ﬂ0
60 100 150
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Néng db BPF (ngiL) Nbéng db BPF (ngiL)

Hinh 3.22. Twong quan Spearman nong dé BPA-BPF trong miu nwéc
Bang 3.22. Twong quan Spearman nong do phthalate trong mau nwéc ho
DMP DEP DPrP DiBP DBP DnHP BzBP DCHP DEHP
0,4072
DEP
0,019°
0,255 -0,136
0,153 0,452
0,004 -0,260 0,251
0,982 0,144 0,158
0,008 -0,205 0,438 0,725
DBP
0,965 0,252 0,011 0,000
0,446 0,328 0,342 -0,109 0,183
0,009 0,062 0,052 0,545 0,307
0,330 0,009 -0,055 -0,284 -0,065 -0,093

0,061 0,960 0,760 0,109 0,720 0,605

DPrP

DiBP

DnHP

BzBP
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DMP

DEP

DPrP

DiBP

DBP

DnHP BzBP

DCHP DEHP

0,589
DCHP
0,000

0,472
DEHP

0,006

0,557

0,001

DnOP

0,353
0,044
-0,097
0,590
0,068
0,709

0,241
0,176
0,163
0,363
0,216
0,228

0,048
0,792
-0,027
0,883
-0,113
0,531

-0,132
0,465
0,027
0,880
-0,010
0,957

0,375 -0,148
0,031 0,410
0,255 0,248
0,153 0,163
0,490 0,092
0,004 0,612

0,325
0,065
0,294
0,097

0,397
0,022

a:giatrir,b; giatrip

Bang 3.22 cho thdy phan 16n céc cip phthalate déu cho hé sb twong quan

Spearman <0,5 cho thay ngudn phat sinh phthalate vao nuéc ho rat da dang va phic
tap, trir cap ddng phan DBP-DIBP (r=0,725) c6 thé dugc giai thich do tinh chat hoa

1y tuong dong. Tuong tw nhu cac hop chat paraben va bisphenol, cac phthalate phét

thai vao nudc cling bi anh huong boi diéu kién méi trudng nhu d6 pH, nhiét do,

chat hoat dong bé mat, chat 6 nhidm hoic chat &c ché vi sinh vat [59].
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Hinh 3.23. Biéu dd phan tich thanh phan chinh trong mau nwéc ho, nwéc séng

Phan tich su dong gop vé ndng do6 cua cac paraben, bisphenol, phthalate trong

mau nudc hd cho thay két qua twong ddi phan tan, cac PC1, PC2, PC3, PC4 lan luot
dong gop 19,0%; 14,2%; 12,9% va 12,1% téi tong phuong sai tich lity. Mot s6 chat

c6 déng gop ndi troi téi phan b trong cac chiéu PC (dong gop >35%) bao gom:
PrP, DMP, DiBP, DPrP, HepP, MeP, BPA va DEHP. Tir nong do cac chat nay, sir

dung phuong phap phan tich cum dé phan loai mau nuée hd trong nghién ciu.

Két qua phan tich nhém dia diém lay mau theo cac thanh phan chinh trong
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mau nudc hd thu duoc & Hinh 3.24 cho thay ¢6 3 nhdm mau c6 su tuong ddng.
Nhém 1 (TQ-1, HK-4, HK-5, TQ-3, HK2, TB-4) va nhém 3 (TQ-5, BM-2, BM-6,
TQ-4, TQ-7, BM-3) gébm cac mau thu tai hd Thién Quang, hé Hoan Kiém, ho Ba
Mau 1a cac hd co dién tich nho, voi sy twong ddng lan luot khoang 95% va 85%.
Nhom 2 gdm cac mau thu & ho Tay (HT-3, HT-7, HT-8, HT-4, HT-6) va cac mau
thu tai hd Trac Bach (TB-1, TB-2, TB-3, TB-5, TB-6) véi d6 twong ddng chung
khoang 90%. Pay 1a 2 hd gan nhau thuoc Quan Tay Ho va c6 su luu thong dong

chay tot hon ba ho con lai.

Biéu d& phan nhém miu nwéc hd theo néng dd cac thanh phan chinh
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Hinh 3.24. Biéu d6 phan nhém miu nwéc hd va nwéc sdng theo nong dd cac
thanh phan chinh
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Bang 3.23. Twong quan Spearman ndng dd paraben trong miu nwéc sdng
MeP EtP PrP iPrP BuP BzP

0,6792
EtP
0,000°
0,180 0,708
PrP
0,389 0,000
_ 0,291 0,248 0,292
IPrP
0,159 0,232 0,156
-0,273 -0,005 0,217 -0,325
BuP
0,187 0983 0,298 0,113
. -0,596 -0,198 0,137 -0,615 0,758
z
0,002 0,342 0513 0,001 0,000
-0,840 -0,582 -0,220 -0,332 0,509 0,708
HepP

0,000 0,002 0291 0,105 0,009 0,000

a:giatrir,b; giatrip

Két qua phan tich tuong quan Spearman ddi v4i nong do cac cap paraben
trong mau nudc séng cho thay c6 su tuong quan duong cua mot sé cip MeP-EtP
(r=0,679), EtP-PrP (r=0,708), BuP-BzP (r=0,758). BzP-HepP (r=0,708). iPrP van
cho twong quan nghich ddi véi 5/6 paraben con lai. Mau nuéc séng ciing cho moi
tuong quan Spearman dwong rat cao vé nong 46 BPA-BPF (r=0,933). Thuc té, hai
bén bd céc sdng nay c6 rt nhiéu xudng sira chita xe, gia cong vat liéu xay dung,
nha dan, truong hoc, y té, salon téc. Chinh céc hoat dong dan sinh va kinh doanh
dich vu nay din dén céc hop chat ndy xa vao séng, ho theo qué trinh tay rua, gia
cong nhiét.

Bang 3.24 ghi nhan két qua phan tich Spearman nong do cac cap phthalate cho
7 cip co tuong quan duong véi r>0,5, bao gdm DMP-DEP, DBP-DiBP, DiBP-
BBzP, DBP-BBzP, DMP-DnOP, DEP-DnOP, DEHP-DnOP. Nhu d3 dé cap o trén,
dong hoc cua qua trinh phan hay ki khi cua phthalate trong hé thong thuy sinh con

phu thudc rat nhiéu cac yéu té moi truong.
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Bang 3.24. Twong quan Spearman ndng dd phthalate trong miu nwéc séng

DMP DEP DPrP DiBP DBP DnHP BBzP DCHP DEHP

0,6022
0,001°
0,026 0,402
0,901 0,046
0,151 0,342
0,472 0,095
0,168 0,505
0,423 0,010
-0,046 0,128
0,827 0,543
0,103 0,352
0,624 0,085
DCHP 0,300 0,375
0,145 0,064
0,253 0,260
0,222 0,209
0,572 0,564
0,003 0,003

DEP

DPrP

DiBP

DBP

DnHP

BBzP

DEHP

DnOP

0,343
0,093
0,333
0,104
0,556
0,004
0,113
0,990
0,328
0,109
0,090
0,669
-0,016
0,939

0,748
0,000
0,200
0,338
0,691
0,000
0,333
0,104
0,147
0,483
0,032
0,878

0,312
0,130
0,707
0,000
0,437
0,029
0,273
0,187
0,235
0,257

0,248
0,231
0,258
0,212
0,413
0,040
0,212
0,308

0,316
0,124
0,431
0,032
0,331
0,106

0,365
0,073
0,293
0,155

0,622
0,001

a:giatrir,b; giatrip

Phan tich sy dong gop vé ndng do cua cac paraben, bisphenol, phthalate trong

mau nuéc sdng (Hinh 3.23) cho thay cac chiéu PC1, PC2, PC3, lan luot dong gop

32,5%; 17,7%; 13,3% t6i tong phuong sai tich liiy. Chi c6 5 phthalate c6 dong gop

ndi troi hon téi phan bé trong céc chiéu PC (dong gop >30%) bao gom: DEP, DBP,

DEHP, DiBP, DnHP.

Két qua phan loai miu nuéc séng dya theo nong d6 cac thanh phan chinh

duogc thé hién & Hinh 3.24 cho thdy c¢6 mot s6 cum twong dong. Nhém 1 gém cac

mau ldy tai song Kim Nguu va nuéc thai sau xir Iy (KN-1, KN-7, KN-4, KN-8,
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EW-4, KN-5, EW-7, EW-3) Ia cdc mau c6 nong do DEHP cao gip khoang 2 lan
nong do DBP hoic DiBP. Nhém 2 gém céc mau lay tai séng T6 Lich (TL-13, KN-
11, KN-12, TL-4, TL-7, TL-12, TL-2, TL-8, TL-3, TL-5) c6 néng d6 DEHP cao
hon 5 1an so voi nong d6 cua DBP hoic DiBP va ciing 1a cac diém 6 nhiém
phthalate so véi cac diém con lai. Nhém 3 gdm maot s6 mau nuée thai sau xt 1y, ¢6
d6 twong dong khoang 80%.
3.6. O NHIEM PARABEN, BISPHENOL, PHTHALATE TRONG TRAM TiCH
3.6.1. Nong @6 va phan bé cia cac chat trong mau tram tich

Ham lugng cua 7 paraben, 2 bisphenol va 10 phthalate trong cac mau tram tich
duoc xac dinh theo khdi lwong mau khd va tom tat trong Hinh 3.25.

B Paraben O Bisphenol [ Phthalate
1000000 7
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] e :

10000 1 L ' '
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0 ]

Song To Lich Song Nhué Song Pay

Hinh 3.25. Téng nong dé paraben, bisphenol, phthalate trong mau tram tich

Nhin chung, cac paraben ciing nhu dan xuat clo héa cia chung wu tién tap
trung & pha ran lo ling trong nuéc sdng va vaéi ndong dd cao hon nhiéu so véi pha
hoa tan [76]. Tong nong do paraben dao dong trong khoang 24,0-85,6 ng/g (trung
binh/trung vi: 51,9/53,4 ng/g) va khéng c6 su chénh léch dang ké ¢ 3 con sbng, cu
thé: séng T6 Lich (30,2-74,4 ng/g, trung binh/trung vi: 55,3/56,5 ng/g), song Nhué
(29,1-85,6 ng/g, trung binh/trung vi: 54,5/54,3 ng/g), song Day (24,0-73,5 ng/g,
trung binh/trung vi: 47,7/52,8 ng/g) va cao hon bao cao tai séng Yelow (13,3-37,2
ng/g, 21,0/20,3 ng/g) va séng Huai, Trung Quéc (16,1-31,6 ng/g, 22,6/21,2 ng/g)
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[21]. Nong d6 cua MeP va PrP chiém uu thé trong nhom paraben, véi tong ham
lwong cua 2 chat dong gop >75% tong nong do paraben. Nong do MeP va PrP lan
luot dao dong trong khoang 11,2-42,5 ng/g (trung binh/trung vi: 27,4/26,1 ng/g) va
4,14-36,4 ng/g; (trung binh/trung vi: 19,0/19,3 ng/g) & mau tram tich thu tai séng
T6 Lich: 2,22-40,6 ng/g (trung binh/trung vi: 23,4/18,8 ng/g) va 5,09-39,4 ng/g
(trung binh/trung vi: 23,0-28,9 ng/g) ¢ song Nhu¢; <MQL-36,9 ng/g (trung
binh/trung vi: 19,4/20,6 ng/g) va <MQL-34,5 ng/g (trung binh/trung vi: 18,2/19,6
ng/g) & song Pay. Trén thuc té, hai hop chat nay duoc sir dung phd bién va thuong
duoc sir dung cuing nhau trong cac san pham cham séc c4 nhan, nén ti 1& phat hién
trong mau gan nhu tuyét ddi. Cac paraben con lai co ti 18 phét hién ciing nhu ham

luong thap hon nhiéu so véi MeP va PrP.

100% : e .Dnop

mDEHP
BDCHP
@EBzBP
@DnHP
oDBP
aDbiBP
EmDPrP
mDEP
BDMP
oBPF
BEBPA
EHepP
mBzP
EBuP
_______ aiPrP

S e mPrP
T ~ T ' OEtP
Paraben Bisphenol Phthalate mMeP

80% 1

60% 1

40%

20% 1

0% -

Hinh 3.26. Phan bd ndng d paraben, bisphenol, phthalate trong mau tram tich

Céc bisphenol cé xu hudng tich lily trong tram tich tt hon trong nuéc véi chu
Ky ban ra tir 135-1621 ngay [49]. Bisphenol duoc phat hién trong cac mau tram tich
Vi tong nong do tir <MQL—106 ng/g (trung binh/trung vi: 43,3/42,3 ng/g), cao hon
cdng b & sdng Pearl, Trung Québc nim 2017 [94] trong d6, séng T6 Lich (10,6-106
ng/g; trung binh/trung vi: 57,1/54,0 ng/g) va séng Nhué (<MQL-89,2 ng/g; trung
binh/trung vi: 54,8/52,0 ng/g) c6 nong do bisphenol cao gip d6i so véi séng Pay
(<MQL-69,0 ng/g; trung binh/trung vi: 25,8/28,1 ng/g). Két qua phan tich tiép tuc
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ghi nhan sy déng gép uwu thé vé& ndng do cua BPF (chiém 64,6% tong nong do
bisphenol) so vai BPA cho thay hop chat nay ngay cang dwgc ap dung thay thé cho
BPA trong cac san pham tiéu dung.

Phthalate duoc phat hién cao gap hang trim 1an 2 nhém con lai, véi tong nong
d6 dao dong tur 1132124715 ng/g (trung binh/trung vi: 28028/19950 ng/g), cao hon
khoang 7 1an ndng d6 7 phthalate do dwoc tai mau tram tich thu & 16 con song thudc
4 tinh Ha Nbi, Hai Phong, Pa Ning, thanh phé H6 Chi Minh nim 2011 (180—1000
ng/g, trung binh: 3900 ng/g) [19] va khoang 5 lan sdng Pearl, Trung Quéc nim
2016 (1560-13600 ng/g, trung binh: 5310 ng/g) [43] vao mua mua. Két qua cua
nghién ctru ndy cao hon hau hét cac nghién ctru vé phthalate trong tram tich song da
cong bd trude day & An Do [72], Trung Qudc [73, 86, 88] va chi thap hon sb liéu
bdo c4o & cac sdng chay qua do thi ¢ phia Bac Trung Quéc (22400-369000, trung
binh: 188000 ng/g) [41]. Xét riéng tirng khu vuc ldy mAiu, tong ham lwong phthalate
giam dan theo thir tu: mau thu tai séng To Lich (10958-124715; trung binh/trung
vi: 49971/42225 ng/g) > séng Nhué (2132-89882; trung binh/trung vi: 29340/20674
ng/g) > song Pay (1132-34093; trung binh/trung vi: 13812/10340 ng/g). Trong s6
10 phthalate, DEHP duoc phat hién véi nong d6 cao nhat ¢ tat ca cac mau, chiém
75,9-87,6% tong ham luong phthalate, thip hon 1a DBP (4,70-9,28%) va BBzP
(3,60-5,89%). Sy dong goép nong do cuia DMP, DEP, DPrP va DnOP khong déng ké
(<1%). Két qua phan bd ham lugng céc phthalate trong tram tich twong tu mot sb
nghién ctru da cong bd, nhu: DEHP déng gop ndng d6 cao nhat trong mau tram tich
sng chay qua d6 thi & Trung Qudc (40-50%, tham chi 92%) [43], theo sau |2 DBP
va BBzP. Nhin chung, sy dong gop chinh ctia DEHP trong tram tich c6 thé do chat
nay duoc sir dung véi ham lugng 16n trong céc san pham tiéu ding va cé thoi gian
ban phan huy lau hon cac phthalate khac. Két qua phan tich ciing khong chi ra xu
huéng rd rang vé su phan bd cua cac chat nay theo dong chay (thugng luu vé ha
Iru) caa mdi con séng. Do vay, su tich tu cia chlng trong tram tich con phu thudc
vao cé4c yéu té ngoai canh, kha ning tich lily trong nudc ciing nhu toc d6 phan hay

cua chlng trong tram tich. Thoi gian ban phan hay cia cac phthalate tir vai ngay
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dén vai thang.

C6 thé thay, nong d6 cta ca 3 nhdm chat paraben, bisphenol, phthalate déu
thip nhat & song Ddy. Su khac nhau cd thé lién quan dén dic diém dic trung cua 3
con sdng nhu ngudn nude, luong nudc Xa va mat do dan cu ¢ cac diém xung quanh
khu vuc ldy mau. Trén thuc té, séng To Lich va séng Nhué chay qua khu vuc c6
mat d6 dan sb cao va chira nuéc thai do thi chua qua xu 1y, con séng Pay chu yéu
chay qua khu vuc ngoai thanh vi mat d6 dan cu thua thét hon. Theo tac gia
Nguyen ciing cong su, 96% luu luong nuéc thai cia Ha Noi (458000 mé/ngay) d6
vao cac song, trong d6 séng To6 Lich nhan 2/3 luong nudc thai ndy. S6ng Nhué tiép
nhan nudc thai sinh hoat tir séng T6 Lich vai tong luu lugng khoang 501120 m3/nay
[61]. Qué trinh cong nghiép hoéa va do thi hoa da l1am gia ting sy 6 nhiém cua cac
chat paraben, bisphenol va phthalate vao trong tram tich. Vi vay, mac d6 6 nhiém
ctia cac hop chat nay trong moi trudng can duoc xem xét nhiéu hon, dic biét 1a &
cac nude dang phat trién nhu Viét Nam.
3.6.2. Pic trung 6 nhiém paraben, bisphenol, phthalate trong mau tram tich

Gia tri twong quan Sperman ndng do cua 7 paraben trong mau tram tich tai Ha
Noi cho thay méi twong quan nghich ctia hau hét cac cap chat. Piéu nay dua dén gia
thuyét cac hop chat nay khong toi tir mot ngudn phat thai ¢b dinh va su ling dong
va tich lity cac chat & mdi khu vuc séng 1a hoan toan khac nhau. Gia tri twong quan
dao dong tir -0,63 dén 0,224; va twong quan duong 16n nhat 1a cia cap MeP-EtP
(0,224) va PrP-MeP (0,22) mét lan nita khang dinh lugng MeP; PrP va EtP chiém
vu thé trong viéc str dung va duoc st dung gan nhu ciing nhau trong cac san pham.

Biang 3.25. Twong quan Spearman ndng d§ paraben trong cac miu tram tich

MeP EtP PrP iPrP BuP BzP

0,099?
EtP

0,564°

0,121  -0,308
PrpP

0,481 0,068

iPrP  -0,083 0,040 0,050
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MeP EtP PrP iIPrP BuP BzP
0,632 0816 0,377
0,020 0,040 0,171 -0,357
BuP
0,906 0815 0,930 0,800
8P 0,067 0,113 0,222 -0,039 -0,031
VA
0,698 0512 0,837 0,128 0,080
Hepp -0,192 -0,031 -0,134 -0,034 0,305 0,167
e
g 0,262 0,857 0520 0,829 0,240 0,546
Twong quan Spearman néng dé BPF-BPA trong mau tram tich
Spearman Correlation
;’ [ ] L ]
0 . - i r=0.160 p = 0.351 - - :
’ N Némgx:i{) BPF (ng/g) * *

Hinh 3.27. Twong quan Spearman nong d BPA — BPF trong mau tram tich

Déi véi 2 hop chat BPA va BPF, tuong quan ndng d xac dinh trong tram tich

rat kém (r=0,160, p=0,351) cho thiy khong c6 ngudn phat thai dong gop dong thoi

ca BPA va BPF trong cac mau nay. Pay ciing la dau hiéu tich cuc trong viéc chuyén

d6i str dung vat liéu mai trong san xuat hang tiéu ding. Tuy nhién trén thuc té tai

khu vuc thu thap mau, sau khi xt 1y so bo tram tich nhan thay c6 rat nhiéu rac thai

c6 kha nang tiém an hop chat bisphenol 1an trong tram tich dién hinh 1a cac loai vat

liu chdng chay, thach cao, nhua tong hop. Pay 1a nhitng loai vat dung c6 kha ning

dugc tong hop tir bisphenol hodc ¢ thanh phan bisphenol.

Két qua phan tich twong quan Spearman ndng do timg cip phthalate trong mau

tram tich (Bang 3.26) cho thay ton tai nhitng mdi twong quan trung binh giira nong
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d6 cua DMP-DIBP (r=0,679), DBP-DnHP (r=0,727); DBP-BBzP (r=0,686); DBP-
DEHP (r=0,607), DBP-DnOP (r=0,635); DEHP-DnOP (r=0,618). Nhin chung, cac
cip chit ma trong cau tao c6 mach carbon (nhém alkyl) tir 4-8 nguyén tir carbon cé
mdi twong quan vé nong d6 dang ké hon cac cap chat cd chudi mach carbon ngan
trong phan tir (nhoém alkyl tir 1-3 nguyén ti carbon) (trir DMP-DiBP). Két qua nay
cd thé dugc giai thich dya vao tinh chat hoa 1y twong ty nhau va chung déu duoc
lam phu gia trong cac vat liéu nhua.
Bang 3.26. Twong quan Spearman ndng dd cac cip phthalate trong tram tich

DMP DEP DPrP DBP DiBP DnHP BBzP DCHP DEHP

0,3162

0,061°

0,375 0,436

0,024 0,008

0,340 0,302 0,445

0,043 0,073 0,007

0,679 0,392 0,416 0,395

0,000 0,018 0,012 0,017

0,281 0,351 0,186 0,727 0,373

0,097 0,036 0,278 0,000 0,025

0,287 0,383 0,221 0,686 0,358 0,554

0,089 0,021 0,194 0,000 0,032 0,000

0,357 0,278 0,142 0,363 0,405 0,248 0,383

peHP 0,032 0,100 0,407 0,029 0,014 0,145 0,021

0,415 0,595 0,398 0,607 0,520 0,588 0,526 0,409

0,012 0,000 0,016 0,000 0,001 0,000 0,001 0,013

0,275 0,460 0,326 0,635 0,349 0,570 0,599 0,368 0,618

0,104 0,005 0,053 0,000 0,037 0,000 0,000 0,027 0,000

DEP

DPrP

DBP

DiBP

DnHP

BBzP

DEHP

DnOP

a: gid tri twong quan r; b: khodang tin cqy p

110



PC2 (11,8%)

Biéu @b phan tich thanh phan chinh trong mau tram tich

0.5

BPE/ DMP

04T

031+

0.2+

o1

0.0+

014

02T

0.3+

02 -0.1 0.0 0.1 0.2 0:3 0.4
PC1 (25,8%)

Hinh 3.28. Biéu @6 phan tich thanh phan chinh trong miu tram tich

Két qua phan tich thanh phan chinh dya trén nong do cac paraben, bisphenol,
phthalate trong mau tram tich cho thay su dong gop cua cac chiéu PC1, PC2, PC3,
PC4 dén tong phuong sai tich lity 1an luot 14 25,8%; 11,8%:; 9,7% va 8,6%. Trong
d6, mot sb chat c6 dong gop dang ké (>35%) nhu PrP, DMP, HepP, DPrP, DiBP,

MeP va BPA.
Biéu dé phan loai mau theo ndéng dé cac thanh phin chinh trong mau trdm tich
53.50-
£
g 69.001
o
(=]
3
3 84.50-
grreesss : :-- o "s prunes iJ_‘ e CETRTT SECE DIt Terr
I : RN S R o 11 e
R T Tt T T O T O T T T T T
PUSS LU SEADU A NS SO R A A S N D Y ,qb@:b‘\r P
Mau trém tich

Hinh 3.29. Biéu a6 phan loai miu tram tich theo ndng d6 cac thanh phan chinh
Hinh 3.29 biéu dién thuat todn phan loai cAc mau trim tich dua trén ndng do

cua cac thanh phan chinh phét hién duoc trong mau. Co thé thay rang, chi co su

tuong dong

kha 1 rang (d6 twong dong khoang 90%) vé dic trung ndéng do chat
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phan tich ddi véi cac mau thu tai song Pay (D-1.1; D-2.1; D-2.2; D-5.2; D-4.3; D-
3.2; D-5.1). Pay la cac mau c6 néng do thanh phan chinh thip hon so véi cac mau
con lai. Mau thu tai séng To Lich va séng Nhué khong co su khac biét mot cach rd
rang. D6i chiéu véi thong tin cac diém ldy mau, doc theo cac con sdng nay c6 nhiéu
lang nghé truyén thdng nhu lam lua, ché bién ban, banh da sir dung cong cu thé so,
don gian, ngudn nudc thai ciing chwa dwgc xir Iy. Dac biét, tro xi chua qua xir 1y tir
c4c lang nghé nay déng gop luong 16n vao thanh phan xa thai ra séng. Bén canh do,
ngudn nudc & cac con sdng nay chi yéu la tir hoat dong dan sinh, bi & nhiém bai ca
rac thai nhua tong hop, nhua sir dung mét lan nhu hop xdp, tai nilon, coc nhua.
3.7. UGC TINH ANH HUONG CUA PARABEN, BISPHENOL, PHTHALATE
TOI HE SINH THAI VA SUC KHOE CON NGUOI
3.7.1. R ro téi cac sinh vat séng trong méi trwdng nwéc va tram tich bj 6
nhiém paraben, bisphenol va phthalate
Nhirng anh huong cia paraben, bisphenol va phthalate téi D.magnia trong nudc

hd va nude song duoc danh gia qua chi s RQ, véi gié tri PNEC nhu sau [48]:

- Nhém paraben: MeP; EtP, PrP, iPrP, BuP, BzP, HepP lan luot 12 63000; 14000;
4900; 4500; 3100; 4600; 730 ng/L

- Nhom bisphenol: BPA, BPF lan luot I 7300 va 8700 ng/L

- Nhoém phthalate: DMP; DEP; DiBP; DBP; DEHP lan luot 12 1100; 165; 0,9; 10;
6 puo/L.

Bang 3.27. RQ wéc tinh ddi véi D.magnia trong maéi trwong nwéc bi nhiém

paraben, bisphenol, phthalate

Nwoc  Nwoc ) Nwoc Nwdc Nwoc Nudc
Paraben . A Bisphenol . . Phthalate . .
ho séng ho sbng ho song

MeP  0,0002 0,001 BPF 0,006 0,013 DMP 0,001 0,003
EtP 0,0007 0,001 BPA 0,004 0,010 DEP 0,02 0,05

PrP 0,0020 0,005 DiBP 8,5 14,7
iIPrP 0,0013 0,003 DBP 1,2 1,2
BuP 0,0007 0,002 DEHP 3,0 9,4
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Nuwéc Nwoc ) Nwéc Nuoc Nwéc Nuwdc
Paraben \ A Bisphenol \ A Phthalate A
ho song ho sbng ho song
BzP 0,0007 0,001

HepP  0,0046 0,013

Nhin chung, rui ro uéc tinh cho loai D.magina séng trong méi truong nudc
thuoc nghién ctu bi anh huéng boi ca 7 paraben, BPA, BPF, DMP & mirc thap voi
RQ <0,01. Tuy nhién, cac nghién ctu vé doc tinh trudc ddy da xac nhan rang nong
d6 cac chat gay réi loan noi tiét tir 100-10000 ng/L trong méi trudng nude di co thé
anh huong tiéu cuc d6i vai sinh vat [65, 71, 91]. Piéu nay goi y rang ngay ca & cac
gia tri rui ro wgc tinh & mac thap, van can xem xét dén 6 nhiém ngudn nuée lién
quan dén céc chat gy réi loan noi tiét nhu paraben va bisphenol. Nong d6 DEP gay
anh huong mac d6 trung binh ddi véi loai nay (0,01<RQ<0,1). Pang cha ¥, gié tri
RQ uéc tinh d6i véi cac chat DiBP, DBP, DEHP déu Ién hon 1, ghi nhan anh
huong nghiém trong d6i véi loai sinh vat nay.

Thuong s RQ duoc ap dung tinh twong tw ddi vai lodi ca mekada séng & song co
phét hién sy tich tu ciia paraben, bisphenol, phthalate trong tram tich véi gia tri PNEC
nhu sau [20]:

- Nhém paraben: MeP; EtP, PrP, iPrP, BuP, BzP, HepP lan luot 12 630; 140; 49;
45; 31; 46; 7,3 ng/g
- Nhém bisphenol: BPA, BPF lan luot la 11 va 30,2 ng/g

Nhom phthalate: DMP; DEP; DiBP; DBP; DEHP lan lwot 12 11000; 1650; 90;
100; 60 ng/g.

Bang 3.28. RQ wérc tinh cho loai ca (mekada) trong mau tram tich co tich tu

paraben, bisphenol, phthalate

Paraben RQ Bisphenol RQ Phthalate RQ
MeP 0,04 BPA 1,39 DMP 0,004
EtP 0,04 BPF 0,93 DEP 0,09
PrP 0,41 DBP 16,1
iPrP 0,07 DiBP 39,2
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Paraben RQ Bisphenol RQ Phthalate RQ

BuP 0 DEHP 388
BzP 0
HepP 0

Tir Bang 3.28 ¢6 thé thay rang, ngoai cac paraben phat hién trong mau tram tich
v6i ham lwong rat thap ¢6 chi rd rai ro RQ <0,01 thi mic anh hudng ddi véi sinh vat
trong c4c mau tram tich thuoc nghién ciru nhin chung déu ¢ mirc cao (HQ >1). Piéu
nay cung cap thém mot dix liéu vé mirc do 6 nhim bisphenol va phthalate ¢ cac con
song nay. Pang cha ¥, cac hop chat nay khdng cd mat tu nhién trong tram tich ma
dugc giai phong tir cac san pham chira ching va tich lily vao mdi truong nay.
Chling duoc tim thy trong tit ca cac mau thu thap & nhiéu dia diém va thoi gian
khac nhau, phan anh murc d6 sir dung pho bién.

3.7.2. Riii ro phoi nhiém sic khée con ngudoi

Liéu lwong hap thy hang ngay (ID) cua cac phthalate dugc chon (DBP, DiBP,
BBzP, DEHP) thong qua viéc nudt phai bui duoc uéc tinh cho nhimng nguoi dan
binh thudng va nhitng ngudi bi phoi nhiém nghé nghiép trong cac khu lam viéc o
nghién ctru nay. D6i véi ngudi dan binh thuong, toc do hap thu bui 12 20 mg/ngay
(twong Gng voi 16/24 gid) 6 nha va 60 mg/ngay (twong ung vaéi 8/24 giod) 6 noi lam
viéc. Trong luong co thé trung binh wdc tinh 1a 60 kg [84]. Gia tri udc tinh phoi
nhiém cua céc chit duoc chon duoc tom tit trong Bang 3.29.

Bang 3.29. Riii ro phoi nhiém ¢ ngudi do dn nudt bui (ng/kg/ngay)

>

Paraben O nha Bisphenol Phthalate O nha Not
lam viéc nha  lam viéc lam viéc

MeP 0,061 0,509 BPF 0,131 47,7 DBP 1,09 11,2
EtP 0,010 0,017 BPA 0,176 7,2 DiBP 0,964 5,37
PrP 0,027 0,056 BBzP 0,879 7,74
iPrP 0,005 0,008 DEHP 8,63 42,2
BuP 0,013 0,024
BzP 0,004 0,007
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. Noi _ 4] Noi . Noi
Paraben O nha Bisphenol . Phthalate O nha
lam viéc nha  lam viéc lam viéc

HepP 0,004 0,018

Liéu phoi nhiém paraben trung binh hang ngdy wdc tinh cho nguoi binh
thuong 1a 0,124 ng/kg/ngay va 0,639 ng/kg/ngay d6i voi ngudi 1am viéc tai cac
xudng trong nghién ciru. Trong d6, wéc tinh phoi nhidm paraben cha yéu do phoi
nhiém MeP (0,061-0,509 ng/kg/ngay) va PrP (0,027-0,056 ng/kg/ngay). Gia tri uéc
tinh cho ngudi binh thudng tuong tu véi két qua phoi nhiém paraben do byi trong
nha cong b nam 2016 (0,113 ng/kg/ngay) [82] va 2021 (0,148-0,244 ng/kg/ngay)
[83] ¢ Viét Nam va thip hon nhiéu so véi gia tri cong b nam 2018 & My (1,8
ng/kg/ngay) [15]. Tuy nhién, & cac khu vuc lam viéc, két qua caa nghién cau tham
chi thip hon liéu phoi nhiém do tiéu héa bui cta ngudi 1am tai cac ctra hang my
pham & Nanjiang, Trung Quéc (trung vi: 4,6 ng/kg/ngay) [42].

Liéu phoi nhiém trung binh hang ngay wéc tinh cia DEHP 1a 8,63 ng/kg/ngay
d6i v6i ngudi binh thuong va 42,2 ng/kg/ngay d6i voi ngudi 1am viéc & cac xuong,
cao hon gié tri wéc tinh cho DBP, DiBP, BBzP 8-10 lan ddi véi nguoi binh thudng
(0,879-1,09 ng/kg/ngay) va 4-8 lan dbi véi cdng nhan tai cac xudng nghién ciu
(5,37-11,2 ng/kg/ngay). Gia tri nay cua nhirng ngudi ¢ kha ning bi phoi nhiém do
nghé nghiép cao hon 5-10 lan so véi nhimg ngudi binh thuong. Tuy nhién, lidu
lugng phoi nhiém nay van nho hon nhiéu so véi gia tri tham chiéu duoc dé xuét boi
C4c t6 chue chuyén mén nhu Co quan bao vé méi truong My, To chizc An toan san
pham tiéu ding My va so véi liéu tham chiéu (RiD). Vi vay, nguy co suc khoe cua
ngudi lién quan dén buyi nhiém phthalate qua duong dn nudt trong nghién ciru nay l1a
c6 thé chap nhan duoc. So sanh véi dudng hit the khong khi trong mot cong bd ¢
Viét Nam, sy dong gop qua con dudng an nudt bui hang ngay kha nho. Pang chu ¥,
nong dd trung binh cua tong cac chat chuyén héa cua phthalate trong miu nudc tiéu
cta ngudi Viét Nam (133 ng/mL) thap hon so vai Trung Quéc (234 ng/mL) nhung
van cao hon gid tri cia nguoi Nhat Ban (120 ng/mL) va ngudi Han Quéc (117

ng/mL) [29]. Trong khi @6, ché d6 an udng da duoc ghi nhan 1a ngudn phoi nhiém
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quan trong cua cac hop chat gay 6 nhidm nay [68]. Mic du lidu lvgng phoi nhidm
phthalate do hap thu bui thap hon tham chiéu nhung viéc danh gia rai ro sac khoe
qua con dudng tiéu thu thuc pham ciing can thiét duoc tién hanh & cac nghién ctu
tiép theo.

Dua vao gi4 tri liéu luong phoi nhim paraben, bisphenol va phthalate hang
ngay (EDI) trong Bang 3.35 va gi4 tri liéu tham chiéu qua dudng miéng muc 1, rai
ro khong gy ung thu (HQ) cua cac hop chit nay duoc trinh bay trong Bang 3.30.

Bang 3.30. Gia tri rii ro khong gay ung thu (HQ)

Nha & Xuwéng sira chira xe  Xwdng tai ché chat thai

MeP+EtP 1,78x1078 1,54x107° 9,32x108
PrP 6,70x1077 3,82x10°® 9,72x10°7
iIPrP 6,25x1077 - 6,95x10°
BuP 1,68x107 - 2,17x10
BzP 4,52x107 - 6,23x1077
HepP 4,88x107' - 1,58x10°
BPA 8,82x10° 2,08x104 1,85x10°
DBP 2,73x10* 6,35x10% 1,29x1073
DiBP 1,21x10° 1,53x10° 3,06x10°
BzBP 4,39x10° 8,16x10°" 2,70x10°
DEHP 4,31x10* 8,32x10* 5,54x10%

C6 thé thay gia tri HQ wdc tinh & trong ca ba méi trudng nghién cau la nha o,
Xuong stra xe, xudng tai ché rac thai déu thap hon 1 rat nhiéu. Biéu nay chi ra rang
cac hop chat paraben, bisphenol, phthtalate ton tai trong bui lang nhin chung khdng
gay ra mic d6 rui ro khong ung thu dang ké. Viéce xac dinh dugc gia tri HQ rat nho
dam bao dua ra duoc khuyén céo an toan véi 3 nhém hop chét cho ngudi lam viéc
trong cac moi truong lao dong c6 lugng bui cao. Tuy nhién day chi la gia tri wdc
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tinh cho 3 nhoém hop chit nghién ctu, dé danh gia chinh xac hon can c6 nhiing
nghién ciru toan dién hon vé cac hop chéat khac ciing nhu tac dong vé tinh chat vat
ly caa bui.

Trong s6 cac hop chat nghién cau DEHP 1a duoc Xac nhan c6 kha niang giy
ung thu dbi véi con ngudi nén can phai dua ra danh gia vé rai ro ung thu cua hop
chat nay. Gi4 tri ILCR duoc tinh toan dwa trén kha ning gy ung thu dbi voi viéc
tiép xuc trong khoang 70 nim véi tan suat tiép xac 1a 365 ngay/nam. Gia tri ndy udc
tinh cho nguoi binh thudng ¢ nha o, xudng sira chita xe va xuong tai ché chat thai
lan luot 1 3,02x107; 5,83x10°7; 3,88x10°7 déu nho hon 107 cho thay kha nang rui ro
gdy ung thu ciia hop chat nay trong mau bui thu thap 1a khong dang ké. Mac du
trong mdi trudomg ¢ luong bui 16n, khu vuc 6 nhiém cao nhung luong hit vao va sy
anh huong dén sic khoe véi hop chat DEHP c6 thé chap nhan dugc. Tuy nhién,
danh gia nay chi la sy tham khao vai gia tri tac thoi tai thoi diém thu thap mau, gia
tri DEHP tai cac dia diém nay c6 kha ning bién dong rat Ion tiy theo thuc té tai
ting khu vuc nén chi sé nay c6 thé cao bat thuong. Vi vay, viéc han ché tiép xuc
VGi cac mau bui ¢ chira DEHP van duoc khuyén cdo trong méi trudng lam viéc va

trong nha.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Pa xac nhan duoc gié tri st dung ctua cac phuong phap phan tich 7 paraben,
2 bisphenol, 10 phthalate trong 3 nén mau mai treong 1a bui ling, nudc mat va tram
tich, stir dung cac ky thuat phan tich hién dai va do tin cay cao.

2. Budc dau danh gia mot s6 dic diém & nhidm cua cac hop chit nay trong ca 3
nén mau bui ling, nudc mat va tram tich thu tai Ha Noi. O Viét Nam hién nay c6 rat
it hoac chua co cong bd vé su ¢ mat va phan bd cua cac hop chat nay trong mau
nudc mat va tram tich.

3. Budc dau udc tinh mot s6 rui ro t6i stc khoe con ngudi qua con duong tiéu
hoa bui va anh huong téi hé sinh thai nudc, tram tich do mai truong ¢ chira cac

chat 6 nhiém paraben, bisphenol, phthalate.
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KET LUAN VA KIEN NGHI
KET LUAN
Qua qua trinh nghién ctu thyc hién, luan an da hoan thanh muc tiéu dé ra va
thu duoc mot sb két luan sau:

1. Pa khao sat va xac nhan gia tri st dung cua cac quy trinh phan tich 7
paraben, 2 bisphenol va 10 phthalate trong 3 nén mau bui ling, nuéc va tram tich
v6i d6 thu hoi, do 1ap lai, d6 tai lap nam trong khoang quy dinh. Gigi han phét hién
ctia cac phuong phap cho phép cé thé phan tich nong do chat trong mau ¢ muac do
ng/L hoac ng/g.

2. Phan tich va danh gia sy phan bd cua ching trong 3 nén mau bui lang, nudc
va tram tich thu thap tai Ha Noi, Viét Nam. O mau bui ling, ndng do paraben,
bisphenol, phthalate déu giam dan theo tha tu ¢ xudng tai ché chat thai > nha & >
xudng sta chira xe. MeP, BPF va DEHP 1 c4c chét ¢ nong do vuot troi trong moi
nhom, chiém lan luot khoang 49-80%; 92% va 42—67%. Twong quan Spearman chi
ra sy dong gop tuyén tinh cao vé nong do cua hau hét cac paraben, bisphenol va cac
phthalate c6 khéi lugng phan tir thap. Két qua phan tich thanh phan chinh ghi nhan
né)ng d6 HepP, DMP, DEP, BPF, DBP, DiBP, DnHP, DEHP cé anh hudéng chinh
dén phan b cac chiéu PC va phan tich cum ghi nhan cac mau c6 su tuong dong
theo khu vuc lay mau. Ngoai ra, nghién cau da phan tich mg rong ham luwong
phthalate trong mau bui siéu min PMos va PMo1 thu tai cac nit giao théng & tinh
Bac Ninh- mot trong cac vung kinh té vé tinh cua Ha Noi. Két qua phan tich mau
nuéc mat lay tai ho va sdng ghi nhan tong nong do paraben (nudc hd/nude song:
46,1/141 ng/L) < bisphenol (80,9/185 ng/L) < phthalate (51191/126695 ng/L) trong
d6, MeP, BPF va DEHP van déng goép nong do I6n nhat vao tiing nhom. Cac mau
nuéc mit sau xir Iy ¢6 sy giam dang ké ca vé tan suat va nong do céc chat do duoc
nhung chua giam hoan toan. Tuwong quan Spearman Vé nong do cac chat nay trong
mau nudc chi cho mot vai cap cd tinh chat tuong dong trong cau tric (DBP-DIBP)
hodc st dung cung nhau (MeP-PrP) trong thuong mai c6 méi twong quan dwong.

Phan tich thanh phan chinh cac mau nudc hd cho két qua phan tan voi cac chat con
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trong nudc séng tim ra chi c¢6 5 phthalate c6 dong gop ndi troi. O mau tram tich,
ndng do phthalate (28028 ng/g) cao hon hang trim 1an néng d6 paraben (51,9 ng/g)
va bisphenol (43,3 ng/g). MeP, BPF va DEHP van déng gbp ndng d6 16n nhat. Phan
tich twong quan Spearman va thanh phan chinh déu cho két qua kha phan tan, cho
thdy sy tich tu trong tram tich cua cac hop chit nay kha phirc tap, nguon phat sinh
da dang va chiu anh huéng béi méi truong.

3. Budc dau uwéc tinh lieu phoi nhiém paraben, bisphenol va phthalate hang
ngay ¢ noi lam viéc va tai nha & do an nudt phai hat bui, rui ro khong gay ung thu
cua 7 paraben, BPA, BPF, DMP, DEP, DiBP, DBP, DEHP va rui ro giy ung thu
cia DEHP. So véi cac tham chiéu hién hanh, mac anh huong téi siec khoe con
ngudi Van trong gigi han chap nhan dugc. Két qua wac tinh rai ro ddi véi mot sé
loai sinh vat (D.magna va c4 mekada) song trong moi truong nudc va tram tich
nghién ctu cho thay céc paraben, bisphenol khong gy ra anh huong dang ké.
DiBP, DBP, DEHP gay muc anh hudng cao ddi véi cac 10i sinh vat nay.

KIEN NGHI

Nhom nghién cau tiép tuc khao sat, cai tién quy trinh phan tich dé tién toi xay
dung quy trinh phan tich dong thoi paraben va bisphenol trén thiét bi ciing nhu mo
rong nghién ciu sang mau sinh pham va xac dinh co ché chuyén hoa cua cac chat

trong mdi truong cling nhu trong co thé con ngudi.

120



DANH MUC CONG TRINH KHOA HQC CUA TAC GIA LIEN QUAN PEN
LUAN AN
1. Thuy Minh Le, Ha My Nu Nguyen, Vy Khanh Nguyen, Anh Viet Nguyen,
Nam Duc Vu, Nguyen Thi Hong Yen, Anh Quoc Hoang, Tu Binh Minh,
Kurunthachalam Kannan, Tri Manh Tran (2021), “Profile of phthalic acid esters
(PAES) in bottled water, tap water, lake water, and wastewater samples collected
from Hanoi, Vietnam”, Science of The Total Environment (Elsevier) Vol. 788,
147831.
2. Anh Quoc Hoang, Thuy Minh Le, Ha My Nu Nguyen, Huong Quang Le, Nam
Duc Vu, Ngoc Chau Chu, Giang Huong Minh Dang, Tu Binh Minh, Shin
Takahashi, Tri Manh Tran (2021), “Phthalic acid esters (PAEs) in workplace and
house dust from Vietnam: concentrations, profiles, emission sources and exposure
risk”, Environmental Science and pollution research Vol. 29, pp. 14046-14057.
3. Thuy Minh Le, Chi Linh Thi Pham, Ha My Nu Nguyen, Thi Thuy Duong, Thi
Phuong Quynh Le, Dong Thanh Nguyen, Nam Duc Vu, Tu Binh Minh, Tri Manh
Tran (2022), “Distribution and ecological risk assessment of phthalic acid esters in
surface sediments of three rivers in Northern Vietnam”, Environmental Research
Vol. 209, 112843,
4. Thuy Minh Le, Phuong Thi Pham, Truong Quang Nguyen, Trung Quang
Nguyen, Minh Quang Bui, Hoa Quynh Nguyen, Nam Duc Vu, Kurunthachalam
Kannan, Tri Manh Tran (2022), “A survey of parabens in aquatic environments in
Hanoi, Vietnam and its implications for human exposure and ecological risk”,
Environmental Science and Pollution Research Vol. 29, pp. 46767-46777.
5. Ta Anh Ngoc, Le Minh Thuy, Nguyen Nu My Ha, Nguyen Thi Thanh Huyen,
Dang Minh Huong Giang, Chu Ngoc Chau, Phung Duc Hoa, Nguyen Thieu An, Tu
Binh Minh, Tran Manh Tri (2022), “Study on determination of PAEs in water
samples by using solid phase extraction combined with gas chromatography-mass

spectrometry”, The 7" analytica Vietnam Conference, pp. 265-273.

121



6. Le Minh Thuy, Dang Thi Lieu, Vu Duc Nam, Nguyen Thuy Ngoc, Duong
Hong Anh, Tran Manh Tri (2022), “Determination of bisphenol in indoor dust
samples by liquid chromatography in combination with quadrupole mass
spectrometry (LC-MS/MS)”, VNU Journal of Science: Natural Sciences and
Technology Vol. 38 (3), pp. 113-122.

7. Thuy Minh Le, Huong Le Quang, Anh Hai Tran, Minh Bui Quang, Nam Duc
Vu, Huong Nguyen Thi, Hoa Vu Khanh, Kurunthachalam Kannan, Tri Manh Tran
(2023), “Co-occurrence of phthalic acid esters (PAEs) and cyclic volatile
methylsiloxanes (cVMSs) in fine particulate matter (PMos and PMo1) collected
from an industrial area in Vietnam”, Environmental Research Vol. 237(Part 2),
117018.

122



TAI LIEU THAM KHAO

Tiéng Viét

1. Bo Tai nguyén va Mbi trudng (2013), Quy chudn qudc gia vé char heong khong khi
xung quanh QCVN 05:2013/BTNMT.

2. B6 Tai nguyén va Moéi trudng (2016), Quy dinh kj thudt quan trdc méi truong va
quan ly thdng tin, di liéu quan trdc chdt lwong moi truong Thong tw so
10/2021/TT-BTBMT.

3. Bo Y té (2011), Quy chudan ky thudt quéc gia vé an toan vé sinh doi véi bao bi,
dung cu bang nhwa tong hep tiép xlc truc tiép véi thuc phdm QCVN 12-
1:2011/BYT.

4. BO Y té (2011), Quyét dinh Vé viéc ban hanh quy dinh tam thoi mic gidi han nhiém
chéo bis(2-ethylhexyl)phthalate trong thyc pham sé 2204/0D-BYT.

5. Cuc Quan 1y Dugc (2015), Céng vin sé 6577/QLD-MP 2015 cdp nhdt quy dinh
vé cac chat dung trong my pham.

6. Truong Anh Diing, Hanh Thi Duong, Bui Quéc Lap (2019), “Hién trang 6 nhiém
cua phthalate trong bui khéng khi tai mét sé khu vuc ¢ Ha Noi va bude dau
danh gia sy phoi nhiém ctia DEHP véi stc khoe con ngudi”, Khoa hoc ky
thugt thuy loi va méi truong Tap 64 (3), tr. 54-59.

Tiéng Anh

7. Anh H.Q., Nguyen H.M.N., Do T.Q., Tran K.Q., Minh T.B., Tran T.M. (2021),
“Air pollution caused by phthalates and cyclic siloxanes in Hanoi, Vietnam:
Levels, distribution characteristics, and implications for inhalation exposure”,
Science of The Total Environment Vol. 760, 143380.

8. Anne O., Paulauskiene T. (2021), “The assessment of the sewage and sludge
contamination by phthalate acid esters (PAEs) in Eastern Europe countries”,
Sustainability Vol. 13 (2), pp. 529.

9. AOAC official methods of analysis (2016), Appendix F: Guidelines for Standard
method performance requirements.

10. Bledzka D., Gromadzinska J., Wasowicz W. (2014), “Parabens from

123



11.

12.

13.

14.

15.

16.

17.

environmental studies to human health”, Environment International Vol. 67,
pp. 27-42.
Cao Y., Li J,, Wu R,, Lin H., Lao J.Y., Ruan Y., Zhang K., Wu J., Leung
K.M.Y., Lam P.K.S. (2022), “Phthalate esters in seawater and sediment of the
northern South China sea: Occurrence, distribution, and ecological risks”,
Science of the Total Environment Vol. 811, 151412,
Carmona E., Andreu V., Pico Y. (2014), “Occurrence of acidic
pharmaceuticals and personal care products in Turia River Basin: from waste
to drinking water”, Science of The Total Environment Vol. 484, pp. 53-63.
Chang C.L., Chen H.T., Chen C.Y., Chen E.Y., Lin K.T., Jung C.C. (2023),
“Gas-phase and PM2s-bound phthalates in nail salons: Characteristics, exposure
via inhalation, and influencing factors”, Environmental Science and Pollution
Research Vol. 30, pp. 6146-6158.
Chen D., Kannan K., Tan H., Zheng Z., Feng Y.L., Wu Y., Widelka M. (2016),
“Bisphenol analogues other than BPA: Environmental occurrence, human
exposure, and toxicity - A review”, Environmental Science and Technology
Vol. 50 (11), pp. 5438-5453.
Chen J., Hartmann E.M., Kline J., Wymelenberg K.V.D., Halden R.U. (2018),
“Assessment of human exposure to triclocarban, triclosan and five parabens in
U.S. indoor dust using dispersive solid phase extraction followed by liquid
chromatography tandem mass spectrometry”, Journal of Hazardous Materials
Vol. 360, pp. 623-630.
Deng M., Han X., Ge J., Liang X., Du B., LiJ., Zeng L. (2021), “Prevalence of
phthalate alternatives and monoesters alongside traditional phthalates in indoor
dust from a typical e-waste recycling area: Source elucidation and co-exposure
risk”, Journal of Hazardous Materials Vol. 413, 125322.
Derisso C.R., Pompei C.M.E., Spadoto M., Pinto T.S., Vieira E.M. (2020),
“Occurrence of parabens in surface water, wastewater treatment plant in

southeast of Brazil and assessment of their environmental risk”, Water, Air, and

124



18.

19.

20.

21.

22.

23.

24,

25.

Soil Pollution Vol. 231, 468.

Dobbins L.L., Usenko S., Brain R.A., Brooks B.W. (2009), “Probabilistic
ecological hazard assessment of parabens using Daphnia magna and
Pimephales promelas”, Environmental Toxicology and Chemistry Vol. 28 (12),
pp. 2744-2753.

Duong H.T., Kadokami K., Pan S., Matsuura N., Nguyen T.Q. (2014),
“Screening and analysis of 940 organic micro-pollutants in river sediments in
Vietnam using an automated identification and quantification database system
for GC-MS”, Chemosphere Vol. 107, pp. 462-472.

European Commission (2003), Technical guidance document on risk
assessment in support of Commission Directive 93/67/EEC on risk assessment
for new notified substances.

Feng J., Zhao J., Xi N., Guo W., Sun J. (2019), “Parabens and their metabolite
in surface water and sediment from the Yellow River and the Huai River in
Henan Province: Spatial distribution, seasonal variation and risk assessment”,
Ecotoxicology and Environmental Safety Vol. 172, pp. 480-487.

Fernandes R.A., Sampaio M.J., Drazic G., Faria J.L., Silva C.G. (2019),
“Efficient removal of parabens from real water matrices by a metal-free carbon
nitride photocatalyst”, Science of the Total Environment Vol. 716, 135346.
Frederiksen H., Skakkebaek N.E., Andersson A.M. (2007), “Metabolism of
phthalates in humans”, Molecular Nutrition and Food Vol. 51 (7), pp. 889-
911.

Fromme H., Lahrz T., Kraft M., Fembacher L., Dietrich S., Sievering S.,
Burghardt R., Schuster R., Bolte G., Volkel W. (2013), “Phthalates in German
daycare centers: Occurrence in air and dust and the excretion of their
metabolites by children (LUPE 3)”, Environment International Vol. 61, pp.
64-72.

Gao D., Li Z., Wen Z., Ren N. (2014), “Occurrence and fate of phthalate esters

in full-scale domestic wastewater treatment plants and their impact on

125



26.

217.

28.

29.

30.

31.

32.

33.

receiving waters along the Songhua River in China”, Chemosphere Vol. 95,
pp. 110-117.

Gao X., LiJ., Wang X., Zhou J., Fan B., Li W., Liu Z. (2019), “Exposure and
ecological risk of phthalate esters in the Taihu Lake basin, China”,
Ecotoxicology and Environmental Safety Vol. 171, pp. 564-570.
Gonzalez-Marifio 1., Quintana J.B., Rodriguez 1., Cela R. (2009),
“Simultaneous determination of parabens, triclosan and triclocarban in water
by liquid chromatography/electrospray ionization tandem mass spectrometry”,
Rapid communications in mass spectrometry Vol. 23, pp. 1756-1766.
Gonzélez-Marifio 1., Quintana J.B., Rodriguez I., Cela R. (2011), “Evaluation
of the occurrence and biodegradation of parabens and halogenated by-products
In wastewater by accurate-mass liquid chromatography-quadrupole-time-of-
flight-mass spectrometry (LC-QTOF-MS)”, Water Research Vol. 45, pp.
6770-6780.

Guo Y., Alomirah H., Cho H.S., Minh T.B., Mohd M.A., Nakata H., Kannan
K. (2011), “Occurrence of phthalate metabolites in human urine from several
Asian countries”, Environmental Science and Technology Vol. 45, pp. 3138—
3144.

Hajizadeh Y., Pourzamani H., Ebrahimpour K., Chavoshani A., Rahimi B.
(2021), “Monitoring of paraben compounds in indoor and outdoor air of a
populated city”, Atmospheric pollution Research Vol. 12 (4), pp. 43-49.
Haman C., Dauchy X., Rosin C., Munoz J.F. (2015), “Occurrence, fate and
behavior of parabens in aquatic environments: A review”, Water Research
Vol. 68, pp. 1-11.

Healy B. F., English K. R., Jagals P., Sly P. D. (2015), “Bisphenol A exposure
pathways in early childhood: Reviewing the need for improved risk assessment
models”, Journal of Exposure science and environmental epidemiology Vol.
25, pp. 544-556.

Hoang H.T.T., Duong T.T., Nguyen K.T., Le Q.T.P., Luu M.T.N., Trinh D.A.,

126


https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez-Mari%C3%B1o+I&cauthor_id=22060963
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez-Mari%C3%B1o+I&cauthor_id=22060963

34.

35.

36.

317.

38.

39.

40.

41.

Le A.H., Ho C.T., Dang K.D., Nemery J., Orange D., Klein J. (2018), “Impact
of anthropogenic activities on water quality and plankton communities in the
Day river (Red river delta, Vietnam)”, Environmental Monitoring and
Assessment Vol. 190 (2), 67.

Hu Y., Zhu Q., Yan X., Liao C., Jiang G. (2019). “Occurrence, fate and risk
assessment of BPA and its substituents in wastewater treatment plant: A
review”, Environmental Research Vol. 178, 108732.

Huong N.T.L., Ohtsubo M., Higashi T., Kanayama M. (2012), "Heavy metal
concentration in sediments of the Nhue river and its water-irrigated farmland
soil in the suburbs of Hanoi, Vietnam", Soil and Sediment Contamination: An
International Journal Vol. 21 (3), pp. 364-381.

Kang Y., Man Y.B., Cheung K.C., Wong M.H. (2012), "Risk assessment of
human exposure to bioaccessible phthalate esters via indoor dust around the
Pearl River Delta", Environmental Science and Technology Vol. 46 (15), pp.
8422-8430.

Karthikraj R., Vasu A.K., Balakrishna K., Sinha R.K., Kannan K. (2017),
"Occurrence and fate of parabens and their metabolites in five sewage
treatment plants in India"”, Science of The Total Environment Vol. 593, pp.
592-598.

Kashyap D., Agarwal T. (2018), "Concentration and factors affecting the
distribution of phthalates in the air and dust: a global scenario”, Science of The
Total Environment Vol. 635, pp. 817-827.

Kweon D.J., Kim M.K., Zoh K.D. (2018), "Distribution of brominated flame
retardants and phthalate esters in house dust in Korea", Environmental
Engineering Research Vol. 23 (4), pp. 354-363.

Lee B.C., Yoon H., Lee B., Kim P., Moon H.B., Kim Y. (2021), “Occurrence
of bisphenols and phthalates in indoor dust collected from Korean homes”,
Journal of Industrial and Engineering Chemistry Vol. 99, pp. 68-73.

Li B., Liu R., Gao H., Tan R., Zeng P., Song Y. (2016), “Spatial distribution

127



42.

43.

44,

45.

46.

47.

48.

and ecological risk assessment of phthalic acid esters and phenols in surface
sediment from urban rivers in Northeast China”, Environmental Pollution Vol.
219, pp. 409-415.

Li C., Chen X. (2023), “Parabens in indoor dust from houses, university
dormitories, and cosmetics stores in Nanjing, China: Occurrence and human
exposure”, Environmental Science and Pollution Research Vol. 30 (10), pp.
26929-26937.

Li X., Yin P., Zhao L. (2016), “Phthalate esters in water and surface water
sediments of the Pearl River estuary: distribution, ecological, and hudman
health risk”, Environomental Science and Pollution Research Vol. 23, pp.
19341-19349.

Li X., Zheng N., Zhang W., An Q., Ji Y., Chen C., Wang S., Peng L. (2024),
“Comprehensive assessment of phthalates in indoor dust across China between
2007 and 2019: Benefits from regulatory restrictions”, Environmental
Pollution Vol. 342, 123147.

Li X.J., Tang X., Zhou X.H., Chen M.S., Dai J.L., Xiong W.M., Zou Z.X., Liu
H.J., Lv S.Y., Lin H., Lian M. (2013), “Determination of eight parabens in
water-based food simulants migrated from antibacterial plastic packaging by
LC/MS/MS”, Applied Mechanics and Materials Vol. 333-335, pp. 1993-
1997.

Liao C., Kannan K. (2013), “Concentrations and profiles of bisphenol A and
other bisphenol analogues in foodstuffs from the United States and their
implications for human exposure”, Journal of Agricultural and Food
Chemistry Vol. 61 (19), pp. 4655-4662.

Liao C., Liu F., Guo Y., Moon H.B., Nakata H., Wu Q., Kannan K. (2012),
“Occurrence of eight bisphenol analogues in indoor dust from the United
States and Several Asian countries: Implications for human exposure”,
Environmental Science and Technology Vol. 46 (16), pp. 9138-9145.

Lincho J., Martins R.C., Gomes J. (2021), “Paraben compounds — Part I: An

128



49.

50.

51.

52.

53.

54,

55.

overview of their characteristics, detection, and impacts”, Applied Science Vol.
11 (5), 2307.

LiuJ., Zhang L., Lu G., Jiang R., Yan Z., Li Y. (2021), “Occurrence, toxicity
and ecological rk of Bisphenol A analogues in aquatic environment — A
review”, Ecotoxicology and Environmental Safety VVol. 208, 111481.

Lucattini L., Poma G., Covaci A., Boer J., Lamoree M.H., Leonards P.E.G.
(2018), ““A review of semi-volatile organic compounds (SVOCSs) in the indoor
environment: occurrence in consumer products, indoor air and dust”,
Chemosphere Vol. 201, pp. 466-82.

Lv Y., Rui C, Dai Y., Pang Q., Li Y., Fan R., Lu S. (2016), “Exposure of
children to BPA through dust and the association of urinary BPA and triclosan
with oxidative stress in Guangzhou, China”, Environmental Science Process
and Impacts Vol. 18 (12), pp. 1492-1499.

Ma J., Chen L.L., Guo Y., Wu Q., Yang M., Wu M.H., Kannan K. (2014),
“Phthalate diesters in airborne PM2s and PMo in a suburban area of Shanghai:
Seasonal distribution and risk assessment”, Science of the Total Environment
Vol. 497-498, pp. 467-474.

Ma W.L., Zhao X., Zhang Z.F., Xu T.F.,, Zhu FJ., Li Y.F. (2018),
“Concentrations and fate of parabens and their metabolites in two typical
wastewater treatment plants in northeastern China”, Science of The Total
environment \Vol. 644, pp. 754-761.

Maria A., Ferreira C., Moder M., Esther M., Laespada F. (2011), “GC-MS
determination of parabens, triclosan and methyl triclosan in water by in situ
derivatisation and stir-bar sorptive extraction”, Analytical and Bioanalytical
Chemistry Vol. 399, pp. 945-53.

Marta-Sanchez A.V., Caldas S.S., Schneider A., Cardoso S.M.V.S., Primel
E.G. (2018), “Trace analysis of parabens preservatives in drinking water
treatment sludge, treated, and mineral water samples”, Environmental Science
and Pollution Research Vol. 25 (15), pp. 14460-14470.

129



56.

57.

58.

59.

60.

61.

62.

Moos R.K., Apel P., Schroter-Kermani C., Kolossa-Gehring M., Briining T.,
Koch HM. (2017), “Daily intake and hazard index of parabens based upon
24h urine samples of the German environmental specimen bank from 1995 to
20127, Journal of Exposure Science and Environmental Epidemiology Vol. 27,
pp. 591-600.

Moreman J., Lee O., Trznadel M., David A., Kudoh T., Tyler C.R. (2017),
“Acute toxicity, teratogenic, and estrogenic effects of bisphenol A and its
alternative replacements bisphenol S, bisphenol F, and bisphenol AF in
Zebrafish Embryo-Larvae”, Environmental Science and Technology Vol. 51
(21), pp. 12796-12805.

Muenhor D., Moon H.B., Lee S., Goosey E. (2018), “Organophosphorus flame
retardants (PFRs) and phthalates in floor and road dust from a manual e-waste
dismantling facility and adjacent communities in Thailand”, Journal of
Environmental Science and Health - Part A Toxic/Hazardous Substances and
Environmental Engineering Vol. 53 (1), pp. 79-90.

Net S., Sempéré R., Delmont A., Paluselli A., Ouddane B. (2015),
“Occurrence, fate, behavior and ecotoxicological state of phthalates in
different environmental matrices”, Environmental Science and Technology
Vol. 49 (7), pp. 4019-4035.

Nguyen D.T., Le X.T.T., Trinh T.V.,, Do M.V. (2024), “Evaluation of
chemical exposure to the sediment and green mussels (Perna viridis) at some
coastal sites in Northern Vietnam”, Regional Studies in Marine Science Vol.
71,103413.

Nguyen K.T., Nguyen H.M., Truong C.K., Ahmed M.B., Huang Y., Zhou J.L.
(2019), “Chemical and Microbiological Risk Assessment of Urban River
Water Quality in Vietnam”, Environmental Geochemistry and Health Vol. 41,
pp. 2559-2575.

Noszczynska M., Piotrowska-Seget Z. (2018), “Bisphenols: Application,

occurrence, safety, and biodegradation mediated by bacterial communities in

130



63.

64.

65.

66.

67.

68.

69.

70.

wastewater treatment plants and rivers”, Chemosphere Vol. 201, pp. 214-223.

Praveena S.M., The S.W., Rajendran R.K., Kannan N., Lin C.C., Abdullah R.,
Kumar S. (2018), “Recent updates on phthalate exposure and human health: a
special focus on liver toxicity and stem cell regeneration”, Environmental
Science and Pollution Research Vol. 25 (12), pp. 11333-11342.

Promtes K., Kaewboonchoo O., Kawai T., Miyashita K., Panyapinyopol B.,
Kwonpongsagoon S., Takemura, S. (2019), “Human exposure to phthalates
from house dust in Bangkok, Thailand”, Journal of Environmental Science
Health, Part A VVol. 54 (13), pp. 1269-1276.

Qiu W., Yang M., Liu S., Lei P., Hu L., Chen B., Wu M., Wang K.J. (2018),
“Toxic effects of Bisphenol S showing immunomodulation in fish
macrophages”, Environmental Science and Technology Vol. 52 (2), pp. 831-
838.

Reichert G., Mizukawa A., Antonelli J., Almeida F.D., Goulart B., Filippe
T.C., Rodrigues J.C. (2020), “Determination of parabens, triclosan, and lipid
regulators in a subtropical urban river: Effects of urban occupation”, Water,
Air, and Soil pollution Vol. 231 (133).

Rochester J.R., Bolden A.L. (2015), “Bisphenol S and F: A systematic review
and comparison of the hormonal activity of Bisphenol A substitutes”,
Environmental Health Perspectives Vol. 123 (7), pp. 643-650.

Serrano S.E., Braun J., Trasande L., Dills R., Sathyanarayana S. (2014),
“Phthalates and diet: a review of the food monitoring and epidemiology data”,
Environmental Health VVol. 13 (1), 43.

Si W, Cai Y., Liu J, Shen J., Chen Q., Chen C., Ning L. (2019),
“Investigating the role of colloids on the distribution of bisphenol analogues in
surface water from an ecological demonstration area, China”, Science of the
Total Environment Vol. 673, pp. 699-707.

Skledar D.G., Masic L.P. (2016), “Bisphenol A and its analogs: Do their

metabolites have endocrine activity?”, Environmental Toxicology and

131



71.

72.

73.

74.

75.

76.

77.

78.

Pharmacology Vol. 47, pp. 182-199.

Song C., Lin J., Huang X., Wu Y., Liu J.,, Wu C. (2016), “Effect of butyl
paraben on the development and microbial composition of periphyton”,
Ecotoxicology Vol. 25, pp. 342-349

Srivastava A., Sharma V.P., Tripathi R., Kumar R., Patel D.K., Mathur P.K.
(2010), “Occurrence of phthalic acid esters in Gomti River sediment, India”,
Environmental Monitoring and Assessment VVol. 169, pp. 397-406.

Sun J., Huang J., Zhang A., Liu W., Cheng W. (2013), “Occurrence of
phthalate esters in sediments in Qiantang River, China and inference with
urbanization and river flow regime”, Journal of Hazardous Materials Vol.
248-249, pp. 142-149.

Sun Q., Li M., Ma C., Chen X., Xie X., Yu C.P. (2016), “Seasonal and spatial
variations of PPCP occurrence, removal and mass loading in three wastewater
treatment plants located in different urbanization areas in Xiamen, China”,
Environmental Pollution Vol. 208, pp. 371-381.

Sun Q., Wang Y., Li Y., Ashfaqg M., Dai L., Xie X., Yu C.P. (2017), “Fate and
mass balance of bisphenol analogues in wastewater treatment plants in Xiamen
City, China”, Environmental Pollution Vol. 225, pp. 542-549.

Terasaki M., Takemura Y., Makino M. (2012), “Paraben-chlorinated
derivatives in river waters”, Environmental Chemistry Letters Vol. 10, pp.
401-406.

Thuong N.T., Yoneda M., lkegami M., Takakura M. (2013), “Source
discrimination of heavy metals in sediment and water of To Lich River in
Hanoi City using multivariate statistical approaches”, Environmental
Monitoring Assessment Vol. 185, pp. 8065-8075.

Toni L.D., Tisato F., Seraglia R., Roverso M., Gandin V., Marzano C., Padrini
R., Foresta C. (2017), “Phthalates and heavy metals as endocrine disruptors in
food: a study on pre-packed coffee products”, Toxicology Reports Vol. 4, pp.
234-239.

132



79.

80.

81.

82.

83.

84.

85.

Tran-Lam T.T., Phung A.T.T., Pham P.T., Bui M.Q., Dao Y.H., Le G.T.
(2023), “Occurrence, biomagnification, and risk assessment of parabens and
their metabolites in marine fish: The case study of Vietnam”, Chemosphere
Vol. 344, 140221.

Tran T.M., Kannan K. (2015), “Occurrence of phthalate diesters in particulate
and vapor phases in indoor air and implications for human exposure in Albany,
New York, USA”, Archives of Environmental Contamination and Toxicology
Vol. 68, pp. 489-499.

Tran T.M., Le H.T., Minh T.B., Kannan K. (2017), “Occurrence of phthalate
diesters in indoor air from several Northern cities in Vietnam, and its
implication for human exposure”, Science of The Total Environment Vol. 601—
602, pp. 1695-1701.

Tran T.M., Minh T.B., Kumosani T.A., Kannan K. (2016), “Occurrence of
phthalate diesters (phthalates), p-hydroxybenzoic acid esters (parabens),
bisphenol A diglycidyl ether (BADGE) and their derivatives in indoor dust
from Vietnam: Implications for exposure”, Chemosphere Vol. 144, pp. 1553-
1559.

Tran T.M., Tran-Lam T.T., Mai H.H.T., Bach L.H.T., Nguyen H.M.N., Trinh
H.T., Dang L.T., Minh T.B., Quan T.C., Hoang A.Q. (2020), “Parabens in
personal care products and indoor dust from Hanoi, Vietnam: Temporal trends,
emission sources, and non-dietary exposure through dust ingestion”, Science of
The Total Environment 761, 143274.

US EPA (2017) Update for Chapter 5 of the exposure factor handbook. Soil
and Dust ingestion. https://www.epa.gov/expobox/exposure-factors-handbook-
chapter-5

Wang C., He J.,, Xu T., Han H., Zhu Z., Meng L., Pang Q., Fan R. (2021),
“Bisphenol A (BPA), BPS and BPB-induced oxidative stress and apoptosis

mediated by mitochondria in human neuroblastoma cell lines”, Ecotoxicology
and Environmental Safety VVol. 207, 111299.

133


https://www.epa.gov/expobox/exposure-factors-handbook-chapter-5
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-5

86.

87.

88.

89.

90.

91.

92.

Wang J.,, Bo L., Li L., Wang D., Chen G., Christie P., Teng Y. (2014),
“Occurrence of phthalate esters in river sediments in areas with different land
use patterns”, Science of the Total Environment VVol. 500-501, pp. 113-119.
Wang L., Liao C., Liu F., Wu Q., Guo Y., Moon H.B., Nakata H., Kannan K.
(2012), “Occurrence and human exposure of p-hydroxybenzoic acid esters
(parabens), bisphenol A diglycidyl ether (BADGE), and their hydrolysis
products in indoor dust from the United States and three East Asian countries”,
Environmental Science and Technology Vol. 46, pp. 11584-11593.

Weizhen Z., Xiaowei Z., Peng G., Ning W, Zini L., Jian H., Zheng Z. (2020),
“Distribution and risk assessment of phthalates in water and sediment of the
Pearl River Delta”, Environmental Science and Pollution Research Vol. 27,
pp. 12550-12565.

Yamamoto H., Tamura |., Hirata Y., Kato J., Kagota K., Katsuki S.,
Yamamoto A., Kagami Y., Tatarazako N. (2011), “Aquatic toxicity and
ecological risk assessment of seven parabens: Individual and additive
approach”, Science of The Total Environment Vol. 410, pp. 102-111.

Yan Z., Liu Y., Yan K., Wu S., Han Z., Guo R., Chen M., Yang Q., Zhang S.,
Chen J. (2017), “Bisphenol analogues in surface water and sediment from the
shallow Chinese freshwater lakes: Occurrence, distribution, source
apportionment, and ecological and human health risk”, Chemosphere Vol. 184,
pp. 318-328.

Yang M., Qiu W., Chen B., Chen J., Liu S., Wu M., Wang K.J. (2015), “The
in vitro immune modulatory effect of Bisphenol A on fish macrophages via
estrogen receptor a and nuclear factor-kB Signaling”, Environmental Science
and Technology Vol. 49 (3), pp. 1888-1895.

Yu K., Li B., Zhang T. (2012), “Direct rapid analysis of multiple PPCPs in
municipal wastewater using ultrahigh performance liquid chromatography-
tandem mass spectrometry without SPE pre-concentration”, Analytica Chimica
Acta Vol. 738, pp. 59-58.

134



93.

94.

95.

Yu Y., Huang Q., Wang Z., Zhang K., Tang C., Cui J., Feng J., Peng X.
(2011), “Occurence and behavior of pharmaceuticals, steroid hormones and
endocrine-disrupting personal care products in wastewater and the recipient
river water of the Pearl River Delta, South China”, Journal of Environmental
Monitoring Vol. 13 (4), pp. 871-878.

Zhang Z.M., Zhang H.H., Zhang J., Wang Q.W., Yang G.P. (2018),
“Occurrence, distribution, and ecological risks of phthalate esters in the
seawater and sediment of Changjiang River Estuary and its adjacent areca”,
Science of the Total Environment Vol. 619-620, pp. 93-102

Zhao X., Qiu W., Zheng Y., Xiong J., Gao C., Hu S. (2019), “Occurrence,
distribution, bioaccumulation, and ecological risk of bisphenol analogues,
parabens and their metabolites in the Pearl River Estuary, South China”,

Ecotoxicology and Environmental Safety Vol. 180, pp. 43-52.

135



PHU LUC

Phu luc 1: Sic @b scan paraben, bisphenol va phthalate

RT: 0.00-15.75

MeP

- 6.70 692

NL: 2.41E4
m/z=91.92-142.00 F: -
¢ ESISRM ms2
151.000
[91.916-91.918,
135.916-135.918] MS
100ppb

5 6 7 8 9
Time (min)

RT: 0.00 - 15.75

EtP

NL:2.27E4
miz= 91.92-142.00 F: -
¢ ESISRM ms2
165.000
[91.916-91.918,
136.916-136.918] MS
100ppb

Time (min)

10

RT: 0.00-15.75

NL:5.55E4
miz=91.92-142.00 F: -
¢ ESISRM ms2

179,
[91.999-92.001,
136.916-136.918] MS
100ppb

iPrP

PrP

Time (min)




RT: 0.00 - 15.75

957 NL: 8.69E4
100 miz=91.92-142.00 F: -
¢ ESISRM ms2

959 227.088
[91.916-91.918,

904 135916-135.918] MS

o BuP

982 1004
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)

RT: 0.00 - 15.75

967 NL: 1.71E4
100 miz=91.92-142.00 F: -
¢ ESISRM ms2

959 193.188
[91.916-91.918,

90 135916-135.918] MS

o BzP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)

RT: 0.00 - 15.75

1513  NL:2.21E4
100 m/z=91.92-142.00 F: -
¢ ESISRM ms2

95 235175
[91.916-91.918,

90 136.916-136.918] MS
100ppb

” HepP

o

Time (min)




T TGy = T, 0

BPF

Time 10.028 Scan# 1,841

Inten. i

T
175 min

BPA:

Time - 14.972 Scani 1,941

WMax Intensity @ 13,538
Inten. 0

T
17.5 min




=) 9
~ w =)
o [os]
o o -
m
o
g«
PE
4 ol e MLC-Q_AJL__A | e g0 1430 J4e g8 s
s 2o 2 e H H
Ve { i)

DnHP

DEHP

DMP

Refawe Amcdacoe by
: » & B % 4 % n R e BA




[PAE NS 22l 11100 RT 769 AV-1 §5.332 738387076 NL3SE
T + cEIF o [£0000-400 000)

04 148 2
3
%3 O/\
13
03 o
=3 \/
3
[e]

DEP

Rediee Aataace
8 u
Ll

1moa

3 1%02
13008
»] 10503 e

T T T T T T T T T T T
0 o 140 w0 10 200 20 %0 260 30 300 0 0 180 30
-

s -“:'o- = n rsos
Paor fssoe f—  [ssos || 250 | MSOLIII108 4oy 1y i 0909 19908 10 22O 3302 24713 25415 27731 247 3B0s 3 34804 35107 36643 35013 3959
=
T T T T v v
o 0

PAE _NS_scanl#1427 RT:8.78 AV:1 $B: 253 881-930,8.40-8.76 NL: 399E7 o
T + ¢ H Full s [50.000-400.000]
100 4898 . A~

O™

DPrP

Relative Abundance
8 5 ¥ 3 3 8 8

=3

s

7604 10401 121,03 o wEe
I R o0 || |193.06[21005 2008 24999 2000 29903 30897 32830 3364 35881 3951 9233
ull"l[“l [.l'.l vl I|||| ||| I' ||.|ll“l l.l TT i.ll LI il ||||| l‘ll‘ l'[.l .III.T-‘ LA | ||| T lll‘l L '.I..l I.
© 100 1N M0 160 10 0 20 240 260 2% N0 20 30 36 3%
miz

PAE_NS saanl #1625 RT: 945 AV-1 $B:253 881-930,8.40-876 NL:4.28E7
T ¢ E Full ms [50.000-400.000) 0
14897
100

90 °©
80 o

DiBP

Relative A bund ance

=
2
S

. 03
1045708 10402 230
J_ 8.03 12102 13201 166.99 205.03 3407 ks 2 R . T
L J B 1 19006 T L 26209 27648 29024 3131 340.59 356.08 369.60 39344
B o o o B R N L e e e

L] 80 100 120 140 160 180 200 2% 240 260 20 300 320 340 380 380
mz

[




PAE NS _scanl #1856 RT.10.22 AV.1 SB: 233 8.81-030.840-8.76
T: + ¢ EI Poll ms [50.000-400.000]

100

NL:3.77E7

1489

Relative Abundance

150.04
160.09

2390190 25104

278,04 288

DBP

A1 30426 33108 34835 37992 390.24

280

| BLINLANL I I L I L B L |

300 3N 340 30 380

PAE _NS_scanl #3062 RT: 1427 AV:1 NL:2.39E7
T:+ ¢ EI Full ms [30.000-400.000]

14890
100

a2 3

w
L=

Relative Abundance

5708 7100 9700

0 1712 20705 153|-“

251.08
253.18

28103 20423 30910

I P

DnHP

334.20 348.31 36249 37830 39703

LI I L I B O §
180 200 20

mz

240

260

280

SIS L L LIS AL I O O O
300 320 40 360 380

PAE NS _scan] #3788 RT: 16.70 AV:1 SB: 281 16.74-1720,16.20-16.68 NL: 5.84E6
T: =+ ¢ E1 Full ms [50.000-400.000]

148.99
100

167.01

55.07

J

240.15

6704 93,08 10508 121.08 137.11 23324

205.16

265.42

291.43

DCHP

32133 34049 358.35 38235 39226

o
L

T L
LI I
80 100 120

T iIIJII
60 140 200

20

mz

240

20

280

‘
L SIS (LIS L L L I L O

300 320 340 360 380




PAE_NS_scan123108 RT: 1442 AV:1 SB: 190 14441476 ,14.08-14.40 NL: 5.99E6

T: + ¢ E1 Full ms [50.000-400.000]
100

148.98

a8

s 8

5

Relative Abundance

20607

10403 1307 13509

238.0:

BBzP

2]
25248 27533 20147 3119 323.58 360.18 39164

120

100 140

20
mz

L i L
LI I B B I N L N O L N L B L

240

260 280 300 20 340 360 380

PAE_NS_scan] #3849 RT: 1691 AV:1 SB: 352 17.02-17.63 ,16.30-16.86 NL: 784E6
T. + ¢ E1 Full ms [50.000-400.000]

100

14899

16701

3.3 15007

10 ) 10404
| 12106 13204 [Lﬂ.ls 1801
| s I s

19616 205.13

23622

o

DEHP

279.07

2626 | 280.16 303.34 33373 34420 37235 38419

L (-l
LA I L L O I

0 80 100 120 40 1% 180 20

20

m2

LI LI O L
240 260

280 300 in 340 360 380

PAF_NS_wml 2490 RT 3041 AV | SB D11 30333080 2044237 NL 398
T+ E1 Flune [ 9000400 000)

1898

Reutw Anlunx

.10
125.10

19109
.

AL50 AW

2%

san *i1 ™1 3w

v

P 10412 N
|
- 3

T
Y o Y

B

0 2

>0




PAB_TS el 2817 KT 680 AV
T CFl Pl [ 50.000400 000
o0

2605

2605 25156 2634

211 29965 I LS

As01

1059 1Mo

»ea

240 »o0 20

o

wo

Sh W9 7 1430 6 BTA4 NL 2 2P

1510

Rt Aalany

XM

20

»an

108 55

IMSE MW BWAN

AMD4 IRSSS

14

s w0 1o 120 *»

»o

Y

Qo

T T
Y 10

[PAE B scad 21426 RT §% AV-1 $5. 847 879032, 145-8 78 NL 1 SE7
T =2 EIFstors [%0 000-400 000)
g 153.00

913

.
16

194,07

38941

27026 28014
T

46 30708
T
300

>

966 BE42 )Nﬂ'?,vl.l
0




[PAE B sl 23522 KT 98 AV-1 SB 847 £79-1032. 745878 NL 195
T +<E Faftons [0 000400 000)
153.00 D [}

100
953 D.

Relene Axedacce
8

15403

2707

e
800+ - 1703
@ 125.06 180
l. 08 !_x_me 1 Ill,wu’J. e 15.:0: |,:' ]
£l 80 100 10 10 180 180 x0 20 2
-

d 080+
908 .
B 1s30¢ dedo |30l0 |20 2693 M1 9532 31819 337X 3507 37630 386%
T T

260 300 !50 3% 380 380

[PAE: 15 s 23100 KT 1439 AV-1 §B $83 1441-163_1327-14 36 NL 69088
T = EFafiers [50.000-400 000)

s 15301

913 o [}

9104

Relmne Aodacce

- 21009

20930

oy EEEEY 24203
131908 |z 20803 22455 24308 26113 2948 28200 30573 31611 32706 34823 36957 33502 39861
. T - T

T . . T T T T
1% 1o 200 40 %0 320 30 380 »0

[PAE TS s> 3835 RT-1587 AV 1 §5.975 15951581 1335-1681 NL. 185
T +< B Fufies [30 000-400 000]
1530

Relane
&

10 nn

1 23 3 172 08

T el N e
T T

T
100 120 140 150 180

;s

13 20803 22108 23508 23433 26507 28200 28513 29550 3211 33663 34649 38319 37269  IWTO
e - T

T T T T T T
bs b 50 300 30 M0 380 180

mz




Phu luc 3: Puong chuén

Area

Area

MeP
Y =4 107edX + 3.617e3; R*2: 0.9998; Origin: Ignore; W: 17X Area

5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000

500000

Area

03 T T T T T T T T T T

iPriP
Y =3.165e4X - 3.003e3; R*2: 0.9997, Origin: Ignore; W: 10(, Area

Area

20000005

15000005

10000005

500000

0

EtF
Y = 2.698edX + 3.045e2; R 2 0.9939; Origin: Ignore; W: 1/X; Area

=

3500000

3000000

2500000

2000000

1500000

1000000

500000

o]

BuP
Y = 3.034edX - 1.783e3; R*2: 0.9893; Origin- Ignore; W 1/X; Area

=}

Area

Area

2000000
1300000
1600000
1400000
1200000
1000000
300000
600000
200000
200000
0

PP
Y =1.701e4X - 1.147e3; R*2: 0.9994; Origin: Ignore; W: 1/X; Area

0

BzP
Y = 2.934edX + 2.585e2; R*2: 0.999%; Origin: Ignore; 'W: 17X, Area




Area

Y =2503e4X + 1 211e3; RA2- [)]_{S'QPBB; Origin Ignore; W: 1£X; Area
3000000
2500000
2000000-
1500000
1000000

500000

Y =0.0051082+0.00472247*X R"2=0.9999 W: Equal

10
0.9:
0.8:
0.7
0.6
0.5
0.4
0.3
0.2:

0.1:

o T
0 20 40 60 80 100 120 140 160 180 200 220
ppb

DiBP
Y =0.0868732+0.0107657*X R"2=0.9998 W: Equal

05+ e

/

B0 0
0 20 40 60 80 100 120 140 160 180 200 220

ppb

2 BRA

Area(x10,000)

5.0

4.0

3.04

2.0
R"2 = (.9998260

0.0

50 00 50 200 250 300 350 400 450 Conc.

1 BPF

Area(x10,000)

5.0+

R"2 = 09999632

4

3.0

plig

0 50 100 15‘»0 200 25‘}0 360 3%0 40‘0 450 Conc.

Y =0.0087296+0.00856396*X R"2=0.9993 W: Equal

-
e
/’//
-
-
el
/’/
7
/’/
P -
7
/'///
. -

El
L N T I e o o

0 20 ) 60 80 100 120 140 160 180 200 220

ppb
Y = 0.0416184+0.0110913*X RN2 = 0.9997 W: Equal

4 L

4 7

4 ,./"

1 _
20 _—

] -
15 //-/

] "

1 -

] /_/I/
107 -

7

] x///
05 e

1 L~

] M

1w
00 T T T T T

0 20 2 60 80 100 120 140 160 180 200 220

ppb

I
Y =0.0354773+0.012339*X R"2=0.9998 W: Equal

L B e L B s e
0 20 40 60 80 100 120 140 160 180 200 220
ppb

Y =0.00836567+0.00709735*X R"2=0.9997 W: Equal

. e

] ~

04—: /./

OO
0 2 w6 8 100 120 140 160 180 200 220

ppb




Y =0.010886+0.0071904*X R"2=0.9987 W: Equal

- 0.9
" 08
0.7
0.6
05
0.4

T
120 140

T
160

T T 1
180 200 220

DnOP
Y =-0.00486763+0.00379004*X RA2=0.9995 W: Equal
0.8: ////
Pl
0.7 ///
0.6
////
0.5 e
///
L e s e s L L
120 140 160 180 200 220

CHP
Y =-0.000569417+0.00432881*X RA2 =0.9996 W: Equal

LI s s
60 80 100 120 140 160
ppb

T
180

T
200

1
220

o N = [ w
o o o o o o
pap b T e T b T

o
o

Y =0.164178+0.0147629*X R"2=0.9997 W: Equal

T T
20 40 60 80 100 120 140 160 180 200 220
ppb




Phu luc 4: Thong tin cac mau trong nghién cau

M3 5
e Pia diém Vi db Kinh @9
Mdu bui lang (n=26)
H-1  Nhad, duong Luong Thé Vinh, Thanh Xuan 20°59°30”N  105°47°48”E
H-2  Nha &, duong Phuc X4, Ba Dinh 21°02°48”N  105°50°49”E
H-3  Nha &, duong Cau Gidy, Cau Gidy 21°02°00”N  105°47°34”E
H-4  Nhag, phd Lo Duc, Q. Hai Ba Trung 21°00°46”N  105°51°27”E
H-5  Nha g, duong Minh Khai, Q. Hai Ba Trung 21°00°19”N  105°52°05"E
H-6  Nhad, duong Bach Pang, Q. Hai Ba Trung 21°01°27"N  105°51°44"E
H-7  Nha g, duong Quan Nhan, Q. Thanh Xuén 21°00°14"N  105°48°46”E
H-8  Nha g, duong Vii Tong Phan, Q. Thanh Xuan 20°59°07”’N  105°48°57”E
H-9  Nha g, duong Vii Tong Phan, Q. Thanh Xuan 20°59°07”N  105°48°57"E
H-10  Nha ¢, duwong Phung Khoang, Q. Thanh Xuén 20°59°14”N  105°47°32”E
H-11  Nha ¢, duong Ton Théat Tung, Q. Pong Da 21°00°15”N  105°49°44”E
H-12  Nha ¢, dudng Lac Long Quan, Q. Tay Hb 21°03°41”’N  105°48°25”E
H-13  Nha ¢, dudng Luong Thé Vinh, Thanh Xuan 20°59°28”N  105°47°42”E
VRS-1 Cira hang sira xe, lang Triéu Khac, Thanh Tri 20°58°48”N  105°48’15"E
VRS-2 Cira hang sira xe, lang Triéu Khdc, Thanh Tri 20°58’48”N  105°48’15”E
VRS-3 Cua hang stra xe, lang Triéu Khc, Thanh Tri 20°58°48”N  105°48°14”"E
VRS-4 Cira hang sira xe, lang Triéu Khdc, Thanh Tri 20°58°48”N  105°48’14”E
VRS-5 Cira hang sira xe, lang Triéu Khac, Thanh Tri 20°58°31”N 105°48’15"E
VRS-6 Cira hang sira xe, lang Triéu Khac, Thanh Tri 20°58°48”N  105°48’14”E
VRS-7 Cira hang stra xe, lang Triéu Khac, Thanh Tri 20°58°29”N  105°48’15"E
WR-1  Xudng tai ché, lang Triéu Khac, Thanh Tri 20°58°31”N  105°48°15”E
WR-2  Xudng tai ché, lang Triéu Khac, Thanh Tri 20°58°31”N  105°48°14”E
WR-3  Xuong tai ché, lang Triéu Khic, Thanh Tri 20°58°31”N  105°48°16”E
WR-4  Xuong tai ché, lang Triéu Khic, Thanh Tri 20°58°31”N  105°48°14"E
WR-5  Xudng tai ché, lang Triéu Khac, Thanh Tri 20°58°31”N  105°48°14”E
WR-6  Xudng tai ché, lang Triéu Khac, Thanh Tri 20°58°31”N  105°48°15”E

Méu bui min PMo1 va PMgs ¢ Bdc Ninh




Ma

néa Pia diém Vi d§ Kinh d¢
L6 Nt giao thong phuong Pong Ngan- Tir Son 21°6°59”N  105°57°23"E
L8 Nt giao théng trung tam y té Tir Son 21°7°26”N  105°58’15”E
L10  Nut giao thong phudng Vo Cudng 21°10°1”"N 106°3°52”E
L11  Cong truong xay dung duong Han Thuyén 21°10°40”’N  106°4°29” E
L12 Nt giao thong phuong Ninh Xa— TP. Bic Ninh  21°10°26”N  106°3°41”E
L14 Nt giao thdng phuong Vii Ninh 21°11'24’N  106°4'30”E
L16  Cong trudng xay dung phuong Vo Cuong 21°09°52”"N  106°2°23”E
L23 Nt giao thong Qué V& 21°9°’19"N  106°8°44”E
L24  Céng trinh xay dung Qué V& 21°9°28”"N  106°8’42”E
L28 Nt giao thdng Thuan Thanh 21°2°20°N 106°5°42”E
L29  Nut giao thong Thuan Thanh 21°2°20"N  106°5°38”E
Mdu nwéc mgt
TQ-1 HO Thién Quang 21°01°09”N  105°50°49”E
TQ-2  HO Thién Quang 21°01°10"N  105°50°41”E
TQ-3  Hb Thién Quang 21°01°05”N  105°50°50”E
TQ-4  Hb Thién Quang 21°01°02”N  105°50°43”E
TQ-5 Hb Thién Quang 21°01°04”N  105°50°38”E
TQ-6  Ho Thién Quang 21°01°03”N  105°50°48”E
TQ-7 HO Thién Quang 21°01°05”N  105°50°37”E
HK-1  Hb Hoan Kiém 21°01°34”N  105°51°117E
HK-2  Hb) Hoan Kiém 21°01°49”N  105°51°12"E
HK-3  Ho6 Hoan Kiém 21°01°54”N  105°51°07”E
HK-4 Ho Hoan Kiém 21°01°37°N  105°51°117E
HK-5 Hb Hoan Kiém 21°01°51”N 105°51°117E
BM-1 HO Ba Mau 21°00'41”"N  105°50°22”E
BM-2 Ho Ba Mau 21°00°51”N  105°50°23"E
BM-3 Ho Ba Mau 21°00'46”"N  105°50°27”E
BM-4 HO Ba Mau 21°00'41”"N  105°50°22”E
BM-5 HO Ba Mau 21°00'51”’N  105°50°23”E




Vi dd Kinh d¢
hda
BM-6 HO6 Ba Mau 21°00'46”N  105°50°27”E
HT-1 HO Tay 21°02°38”N  105%49°58”E
HT-2 HO Tay 21°02°34”N  105%49°33"E
HT-3  HO Tay 21°02°40”N  105°49’11”E
HT-4 HO Tay 21°02°44”N  105%8°57E
HT-5 Ho Tay 21°02°52”N  105%8°53"E
HT-6 HO Tay 21°03°01”"N  105%8°49”E
HT-7  HO Tay 21°03°12”N  105%48°45"°E
HT-8 HO Tay 21°03°35°°N  105°48°34"’E
TB-1  Ho Trac Bach 21°02°39”N  105°50°13”E
TB-2  Ho Trac Bach 21°02°48”N  105°50°17"E
TB-3  H) Truc Bach 21°02°51”N  105°50°19”E
TB-4 H) Trac Bach 21°02°49”N  105°50°29”E
TB-5 Hb Trac Bach 21°02°39”N  105°50°13”E
TB-6  Ho Truc Bach 21°02°48”N  105°50°17"E
TB-7  Ho Truc Bach 21°02°51”N  105°50°19”E
IW-1 77 Kim Nguu 21°00°26”N  105°51°43”E
IW-2  Cau Lac Trung, Kim Nguu 21°00’11”N  105°51’40”E
IW-3 2 Tam Trinh 20°59°44”N  105°51°43”E
IW-4  Cau Kim nguu — Dén Lit 20°59°00”"N  105°51°50”E
IW-5  Truéc nha may Yén S¢ 20°58°40”N  105°51°54”E
IW-6 Nt giao duong Hoang Qudc Viét - Buai 21°02'45”N  105°48°19”E
IW-7 Nt giao Nguyén Khanh Toan - Cau Gidy 21°01'43”N  105°48°18”E
IW-8 36 Puong Lang 21°01°49”N  105°48°04”E
IW-9 361 Puong Lang 21°00°38”N  105°48°39”E
IW-10  Cau vuot Trung Hoa 21°00°54”N  105°48°18”E
IW-11  Cau Ngi Tu S&, Giap Nhat 21°00°07”N  105°49°04”E
IW-12 Nt giao Khuong Pinh - Thuong Pinh 20°59°33”"N  105°48°50”E
IW-13 40 Kim Giang 20°59°01”"N  105°48°55”E




Ma

néa Pia diém Vi d§ Kinh d¢
IW-14 77 Kim Nguu 21°00°26”N  105°51°43”E
IW-15  Céu Lac Trung, Kim Nguu 21°00°11”’N  105°51°40”E
IW-16 2 Tam Trinh 20°59°44”N  105°51°43”E
IW-17  Cau Kim nguu — Dén Lir 20°59°00”"N  105°51°50”E
IW-18  Trudc nha may Yén So¢ 20°58°40”N  105°51°54”E
IW-19 N0t giao Hoang Qubc Viét - Buoi 21°02°45”N  105°48’19”E
IW-20 N0t giao Nguyén Khanh Toan - Cau Gidy 21°01°43”N  105°48°18”E
IW-21 36 Puong Lang 21°01°49”N  105°48°04”E
IW-22 361 Puong Lang 21°00°38”N  105°48°39”E
IW-23  Cau vuot Trung Hoa 21°00°54”N  105°48°18”E
IW-24  Cau Nga Tu So, Giap Nhat 21°00°07”N  105°49°04”E
IW-25 Nt giao Khuong Pinh - Thugng Pinh 20°59°33”N  105°48°50”E
EW-1  Sau nha may nudc thai Yén So 20°58’36”N  105°51°40”E
EW-2  Sau nha may nudc thai Yén S¢ 20°58°30”"N  105°51°49”E
EW-3  Sau nha may nudc thai Yén S¢ 20°58°12”N  105°51°37”E
EW-4  Sau nha may nudc thai Yén So 20°58°24”N  105°51°55”E
EW-5 Sau nha may nudc thai Yén So 20°58’36”N  105°51°40”E
EW-6  Sau nha may nudc thai Yén S¢ 20°58°30”"N  105°51°49”E
EW-7  Sau nha may nudc thai Yén S¢ 20°58°12”N  105°51°37”E
EW-8 Sau nha may nudc thai Yén So 20°58°24”N  105°51°55”E
Madu tram tich
TL-1  cau Hoang Qudc Viét, song To Lich 21°02°24”N  105°48°22”E
TL-2  cau Khuong Pinh, séng T6 Lich 20°59’31”N  105°48°49”E
TL-3  céu Quang, séng T6 Lich 20°57°47°N  105°49°04”E
N-1  cau Thuy Phuong, song Nhué 21°05°21”N 105°46°12”E
N-2  cau Den, song Nhué 20°58°15”N  105°46°56”E
N-3  cau My Hung, s6ng Nhué 20°54°45”N  105°48°06”E
N-4 cu Ba Da, song Nhué 20°34°01”N  105°55’19”E
D-1  Cau Phung, song Day 21°04°06”N  105°38°47"E




Ma

Ho Pia diém Vi dd Kinh d¢

D-2  chu Mai Linh, song Day 20°56°09"N  105°43°33”E
D-3  ciu Do, song Pay 20°30°57”N  105°54°43”E
D-4  cau Pb Thong, song Day 20°13°02”N  106°02°42”E

Phu luc 5: Hinh anh thiét bi sit dung trong nghién ciu

Thiét bi Pia chi

Thiét bi GC/MS/MS (Thermo Scientific,
My);

Model: GC: Trace 1310

MS/MS: TSQ 9000

Pia chi: PTN trong diém Nghién ciu vé

Dioxin- Trung tdm Nghién ciru va Chuyén

giao Céng nghé- KCN cao Hoa Lac- Thach
That- Ha Noi

Thiét bi LC/MS/MS (Thermo Scientific,
M3);

Model: UHPLC: Dionex UHPLC Ultimate
3000

MS/MS: TSQ QuantisTM

bia chi: PTN Hoa- Sinh- Méi truong, Vién
Hda hoc- Vién Han lam KH&CN VN

Thiét bi LC/MS/MS (Shimadzu)

Model: 8040

bia chi: Trung tdm Nghién citu cong nghé
Moéi truong va Phat trién Bén viing
(CETASD)- Truong Bai hoc Khoa hoc Tu

nhién- Pai hoc Quéc Gia Ha Noi




Thiét bi

Pia chi

Thiét bi ldy mau Nanosampler
Model: 3182 (Kanomax)
bia chi: Pai hoc Bach Khoa Ha Noi

Phu luc 6. P$ thu hoi va dd lip lai tdi da chap nhan tai cac ndng dd khac nhau

(theo AOAC)
Ham lwong % | Ty Ié chat Pon vi bg thu ha RSD (%)
(%)
100 1 100% 98-102 1,3
10 101 10% 98-102 19
1 107 1% 97-103 2,7
0,1 103 0,1% 95-105 3,7
0,01 10+ 100 ppm (mg/kg) 90-107 5,3
0,001 10° 10 ppm (mg/kg) 80-110 7,3
0,0001 106 1 ppm (mg/kg) 80-110 11
0,00001 107 100 ppb (ug/kg) 80-110 15
0,000001 108 10 ppb (ugr/kg) 60-115 21
0,0000001 10° 1 ppb (pg/kg) 40-120 30




Phu luc 7. Tém tit nong d¢ paraben, bisphenol, phthalate trong mau bui ling (ng/g)

Nha & (n=13) Xwdng sira chira xe (n=7) Xuwéng tai ché chat thai (n=6)
Tan suat Tan suat Tan suat
] , Khoang Trung Trung o Khoang Trung Trung o Khoang Trung Trung o
Nhom Chat . R phat hién . R phat hién . R phat hién
nong do binh Vi nong do binh Vi nong do binh Vi

(%) (%) (%)

MeP 13,5-639 182,3 106,0 100 <MQL-56,3 18,5 30,0 57 456 — 1900 1080 1040 100

EtP <MQL-106,5 31,4 23,4 69 <MQL - - 0 10,0-82,4 11,9 11,0 100

Prp <MQL-310 80,4 41,4 92 <MQL-16,9 4,6 16,1 29 30,9-178 117 132 100

i-PrP <MQL-56,8 15,0 29,5 46 <MQL - - 0 11,5-253 14,5 12,9 100

Paraben

BuP <MQL-118,3 40,3 449 85 <MQL - - 0 12,4 -88,8 52,0 44,6 100

BzP <MQL-45,3 10,9 15,9 54 <MQL - - 0 <MQL- 28,1 15,0 22,9 67

HeP <MQL-43,5 11,7 15,5 54 <MQL - - 0 16,8 — 49,7 37,9 40,0 100

> paraben 67 - 1319 372,0 276,5 <MQL -73 23,1 46,1 554 - 2357 1328,9 13055
BPA <MQL-1036 393,1 384,9 92 9812 - 56365 31229 33589 100 1865- 156326 66849 38958 100
Bisphenol BPF <MQL-2233 529,2 281,6 85 2354 - 26132 12486 11919 100 118,7 - 3256 1109 850 100
Ybisphenol <MQL-3270 922 666 12200 - 82500 43700 45500 1983 - 160000 68000 39800
DMP <MQL-1090 162 99,9 69,2 17,5-95,6 52,9 56,8 100 45,8-1380 505 147 100
Phthalate

DEP <MQL-1279 330 251 92 48,1-74,9 60,0 59,5 100 47,4-2540 725 300 100




Nha & (n=13)

Xwéng sira chira xe (n=7)

Xwéng tai ché chat thai (n=6)

Tan suat Tan suat Tan suat

) , Khoang Trung Trung o Khoang Trung Trung o Khoang Trung  Trung o
Nhom Chat . . phat hién ) R phat hién . . phat hién

nong dé binh vi nong do binh vi nong d¢ binh vi
(%) (%) (%)
5,40-89,9

DPrP <MQL-790 154 93,9 85 39,0 32,9 100 9,57-1430 318 114 100

DiBP 103-11200 3280 1826 100 4450-12400 7620 7350 100 1780-45600 15500 3610 100

DBP 106-7840 2890 2810 100 2182-6250 3680 3900 100 1050-15800 7340 5540 100

DnHP <MQL-566 130 115 77 11,0674 123 28,3 100 15,9-20900 3830 392 100

BzBP 34,5-12900 2640 775 100 62,2-1660 490 389 100 2340-24700 16200 17000 100

DCHP <MQL-3280 776 496 92 199-497 350,5 369 100 207-316 273 278 100

DEHP 2050-55900 25900 27900 100 30400-93300 49900 44900 100 11100-85100 33200 22900 100

DnOP 5,75-18600 4350 485 100 615-52800 12500 2830 100 276-1400 834 873 100

>'phthalate  2300-113400 40600 34900 37980-168000 74900 59900 16900-199000 78800 51200




Phu luc 8. Tém tit nong d¢ phthalate phan tich trong mau bui min (ng/m?)

Bui PMos Bui PMo.1
Bic Ninh Ha Noi Bic Ninh Ha N¢i
B Khoéng Trung vi B Khoang Trung vi B Khoang Trung vi B Khoang Trung vi
DMP 0,32 0,15-0,48 0,31 1,50 <MQL-4,10 1,00 0,18 <MQL-0,32 0,26 0,4 <MQL-1,0 0,3
DEP 1,33 0,26-2,98 1,15 3,00 <MQL-9,20 2,10 0,63 <MQL-1,11 0,93 2,0 <MQL-9,1 0,2
DPrP 3,78 1,11-6,74 4,10 <MQL <MQL <MQL 3,03 0,79-5,64 2,20 <MQL <MQL <MQL
DiBP 3,60 <MQL -7,06 4,61 54 0,40-23,3 0,6 7,19 3,89-10,3 7,28 4,9 0,6-20,3 11
DBP 9,12 2,93-19,7 5,22 34,5 3,30-102 10,9 13,62 6,36-23,1 12,90 15,8 4,7-48,8 10,0
DnHP 0,04 <MQL-0,19 <MQL <MQL <MQL <MQL 0,10 <MQL-0,5 <MQL <MQL <MQL <MQL
BBzP <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL
DCHP <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL
DEHP 11,12 <MQL-34,3 <MQL 49,8 2,2-135 40,4 21,43 <MQL-54,8 15,45 20,4 0,3-82,0 1,7
DnOP <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL <MQL
Téng 29,3 45-715 15,4 94,2 5,9-274 55,0 46,2 11,0-95,8 39,0 43,5 5,7-161 13,3




Phu luc 9. Tém tit ndng d chit phan tich trong miu nwéc (ng/L)

Nuée hd Nudc song
Chét K‘hoﬁng Trungbinh  Trungvi Tan suit phat K‘hoéng Trung Trung vi Tén suit phat
nong do hién (%) nong do binh hién (%)
MeP 4,44-181 17,4 7,60 100 9,05-433 66,2 21,6 100
EtP <MQL-15,9 10,1 12,0 87,9 9,59-20,8 15,1 15,2 100
PrP 6,11-12,8 9,70 9,85 100,0 9,31-124 24,9 11,9 100
i-PrP <MQL-21,1 5,68 13,3 42,4 5,40-66,3 16,4 12,6 64,0
Paraben

BuP <MQL-6,31 2,19 3,35 63,6 3,75-13,0 541 531 92,0
BzP <MQL-4,50 2,99 3,43 84,8 3,75-9,44 4,60 4,82 92,0
HeP <MQL-12,6 3,36 5,86 54,5 7,79-28,7 10,3 9,62 84,0

> paraben 10,5-254 51,4 55,4 48,6-695 143 81,0
BPF 23,7-85,2 52,2 52,4 100 57,6-244 114 91,1 100
Bisphenol BPA 10,3-58,3 28,7 27,5 100 26,7-163 70,8 60,9 100

Y bisphenol 34,0-144 80,9 79,9 84,3-407 185 152
DMP 185-2950 1030 981 100 241-8390 3840 3870 100
DEP 1000-14000 3740 2450 100 931-294000 8200 5990 100
Phialate DPrP <MQL-2990 759 521 97,0 320-11600 3340 2080 100
DiBP 605-16800 7630 6920 100 2010-73900 13300 9430 100




Nuéc hd Nuéc song
Chit K‘hoﬁng Trungbinh  Trungvi Tan suit phat K‘hoﬁng Trung Trung vi Tan suit phat
nong do hién (%) nong do binh hién (%)
DBP 783-29000 12000 11700 100 1780-44900 12300 7550 100
DnHP <MQL-1230 360 274 87,9 104-8020 2490 1380 100
BzBP 182-11300 1990 1430 100 425-39200 9230 4950 100
DCHP 128-7120 2930 2250 100 1280-29700 6590 4430 100
DEHP 1600-36400 18100 19200 100 8580-150000 56600 47100 100
DnOP 157-7310 2690 3020 100 1030-37300 10800 7390 100
Y phthalate  4640-129000 51200 48700 16700-432000 126700 94200




Phu luc 10. Tém tit ndéng dd chat phan tich trong mau tram tich (ng/g)

Séng T6 Lich Séng Nhué Song Pay
Tan suat Tan suat Tan suat
Nhom Chit K‘hoéng Trung Trung ohét hign K‘hofmg Trung Trung ohét hign K‘hoﬁng Trung Trung ohét hign
nong do binh Vi %) nong do binh Vi %) nong do binh Vi %)
MeP 11,2425 27,4 26,1 100 2,22-40,6 23,4 18,8 100 <MQL-36,9 194 20,6 93,3
EtP <MQL-10,1 5,38 7,15 77,8 <MQL-11,9 4,89 6,60 75,0 <MQL-13,2 7,02 8,21 86,7
PrpP 4,14-36,4 19,0 19,3 100 5,09-39,4 23,0 28,9 100 <MQL-34,5 18,2 19,6 93,3
Paraben i-PrP <MQL-7,20 3,48 5,36 66,7 <MQL-6,92 3,22 4,38 66,7 <MQL-6,48 3,12 3,56 73,3
BuP <MQL-2,72 1,40 2,09 66,7 <MQL-2,58 1,61 1,93 83,3 <MQL-2,82 1,07 1,71 60,0
BzP <MQL-0,696 0,140 0,628 22,2 <MQL-0,830 0,375 0,630 58,3 <MQL-0,878 0,336 0,782 46,7
HeP <MQL-0,742 0,278 0,622 44 4 <MQL-0,847 0,450 0,665 66,7 <MQL-0,804 0,202 0,768 26,7
Y paraben 15,4-100 57,1 61,3 7,31-103 56,9 61,9 0,0-95,6 49,3 55,2
BPA <MQL-89,0 37,9 49,0 77,8 <MQL-63,3 34,9 38,5 83,3 <MQL-48,8 16,5 19,2 73,3
Bisphenol BPF <MQL-67,9 21,0 11,6 88,9 <MQL-47,2 21,2 24,4 83,3 <MQL-30,9 10,2 17,0 60,0
Y bisphenol 0-157 58,8 60,6 0-111 56,1 62,9 0-79,7 26,6 36,2
Bhthatate DMP 7,32-136 42,8 21,3 100 <MQL-235 47,3 18,0 75,0 <MQL-162 33,7 39,2 60,0
DEP 23,5-1870 478 325 100 <MQL-268 73,4 76,6 83,3 <MQL-39,5 15,0 24,0 66,7




Soéng T6 Lich Séng Nhué Song Day

Tan suat Tan suat Tan suat

) , Khoang Trung  Trung o Khoang Trung  Trung o Khoang Trung  Trung o
Nhom Chat . R phat hién . R phat hién . . phat hién

nong dé binh vi nong d¢ binh vi nong dé binh vi

(%) (%) (%)

DPrpP 11,5-113 40,6 26,6 100 <MQL-46,8 17,2 17,9 83,3 <MQL-76,3 18,5 22,3 73,3

DiBP 276-5350 2460 2120 100 265-3650 1380 1000 100 24,7-3120 1280 1171 100

DBP 98,6-3400 756 410 100 46,4-502 218 189 100 8,65-879 218 124 100

DnHP 576-1790 1040 934 100 25,3-968 390 309 100 78,9-2190 671 384 100

BzBP 75,0-9170 2940 803 100 108-2560 1060 641 100 38,2-2420 633 449 100

DCHP 13,7-1180 415 307 100 <LOQ-1590 339 105 91,7 23,2-1910 370 195 100

DEHP 8990-112000 41400 34700 100 1083-81000 25700 18900 100 573-25500 10500 8360 100

DnOP 41,7-1590 391 204 100 <MQL-467 104 82,2 83,3 <MQL-251 81,6 49,7 86,7

Yphthalate  10100-136000 50000 39900 1530-91300 29300 21300 746-36600 13800 10800




