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Tém tit: 12 hop chat PFCs thudc nhom axit peflocacboxylic va mudi pefloankyl sunfonat (chira 4
dén 12 nguyén tur C trong phan tu) trong cac mau mdi trudng nude, tram tich va ca da dugc phan
tich bang sac ky long ghép noi khdi pho 2 1an (LC-MS/MS) két hop véi xur Iy mau bang k¥ thuat
chiét pha ran su dung cdt trao d6i anion yéu (WAX). Két qua thim dinh phuong phap cho thiy,
dbi voi mau nude va miu ca, ca 12 PFCs duge phén tich cho hi¢u suét thu hdi tot tir 87 t&i 112%
(4-17% CV) va 81-125% (3-12% CV), tuong ung. D6i v6i mau trdm tich, qui trinh phén tich dang
tin cdy cho 10 hop chat PFCs véi hidu suat thu hdi trong khoang 80-121% (3-16% CV) ngoai trir
PFUdA va PFDoA. Gidi han dinh lugng ddi véi 12 PFCs dao dong tur 0,06 dén 0,6 ng/L cho mau
nudce va tir 0,01 dén 0,06 ng/g cho mau trim tich va miu ca.

T khoa: PFCs, LC-MS/MS, nudc, tram tich, ca.

1. Gi6i thigu

Céc hop chat peflo hoa (PFCs) 1a nhimg
chét hitu co ma trong phan tir tat ca cac lién két
C-H duoc thay thé bang lién két C-F. PEC co
ngudn gdc tir cong nghiép thude nhoém chét hoat
dong bé mit dang anion va trung tinh dugc st
dung rong rai trong cac nganh dét may, xi ma,
khai thac mo, hoa dau va duoc sir dung lam 16p
phu, bot chdng chay, chét 1ong thuy luc va chat
di€t con trung tr nhitng nam 1950 [1,4]. Céc
PFC duoc chia thanh mot s6 nhom chinh nhu:
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axit peflocacboxylic (PFCAs), pefloankyl
sunfonat (PFASs), peflosunfoamit (PFSAs) va
flotelome ancol (FTOHs). Trong d6 hai chit
dac trung la PFOA (axit peflooctanoic) va
PFOS (mudi peflooctansunfonat) thugc nhom
chat PFCAs va PFASs duoc tim thdy trong hau
hét mau moi trudng.

Sy tich liy cia cac PFCs trong co thé
khong tudn theo quy luat chung nhu cac hop
chat 6 nhiém hitu co bén vimg (POPs) khac,
chung khéng tich lily trong mé m& ma chu yéu
lién két voi protein trong mau va gan. Nhidu
nghién ctru da chi ra tac hai ctia cac PFCs toi
suc khoe sinh san ctia con ngudi nhu lam suy
giam sb luong tinh trung [5] va 1am giam kha
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nang mang thai [6]. Cac nghién ctru khac da chi
ra sy phoi nhiém PFOS va PFOA trudc khi sinh
s€ lam giam sy tdng trudng cua thai nhi nhu
giam trong luong va kich thude khi sinh [7,8].
Dbi v6i tré em bi phoi nhiém PFCs thi cling
quan sat dugc cac biéu hién cia ching rdi loan
tang dong giam chi y [9]. Xem xét sy c6 mat
trong moi trudng trén dién rong va tiém ning
gdy anh huong suc khoe con nguoi, EPA da
ban hanh cac khuyén céo y té ngin han tam thoi
cho PFOS (200 ng/L) va PFOA (400 ng/L)

Mubi peflooctansunfonat (PFOS)

Hinh 1. Céng thirc hoa hoc

Bai bao nay trinh bay viéc thAm dinh quy
trinh phan tich 12 hop chat PFCs thugc nhom
axit peflocacboxylic va pefloankyl sunfonat
trong cac loai mau moi trudng: nudc, tram tich,
c4 bang phuong phap sic ky long (LC) ghép ndi
v6i khoi pho hai lan (MS/MS) két hop véi qua
trinh xtr Iy mau bang chiét sidu 4m va chiét pha
ran. Quy trinh phan tich mau dwoc 4p dung theo
qui trinh chudn quéc té ISO 25101:2009 [2] va
huéng din ctia du 4n hop tac véi Truong dai
hoc lién hop quéc (UNU Nhat Ban) vé phan
tich cac hop chat PFCs [3].

2. Thyc nghiém

2.1. Héa chat

Hon hop chit chuan va chat noi chuan gdc
duoc su dung la: hdn hop PFAC-MXB 2ppm
(Wellington Lab) gdm 13 hop chit axit
peflocacboxylic (tur C4-C14, C16 va C18) va 4
hop chét pefloankyl sunfonat (C4, C6, C8 va
C10) va hoén hop MPFAC-MXA 2 ppm

trong nudc udng va dang phat trién chuin tiép
xuc min tinh ddi véi con ngudi [10]. Nhom
PFCs c6 dac tinh twong ty nhu cac POPs nén
hai trong sb6 cac PFCs nay (mudi
peflooctansunfonat (PFOS) va
peflooctansunfonyl florua (PFOSF)) d dugc bd
sung vao Phu luc B cuia Cong udc Stockholm
nim 2009. Pidu nay dit ra nhu cau quan tric
thuong xuyén cac hop chit PECs - nhiing chit
POPs méi trong moi truong, dac bi¢t la cac
qudc gia tham gia Cong wdc nhu Viét Nam.

F
I8
F
F F F F F F F
Axit peflooctanoic (PFOA)
cua PFOS va PFOA.

(Wellington Lab) gdm 7 hop chit “C axit
peflocaboxylic (C4, C6, C8, C9, C10, C11 va
C12) va 2 hop chat '*0, "°C pefloankyl sunfonat
(C6 va C8). Cot chiét pha rin 1a loai trao ddi
anion yéu WAX (225 mg) Oasis, Water, M5.
Céc hoa chat, dung méi str dung déu 1a loai tinh
khiét phan tich.

2.2. Quy trinh xir Iy mdu

Qui trinh xir I mdu nude: Trude khi chiét,
mau nude duoc loc qua mang loc thuy tinh dé
loai cin lo limg. Phan metanol sau khi ngdm
can lo lung duoc gop v6i phan mau di loc. Mau
sau d6 dugc thém 50 pL dung dich ndi chuan
(IS) ndéng dd 100 ppb va duge cho chay qua cot
WAX. Sau khi két thuc, cot duoc 1am kho bang
chan khong va dung 4 mL hén hop amoniac
0,1% trong metanol dé rira giai cac PFC. Dich
rira giai duoc c6 vé 1 mL bang thiét bi thdi nito,
loc qua mang loc nylon 0,2 um x d.10 mm cho
vao lo bom mau 1,5 mL.

Qui trinh xir 1y mdu tram tich: Mau trAm
tich dwoc can udt véi khdi lugng 5 g cho vao
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dng nghiém PP 50 mL, thém 50 pL chit noi
chuin ndng d6 100 ppb vao 6ng nghiém va 10
mL dung dich 20% metanol trong nuéc. Ong
nghiém chtra mau duoc lic biang may Vortex
trong 2 phat va dem chiét siéu am trong 10
phat. Mau duge ly tdm ¢ 5000 vong/phut trong
10 phat. Dich chiét phia trén dugc chuyén sang
dng nghiém PP méi, phan mau dwgc cho thém
10 mL dung dich 20% metanol trong nudc va
lap lai budc chiét nhu trén. Hat phan dich chiét
trong vao dng nghiém 50 mL c6 chira dich chiét
lan 1. Binh mtc 6ng nghiém chira dich chiét t6i
25 mL bang dung dich 20% MeOH trong nudc.
Dich chiét mau tram tich duoc cho qua cot
WAX da duge hoat hoa. Cot chiét sau d6 duoc
rira v&i 4 mL metanol dé loai bo chat ban va cac
PFCs dugc rira giai & phan doan tiép theo voi 4
mL 0,1% amoniac/metanol. Mau dugc c6 vé 1
mL bing khi N, va loc qua mang loc nylon 0,2
pm x d.10 mm cho vao lo bom mau 1,5 mL.
Déi véi qui trinh x{r ly mau tram tich, d6 4m
ctia mdi mau duoc xac dinh dé tinh toan ham
lugng PFCs trén khoi lugng tram tich kho.

Qui trinh xir Iy mdu cd: Mau c4 mang vé
phong thi nghiém duoc rira sach. Phan thit ca
duoc thai 1t méng va xay nhuyén. Can 5 g mau
c4 cho vao 6ng nghiém PP 50 mL, thém 50uL
chat noi chuan néng d6 100 ppb vao Ong

nghiém va 10 mL dung dich metanol. Ong
nghiém chtra mau duoc lic bang may Vortex
trong 2 phit va dem chiét siéu am trong 10
phat. Mau duge ly tdm ¢ 5000 vong/phut trong
10 phut. Dich chiét phia trén dugc chuyén sang
binh cau 250 mL, phan mau duoc cho thém 10
mL dung dich metanol va lap lai budc chiét nhu
trén. Gop phan dich chiét cua 2 1an va duoc co
cit chan khong vé khoang 1-2 mL. Dich ¢6
dugc hit sang ong nghiém PP, tong thé tich
trang binh cau va dich chiét ding 5 mL. 20 mL
nudc dugc thém vao 5 mL dich chiét mau ca dé
duoc téng thé tich dat 25 mL v&i 20% metanol
trong nudc. Dich chiét duge cho qua cot WAX
tuong ty v6i xir Iy mau tram tich & phan trén.

2.3. Diéu kién phan tich trén LC/MS-MS

Céc hop chat PFCs trong nghién ctru nay duoc
phan tich trén thiét bi sac ky long ghép noi 2 lan
khéi phd LC-MS/MS 8040 ctia Shimadzu Nhat
Ban st dung cot tach: Poroshell 120, EC-C18
(2.1 mm LD. x 150 mm L, 2,7 um) va cot bao
vé EC-C18, Agilent, My. Chuong trinh dung
modi dugc st dung véi pha dong A: 2 mmol/L
ammoni axetat/metanol (9:1/v:v) va pha dong B:
metanol. Cac thong sé6 MS/MS duoc sir dung cho
phan tich PFCs dugc trinh bay trong bang 1.

Béang 1. Cac thong s6 MS/MS cho phan tich PFCs

. . Thé .
A £ i Ionme Ion thu cap Thé Q1 The Q3

TT  Ténchat Ky hi¢u (m/z) (m/z) V) EZVE) V)

1 Mudi peflohexansunforat- "C,"0  MPFHxS 403 73,9/102,9 19/19 49/39  28/15

2 Mudi peflooctansunforat- °C, "0~ MPFOS 503 79,9/99,1 24/24 55/48  29/15

3 Axit peflobutanoic- *C MPFBA 217 172,05 22 8 29

4 Axit peflohexanoic- *C MPFHxA 314,95 270,15/119,15  15/15 8/20 25/20

5 Axit peflooctanoic- *C MPFOA 416,95 372,05/172,2 20/20 10/19  23/30

6 Axit peflononanoic- *C MPENA 467,95 423,1/219,15 22/22 10/16  26/20

7 Axit peflodecanoic- *C MPFDA 5149  469,95/219,10  24/24 11/19  30/19

8 Axit pefloundecanoic- °C MPFUdA  564,9  519,95/169,1 28/28 1126  34/28

9 Axit peflododecanoic- *C MPFDoA  614,9  569,9/169,1 30/30 12/30  36/28

1 Axit peflobutanoic PFBA 212,85 169,05/18,90 22/22 10/42 28/16

2 Axit peflopentanoic PFPeA 262,85  219/19,2 27/27 8/45 19/18

3 Axit peflohexanoic PFHXA 312,8  269/118,95 22/22 9/21 25/18

4 Axit pefloheptanoic PFHpA 362,8  319/169,15 25/25 9/18 30/29

5 Axit peflooctanoic PFOA 412,8  368,95/169,05  20/20 10/19  22/28

6 Axit peflononanoic PENA 462,8  418,95/219,05  22/22 10/17  26/20
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7 Axit peflodecanoic PFDA

8 Axit pefloundecanoic PFUdJA

9 Axit peflododecanoic PFDoA
10 Mubi peflobutansunfonat L-PFBS
11 Mubi peflohexansunfonat L-PFHxS
12 Mubi peflooctansunfonat L-PFOS

512,85
562,8
612,8
298,85
398.,8
498,85

469,2/219,1 24/24 11/19 30/12
518,95/269,1 40/40 12/17 34/26
568,95/318,75 22/22 12/20 38,29
80,05/99,05 20/20 40/35 29/15
79,95/98,95 27/27 46/35 28/16
80,15/99,05 24/24 50/43 28/15

3. Két qua va thio luin

3.1. Puong chudn

12 hop chit PECs duoc phan tich dinh
lugng trong nghién cru nay bao gom 9 axit
peflocacboxylic tr C, dén Ci, va 3 mudi
pefloankyl sunfonat C,, Cs va Cg st dung 9 chat

(x1,000)
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noi chuan nhu da trinh bay trong bang 1.
Puong chuan 6 diém dugc 1ap trong khoang
ndéng do tir 0,5 ng/mL t6i 20 ng/mL cua ting
PFCs va nong do timg IS 1a 5 ng/mL, hé s6
tuong quan (R?) dat duoc cia cac duong chuin
déu 16n hon 0,99.

PFOA
PFNA
MRFEYdA PFUJA
WMRFBoRFDoA
PFTrDA
PFHxDA

Hinh 2. Sic ky @b dung dich chuin chita 12 hop chit PFCs va 9 IS & ndng do 5 ppb.

3.2. Gi6i han phat hién va dinh luong

Gi6i1 han phat hién (LOD) va gidi han dinh
luong (LOQ) cua thiét bi dbi voi 12 PFCs duoc
dugc xac dinh bang cach bom lap lai 5 1an dung
dich chuin c¢6 ndng d6 PFCs 0,5 ng/mL va dya
trén gia tri 6 léch chudn (SD) cta cac 1an bom.
Gia tri LOD duoc xac dinh bang 3 1an SD va
gia tri LOQ bang 10 1an SD. Giéi han phat hién
ctia phuong phap (MDL) d6i vé6i timg PFC s&
dugc tinh trén co so gia tri LOD va hé s6 1am
giau trong qua trinh xir 1y d6i véi mdi loai mau.
Céac gia tri MDL cua tung PFC thu dugc trong
khoang 0,06 — 0,56 ng/L ddi véi mau nudc,

0,01 — 0,06 ng/g déi v6i miu ca va 0,01 — 0,06
ng/g 61 voi mau tram tich.

3.3. Hiéu sudt thu hoi, d¢ ding, d ldp cia
phuwong phap

Chit chuin PFCs dugc thém vao 4 mau
nuée deion v6i ndng do 10 ng/L miu. Cac mau
dugc phan tich theo qui trinh xtr 1y da mo ta
muc 2.2 va dinh luong bang thiét bi LC-
MS/MS. Hiéu suét thu hdi cua cac PFCs trong
méiu nude ndm trong khoang 87-112% véi phan
tram sai s6 CV (%) dao dong tir 4-17%.
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Béng 2. Gia tri gidi han phat hién ctia phuwong phap phan tich PFCs trong mau nudc, ¢4, tram tich
MDL MDL MDL MDL MDL MDL
TT Tén chét LODI LOQI S f\?{%{lg) TT  Ténchét LODI LOQI —— g/}%{;g)
(ngiml) - (ngiml.) Mau s chtrdm (ngiml) - (ngiml) Mau — Mau o)
nude p nudc ca .
tich tich
1, PFBA 005 0,17 034 0,03 0,03 7, PFDA 0,05 0,16 032 0,03 0,03
2, PFPeA 0,02 0,06 0,11 0,01 0,01 8, PFUdA 0,06 0,19 0,39 0,04 0,04
3, PFHxA 0,02 0,07 0,14 0,01 0,01 9, PFDoA 0,03 0,10 0,20 0,02 0,02
4, PFHpA 0,01 0,03 0,06 0,01 0,01 10, L-PFBS 0,08 0,26 0,52 0,05 0,05
5, PFOA 0,02 006 0,13 0,01 0,01 11, L-PFHxS 0,09 0,28 0,56 0,06 0,06
6, PFNA 0,03 0411 022 0,02 0,02 12, L-PFOS 0,03 0,09 0,19 0,02 0,02
Khoi lwong mau: 500 mL 5¢g 5g Khoéi lugng mau: 500mL 5g 5¢g

Viéc khao sat hiéu sudt thu hdi khi phan
tich mau tram tich dugc thuc hién trén nén mau
trém tich ldy tai hd Yén S va hd Tay. S mau
tram tich duoc thém chuan PFCs 50pL nong do
100 ppb. Cac mAu trim tich nén va miu thém
chuin dugc xtr 1y va phan tich theo quy trinh
mo ta muc 2.2. Hiéu suét thu hoi cua cac chét
phén tich trong nén mau trém tich dugc tinh
dua trén két qua phan tich miu thém chuan
mau nén va luong thém chudn. Trong sb cac
PFC phan tich, chi ngoai trt PFUdA va

PFDoA, hiéu suit thu hdi trung binh cia ting
PFCs trén nén tram tich thu dugc tir 80% dén
121% v6i phan trim sai s6 CV (%) 1a 3-16%.
Riéng ddi véi PFUdA va PFDoA khéng xac
dinh dugc hiéu suat thu hdi vi bi mat trong qua
trinh x&r 1y mau. Dic biét, hai ndi chuin tuong
ung la MPFUdA va MPFDoA chi thu dugc tur
10-20% luong thém vao lam viéc dinh luong
hai chit PFUJA va PFDoA khéong chinh xéc.

Do vay, qui trinh phan tich khong dinh lugng
duogc hai chat nay.

Bang 3. Hiéu suat thu hoi cia mau nudc, mau tram tich va mau ca

Mau nudc Mau trdm tich M4u ca

) Nong H% CV Nong H% CV  Nong H% Ccv

STT Tén chat do m=4) (%) do (n=5) (%) do n=4) (%)
thém thém thém

1 PFBA 10 ng/L 87 11 1 ng/g 80 8 1 ng/g 88 8
2 PFPeA 10 ng/L 98 7 1 ng/g 105 7 I ng/g 104 11
3 PFHxA 10 ng/L 106 5 Ing/g 112 8 Ing/lg 117 9
4 PFHpA 10 ng/L 102 5 1 ng/g 121 8 I ng/g 109 6
5 PFOA 10ng/L 105 4 Ing/g 115 6 Ing/g 114 3
6 PFNA 10 ng/L 112 9 I ng/g 120 14 Ing/g 117 9
7 PFDA 10ng/L 108 8 Ing/g 119 6 Ing/g 112 6
8 PFUdJA 10 ng/L 109 12 1 ng/g - - I ng/g 125 4
9 PFDoA 10 ng/L 107 11 1 ng/g - - Ing/g 110 8
10 L-PFBS 10 ng/L 95 7 1 ng/g 86 14 1 ng/g 96 3
11 L-PFHxS 10 ng/L 99 7 1 ng/g 93 7 Ing/g 101 12
12 L-PFOS 10 ng/L 87 17 1 ng/g 112 3 1 ng/g 81 12

(-): khong xac dinh dwoc
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Hiéu suét thu hdi cua cac PFC trong miu céa
dugc xdc dinh bang cach thém chuin PFCs véi
nong do 1 ng/g vao mau thit c4 u6t. Bén loai
nén thit ca bao gorn ca chep, ca tré, ca troi, ca
mé duoc sir dung dé thém chuan Hiéu suit thu
hdi cta ca 12 PEC trén nén mau ca thu duge tir
81% dén 125% voi phan trim sai s dao dong
tir 3-12%.

4. Két luan

Nghién ctru d3 thdm dinh phwong phap
phan tich 12 hop chat PFC thudc nhom axit
peflocacboxylic va mudi pefloankyl sunfonat
trong cac loai mau nudce, ca, tram tich. Trong
quy trinh xtr Iy mﬁu PFCs dugc chiét, lam sach
va lam giau tur mau nudc bing phuong phap
chiét pha ran st dung cot trao d6i anion yéu
(WAX), miu c4 va tram tich PFCs duoc chiét
bang siéu am v6i metanol, tiép theo dugc lam
sach, lam giau trén ct WAX. Sau khi xu ly
miu, cac PFC duoc dinh luong bang LC-
MS/MS. Cac gia tri danh gia phuong phap nhu
hiéu suét thu hdi, do ldp lai trén nén miu thyc,
gii han phat hién da cho thay cc phuong phap
trén du kha nang dé s dung cho viéc phan tich
mau méi trudng thuc té. Phuong phap ciing di
dugc danh gid qua dot kiém tra lién phong thi
nghiém qudc té 1an the 3 (IL2016-POPs) do
UNEP t6 chuc cho két qua dang tin cdy cua cac
phép phan tich PFCs vé6i chi sb z-score nim
trong khoang + 2.
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Analytical Method Applied for Perfluororinated Chemicals
in Water, Sediment and Fish by Liquid Chromatography
with Tandem Mass Spectrometry

Nguyen Thuy Ngoc, Phan Dinh Quang, L. Huu Tuyen, Truong Thi Kim,
Phung Thi Vi, Pham Hung Viet, Duong Hong Anh

VNU Key Laboratory of Analytical Technology for Environmental Quality and Food Safety Control, VNU
University of Science, 334 Nguyén Trdi, Thanh Xudn, Ha Ngi

Abstract: 12 perfluororinated chemicals including perflourocarboxylic acids and
perfluoroankyl sulfonates (containing C4 to C12) in environmental media such as water, sediment,
and fish were deternined by liquid chromatography with tandem mass spectrometric detector (LC-
MS/MS) using weak anion exchange cartridge (WAX) in solid phase extraction for sample
preparation. The result of method validation showed that the recoveries of 12 PFCs for water and fish
samples were in a range from 87 to 112% ( 4-17% CV) and a range from 81 to 125% (3-12% CV),
respectively. The method was a reliable analysis for 10 PFCs compounds of sediment sample which
recieved the recoveries in a range from 80 to 121% (3-16% CV), except PFUdA and PFDoA. The
detection limits of 12 PFCs were from 0.06 to 0.6 ng/L. for water and from 0.01 to 0.06 ng/g for
sediment and fish samples.

Keywords: PFCs, LC-MS/MS, water, sediment, fish.



