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SUMMARY

DEVELOPMENT OF LIQUID CHROMATOGRAPHY-TANDEM MASS
SPECTROMETRY (LC-MS/MS) METHOD FOR DETERMINATION OF CERTAIN PER-
AND POLYFLUOROALKYL SUBSTANCES (PFAS) IN FOOD

PFAS are a large, complex group of synthetic chemicals that are highly resistant to degradation in the
environment. They may cause cancer and adverse effects on the reproductive and immune systems. In this
study, 16 PFAS compounds were determined in food samples (fish, meat, vegetables) using the LC-MS/MS
method to assess contamination levels and support food safety risk control. A reversed-phase C18
chromatography column (150 mm x 2.1 mm; ID 3.5 um) was used to separate the 16 compounds. The
mobile phase consisted of (A) 2 mM ammonium acetate (CH;COONH, )/methanol (MeOH) (9/1, v/v) and
(B) MeOH. The extraction solvent was 1% formic acid (HCOOH)/acetonitrile (ACN), and the extraction salt
compositions contained 6 g MgSO, combined with 2 g NaCl. Samples were cleaned up by d-SPE
composition of 1.2 g MgSO., combined with 0.2 g PSA and 0.2 g C18, and SPE using Polymeric Weak Anion
SPE cartridge. The calibration curves for the 16 substances, within a concentration range of 0.1-5.0 ug/kg,
showed correlation coefficients (R2) greater than 0.995. The method achieved recoveries ranging from
75.7% to 110%, with relative standard deviations (RSDs) between 1.46% and 9.72%. The method detection
limit (MDL) and method quantitation limit (MQL) were 0.03 pg/kg and 0.1 pg/kg, respectively. This method
was applied to the analysis of 20 food samples, and the results showed that 5 of these samples tested positive
for specific PFAS compounds. This study may lay the foundation for developing quantitative procedures for
PFAS groups in various food matrices.
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1. MO PAU thl{(?‘ng la Q4 - C;Ae, lién ké’t voi mf)t nhoTn

. cuoi wa nude. Phan ky nudce co thé flo hoa
Per- va polyfluoroalkyl (PFAS) la tn goi hoan toan hodc duoc flo hoa mot phan.
chung cua mot nhém I6n cac chat co chia  Khi flo hoa hoan toan, cac phén tir d6 duge
flo, gdm cdc oligome va polyme [1, 2. goi 1a perfluoroalkyl, con khi flo héa mot

Cau tao cua PFAS bao gém mot chudi phan thi dugc goi 1a polyfluoroalkyl [3].
alkyl ky nudc co6 chicu dai khac nhau,
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PFAS co chira lign két carbon-flo, mot
trong nhimg lién két hoa hoc manh nhét
trong hoa hoc hiru co, do d6 cac PFAS ¢o
d6 bén cao, khong chay, khong bi phan
huy boi acid, kiém hodc céac tic nhan oxy
héa, tdc nhan sinh hoc [4]. Chinh vi vay,
ké tir nhitng nam 1940, PFAS di duoc san
XUAt va sir dung rong rai nhu tao bot mang
nudce chita chay, dung cu niu nudng, bao
bi thuc pham va nganh dét may [5]. Tuy
nhién, do c6 tinh bén virng cao, kho phan
huy nén chung dugc coi 13 “hoda chit vinh

tru” [6]. Ching c6 thé gdy anh hudng
dén hé sinh thai va stcc khoe con nguoi,
dic biét PFAS chudi dai co thé giy doc
gan, rdi loan mién dich, noi tiét, hanh vi,
than kinh va gdy tu vong ¢ tre so sinh [4,
7]. Thuc pham la ngudn phoi nhiém
chinh, thong qua vat liéu tiép xtic chira
PFAS hodc do tich liily sinh hoc tor moi
truong nudc, dat 6 nhidm. Mot sé mat
hang thuc phdm duoc coi 13 nguyén nhan
chinh dan dén phoi nhiém PFAS cila ché
do an duogc EFSA khuyén cao nhu la ca,
thit, trimg, trai cdy va rau qua [3].

Ném 2022, Uy ban chau Au (EU) da ban
hanh quy dinh 2022/2388 vé muc ham

lugng t6i da d6i voi
perfluorooctanesulfonic acid (PFOS),
perfluorooctanoic acid (PFOA),
perfluorononanoic acid (PFNA),

perfluorohexanesulfonic acid (PFHXS)
trong san pham tring, thit ca va thit.
Trong @6, trimg 13 san pham c6 muc toi
da cho phép thap nhat (0,3 pg/kg dbi véi
PFOA va PFHXxS), con PFNA va PFHxS
duoc quy dinh mirc tdi da thap nhit 13 0,2
ng/kg trong thit ca dé san xuat thyc pham
cho tré so sinh, tré nho va thit (thit bo, thit
lon, gia cam va ctru) [8]. Ngoai quy dinh
vé muc tdi da cho PFOS, PFOA, PFNA
va PFHxS trong thuc pham thi Uy ban
Chau Au (EU 2022/1431) ciing khuyén
nghi mirc gi6i han dinh lugng (LOQ) ki
vong ciia phuong phap can dat trén mot
s6 nén mau nhu: thit ca va thit dong vat

trén can 1a 0,1 pg/kg cho ca 4 hop chat
[9]. Tai Viét Nam, Nghi dinh s6
113/2017/ND-CP ban hanh ngay 9 thang
10 ndm 2017, dugc sira ddi boi Nghi dinh
s6 82/2022/ND-CP ngay 18 thang 10 nam
2022, da liét ké mot s6 hop chat PFAS
vao danh muc cac hoa chét bi han ché
trong san xuit va kinh doanh thudc linh
vuc cong nghi¢p. Trong d6, dang chu y la
perfluorooctanoic acid (PFOA), cac mubi
va hop chat lién quan, cing v&i
perfluorohexane sulfonic acid (PFHXS) va
céc hop chat lién quan dén PFHxS.

Pé kiém soat ham lugng PFAS ton du
trong cic san pham thue pham, mot s6
nghién ctru da phat trién phuong phap xac
dinh PFAS, chu y€u st dung sac ky long
khéi phd [10-15] do c6 d6 nhay, do chinh
xé4c cao va xac dinh dong thoi nhiéu chat
trong nhém PFAS. Dong thoi, cac phuong
phap xir 1y mau ciing duoc sir dung dé
chiét va lam giau chat phan tich nhu
phuong phap chiét tao cap ion [10, 11],
chiét pha ran sir dung cot HLB hoic
WAX [13, 16], chiét long - long [14],
chiét QuEChERS két hop WAX [15].
Trong nghién ctru nay, phuong phap LC-
MS/MS két hop voi xit ly méu
QuEChERS va lam sach, lam giau bang
SPE d3 dugc phat trién dé phan tich dong
thoi 16 chat PFAS (perfluorohexanoic
acid (PFHxA), pefluorododecanoic acid
(PFDoA), pefluorotetradecanoic acid
(PFTeDA), pefluorotridecanoic  acid
(PFTrDA), perfluorobutane sulfonic acid
(PFBS), perfluorodecanesulfonic acid
(PFDS), perfluorodecanoic acid (PFDA),
perfluoroheptanoic  acid (PFHpA),
perfluorohexadecanoic acid (PFHXDA),
perfluorohexanesulfonic acid (PFHXxS),
perfluorononanoic acid (PFNA),
perfluorooctadecanoic acid (PFODA),

perfluorooctanesulfonic acid (PFOS),
perfluorooctanoic acid (PFOA),
perfluoropentanoic acid (PFPeA),
perfluoroundecanoic  acid (PFUdA))
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trong mot s mau thyc pham nhu: thiy
san, thit, rau.

2. THUC NGHIEM
2.1. Hoa chiat

Céac hoa chét sir dung trong nghién ctru
déu thudc loai tinh khiét phan tich ding
cho LC-MS/MS. Céc chit chuan PFCAs
dugc cung cap boi  Wellington
Laboratories Inc. (Canada) bao gdm: 16
chat chuin cua cic chit phan tich. Cac
chat déng hanh bao gém: 13C2-PFHXA,
C,-PFOA, Cs-PFNA, °C,-PFDA,
13C,-PFUNDA va *C»-PFDoDA. Chét noi
chuén 1a *C,-PFOA.

Céc hoa chat khac sir dung trong nghién
ctru bao gdom: methanol (MeOH; > 99,9%)),
acetonitrile (ACN; > 99,9%), acid formic
(HCOOH; > 98%), ammonium acetate
(CH3;COONHg; > 98%), ammonium
hydroxide 25% (NH3;OH), sodium chloride
khan (NaCl; > 99%) (Merck, bDuc),
magnesium sulfat khan (MgSO4; > 99%)
(Xilong, Trung Quoc) chit hap phu sir
dung cho chiét pha ran: hdn hop amine bac
1 va bac 2 (PSA) (Aligent, My), bot
Bondesil (octadecyl silica) - C18 (Aligent,
My) va nuéc deion liy tir may loc nudc
siéu tinh khiét Milli-Q.

2.2. Thiét bi, dung cu

Thiét bi chinh duoc st dung trong nghién
ctru 1a hé thong sic ky 16ng khdi phd (LC-
MS/MS) (ExionLCTM AD Triple Quad
6500+ (SCIEX)); cot sic ky Symmetry
Cig (3,5 um x 2,1 mm x 150 mm; Waters)
va tién cdt Cig VanGuard Pre-Column
(1,7 um x 2,1 mm x 5 mm; Waters).

Ngoai ra, céc thiét bi, dung cu co ban
khac trong phong thi nghiém cling duoc
st dung trong nghién clru nay.

2.3. Théng tin miu va xir Iy miu

Hai muoi mau thyc pham gém: thuy san,
thit, rau dugc thu thap ngau nhién tai céc

cho trén dia ban Ha Noi. Cac mau sau do
duogc loai bo phan khong in duoc va dong
nhit. Mau sau khi ddng nhit néu chua
phan tich can bao quéan & - 20 °C.

Mau trang dugc str dung trong nghién ciru
1a hai nén mau dai dién: mau rau muong
va mau c hoi da phan tich trén thiét b
LC-MS/MS nhung khong phat hién cac
chat phan tich. Mau trang dugc xtr Iy nhu
v6i mau thye pham.

Qua tham khao tai liéu [10, 11] quy trinh
xtr Iy mau dy kién nhu sau: can chinh xac
khoang 5,0 g d6i véi mau dang ran va 10 -
15 g d6i mau dang long va sét da duoc
dong nhat vao ong ly tdm 50 mL. Thém
20 pL hén hop chuan dong hanh (gom:
C,-PFHXA, °C4-PFOA, "Cs-PFNA,
C,-PFDA, C,-PFURDA va C,-
PFDoDA) 100 pg/L. Thém 10,0 mL nudc
deion (mau long va sét khong can thém
nuéc), lic xoay 1 phat. Thém 10,0 mL
dung méi (khao sat dung moi chiét mau
gém ACN; acid formic 0,1 % trong ACN;
acid formic 0,5 % trong ACN; acid formic
1,0 % trong ACN; acid formic 1,5 %
trong ACN), lic xody 1 phat. Thém hon
hop mudi chiét (khao sat hdn hop mubi
chiét), lic xoay 5 phat va ly tim 6000
vong/phiit trong 5 phat. Thu dich chiét
phia trén vao ong ly tim 15 mL chira bot
lam sach MgSQO4, PSA (khdo sat ty 1€ cac
thanh phan bot 1am sach) lic xoay 2 pht,
ly tdm 6000 vong/phut trong 5 phat. Hat
5,0 mL dich chiét vao ong ly tdm 15 mL,
lam bay hoi dung méi dén con khoang 1
mL bang khi nito & 60 °C. Sau d6 thém 10
mL nude vao mau, lic déu va cho qua cot
SPE (khao sat cot SPE gém: cot chiét pha
rin SPE  Strata™-XL-AW 100 pm
Polymeric Weak Anion 200 mg/3 mL
(Phenomenex, M¥), cot chiét pha rin SPE
Strata® WAX/GCB 6 mL, Weak Anion
exchange/graphitised carbon black
200mg/50g (Phenomenex, My)). Quy
trinh qua cot SPE gdm: Quy trinh 1 - Cot
SPE duoc hoat hoa lan lugt béng 3 mL
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dung dich 0,3 % w/wW ammonium
hydroxide trong methanol va 5 mL nudc
cat. Sau do nap mau 18n cOt va ria tap
bang 5 mL nudc cat. Cot chiét pha rin
duoc dé kho trong 1 phit. Rira giai bang 3
mL dung dich ammonium hydroxide 0,3 %
(w/w) trong methanol; Quy trinh 2 — Hoat
héa lan luwot bang 5 mL dung dich
ammonium hydroxide 0,3 % (w/w) trong
methanol, 1 mL nudc cit va 5 mL dém
phosphate 1M pH = 7. Sau d6 nap mau lén
cOt va rura tap bﬁng 5 mL acid formic 0,1%
va methanol ti 1¢ 1:1. Cot chiét pha rin
dugc dé kho trong 1 phut. Rira giai bang 4
mL dung dich ammonium hydroxide 0,3 %
(w/w) trong methanol. Dich chiét mau sau
khi rira giai duoc thoi bang khi nito dén
kho. Hoa cin bang 495 pL methanol va
thém 5 pL ndi chudn *C,-PFOA 100
ng/mL. Mau dugc loc qua mang loc mau
0,2 um va chuyén vao lo duyng miu roi
phan tich trén h¢ LC-MS/MS.

2.4. Xir Iy s ligu

Ham lugng cic PFAS trong mau nguyén
trang duoc tinh bang phan mém kém theo
thiét bi LC-MS/MS. Céc két qua tham dinh
phuong phap dugc xir Iy bang phan mém
Microsoft Excel 2016. Ham Iuwgng cac
PFAS (ng/g) dugc tinh theo cong thurc sau:

CxVxk
p=——_"""

m

Trong d6: V: thé tich dung mai chiét mau
(mL); C: ndng do dung dich chiét miu
tinh theo duong chuin (ng/mL); k: hé sd
pha lodng (thé tich hoa can/thé tich mang
di thoi kho); m: Khdi lugng ctia mau phan
tich (g); P: ham lugng PFAS trong mau
thu (ng/g).

3. KET QUA VA BAN LUAN

3.1. Khéo sat diéu ki¢n phan tich trén
thiét bi LC-MS/MS

Trén co s¢ tham khao tai lidu [12] va clu
tric cua chat phan tich, diéu kién MS/MS

dugc khao sat véi ky thuat ion hoa phun
tia dién (ESI) bang cach bom khong qua
cot vao hé thong khéi phd lan luot cac
dung dich chuin cua ting chat phan tich
v6i ndng dd 5,0 ng/mL. Cac théng sb
duoc toi vu hoa tu dong trén phﬁn mém
thiét bi va da lya chon dugc manh ion me,
manh ion con va cac thong sb téi wu cho
tung manh (Bang 1), dugc st dung cho
cac thi nghiém tiép theo.

Bing 1. Két qud phan tich manh va diéu kién toi

wu cia cdc chat phan tich

Chét lon  \oncon
STT phan ¢ (m/z) Ung dung
tich (m/z)

369,00 Dinh lugng

1 PFOA 413,00 —1ec'ii™ Binh tin

80,00  Dinh lugng

2 PFOS 499,00 =550 binh tinh

219,00 Dinh lugng

3  PFPeA 263,00 19,20  Dinh tinh

269,00  Dinh lugng

4 PRHXA 31300 =900 Dinh tinh

319,00 Dinh lugng

5  PFHPA 36300 — 5000 Pinh tinh

419,00  Pinh lugng

6 PFNA 46300 — o'~ tinh

519,00 Dinh lugng

7 PRUIA 56300 —co 0 i tinh

569,00 Dinh lugng

8  PFDoA 61300 = ee 20 Dinh tinh

619,00  Dinh lugng

9 PFTIDA 663,00 6500 Pinh tinh

669,00 Dinh lugng

10 PFTeDA 713,00 —con Pinh tinh

769,00  Dinh lugng

11 PFHXDA 813,00 —zg 00— p e

869,00 Dinh luong

12 PFODA 81300 = 6500 Dinh tinh

80,00 Dinh lugng

13 PFBS 29900 —got b inh

80,00  Dinh lugng

14 PFHxS 399,00 99.00 Dinh tinh

80,00 Dinh lugng

15 PFHpS 449,00 08.70 DPinh tinh

80,00  Dinh lugng

16 PFDS 599,00 99,00 Dinh tinh

o 41500 —1200
: 169,00

17 Nbi chuin




Tap chi phén tich Hoa, Ly va Sinh hoc - Tap 31, S6 03/2025

3.2. Khio sat thanh phin pha dong

Céac thanh phan pha dong dugc khao sat
bang cach thay d6i lan luot: giit nguyén
kénh A, khao sat thanh phan kénh B va
gilt nguyén kénh B, khao sat thanh phan
kénh A véi téc do dong: 0,25 mL/phit va
thé tich bom mau: 10 uL. Qua tham khao
tai liéu [12], cac dung moi dugce lua chon
khao sat gdbm: (I) Kénh A (CHsCOONH,
(2 mM)/ MeOH (9/1, viv) va kénh B:
MeOH (II) Kénh A (CH3COONH,
(2mM)/ MeOH (9/1, v/v)) va kénh B:
ACN; (1) Kénh A (HCOOH 0,1%) va
kénh B: MeOH; (IV) Kénh A (HCOOH
0,1%) va kénh B: ACN; (V) Kénh A:
CH3COONH,4 (5mM) va kénh B: MeOH.
Két qua khao sat thé hién trong Hinh 1.

» I S105-MP:dem:MeOH-a - PFOAT (Unknow... l ST
Area: 5.590+005 counts Height: 5 14ev)... A

(2

Hinh 1. Sdc ky dé ciia PFOA véi hé pha déng
khac nhau
(1) — MAu tring; (2) — pha dong I; (3) — pha dong
Il; (4) — pha dong Ill; (5) — pha dong 1V; (6) — pha
dong V.

Két qua & Hinh 1 cho thdy, khi sir dung
pha dong III va IV, mdt s6 chat nhu
PFOA, PFOS, PFNA, PFDA, PFUdA,...
khong xuét hién tin hiéu, mot sd chat nhu
PFPeA, PFHxA, PEBS,... c6 xuat hién tin
hiéu nhung chéan pic rong, thoi gian lua
kha dai. Khi st dung pha dong I1 va V, tin
hiéu pic cic chat phan tich da gon hon,
tuy nhién thoi gian luu cia mot sd chat
phan tich nhu PFPeA, PFHXA ra som (&
khoang 2 phiit), d& bi dnh hudng trong
qua trinh phan tich mau. Khi sir dung pha
dong I, tin hiéu cac chét can d6i, cai thién

duoc mot sb chat ra sém. Do do, pha
dong I vdi chuong trinh gradient (Bang 2)
duoc lwa chon trong nghién ctru nay dé
phan tich dong thoi 16 chit nhom PFAS.

Bdng 2. Chuong trinh gradient phan tich

Thaoi gian (phut) Kénh A  KénhB
0 70,0% 30,0%
2,0 70,0% 30,0%
12,0 10,0% 90,0%
16,0 10,0% 90,0%
18,0 70,0% 30,0%
20,0 70,0% 30,0%

3.3. Khao sat diéu Kién xir Iy mau
3.3.1. Khao sat dung méi chiét

Viéc khao sat dung moi chiét dugc thuc
hién v6i cac mau trang (rau mudng va ca
héi) thém hén hop chuan PFAS & mirc
ham luong 2 pg/kg. Cac dung moi chiét
dugc lwa chon khao sat gom: ACN,
HCOOH 0,1%/ACN, HCOOH
0,5%/ACN, HCOOH 1,0 %/ACN va
HCOOH 1,5 %/ACN. Két qua d6 thu hoi
cho thdy, viéc bo sung acid formic
(HCOOH) vao dung modi ACN gitp cai
thién dang ké hiéu suét chiét PFAS trén ca
hai nén c4 va rau. Cu thé, dung méi
HCOOH 1,04/ACN va HCOOH
1,5%/ACN cho hiéu suét thu hdi cao nht
(>90%) v6i hau hét cac hop chéat. Nguoc
lai, hidu suit chiét giam khi nong do
HCOOH giam xudng 0,5% va thip nhat
khi ding ACN tinh khiét, dic biét vai
PFBS va PFPeA. Viéc thém HCOOH vao
trong dung moi chiét co thé giup duy tri
pH va hoa tan PFAS hiéu qua hon. Do d6,
dung méi chiét HCOOH 1,0%/ACN dugc
Ira chon cho cac khao sat tiép theo.

3.3.2. Khao sat thanh phan mudi chiét

Hon hop mubi chiét co vai trd 6n dinh pH
va tang d¢ phan cuc cua pha nudc trong
quy trinh chiét QuEChERS. Cu thé,
MgSO, giup loai nudc khoi dich chiét,
con NaCl ting kha ning dién ly, hd trg
chuyén chét phan tich vao dung méi hiru
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co. Trong nghién ctru niy, thanh phan
NaCl duoc khao sat lan luot 13 0,5 g; 1,0
g 1,5 g 2,0 g va 2,5 g két hop véi 6 g
MgSO, khan trong hdn hop mudi chiét.
Két qua hiéu suat thu hdi thuc hién trén
hai nén mau tréng 0 muc ham lugng 2
Mg/kg cho thay, viéc bd sung NaCl vao
dung méi chiét cai thién ro rét hiéu sut
thu hoi PFAS trén ca nén ca va rau. Khi
tang lugng NaCl tir 0,5 g Ién 2,5 g, hi¢u
suét thu hdi tang dan, dic biét & muc 2,0
g va 2,5 g dat trén 90% véi nhiéu hop
chat. Mot sb hop chit nhu PFOA, PFOS,
PFHpA, PFNA, PFDA, PFUdA c0 xu
huéng ting hiéu suat dang ké khi ting
NaCl, trong khi PFBS va PFPeA c6 hi¢u
suat thip hon so véi cac hop chat khac.
Hiéu suat gitra mirc 2,0 g va 2,5 g NaCl
khéng co su khac biét nhiu. Vi vay,
thanh phan mudi chiét 2 g NaCl két hop
voi 6 g MgSO4 khan duoc lya chon cho
cac khao sat tiép theo.

Tiép theo, MgSOy ciing dugc khao sat voi
cac luong khac nhau, 1an luot 1 4,0 g; 6,0
g; 9,0 g két hop véi 2,0 g NaCl trong
thanh phan mudi. Két qua cho thay, khi
tang luong MgSOy, hidu sudt thu hoi
PFAS cai thién 10 rét, dac biét véi cac hop
chit nhu PFOA, PFOS, PFPeA, PFHXA,
PFNA va PFHxS. O muc 4,0 g, mot sd
chat nhu PFHpA va PFBS c6 hiéu suét
thap. Khi ting 1én 6,0 g, hiéu suit nhiéu
chat vuot 90%, cho thiy day 1a mirc t6i
wu. Mtc 9,0 g tuy duy tri hiéu sudt cao
nhung khong khéc biét dang ké so vai 6,0
g. Vi vy, 6,0 g MgSO, két hop 2.0 g
NaCl dugc chon cho cac khao sat tiép
theo dé dam béo hiéu qua va tiét kiém hoa
chat.

3.3.3. Khao sat thanh phan d-SPE

Thanh phan d-SPE trong xur Iy mau giip
loai bo tap chat dong chiét, 1am sach nén
va giam nhiéu thiét bi. Hon hop nay gém
MgSO, loai nuéc, PSA hip phu chit phan
cuc duong, con C18 loai lipid khong phan

cuc. Dé tdi wu hiéu qua chiét, cac ty 1€
PSA va C18 trong hon hop d-SPE duoc
khao sat: 0,4 g PSA; 0,3 g PSA +0,1 g
C18;0,2gPSA +0,29g C18; 0,1 g PSA +
0,3 g C18; 0,4 g C18, két hop v6i 12 g
MgSO,. Két qua cho thay, khi chi sur
dung PSA hodc C18 riéng 1¢, hi¢u sut
thu hdi cac hop chiat PFAS dao dong
trong khoang trung binh. Tuy nhién, khi
két hop PSA va C18 theo cac ty 1& khac
nhau, hiéu suat thu hdi PFAS ¢6 xu hudng
cao hon so véi viée st dung tirng chét
riéng 1é. Pac biét, ty 1€ 0,2 gPSA +0,2 g
C18 cho hiéu suét cao nhét, dao dong tur
75 % dén 105%. Vi vay, khéi luong 0,2 g
PSA + 0,2 g C18 dugc lya chon cac khao
sat tiép theo.

Thanh phan MgSOy trong thanh phan d-
SPE ciing dugc khao sat voi cac lugng
khéc nhau, 1an luot 14 0,6 g 12¢g 18¢g
két hop v6i 0,2 g PSA + 0,2 g C18. Két
qua khao sét cho thiy, ca hai muc 1,2 g va
1,8 g MgSO, déu cho hiéu suit thu hoi
cao (>80%) trén nén ca va rau. Viéc tang
MgSQO, gitp loai nude hiéu qua hon, lam
sach nén mau. Tuy nhién, sy chénh léch
hiéu suét giira hai mirc khong dang ké. Do
do, 1,2 g MgSO, két hop véi 0,2 g PSA
va 0,2 g C18 duogc lya chon trong nghién
cuu nay.

3.3.4. Khdo sat cét chiét pha ran va qud
trinh chiét

Cot chiét pha rian dong vai tro quan trong
trong 1am sach nén mau, giam nhiéu va
lam giau chat phan tich nho kha ning giir
lai chat phan tich va rira giai bang thé tich
dung moi nho. Do do, viéc lya chon loai
cdt va quy trinh chiét phu hop la can thiét
dé dat hiéu suat thu hoi t6i wu. Hai loai
cot XL-AW va WAX da duoc lua chon
khao sat voi hai quy trinh chiét khac nhau
da néu trong muc 2.3. Két qua thu duoc
cho théy, viéc st dung cot chiét XL-AW
dat duge d6 thu hoi tuong ddi cao véi ca
hai quy trinh so véi cot chiét WAX, do su
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khac biét vé& co ché hap phu va kha ning
loai tap chit trong mau. Cot XL-AW co
chtra hop chit hip phu polyme véi chirc
nang trao ddi anion yéu giup gitt lai ca cac
PFAS c6 tinh acid dong thoi loai bd cac
chét gdy anh hudng c6 trong nén mau nhu
lipid va protein. Cot WAX c6 kha nang
trao ddi ion yéu, chi giit tot cac dang
anion manh cua PFAS nén kém hi¢u qua
v6i cac hop chit PFAS trung hoa hodc ¢
chudi ngén. Nguoc lai, cot WAX chu yéu
dua trén trao d6i ion yéu, chi giir tot cac
dang anion manh cua PFAS nén kém hi¢u
qua voi cac hop chat PFAS trung hoa
hodc c6 chudi ngin. Pic biét, cot chiét
XL-AW sir dung quy trinh 1 déu cho do
thu hoi cao nhat dbi véi tat ca cac chat
phan tich (déu trén 70%). Vi vay, cot
chiét XL-AW st dung quy trinh 1 duoc
lya chon trong nghién ctru nay.

3.4. Panh gia phuwong phap phan tich
3.4.1. Do dac hiéu

Trong phuong phap sdc ky su dung
detector khdi phé (MS), sb diém IP
(identification point) 1a mQt gid tri quan
trong dé danh gia do dac hi¢u. Cach tinh
s6 diém IP trong phuong phap LC-
MS/MS nhu sau: 1 diém véi ki thuat tach
LC, 1 diém v6i mdi ion me va 1,5 diém
véi moi ion con. Trong nghién ctru nay,
mdi chat phan tich déu c6 1 ion me va 2
jon con. Vi vdy, tit ca cac chat deu co

diém IP > 5, dap ung dugc yéu cau vé
diém IP (IP > 5).

Ngoai ra, do dac hiéu cua phuong phap
con dugc xac nhan qua viéc phan tich
miu tring, miu chuan va maiu thém
chuan. Tir két qua thu dugc cho thiy, mau
trang khong xuét hién tin hiéu cac chat
phan tich, thoi gian luu cta cac chat phan
tich trong chudn va miu thém chuén khac
nhau khong c¢é y nghia théng ké (< 1%)
(hinh 2). Do d6, phuong phap c6 d6 dic
hiéu tét, dap tng yéu cau cuia AOAC [16].
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Hinh 2: D¢ dic hiéu ciia phiong phdp doi véi
PFTrDA

3.4.2. Gidi han phat hién va gioi han dinh
lwong

Gidi han phat hién (MDL) va gidi han
dinh luong (MQL) cua phuong phap dugc
x4c dinh dya trén ty so tin hiéu/nhiéu
(S/N). MQL dugc xac dinh bang cach do
c4c mau trang thém chudn véi cac nong do
nho dan cua hdn hop bdn chit phan tich
cho dén khi thu duoc ty s tin hiéu/nhiéu
(S/N) bang 10. MDL dugc xac dinh bang 3
S/N. Két qua thu duoc cta cac chat phan
tich déu 1a MDL= 0,03 pg/kg, MQL= 0,1
ng/kg. Gioi han phat hi¢én nay nhd, phu
hop dé x4c dinh ham luong cac chat nhém
PFAS trong mau thyc té. Sic d6 dai dién
phan tich PFOA tai gia tri MQL duoc thé
hién trong Hinh 3.

Hinh 3. Sdc ky do tai mirc MQL ciia PFOA

3.4.3. Puong chudn va do tuyén tinh

Trén co so cac diéu kién phan tich da lya
chon, duong chuin cc chit nhom PFAS
da duoc xay dung trén nén miu thuc voi
su phu thudc tuyén tinh giita ty 1& cua
dién tich pic ciia chat phan tich véi noi
chuan va ndéng d6 ciia cac chat phan tich
sau khi chiét trong khoang tir 0,10 dén
5,00 pg/kg. Két qua cac phuong trinh
duong chuan clia tt ca cac chat phan tich
déu c6 hé sb tuong quan R? > 0,995. Do
do, trong khoang nong do da khao sat co
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sy phu thudc tuyén tinh gitra ty 1€ di¢n
tich pic va ndng do tuwong ung. Do chéch
tai tat ca cac diém nong do déu khong
vuot qua = 15%, dap tmg yéu ciu AOAC
[16].

3.4.4. Do chum, do dung va do khong dam
bao do cua phwong phap

b ding (duoc danh gia thong qua do thu
hdéi (H%)) va d6 chum (dwoc danh gia
thong qua do 1dp lai va do tai 1dp ndi b
v6i gia tri do léch chuan tuong dbi
(RSD%)) trén co s& phan tich mau tring
thém chuan tai 3 mac ham lugng MQL,
2MQL va 10 MQL. Mbi mirc ham lugng
dugc phan tich lip lai 06 lan theo quy
trinh xtr Iy mau d4 lwa chon. Két qua phan
tich d6 chum va do dung cho thiy, do thu
héi ciia cac chat dat duge trong khoang
75,7 - 110,0 %; RSD trong khoang 1,46 —
9,72 % va d6 khong dam bao do nim
trong khoang 20,0 — 25,1% d6i v6i ca hai
nén mau tring. Theo quy dinh cua AOAC
2016 [16], mtc ndng do < 10 ppb do thu
hoi yéu cau 1a 60 - 115% va do lap lai yéu
cau RSD nho hon 15%. Do d6, phuong
phap phan tich dap ung duoc yéu cau vé
do dung va d6 chum theo quy dinh cua
AOAC 2016 [16].

3.4. Phan tich miu thyec té

Phuong phap sau khi danh gia dap ung
yéu cau da dugc ap dung dé phén tich
ham luong 16 chat nhém PFAS trong 20
mau thyc pham (gom: thity san, thit, rau)
dugc thu thap trén dia ban Ha Noi. Két
qua cho thdy, 5/20 mau cho két qua
duong tinh dbi véi mot sd chat (PFOS,
PFHXA, PENA, PFDA, PFUdA, PFDoA,
PFTrDA, PFTeDA). Tuy nhién, ham
luong cic chat nay déu nho hon ngudng
cho phép theo quy dinh (EU) 2022/2388.

4. Két luan

Nghién ctru da thanh cong trong viéc phat
trién phwong phap phan tich dong thoi 16
chat PFAS trong mau thyc pham bang

LC-MS/MS. Phuong phap da dugc danh
gia dap ung diy du cac tiéu chi vé do
ding va d6 chum theo AOAC. Phuong
phap di dugc 4p dung dé phan tich 16
chat PFAS trong 20 miu thyc phdm thu
thap ngau nhién trén thi truong Ha Noi.
Két qua budc dau da phat hién 5 miu
duong tinh v6i mot sd chit nhu PFOA,
PFOS, PFHxA, PFNA, PFDA, PFUdA,
PFDoA, PFTrDA (voi MDL=0,03 pg/kg),
nhung déu nhé hon mic gidi han tdi da
theo quy dinh (EU) 2022/2388. Tuy
nhién, viéc phat hién ham lugng chat
duong tinh trong mau thyc pham cho thay
can thiét phai mé rong nghién ctru véi cac
d6i twong mau khac nhau nham kiém soat
an toan thuc pham va bao vé stic khoe
nguoi tieu dung.
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