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Abstract: Perfluorocarboxylic acids (PFCAs) are an important group of per- and polyfluoroalkyl
substances (PFAS), which have been intensively produced and used due to their outstanding
features such as high resistance and water and oil repellency. However, these are also typical
organic pollutants with several adverse effects on environmental and human health. Studies on the
analytical methods for PFAS in general, and PFCAs in particular, in the environments are
necessary to characterize their potential emission sources and related health risks. In this study,
analytical procedure for simultaneous determination of 12 PFCAs (Cs—Cisg) in house dust samples
was developed with 3 main steps: i) Dust samples were extracted by ultrasonication with
methanol; ii) Dust extracts were cleaned up by dispersive solid phase extraction with graphitized
carbon sorbent; and iii) Concentrations of PFCAs were determined by liquid chromatography
tandem mass spectrometry (LC-MS/MS) method. The method was validated for recovery
(72-95%), repeatability (RSD < 15%), and detection limits (0.10-1.0 ng/g). The proposed
analytical method can be applied in pollution monitoring and assessment of PFCAs in settled dusts
with several advantages like high accuracy, good detection ability at trace and ultratrace levels
(i.e., ng/g or lower) with rapid, simple sample preparation procedure.

Keywords: PFCAs, dust, ultrasonic extraction, dispersive solid phase extraction, LC-MS/MS.

* Corresponding author.
E-mail address: hoanguyen@utehy.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.5689
70



V. T. Trang et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 1 (2025) 70-80

Nghién ctru phan tich mot sO perfluorocarboxylic acids

(PFCAS) trong mau byi trong nha bang phuong phap sic ky

long ghép noi khoi pho hai lan (LC-MS/MS)

Vii Thi Trang®, Luu Mai Anh2, Hoang Quéc Anh?, Tran Thi Liéu?3,
Luu Thi Huyén Trang?, Kiéu Thi Lan Phuong?, Nguyén Thi Duyén?,

Nguyén Xuan ThaoZ, Nguyén Thi Anh Huong? Nguyén Thi Quynh Hoa>"

YWién Kiém nghiém An toan V¢ sinh Thyc phdm Qu(fc gia, 65 Pham Thdan Dudt, Ha Noi, Viét Nam

ZTrm}ng Dai hoc Khoa hoc Ty nhién, Dai hoc Qu(jc gia Ha Noi,
19 Lé Thanh Tong, Ha Noi, Viét Nam
3Vién Khoa hoc An toan va Vé sinh Lao déng, 99 Tran Quo’f Toan, Ha Néi, Viét Nam
*Trung tam Chéng doc, Bénh vién Bach Mai, 78 Gidi Phong, Ha Ngi, Viét Nam
*Truong Pai hoc Sw pham Ky thudt Hung Yén, Khodi Chdu, Hung Yén, Viét Nam

Nhén ngay 21 thang 5 ndm 2024
Chinh stra ngay 17 thdng 8 nam 2024; Chap nhan dang ngay 04 thang 11 nim 2024

Tém tit: Perfluorocarboxylic acids (PFCAs) 1a mot nhom hop chat per- va polyfluoroalkyl
(PFAS) quan trong duoc san xuat va sir dung phd bién nho nhitng tinh chét wu viét ciia chung nhu
dd bén cao va kha nang chéng bam dinh. Tuy nhién, day ciing 1a cac chat 6 nhiém hitu co dién
hinh va c¢6 nhiéu tac dong tiéu cuc dén sic khoe moi trudng va con nguoi. Viée nghién clru
phuong phap phan tich cac chat PFAS néi chung va PFCAs noi riéng trong moi truong la rat can
thiét, gop phan tim ra ngudn phat thai va wdc tinh rui ro strc khoe ma chiing ¢ thé mang lai. Trong
nghién ctru ndy, phuong phap phan tich dong thoi 12 chdt PECAs (Cs—Cig) trong mau bui trong
nha duogc phat trién bao gdm 3 bude chinh nhu sau: i) Mau bui duoc chiét bang k¥ thuat chiét siéu
am v6&i methanol; ii) Dich chiét mau dugc lam sach bang k¥ thuat chiét phan tan pha rin voi chét
hap phuy carbon graphit; iii) Ham luong PFCAs dugc xac dinh bang phuong phap sac ky long ghep
nbi khéi phd hai 1an (LC-MS/MS). Céc thong sb thim dinh phwong phap bao gdm: d6 thu hodi
(72-95%), @6 lap lai (RSD < 15%) va gidi han phat hién (0,10-1,0 ng/g). Phuong phap phan tich
dugc khao sat va phat trién c¢6 kha ning ap dung trong cac nghién ctru quan tric va danh gia 6
nhiém PFCAs tir bui léng véi cac uu diém nhu d6 chinh xac cao, kha nang phat hién chat & muc

71

ham lugng vét va siéu vét (ng/g hodc thap hon), quy trinh xir Iy mau nhanh, don gian.
Tir khéa: PFCAS, bui, chiét siéu am, chiét phan tan pha ran, LC-MS/MS.

1. Mé dau

Cac hop chit per- va polyfluoroalkyl
(PFAS) 1a mdt nhom chat halogen hitu co trong
d6 cac nguyén tor hydro trong mach cacbon
dugc thay thé toan bd (per) hoic mét phan
(poly) béi cac nguyén tir flo [1]. Vi céc lién két
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cacbon-flo ¢ ning lwong pha v lién két rat 16n
(1én dén 130 kcal/mol), cac hop chit PFAS co
d6 bén cao trong moi trudng, c6 kha ning
chéng lai sy phan huy tir cac tac nhan hoa Iy va
sinh hoc va dugc coi 1a cac “hoa chét vinh ctru”
(forever chemicals) [2]. Trong céc PFAS,
perfluorocarboxylic acids (PFCAs) la mot
nhém hop chit quan trong dwoc san xuit va st
dung phd bién nho nhitng tinh chat wu viét cua
ching nhu d9 bén cao va kha ning chdng bam
dinh [3]. Céac chit PFCAs c6 nhiéu tmg dung
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trong 16p phu bé mat chéng dinh, giéy, muc in,
vat liéu dong goi va bot chita chay [4]. Tuy
nhién, PFCAs ciing 1a cic chat 6 nhiém hitu co
dién hinh va co6 nhiéu tac dong tiéu cuc dén stc
khoe moéi truong va con nguoi [5]. Cac hgp
chat PFCAs d3 duoc phat hién trong nhiéu
thanh phan moi truong, cac loai sinh vat va
trong co thé con ngudi [6]. Viée tiép xuc va
phoi nhiém vé&i PFAS néi chung va PFCAs néi
riéng dugc cho la co tac dong tiéu cuc dén strc
khoe con ngudi nhu anh huéng dén chirc ning
ctia tuyén giap, hé mién dich, hé ho hap, hé sinh
san va sy phat trién, c6 lién quan cac bénh &
gan va thén va c6 kha nang gy ung thu [7].

Bui lang 1a mot thanh phan moi truong déc
biét ¢ thé tich liiy nhiéu nhom chét 6 nhiém
hitu co do bui ¢6 kich thudc hat nho va kha
ning hip phu cao. Bui ling chita cic chit 6
nhidm co thé dong vai tro 1a mot ngudn phoi
nhidm dang ké cac chat doc hai ndy & ngudi
thong qua cac con duong khac nhau nhur hit tho
khong khi, nudt phai hodc tiép xtic qua da [8].
PFAS déa dugc phat hién trong mau bui ling
duoc thu thap tai nhiéu quoc gia trén thé gioi
nhu Nhat Ban [9], Canada [10], Thuy Dién
[11], My [12], Brazil [13], An D¢ [14], Anh
[15], Australia [13], Italy [16], Pai Loan [17],
Trung Qudc [13] trong vong hon 2 thap ki qua.
Su hip thu bui dugc cho 1a con dudng phoi
nhiém PFAS quan trong trén co thé nguoi, bén
canh con duong tiéu thu thyc phém va nudc
ubng [18].

Tai Viét Nam, sy c6 mat cua PFAS ndi
chung va cac chat PFCAs noi riéng da duoc tim
thiy trong nhiéu thanh phan méi truong nhu
nudc, trAm tich, sinh vat va cac san phélm tiéu
ding nhu vat liéu tiép xac voi thyc pham [19].
Thong tin vé& sy ¢6 mat va mic do 6 nhidm cua
cac hop chat nay trong moi truong khong khi va
bui lz“ing & nudc ta con rat han ché. Trong mot
nghién ctru méi duge céng bd béi nhom tac gia
Tan va cong su (2024), cac miu bui trong nha
dugc thu thap tai Ha Noi (n = 21) dé xac dinh
ham luong 31 hop chit PFAS (bao gém 11
PFCAs) [13]. Mau bui duoc chiét siéu am véi
acetonitrile va dich chiét dugc lam sach véi
chét hap phu carbon bang k¥ thuat chiét phan
tan pha rin (d-SPE) [13]. Ham luong tong

PFAS trong cac mau bui tai Ha Noi (trung vi
24,1 ng/g) nhin chung twong duong véi mau tai
Brazil (17,3 ng/g) nhung thip hon dang ké so véi
cac khu vyc khac tai Hong Kong (67,1 ng/g), M¥
(91,0 ng/g), Trung Qudc (118 ng/g) va
Australia (197 ng/g) [13]. Tuy nhién, cac
nghién ciru vé phat trién va tham dinh phuong
phap phan tich PFAS trong mau bui con chua
duogc thuc hién tai cac phong thi nghiém & Viét
Nam. Trong nghién cttu ndy, phuong phéap phan
tich dong thoi 12 chat PFCAs trong mau bui
trong nha dugc phat trién bao gébm 3 budc
chinh nhu sau: i) Mau bui duoc chiét bang k¥
thuat chiét siéu 4m; ii) Dich chiét miu dugc lam
sach bang ky thuat d-SPE véi chat hip phu
carbon graphit; iii) Ham lugng PFCAs dugc
xac dinh bang phuong phap sic ky long ghép
nbi khéi pho hai lan (LC-MS/MS).

2. Phwong phap nghién ciru
2.1. Chdt chuan va héa chat

Céc dung dich chudn PFCAs duogc cung cp
bdi Wellington Laboratories Inc. (Canada) bao
gdm: dung dich chéit chuin khéng danh diu
ddng vi (PFAC-MXB), chat chuin dong hanh
(MPFAC-MXA) va chét ndi chuan (M2PFOA).
Céac PFCAs dugc nghién ctru cé mach cacbon
Cs, Ce, C7, Cs, Co, C10, Cu1, C12, Ca3, C14, C1s Va
Cis. Cac chat dong hanh bao gom: *C,-PFHXA,
3C,-PFOA, BCs-PFNA, BC,-PFDA, C.-
PFUNDA va **C,-PFDODA. Chit ngi chuan 1a
13C,-PFOA. Danh sach cu thé bao gom tén goi,
ky hiéu, cong thirc céu tao va khéi lugng mol
ctia cac chat PFCAs dugc trinh bay trong Bang
1. Cac dung dich chudn lam viéc bao gom chat
phan tich, chit dong hanh va chét ndi chuan c6
ndéng do 10 ng/mL. Cac dung dich hiéu chuan
bao gdm chat dong hanh va chit ndi chuin
(c6 nong d6 cb dinh 5 ng/mL) va chat phan tich
Vol néng do 0,1; 0,2; 05; 1; 2; 5; 10 va
20 ng/mL. Cac dung dich chuan PFCAs déu
duoc chuan bi trong metanol va bao quan trong
céc lo thuy tinh t&i mau & nhiét do —4 °C. Céc
hoéa chét khac duoc sur dung bao gém: nudce tinh
khiét sic ky (LiChrosolv® water for
chromatography LC-MS grade; Supelco, Brrc),
metanol (ChromAR® HPLC Super Gradient;
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Macron Fine Chemicals, bic), axit axetic

(98%; Merck KGaA, buc), cacbon graphit

(99,5%; Macron Fine Chemicals, Buc), amoni (Carbon SPE  Bulk Sorbent;  Agilent
axetat (98%; Merck KGaA, Duc), natri sunfat Technologies, M¥).
Bang 1. Cac chat PFCAs va chit chuan danh dau dong vi str dung trong nghién ciru nay
Tén chat Ky hiéu Vai tro Cong thirc M
Perfluoropentanoic acid PFPeA Chat phan tich | CF3(CF2);COOH | 264
Perfluorohexanoic acid PFHxA Chét phan tich CF3(CF,)4COOH | 314
Perfluoroheptanoic acid PFHpA Chat phan tich CF3(CF,)sCOOH | 364
Perfluorooctanoic acid PFOA Chat phan tich CF3(CF2)sCOOH | 414
Perfluorononanoic acid PFNA Chat phan tich CF3(CF,);COOH | 464
Perfluorodecanoic acid PFDA Chat phan tich CF3(CF,)sCOOH | 514
Perfluoroundecanoic acid PFUNDA Chat phan tich CF3(CF2)9COOH | 564
Perfluorododecanoic acid PFDoDA Chat phan tich | CF3(CF2)10COOH | 614
Perfluorotridecanoic acid PFTrDA Chat phan tich CF3(CF2)11COOH | 664
Perfluorotetradecanoic acid PFTeDA Chat phan tich CF3(CF2)1.COOH | 714
Perfluorohexadecanoic acid PFHXDA Chat phan tich | CF3(CF2)14COOH | 814
Perfluorooctadecanoic acid PFODA Chat phan tich CF3(CF,)16COOH | 914
13C,-Perfluorohexanoic acid 13C,-PFHXA | Chét ddng hanh | CF3(CF2),COOH | 316
13¢C,-Perfluorooctanoic acid 13C,-PFOA Chat dong hanh | CF3(CF2)sCOOH | 418
13C;-Perfluorononanoic acid 13C5-PFNA Chat dong hanh | CF3(CF2);COOH | 469
13C,-Perfluorodecanoic acid 13C,-PFDA Chat dong hanh | CF3(CF2)sCOOH | 516
13C,-Perfluoroundecanoic acid 3C,-PFUNDA | Chéatddnghanh | CF3(CF,)eCOOH | 566
13C,-Perfluorododecanoic acid 13C,-PFDODA | Chéatddnghanh | CF3(CF2)10COOH | 616
13C,-Perfluorooctanoic acid 13C,-PFOA Chat ndi chudn | CF3(CF2)sCOOH | 416

2.2. Mau bui

Mau bui (n = 20) duoc thu thap trong cac
nha ¢ tai Ha Noi tir thang 12/2021 dén thang
12/2023. Cac miu bui duge thu thép bang
phuong phap quét thu cong voi chéi va xéng
hot trén nén nha va bé mat dd gia dung, hodc
duoc thu thap tor tai loc bui cia may hut bui
dung trong nha. Mau sau khi thu thap duoc
chuyén vao phoi nhoém, goi lai va giit trong tai
polyetylen c6 khoa zip. Tai phong thi nghi€m,
mau bui dugc loai bo cac di vat co kich thudc
16n nhu manh nhya, kim loai, thuy tinh, toc, 10i
dugc rdy qua sang bang thép khong gi co khiu
d6 100 um dé dong nhit. Mau bui dugce sir dung
trong nghién ctru ndy la mot mau gdp dai dién
dugc chuén bj bang cach tron déu khoang 2 g

cac mau bui noi trén, chuyén vao chai thuy tinh
tol mau, bao quan ¢ nhiét d¢ phong va tranh
anh sang tryc ti€p.

2.3. Nghién ciru diéu kién d-SPE

Do thu hdi cia cac PFCAs trong budc
d-SPE véi cacbon graphit dugc thuc hién nhu
sau: i) Chuan bi 6ng thay tinh 10 mL c6 dung
dich chuéan chua 2.5 ng cac PFCAs va chét
ddng hanh trong 2 mL metanol v6i 5 mM axit
axetic; ii) Thém cacbon graphit; iii) Lac X04y
dé phan tin chat hap phu véi tdc do
2000 vong/phdt trong 1 phdt; iv) Li tam ong
thay tinh voi toe do 3500 vong/phut trong
10 phut V) Chuyen pha dung dich sang ong cb
dac mau; vi) pha ran dugc thém 2 mL dung moi
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va lap lai bude (3)-(5); vii) Co déc dung dich
dudi dong khi N, ¢ 50 °C dén gan can;
viii) Thém 2.5 ng chat ndi chuan va chuyén
mau vao 500 uL metanol; va ix) Loc dung dich
qua mang loc nylon 0,22 um vao 6ng chira miu
trudc khi phan tich trén hé théng LC-MS/MS.
Luong chat hip phu dugc khao sat bao gdm 50,
100 va 500 mg.

2.4. Nghién ciru diéu kién chiét siéu am

Diéu kién chiét siu 4m duoc nghién ctru
trén thiét bi bé rung siéu am (WUC-32; 40 kHz;
Shenzhen Jiayuanda Technology Co., Ltd,
Trung Qudc). Hai dung méi chiét duoc khao sat
la metanol (M) va metanol c¢6 chira 5 mM axit
axetic (A). Mau duoc nghién ctru bao gom:
(1) Mau tring 0,2 g Na;SO4 thém chuan 2,5 ng
chat dong hanh; (2) Mau buyi 0,2 g thém chuan
2,5 ng chat dong hanh; (3) Mau buyi 0,2 g thém
chuan 2,5 ng chat phén tich va 2,5 ng chéat dong
hanh. Nhu vy cac mau duogc khao sat bao gom:
MO, M1, M2, A0, Al, A2, trong d6 M va A la
dung méi chiét metanol va metanol chira 5 mM
axit axetic, 0, 1, 2 chi mau tra“ing, mau bui
khong thém chuin chéit phan tich va mau bui
thém chuan chat phan tich.

Quy trinh chiét mau va xir 1y dich chiét bao
gdm cac budc nhu sau: i) Can 0,2 g miu va
chuyén vao ong thuy tinh 10 mL; ii) Thém
chuan chat déng hanh va chit phéan tich;
iii) Thém 3 mL dung méi; iv) Lic vortex trong
1 phat dé dong nhat; v) Chiét siéu am voi bé
rung trong 10 phdt; vi) Li tdm véi toc do 3500
vong/phut trong 10 phdt; vii) Chuyén phan dich
chiét vao ng thiry tinh khac; viii) Lap lai cac
bude (3)-(7) thém 1 lan nita; ix) C6 ddc dung
dich duéi dong khi N, ¢ 50 °C dén 2 mL;
X) Lam sach mau véi 50 mg cacbon theo quy
trinh tai myc 2.3; va xi) Thém 2,5 ng chit ndi
chuan, chuyén miu vao 500 pL metanol, loc
dung dich qua mang loc nylon 0,22 um véao dng
chira miu trudc khi phan tich trén hé théng
LC-MS/MS.

2.5. Nghién citu diéu kién phan tich va dinh
lwong PFCAs trén hé thong LC-MS/MS

Cac didu kién phan tich PFCAs trén h¢
thong LC-MS/MS dugc tham khdo tir nghién

ctru trude day cua chung toi [19] va dugce trinh
bay trong Bang 2.

Bang 2. Diéu kién cua hé thong LC-MS/MS
cho phan tich PFCAs

biéu kién Thong sb
Hé théng ExionLC™ AD véi Triple
LC-MS/MS Quad 6500+ (SCIEX)
A s Symmetry C18 (3,5 um x 2,1
Cot tach mm x 150 mm; Waters)
C18 VanGuard Pre-Column
Cot bao vé (1.7 um x 2,1 mm x 5 mm;
Waters)
Nhiét do 25°C
Kénh A (2 mM amoni axetat/
Pha dong metanol, 9/1, v/v); Kénh B
(metanol)
30% (2 phut); 30%-90%
Chuong trinh (2-12 phut); 909% (12-16 phut);

gradient (%B)

90%-30% (16-18 pht); 30%
(18-20 pht)

Téc d6 dong 0,25 mL/phat
Thé tich mau 5uL

Khi curtain 35 psi

Khi collision 8 psi

Khi ion source 50 psi

Nhiét do nguén

ion 300 °C

Ché do ion hdéa | Phun dién tich am (ESI-)

Ché d6 do Quan sat da phan tng (MRM)
Thé phun ion —4500 V

Thé entrance -10V

Ham luong PFCAs trong mau bui (ng/g)
dugc tinh dya trén tin hiéu ctia day chuyén khoi
m/z dinh luong (chat phan tich va chit dong
hanh), lugng chit dong hanh thém vao miu
(ng), khdi lwong mau bui (g) va hé sé dap ung
clia tin hiéu chat phan tich/chat dong hanh thu
dugc tr dung dich chuén. Do thu hdi cua chét
phan tich duwoc xac dinh dya trén ti 1€ % cuia
luong chit thém chuin do duoc va luong chét
thém chudn vao mau. Do thu hoi cua chét dong
hanh dugc xac dinh dya trén tin hi€u cia day
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chuyén khéi m/z dinh luong (chit dong hanh
va chat ndi chuan) trong mau va trong dung
dich chuan.

Hé sb dap tmg ctia chat phan tich va chét
ddng hanh duoc tinh theo cong thirc (1):

RRFws = (An+ As) x (Cs + Cy) (1)

Trong d6: A, la dién tich peak ctia chét
phan tich, As 1a dién tich peak cia chat dong
hanh, C, va Cs 1a ndng do chét phan tich va chat
d6ng hanh trong dung dich chuan (ng/mL).

Ham luong (ng/g) cua chat phan tich trong
mau bui duoc tinh theo cong thic (2):

C=(An+ As) X (ms + RRFs) + mq (2)

Trong d6: A, la dién tich peak ctia chat
phan tich, As 1a dién tich peak cia chat dong
hanh, ms 13 lugng chit dong hanh thém vao
mAu (ng), RRFys 12 hé sb dap tmg tir cong thirc
(1), mg 1a khéi lwong mau bui (g).

Do thu hdi coa chat déng hanh duogc thém
vao mau bui dugc tinh theo cong thirc (3):

R% = (As/i, sample ~ Agii, standard) x 100% (3)

Trong do: As/i,’samplg va As/i, standard 1a ti lé dién
tich peak ctia chat dong hanh/chat néi chuan
trong mau va trong dung dich chuén.

3. Két qua va thio luin

3.1. Piéu kién phdn tich PFCAs trén hé thong
LC-MS/MS

Piéu kién phan tich PECAs trén detector kh6i
phé duoc ti wu va lva chon tu dong trén thiét bi
bang cach do truc tiép dung dich chuin hdn hop
nong d6 100 ng/mL trong detector (khong qua cot
tach) & ché do ion hoa phun dién tich 4m (ESI -)
va ché do quan sat da phan img (MRM). Cac diéu
kién duoc t6i vu bao gém: tin hiéu ing voi day
chuyen khéi dinh lugng, dinh tinh, thé Q1 hay DP
(declustering potential), ndng lugng va cham
(collision energy, CE) va thé Q3 hay CXP
(collision cell exit potential) ciia cac chat phan
tich duoc trinh bay cu thé trong Bang 3. Cac diéu
kién toi wu nay s& dugc sir dung dé phan tich
PFCAs trong dung dich chudn va cdc miu khao
sat voi do didc hiéu cao. Mdi chat phan tich déu
dugc quan sat va ghi nhén tin hiéu véi 1 manh ion
me¢ va 2 manh ion con, tuong Ung voi 2 day
chuyén khéi. S6 diém nhén dang IP bang 5 dap
tng dugc yéu cau vé do dic hiéu cho phan tich
PFCAs bang phuong  phap sic ky sir dung
detector khdi phd.

Bang 3. Diéu kién phén tich PFCAs duoc t6i wu hoa tu dong trén hé thong LC-MS/MS

< .Thdi m/z m/z
Chat gé;ﬁdgu dinh luong | dinh tinh DP (V) CE (V) | CXP (V)
PFPeA 7,62 263/219 263/19 —60/-60 8/45 -19/-18
PFHxA 9,34 313/269 | 313/119 —60/-60 9/21 -25/-18
PFHpA 10,42 363/319 | 363/169 —60/-60 8/18 -30/-29
PFOA 11,29 413/369 | 413/169 —60 /60 8/17 -25/-16
PFNA 12,02 463 /419 | 463/219 —60 /60 10 /17 —26/-20
PFDA 12,65 513/469 | 513/219 —60/-60 11/19 -30/-12
PFUNDA 13,18 563 /519 | 563 /269 —60 /60 12/17 -34/-26
PFDoDA 13,65 613/569 | 613/319 —60 /60 12/20 -38/-29
PFTrDA 14,08 663/619 | 663/169 —60/-60 13/31 —40/-29
PFTeDA 14,52 713/669 | 713/169 —60 /60 13/36 -30/-26
PFHXDA 16,00 813/769 | 813/169 —60 /60 15/37 -36/-29
PFODA 18,02 913/869 | 913/169 —60/-60 19/45 -38/-28
13C,-PFHXA 9,34 315/270 | 315/119 —60/-60 8/20 -25/-20
18C,4-PFOA 11,28 417 /372 | 417/172 —60/-60 10/19 -23/-30
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13C5s-PFNA 12,04 468 /423 | 468/219 —60/-60 10/16 —26/-20
13C,-PFDA 12,64 515/470 | 515/219 —60 /60 11/19 -30/-19
13C,-PFUNDA 13,19 565/520 | 565/169 —60/-60 11/26 -34/-28
13C,-PFDoDA 13,66 615/570 | 615/169 —60/-60 12/30 | -36/-28
13C,-PFOA 11,27 415/370 | 415/169 —60 /60 10/19 -19/-19

3.2. Piéu kién d-SPE

Chiét phan tan pha rin (d-SPE) la mot k¥
thuét lam sach dich chiét miu c6 nhiéu wu diém
nhu don gian, nhanh, hiéu qua. Trong d6, mot
lugng chat hép phu nhit dinh duoc thém vao
dich chiét mau, phan tan dé hap phu cac chat
can tré va dé dang tach ra khoi dich chiét bang
k¥ thuat loc hodc li tam. Lugng chét hép phu
thém vao dich chiét can duoc khao sat dé dam
bao do thu hoi, tranh hién tuong chat hap phu
giit lai chat phén tich dan dén sai s6 am ciing
nhu anh hudng dén gidi han phat hién. Két qua
khao sat anh huong cua luong chat hap phu
cacbon dén do thu hdi cia PFCAs va cac chit
ddng hanh dugc trinh bay trong Hinh 1. Theo

120%

d6, lugng cacbon 50 mg 1a phu hop va dugc lya
chon cho cac thi nghiém tiép theo, vo1 do thu
hoi clia cac chat nam trong khoang 70% dén
112%. Véi lugng cacbon 100 mg va 500 mg, do
thu hoi cta cac chat dong hanh giam dang ké,
nam trong khoang 51% dén 56% va 28% dén
38%, tuong Gng. Pic biét, mot sé PFCAs cb
mach dai (Cis Va Cig) ¢6 d6 thu hoi thip hodc
tham chi khong thu hdi duoc, ké ca khi di hiéu
chinh véi tin hiéu cua chat ddng hanh. K§ thuat
d-SPE str dung cacbon graphit cling dugc sir
dung dé 1am sach dich chiét mau bui cho phan
tich PFAS boi mot s6 nghién ctru trude day véi
luong cacbon dao dong tir 10 dén 100 mg
[11, 20, 21].
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Hinh 1. D6 thu hdi ciia PECAs va chat ddng hanh trong budc xir Iy mau véi ki thuat d-SPE.

3.3. Diéu kién chiét siéu am

Hiéu qua chiét chat phan tich tir nén miu 1a
yéu té quan trong quyét dinh d6 chinh xac cua
quy trinh phén tich. Trong nghién cuu nay, k¥
thuat chiét siéu am véi 2 dung moéi metanol va
metanol chira axit axetic dd dugc khao sat trén
3 loai mau: mau trz'ing, mau bui khong thém
chuin chit phan tich va miu bui thém chudn

chat phan tich. Két qua phan tich cac miu nay
dugc trinh bay trong Hinh 2. Luong Vet cua cac
PFCAs da dugc tim thdy trong cdc mau tring.
Ham luong tong 12 PFCAs (212PFCAs) trong
2 miu tring MO va A0 1an luot 1a 1,4 ng/g va
1,2 ng/g, nhin chung khong c6 su khac biét
dang ké. PFOA 1a chat duoc tim thiy trong mau
tring & mirc ham luong cao nhit (tir 0,49 dén
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0,53 ng/g), cac chit con lai duoc tim théy &
mirc ham luong tir 0,01 dén 0,22 ng/g. Ham
luong PFCAs trong mau byi khong thém chudn
da duoc hiéu chinh v6i ham luong cliia mau
trang, co gia tri 12PFCAs 1a 17,3 ng/g dbi véi
mau M1 va 10,5 ng/g d6i véi miu Al. Két qua
nay cho thdy metanol 1a dung méi chiét ¢ hi¢u
qua chiét PFCAs cao hon so v6i metanol chta 5
mM axit axetic. Trén thuc té, dung moi metanol
cling di dugc st dung phd bién boéi nhidu
nghién ciru trudc day dé chiét PFAS tir mau byi
[9, 11, 14-16]. Trong nghién ctru cua chung toi,
metanol va metanol chira 5 mM axit axetic cho
hiéu qua chiét twong duong ddi véi cac chat
nhu PFNA, PFDoDA, PFTrDA, PFTeDA,
PFHXDA va PFODA. Metanol axit héa cho
hiéu qua chiét cao hon metanol d6i voi PFDA.
Cac chéat con lai, bao g6m PFPeA, PFHXA,
PFHpA, PFOA va PFUnDA duoc chiét tot hon
tir nén mau bui v6i dung méi metanol. Trong sb
12 PFCAs, PFHxA 1a chit ¢c6 ham luong cao
nhit (9,24 ng/g v6i metanol va 4,86 ng/g vai
5 mM axit axetic trong metanol). Pbi v6i dung
moi metanol, ham lugng PFCAs nhin chung
giam dan theo chiéu ting cua d0 dai mach
cacbon (Ces dén Cig). Trong khi d6, xu hudéng
nay duogc quan sat véi dung moéi 5 mM axit
axetic trong metanol véi khoang d¢ dai mach
cacbon tir Cg dén Cis. Nguyén nhan din dén sy
giam hiéu qué chiét cia metanol axit hoa so véi
metanol & cac PFCAs c6 mach ngin (Cs dén
Cs) can tiép tuc dugc nghién ciru. Vi cac két
qua bu6c dau nay, dung moi metanol s& duoc
Iira chon lam dung mdi chiét mau buyi va dé xuit
quy trinh phén tich.

Ham lugng tong PFCAs trong miu bui cua
nghién ctu nay (17,3 ng/g) va khoang ham
luong cua timg chat dao dong tir 0,040 dén
9,24 ng/g nhin chung phu hop véi khoang gia
tri ham luong tim duoc trong mau bui trong nha
tai Ha Noi (X11PFCAs: trung vi 11,1; khoang
1,24-54,7 ng/g) [13]. Mtic ham lugng PFCAs
trong mau bui tai Viét Nam twong duong véi
muc ham luong bao cao cho mau buyi tai Rio de
Janeiro, Brazil (7,15; 0,65-47,3 ng/g) va thap
hon so véi cac dia diém khac nhu Carbondale,
Hoa Ky (26,6; 8,16-277 ng/g); Hong Kong,
Trung Quéc (40,5; 16,2241 ng/g); Adelaide,

Australia (63,0; 14,9-183 ng/g); va Tianjin,
Trung Quoc (66.,4; 17,5-805 ng/g) [13].
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Hinh 2. Két qua khao sat hiéu qua chiét PFCAs
trong mau bui bang k¥ thuat chiét siéu am
(M: chiét v&i metanol, A: chiét v6i 5 mM axit axetic
trong metanol, 0: mau trang, 1: mau bui khong thém
chudn chat phan tich, 2: mau byi thém chuan
chat phan tich).

Do thu hdi cta cac chiat PECAs thém chuin
trén nén mau bui dao dong tr 62% dén 110%
(trung binh 86%) d6i v4i dung moi metanol tir
68% dén 92% (trung binh 82%) d6i véi dung
mdi metanol chira 5 mM axit axetic. Do thu hdi
ctia PFCAs trén nén miu bui khong c6 sy khac
biét dang ké giita 2 dung méi chiét. Do thu hoi
ciia cac chit chuin dong hanh nim trong
khoang tir 60% dén 110%. Cac gia tri d¢ thu
hdi nay nhin chung dap ung duoc yéu ciu cua
phan tich chat 6 nhiém hitu co ¢ muc ham
luong vét ¢ ng/g, phan anh do dung cao cua
phuong phap phan tich.

3.4. Quy trinh phan tich PFCAs trong mau bui
va cdc thong so tham dinh phuong phap

Tir céc két qua khao sat trén, quy trinh phan
tich ham lugng 12 PFCAs trong miu bui di
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dugc d& xuat nhu so do trong Hinh 3. Quy trinh
xtr 1y mau duoc dé xuét co6 wu diém nhu don
gian, nhanh va tiét kiém dung méi, héa chat.
Mot 16 miu (thudong bao gom 1 miu tring va 5
mau bui) c¢6 thé duoc xur 1y trong thoi gian
khoang 2 h, stt dung 300 mg cacbon va khoang
50 mL dung mai.

[ Mau bui (0,2 g) :

- Thém chat dong hanh
- Chiét siéu dm 2 |an x 3 mL metanol

\

| 6 mL dich chiét trong metanol J

-CoN,
4 - Diéuchinh 5 mM axit axetic

2 mL dich chiét trong S mM
axit axetic/metanol

l - Thém 50 mg cacbon (d-SPE)
- Rira chat ran voi 2 mL metanol

\

| 4 mLdich chiét a3 lam sach

- Thém 50 mg cacbon (d-SPE)

- Rira chét rdn véi 2 mL metanol
-CBN,

- Thém chat ndi chuin

\

| 500 pl dung dich phan tich

- Loc qua mang nylon 0,22 um
v -Chuyén vao lg chira mau

| 5 L phan tich trén LC-MS/MS j

Hinh 3. Quy trinh phan tich PFCAs trong mau bui
bang phuong phap LC-MS/MS.

Céc thong s6 tham dinh phwong phap dugc
trinh bay trong Bang 4, bao gom: i) Gi6i han
phat hién cua thiét bi (IDL, ng/mL); ii) Gidi han
phat hién cta phuong phap (MDL, ng/g); do
tuyén tinh ciia tin hiéu chat phén tich trong
khoang ndng d6 1-20 ng/mL vé&i ndng do chat
n6i chuan 5 ng/mL (R?); d6 lap lai cta thiét bi
thong qua d6 1éch chudn tuong ddi (RSD%) cua

dién tich peak dinh luong khi phan tich lap
(n = 5) cac dung dich chuan co6 nong do
2 ng/mL va 5 ng/mL); d¢ thu hoi (R%) cua chat
chuan PFCAs trén nén mau bui & muc thém
chuan 2,5 ng/miu. Cac gia tri duoc trinh bay
trong Bang 4 cho thiy phuong phap phan tich
c6 do tuyén tinh t6t (R? > 0,99), d6 dung cao
(R% = 72-95%), @6 1ap lai cao (RSD% < 15%)
va gidi han phét hién thap (MDL = 0,10-1,0 ng/g).
Quy trinh phén tich nay c6 thé dugc ap dung
trong cac nghién ctru tiép theo vé quan tric va
danh gia 6 nhiém lién quan dén cac hop chat
PFCAs trong mau bui léng. Vi du vé tin hiéu
phan tich va dudng chuin cia PFOA duoc trinh
bay trong Hinh 4.
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Hinh 4. Tin hiéu phan tich va dudng chuén
ctia PFOA véi chat ddng hanh 13C,-PFOA.

Béng 4. Cac thong s6 thim dinh phuong phap phan tich PECAs trong mau buyi

Chat IDL MDL R? RSD% RSD% R%
(ng/mL) | (ng/g) | (1-20ng/mL) | (2ng/mL) | (5ng/mL) | (2,5nQ)

PFPeA 0,50 0,30 0,9960 7 4 94

PFHxA 0,10 0,20 0,9993 6 5 93

PFHpA 0,20 0,20 0,9985 13 7 85
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PFOA 1,0 1,0 0,9996 10 6 72
PENA 0,20 0,10 0,9992 11 8 74
PFDA 0,20 0,10 0,9990 9 5 84
PFUNDA 0,10 0,10 0,9995 8 4 86
PFDoDA 0,50 0,10 0,9994 8 5 83
PFTrDA 0,10 0,20 0,9999 7 5 79
PFTeDA 0,10 0,10 0,9997 6 8 79
PFHxDA 0,10 0,20 0,9995 8 7 95
PFODA 0,20 0,10 0,9945 5 5 82

4. Két luan

Trong nghién ctu nay, quy trinh phén tich
ham lugng 12 PFCAs trong mau bui duoc
nghién ctru va tham dinh, bao gébm 3 budc
chinh: i) Chiét mau bang k¥ thuat chiét siéu am
v6i dung méi metanol; ii) Dich chiét trong
metanol dugc cd dac, axit hdéa voi 5 mM axit
axetic va phan tan véi cacbon graphit dé loai bo
tap chat; iii) Tach va phén tich cac PFCAs bang
phuwong phap LC-MS/MS & ché d6 ES/MRM
va dinh luong bang phwong phap nodi chuan.
Phuong phép phan tich duge dam bao cac yéu
t6 nhu d6 dac hiéu, do dung, d6 chum, do tuyén
tinh va gi6i han phat hién thap ¢ ng/g. Ngoai
ra, quy trinh xir Iy mau két hop k¥ thuat chiét
siéu 4m va chiét phan tan pha rin c6 cac uu
diém nhu nhanh, don gian, hiéu qua va tiét
ki€ém dung moi, hoa chét. Quy trinh phan tich
nay c6 kha nang ap dung cho cac nghién ctu
quan tric, danh gia 6 nhiém, truy ngudn phat
thai va kiém soat rui ro lién quan dén cac hop
chit PFAS trong bui léng, dac biét & cac nudc
méi va dang phat trién nhu Viét Nam.
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