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Abstract: Perfluoroalkyl substances (PFAS) have outstanding properties such as chemically inert,
thermally stable, and water/oil repellent, which have been commonly used as additives in different
materials and existed in various equipment, household items, and consumer products. However,
PFAS are persistent organic pollutants (POPs) because of their environmental persistence,
long-range transport, bioaccumulation potentials, and toxic effects on organisms. Settled dust can
serve as environmental sink of organic pollutants including PFAS, and as exposure source of these
substances in humans. In general, number of studies on PFAS in settled dust is relatively limited,
especially in emerging and developing countries. In this review paper, analytical methods for
PFAS in settled dust samples from international publications were gathered and evaluated,
including information about sampling, sample preparation, extraction, clean-up, and quality
assurance/quality control techniques. To determine trace levels of PFAS in dust matrix, liquid
chromatography-tandem mass spectrometry (LC-MS/MS) methods have been used with
advantages as high selectivity and low detection limits. Further studies on analytical method
development and application in monitoring and assessment of polution status and risk of PFAS in
settled dust are critically necessary.
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Tém tit: Cac hop chit perfluoroalkyl (PFAS) c¢6 tinh chét wu viét nhu tro vé mit hoa hoc, bén
nhiét, chéng bam dinh nén dugc str dung rong rai lam phu gia trong nhiéu loai vat liéu va c6 mat
trong nhiéu thiét bi, dd gia dung, san pham tiéu ding. Tuy nhién, PFAS ciing dugc coi 1a cac chit
6 nhiém hitu co kho phan hiy (POP) do chiing bén vimg trong méi trudng, co kha niang phat tan
xa, ¢6 thé tich liy sinh hoc va gy ra nhiing tac dong doc hai voi sinh vat. Bui ling 12 méi truong
tich lily cac chat 6 nhidm hiru co bao gdm PFAS va 1a ngudn phoi nhiém cac hop chit nay trén co
thé nguoi. Nhin chung, sb luong cc nghlen ctru vé PFAS trong bui ling con tuong ddi han ché,
dac biét ¢ cac nude méi va dang phat trién. Trong nghién ctru tong quan nay, phuong phap phan
tich PFAS trong mau bui duoc tong hop va danh gia dua trén cac cong bd quéc té, bao gdbm thong
tin vé& k¥ thuat 14y mau, chuin bi mau, chiét mau, 1am sach dich chiét, phan tich dinh luong va cac
k¥ thuat dam bao chit luong, kiém soat chit luong. D& phan tich lwong vét PFAS trong nén miu
bui, phuong phép sic ky 1ong ghép ndi khéi phd hai lan (LC- MS/MS) da duge sir dung v6i vu diém vé
dd chon loc cao va i&i han phat hién thip. Cac nghién ctru tiép theo vé phat trlen quy trinh phan tich va

ap dung quan tric, danh gia 6 nhidm va rii ro cia PFAS trong bui lang 14 rat can thiét.
Tir khéa: PEAS, bui ling, phwong phap phan tich, LC-MS/MS.

1. Mé dau

Céac hop chat perfluoroalkyl (PFAS) trong
phén tir bao gdbm mach alkyl ky nuéc c6 do dai
khac nhau (thwong 1a —CsHg dén —CieHaz) va
nhom chirc wa nudc (vi du nhu nhom sulfonate
—S03  hoac carboxylic acid -COOH), dan dén
tinh cht bé mit dic biét cia cac hop chit nay [1].
Cong thirc cdu tao tong quat cia nhom
perfluorosulfonate (PFS) va perfluorocarboxylic
acid (PFCA) dugc trinh bay trong Hinh 1. Cac
chit PFAS dugc sir dung rong rai trén thé gidi
ttr nhitng ndm 1950 véi cac rng dung chinh nhu
16p phit bé mit chong dinh, chit hoat dong bé
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mat, chit boi tron, 16p phi cho soi dét, dau
danh boéng, bao bi thuc phém va bot chita chay
[2]. Vi PFAS c¢6 ciu tric rat bén viing, chiing
rat khé tham gia cac phan tng thity phan, phan
hiy bdi anh sang va phan hiy sinh hoc nén
duge xép vao nhom cac chat 6 nhiém hitu co
kh6 phan hiy (POPs) [3]. PFAS dugc tim thay
& mirc ndong do ¢& phan ti (ppb) trong cac thanh
phin méi trudng (nudc, dat, tram tich, khong
khi, bui) va sinh vat ¢ nhiéu quoc gia trén thé
gidi [1-3]. Cac nghién ciru dich té hoc da chi ra
moi lién hé gitta sy phoi nhiém PFAS va cac
tac dong tiéu cuc dén sinh vat nhu anh huong
dén chirc ning cua tuyén giap, hé mién dich,
giy 16i loan diéu hoa lipid va insulin, cac bénh
O gan va than, cac biéu hién bat thuong ¢ hé
sinh san va sy phat trién cia co thé va c6 kha
nang gay ung thu [4].
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Hinh 1. Cong thirc cu tao ctia PFCA va PFS.

Bui lang c6 kha nang tich iy nhidu nhom
chit 6 nhiém hitu co va tiém 4n nguy co phoi
nhidm cac hop chit nay trén co thé ngudi thong
qua nhing con dudng nhu hit tho, nudt phai va
tiép xtic qua da [5]. Nghién ctru dau tién vé 2
PFAS dién hinh 1a perfluorooctane sulfonate
(PFOS) va perfluorooctanoic acid (PFOA)
trong mau bui duogc thuc hién tai Nhat Ban vao
nhitng nam dau 2000 da cho thay sy c6 mat pho
bién cta ching trong bui véi mic ham lugng
11-2500 ng/g PFOS va 69-3700 ng/g PFOA
[6]. Sau d6, su hién dién cua cac PFAS trong
bui d3 dugc bdo cdo & nhiéu quéc gia trén thé
giéi nhu Canada [7], Thuy Dién [8-10], My
[2, 11-14], An D6 [15], Anh [16], Australia
[17], Italy [18], Pai Loan [19] va Trung Qudc
[20, 21]. Sy phoi nhiém PFAS trén co thé nguoi
ngoai con duong tiéu thu thuc phidm va nude
uéng con duoc dong gbp mot phan dang ké tir
su hap thu bui [22].

Thong tin vé tinh trang 6 nhiém PFAS trong
bui ling & cac nudc mdi va dang phat trién nhin
chung con rat han ché. Hién chua co cac nghién
ctru vé mic ham luong va dic trung tich lity
PFAS trong mau bui tai Viét Nam cling nhur cac
nuée Pong Nam A. Mot sb nguyén nhan dan
dén sy thiéu hut thong tin lién quan dén PFAS
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1a do ning luc quan tric cac hop chit ndy chua
dap ung dugc yéu cau, thiéu kinh phi nghién
ctru, cac phuong phap phan tich con phirc tap
va hiéu biét, mirc d6 quan tim den van dé nay
con chua day du. Trong bai bao tong quan nay,
phuong phap phan tich PFAS trong bui ling
duoc nghién clru va tdp hop thong tin tir cac
cong bd trude ddy, nhim tim ra nhitng nguyén
tic co ban va ky thuat cu thé cho xac dinh
luong vét, siéu vét PFAS trong nén miu bui.
Thong tin thu thap dugc cung véi cac so sanh,
ban luan vé vu nhuoc diém, kha ning ing dung
va hiéu qua cua cac phuong phap phan tich sé
¢ gia tri tham khao cho cac nghién ciru tiép
theo vé su 6 nhiém PFAS trong bui tai Viét
Nam va cac nudc dang phat trién.

2. Phwong phap nghién ciru
2.1. Phuong phdp thu thdp thong tin

Céc bai bao khoa hoc v& phan tich va danh
gi4 6 nhiém PFAS trong miu bui ling dugc tim
kiém va Iya chon theo phuong phap PRISMA
(Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) véi 3 budce co ban
nhu sau: i) Phat hién; ii) Sang loc; va iii) Lua
chon. TH hop tir khda dugc sur dung 1a “PFAS”
va “settled dust”. Cac co so dir liéu duoc sir
dung dé tim kiém bao gém: ACS Publications,
Hindawi, MDPI, PubMed, ScienceDirect,
SpringerLink, Taylor & Francis Online, va
Wiley Online Library. Cac bai bdo dugc sang
loc va lua chon dua trén cac tiéu chi: i) Pugc
cong bd trén cac tap chi thuoc hé thong Web of
Science/Scopus; ii) Bao cao cu thé vé quy trinh
phan tich PFAS trong mau bui lang; iii) Su
dung phuong phap phan tich 1a sic ky long
ghép ndi khdi phd (LC-MS) hodc phuong phap
khac c6 d6 chon loc twong duong hodc cao hon;
va iv) Bao cao cic thong s6 vé dam bao chat
luong va kiém soat chat luong (QA/QC).

Tom tit vé danh sach chat phan tich cung voi
chit ndi chuan (néu co) clia cac nghién ctru trudc
day vé PFAS trong mau bui dugc trinh bay trong
Bang 1. Ngoai ra, cac nhom chit PFAS khac ciing
da duoc nghién ctru phan tich trong miu bui, bao
gdm:  fluorinated  sulfonamide  (FOSA),
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fluorinated sulfonamidoethanol (FOSE),
fluorotelomer alcohol (FTOH), fluorotelomer
sulfonic acid (FTSA), fluorotelomer unsaturated

carboxylic acid (FTUCA), perfluoroalkyl
phosphonic  acid  (PFPA),  perfluoroalkyl
phosphinic  acid  (PFPIA),  polyfluroalkyl

phosphate ester (PAP), polyfluoroalkyl phosphate
diester (diPAP) va mdt sO chat PFAS “mdi n6i”

(emerging PFAS) khac. Cac nhom chit PFAS
méi ndy thuong 1a san pham chuyén hoa, tién
chit hodc cac chat thay thé cho nhém PFAS cb
dién nhu PFCA va PFS. Trong bai bao tong
quan nay, ching t6i chi yéu tap trung vao diéu
kién phan tich PFCA va PFS 1a 2 nhom chét
PFAS cb dién duoc xac dinh trong hiu hét cac
nghién ciru trude day vé PFAS trong miu bui.

Bang 1. Danh sach cac chat PFAS dugc nghién ctru trong mau bui

Qudc gia (nam) Chét phén tich Chét ndi chuan TLTK
Nhat Ban (2003) PFOA, PFOS SDS-d25 [6]
- 13¢c,1-2-
Canada (2005) PFBS, PFHxS, PFOA, PFOS, FOsa | 2iperfluorol1,2-Col-2- 1 1oy
octenonic acid
Thuy Bién (2009) PFOA, PFOS 13C,-PFOA, 180,-PFOS [8]
. 13C_PFCA, 13C-PFS, 13C-
Thuy Pién (2021) PFCA, PFS, P;TF)?A PI':: glsi PAP, diPAP, FTSA, 13C-diPAP, 3C- [9]
’ PAP, CI-PFPA
" PFCA, PFS, FTSA, FOSA, diPAP,
Thuy Dién (2022) PFPA. PFPIA [10]
13~ _ 18().._
M5 (2008) PFCA, PFS, FTOH Co-PFOA, “0-PFOS, [11]
perfluorodecylpropanol
N I3C-PFCA, 180,-PFOS,
M§ (2009) PFCA, PFS, FOSA 190-FOSA, D-FOSA [12]
M5 (2013) PFCA, PFS, FTOH, FOSE [23]
N I3C-PFCA, 8C-FTSA,
M5 (2020) PFCA, PFS, FTSA, FTOH, FOSA, FOSE 19C-PFS, BC-FTOH [13]
13/ 130 -
M5 (2020) PFCA, PFS, FTS, FTOH, FOSA, FOSE ¢ PFC’?’OSCE: PFS. D [2]
My (2021) PFCA, PFS, FOSA [24]
M5 (2022) PFCA, PFS 13C-PFCA, 18C-PFS [14]
L PFCA, PFS, FTSA, FOSA, 1 13
An Do (2023) FTUCA. diPAP.... C-PFCA, 3C-PFS,... [15]
Anh (2023) PFCA, PFS 13C-PFCA, 18C-PFS [16]
Australia (2023) PFCA, PFS, FTSA, FOSA, FOSE,... 13C-PFCA, 13C-PFS,... [17]
Italy (2024) PFOA - [18]
Dai Loan (2024) PFCA, PFS 13C-PFCA, 18C-PFS [19]
£ 13C_PFCA, 18C-FTSA,
Trung Qudc (2020) PFCA, PFS, FTUCA, FOSA, FTSA, ... 13C.PFS, BC-FTUCA [20]
Trung Qudc (2021) PFCA, PFS, FOSA, FTSA, diPAP.,... 13C_-PFCA, 13C-PFS,... [21]
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2.2. Phuong phadp phan tich thong tin

Cac bai bdo dugc lya chon dé dua vao bai
téng quan nay sé& duoc nghién ctru, phan tich,
danh gi4 va lay thong tin, bao gdm: i) K§¥ thuat
14y mau va bao quan mau; ii) K¥ thuat chuan bi
mau; iii) Ky thuat chiét mau; iv) Ky thuat xu ly
dich chiét; v) Phuong phap phan tich dinh
luong PFAS; va vi) Céc ky thuit dam bao chat
luong va kiém soat chit luong (QA/QC) trong
quy trinh phan tich. Diéu kién cua ting k¥ thuat
va phuong phap dugc tép hop, so sanh va dua
ra cic nhan xét vé uwu diém, nhugc diém va kha
nang tng dung. Hiéu qua cia mdi phuong phap
phan tich s€ duoc danh gia dua trén cac tiéu chi
vé do ding, d6 chum, giéi han phat hién, muc
dd don gian, thoi gian, lugng dung moi, hoa
chit sir dung.

3. Két qua va thao luin
3.1. K§ thudt ldy mdu va bédo qudn mau

Mau bui ling chu yéu dugc thu thip bang
ky thuat hat bui v6i thiét bi hit bui cia nhém
nghién ctru hodc dugc léy tur tui loc bui ciia may
hat bui gia dung c6 san tai cac dia diém khao
sat. Tui loc bui thuong dugc ché tao tir vat liéu
nylon [13, 21] hoac cellulose [8, 14, 23]. Kich
thudc mat ludi cua tai loc bui dao dong trong
khoang tir 25 pum [13, 21] dén 40 um [9]. Mau
bui cling cd thé dugc thu thap thi cong vdi cac
dung cu nhu chdi [20] hodc dao bang thép
khong gi [15, 18]. Mau sau khi thu thap duoc
chuyén vao tai zip polyethylene [7, 17], thi zip
polyurethane [23], tai hodc ong polypropylene
[15, 19], ti plastic t6i mau [10], phoi nhom
[13, 21] hodc gbi trong phoi nhom va chuyén
vao 6ng thay tinh [18]. Mau bui c6 thé duoc
bdo quan & nhiét d§ phong va trdnh anh sang
[7, 10, 18] hodc bao quan & nhiét do thap nhu
4 °C [19] hay —20 °C [13, 14, 20, 23].

3.2. Ky thuqt chudn bi mau

Mau bui sau khi thu thap can duoc chuén bi
& dang dong nhit cho phan tich ham lugng cac
chit PFAS. Moriwaki va cong sy (2003) di sir
dung cac dung cuy don gian nhu kep va kinh lap
dé loai bo cac di vat c6 kich thudce 16n nhu tée
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va manh nhya [6]. Mau bui thuong dugc ray
qua sang dé 1y pha hat c6 kich thudc xac dinh.
Kubwabo va cong su (2005) da sit dung may
sang rung voi 2 riy c6 kich thude mét ludi lan
luot 13 1,18 mm va 150 um dé thu miu bui co
duong kinh nho hon 150 pm [7]. Sau do6, cac
soi toc trong mau bui tiép tuc duoc loai bo béng
nhip hodc ban chai [7]. Kich thudc hat ciia mau
bui ¢6 thé dao dong tir <80 um [17], <150 pm
[7, 11, 19], <500 pm [23] dén 1 mm [9]. Mau
duoc bao quan trong cac vat chua khac nhau
nhu dng polypropylene [19, 20] hodc trong lo
thiy tinh t6i mau [11, 23]. Nhiét d6 bao quan
mau nam trong khoang —20 °C [13, 20, 21, 23],
4 °C [19] dén nhiét d6 phong (2021 °C) [7, 8, 10].

3.3. Ky thudt chiét mau

Chiét miu 1a budc quan trong cua quy trinh
phén tich PFAS trong mau bui vi hiéu qua chiét
¢6 anh hudng 16n dén d6 chinh xéac cua phuong
phap. Cac yéu tb anh huong dén hiéu qua chiét
bao gdm: loai dung méi (thanh phan, ti 1& giira
khéi lugng miu va thé tich dung méi), k§ thuat
chiét va dléu kién chiét (nhiét do, ap suét, thoi
gian chiét, s6 lan chlet) Chiét siéu 4m 1a k§ thut
dugc stir dung pho b1en nhét trong quy trinh phan
tich PFAS tir nén mau bui. Do ciu tric cua PFAS
c6 cac nhém chirc phan cuc nén cac dung moi
hitu co c6 d6 phan cuc tuong d6i cao thudng
duoc su dung dé chiét cac hop chét nay, vi du nhu
methanol [2, 6, 8, 10, 14-16, 18, 21], hdn hop
methanol va dung dich acid formic 0,1 M
(1:1, v/v) [12], hdn hgp methanol va dung dich
acid acetic 1% (9:1, v/v) [19], acetonitrile
[7, 11] hodc hé dung modi hexane/ isopropanol
(4:1, viv) va methanol/ acetonitrile (1:1, v/v)
[13]. Qué trinh chiét c6 thé dugc lap lai tir hai
dén bon 1an vé6i thoi gian cia mdi lan chiét dao
dong tir 10 dén 60 phit.

Bén canh ky thuat chiét siéu am, ky thuat
chiét cap ion ciing duoc ap dung trong quy trinh
phan tich PFAS. Nguyén tac cta ky thuat chiét
cap ion la tao ra cau tir trung hoa dién tich bao
gom ion cia chat phan tich va ion ddi, sau do
chiét cdu tir nay vao dung méi hiru co kém phan
cuc. Zhang va cong su (2020) da tién hanh chiét
PFAS trong mau bui véi chét tao cap ion
tetrabutylammonium hydrogen sulfate
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(TBAHS) v6i dung mdi metyl tert-butyl ether
(MTBE) [20]. Khoang 200 mg mau bui dugc
chuyen vao ong ly tim 15 mL, thém chét ndi
chuan, 1 mL TBAHS 0,5 M va 2 mL dém
sodium carbonate 0,25 M va tron déu hdn hop
trong 10 s. Qua trinh chiét dugc thuc hién lip
lai 2 14n, mdi 1an 5 mL dung méi va lic trong
40 phat. Sau mdi lan chiét, éng chira mau dugc
ly tam & toc do 5000 xg trong 10 phit. Céc
phﬁn dich chiét duoc g0p lai vao 6ng khac, c6
dudi dong khi N, dén gan can va hoa tan miu
v6i 0,5 mL methanol trude khi phan tich. Co
ché cua ky thuat chiét cap ion dugc tom tat
trong Hinh 2.

R FR FR FFR F PFOS
F /

S

/
A AT AT AT A

Hac/\/\+/\/\CH3
H3CJ\/ \/\/CHa

TBAHS
MTBE
PFOS PFOS+TBAHS
TBAHS [
TBAHS
Dung djch dém Dung dich dém
carbonate carbonate

Hinh 2. Co ché cua k¥ thuat chiét cap ion
trong quy trinh phan tich PFAS.

3.4. Ky thuat lam sach dich chiét mau

Trong qua trinh chiét mau, hién tuong cic
chit c6 mit trong nén mau nhung khong phai la
chit phéan tich (cac chat can trd) bi chiét cing
vGi cac chat phan tich 1 khong thé tranh khoi.
Su c6 mat cua cac chét can tro trong dich chiét
6 thé lam tang muc do nhiéu nén, thAm chi anh
hudng dén tin hiéu cta chat phén tich va giy ra
su nhi®m ban cho mét sb bod phén trong thiét bi
phan tich. Vi vay, lam sach dich chiét 1a mot
budc quan trong trong phan tich luong vét cac
chit 6 nhiém hitu co néi chung va cia quy trinh
phan tich PFAS trong miu bui néi riéng. Budc
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lam sach dich chiét PFAS trong bui nhin chung
don gian hon so v&i cac nhom chat POPs khac
cho phan tich bang phuwong phap sic ky khi.
Mot sé nghién ctru phdn tich PFAS trong bui
con khong bao gdm budc 1am sach dich chiét
ma chi can loc dich chiét qua mang loc dé loai
bo pha hat [2, 6, 11, 18, 19, 24]. Bén canh do,
mot sd nghién ciru dd st dung ky thuat chiét
pha rin (SPE) [7, 9, 14, 15, 23] hoic chiét phan
tan pha rin (DSPE) [8, 13, 21] dé lam sach dich
chiét PFAS trong miu bui.

SPE la mot ky thuat lam sach dich chiét
mAu tién tién v6i nhidu wu diém nhu thao tac
don gian va dugc chuén hoa, c6 thé tién hanh
lam sach ddng thoi nhiéu mAu, tiét kiém thoi
gian va dung moi. Quy trinh SPE thuong bao
gém 4 budce co ban: i) hoat hoa cdt; ii) nap dich
chiét mau; iii) rira tap chit; va iv) rira giai chit
phan tich. Cac chit hip phu di duoc st dung dé
lam sach dich chiét PFAS 1a silica bién tinh v&i
nhoém chire —Si(CHa)2(CH2)17CHs (theo co ché
twong tac pha dao C18) [7] hoac -
Si(CHs)2(CHz)sNH: (theo co ché trao ddi anion
yéu WAX) [9], carbon graphite [14] hodc su két
hop ctia hé 2 c6t SPE carbon va WAX [15].
Diéu kién 1am sach dich chiét PFAS bang k¥
thuat SPE véi cac loai chat hip phu khac nhau
dugc tom tat trong Bang 2.

Bang 2. Piéu kién 1am sach dich chiét PFAS
bang k¥ thuat SPE

Cot SPE | Céc budc tién hanh TLTK

Rira c¢6t voi 5 mL
acetonitrile, nap 2 mL dich
chiét, rira giai voi 5 mL
acetonitrile, ¢6 can vdi Np,
hoa tan mau véi 200 plL
acetonitrile.

C18 (19) [7]

Thém 25 mL nuéc vao
15 mL dich chiét
methanol, chinh pH 10,
thém 4 mL hexane, lic 10
phut, loai bdé hexane, chinh
pH 4. Hoat hoéa cot, nap
mAu, rira tap chat voi 4 mL
ammonium acetate (pH 4)

WAX
(150 mg,
6 mL)

(9]
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va 8 mL
tetrahydrofuran/methanol
(3:1), rira giai voi 4 mL
methanol chia  0,1%
NH;OH. C6 can, hoa tan
mau  véi 200 uL
methanol/nude (1:1).

Cot ENVI-Carb duoc ria
v6i methanol (1 mL x 3
lan), nap dich chiét. Pha
lodng dich chiét methanol
ENVI- | dén 100 mL bang nudc cat.
Carb Rira c6t WAX véi 4 mL
(100 mg, | NHs 0,1% trong methanol,
1mL)va | 4 mL methanol va 4 mL | [15]
WAX nudc, nap dung dich mau,
(150 mg, | rtra cOt voi 5 mL nude va 4
6 mL) mL dém acetate (pH 4),
lam kho cot, rua giadi voi 4
mL methanol va 4 mL NH;
0,1% trong methanol, cé
N, dén 1 mL.

Rora c¢c6t véi 5 mL
methanol (2 lﬁn), nap dich

ENVI- r %
Carb chiét mau trong methanol,
(250 mg thu lay dung dich, c6 dén | [23]
" 10,5 mL, tron dung dich
3mL) : :

methanol voi dung dich

ammonium acetate (6:4).

Kato va cong sy (2009) da gidi thi¢u
phuong phap lam sach “on-line” ghép nbi truc
tiép cot lam sach véi hé thong phan tich
LC-MS/MS [12]. Dung dich miu bao gdm
100 uL dich chiét mau bui, 25 pL dung dich
chit noi chuan trong methanol va 300 pL dung
dich acid formic 0,1 M (tong thé tich 425 pL)
dugc dua vao cot 1am sach Betasil C8 (10 mm
x 3 mm x 5 pm) véi dung dich acid formic
0,1% & toc dd 1 mL/phut trong 1,5 phat. Cot
lam sach dugc rira véi hon hop methanol
va acid formic 0,1% (15:85, v/v) ¢ tbe do
0,5 mL/phut trong 1,5 phut, sau d6 tiép tuc rira
voi dung dich NH4OH 0,3% trong nuéc véi toe
do 0,5 mL/phut trong 1 phit. Sau 4 phut nap
mau va ria tap chét, van mau dugc chuyén vi
tri dé dua dung dich miu da lam sach vao cot
tach cta hé théng LC-MS/MS [12].
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DSPE 1a mot k¥ thuat lam sach dich chiét
PFAS trong mau bui dugc mot ) nghién cuu
ap dung [8, 13, 21]. Trong ky thuat nay, mot
lwong chét hip phu duoc thém truc tiép vao hdn
hop mau va dung méi rdi tién hanh chiét [8]
hodc thém vao dich chiét can lam sach [13, 21].
Chat hap phy phd bién duogc sir dung trong k¥
thudt nay 1a carbon graphite khong c6 ciu trac
x6p, thuong duoc biét dén vai tén thwong mai
la Supelclean ENVI-Carb cua hang Supelco.
Bjorklund va cs. (2009) di tién hanh chiét
va lam sach dong thoi mau bui (2-170 mg) véi
10 mg Envi-Carb, chiét hdn hop 2 1an mdi lan
v6i 5 mL methanol (rung vortex 10 s va chiét
siéu am 10 phat) [8]. Wu va cong su (2020) da
tién hanh lam sach dich chiét mau bui (50-100 mg
bui trong 5 mL dich chiét) voi 100 mg
ENVI-Carb [13]. Xu va cdng su (2021) da st
dung 20 mg ENVI-Carb va 50 uL acid acetic dé
lam sach 0,5 mL dich chiét caa 20 mg bui [21].
Qua trinh 1am sach duogc hd tro béi mot s6 ky
thuat nhu rung vortex va ly tdim. Ky thuat nay co
vu diém 13 nhanh, don gian va sir dung lwrong nho
chit hip phu hon so véi k¥ thut SPE.

3.5. Phuong phap phan tich dinh luong PFAS

Phuong phap phén tich dinh luong phé bién
nhét dung de tach va xac dinh hon hgp PFAS
trong nén mau moi truong 13 sic ky long ghép
ndi khdi phd hai lan (LC-MS/MS) theo co ché
hap phu pha dao (RP). Pay la phuong phap co
dd chon loc, do dac hiéu va kha nang phat hién
vu viét voi giéi han phat hién thip c& ppb
(ng/mL) hodc tham chi ppt (pg/mL). Piéu kién
tach va phan tich dinh lwong PFAS cua mét sb
nghién ctru trude ddy duoc tom tit trong Bang
3. Cot tach pha ddo silica voi nhom chirc C18
dugc sir dung pho bién nhat. Chiéu dai cot dao
dong tor 50 mm [11, 18], 100 mm [8, 20, 21]
dén 150 mm [6, 7, 19]. Puong kinh trong cia
cot dao dong tir 1 mm dén 4,6 mm. Pudng kinh
ctia hat pha tinh dao dong tir 1,7 pm dén 5 pm.
Cac nghlen clru cling thuong su dung thém cot
bao v¢€ ¢ vi tri gilta cong bom mau va cot tach
dé duy tri tudi tho cia cot tach [12, 15]. Cot bao
vé thudng ¢ ban chat pha tinh twong tu nhu cot
tach nhung c6 chiéu dai ngin hon, tir 10 mm
[12] d&én 12,5 mm [15]. Kato va cong su (2009)
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da sir dung cot C8 dé phan tich PFAS véi cot
tach Betasil C8 (50 mm x 2,1 mm x 3 pm) va
cot bao vé (10 mm x 3 mm X 5 pum) [12]. Bén
canh d6, Yamazaki va cs. (2023) da st dung cot
tach trao doi ion RSpak JJ-50 2D (150 mm x 2 mm
x 5 um) dé phan tich mot s6 PFAS mach ngin
(C2 dén Ce) [15]. Cac PFAS mach ngin co do
phan cyc cao va tuong tac vdi pha tinh C18
kém, dan dén hiéu qua tach thp va thoi gian

luu trén cot rat ngén. Do @6, sir dung co ché
tach trao d6i ion 1a mot phuong phap phu hop
dé co dugce hidu qua tach tdt cho cac PFAS
mach ngin [15]. Moriwaki va cong su (2003)
da thyc hién phan tich PFAS ¢ nhiét d6 40 °C
[6], tuy nhién nhiét d6 thuong khong dugc cac
nghién ctru khac dé cip do day khong phai la
yéu t6 anh hudng nhidu dén hiéu qua tach.

Bang 3. Diéu kién tach va phan tich dinh luong PFAS trong miu bui

Cot tach Pha dong Piéukien MS | TLTK

TSK-GEL ODS-80TsQA A (1 mM ammonium acetate, pH 4), B ESI. MRM [6]
(150 mm x 2 mm % 5 um) (methanol), gradient, 0,2 mL/phit '

A (2 mM ammonium acetate trong
Symmetry C18 acetonitrile/nuge, 9:1), B (2 mM ESI MRM [7]
(150 mm x 1 mm x 3,5 pm) ammonium acetate trong acetonitrile/nudc !

2:9), gradient, 25 uL/phut

A (2 mM ammonium acetate trong
Ace C18 methanol/nudc, 4:6), B (2 mM ammonium ES| SRM [8]
(100 mm x 2 mm X 5 pm) acetate  trong methanol/nuéc  95:5), '

gradient, 0,2 mL/phat
Luna C18(2) A (2 mM ammonium acetate), B
(50 mm x 4,6 mm) (acetonitrile), 1:1, isocratic, 0,2 mL/phut ESI, MRM [11]
Betasil C8 A (20 mM ammonium acetate, pH 4), B
(50 mm x 2,1 mm x 3 pm) (acetonitrile), gradient, 0,3 mL/phat ESI, MRM [12]
Poroshell EC-C18 A (4 mM ammonium acetate)) B
(50 mm x 3 mm x 2,7 um) (methanol), gradient, 0,4 mL/phat ESI, MRM [18]
Zorbax SB-C18 A (0,1% ?.Cld formlc trong agetonltrlle), B
100 <21 <3 (0,1% acid formic trong nudc), gradient, ESI, MRM [20]
(100 mm x 2,1 mm x 3,5 um) | g 3 m) /phit
Acquity UPLC BEH RP18 A (5 mM ammonium acetate), B ESI MRM [21]
(100 mm x 2,1 mm x 1,7 um) | (methanol), gradient, 0,2 mL/phut '

Trong co ché pha dao, cic PFAS duoc rira
giai tr cot tach vdi hé 2 dung moi (kénh A va
kénh B) c6 dd phan cuc cao, vi du nhu dung
dich mubi ammonium acetate, dung dich dém
ammonium acetate/acid acetic, dung dich acid
formic, acetonitrile, methanol & ché do rira giai
bién d6i dong (gradient) hoic dong khéng dbi
(isocratic) (Bang 3). Bé dam bao hiéu qua tach
va thoi gian lwu phu hop, ché do rira giai
gradient dugc sir dung phd bién hon ché do
isocratic. Toéc do dong pha dong thuong dao

dong tir 0,2 dén 0,4 mL/phut, tuy nhién toc do
dong thip hon (25 uL/phut) ciing duoc sir dung
trong mot nghién ctru [7]. Thé tich mau duoc
dua vao hé thong LC-MS/MS c¢6 thé dao dong
tir 2 pL [7, 20], 15 pL [18], 25 pL [8], dén
200 pL [19], va thao tic bom miu thudng dugc
thure hién b;‘ing b phan bom mau tu dong.
Trong cic nghién cru vé phan tich PFAS
bang phuong phap LC-MS/MS, detector khdi
phé thuong dugc van hanh ¢ ché do ion hoa
phun dién tich am (negative electrospray
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ionization, ESI-) va quan sat da phan ung
(multiple reaction monitoring, MRM). Trong
ché do ESI, dung dich mau chira chét phéan tich
dugc dua qua mot ddu phun mao quan ap dién
thé cao va chuyén thanh dang sol khi tich dién,
kéo theo su ion hoa cua chat phan tich. Qua
trinh ion héa va phan manh cia PFAS trong
detector khbi phd co lién quan chit ch& dén ciu
tric cua ting chit va do do, tin hiéu dugc ghi
nhan c6 d6 chon loc va dd dic hiéu rat cao.
Théng thuong & ché d6 MRM, tin hiéu ciia mdi
chit s& dugc quan sat va ghi nhan voi 1 phan
ung dinh lugng (quantification mass transition)
va it nhit 1 phan tng xac nhan dé cung ¢ thém
vé mit dinh tinh (confirmation mass transition).
Vi du, PFOA duogc phan tich véi 2 phan tGng
dac trung 1a (413 — 369) va (413 — 169) [7].
Trong d6 phan tit PFOA c¢6 M = 414, ion m/z =
413 tmg véi [M—H] 1a san phim cta qua trinh
deproton hda, ion m/z = 369 ung véi [M—
COOH] va ion m/z = 169 ung voi [CsF7]".
Trong khi @6, PFOS (M = 500) lai dugc phan
tich véi 2 phan ung dic trung la (499 — 99) va
(499 — 80) véi cac ion m/z = 499, 99 va 80 lan
lugt 1a [M-H]', [FSOs]" va [SOs]. Cac phan
mg dic trung cho mdi chét cung vé6i diéu kién
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dé phan mg xay ra thuong dugc t6i vu hoa va
lya chon tu dong voi phﬁn mém chuyén dung
ctia thiét bi LC-MS/MS. Cac thong s6 quan
trong can toi wu bao gdbm: i) Nhiét d6 ngudn ion
hoa; ii) Ap sudt, nhiét do cua cic dong khi
(nebulizer gas, drying gas, collision gas);
iii) thé phun ion (ion spray voltage); iv) ning
lugng va cham (collision energy); va V) cac gia
tri thé trong MS/MS (declustering potential,
entrance potential, collision cell exit potential).
Ngoai ché d6 MRM duoc st dung phd bién,
Bjorklund va cs. (2009) da sir dung ché do quan
sat chon loc phan ung (selected reaction
monitoring, SRM) dé phan tich PFOS (m/z 499
— 80) va PFOA (m/z 413 — 369) [8].

3.6. QA/IQC

Céc yéu td dam bao chat luong va kiém soat
chit lugng (QA/QC) cia quy trinh phéan tich
PFAS trong mau bui bao gdm: i) Két qua phan
tich mau trang; ii) Do tuyén tinh, iii) D6 chum;
iv) B6 dang; va v) Gidi han phat hién va gidi
han dinh luong. Bang 4 trinh bay tom tit cac
thong s QA/QC cua quy trinh phan tich PFAS
trong mau bui dugc bao cdo boi cac nghién ciu
trude day.

Béng 4. Tom tit cac thong s6 QA/QC cua quy trinh phén tich PFAS trong mau bui

Yéu t6 QA/QC Phuong phap xac dinh

Khoang gi4 tri dwoc cong bd

Murc nhidm bén Phan tich mau tréng

PFAS tdn tai & mirc ham luqng khc}ng dang ké hodc
khong phat hién dugc trong mau trang

Phén tich day dung

Do tuyén tinh dich chuan

Khoang tuyén tinh ¢& 102 dén 10% dmtc ppb; hé sb
twong quan R? > 0,99

Do chum Phan tich mu lap D6 léch chudn twong ddi RSD < 30% & mtc ppb

N 4 R PO \ Do thu hdi cua cac chét chudn danh déu déng vi ndm
Do ding Thém chat dong hanh trong khodng 30% dén 260%
D6 ding Phan tich mau thém chudn Do thu hoi cua cac chat chuan khong danh dau dong vi

nam trong khoang 40% dén 170%

Do chinh xac Phan tich mau chuin SRM

Sai s6 twong ddi tir —20% dén +60%; do lap lai RSD < 20%

Dua trén d6 lap lai hoac Kkét

Gi6i han phat hi¢n . A Xz
torhanp 16 qua phan tich mau trang

Dao dong lon gitta cac nghién ctru, tir < 1pg/g dén
khoang 30 ng/g mdi chat

Mau tring 13 loai miu quan trong trong
QA/QC duoc phan tich voi muc dich kiém soét
su nhiém ban chét phan tich tir cic ngudn bén
ngoai mau nghién ctru, vi du nhu dung méi, héa
chét, thiét bi va moi truong phong thi nghiém.

Mot sb loai mau tring da duoc su dung trong
cac nghién ctru trude day bao gom mau tring
dung moi, mau trang quy trinh va mau trang vat
lidu lay mau [7-9, 16, 20] Mot s6 nghién clu
dd bao cdo cac miu tring dung méi va miu
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trang quy trinh khong chira cac PFAS [16, 20].
Bén canh d¢, lugng vét cua mot s6 PFAS da
dugc tim thay trong cdc mau tring va 1a co s&
dé x4c dinh gi6i han phat hién va gii han dinh
lugng [8, 9]. Ragnarsdottir va cong su (2023)
da dua ra cach hi€u chinh ham luong PFAS
trong miu thuc v6i mau tring nhu sau: i) Néu
ham luong trong mau tring <5% so voi miu
thyc thi khong can hiéu chinh; va ii) Néu ham
luong trong mau trang nim trong khoang tir 5%
dén 20% so v&i mau thuc thi can phai hiéu
chinh vé6i két qua mau tring [16].

D6 tuyén tinh phan 4nh méi quan hé tuyén
tinh giita tin hiéu do va ndng d6 chit phan tich,
1a co s& dé dinh luong chit. Do tuyén tinh
thuong duoc danh gia thong qua gii han tuyén
tinh, khoang ndéng do tuyén tinh va hé sb hoi
quy (R?). Moriwaki va cong sy (2003) di khao
sat do tuyén tinh cua PFOS va PFOA trong cac
dung dich chudn c6 khoang ndng d6 tir 1 dén
200 ng/mL v6i do tuyén tinh tot (R? > 0,99)
[6]. Cac két qua twong tu (R > 0,99) ciing duoc
béo cdo cho cac PFAS trong khoang ndng do tir
0,10 dén 100 ng/mL [20], tir 25 dén 1000 ng/g
[7] va tir 10 dén 2000 ng/g [8].

Do lap lai (hay con goi la dd chum) cua
phuong phap dugc xdc dinh thong qua d6 1éch
chuan _tuong d6i (RSD) cua két qua phan tich
cac mau lap. B9 lap lai cho phép s€ phu thudc
vao d6i twong phan tich, loai mau, phuong phap
phan tich va mirc ham lugng cu thé. Moriwaki
va cong su (2003) da tién hanh x4c dinh do lap
lai trén mau thém chuan ¢ mirc 100 ng (n = 3)
va bao cdo gia tri RSD dbi véi PSOS va PFOA
déu 1a 11% [6]. Trong mot nghién ctru khac,
RSD cua PFBS, PFOA va PFOS véi mtc thém
chudn 200 ng/g (n = 5) lan luot 1a 1,7%, 5,0%
va 1,8% [7]. Mot sb nghién ciru di bao céo
khoang gia tri RSD rong hon, vi du < 20% [20]
hodc <25% [13].

Po dung 1a mot trong nhitng yéu t6 quan
trong nhat cua phwong phap phan tich noéi
chung va thuong dugc danh gia thong qua do
thu hoi ciia cac chit phan tich trén mau thém
chuén, d6 thu hoi ciia cac chit dong hanh va két
qua phan tich cic miu chuin (CRM hoic
SRM). Moriwaki va cong sy (2003) da tién
hanh thi nghiém xac dinh do thu hdi caa PFOS
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va PFOA trén nén miu bui & mirc 100 ng va
b4o cao do thu hoi trung binh cia mdi chat 1an
luot 1a 89% va 73% [6]. Kubwabo va cong su
(2005) da bao cao d6 thu hdi trung binh cua cac
chat PFBS, PFOS va PFOA lan luot 1a 92,9%,
88,3% va 100,7% ¢ muc thém chuan la
200 ng/g [7]. Strynar va cong su (2008) da dat
dugc do thu hdi 100 £ 20% cho hau hét PFAS
trir mot s& chat nhu PFNA (39,5%) va PFHxS
(44,2%) [11]. O mot nghién ciru khac, do thu
hdi ciia PFAS trong mau bui thém chuén dao
dong tir 85% + 12% (PFBS) dén 123% + 19%
(PFUNDA) [20]. P thu hdi tir 54% dén 169%
ctia cac PFAS trén mau bui thém chuin da duoc
bao cédo boi Wu va cong su (2020) [13]. Nhin
chung, d6 thu hdi cua PFAS trong mau bui
thém chuin dao dong v&i khoang gia tri tuong
db6i rong (40% dén 170%) cho thay day 1a nhom
chit doi hoi ning luc phan tich cao dé dam bao
duogc d6 dang.

Trong quy trinh phan tich PFAS ¢ mirc ham
lwong vét hodc siéu vét, ham luong clia cac chit
nay thu:o’ng dugc xac dinh biang phu:ong phap
ndi chuan/pha loang dong vi v6i cac chit chuin
danh diu dong vi bén nhu *C hoic °H
(deuterium). Cac chat chuin danh dau ddng vi
nay duoc thém vao mau trudc khi phan tich va
trai qua tat ca cac cong doan ciia quy trinh nén
con dugc goi 1a chat dong hanh. Tin hiéu cua
chit ddng hanh co hai vai tro: i) Xac dinh do
thu hoi cia quy trinh; va ii) Xac dinh ham
luong cua chat phan tich theo phuong phap noi
chuén. Wu va cong su (2020) da bao cdo do thu
hdi cta cac chat d@)ng hanh cia PFBA, PFBS,
PFHxA, PFHxS, PFOA va PFOS lan luot 1a 87
*+ 12%, 83 = 12%, 84 + 22%, 83 = 5,2%, 87 +
4,5% va 93 % 6,1% [13]. Do thu hdi trung binh
cta ®C4-PFOS va “*Cg-PFOA lan lugt 1a 98,6%
(91-108%) va 101,7% (83-147%) [17].
Khoang do thu hdi ciia cac chit danh diu dong
vi dao dong tir 60% dén 123% [15] va tir 32%
dén 259% [9]. Mic du do thu hoi cta cac chat
ddng hanh co thé sai léch 16n (so véi gia tri
100%), nhung két qua phan tich PFAS van c6
d6 chinh xac cao nho wu diém cua phuong phap
dinh luong bang ndi chuan.
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banh gia d6 chinh xac cia_phwong phap
phan tich dua trén két qua ciia mau chuan duoc
chirng nhan (standard reference material, SRM)
la mt bude quan trong trong QA/QC. Vién
Tiéu chuin va Coéng nghé Quéc gia Hoa Ky
(National  Institute of  Standards and
Technology, NIST) di san xuit va ban hanh
mau chudn SRM 2585 Organic Contaminants in
House Dust cho muc dich danh gia phuong
phap phan tich cac chat 6 nhim hitu co trong
nén mau bui, trong d6 c6 ham lugng tham khao
cho 6 chit PFCA va 2 PFS (Bang 5).

Bang 5. Ham lugng tham khao cua cac PFAS
trong mau chuan SRM 2585

Chi Hin Juame
Perfluorobutanoic acid 230+ 16
Perfluorohexanoic acid 260 + 25
Perfluoroheptanoic acid 249 £ 32
Perfuorononanoic acid 99.4+49
Perfluorododecanoic acid 346+45
Perfluorotridecanoic acid 29.4+4.6
Perfluorohexanesulfonic acid | 1440 + 250
Perfluorooctanesulfonic acid | 2310 +420

Weiss va cong su (2021) da phan tich mau
chudn SRM 2585 (n = 8) d¢ danh gia do chinh
xac cua phuong phdp phan tich PFAS trong
mau bui (Hinh 3). Ké qua phén tich cho thay
phuong phép c6 do ding (78% dén 158%) va
do lap lai (RSD < 15%) twong ddi tét [9].
Schildroth va cong su (2022) cling bao cao sai
s6 twong ddi cua gia tri do dugc va gia tri tham
khio nho hon 20% cho hdu hét PFAS
(trir PFHxA) khi phan tich mau chuan SRM
2585 (n = 3) [14].

Gi61 han phat hién (MDL) va gi6éi han dinh
lugng (MQL) la cac thong s quan trong cla
QA/QC thé hién kha nang phat hién va dinh
lwong cac chit & mic nong do thip. Gia tri
MDL va MQL duoc xac dinh bang nhiéu cach
khac nhau trong cic nghién cuu trudc day.
Kubwabo va cong su (2005) da xac dinh MQL
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bang 10 1an d¢ léch chuan cta két qua phan tich
lap lai (n = 7) voi cac gia tri cho PFBS, PFOA
va PFOS lan luot 1a 4,39; 7,29 va 14,51 ng/g
[7]. Wu va cong su (2020) da xac dinh MDL
bang trung binh muc ham lugng trong mau
trang cong voi 3 1an d6 1éch chuan (n = 6) [13].
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Hinh 3. Két qua phan tich PFAS trong mau byi
chuan SRM 2585 (Weiss va cong su 2021)
va ham lugng tham khéo theo NIST.

Weiss va cong su (2021) sir dung phuong
phap twong tu d& xac dinh MQL (trung binh
mutrc ham luong trong miu tring cong v6i 3 1an
do léch chué‘in), véi cac gia tri MQL dao dong
tir 0,01 dén 31 ng/g [9]. Schildroth va cong su
(2022) da woc tinh MQL bang 3 lan do léch
chuan cia ham luong trong mau trang chia cho
khéi Iugng miu bui va thu duoc gia tri 20 ng/g
[14]. Céac gia tri MQL thap hon dang ké
(0,58 dén 66,5 pg/g) di dugc biao cao bai
Yamazaki va cong sy (2023), tuy nhién cach
xac dinh khéng dugc trinh bay cu thé [15].

4. Két luin

Bui ling 13 mot moi truong tich liy dién
hinh cac chat 6 nhiém hiru co, tuy nhién cac
nghién ctru vé sy ton tai va dic trung tich liy
ctia PFAS trong buyi ling nhin chung it hon so
v6i cac nhoém chit 6 nhiém hitu co khéc, dic
biét & cac nudc méi va dang phat trién. Nham
dua ra nhiing nguyén téc co ban trong quy trinh
phan tich PFAS tir nén mau buyi, nghién ctru
tong quan nay tap hop thong tin lién quan dén
phuong phap dinh lugng PFAS trong bui ling
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dugc cong bd trén cac tap chi khoa hoc quic té
uy tin trong giai doan 2003-2023. Quy trinh
phan tich PFAS trong bui bao gdm cac budc co
ban nhu: i) Thu thap va chuén bi mau; ii) Chiét
mau voéi dung modi phan cuc sir dung ki thuat
chiét siéu am, hodc chiét tao cap ion voi tac
nhan cation va dung moéi kém phan cuc;
iii) Loai bo tap chit voi ki thuat chiét pha ran
hodc chiét phan tan pha rin; va iv) Tach va
phan tich dinh luong trén hé thdng sac ky long
ghep nbi khdi phd. Pam bao chat luong va
kiém soat chat luong (QA/QC) cua quy trinh
phan tich PFAS trong mau buyi nhin chung tuan
theo cac quy dinh d6i vai phén tich lugng vét
chit 6 nhlem hiru co trong nén mau moi truong
voi cac yéu td co ban nhu: i) Phan tich miu
trang; ii) DO tuyén tinh; iii) P6 chum; iv) Do
dung; va v) Gidi han phat hién va giéi han dinh
luong. Cac nghién ctru tiép theo vé mirc do 6
nhidm, dic trung tich liy, du doan ngudn phat
thai va danh gia rui ro lién quan dén PFAS
trong miu bui 14 rat can thiét.

Loi cam on

Nghién ctru nay dugc tai trg bdi Quy Phat
trién khoa hoc va coéng nghé Qudc gia
(NAFOSTED) trong dé¢ tai ma sd 104.04-
2023.25.
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