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SUMMARY

METHOD DEVELOPMENT FOR ANALYSIS PERFLUOROCTANEOIC ACID
AND PERFLUOROOCTANE SULFONATE IN WATER BY HPLC-MS/MS

This paper describes the optimization of Perfluorooctanoic acid (PFOA) and Perfluorooctane sulfonate
(PFOS) analysis in the water at trace level (ppt). Investigations include the operating parameters of the
HPLC-MS/MS system and the enrichment procedure on the solid-phase extraction using HLB
cartridge. The linear correlation coefficient of the calibration curve was good (~0.996) in the
concentration range from 50 - 500ppt. The instrumental limit of detection was 9.6ppt and 13.8ppt for
PFOA and PFOS, respectively. The concentration using SPE column allowed reducing the limit of
detection of PFOA and PFOS to be 0.11ppt (RSD=20%) and 0.17ppt (RSD=33%) with the recovery
efficiency in the range between 70% and 140% for both compounds. The procedure was applied to the
analysis some water samples showed good repeatability with RSD of about 11.4% and 21.9% for
PFOA and PFOS respectively.
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1. MO PAU

Axit perfluorooctanoic (PFOA) va sunfonat
perfluorooctan (PFOS) 1a hai hop chat hiru co
nhéan tao ho fluor dugc sir dung rong rai nhét
trong cac Umg dung cong nghiép va cac sian
pham thuong mai nhu san xudt cdc san pham
bao vé bé mat, cac vat dung chong dinh, gidy
chéng diu md, san xudt polyme fluor
hoa,...[1] .Fluor c6 d6 4m dién cao nhit trong
tat ca cac nguyén td, lién két cong hoa tri giita
cacbon va fluor 1a mot trong nhiing lién két
manh nhit nén chung rat bén. Vi vay, cac hop
chat nay hau nhu khong bi phan huy sinh hoa
hay quang héa dan dén viéc tich liy chung
trong moi trudong séng, trong co thé con ngudi
va dong vat va co kha nang gay ung thu dén ca
dong vat va con nguoi [2][3].

Nam 2016, Co quan bao vé mdi truong My da
dat ra mirc d6 an toan cua hai hop chat nay
trong nudc udng 1a 70 ppt. PFOS da dugc thém
vao danh sich cic héa chit bi cAm trong Phu
luc B (nam 2009) va PFOA duoc bd sung vio
phu luc A (nam 2016) cua Hi¢p udc Stockholm
vé cac hop chit hitu co 6 nhiém bén vimg ma
Viét Nam da gia nhap nam 2004 [4][5].
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R: -COOH (Axit perfluorooctanoic)
R: -CF,SO5 (Sunfonat perfluorooctan)

Hinh 1. Céu triic ciia Axit perfluorooctanoic
(PFOA) va sunfonat perfluorooctan (PFOS)
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C6 nhiéu phuong phap di dugc sir dung dé
phén tich PFOA va PFOS nhu phuong phap
sic ky khi (GC-ECD hay GC-MS), phuong
phap sic ky long (HPLC-UV, HPLC-FD),
phuong phap phd cong hudng tir hat nhén
nguyén tir flo "YF-NMR,... Tuy nhién, tat ca
cac phuong phap nay khong dap ung duoc do
nhay va dg chon lgc khi phan tich cac hop chét
fluor hiru co trong mau nude, phuong phap séc
ky khi con gip kho khin do hiéu sut tao dan
xut cia PFOS chua 6n dinh [6]. Cho dén nay,
phuong phap sic ky long dau do khéi phd hai
1an & ché d6 ion hoa 4m LC — ESI(-) — MS/MS
duoc s dung phd bién nhat khi két hop véi
cac k¥ thuat 1am giau phu hop nhu chiét long
long hay chiét pha rén v6i nhiéu pha tinh khac
nhau nhu WAX, HLB, Cl18, PS-DVB
[61[718][9]- ,

No6i dung chinh ctia bai bao s€ tap trung vao toi
uu quy trinh phan tich PFOA va PFOS trong
nude sinh hoat sau khi lam giau trén cot chiét
pha rin HLB. Quy trinh chiét pha rin duoc
khéo sat lai dé tim diéu kién thuc nghiém tdi
vu dya trén quy trinh gbc ISO 25101:2009 [7].
Sau d6, 4p dung phan tich mau that thu duoc
két qua c6 do 1ap lai va do tin cay tot.

2. THUC NGHIEM

2.1. Héa chat

Céc dung dich chuan goc ndng d6 50ppm cua
axit  perfluorooctaneoic, natri  sunfonat
perfluorooctan, ndi chuén axit perfluoro-n-
[1,2,3,4-3C4] octanoic (MPFOA), néi chuin
natri sunfonat perfluoro-1-[1,2,3,4-13C4] octan
(MPFOS) (Wellington Lab - Canada);
methanol (loai HPLC, Merck—Dtic); axeton
(Merck-btc); acetonitrile (Scharlau-Tay Ban
Nha), axetat ammoni (Merck-Dtc), format
ammoni va axit axetic (Merck-Pic), nude khir
ion (Mili-Q).

2.2. Thiét bj va dung cu

Hé théng sic ky long hiéu cao ap HPLC
(ExionLC — AC series), dau do khéi phd bo ba
tor cuc MS/MS TripleQuad 3500 (Sciex), cot
sic ky pha dao C8 100X 2.1mm, 3.5um

(Kinetex), bo chiét pha rin (Onelab), bom rut
ap suat (Rocker), cot chiét pha rin HLB 60mg

(Waters), cot chiét pha rin PS-DVB & C18
200mg (Agilent), binh dinh mirc bang nhua
polypropylene, va cac dung cu khac,...
2.3. Piéu kién thye nghiém [7]
Quy trinh chiét pha ran: hoat hoa cot chiét pha
rin HLB biang 8mL MeOH, 4mL nudc khir
ion, sau d6 tai mau nude can phan tich qua cot
voi te do tir 3 dén 6mL/phut, sau khi tai mau
xong rat kho cot, rua tap véi 4mL dém axetat,
rat kho cot (hodc ly tdm 2 phut ¢ téc do
khoang 1500 vong/phiit) va rira giai bang 8mL
MeOH. Cubi cung thdi kho dich chiét va hoa
tan lai trong ImL MeOH, sau d6 phan tich trén
thiét bi HPLC-MS/MS: pha dong gom dung
dich A (10mM HCOONH; trong nudc) va B
(MeOH). Chuong trinh gradient: dung dich A
90%: giir trong 0.5 phit, giam tir 90% xudng
45% (0.5 - 2 phut), giam tiép dén 5% (3 - 6.0
phut), giit & 5% dén 6.5 phut va tré lai 90%
(6.5 — 8 phut), nhiét do cot: 40°C, thé tich tiém
mau 10pL.
2.4. Cic yéu t6 khao sat
2.4.1. Khdo sit thong sé khoi phé va thong sé
nguon ion héa
Céc thong s6 van hanh thiét bi duoc tdi uu theo
kiéu tw dong st dung chudn hon hop ndng do
100ppb cta PFOA, PFOS, MPFOA va MPFOS
pha trong MeOH. Véi cac manh dinh tinh va
dinh lugng lya chon theo ISO 25101:2009
(Bang 1), dau do khéi phd duoc van hanh &
ché d6 ion hoa 4m tai thé ap vao -4500V, nhiét
d6 ngudn ion hoa -450°C
Bdng 1. Mdnh me va cac manh dinh tinh, dinh
luong ciia PFOA va PFOS

Tén Manh me Manh con

(m/z) (m/z)
PEOA 413 369°

413 169°

499 99p
LPEOS 499 807
N 417 372

GPFOA 1517 169

503 807

CGPFOS o3 99p

a: manh dinh luong; b: mdanh dinh tinh




2.4.2. Khio sdt cdc logi cgt chiét pha rin
(SPE) dé lam giau axit perfluorooctanoic va
sunfonat perfluorooctan

Do ham luong trong nudc rat thap nhiéu vat
lidu thuong mai dwoc nghién ctiru dé lam giau
cac hop chat PFOA va PFOS nhu WAX, HLB,
PS-DVB hay CI8,...[7][9]. Trong phan nay,
chung t6i tién hanh khao sat kha ning lwu giir
cia PFOA va PFOS trén mét s6 vat lidu
thwong mai dé danh gia kha nang luu giir thuc
té va chon ra vat liéu téi wu. Thi nghiém duogc
thuc hién trén mau nude khr ion thém chuén
¢6 chira PFOA va PFOS ndng d6 100ppt vé6i
tdc do tai mau khoang 2-3 mL/phut. Dich chiét
duoc rira giai bang 8mL MeOH va sau d6 duoc
dinh mtc dén 10mL bang nudc khir ion va
phan tich truc tiép trén thiét bi HPLC-MS/MS
dé danh gia hiéu suit thu hdi (H%) trén timg
loai vat liéu.

2.4.3. Téi wu cdc thong so trong quy trinh
lam giau bang cpt chiét pha rin.

C6 rat nhidu yéu t6 anh huong dén qua trinh
chiét pha ran nhu tc d6 tai mau, loai dung moi
rira giai hay thé tich dung méi rira giai. Nudc
khir ion dugc thém vao hdén hop chat chuin
chua PFOA va PFOS, MPFOA va MPFOS ¢
nong do 20ppt. Dich chiét sau khi ria giai
duogc dinh muc 1én 10mL va loc qua mang loc
nylon 0.2pm trudce khi dugce phan tich trén hé
HPLC-MS/MS. Nham rit ngén thoi gian xir 1y
mau va thu duoc dung dich gii hap c6 ndng
dd cao. Mot sb khao sat da duoc tién hanh bao
gom: (1) téc d6 tai mau lén cot & 2 mirc
3mL/phut va 5mL/phut, (2) su cin thiét cua
vigc rira tap (dung va khong dung dém
acetate), (3) loai dung moéi dung dé rira giai
(axeton, methanol va acetonitrile), (4) thé tich
dung madi rira giai (2, 4 va 8mL).

2.4.4. Ung dung quy trinh sau toi wu tién
hanh phén tich Axit perfluorooctanoic va
sunfonat perfluorooctan trén mét sé miu
nwdc sinh hoat

Quy trinh phan tich sau d6 dugc ap dung dé
phan tich trén mot s mau nudc sinh hoat trong
khu vuc phong thi nghiém.

3. KET QUA - BIEN LUAN

3.1. Két qua khio sat cac thong s6 khdi phd

87

- Théng s6 DP, EP, CE va CXP
D6i voi hé théng khdi phd TripleQuad 3500
ctia Sciex, c6 4 thong sd co ban 1a thé phén tan
(Declustering potential, DP), thé cong vio
(Entrance potential, EP), thé va dap (Collision
energy, CE) va thé ra khoi budng va dap
(Collision cell exit potetial, CXP). Trong do,
thong s6 DP, CE, va CXP déng vai tro rat quan
trong, né dic trung riéng cho timg chat phan
tich va c6 anh huong tryc tiép dén do nhay va
d6 6n dinh cua tin hiéu thu duoc. Thong s6 EP
it gdy anh huong ddi v6i hé may Sciex 3500 va
¢6 thé chon 13 -10V néu chay o ché d6 ion hoa
am (theo khuyén cdo ciia nha san xuét).
Pé thu duge cuong dg ion me cao nhét, cuong
do6 céc ion con dung cho muc dich dinh tinh va
dinh luong cao va 6n dinh. Cac thong s6 DP,
CE va CXP duoc t6i uu cho ting chét tu dong
bang phan mém va kiém chimg thu cong dé
chon dugc cac gia tri tong két trong Bang 2.
Bdng 2. Céc théng sé khoi phé sau khi toi wu
ciia PFOA, PFOS, MPFOA, MPFOS

KH m/z DP | CE | CXP

MMM

PFOA1 | 412.9/369.1 | -50 | -16 | -11
PFOA2 | 412.9/168.7 | -50 | -25 -5
PFOS1 498.9/80.1 | -130 | -97 -7
PFOS2 498.9/99.1 | -130 | -85 | -10
MPFOAL | 417.0/372.0 | -60 | -16 | -15
MPFOA2 | 412.9/169.0 | -60 | -25 | -15
MPFOS1 | 502.9/80.0 | -140 | -100 | -7
MPFOS2 | 509.9/99.0 | -140 | -85 -6

- Thong s6 nguén ion hoa

Nhiam dam bao qua trinh bay hoi dung méi xay
ra hoan toan, d6 nhay cao dong déu cho tat ca
cac ion me. Cac thong s6 k¥ thuat khac cua
ngudn ion héa ciing dwoc tdi wu nhu thé ap vao
kim phun suong (lonspray voltage), khi lam
kho (Curtain gas), khi bd tro (Gasl, Gas 2),
nhiét d6 budng ion hoa. Két qua dugc trinh bay
¢ Bang 3.




Bdng 3. Théng s6 nguon ion héa ESI

Théng s6 ngudn ion héa ESI (-)

Curtain gas (CUR): 40psi
IonSpray Voltage (IS): (-)4500V
Temperature (TEM): 450°C
Ion source Gas 1: 40psi
Ion source Gas 2: 50psi

Sau khi ti wu cac thong s6 khéi phd va ngudn
ion hoa. Chung t6i tién hanh khao sat d lap lai
ctia tin hiéu do va thoi gian luu bang cach phan
tich 6 1an chuan hon hop ¢ ndng do 1 ppb theo
diéu kién vira chon. Két qua thu dugc RSD%
cta thoi gian luu <0.2% va RSD% cua dién
tich peak va chiéu cao peak lan luot 1a 7.86%,
8.39% (PFOA) va 2.68% va 2.15% (PFOS).
Tinh 6n dinh vé thoi gian luu va cudng do tin
hiéu do cho phép dinh lwong tin cdy chit phan
tich.

3.2. Két qua khao sat ¢t chiét pha rin dé
lam giau Axit perfluorooctanoic va sunfonat
perfluorooctan

PFOA va PFOS c6 chtta ddy C,F2ni1- khong
phén cuc (ky nudc) va mot nhom chirc phan
cuc manh (COOH hay SO;) ching co thé
duogc luu gilt trén cac loai vat liéu thuong mai
theo co ché trao d6i anion hay twong tac véi
vat licu HLB hay polyme polystyrene
divinylbenzen.

Két qua khao sat cho théy ca ba loai vat liéu
nay déu luu giir tot ca 2 hop chat (Hinh 2).
Trong diéu kién cua phong thi nghiém, chung
toi chon vat liéu HLB 60mg (Waters) cho cac
khao sat tiép theo.

3.3. Két qua khdo sat quy trinh chiét pha
rin

- Téc d tai méu qua cot SPE:

Pé giam thoi gian xir Iy mau, téc do tai miu
duoc khao sat tai cac gia tri cao 1a 3mL/phut va
5mL/phut. Nhin chung hiéu suat thu hoi trung
binh khéng chiu anh huéng 16n cua téc do tai
mau qua ct chimg to dong hoc ciia qua trinh
tuong tac giita chat phan tich va vat liéu cot
chiét pha rin xay ra nhanh. O tdc d6 tai mau
cao 5 mL/phut van cho hiéu suat thu hdi cao
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tuy nhién d¢ 1ap lai khong tdt nhu toc do
3 mL/phut. Vi thé chi nén tai miu qua cot voi
tdc do vira phai 1a 3 mL/phut.
- Dung mdéi rira tap
Qua trinh rta tap vdi dung dich dém axetate co
lam giam hiéu sudt thu hdi mot it nhung van
trong gidi han chap nhan dugc 90.1+8.2% (n=3)
ddi voi PFOA va 93.1+6.0% (n=3) di v6i PFOS.
Trong truong hop méau nude sinh hoat it tap chét,
viéc loai tap khong can thiét va chi nén ap dung
cho céc nén méu phirc tap khéc.
- Dung moéi rira giai
Trong hau hét cic bai bio duoc cong bd
MeOH duogc st dung nhiéu nhit do wu diém vé
gia thanh ciing nhu nang lyc rua giai trén cot
chiét pha rin tuong tac theo co ché pha dao.
Tuy nhién, do tinh déc hai ciing nhu tén kém
thoi gian kha 1au khi théi kho dich chiét sau
rira giai, chung t6i khao sat thém 2 dung moi
acetonitrile va axeton. Két qua thuc nghiém
cho thiy véi thé tich 8mL ca 3 dung méi diéu
rira giai mot cach dinh luong 2 hop chat PFOA
va FPOS (H%: 93.1 <+ 99.5) (B). Vi thé,
axeton c6 thé xem 1a dung méi thich hép nhit,
dap ung cac tiéu chi vira néu.
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Hinh 5. Sdc ky doi mau nwée khir ion thém
chudn tai nong d¢ 10ppt, thoi gian e ciia
PFOA la 4.25 phit va PFOS la 4.36 phut.

-Thé tich dung méi ria gidi

Khi thay ddi thé tich dung méi rira giai, ta nhan
thdy ¢ thé tich 16n nhat 8mL thi H% thu dugc
1a tot nhat. Tuy nhién, ching toi chon thé tich
4mL vi & thé tich nay cho H% cao va d¢ 1éch
chuan tuong dbi tt, voi thoi gian thoi kho kha
nhanh (Béang 4).

Bdng 4. Khao sat thé tich rira gidi

PFOA PFOS
VmL
H% | RSD% | H% | RSD%
2mL 95.5 3.6 93.1 11.3
4mL 96.0 7.4 95.8 5.5
8SmL 99.5 4.3 96.6 2.5

3.4. Ap dung quy trinh sau t6i wu tién hanh
phan tich Axit perfluorooctanoic va
sunfonat perfluorooctan trén mdt s6 miu
nuée sinh hoat

Tru6e khi phéan tich miu that, tién hanh phan
tich 7 mau nudc khir ion thém chuin PFOA va
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PFOS & ndng d6 10 ppt, ndi chuan MPFOA va
MPFOS 20 ppt dé xac dinh gidi han phat hién
cia thiét bi cho PFOA 1a 11.1 (RSD ~10.6%),

PFOS 1a 10.7 ppt (RSD ~14.4%)).

Tién hanh, phan tich miu nuéc sinh hoat c6
ham luong PFOA va PFOS thip sao cho ty 18
tin hiéw/ nhidu nén 3<S/N<10 thu dwoc gia tri
gidi han phat hién cia phuong phap ddi véi
PFOA 1a 0.11ppt (RSD~20.2%) va PFOS la
0.17ppt (RSD ™~33.2%) véi hé sb lam giau cua
phuong phap trén mau nudc sinh hoat 1a 100
lan, s6 lan lap n=7.

Bdng 5. Két qua phan tich mét s6 mau nwde
mady va nudc uong trén thi truong

Nudc may PFOA
STT Ctb H RSD
ppt.(n=3) | (%) (%)
1 <0.11 120.7 9.5
2 <0.11 111.6 14.3
0.15 118.9 8.0
STT PFOS
1 0.58 110.1 9.1
2 0.36 89.9 17.6
3 0.7 110.3 3.9
Nuéc udng PFOA
STT Ctb H RSD
ppt.(n=2) | (%) (%)
1 <0.11 93.2 10.3
2 <0.11 93.4 7.5
STT PFOS
1 <0.16 102.7 5.9
2 <0.16 84.1 1.0

Ap dung quy trinh sau t&i wu tién hanh phan
tich PFOA va PFOS trén mot s mau nude
ubng trén thi truong va 3 mau nudc may khac
nhau thu dwoc két qua nhu bang 5. Mau duoc
thém chuan danh gi4 hiéu suat thu hdi ¢ nong
d6 0.5ppt thu dugc két qua H% cao >80%, két
qua c6 do 1ap lai tot RSD%<18%.

4. KET LUAN

Nhu vay, bai bao da va dua ra dugc céac diéu
kién van hanh thiét bi phi hop va quy trinh




chiét pha ran sau t6i wu khi phén tich 02 hop
chit hiru co PFOA va PFOS dua theo tiéu
chuan gbc ISO 25101:2009. Két qua thu dwoc
gi6i han phat hién cta phuong phap khi phan
tich PFOA 1a 0.11ppt va PFOS 1a 0.16ppt trong
mau nuéc mdy sinh hoat. Quy trinh sau d6
duogc ap dung vao phan tich mot sé miu nudc
may tai 03 vi tri khac nhau va mau nudc udng
trén thi truong thu dugc két qua c6 do lap lai
t6t, hiéu sudt thu hoi ing trén mau thém chuin
dat >80%.

Lién hé: PGS.TSNguyén Anh Mai' va
PGS.TS. T6 Thi Hién? - Trudng Pai hoc Khoa
hoc Tu nhién — Pai hoc Quéc gia Tp.Hé Chi
Minh.

Dia chi: 227 Nguyén Vin Cu, phuong 04,
quan 05, Tp.H6 Chi Minh, Viét Nam.
Email: namai@hcmus.edu.vn' va
tohien@hcmus.edu.vn?
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