Nghién ctru khoa hoc c6ng nghé

XAC PINH HAM LUQNG ACID PERFLOROOCTAN SULFONIC
TRONG MAU NUOC BANG PHUONG PHAP
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1. GIOI THIEU

Acid perflorooctan sulfonic (PFOS), cac mudi ciia né va perflorooctan
sulfonyl floride (PFOSF) la nhém chat méi duogc liét ké trong Phu luc B cua Cong
uéc Stockholm nam 2009 [4]. PFOS duoc st dung rong rii trong mot s6 san pham
cong nghiép va tiéu dung voi muc dich xir 1y bé mit nén c6 mat pho bién trong cac
san pham chdng dinh, soi vai chéng ban, bot chita chay va chat chéng dinh [1]. Khi
su dung PFOS trong cong nghlep, PFOS c6 thé phat thai truc tiép vao nudc mit va
nude ngdm gay 6 nhiém ngudn nudc. Co quan Moi trudong Hoa Ky da cong bd gidi
han ham lugng cua PFOS trong nudc ubng 13 0,2 pg/L.

Hién nay, cac nghién ctru xac dinh ham lugng PFOS trong mau nudc thudng
sir dung k¥ thuat chiét pha ran (SPE) két hop voi phuong phép sic ky long khéi phd
3 1an tir cyc [6]. Tuy nhién, sir dung phuong phap chiét pha rin khi nap mau c6 thé
tich 16n dé& lam tic cot SPE, lam giam kha nang hap phu va hiéu suét thu hoi chét
phan tich. K§ thuat chiét 1ong - 1ong (LLE) 1a k§ thuat don gian nhung c6 hiéu qua
cao. Nguyén tic cua k¥ thuét chiét nay 1a dya trén co so sy phan bd cua chit phan
tich vao 2 pha 16ng (2 dung méi) khong tron 1an vao nhau, va tir 6 tich ching ra
khoi nhau. Chinh boi sy don gian trong k¥ thuat va khong yéu cau cao vé thiét bi,
may moc nén nhom tac gia di khao sat va st dung phwong phéap chiét 1ong - 1ong
tach PFOS khéi nén méu nudc.

Bai bio nay mé ti cac cong doan trong quy trinh xac dinh PFOS trong mau
nudc bang phuong phap chiét 1ong - 1ong két hop sac ky long khoi phod 3 lan tir cuc
de thuc hién cac phép phan tich.

2. THUC NGHIEM

2.1. Héa chét va dung cu

2.1.1. Hod chit

* Toan bd hoa chat dung 1am thyc nghiém cua hing Merck, Sigma do tinh
khiét chuyén dung cho HPLC hodc dé phan tich: Dichloromethan (CH,Cl,),
Methanol (CH30H), Amoni Acetat (CH;COONH,) d6 tinh khiét PA, H,O chuyén
ding cho HPLC, Na,SO, d6 tinh khiét PA duoc nung & 400°C trong 3 gio.

* Chat chudn cuiia hing Cambridge Isotope Laboratories. Inc.
- Chét chuén *CgF7SO;3Na: 50 pg/ml.
- Chét chuén danh ddu *CgF;,SOsNa: 50 pg/ml.
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2.1.2. Dung cu, thiét bi

- Can phan tich Mettler Toledo AB204 (d6 chinh xac 0,0001 g).
- Dung cu do thé tich: Binh dinh muc, pipet, xilanh.

- Lo dung mau dung tich 1,5 ml.

- Pipet pasteur.

- Thiét bi phan tich: Hé thong sic ky long khdi phd 3 1an tir cuc (LC/MS/MS)
Agilent 6430 Triple quad.

- Cot Agilent Zorbax Eclipse Plus C18 Rapid Resolution HD 2,1x50 mm; 1,8 pm.
2.2. Phuwong phap nghién ciru

bé phén tich ham lugng PFOS trong mau nuéc nhom tac gia sir dung phuong
phap chiét 16ng - 16ng. Do phan cuc cua dung moi chiét c6 thé anh huong dén hiéu
suét thu hdi ctia PFOS trong qua trinh chiét. PFOS it phan cuc nén it tan trong nudc,
tan tot trong cac dung modi it phan cyc nhu n-hexan, dichloromethan. Tuy nhién, dé
hiéu suat chiét cao, can phai chon dung moi chiét phu hop. Trong chiét long - long
thuong sir dung ky thuat chiét 1ap dé thu duoc hiéu suit cao nhat Pé chuyén dugc
chat phan tich tir pha nudc sang pha hitu co, mot nguyén tic co ban 13 cac chat
tuong tu nhau s€ hoa tan vao nhau. Dichloromethan dugc chon dé chiét PFOS ra
khoi nén mau nude vi d6 1a dung moi it phan cuc, cd chira nhom thé -Cl, c6 kha
nang phan tan vao nudc, nhiét do soi thap nén dé co trong qua trinh 1am giau mau.

Trude khi tién hanh qua trinh chiét, miu phan tich dugc thém chat chuan
BCgF17805Na dé dinh lugng theo phuong phap ndi chuén.

2.3. Chuén bj dung dich nghién ciru

~ 23.1. Chun bj dung dich chuan PFOS 100 ng/ml: Hat 10l dung dich chuan
goc 50 pg/ml vao binh dinh mtrc 5 ml. Binh mic dén vach bang MeOH.

2.3.2. Chuan bj dung dich chuan PFOS 1 ng/ml: Hit 100 ul dung dich chuan
PFOS 100 ppb vao binh dinh mirc 10 ml. Binh mirc dén vach bang MeOH s& thu
duoc dung dich chuan PFOS 1 ng/ml dé thuc hién cac thi nghiém tiép theo.

2.’3.3. M?m nuéc nghién ciru 10 ng/L duge chuan bi bang cécl} dong 1,0 L
nudc cat hai 1an vao binh thuy tinh sach, thém 0,1 ml dung dich chuan PFOS 100
ng/ml, khuay déu.

2.3.4 Mau nuéc nghién ctu 0,2 ng/L; 1 ng/L duoc chudn bj bang cach dong
1,0 L nudc cat hai lan vao binh thuy tinh sach, thém 0,2 ml; 1 ml dung dich chuan
PFOS 1 ng/ml, khuay déu.

2.4. Lay miu va chuin bi miu that

- Cac mau nude giéng khoan va nuéc may duoc ly truc tiép tir voi, mau nudc

h6 duoc lay ¢ d9 sau 20cm dudi bé mét. Mau nudce sau khi 1ay vé phong thi nghiém
duoc acid hoa dén pH = 2 bang acid H,SO4 1N, mau nudc giéng khoan va nudc ho
duoc loc qua giay loc d¢ loai bé can.

104 Tap chi Khoa hoc va Céng nghé nhiét d¢&i, S6 15, 6 - 2018



Nghién ctru khoa hoc c6ng nghé

2.5. Xir Iy s6 liéu phén tich ham lwgng PFOS

Céc s lidu phén tich dugc xtr Iy bang phan mém Mass Hunter 4.0.
2.6. Tinh toan két qua phan tich

Ham luong PFOS trong mau dugc tinh theo cong thirc:

Ssample . CIS

C =
S;s.RF .V
Trong do:
RF: Hé s dép tmg dugc tinh bang cong thirc:
Ss.C
R = 2s-tis

C: Nong d6 PFOS tim thay trong mau (ng/L).
Ssample: Dién tich pic cia chat phan tich.
Sis: Dién tich pic cua chit ndi chuén.
Ss: Dién tich pic ctia chat chuan tu nhién trong dudng chuén.
Cis: Nong do chit PFOS noi chuén (ng).
Cs: Nong d6 chét chuén tu nhién trong duong chuan (ng).
V: Thé tich mau dung dé chiét (L).
3. KET QUA VA THAO LUAN
3.1. Tdi wu cac diéu kién phan tich PFOS trén thiét bi LC/MS/MS
Pé tim diéu kién phén tich t6i wu trén thiét bi, da tién hanh khao sat & cac diéu
kién nhu sau:
- Nhiét d6 budng bom mau: 30°C.
- Thé tich bom mAu: 10 pl.
- Pha dong: A =5 mM CH3;COONHj4 trong nudc. B = Methanol.
- Tc d6 dong: 0,1 ml/phit.
- Ché d6 Ton hoa: Ton am.
3.1.1. Diéu ki¢n khoi phé
a) Toi wu héa diéu kién phan manh
Bom 10 pl dung dich chuén PFOS 1 ng/ml vao may sic ky long khdi phd 3 1an

tr cuc va thu ldy sic dd. Str dung Phuong phap quét MS2SCAN dé ghi tin hiéu
manh ion déc trung cua PFOS.

Két qua thu dugc nhu hinh 1.
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Hinh 1. Phd Product ion ciia PFOS

Tir phd khéi thiy xuat hién 2 manh: manh m/z 80 va m/z 98,9. Pay ciing 13 2
manh ion dic trung ctia PFOS. Méanh m/z 80 1a ctia nhém sulfonat tach khéi chudi
CsF7- va ion sulfit duoc st dung 1am ion dinh lwgng. Manh m/z 98,9 duoc st dung
lam ion dinh tinh.

Két qua nay ciing hoan toan phu hop véi cac tai liéu da cong bd [3, 7].
b) Khao sat chon nang luong va dap (Collision Energy - CE)

Ning luong va dép 1a dién thé cung cép cho cac ion trong té bao va cham.
Khoang gia tri CE 1a tir OV dén 250V. Hinh 2 biéu dién anh hudéng cua CE dén
cuong do tin hi¢u.

Response (x10%)
CE(V) 14
Br-PFOS L-PFOS 12
40 1,10 0,90 g 1
50 1,20 1,00 Zog 1
60 1,25 1, 5 % 0,6 —o—Br-PFOS
70 1,30 1,10 § 0,4 ——-PFOS
80 1,30 1,10 0,2
90 1,15 0,95 0
100 1,10 0,95 50 70 90 120 160
CE (V
120 0,90 0,85 ™
140 0,70 0,60 . , o )
Hinh 2. Anh huong ctuia CE dén
160 0,60 0,50 cuong do tin hiéu

Tir két qua c6 thé nhan thay khi ting nang lugng va cham CE < 80V thi mirc
tin hi€u cling tang nhung khi tdng CE > 80 V thi muc tin hi¢u gidm boi khi nang
luong va dap 16n dan dén viéc mat ion trong té bao va cham. Vi vdy, mirc ning
luong va dap CE = 80 V da dugc chon cho cac thi nghi¢m tiép theo.
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3.1.2. Diéu kién siic ky

Dung mdi chay sic ky long dé phan tich PFOS thuong dugc st dung la
methanol (MeOH) va dung dich dém 1a CH;COONH,. Nhom tac gia di khao sat dé
chon hé dung mai thich hop cho viéc phan tich PFOS trén thiét bi Agilent Triple
quad LC/MS-MS.

Bom 10pl dung dich chuan PFOS 10ppb vao may sic ky 1ong khdi pho 3 lan
tr cyc va thu lay sac do.

Phuong phép quét MRM dé ghi tin hiéu ctia manh ion dic trung m/z 80.

(102 |- TIC MRM [=: | PEOS - 21 NHe,

Response (x102)

dddd | g pros | L-PFOS | .

2,5mM - - i /ﬁ‘

o f [}
5mM 1,7 13 W AL

N | ::;Mf‘i{t W

10mM 1,1 0,9 e
Hinh 3. Anh hudng cua ndng d6 dung dich
dém dén cuong do tin hi¢u

a) Khdo sdt chon nong do dung dich dém chay sdc ky long

Thay doi nong do dung dich dém CH;COONH, lan luot 1a: 2,5 mM; 5 mM; 10
mM dé khao sat sy thay doi cia mirc tin hi€u d¢€ chon ra dugc nong do dung dich
dém thich hop.

Két qua thu dugc nhu hinh 3.

Khi n6ng d6 dung dich dém CH3;COONHy4 la 2,5 mM, Br-PFOS va L-PFOS
khong tach riéng ré duoc.

Khi tang néng d6 dung dich dém CH3COONH4 1én 5 mM, 10 mM, thu dugc 2
pic riéng r& ciia Br-PFOS va L-PFOS. Tuy nhién, voi néng d6 dung dich dém
CH3;COONH, 14 5 mM cho murc tin hiéu t6t hon do khi néng d6 CH;COONH, cao,
s6 lwong ion di vao budng ion cua detector MS ting, gay canh tranh vdi cac ion cua
chét phan tich, 1am giam tin hiéu.Vi vdy, nhom tic gia st dung dung dich dém
CH3;COONH, 5mM cho céc thi nghiém tiép theo.

b) Khdo sdt ty 1é dung méi:dung dich dém chay sdc ky long

Ty 1¢ dung moéi:dung dich dém 14 yéu t6 rat quan trong trong viéc tach sic ky
long. N6 quyét dinh 16n dén kha nang tach chat phan tich trén cot sic ky. Thay doi
ty 18 dung méi:dung dich dém CH;COONH, 5 mM lan lugt 1a 70:30; 80:20; 90:10
dé khao sat su thay ddi ctia muc tin hiéu dé chon ra duoc ty 1€ thich hop. Két qua
khao sat dugc chi ra trong hinh 4, 5, 6.
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Hinh 4. Kha nang tach Br-PFOS va L-PFOS khi ty I¢ dung m6i/dung dich dém 90:10
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Hinh 5. Kha nang tach Br-PFOS va L-PFOS khi ty 1¢ dung mo6i/dung dich dém 80:20
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b

Hinh 6. Kha nang tach Br-PFOS va L-PFOS khi ty 1¢ dung m6i/dung dich dém 70:30
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Tir cac két qua thu duoc, nhan thay khi ty 1é dung méi:dung dich dém
CH3;COONH4 5 mM la 80:20, pic séc dd cuia Br-PFOS va L-PFOS tach thanh 2 pic
10 rang, muc tin hi¢u cao (hinh 5). Khi tang ty 1é dung mdi:dung dich dém
CH3COONH, 5 mM 14 90:10, pic sic do ciia Br-PFOS va L-PFOS khéng tach riéng
€ dugc. Hodc khi gidm ty 1¢ dung moéi:dung dich d¢m CH3COONH45 mM la 70:30,
pic sic do cua Br-PFOS va L-PFOS tach thanh 2 pic nhung cuong do tin hiéu thap

va do xen phu chan cua 2 pic cao.

Diéu nay 1a do khi ting hodc giam thanh phan CH;OH s& lam tang hodc giam
d6 phan cuc cua pha dong, hon nita dung dich dém CH3;COONHj rit phan cyc nén
n6 khong tuong tac véi nhom alkyl trong pha tinh cia cot sic ky, do d6 duge coi 1a
pha dong yéu nhat va c6 tdc do rira giai cham nhat. Do d6, khi ting hodc giam thanh
phan CH;OH ciing 12 giam hodc ting thanh phan dung dich dém CH;COONH, s&
day nhanh hodc 1am chim lai tbc do qua trinh rira giai Br-PFOS va L-PFOS ra khoi

cot tach sic ky, 1am giam do phan giai va khién 2 pic sac ky bi xen phu 1én nhau.

Ty 1€ dung moéi:dung dich dém CH3COONH4 5 mM 1a 80:20 dugc str dung
cho cac thi nghiém tiép theo.

Cac thi nghiém nghién ctru di khao sat va t6i wu duoc cac diéu kién dé xac
dinh PFOS trén thiét bj LC/MS/MS nhu sau: ion con ctia PFOS 1a m/z = 80 dé dinh
luong, CE =80V, pha dong: 20% A: CH;COONH45 mM & 80% B: MeOH.

3.2. Quy trinh phén tich PFOS trong miu nudérc trén thiét bi LC/MS/MS

Pong 100 ml dung méi vao mau dugc tao ¢ 2.3.3 da duoc acid hoa vé pH = 2
bang H,SO4 1 N, chiét lap 3 1an v6i may lac ¢ toe d6 250 vong/phit, thoi gian lic 30
phiit. Chd 10 phut cho phan 16p hoan toan, chuyén méu 1én phéu chiét, tach 1iy phan
dung méi dichloromethan vao binh tam gic, 1am khan bing khoang 5g Na,SOy
trong it nhat 2 gid, loc gan dung moi qua gidy loc vao binh cau, trang gidy loc 2 lan,
mdi 1an 5 ml dichloromethan. C6 quay dén 1 ml, chuyén sang 6ng nghiém, 1am bay
hoi dung méi dudi tac dung nhiét, trang rira ng nghiém, dé bay hoi dén vach muc
0,5 ml. Sau d6 chuyén mau vao lo dung miu LC rdi tién hanh phan tich trén thiét bi
LC/MS/MS.

Thi nghiém lap lai 3 lan. Thuc hién cac budce trén véi cac 1an chiét lap tiép

theo. Céac két qua nghién ciru duoc tong hop trong bang 1.
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Bang 1. Két qua hiéu suét thu hoi PFOS (H) chiét 1ip bang Dichloromethan

Lin Lugng| Chiétlan1 Chiét 1an 2 Chiét14n 3
N PFOS | thém Lugng tim H Ll}’(,)’ng tim | H Ll}'(.)’ng tim| H
(ng/L) |thay (ng/L)| (%) |théy (ng/L) | (%) |thiy (ng/L)| (%)
Br-PFOS | 10 8,252 (82,52 0351 |3,51| 0,085 |0,85
i L-PFOS | 10 7,726 7726 0,770 |7,70| 0,037 {037
Br-PFOS | 10 7,624 7624 0452 |452| 0,078 [0,78
e L-PFOS | 10 7,953 |79,53| 0462 |4,62| 0,059 [0,59
Br-PFOS | 10 8,057 [80,57| 0,723 |7.23| 0,072 (0,72
e L-PFOS | 10 7,642 |7642| 0578 |578| 0,068 |0,68

Tir két qua nhan thay, & 1an chiét 1: hiéu suat chiét Br-PFOS tir 76,2+82,5% va
L-PFOS tir 76,4+79,5%. Lan 2, hiéu suét chiét Br-PFOS tir 3,51+7,23% va L-PFOS
tir 4,60+7,70%. Lan 3, hiéu suat chiét Br-PFOS va L-PFOS rat nhé (< 1%) do chét
phan tich da dugc chiét hét ¢ 2 1an chiét trude.

Tir két qua thu duoc cho thay st dung k¥ thuat chiét 1ap bang dung moi
Dichloromethan dé chiét mau nu6c cho hiéu qua chiét cao va phu hop véi viéc phan
tich xac dinh PFOS trong d6i twgng mau nudc. Do vdy, nhom tac gia dé xuat quy
trinh str dung may lic dé chiét 1ap 3 1an, mdi 1an 100 ml Dichloromethan d6i véi 1,0
L mau (ty 16 mau nudc:dung moi = 10:1), thoi gian mdi 1an chiét 1a 30 phut dé chiét
PFOS tir mau nuéc.

3.3. Danh gia phwong phap
3.3.1. Xdc dinh gidi han phdt hi¢n (LOD) va gioi han dinh lwong (LOQ)

Xac dinh gidi han phat hién va gioi han dinh lugng béng cach khao sat mau
nghien ctru c6 ham luong lan luot 1a 0,2 ng/L va 1 ng/L duoc tao 6 2. 3.4. Sau do
tién hanh chiét theo quy trinh r01 phan tich trén thiét bi dé xac dinh ty s6 tln/nhleu
Gia tri LOD duoc chip nhan néu ty sé S/N > 3 va LOQ dugc chap nhan néu ty sd
S/N > 10 [3]. Néu khong phu hop thi diéu chinh lai ndng d6 khao sat. Phan tich 1ip
lai 5 1an va cho thay ham luong nghién ctru 1a pha hop. Vi vay phuong phéap co
LOD =0,2 ng/L va LOQ =1 ng/L.

3.3.2. Pdnh gid dé ldp va higu sudt thu hoi

Xac dinh do 1dp va hiéu suat thu hoi ciia phwong phap tai gigi han dinh luong
béng cach khao sat mau nghién ciru duoc tao & 2.3.4. Sau d6 thuc hién cac budc
chuén bi mau nhu trén rdi tién hanh phan tich trén thiét bi. Lap lai thi nghiém 5 lan.
Két qua thu dugc nhu trong bang 2.
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Bang 2. Két qua x4c dinh do 1ap va hiéu sut thu hdi ciia phuong phap
phan tich mau nude

A , en Ham lwgng I-llzﬁm lugng Hiéusufl t
Lan thw nghiém (n) thém (ng. L) C-PFOS t{lzu hoi (%)
(ng/L) C-PFOS
Br-PFOS 1,0 0,898 89,8
! L-PFOS 1,0 1,004 100,4
Br-PFOS 1,0 0,781 78,1
2 L-PFOS 1,0 1,291 129,1
Br-PFOS 1,0 0,944 94,4
. L-PFOS 1,0 1,012 101,2
Br-PFOS 1,0 0,908 90,8
! L-PFOS 1,0 1,014 101,4
Br-PFOS 1,0 0,901 90,1
> L-PFOS 1,0 0,978 97,8
Sp 2c.pros | Br-PFOS 0,048
(ng/L) L-PFOS 0,043
RSD 2c-pros | Br-PFOS 5,81%
(%) L-PFOS 5,06%

Do lap cua cac két qua phén tich duoc danh gia thong qua gi tri do 1éch chuan
trong d6i (RSD). Theo tiéu chuin ciia Hiép hoi cac nha phan tich (AOAC), ddi véi
ndng d6 ¢& 10 ng/ml thi gia tri d6 léch chuan tuong ddi cho phép RSD < 21% [2].
Nhu vay, phuong phap c6 RSD dat yéu cau.

Ciing theo AOAC, dbi v6i ndng d6 ¢& 10 ng/ml thi hiéu sudt thu hoi cho phép
14 60+115% [2]. Nhu véy, hiéu suat thu hdi chat phan tich cta phuong phap > 80%
tai LOQ va hiéu suét thu hoi chat ndi chuan danh diu ciia phuwong phap > 80%. Vi
vay, phuong phap xtr 1y miu va phan tich phu hop véi dbi twong miu nghién ciu.

3.4. Phan tich miu that

Sau khi xay dung va xac nhan gia tri sit dung quy trinh phan tich PFOS trong
mau nudc, nhom tac gia da 4p dung quy trinh ndy phan tich 5 mau nudec.

Két qua phan tich thu dugc nhu bang 3.
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Bang 3. Két qua phan tich mau nudc

) Ham luwgng '*C-PFOS (ng/L)
Ky hiéu mau
Br-PFOS L-PFOS

Nude may 1 0,769 0,724
Nudc may 2 1,163 1,371
Nudc giéng 3 0,842 1,266
Nudc giéng 4 0,765 1,218

Nude ho 5 0,744 1,461

Ca 5 mau nude phan tich déu c6 PFOS véi ham luong thap (< 3 ng/L) va ham
lwong PFOS mach thang 16n hon mach nhanh. Ham lugng PFOS trong nudc nho
hon gidi han cho phép ciia Co quan Moéi truong Hoa Ky (< 200 ng/L).

4. KET LUAN

- Pi khao sat va tdi uu duge cac diéu kién dé xac dinh PFOS trén thiét bi séc
ky 16ng khdi phd 3 1an t cuc nhu sau: ion con caa PFOS 1a m/z = 80 dé dinh luong,
CE = 80V, pha dong: 20% A: CH;COONH4 5 mM & 80% B: CH30H.

- Pa xay dung quy trinh phan tich PFOS trong 1,0 L mau nudc bang phuong
phap chiét long - long st dung may lic dé chiét lap 3 l1an, mdi lan 100 ml
dichloromethan, thoi gian mdi 1an chiét 1a 30 phut.

- ba xac nhan gia tri st dung cua phuong phap c¢6 LOD = 0,2 ng/L; LOQ =
Ing/L; RSD < 10%; hiéu suét thu hoi ddi véi PFOS > 80% va d6i v6i chat chuan
danh dau 1a > 80%.
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SUMMARY

DETERMINATION OF PERFLUOROOCTANE SULFONIC ACID (PFOS)
IN WATER BY LIQUID CHROMATOGRAPHY

This study used liquid - liquid extraction (LLE) and liquid chromatography
Triple Quadrupole Tandem Mass Spectrometry (LC/MS/MS) Agilent 6430 Triple
Quad to survey and assessment PFOS contamination in water. The optimistical
conditions are: Product ion is m/z = 80 for quantification and m/z = 98.9 to qualifier;
collision energy (CE) is 80V, mobile phase is 80% methanol and 20% amonium
acetate SmM. Base on these conditions, PFOS in 1.0 L water is determined by LLE
three times with 100 ml DCM. This process has LOD = 0.2 ng/L; LOQ = 1 ng/L;
RSD < 21% and recovery > 80%. The results are suitable to requirements of AOAC
to analyse PFOS in water samples.

Keywords: PFOS in water, Determine PFOS by LC/MS/MS, LOD, LOQ, L-L
extraction.
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