Gidm sat PFAS trong nguén nudc

X&c dinh flo httu co lién két hap phu (AOF) trong mau nudc theo
phuang phap 1621 cua Co quan Bao vé Moi truong Hoa Ky (U.S.
EPA)

C4c chat per- va polyfluorinated alkyl (PFAS), la mot

nhom gom hang nghin hgp chat hitu co, dugc su
dung réng rai trong nhiéu nganh cdng nghiép (vi du:
lam chat hoat dong bé mat trong bot chita chay tao
mang hodc chat thAm vao bao bi) [1,2]. Do c6 tinh
bén viing cuc cao, ching ducc goi 1a «hda chat vinh
clux, tich tu trong moi trusng va sinh vat [3]. Nhing
tdc dong tiéu cuc dén suc khoe da budc cac co quan
chinh phu va t6 chic tiéu chudn héa phai c6 hanh
déng déi véi cdc PFAS gdy hai nhat. Viéc xac dinh
thong s6 t6ng khdng nham muc tiéu AOF (flo hitu co
hap phu, con goila flo hitu ca lién két hap phu) la mot
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phuong phdp sang loc PFAS don gidn va dé thuc hién.
Dua trén nguyén ly tuong ty — tlc la hdp phu céc
hop chat flo hitu co trén &ng carbon hoat tinh, dot
bang phucng phdp nhiét thily phan va xdc dinh ham
luong flo bang sdc ky ion — cac t6 chiic tiéu chuén
nhu U.S. EPA (Phuong phap 1621), DIN (DIN 38409-
59) va ISO (ISO/DIS 18127) da xay dung cac phucng
phdp phan tich pht hap dé udc tinh muc sang loc cho
PFAS «t6ng» trong mau nudc. Tai liéu Ung dung nay
tap trung vao phuang phap phan tich AOF néu trén,
két hop gitta d6t chdy bang phuong phap nhiét thiy
phan va s&c ky ion (CIC).
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MAU VA CHUAN BI MAU

Ba mau mdi trudng nudc khac nhau — mot mau nudc
mat va hai mau nudc thdi — da dudc phan tich ham
lugng AOF nhu md ta dudi day. Khac vdi cac halogen
hitu co lién k&t hap phu khéc (vi du: clo — AOCI, brom
— AOBr va iod — AOI), diéu quan trong khi xac dinh
AOF 13 mau phai cé pH trung tinh dé ngan can su hap
phu cuta flo vo ca. Do dé, mdi mau 100 mL dugc tién
xU ly bang 0,5 mL dung dich natri nitrat 2 mol/L.

Su hdp phu céc hop chét flo hitu co dugc thuc hién
trén carbon hoat tinh nhu mot budc chuan bi mau tu
dong (APU sim, Analytik Jena). Viéc tu dong hda giup
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Carbon hoat tinh chia toan bé flo hitu co lién két hap
phu dugc phan tich bang phuong phdp dét nhiét
thuy phan. Hé théng CIC bao gdm bd |dy mau tu
déng cho mau ran, module dét, module hdp thu va
may sac ky ion (IC) (Hinh 1).

B& 18y mau tu dong sé chuyén céc thuyén gém chua
mau vao module dét, tai ddy mau dugc dét & nhiét do
1050 °C. Flo bay hai (cung v&i cac halogen va luu
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chudn hoéa quy trinh chudn bi mau, dam bao dé 15p lai
cao va cho phép xu ly s& lugng mau 16n. Trong budc
nay, hai dng carbon hoat tinh dugc néi tiép nhau va
dugc rlira bdng 100 mL mau vdéi t6c do6 dong 3
mL/phut. Sau khi hdp phu, hai 6ng carbon dugc rua
bang 25 mL dung dich natri nitrat 0,01 mol/L vdi t&c¢
d6 dong 3 mL/phut. Sau khi hoan tat budc chuén bi
mau, toan bd phan chia trong hai 6ng carbon dugc
chuyén sang hai thuyén gém riéng biét dé phan tich
bang phuang phép CIC.

huynh khéc) dugc dong khi cubn vao module hap thu
920 va dugc hép thu vao pha nudc. Viéc xit ly mau
nudc mot cach chinh xac va tu dong dugc thuc hién
bang Dosino dé chuyén mau vao hé théng IC (930
Compact IC flex) dé phan tich. D& gitt mic nén va gidi
han phéat hién clia flo & muc thap, can st dung thudc
thir cé do tinh khiét t8i thiéu & cap phéan tich.
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Hinh 1. C4u hinh hé thdng Combustion IC gém 930 Compact IC flex (2.930.2560), module h&p thu 920 (2.920.0010), module dét (16 + ABD,
2.136.0700) va bd 1dy mau ty déng MMS 5000 (2.136.0800) dugdc cdu hinh cho mau rén (6.7302.000).

The separation of fluoride (retention time 6.2
minutes) from other halogens is achieved on a
Metrosep A Supp 5 - 250/4.0 separation column in
combination with the A Supp 5 Guard/4.0 (Figure 2).
Automated eluent production with the 941 Eluent
Production Module enables continuous and almost
unattended operation of the CIC, increasing the
overall performance and analysis efficiency.

The calibration (0.01-0.5 mg/L) was performed
automatically from one standard solution (sodium

Su tach ion fluoride (thai gian luu 6,2 phut) khoi cac
halogen khac dugc thuc hién bang cot tdch Metrosep
A Supp 5 - 250/4.0 két hop véi cdt bado vé A Supp 5
Guard/4.0 (Hinh 2).

Viéc tao pha déng tu déng bang module 941 Eluent
Production cho phép hé théng CIC van hanh lién tuc
va gan nhu khéng can gidm sat, gitp nang cao hiéu
sudt téng thé va hiéu qua phan tich.

Viéc dyng dudng chuédn (0,01-0,5 mg/L) dugc thuc
hién ty dong t& mot dung dich chudn (natri fluoride,
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fluoride, 0.5 mg/L) by applying the Metrohm
intelligent Partial-Loop Injection Technique (MiPT). By
injecting one standard with different injection
volumes (4-200 uL), a calibration range of 0.01-0.5
mg/L was achieved.

The method detection limit and the method
performance were checked with standardized
reference materials (4-fluorobenzoic acid) and blanks
(ultrapure water), prepared in the same way as the
samples and analyzed for their AOF content.

0,5 mg/L) bang ky thudt bom mau théng minh
Partial-Loop Injection ctia Metrohm (MiPT). Bang céch
bom cling mét dung dich chudn vdi cc thé tich khéc
nhau (4-200 uL), pham vi dusng chuédn 0,01-0,5
mg/L dugc thiét lap.

Gidi han phat hién va do tin cdy clia phucng phép
dugc kiém tra bang vat liéu tham chiéu tiéu chuén
(axit 4-fluorobenzoic) va mau trang (nudc siéu sach),
dugc chudn bi gidng nhu mau thr va phan tich ham
lugng AOF.
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Hinh 2. S&c ky do clia m6t mau nudc thai. Nong dd AOF dudc tim thay & cot carbon thi nhat 1a 7,85 ug/L va & cot thrhai la 1,46 ug/L. Téng
nong do AOF trong mau nay 1 9,31 pg/L. Day 1 két qua sau khi da trr mau trdng. Cac mau tréng tuong Uing clia AOF cling dudc hién thi
bang mau xam.

Nong doé cubi cing cia mau dugc tinh theo cdng thic dugc tU hai 6ng carbon sau khi da trir mau trang
bén dudi. Nong d6 AOF cudi cling 1a téng lugng do (Hinh 2).

Vaps Vabsaw
c(AOF) = (C(F_)_;C * VAb ) i (C(Fgw)rc - ELEW )

Smpl Vsmp{ BW

c(AOF) Mass concentration of AOF in pug/L

clFe Fluoride concentration in the sample’s absorption solution in
ug/L
Wik Final volume of the absorption solution in L
Wsmo Volume of the sample that was used for adsorption in L
c(Few)e Fluoride concentration in the absorption solution of the blank
inpg/L
W ameaw Final volume of the absorption solution of the blank in L
Wsmaiew Volume of the blank solution that was used for adsorptionin L
KET QUA
T4t ca cdc mau dugc phan tich I3p lai (n = 4). T4t ca viéc chudn bi mau cé thé phic tap, nhung viéc tu
mau nudc déu chita AOF & néng dé vét, dao dong déng hoa quy trinh chun bi va phan tich mau dam
trung binh tr 6,52 ug/L dén 9,70 ug/L, trong d6 ndng bao dé 1ap lai tuyét vai. Vi cdc mau phan tich 1&p lai,
dé AOF trong nudc mat thap hon so vdi nudc thai d6 1&ch chuén tuong doi (RSD) dat tif 3,6% dén 5,3%
(Badng 1). Mac du néng dd AOF nhin chung thap va (n=4).
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Trong phan tich thudng quy, mau trdng cla phuong
phap dugc xac dinh la 1,1 ug/L cho AOF (dua trén

nudc siéu sach va bao godm tat ca cac budc chuén bi

mau va dét).

Bang 1. Két qua phan tich AOF déi v8i cdc mau nudc mat va nudc thai.Bang trinh bay két qua AOF ti bén mau do I3p lai cua mbi loai mau,
gid tri trung binh va dé 1éch chudn ( (SD), cling nhu dé l&ch chudn tuong déi (RSD) dudc tinh theo cdng thiic & phan trén. Cac gid tri nong dé

AOF da dugc hiéu chinh sau khi trif mau trang.

M AOF #1 AOF #2 AOF #3 AOF #4 Average + SD RSD
au

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (%)
Nudc bé

) 6.26 6.27 6.79 6.77 6.52+0.30 46

mat
Nudc thair
1 10.23 456 9.31 9.21 9.70+0.51 5.3
Nudc thair

7.36 6.99 7.61 7.21 7.29+0.26 36

2

Viéc x4c dinh théng s6 t6ng AOF théng qua qud trinh
hap phu flo hitu ca, d6t bang phuong phap nhiét thay
phan va phan tich flo bang sac ky ion theo céc tiéu
chudn U.S. EPA 1621, DIN 38409-59 va ISO/DIS
18127 mang lai mét phucong phép sang loc PFAS
nhanh chdng va dang tin cdy trong nhiéu loai mau
nudc khac nhau. Pht hgp cho muc dich gidm sat,
phuong phdp nay cé thé dugc st dung nhu mot ky
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thuat bé sung cho céc phuang phép phan tich PFAS
chuyén biét vén ton thai gian, cdng stic va chi phf cao
nhu LC-MS/MS [4]. Nh& kha nang chuédn bi mau tu
dong két hgp véi phan tich hoan toan tu déng bang
hé thong CIC, day la mét ki thuat don gian, tin cay,
tiét kiém chi phi, tiét kiém thdi gian va dé trién khai dé
phan tich AOF thudng quy va udc tinh PFAS «téng».
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930 Combustion IC PP (AJ)

The 930 Combustion IC PP (Al) enables the analysis of
halogens and sulfur in flammable samples of all types
using inline combustion digestion (pyrohydrolysis)
with subsequent ion chromatography determination
(Combustion IC). It comprises all required
components, e.g., the Combustion Module from
Analytik Jena (2.136.0700), the 920 Absorber
Module, the 930 Compact IC Flex Oven/SeS/PP/Deg,
and the MaglC Net software. If necessary, the 930
Metrohm Combustion IC package can be
supplemented with an Autosampler for solid or liquid
samples (MMS 5000 Autosampler). The entire
analysis, including sample input and sample
digestion, is completely automated and is completely
controlled by MagIC Net.
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Metrosep A Supp 5 Guard/4.0

The Metrosep A Supp 5 Guard/4.0 reliably protects
the Metrosep A Supp 5 and 7 IC anion columns
against contamination from the sample or the eluent.
It contains the same separation material as the
Metrosep A Supp 5, is also made of PEEK, and is
screwed directly onto the respective separation
column with virtually no dead volume ("On Column
Guard System"). The guard column prolongs the
service life of the analytical column, with practically
no influence on its chromatographic separating
efficiency. The economical price and simple handling
make using the A Supp 5 Guard/4.0 highly
recommended.

Metrosep A Supp 5 - 250/4.0

The high-performance separation column from
Metrohm with an extremely high number of plates
for the most demanding separation tasks. Even
complex separation problems can be solved easily
and reproducibly with the Metrosep A Supp 5 -
250/4.0. The high capacity of the column allows, for
example, the detection of 1 pg/L bromate along with
150 mg/L chloride without sample preparation. The
range of applications possible with this column far
exceeds the detection of standard anions. The
Metrosep A Supp 5 - 250/4.0 is the column of choice
when it comes to reliable monitoring of the high
purity standards in the semiconductor industry or of

the boiler feed water of power plants.

930 Compact IC Flex Oven/SeS/PP/Deg
The 930 Compact IC Flex Oven/SeS/PP/Deg is the
intelligent Compact IC instrument with column oven,
sequential suppression, peristaltic pump for
suppressor regeneration and built-in degasser. The
instrument can be used with any separation and
detection methods.
Typical areas of application:

- Anion or cation determinations with sequential

suppression and conductivity detection
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920 Absorber Module

The 920 Absorber Module combines the Combustion
Module with the ion chromatograph. The 920
Absorber Module ensures that the gaseous
compounds of the analytes are dissolved and
channeled to the IC. It is responsible for the entire
Liquid Handling. In addition to Combustion IC, it can
also be used for gas analysis.

MMS 5000 Autosampler (AJ)

Autosampler MMS 5000 (AJ) made by Analytik Jena
for use with the Metrohm Combustion IC for fully
automatic analysis of liquid and solid samples. To
adapt the modular Multi-Matrix sampler to the
correct sample type, either the liquids kit
(6.7303.000) of the solids kit (6.7302.000) must be
used.
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