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Influence of Tap Water Treatment on Perfluorinated Compounds Residue in the

Dissolved Phase

ZHANG Hong', CHEN Qing-wu’, WANG Xin-xuan’, CHAI Zhi-fang*, SHEN Jin-can’, YANG Bo®, LIU Guo-
qing'

(1. College of Physics Science and Technology, Shenzhen University, Shenzhen 518060, China; 2. College of Life Sciences, Shenzhen
University, Shenzhen 518060, China; 3. College of Food Engineering and Biotechnology, Tianjin University of Science & Technology,
Tianjin 300457, China; 4. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China; 5. Food Inspection
Center of Shenzhen Entry-Exit Inspection and Quarantine Bureau, Shenzhen 518045, China; 6. College of Chemistry and Chemical
Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: To study the perfluorinated compounds ( PFCs) residues through water treatments including flocculation, sedimentation,
sand filtration, ozonation with activated carbon and chlorination, as well as the seasonal variation of PFCs in the raw water of
waterworks, 13 PFCs species in the dissolved phase of raw water, finished water, as well as the water samples after flocculation,
sedimentation, sand filtration, and ozonation with activated carbon filtration were measured by the high performance liquid
chromatography-tandem mass spectrometry combined with solid phase extraction. Results indicated that Z PFCs residue in water was

higher in spring and summer than that in fall and winter. The vast majority of PFCs in samples were of short and medium chains (C<
10) , and perfluorooctane sulfonate was the most typical residue species. Among the five water treatment stages, sedimentation, sand
filtration and ozonation with activated carbon filtration can remove PFCs, while flocculation and chlorination significantly raise the levels
of short- (C<6) and medium-chain (10=C=7) PFCs, respectively, causing Z PFCs increase in finished water by 10% -44%
compared to raw water. However, the PFCs residues in finished water are still far below their limit values, posing no threat against
human health.

Key words:; perfluorinated compounds ( PFCs) ; perfluorooctane sulfonate ( PFOS) ; perfluorooctanoic acid ( PFOA); tap water
treatment process; raw water; finished water; high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS)
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YOKEAMR PFCs B EERFE Rz —" H
T PRCs B — 5 WK% M, Soge vttt
ET R R K S X sk A AR, R K P A
ng+L ™' KF Y PFOS I PFOA'" . Holzer %51 iy
WFFE R, Tk % PFCs 15 Y2 A 7K Al g A AT L 38 i
Wrp PFCs WRBEMG =X RELL S ~ 9 fi5. SR, A
(175 7K 4b BRAF7E PROS, PFOA %5 R F& 2 7+ i) R
G2 ORI E R T RIS Y. W, ) A Sk
K PRCs & TR K @ hn T PRCs 19
BANKE. ARKLEERE TR P, X FK
1YL H G E AR, IR F R K FOK B T KA
RPRERE X S K th PFCs 5% B8 B 52 M, X T IA R
H kK PRCs 5% B 4 AF S AR (R B, 55k A ok
K PRCs 2BR 5%, DL BPFAS A 2R K PRCs %% 58 X
WG LR SR, A koK PRCs fF5E 2 IR T4t
XTI 38T, 3800 B 4 RE A X 7K T PFCs
B BRI | [ N B LA DGR ABFITH WAX
I AH A B4 B B 5 v OB AH €633 B3 1 ( high
performance
spectrometry, HPLC- MS/MS) #1145 & 43871 T IR Y
HRAKT —AERJEAK T KDL R R g, DikE
h, AbUETh | BG4+ T R KA AR A 13
PFCs F5% B K -0 T 45 Ab BRI T X PFCs 5%
FRIRZI L J% JRUK H PRCs 5% B G 2545 28 1k R e
DIA BCHE B A R K AR BT 201 PRCs 25 BR &R
B DU BT A kK PRCs 288 KUK S HERF 22 AR 5.

1 #MREF*E

L1 AR5 1G]

HPLC-MS/MS B XK Agilent 1100-API 3000
(EE AB Aw]). BAHABCRH] 12 4 B2 3 Uk
B ( E[E BESEP A F]) M Oasis WAX (150 mg,6 cc)
B FHAEBCRE (55 [ Waters 23 7). PFCs A3 (2 000
ng-mL ") 4 {15 K wellington 23 ] ,13 7 PFCs &
A A bR L5 4 O ke B BR ( perfluorohexane
sulfonate, PFHxS) . 4= 3% BEfif iR ( perfluorooctane
sulfonate, PFOS) . 4 9 %% 5t i 12 ( perfluorodecane
sulfonate, PFDS) | 4% T & ( perfluorobutanoic acid,

liquid  chromatography-tandem  mass

PFBA ). 4 % J% MR ( perfluoropentanoic acid,
PFPeA ). 4 % C MR ( perfluorohexanoic acid,

PFHxA ) . 4 5 B R ( perfluoroheptanoic acid,
PFHpA) . 4 % ¥ M2 ( perfluorooctane acid, PFOA) |
25 T-FR ( perfluorononanoic acid, PFNA) | 45 %
2 ( perfluorodecanoic acid, PFDA) . 4 9 T — &
( perfluoroundecanoic acid, PFUdA) ., &% T R
( perfluorododecanoic acid, PFDoA ) Fll 4 3 + —
(‘perfluorotridecanoic acid, PFTrDA) F H B & 2 i
BN 5. 10, 20, 40, 60 ng-mL™" 5 U EHT
HPLC-MS/MS $RifE TAEMIZE ; 8 MR & AR S 524
FHHH] | a2y ] SCR( 15 ] 40E.
1.2 FEACRAE SRR

TRYINHE FRK T KRN T KR 4E T 2010 4F
3 ~2011 42 H (1), SRk, TIRSH  B0UETt
FELAE + T PEA K 4351k 4 T 2010 4 4 H
7 A .10 AF2011 4E 1 A (B RIZR2). A kee
B R BRI KRR, B0y KRR A 292 000 mL, & T
FR ML 7 [ S = AR R R B 20 22 0. 45 pum
SR Mc 2T Ak 553k 0 | 7 B R A B 1 000 mL U85
KA 25 pL 200 ng-mL ™" ) PFCs PRI, TR,
ARG #Y Polymer WAX [E AHZE U (4K YK H 2 mL
VS N 2 mL EZEKIG AL 45 2 3% s~ T
TR, e 2 mL 2% WK . 2 mL 2% TR
IR LE B (12 1) SO, 1, #H 2 mL
B e, T, R F 4 mL 9% Z K H BV TR e
FERh T RO, AR E T B ERE 1 ml,
¥ A2 mL BERV, 15 HPLC-MS/MS 7347

EM(@

[ 2w =2 magw
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E1 RINTERAHEEKREUSREKERER
Fig. 1 Main stages of tap water treatment and sampling

spots in Shenzhen waterworks

1.3 4r#F

HPLC 437 : (o345 H Agilent Eclipse XDB C18
(3.5 pm,2. 1 mm x 150 mm) , FEREARFR 20 wl. 7
50°CHEHE,0. 3 mL-min ~'EE N RS A(HER) 5
B(2 mmol - L~ " i iR & /K ¥ V) B0 B Ve IR )70
EIEEF 209% A 80% B,8 min 11 95% A . 5% B,13
min [5f 100% A, 14 min f 20% A, 80% B, {45 6

min.
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