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Assessment of contamination and health risk of perfluoroalkyl substances in drinking water
in Shanghai REN Yang-yang’, JIN Yu-e?, XU Hui-hui?, QIAN Hai-lei?, ZHENG Wei-wei', WU
Chen?, GUO Chang-yi® (1.Department of Environmental Health, School of Public Health, Fudan
University, Shanghai 200032, China; 2.Shanghai Municipal Center for Disease Control and
Prevention, Shanghai 200336, China)

Abstract:

[Background] Perfluoroalkyl substances (PFAS) with their persistence, accumulation, migration,
and toxicity are widely found in various water bodies, indicating potential human exposure risk
via drinking water.

[Objective] This study aims to analyze the pollution status of PFAS in drinking water in Shanghai
and assess relevant human health risk.

[Methods] Source water samples were collected from two water sources (A and B) in Shanghai,
including the Yangtze estuary water source and the Huangpu River upstream water source.
According to water production process, treated water samples were collected from one routine
treatment water plant and one deep treatment water plant which both used water source A,
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as well as from one deep treatment water plant which used water source B. Samples were collected in October 2019 (level period),
December 2019 (dry period), and July 2020 (wet period) respectively, with 2 parallel samples from each site, and stored in 1-litre brown
polypropylene plastic containers. A total of 23 PFAS were determined by solid phase extraction and ultra high performance liquid
chromatography tandem-mass spectrometry. Then the risks of non-carcinogenic chemicals was evaluated by US Environmental Protection
Agency (EPA) health risk assessment models.

[Results] Among the 23 target substances, 14 and 11 kinds of PFAS were detected in all source water and treated water samples (100%),
respectively, including perfluorinated carboxylic acid and perfluorinated sulfonic acid; 9 and 12 kinds of PFAS were not detected,
respectively, and all were perfluoroamides. The total concentration of PFAS (ZPFAS) in two types of water was 15.52 to 118.44 ng-L?, the
highest concentrations of dominant perfluorooctanoic acid (PFOA) and perfluorobutanoic acid (PFBA) were 34.79 and 29.99 ng-L”, respectively,
and the concentrations of PFOA and perfluorooctane sulfonate (PFOS) did not exceed the drinking water threshold (70 ng-L") stipulated
by US EPA. The ZPFAS concentration of water source B was 2.7 times that of water source A. Except the perfluoro-1-nonanesulfonate
(PFNS) slightly higher in water source A, the concentrations of detected substances in water source B were significantly higher than those
in water source A. The concentration of PFAS in water source A showed little difference in different periods, while that in water source B
was shown as dry period >level period >wet period. The PFAS in water source A were removed effectively by water treatment processes,
as the removal rate was 21.97% by conventional treatment and 64.29% by deep treatment. The removal effect in water source B was
not obvious, and the content of contaminants before and after treatment had little changes. The annual personal excess risks of PFOA
and PFOS were lower than the maximum acceptable risk (10° per year) recommended by the International Committee of Radiological
Protection (ICRP).

[Conclusion] There is slight PFAS contamination in Shanghai’s drinking water. The annual personal excess risks of PFOS and PFOA via
drinking water are low and below the maximum acceptable level recommended by the ICRP.

Keywords: drinking water; perfluoroalkyl substances; pollution; water treatment process; health risk assessment
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XY R A =M,

ITER, HRK, TR BRKPEYENE T
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REGIKITZKT BRI AFHF TN, S IXAEKH
2RMEMNBRNR, HONEFEEXFEHTTITN,.

1 MElERZE
1.1 HmEE

RIBACERR, BT O KR A &8 T
KRR EE KRR (9519 AFIB) , LLA AKIREIK
[THIKTZEEMAIE, RELE 27, 55 FEw
BY1NKTREHT K (BIA-1. A-2) 5 LAB KRR

KT BHBENRERIE, FLEFEIHEY 11K RE
K (BIB-1)o ZRFIIEE 2019F 108 (FK
HA). 12 B (#h7KHA) #2020 7 B (FKH) S#H1T
—Ro KIEEN 1L, RE|NIFTEERFGERR, Fm
EERdERRELE, STMTRXE 2 N FEITH MR
RRBERHREZRFHE ERK. gk, BES AL
38, BRT&EA.
1.2 {2305

23 i PFAS 7 fR 39 W B 11 Z K Wellington, 73
78 2 & T B (perfluorobutanoic acid, PFBA). £
# X B2 (perfluoropentanoic acid, PFPeA). £ & C B2
(perfluorohexanoicacid, PFHXA) . £5BER (perfluorohexanoic
acid, PFHpA) . £&3FE& (perfluorooctanoic acid, PFOA) .
€ & T 8 (perfluorononanoic acid, PFNA). & & &
% (perfluorodecanoic acid, PFDA). £ @& + — It B8
(perfluoroundecanoic acid, PFUnA). € @&+ Z— ¢
(perfluorododecanoic acid, PFDoA). £ &+ = Iz B
(perfluorotridecanoic acid, PFTriA). & @& + P9 bz B
(perfluorotetradecanoic acid, PFTeDA). £ & + 75 ¥
% (perfluorohexadecanoic acid, PFHxDA). & & + /\
15t B2 (perfluorooctadecanoic acid, PFODA). & & T
I3t 1#& B8 (perfluorobutyl sulfonate, PFBS). £ & /X ¥t
I# B8 (perfluoro-1-pentane sulfonate, PFPeS). £ £
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¢ T B8 (perfluorooctane sulfonate, PFOS). £ @& F
%5t & B8 (perfluoro-1-nonanesulfonate, PFNS). £ £
ZX I [ B2 (perfluorodecyl sulfonate, PFDS). £ & ¥
E B B BZ (perfluorooctanesulfonamide, PFOSA) . N-
CE2HFEBEH IR B (N-ethyl perfluorooctane
sulfonamidoacetic acid, N-EtFOSAA) . N-BF E e & ¥ &
HEELRZ 2 B2 (N-methyl perfluorooctane sulfonamidoacetic
acid, N-MeFOSAA) ; RIFF (14Fh) : BC,-PFBA. Cs-PFPeA.
BCs-PFHXA. C,-PFHpA. Cs-PFOA. “Cs-PFNA. “*Cs-PFDA.
3C,-PFUNA. C,-PFDOA. *C,-PFTeDA. *C,-PFHXDA.
BC,-PFHXS. 2Cs-PFOS. PCe-PFOSA, YT IIZEA Wellingtono

BEMURAEEIEX (Agilent 1290, 3£ Agilent) ,
=B MK REFTIE X (QTRAP 6500°, 3 [F Sciex)
BEH C18 & iZ #* (2.1x50mm, & ¥} %I & 1.7um),
Agilent C18 1% (4.6x50mm) , EIFEZEEEE & (VisiprepTM
DL, 3 [E Supelco) , &MY (MultivapT™M 118, 3%
Organomation Associates) , #8 Zfi 7K A (MmilliQ, 3=
Millipore) , B0y (TGL-20M, 2 [E Bioridge) , Oasis®
WAX [E #8 Z BX/)\#+ (6CC, 150 mg, 3 [E Waters),
B2 (BIE%K, ZE Merck) , RK (D4, PFEIERE
AUFRFERAR) , ZERE (FRIE%R, EBECNw),
K (BIELK, EE CNW),
1.3 HRAEMS

=R EZ N 200mLKEE, IIN0.925g ZER®R, AT
7K pH & 6.8~7.0, BA7KFEHANN 20 uL 100 ug-L* PFAS
HRTREEAR, B, RAKEEZ R EEHTIL
HIRME, KIEEEREEEEHITESRIIRSE, G
2 40°CRWRYE, B 60% BEEKARERZE 2000, &
OVE B,

RABSMREEIE - = EURIT R RIS H
TN, BESEHIT @ (1) REEIERN, Aol :
A+ —5mmol-L* ZERTZIKAR , BAE —5mmol-L* &
B85% (95% FAEE) ; 7358 : 40°C ; i : 0.4 mL-min? ;
1 FE B A2 © 0~0.5min, B 9 30% ; 0.5~14min, B
HZE 95%, 45 2min ; 16.0~16.5min, BFEZE 30%, 4
F3.5mino BFEFR : 1ouL; HERERE :10°C,
(2) REEH BNER . ABFER ; AEER .
ZRMEN; SBSR:35.0psi; WIEFLSEK:
Medium ; B FBIEBE : -4500V; BEFHEE :
450°C ; 245 : soL-h? ; BN 1 50Lh™
1.4 REFH

LRRARITEHITEE D . BV ERE,

HREEIEPTERBECSEMENMER, RIFRE
FE, AMGIERTEMAETH, XRPFEABN
BSR4k, BEHITER. B, RRPXNTH
FERBTMARLOTERIE, Birt e EINEEE
79 55.35%~156.8%0
1.5 RAKAPEENEYHIRBL T
KAEEIFIERIPZE (United States Environmental
Protection Agency, US EPA) #F B IFREY R B2 RE
X Be 48 BB 4T iR 4, it E QAT R,y=R/70,
R=Viaoox10°®/ Vo s Viaoo=CxVia/Viwo Rey 79T N FIFERB
TNIQE ; RALIUKEERN N ALREBINRE ;
Voo NEBEMIAERYRES, BN mgkgd? ; Vi
NEBIEYIRBEBMNNBERIE, B0 mgkgd?;
CHAKFTRYMNRERE (FTHRE) , BfiiAgl?,
Ve BIROKIBNE, BALAmLd? ; Ve NIEE, BN
kgo AFTIIFR N T70%, US EPAFIZE , PFOS Y Vi /9
2.5x10°mg-kg™-d?, PFOA BY Vip /9 3.33x10* mg-kg*-d %o
BRPEABRRESHTFM, RELBHIMEX
S8, MKBAEN2025mLd?, KEHN62.2kg, X
PFOA. PFOS I#1TXIF2ITMd, PRISLE RS EFRiEST LR
ERSEFNRATIZEZ X 100 F 1 #1THER, L
L EREXPG,

2 4
2.1 FREIKiREK. HI7kH PFAS B9 fR1ER
HKEKFI T 7K AR PRAS BOK E I 3R 1, KRR AR
1 HZE 100% BIYIE 0 1470, E1E o e EAREREF
5 Fhe FEEESZE, PFTriAL PFTeDA. PFHXDA 5 9 i PFAS
BRI H. KIREKA, PFOARNEETEY), TEB KR
FIRE RS (35.34ngLY), BARMBKRERS, 2
AKERY 2.7 &, FREK EHY A, PENS R TE A KRS
H BRENEES THRINR, RERK. BRitbz4h, Bk
FRHYIRENEEST A, HPESIRAWYIREE
PFDA. PFHxS. PFPeA, 73512 AZKIERY 20.13 1. 15.87 &,
6.88 {Z, 1B PFDA F PFPeA 7£ B KR I F Sng-Lt H
[T 7K 100% 1 HEVI BB 117, B 7HEmARER
LMatpegERRE, S5KRKMEL, RREYRZ
T PFDA. PFUnA. PFDS =##5, i KVt H,
PFOA RN EETLY), HIXIPFBA, B KRN FYZK
[”B-1PFOARYRE RS (34.79ngL") , 5BIKIREK
MEECA TR 1.6%0 LA B KRR RIKBIH ™ KA H
B PFAS 39 F L A KRR KB T 7Ko FRZEIKAR
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eIk, ENPrAsBIESEaRBENSE
IR, 2EMEREYFIIRKGE, HP2HRIRE
WHRERS, SORESEEN13.78~91ngL?, 2HHE
AL R BN RE, SRECE N 1.74~28.29ngL7
59k, PFOA. PFOS BYRE IR T EE EPA M E VIR A
/K& (PFOA : 70ng-L" ; PFOS : 70ng-L") ¢,

BN, ABACGRKE K RIEfS, B KH
PFASHIBRE R ERK, HPRAEREBERRKERE
15.52ng-L?, ERZFIX 64.29% ; TE ML IEM RIEE,
EBREN21.97%, B3I EY) (PFOAFI PFBA) RE
1E 10ng-L* KL ko 5 AKIEMELL, BBIKIREKERE
WIBE, HI KRR PrAS G H SR EME R T KRK,
BN HRRER KRR TR K,

R1 KEFK HKPLELESYRRE
Table 1 The concentrations of PFAS in source water and treated
water samples

B4 (Unit) : ng:L?

k7| A Al A2 B B-1
LEARBRELNEY
PFBA 16.21 12 6.14 30.44 29.99
PFPeA 0.67 0.27 0.08 461 457
PFHXA 3.29 3.02 1.81 8.98 8.89
PFHpPA 0.96 0.74 0.36 4.97 4.88
PFOA 15.4 12.34 4.63 35.34 34.79
PFNA 0.72 0.5 0.31 3.92 4.06
PFDA 0.08 ND ND 1.61 1.93
PFUNA 0.1 0.06 ND 0.83 0.91
PFDOA 0.3 0.13 0.14 0.3 0.13
PFTriA ND ND ND ND ND
PFTeDA ND ND ND ND ND
PFHXDA ND 0.26 0.31 ND ND
PFODA ND ND ND ND ND
LEBRENEY
PFBS 3.38 3.11 1.33 6.83 6.57
PFPeS 0.15 0.12 0.02 0.18 0.17
PFHXS 0.89 0.7 0.17 14.12 15.11
PFHpS ND ND ND 0.16 0.16
PFOS 1.2 0.67 0.22 4.87 6.16
PFNS 0.06 ND ND ND ND
PFDS 0.06 ND ND 0.05 0.09
LRBRENED
PFOSA ND ND ND ND 0.03
N-EtFOSAA ND ND ND ND ND
N-MeFOSAA ND ND ND ND ND
At 43.47 33.92 15.52 117.21 118.44

GEIA B BIAEKTIO. &I ERAKEK. Al A2 D FIEXTA
FREVEIAAIE, REAEAIH K 5 B-1 93¢ B AGRRECR E 4
BAYH 7K. ND @ K

2.2 A[EBSEAZIKIEH PFAS Y5 224K)

ACRIEARE NN PFASREZRILE 1, A%
W A FKIRTE T KBRS K 4R A PRAS B2 1FE, 7936.67 ngL™,
K EAFN F K BRBY H IR/ MEE EFH, 595179 45.59.
48.23ng-L" BAGRMAE R, KA PFASHIRERIL
NkKER > FKEA > FKHER, HEFKENPFASEE
BEZ 90ng- L' AT, SHIFBTHAMELL FRERNAE,
BZRIEKENBEESTAKENESRE, B,
A. BFIZKIREARE B HRBY K (A AR PrAS BIA R AL 93t B
FREF. AR D ERRENEALLRIEE, £
E %53 79 PFOA ] PFBA i FH PFAS ;5 B ZKRBIAH 7K BAFN
FKHEARVAA A AR, =9 PFOAL PFBA. PFHXS =74,
M EKEAR KRR EEZHTFM, PFHxS BYIR EE N f%
EssngLl'AT

I |
>
. ]
EP/3- L] 1
< th7KER I
ok HER | |
0 20 40 60 8 100 120 140
RE/(ng:L")
B PFBA PFPeA [ PFHxA M PFHpA MPFOA  MPFNA
EPFDA EPFUNA B PFDOA [IPFBS  MPFPeS MIPFHXS

¥ PFHpS PFOS PFOSA M PFNS

UE] A BRRIAKIO. BRI ERAKREK.
E1 FRBHARIKIEK PFAS RELLER
Figure 1 Comparison of PFAS concentrations in source water in
different periods

2.3 KiEHR2ELEYHIR TG

PEETMANSERKEREFEEITENER
DL%R 2, BI UL PFOA. PFOS B R, 1 T E FriB5IBHIF E
RRWENRAOIESZ XK (105 F71), LBKEM
RV K ARAKNER, HAYEESMXY
BRAMBRERE KiEE, FHErProsHIXES
F PFOA. S5, LUIFRAKRMERNZBIE K ATREKIE
B, ¥R /I LADDproa>LADDproso

M PFDS

R2 FEKEEALEMNANEZENNICE
Table 2 Lifetime average daily dose and excess risk of PFOS in
different regions

BISREE/ (LADD, mgkeg™d”) BEERE/ £
I PFOA PFOS PFOA PFOS
A1 4.0x10” 2.2x10° 1.7x10™ 1.2x10™
A-2 1.5x10” 2.2x10° 6.5x10™° 1.2x10™
B-1 1.1x10° 2.0x10” 4.9x10™ 1.1x10™°
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3 itig

ITER, PRAS TEREKMEPRITIERH > 7,
ZEUHEE>PE>KEBENNR, BTF=EX. B
®ITZ, PFOAFIPFOS BRE AW &M &R BWARM
RENYR, —BURBEFRPEENEETH
M. $ETENEMENEBESY, ZHHtER L2
EXRBEHE~RFER. BRREFAET 2018F LB
™ #1 R 7K F PFAS B9 55 2RO ), PFOA FI PFBS 9
Eo3Y), BARENED57956.27. 38.61ngL", HHLL
ZF, ARRRBAGRAKFE ™ 7K PFOAF PFBA 79
ESRY), PFOA BYKERRE &R, M PrBA MIAERIFH =
(#FKIK : 5.46ngL?! ; ASHAS © 6.14~30.44ng:L?) ; PFOS
BIZEFNE)N, T ERIEKF, BINZ DR ® 0 R
BE, SEERKEFPFOS EE R L, REZREE
10ng-L* AR, M PFBS IEIFIE RIS XML, X
BIRE R AR HERY PFBS 7E Tk EX B & PrOS RIS
R, AR KE PFBS K E (1.33~6.83ng:LY) HE
F PFOS (0.22~6.16ng-L %) 6

KRR EIM, IRAKPHNEEIRERE (PFCAs) R
ERREEF2aEEEE (PFSAs), X5 Mak % " B9iE
EHEM, Mark B&EIILR. JEFH. mREFLELEMUE
o, MR & B BXEFES5 2K, PFSAs i1k
EBRE ST PFCAs, H4N, PFAS TE ELBEIZKFNMX AR
Bkt ERE, MEARERRE™ (0.72795ngLY) . TR
11 (0.58~1.15ng:LY) , ¥R TF LEHHNRE (15.52~
118.44ng-L") ; JEE " B9 SPFASIA 199 ng-Lt, IREEHH
ML=

EiEmEAEEAKIER, 25 B THAKMNER
L BBk, HRAKREKIIMEK, & E8RKME
RZAAERY 50% LA L 5 B KR LAE BT s KR, 4
RSEEAFER A X, L ERINAHE R AR
NEEMEZ —, BB XHMNERINER, |
NAHEARFELEERZN S BN, HRhTIH
SROTHERA, BiE EHKERREERSR
FEBY PFAS, B7KIRZ BT LRI A A A KTk
B, HSPrAs REKITIKEKBIANKER 2715, B
& I 90% B PFAS REBRE ST A, Al LIEE S
e S RIEE AT, KIKNKRERTEBIL,
X5 sun % U R ST AR T o

NGRIKTEKT E 5. SIE BERHEMRET
K, EEREFMEEFER. B1HRER, REKIE
BY PFAS 2K I EBRMR B ER, AMKIFEKERE

IR, IKEPR PFASHIERRE (64.29%) ZEE ST B
(-1.05%) , & EEIFE Z 18] TPFAS R Z 1 B89 RE
E5, HNKE PFAS BYR E 3T K M IR B9 5 BRI SR
B—T®m, REATFE—RETEEN, MERKLE
B A 8] LU B Rt AR PFAS, XL EXT PFAS
B SEKRINE, URIEIRBKNEZ S, Ti5%,

ERESXNMRERESTE—ELM, HMmEm
KRBT RMIRE, UUBKREAAG, HAREZE
LR BRBIFEE I, BHE 17 %], FKEAPFASBYR
E B AE K HAFN FE KBRS 72 51 T B& T 36.6%. 30.9%, X
METUHNERFTERHTFKBPNERERX, AR
KRR RY PRAS L EITERE, MM S BUREE(R. AK
BRI FERKIAPFASIKETZ U A K, AIgERERE KL
NEOLEXF#E. ARNKEEK, BREXNH
FSRYNHERIERTEE. B, BRAEREA
FREE. RSB ARIFE RN, AgesE—ERE
FE _LIE KA TR S £,

RE _EBIXAKPNEET—ERERN PFAS, {845
BRI HERRKE, B IRKERBNPFOAT
PFOS MR X R FEMFIEHNMBIFZE RS EENR
KAES NG, X501 7, ALREPH T oK 1o F4
REFT. FEIFENR, AMEBRTIUKER, B0E
T BY). IRIBAPFAS, HEENEBEH —T AR

SE
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