Vol.32,No. 4

532 B 4 ) 8 55 3 2
4 o Pt S Apr. ,2011

2011 4F 4 H ENVIRONMENTAL SCIENCE

WS KAE ERm L EWMHEMMEE

MR, BT Boke' T B Y Bk

(L PEBEREASHAERRPOWMT S XEESERE AR E,JLaT 100085; 2. H E B 2= B o 52 4 B, b3
3. RIEH T R%FLFEH %0, K 030024)

TE N THA2RAE Y (PFCs) MRS HECR B A @ R0 5 v 255 E N BUA PFCs Wl 2504 | 6 3% 1138 43 32 22 9 358
B TR 38 7K A 0T 43 2 BB T 75 K AL BT PRCs HEGE f HEAT 1A SR ST . B i v AL T U v X da 3 T K R A A e
2 (PFOS) F14: F.9F B2 (PFOA) HE ik A 38 520 5 9 122 kg/afll 216 kg/a, H v K 3L 0] A K 6% 7 43 51 % IX % PFOS 1 PFOA H
B 3 BT BR VT AN T P [ PFOS HE AL /9 3 0 3, PFOS HENGE &40 0 4. 47 x 10 kg/afll 807 kg/a. £ VT FN #3871
i E PFOA HERLAY B, PFOA HERCE 43 518 3. 92 x 10*kg/afil 1. 60 x 10*kg/a. K H T AL 5047 i5 K &b 3~ A ¥ PFOS
He B 4504 291 pg- (a- A) 'R 221 pg- (a- A) 7' 3 A& T B A1 S8 V5 K AR BT 9 A3 PFOS HERCE: . 3T V5 8 PFCs HE L
TR IR 2 A A AE PRCs A OGAE 7 T G4 T A8 (0 19 Tk B R Gk i . BIF 9 485 R v Oy 1 — 20 BEAT 5 S IR TR 00 A B 4 i A o /b
PFCs 15 4% R HE A4 BERL 2= 1R 4 .

KR AT e B R 5 4 TR R 5 V5 K AR B T VS U8 TR HEOGE

FEDEKS.X820.4 XEkFRIZAE.A X E4S.0250-3301(2011)04-1073-08

100049 ;

Estimation of Perfluorinated Compounds Emissions from Major Rivers and

Wastewater Treatment Plants in China

CHEN Chun-li""?, WANG Tie-yu', LU Yong-long', LUO Wei', GENG Jing' >’

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3. Business
Administration College, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract:In order to estimate the environmental emissions of perfluorinated compounds ( PFCs), mass calculation method and
monitoring data available were used to estimate the mass discharges of PFCs from some major rivers and several wastewater treatment
plants (WWTP) in several cities in China. Total river mass discharges of perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA) in main rivers from coastal regions of the North Bohai Sea ( NBS)were 122 kg/a and 216 kg/a, respectively, and the Daliao
River and Dalin River contributed mostly to the total discharge of PFOS and PFOA in this area. Highest level of PFOS discharges were
found in the Pearl River Delta and Yangze River, which were 4. 47 x 10°kg/a and 807 kg/a respectively. The highest level of PFOA
discharges were found in Yangze River and Huangpu River, which were 3.92 x 10°kg/a and 1. 60 x 10*kg/a respectively. The per
capita discharge of PFOS from WWTP in Beijing and Tianjin were 291 g/ (a-person) and 221 g/ (a- person) , respectively, much
less than the average per capita discharge of PFOS from WWTP in Switzerland and the USA. Relatively greater sewage sludge PFCs
emissions were concentrated in industrialized cities where PFCs related industries were located. The results can be used for the
identification of sources and emission control of PFCs in the future.

Key words: perfluorooctane sulfonate ( PFOS) ; perfluorooctanoic acid ( PFOA); wastewater treatment plant ( WWTP); sewage

sludge; river mass discharge
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T T 5 A B4 ) 2 HE R 0 Y K HE O 2
IR FR 55 32 75 Y iy — A F B RN O V5K AR T
75 7K J& K A AR R Gi b PFOS Fil PFOA % PFCs
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IV 2 U] 3 DA R v ] H Al 5 4 2 T
AEY4 PFCs HE G & 47 A4 5 W) B B % 38 T 75 7K
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HE AT Al RN L 43 B, DA R A M R A
TEJE PFCs Wa I 01X 43 BT DA K SR BCA 3 ) R 45
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1.1 A PFCs HEOH & Al 5 )7 vk
AT T H Al POPs T 5 , PFOS il PFOA H A —
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e TS 1 A S /N G | E S /N o & e
PFOS F1 PFOA Y ¥R 53 5 75 A0 0 R 10 42 25 &) [ml 4k |
SREATTRT A A T 1 7T 8 25 (45 [l 4 5 R 450 53 44
24 PFOS Ml PFOA B B K R Ja , e A3 # AN &
KA AR AR SE KT PROA R [ AH 9 5 64 W% Fff
JIAR S 1 PFOS fBL-F- X [ AH 4 5 19 W B o AR A
B0 LT e T AT B BT O 4 BROK A 2R
(7R B4 B 45 s ) Y PRCs HEOME B R T 3
AMBERTHE 7" DPFOS Fl PFOA 14 9 58 4 {4 5F 1
oWt R RSP ER QBN S &t W ik
FHAL R RS O ENA S IR Y B @
FEEEA Y B B L L, X 3 M BRR AT IR T,
JT A MHE T VR 310 3R 3 0 A A6 3 R R T BE S Y
PFCs 451 25 5 T 2w A3 it Bl IA ok & AT HE i it
N B ] 2R

BT LA B, T AR I 9 R 507 K A b S B
JIr W ) PFOS B PFOA ¥ J Sk A 30t Bt —fk 2% 4
Jii i(i 4 PFOS B PFOA %% PFCs) £ 1% 1] i b 25 A
(x, y) WO HE & E (kg/a). A8 05 ¥ WA =
(1)

E(x,y) = Q(x,y)c,(x,y) (1)

o E (w,y) R G HEBCGE 5 Q (x,y) FoR I i
T (m') e, (x,y) FomiG Y bR (ng/L) .
1.2 PR AL v i 2R PFCs HEBGHE 545 5

A (1) ATAL, PRCs HEBU 5 32 22 4R 88 T 3]
DA o BT i K AR v s Y ) 1) R L IR i Vg L
Wi B PFCs 29k B 22 LA Kyl it o A
M1,

TE M RA Rk b PFCs EHiRE

Table 1  River run-off and PFCs concentrations in surface water of rivers in the coastal areas of NBS

- PFOS PFOA PFHpA PFNA PFDA PFPeA AR x 108
/ng-L7" /ng-L~! /ng-L7! /ng-L~! /ng-L~! /ng-L7! /m?
KPE] 9.20 6.61 0. 90 8. 02 10. 4 <2.0 31.0
(LTS SR 4.10 0.71 0.54 <2.0 1.33 <2.0 29.2
ERIRTI <0.2 <1.0 1. 80 <2.0 <0.2 <2.0 2.37
EE AT <0.2 <1.0 2.24 <2.0 <0.2 2.28 6.14
Z3a) <0.2 5.52 1.62 <2.0 <0.2 <2.0 13.1
H I <0.2 2.42 1.26 <2.0 <0.2 <2.0 0.07
WAL <0.2 2.88 1.12 <2.0 <0.2 <2.0 0.08
0] 0.96 2.39 1.65 <2.0 <0.2 <2.0 29.0
ay; a0 <0.2 <1.0 <1.0 <2.0 <0.2 <2.0 6.02
FNLRT) 3.70 9.05 <1.0 <2.0 <0.2 <2.0 0.20
pN 30 1.51 74.0 12.9 <2.0 0.16 <2.0 19.6
KL ] 16.2 7.15 6.15 <2.0 2.85 1.70 46. 6
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(1) WD Al B B i AL AR U i A
M PRCs HERGH & (W3R 2). H 3R 2 W, R i)
Vg b W T 2 O W PFOS AL HE CE =R
121.8 kg/a, PFOA &L HE il 38 & & 215.5 kg/a,
PFHpA & HEHE 54 67. 08 kg/a, PFNA i HE i 8
B h 24. 86 kg/a, PFDA i HEHCHE & K 49. 72 kg/a,
PFPeA SHEE 54 9. 32 keg/a.

R TR b DX 2 AT PRC HE IR 2 A
15 O K FLXT L PFCs HE B i 19 53 KR, 20 0 T AN [
T PFC ) 5t HE ik A 3% R R (1 1)

SRS W2 8 i o 2 3 AN R AL
ANIF PFC By 3 & RF1E B A AR 2 A L PE. 78 PFOS |

KiL#
61.98%

(a) PFOS

Vay, &)

0%

g HRA
on 0%

229% 0%

BEF 0.06%

0% KB

I 243%

% i g s

0% 9.83% KFET

23.41%

(c) PFHpA KA
42.73%

pNCET)

4.15%
AR P WL
OEA, FEFA H T ) 050 2.35%
0.01%
0%  0.01%
| BEM S

7.14% 3.16% 0.64%

F2 WPBLHBEEETR PFCs HiEE" /kg-a™'

Table 2 PFCs mass discharge from rivers in

the coastal areas of NBS/kg+a '

R PFOS  PFOA  PFHpA PFNA  PFDA PFPeA
KEEm 28,5 20.5 2.78 24.9 32.2 —
MLEIT 12,0 2.07 1.58 — 3.88 —
gmm — — 0.43 — — —
B — — 1.38 — — 1. 40
72 0) — 7.23 212 — — —
AT 0.02  0.01 — — —
X — 0.02  0.01 — — —
ST} 2.79 6.94 4.79 — — —
A — — — — — —
B 0.07 0.18 — — — —
yN 30 2.96 145 25.3 — 0.31 —
KiLw o 75.5 33.3 28.7 — 13.3 7.92
Hem i 122 216 67.1 24.9 49.7 9.32

1) —F R THEK, T IF

(b) PFOA
KW
67.4%

KL
15.46%
K
HRW LEN g BT 9.51%
0.01% 0.08% 3.22% 3.35% S
ANB BRI g WL 0%
0% 0% 0.01% 0.96%
KL
(d) PEPeA 84.98%
KA
0%
0%
A TS4IT

KB
0% 0% FOEW
MR 0%
0%

15.02% 0%

E1 #HEBLHEEREFARAARELALESWHMEL

Fig.1 Comparison of PFCs mass discharge from different rivers in the coastal areas of NBS

PFOA .PFHpA LA} PFPeA i & i, K 3L 1] 44 HE ik
HEZX W AHREP S AEBRRLE; 4, K
PR R BT DL B 553 T A AR K £ 8k PRC 13T i
Hemc b 5 A — % . st PFOS T &, IR Al 8 1y
KALHECR N 75. 5 kg/a, 29 & 3% X 00 i PFOS

SHE Y 62% |, L e K HAR O KV PFOS
HER s 28.5 kg/a, 29 4 % X B PFOS & 4
FCE Y 23% PS4 VT PFOS HE B & 29 1 3% X 3830 I
PFOS B HEMCE (9 10% |, 1M He A% 45300 9 B o5 e 491 IR
WN IR T Z AT 5t PFOA T &, Fr Ak 31 K
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] HE R N 145 kg/a, 249 5 AN X B T T O
PFOA SVHERCHE 9 67 % , HE B B o5 b 5 & K
PR KL FR PR, 3 A 15% F 9% . ik
PFHpA T &, R IL ] AR BT 1 oy A7 55 s L L, 70
) 5 3% X B PFHpA BHERCE 19 43% F138%
AL RE TN ST IS CIIN LT SAN BN R RGN ]
BNHLEE . PENA AXAE R 7 A 50 09 HE & HiE
ARG AAE A 24. 9 kg/a, AT R AR T HER. K
P PEDA B HERC R A 32. 2 kg/a, /&% X I8 PFDA
HERC A 32 W, HR O R IZ ), PFDA HE L & 0

13.3 kg/a. PFPeA X 7E KL ] #1283 ) A 48 7 HE
W, HEA BT K AR R PRPeA ¥ J8 A T 46 0 B, 24
NGRS
1.3 R EFE W PFOS A PROA HEHCHE & 55
WAE 1.1 3 (1) BT R i HE R TS
2, 456 A 3 2R K PFOS Al PFOA ¥k B 7K
SBR[ B 43 3 B Y PROS Al PFOA
He i & HEAT T R0 A6 Ak SR 45 W K AR PFOS A
PFOA & & 24V ¥ 42 i & DL K HE Bl 50T 55 45
R 3.

£3 HEARERZRE.PFOS 7 PFOA iRERTRHIHEE"

Table 3 River run-off, concentrations of PFOS and PFOA in river water and mass discharge of PFOS and PFOA in main rivers in China

oy PFOS PFOA R < 10° PFOS i PFOA i it
/ng-L7" /ng-L7~" /m? /kgea™! /kg-a™!
KT 0.84 40.8 9.61 x10° 807 3.92 x10*
BRVL I L 13.3 5.11 3.36 x 10° 4.47 x10° 1.72 x 103
FAAETL 2.37 0.32 7.98 x 10° 189 25.5
BT 20.5 1.59 x10° 1.01 x 10> [ 206 1. 60 x 10*
VR IT (RN Ok BH B ) 9.40 n.a 31.412! 29.5 —
W (PR B 1.68 n.a 5.60 x 10° 94.0 —

1)n.a FoR AR, TR

1% 3 WL AE T &, BRI SR R B B A
W PFOS B8 8, K VT B A 3 K AR 12 3
s T E PROS HEBL Y 32 2R3, PFOS HEBGE
BN 4.47 x 10 kg/aFl 807 kg/a. 75 4h, KL K B
PR NI Es s o AN S NG R S =i iy
) PFOA % B4, 1k v B PFOA HE ikt /9 32 23 9t
PFOA HE i & 43 )4 3. 92 x 10" kg/afil 1. 60 x 10°*
kg/a.

2 HHiEKAIET PFOS 1 PFOA HEffE &

2.1 BRTV5KALER Y5 K PFCs HERL
P 438, B AT E K 2 BOK A B i YR BB

Bris ok o B A A B DL B HE Al g — 26 Ak 2
Iy A R E N TS K Ak BT Y5 K PRCs BIBFSE H
R4/ |k 28 5 45 T R o R B Y5 K AR B T K
PFCs FHE FEHEAT T I 5E , 45 SR Wos KEig K HiK
HETE R 10 PFCs 5% B3 5 Zhao 25 7% X 1 B 35 7K
ARFR T H K PRCs B9 A2 45 SRl R — 5
PFCs 17 F15 /K AL H1 ) K . 36 F B A = IR T 75
JKARFR)T PFCs BF 58 5045 (9 A BR 1 , 3¢ A X b
R e 1 I T 95 K A B S K HE TR B N\ H
PEATAG . DASK %8 B2 T 0 Zhao 451 B 5T 45 R
A3 AR 2 K HE T AN b 5T 5 K AR B HS K ST H ik
B HREE A 2 AR 75 K 2 PR AR BRGSO, Al

BTG K AL BT PRCs AR HE B & B N34 HE ik i
Horpi5 K Ab 38T PRCs AR HE R W AE B Tk & %
Becker %“O%1@%E@i+ﬁi}it,%é§ﬂ${ﬁi§ﬁ%ﬁ
fifg, WX (2) .
Mla = (¢, x F) x 107° (2)
A Mla EZRV5 KA EE ) PRCs 4FHEGE (kg/a) 5
¢, FRTG K AL BT H K B PRCs (1) 520 SF 35k )
(ng/L) s F Fomim /KA EL ) i 415 KA B (T 1)
FRHEEAAL ZTH T 7220 35 K AR b B O L
K5 KA BE )T H K 4% PRC S 3 e i T L3 4
W5 KA T PFCs HE B L B N B HE e 1A 45
RUWFES.
M5 AL, RIS KA BE T I57K Hh 45 PFC 1Y
HE 5 34 v T G T T K Ak BT HE R AR A AR
BRSBTS K A B )Y
KA RN 1.7% , 1 b 5 5 3R 175 K 354
FIFHE R 12.5% i TR B, 15 KA T PFC
) HE R PT B S V5 K BHAE R SA G S5 40 i T 1
AL % K PFOS FT PFOA 1Y £ 1 25 B & & T 46 3% Al
Bl A IR, T SR L K 5 K Ak B TR
Ab 3 7K Tl 5 7K R AR T T K BT o L A A 2 5
15 KALBR T 5 7K e PFCs HE il &2 19 — 4> 1T B R A
XF H A B AN [\ PRC HE L &t AT 40, R A e iis
JKALFRT™ PROA 1 HE 5034 76 3 7 V5 /K AL B PFCs
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AR EHERCE B RO R, R T A E T S K Ak
15 K H PFOA B9 4 HE & 43 51 0 80. 3 kg Al
0.66 kg, HA R 5 /KA BT 57K f PFOA 1) HE
iR 249 Ay A T G K AL BT HE R A 122 £, 8k
PFOS By HERC I 5, bt i V5 /K b B35 7K b PFOS
AR HE R R 0. 49 kg, T R EETT 5 K AL BT V5 7K
PFOS F4EHEL £ 4 3. 58 kg, 24 Ky b 50 7 75 7K Ab 33
]~ PFOS FHER i1 7 £

x4 WHBKLEHAKFERALEWIRE /ng-L7!
Table 4  Concentrations of PFCs in effluent from

wastewater treatment plants/ng+L ™"

i H Kt db s
A x10* 1.23 x10° 1.76 x 10°
TG KAL TR /T 3.93 x 10* 9.49 x 10*
PFOS 9.10 4.09
PFOA 204 5.51
PFNA 1.25 0.88
PFPeA 21.0 n.a
PFBA 29.7 n.a
PFBS 154 n.a
PFHxA 11.1 n.a
PFHpA 11.4 n.a
PFDA 1.25 n.a
PFDoA 1.01 n. a

x5 WHEKLIESKF PFCs Hii"

Table 5 PFCs discharge in effluent from wastewater treatment plant

BT PFCs HE Ui /kg-a ™' ASHE R/ g (as N) 7!

i H

R dt s PN e
PFOS 3.58 0.49 291 221
PFOA 80.3 0. 66 6.54 x10° 298
PFNA 0. 49 0.10 40.0 47.4
PFPeA 8.24 0.20 671 89.7
PFBA 11.7 — 952
PFBS 60. 8 — 4.95 x10?
PFHxA 4.38 — 357
PFHpA 4. 49 — 365
PFDA 0.49 — 40.0
PFDoA 0. 40 — 32.3

1) —Fm AR AH

PAEH (R 5), REEM IS KAL BT PFOS A%
He e # 4 291 peg-(a-AN)7', 41 A 0.80
pes (d- A) b st i Ts KA PFOS AR HE i B
221 pg-(a- AN) 7R 0.61 g (d- A) LRI

b [ 595 7K Ak 3T 95 K 19 N ¥ PROS HE it & A H
B, RHET AL 5T I5 K AR BT Y5 K 9 N PFOS
HEBC B 25 A% T o+ 7 A im KA BT N
PFOS HEAL [ 57 we- (d- A) '], WALFEE 10 4~
5K kb BT OB PROS N g HE i B[ 42
pge (d-A) 7'

2.2 BETVSKALER TG MRS IR ) PFCs HEK

P 238, T K 2 H05 KA B 1S g
A —E RN PFCs, H PFOS 1 PFOA 1% 15 I
W EAEAERY 2 Fp PFC' X 55 K AR BE T H K
PFCs 11 5% B 6 Jo AH — 3. v =95 7K b B 36 M5 1
i PFCs WM ETEREI M 1 ~700 ng/g, & TR E, HAab
T AL 5 K 6975 K A BE T35 435 e b PFCs 1Y 7 &
B T ARG TG K AL BT 0E MRS Y f PRCs B
T

FR 4R rb [ 5 43 3k T Y5 K A B S R P
PFCs 5% B BUIR T, O 45 & v [ 4% B 050 3k it 35 7K 4b
HHSC R AR A B A T IS K AR B TG S U
o PFCs MHE . 153 2o 78 v B 5 4% 3l Tl ¥ K A
PR A G U 4 0 4 HE R, LA 28 T i s 7 B
FEFIHL. 1598 PFCs HERCRH AR I (3) 7,

E(S) =¢c, xM, (3)
K E(S) BTG AKT 15 PRC HER i e, NGRS
Jerh PRC B9S2 BE s M Sl y5 /K ) 5 Y 4 77 A
39TV K A 3T TS U A A S PRCs i
W2 6P i V5 Je R PRCs HE MR (9 73 7] 43 A1
UL 2 I 3.

AT 5 U Y PFCs HE R (25 8] 40 i ok
BT B TNk BE R AN A T 8 A 3R IR T S
KA H )G PSP PFOS A PROA (1) HE il 12 AH XF
B (E2) AT PRCs HEBURE IR Tk & ik
PR ] e B — o B OCERME. 3 4h 3X 5 A3kt 14 4k
FEHFAA WAL AT REFHE D, X
o A RE S 3k T IS K AR BE TG % 5 98 B PFOS Al
PFOA HEBC i A X 3 i 0 — AN B AL 0T, g )
T BHFIATT N 33X 5 AN 300 T 35 7K A 38 )3 S T
AP (D) PFCs) 1 HE R i AR X 48
(K 3),1x 5 PFOS Ml PFOA J2 5 Jg 7P fix 325 i PFCs
A 6. [ b AR B A b PRCs 5887 Y MRS,
T 5 K AR BT RS U h PFCs HE L 55 = 0l
W25 A F i B Y B OR AR BBV I X, (R
PFCs AHICW AL 7= ) R 28 ] o3 A B 5 AL, i it
HE W7 [ PFCs AH G 09 A= 77 1] 2 SR 45 PFCs
HERC) BRI
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Table 6  Discharge of sewage sludge and concentrations of PFCs in sewage sludge from wastewater treatment plant

- mRTF AR PFOS PFOA PFHxS PFHpA PFNA PFDA PFUnDA  PFDoDA PFTA
Jtea! / ngg”! / ngrg ! / ngg™! / ng-g™! / ngrg ! / ngg! / ng-g™! / ngrg ! / ngrg !
B 107 629 358 33.6 0.08 1.48 43.6 51.9 102 7.28 0.28
T 278 310 66.5 36.3 2.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
il 159 096 0. 00 31.9 0.13 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
KIF 9 805 34.6 0.22 0.78 0. 00 0. 00 0.96 0. 00 0. 00 0. 00
I 157 654 37.5 28.7 0.06 0. 00 0.22 0. 30 0. 00 0.00 0.00
7% 202 105 27.9 1.16 0.20 0. 00 0. 00 1.29 0. 85 0.73 0. 00
PN 213 081 16.2 0.4 0. 00 0. 00 0. 48 1.01 0.99 1.28 0. 00
i U 15900 26.2 1.01 0.30 0. 00 0.91 15.6 2.99 4.27 0. 00
B 495 008 25.4 0. 00 0.00 0. 00 0.00 0.00 0.84 0. 00 0. 00
A 105 320 17.8 3.34 0. 00 0. 00 0.13 2.05 1.30 0. 00 0. 00
e 15 504 20. 4 0. 00 0.32 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
I IR 108 256 21.4 4.26 0. 04 0. 00 0. 00 1.37 1.36 0. 64 0. 00
T 36 982 22.9 0.79 0.18 0. 00 0.88 1.76 2.88 0. 00 0. 00
HE 158 700 12.8 0. 00 0. 05 0. 00 0.03 0.01 0.00 0. 00 0. 00
BN 16 386 15.2 2.00 0.30 0. 00 0. 00 0. 00 1.43 0. 00 0. 00
@RS 62 478 10.3 81.8 0. 06 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Kb 29211 11.8 0. 14 0.79 0. 00 0.00 0.96 1.21 0. 00 0. 00
HIE 38 624 7.61 0.17 0.03 0. 00 0.32 4.81 5.70 2.18 0. 00
i 1278 415 15.3 5.63 0.25 0. 00 0. 00 0.53 3.62 0.00 0.00
H N 149 374 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0. 00 0. 00
0 13 627 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
AR 5687 47.9 132 0. 00 0.11 0. 00 0. 00 0. 00 0. 00 0. 00
A
5 EARF
] .
1
P 1 :
HWHIE I

‘ 19 kg/a

2 HERSBETHISKLE SRS PFOS #1 PFOA Hi 2

Fig.2 PFOS and PFOA discharge of sewage sludge from wastewater treatment plant in China
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