32 4 Vol.32 No.4

20114 ENVIRONMENTAL SCIENCE Apr. 2011
12 1 1* 1 123
(1. 100085 ; 2. 100049 ;
030024)
(PFCs) PFCs
PFCs
(PFOS) (PFOA) 122 kg/a 216 kg/a PFOS  PFOA
. PFOS PFOS 4.47 x10°kg/a 807 kg/a.
PFOA PFOA 3.92 x10%kg/a  1.60 x 10*kg/a. PFOS
291 uge(as )" 221 pge(as ) 7! PFOS . PFCs
PFCs
PFCs
1X820. 4 A :0250-3301(2011)044073-68

Estimation of Perfluorinated Compounds Emissions from Major Rivers and

Wastewater Treatment Plants in China
CHEN Chundi' > WANG Tieyu' LU Yongdong' 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 221pg/(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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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 x10*
/ngeL~! /ngeL " /ngeL " /ngeL~! /ngeL " /ngeL~! /o’
9.20 6.61 0.90 8. 02 10. 4 <2.0 31.0
4. 10 0.71 0. 54 <2.0 1.33 <2.0 29.2
<0.2 <1.0 1. 80 <2.0 <0.2 <2.0 2.37
<0.2 <1.0 2.24 <2.0 <0.2 2.28 6. 14
<0.2 5.52 1.62 <2.0 <0.2 <2.0 13.1
<0.2 2.42 1.26 <2.0 <0.2 <2.0 0.07
<0.2 2.88 1.12 <2.0 <0.2 <2.0 0.08
0.96 2.39 1.65 <2.0 <0.2 <2.0 29.0
<0.2 <1.0 <1.0 <2.0 <0.2 <2.0 6.02
3.70 9.05 <1.0 <2.0 <0.2 <2.0 0.20
1.51 74.0 12.9 <2.0 0.16 <2.0 19.6
16.2 7.15 6. 15 <2.0 2.85 1.70 46. 6
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PFCs PFC Table 2 PFCs mass discharge from rivers in
PFC the coastal areas of NBS/kgea ™!
%) PFOS  PFOA  PFHpA PFNA  PFDA  PFPeA
28.5  20.5 278 249  32.2 —
PFCs ( 2). 2 12.0 2.07 1.58 — 3.88 —
121.8 kg/a PFOA 215.5 kg/a - - 138  — - 1.40
PFHpA 67.08 kg/a PFNA ks T -
24.86 kg/a PFDA 49.72 kgla _ 002 o001  —  — _
PFPeA 9.32 kg/a. 2,79 6.94 479  — — —
PFC - B - B o -
0.07 0.18 — — — —
PFCs 2.96 145 25.3 — 0.31 —
PFC 1. 75.5 333 28.7  — 13.3 7.92
1 122 216 67.1 24.9  49.7 9.32
PFC PFOS. D7

PFOA .PFHpA

1

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

PFPeA 62% : PFOS
: 28.5 kg/a PFOS
PFC 23% PFOS
PFOS PFOS 10%
75.5 kg/a PFOS . PFOA



1076 32
145 kg/a 13.3 kg/a. PFPeA
PFOA 67% ; PFPeA
15% 9% .
PFHpA 1.3 PFOS  PFOA
PFHpA 43%  38% 1.1 (1)
N N N PFOS PFOA
. PFNA “ PFOS  PFOA
24.9 kg/a . PFOS
PFDA 32.2 kg/a PFDA PFOA N
PFDA 3.
3 .PFOS PFOA b
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
PFOS PFOA x 10° PFOS PFOA
/ngeL.~! /ngeL~! /m? /kgea™! /kgea ™!
0. 84 40.8 9.61 x 10° 807 3.92 x 10*
13.3 5.11 3.36 x10° 4.47 x10° 1.72 x10°
2.37 0.32 7.98 x 10? 189 25.5
20.5 1.59 x 10° 1.01 x 10 206 1.60 x 10*
( ) 9.40 n.a 31.4 % 29.5 —
( ) 1.68 n. a 5.60 x 10’ 94.0 —
Dn.a
3 PFCs
PFOS PFCs
PFOS PFOS Becker 10
4.47 x10°kg/a 807 kg/a. 2):
Mla = (¢, x F) x 107 )
PFOA PFOA Mla PFCs (kg/a);
PFOA 3.92 x10*kg/a  1.60 x 10* c, PFCs
kg/a. (ng/L); F ( v.
29 30 30
2 PFOS PFOA ’ s
PFC 4
2.1 PFCs PFCs
5.
5 PFC
z PFCs
27 31
PFCs 1. 7%
PFCs ; Zhao * 12. 5% PFC
PFCs
PFCs PFOS  PFOA
PFCs o
7 Zhao * PFCs
PFC
2 PFOA PFCs
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PFOA 80.3 kg PFOS
0. 66 kg PFOA 7 "
122 . PFOS 57 pge(de ) ! 10
PFOS PFOS = PFOS 42
0.49 kg pee(de ) 7!
PFOS 3.58 kg 2. 2 PFCs
PFOS 7
PFCs PFOS PFOA
4 /nge1.”! ) PFC 33
Table 4 Concentrations of PFCs in effluent from
. PFCs
wastewater treatment plants/ng*L
PFCs 1 ~700 ng/g
x 10* 1.23 x 10° 1.76 x 10° PFCs
/ot 3.93 x 10°* 9.49 x 10°* PFCs
33
PFOS 9.10 4.09
PFOA 204 5.51
PFCs .
PFNA 1.25 0. 88 "
PFPeA 21.0 n.a
PFCs
PFBA 29.7 n.a
PFBS 154 n.a
PFCs G3) " :
PFHxA 11.1 n.a
E(S) = c. x M. )
PFHpA 11.4 n.a
E(S) PFC e,
PFDA 1.25 n.a
PFC M.
PFDoA 1.01 n.a
PFCs
5 PFCs R e PFCs
Table 5 PFCs discharge in effluent from wastewater treatment plant 3.
PFCs /kgea ™! /g (as ) ! PFCs
PFOS 3.58 0.49 291 221 ’ ’ '
PFOS PFOA
PFOA 80.3 0. 66 6.54 x10° 298
« 2) PFCs
PFNA 0. 49 0. 10 40.0 47.4 5
PFPeA 8.24 0.20 671 89.7
PFBA 11.7 — 952
PFOS
PFBS 60. 8 — 4.95 x10°
PFOA N N
PFHxA 4.38 — 357 5
PFHpA 4.49 — 365 ’
PFDA 0. 49 — 40.0 (E PFCS)
PFDoA 0. 40 _ 1.3 « 3 PFOS PFOA PFCs
PFCs “
1)—
PFCs
C 5 PFOS
291 pge(as ) 0.80  PFCs
pee(de ) PFOS PFCs PFCs
221 pge(as ) ! 0.61 pge(d> )"
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6
Table 6  Discharge of sewage sludge and concentrations of PFCs in sewage sludge from wastewater treatment plant

PFOS PFOA PFHxS PFHpA PFNA PFDA PFUnDA PFDoDA PFTA

/tea™! / ngeg ™! / ngeg™! / ngeg™! / ngeg ™! / ngeg™! / ngeg™! / ngeg ™! / ngeg™! / ngeg”
107 629 358 33.6 0.08 1.48 43.6 51.9 102 7.28 0.28
278 310 66.5 36.3 2.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
159 096 0. 00 31.9 0.13 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
9 805 34.6 0.22 0.78 0. 00 0. 00 0.96 0. 00 0.00 0.00
157 654 37.5 28.7 0. 06 0. 00 0.22 0.30 0. 00 0. 00 0.00
202 105 27.9 1. 16 0.20 0. 00 0.00 1.29 0.85 0.73 0. 00
213 081 16.2 0.4 0.00 0. 00 0.48 1.01 0.99 1.28 0.00
15900 26.2 1.01 0.30 0. 00 0.91 15.6 2.99 4.27 0. 00
495 008 25.4 0. 00 0. 00 0. 00 0. 00 0.00 0. 84 0. 00 0. 00
105 320 17.8 3.34 0. 00 0. 00 0.13 2.05 1.30 0. 00 0.00
15 504 20. 4 0.00 0.32 0. 00 0.00 0. 00 0.00 0. 00 0. 00
108 256 21.4 4.26 0.04 0. 00 0.00 1.37 1.36 0. 64 0. 00
36982 22.9 0.79 0.18 0. 00 0. 88 1.76 2.88 0. 00 0.00
158 700 12.8 0. 00 0.05 0. 00 0.03 0.01 0. 00 0. 00 0. 00
16 386 15.2 2.00 0.30 0. 00 0. 00 0. 00 1.43 0. 00 0. 00
62478 10.3 81.8 0. 06 0. 00 0.00 0.00 0.00 0.00 0.00
29 211 11.8 0.14 0.79 0. 00 0. 00 0.96 1.21 0. 00 0. 00
38 624 7.61 17 0.03 0. 00 0.32 4.81 5.70 2.18 0. 00
1278 415 15.3 5.63 0.25 0. 00 0.00 0.53 3.62 0. 00 0. 00
149 374 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
13 627 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
5687 47.9 132 0.00 0.11 0. 00 0. 00 0.00 0. 00 0. 00

2 PFOS PFOA

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



4 . 1079

3 >, PFCs

Fig. 3 E PFCs discharge of sewage sludge from wastewater treatment plant in China
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