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Abstract: To study the removal efficiency and environmental behavior of perfluorinated compounds in wastewater treatment plants ( WWTPs)  the
existence and distribution of perfluorinated sulfonic acids and perfluorinated acids in the influent and effluent of two WWTPs in a city of Northern China
were investigated. Moreover changes of PFOS and PFOA concentration in different treatment units of a WWTP  which employs an aeration-A%O treatment
method  were also analyzed. A relatively low degree of perfluorinated compound pollution was found with PFOA  PFOS and PFDA being the dominant
components. The aeration process could contribute to the elimination of perfluorinated compounds while little elimination effect occurred in anaerobic or
aerobic tanks. Returned sludge might release part of perfluorinated compounds back into the water phase in the aerobic tank. Concentrations of PFOS and
PFOA increased after a UV disinfection process which indicated a potential transformation from the precursors into perfluorinated compounds induced by
photo-exidation reactions.
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7 POPs 2 ( Al
PFCs B)
( Young et al. 2007; Memurdo et al.
2008) A
. 5 PFOS  PFOA
PFCs PFOS
42 ~ 635 ng*L.™' PFHpA 4.7 ~32.0 o

ng*L.”" PFOA 18 ~ 25 ngeL ™' ( Murakami .
2 ( Materials and methods)

et al. 2008) .
2.1

PFOA( <0.34 ~4.32 pgL™")

(PFDA) ( <0.5 ~8.2 pg*L™") ( Alzaga et al.
2004) . 6
PFOA

3 ~68 ngeL.”!

58 ~1050 ng*L ™"
PFOS

: Waters 2695 Separations Module

Quattro Micro API
( Waters Corporation Milfor MS USA) Oasis WAX
SPE (6 mL /150 mg Waters Corporation Milfor
MS USA) Envi carbon ( JT Baker ).

( perfluorobutane sulfonate

PFBS 98%) . ( perfluorohexane
sulfonate PFHxS 98% )
( perfluorooctane sulfonates PFOS 99%)

( Sinclair et al.  2006) . Sigma-Aldrich Chemical( St Louis MO USA) ;
N ® C,PFOS ( sodium perfluorod—1 2 3
. N N 4C, octanesulfonate " C,PFOS > 98%)
PFCs Wellington Laboratories Guelph Ontario Canada;
( Schultz et al. 2006) . 2.2
2
( Ma et al. 2010; Lin A 5 t
et al. 2010) .
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Fig.1  Flow chart and sampling locations of the wastewater treatment plant A
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;
8 t Milfor MS USA). a 2.5 mmol*L ™"
12 h b 2.5 mmoleL™'
(ESIY .
A B ( 2009) .
- L i 3 ( Results)
24 h (3000 remin~" 10 min)
(0.45 pm ) 3.1 PFCs
( 2000) . 2
HPLC-MS/MS PFCs 3 ( PFOA. PFDA . PFDoDA) 2
( PFOS.PFBS)  PFCs
N PFCs 3.92
HPLC-MS/MS 0.62 ng*L™'(  2) PFOA.PFDA  PFDoDA
( 2010) . 2.47.1.15  0.30 ngeL"'
PFOS  PFBS 0.57 0.05
(A5.A B ) ng'L”'( 2). B
PFCs 4.90 2.53ng°L7'(
1 2) PFOA.PFDA  PFDoDA
Table 1 ~Water sampling design in the two wastewater treatment plants 3.30.1.32  0.28 ng*L.”' PFOS  PFBS
/mL 1.72 0.81 ng*L™'( 2).
A 2 Oh 1h 1000 PFOA PFDA PFCs
Al 2 0.5h 1.5h 1000 PFOS B
A2 2 1.5h 2.5h 1000 6
A3 2 3.5h 4.5h 1000 ~ sl R Ebﬁ@%_
A4 2 7.5h 8.5h 1000 g AL
AS 2 §h 9h 1000 = |
A 2 §h 9h 1000 = }
3 Oh 1h 2h 900 3 g
3 12h 13h 14 h 900 b ﬂ
2 T am %ﬁlﬁ B Bm
23 _ 2 A B PFCs

X-Terra MS C18
(150mm x 2. 1 mm 5 pm Waters Corpotation

Fig.2 Concentrations of PFCs in the influent and effluent of

wastewater treatment plants A and B

2 PFCs
Table 2 Concentrations of typical PFCs in the influent and effluent of wastewater treatment plants A and B ngel.~!
PFOA PFDA PFDoDA PFBS PFOS
A 2.47+0.28 1.15+0.12 0.30£0.13 0.05+0.28 0.57 +0.38
A 0.87 +0.18 0.79 £0.03 0.08 £0.04 <LOD 0.18 £0.02
B 3.30 £0.57 1.32£0.10 0.28 £0.22 0.81 +£0.50 1.72 £0.77
B 2.24 £0.42 0.92 +0.04 <LOD 0.19+0.18 1.28 £0.04

: <LOD
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A0 A PFCs PFOA
A PFOS PFOA( 4).
1% PFOS 0. 18 PFOS  PFOA 8. 70
ng*L.”" PFBS ( <LOD); A 5.75 ng*g~'.
3 PFCs 55% 3.53 ngeg”' (PFOS) 2.61 ngeg™
PFOA.PFDA  PFDoDA ( PFOA) . (A2)
0.87.0.79 0.08 ng*L™'( 2). PFOS (22.59 ngeg™") PFOA
B PFCs 5.61 ngeg'.
2% 35%. PFOS  PFOA
3.2 PFOS PFOA A PFOS 6~7ngeg”  PFOA
2~3 ngeg”'.
A PFOS  PFOA .
PFOA = PFOS
PFOS 7:1)20 - O PFOA
(3). - Sl
PFOS  PFOA &
PFOA 2.47 ngeL” 1.08 % 10r
ngeL.”'  PFOS 0.57 ngeL~' 0.17 Tl §_‘
ng*L~". PFOA  PFOS §T
((A3) °A5g'§1—|' Y R v
PFOA 2.14 ng*L.”'  PFOS
1.20 ngeL~". ( A4) PFOA 4 A PFOS  PFOA
PFOS 0.57 0.80 ‘ , , _
Fig. 4 Concentration of PFOS and PFOA in suspended particle
ng‘L o PFOS matters in different wastewaler treatment units of plant A
PFOA
PFOS 4 ( Discussion)
0.87 0.18 ng*L™".
Tor 2 A.B
o SR PFCs 4.5 ngeL.”
5 PFCs 0.6.2.5 ng*L™".
S 207 Bossi  (2008) PFCs
® 151
= i ! PFCs 15.0 ~19.7
i 1.0 s . .
osk §§ i ngeL”' PFCs 3.4 ~11.5 ng°L".
. §“ N PFCs
A Al A2 A3 AL A5 A PFOS 25 ~85
R ng-L."' PFOA 4.1 ~40.0 ng*L"'( Becker
3 A PFOS PFOA et al. 2008) .
PFCs
Fig. 3 Dissolved concentmtion-uf I"F()S and PFOA in different 21.5 ~25.8 ng'L_l 27 ~100.9 ng'L_l ( Guo
wastewater treatment units of plant A
et al. 2010) .
3.3 PFOS PFOA A PFCs 2
PFCs : 2

A PFOS B
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PFCs
A Yu (2009)
2 PFCs

PFOS PFOA A

2
PFOS  PFOA
PFOS
PFOA ;
PFOS  PFOA
PFOS  PFOA
2 ;
PFCs
PFOA  PFOS
PFOS
3.2 ~13.3 ng*L™"
74 ngekg ' ( Bossi et al. 2008) .
PFOS

PFOS

PFOA
PFOA

PFOS

PFOA  PFOS

PFOA
2006) .

PFOS
( Wallington et al.

5 ( Conclusions)

1) 2

2 3.9 ~
4.9 0.6~2.5ngL"'

2) PFOS  PFOA
A0
A
PFOA PFOS

65% 68%.

PFOS
0.57 ng*LL™"  8.70 ng*g™'
PFOS

1.20 ngeL.™"  22.59 ngeg™";
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