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Status of PFASs in rural sewage from the Taihu Basin in southern Jiangsu

and their removal efficiency in decentralized treatment facilities
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Abstract: In this study, six decentralized rural sewage treatment facilities in Luoyang Town, Wujin

District, Changzhou City were used as the research objects. The total inlet water, total outflow water and
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wetland soils from six dispersed rural sewage treatment facilities were sampled. And the mass
concentrations of 11 PFCAs (perfluorohydroxyl acid substances, C,-C,;), 4 PFSAs (perfluorosulfonic acid
substances, C,» Cs» Cg» and Cyo) s MeFOSA (n-methyl perfluorooctyl sulfonamide), EtFOSA (n-ethyl
MeFOSE ( n-methyl sulfonamide ) and other PFOS

(perfluorooctane sulfonic acid) precursors were detected in these samples. The results showed that the

perfluorooctyl sulfonamide ), perfluorooctyl
detection rates of 6 PFCAs and 3 PFSAs in the influent water of 6 sewage treatment facilities were over
83.33%. In PFSAs. PFOS (perfluorooctane sulfonic acid) had the highest concentration. and the
concentration range was from N. D. to 79. 89 ng/L. In PFCAs, PFOA (perfluorooctanoic acid) had the
highest concentration, and the concentration range was from 3. 87 to 8. 60 ng/L. The concentration
characteristics of perfluorinated and polyfluorinated compounds (PFASs) in three different wastewater
collection methods was: rainwater and sewage confluence and enterprise drainage > rain and sewage
diversion => rainwater and sewage confluence. In the process of A/O contact oxidation and the multistage
A/O process, the total concentration of PFASs in the outlet water was higher than that in the inlet water.
So these two processes had no removal effect on PFASs. But A/O-MBR process had good removal effect on
the medium-chain PFASs, and the removal rate was 81. 27%. The removal of PFOS was the most obvious,
the concentration of PFOS decreased from 64. 45 to 15. 41 ng/L, and the removal rate was about 74. 90%.
However, the process had no obvious removal on the short-chain PFASs, Constructed wetlands also had
good removal effect on the medium-chain PFASs. And PFOS in outlet water of wetlands could be reduced
from 15. 41 ng/L to below the detection limit. The short-chain PFASs had low adsorption potential and
hydrophobicity, which made it easier to exist in the liquid phase rather than in the solid phase, so that
several processes have no obvious removal effect on them, even the concentration of effluent water is higher
than that of inflow water.

Keywords: perfluorinated and polyfluorinated compounds (PFASs); rural sewage; contact oxidation;
sewage treatment; membrane bio-reactor(MBR)
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Table 1 Sewage collection method and sewage treatment technology in six villages of Luoyang Town, Changzhou
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HE)(GB 18918—2002) —&¢ A HEUFRME ., PilHiX 6
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Table 2 Operation effect of sewage treatment facilities in six villages of Luoyang Town, Changzhou City

Wit A COD/(mg+ L™1) NH;—N/(mg+ L1 TN/(mg+L 1 TP/(mg+ L 1) pH g/ C
A R 253.33 11.01 21.58 0. 89 6.7 32.9
AR H 40. 00 1.21 2.25 0.19 7.0 32.0
Bt 200. 33 19. 90 23.08 1.85 7.2 31.4
Bk 46. 67 2.38 3. 44 0. 52 7.0 319
C it 236. 67 21.32 26. 98 2.38 7.1 29. 4
C Fh 47. 67 5. 47 6.21 0. 83 7.2 29.6
D # ik 256. 33 24,58 30. 23 1.53 7.3 29.5
D i 43. 67 4.17 5.69 0.53 7.3 29.6
E #fiff 186. 67 16. 78 18. 14 2.29 7.5 29.2
E Fif 26. 67 2. 44 3.53 0. 59 7.7 30.0
F i i 226. 67 13. 88 16. 10 1.77 7.5 30. 6
F R h 46. 67 1.88 1.37 0.29 7.5 29.9
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Fig. 1 Composition of PFCAs(a) and PFSAs(b) in sewage

treatment facilities in 6 villages
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Fig. 2 Characteristics of PFASs concentration in

three sewage collection methods
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X 45L& W 1 A 2 LR &% PFASs b &, J8 5
PFASs it KRB WA . 6 R HETE K
R PR i 3 Kt SPFCAs Fl SPESAs 4% % 78
28. 88~45. 22 ng/L Fl 4. 47~87. 05 ng/L. X 5
HHGEA AN : Bossi 250 BF 5T 26 B, PR32 B 5K
AL HEK H SPFCAs 1 SPFSAs 430 5l 7E 15. 0~
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PLIL T A4 RIS KA EE ) gE K T SPFCAs
SPFSAs 43 5l 7€ 81. 5~135. 9 ng/L Ml 3. 7~4. 6
ng/L Z[0); B & L8, 81 10 IG5 KA

HE/KH SPFASs 7E 19. 1~9 970 ng/L Z[a], ®] L,
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Table 3 Concentration of PFASs in inlet and outlet water and wetland soil of sewage treatment facilities in six villages of Luoyang
(ng+ L")
Wit PFBA  PFPeA PFHxA PFHpA  PFOA PFNA  SPFCAs  PFBS PFHxS  PFOS  SPFSAs
AR 5. 34 1. 65 2.52 2.79 15. 03 1.55 28. 88 2.52 4. 24 64. 45 71.41
AR 0.17 0.16 0. 68 1. 01 0.93 15. 41 16. 34
AFTH 6.38 1.73 2. 87 2.76 13. 86 1.32 28.92 2.54 2.54
B #tit 6.09 2.09 3.15 3.50 23. 84 3.15 41. 82 2.63 6.06 29. 49 38.17
Bt 7.59 4. 20 5.97 6.58 37. 64 3.18 65. 15 6. 88 17. 36 101.89 126,13
C A 8. 60 3.92 6. 34 4. 14 19. 67 2.55 45,22 3.63 11.77 15. 4
C Al 5.61 2.73 4. 30 4. 29 15. 23 2. 47 34. 64 2.45 56. 45 58. 89
D ki 4,32 2. 27 3.48 4. 00 19. 63 3.59 37. 28 1.56 1.07 1. 84 4,47
D A i 5. 65 3.45 4,73 5.55 41. 62 3. 24 64. 24 3.38 27.56 30. 93
E Rtk 4.14 2.03 3.87 3.47 20. 79 2. 36 36. 67 1. 94 5.21 79. 89 87.05
E 1 4.35 2.14 4.05 3.72 19. 45 1. 68 35. 39 0.99 5.32 83. 54 89. 85
F Fif 3. 87 2.06 3.43 4,08 19. 30 2.36 35.10 1.38 2. 94 52. 47 56. 8
F R 0.31 0.31 2.37 30. 66 33.03
F #f 8.01 5.25 7.57 8. 96 65. 03 2.92 97.74 4,02 10. 44 164.03  178.48
3.2 RFFKHH PFASs SRR 15 YL,

SRRSO B gE e B, PFOS 19 32 2 0 Y2 1 B
157K, PFOA W Z M RIET TALEK, 2% T2
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A RT 1 M FRHA 2 PFOS By S5 T5 Gy, 75 0 by f
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VAR Tl K ELHE, KT 15 D) R g 50K 4% 114 4 fie .
Fi BRI — i B s, TR B PR 6 R TS K
PFASs R, 45 R W5k 4 s,

R 4 ki PFASs AR 4FE AL E

Table 4 PFASs component characteristic monomer ratio in water

HAH AR BR CH DR EW F ft
PFOS/PFOA  4.30 1.24 0 0,09 3.84  2.72
PFOA/PFNA  9.67 7.57 7.71 5.46 8.81  8.18

H# 4 ATLUE

DA.B.E.F ¥ 5 /KAt PR i i) PEOS/PFOA
B EAEEB R T 1, BAHHIX 4 A FEEBAEAE PFOS A58

2)6 AR TS K Ab B bR & D fRF4h, PFOA/
PENA 1 FLEARTE 7~ 15 Z 6], WX 5 P H LT
FE TR K HEHE 4

3)6 JEWE Y PFOS/PFOA 1 FLAEHR/N T 15,
FEWIV A T BIR A 1 B4 figf 3K 55 BT A T f) 45 L B AH
EPYE.

46 AT 7K A B it A YA B DX 3k 3 2k
T IR E B9 A 96 5 K BT L, PROS S £ 25 4 97,
E AR = A Tl X, A5 A RR Al e K
JETF TAES AEAE . B R Z MU T2, oA 77 1%
TRANAE 3% 15 K — IF #F At iX 5 iR PFOA/
PENA [ BT 15 21 i 45 S AR PR

5)E A5 7K A PRI T 7 (4 I DR Sk 8 468 DX %
I E AN ISR, HA I K HEA (3L
PFASs i & fe i .

6)D A 15 7K Ak BRI Tt 8 AR T AR A S Tl Fl
DX AL PR A Tl el X ) i ol e AR T 0 e BERE 7 1
IRHEATI S W, BT LAt E 7K Hh PFASs #¢ B2 AH X
AR,
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Fig. 3 Inlet and outlet concentration levels of PFASs in six

village sewage treatment facilities
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YIRE S 71, AT S A i Ak / SO A W / R
N, I 5 Ak A W B L B i PEASs. T2 HBAE R Bk
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T5Y Y, A I VR A 4 e H B AR W R R i
PFASs, X Hi Z /K 5 e 81 73— L .
3.3.2 BM PFASs 9 L racsb oA HE 1.5E
3 A[LAE I Hh 3N PFASs 1Y £ BR8 £ (14 4y
4 PFOS,PFOA, H. PFOS . F PFOA, 7k PFOS
WP 15. 41 ng/L FEZERHRLUT X ol GBI
PFOS 14 [ - ¥ 43 i & %% Ko & T PFOA™Y, ffi 15
PFOS Lt PFOA T2 5 W B3 4= 39 v, i b 4 S50
B9 PFASs H. 5 Fid 4 PFASs H A PFHxS
PFHxA (25 C R K H LV B 5 AR, 1R B2 43 ) A
0.93.0. 17 ng/g. 5% PFASs FUBREE K B8 17 BE -
IKABE R R K, e KBE PFASs B8 B /N, &
BT AR W B SR K . S EE PFASs B 5 17
TET WA A EAE T (175555 PFASs H 7KWk
BEARXS R . FhAE T A B2 AR HA A, W AT DLSE
AR R (4 9k B WOORE S 4 PFASs D 3807 ik
S PR 9. B SCHR G , /N 22 AR 8 AT LI i
PFASs, H W52 PEASs Riess K B ™), 24 +
B PFOS, PFOA ¥R 1. 0~25. 0 mg/kg B,
PFOS.PFOA X 7K A8 K5 A R bk R
Yrar ¥ 6 B B 5 e g PFOS W E T B &
200 mg/ LI}, /INAZ &) 5 Pi S AL B A 3R 46 25 %2 B i
2T PR A R A UL Y R L T DL R A
7E PFASs i &9 8 A AR IEDL . B RS
HAIEIZETT 2 a KL b, R AGIHE AY PFASs %
JEATHREAR , T AR L 10 b 2R G0 7 2 K — B[] Ay %
PFASs 1A —E 1 L BRiE

4 Fit

1)6 Flt PFCAs #1 3 ft PESAs 7 6 MR V57K
ROV K F 5 T PFOS B Ry 83, 33%,
HAK R h 100% . PESAs FRk i f i A 4H 45y
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W B i O 2 5 9 PFOA, e EJE Bl 3. 87 ~
8.6 ng/L. VLW 6 MAIEHEZK Y & 4A PFASs, 1544
Y2 Jy ik PFASs. 3 FASENTS KA T X i
PFASs ¥ BEREAE A RR V5 A 3 B Al HE 7K = R V5 43
H>WiE AT

D LMEEE A/O T AEMEZY A/O T.2IFARRE
ARG 2 75 K B Y PFASs; A/O-MBR T2 %t
PFASs [ L BRRCR B4, R BLAE 4% PFASs ¥k
FEA BT AR, JE LA PFOS 200 0 £, M EE DA 64. 45
ng/L FEH) 15. 41 ng/L, KBRFIKF] 76. 09 %, (HX}
Ji%E PEASs AR LA W A FR . MBR BN 25 5 A
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