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Abstract  Perfluoroalkyl and polyfluoroalkyl substances ( PFASs) exhibit cumulative properties, and their long-term enrichment
effects cannot be ignored. The supernatant from thickening tank plays a crucial role in the tailwater treatment system, and its
responsible recycling is vital for sustainable water resource management. This paper constructed pilot test equipment to facilitate the
continuous direct recycling of the supernatant from thickening tank of tailwater system in WTP. The primary aim was to explore the

potential enrichment risk of PFASs in the water treatment process and to assess the feasibility of safe supernatant recycling. The results
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revealed that the total concentration of total PFASs in the supernatant of the thickening tank ranges was from 14. 6 ng/L to 36. 0 ng/L,
with an average concentration of 27.3 ng/L. This was consistent with the composition characteristics of PFASs found in raw water
sourced from the Yangtze River, and the content of total PFASs was superior to that of raw water in most cases. During the 15 days
pilot test period, the direct recycling of supernatant did not significantly alter the total PFASs concentration in sludge discharge water
and carbon sand filter column backwashing water. The total PFASs concentration in the effluent after recycling ranged from 2. 2 ng/L to
3.6 ng/L, while it was 3.1 ng/L before reuse. Continuous direct recycling of the supernatant had minimal impact on PFASs
components in the outflow, and no significant enrichment occurred; it even demonstrated the potential for improving effluent quality.

The health risk of PFASs in the effluent was negligible. In conclusion, using PFASs as the risk control index, the continuous direct

recycling of the supernatant from the thickening tank is deemed feasible.
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Fig. 1  Schematic Diagram of the Pilot-Scale Installation
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Fig.2  Photograph of the Pilot-Scale Installation on Site
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Fig.3  Process Flow of a WTP in Nanjing
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Tab. 1 Limits of Method Detection and Quantification
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S3 T I/ ng LOD/(ng-g™')  LOQ/(ng-g™")
PFBA 0. 05 0. 987 3.290
PFPeA 0. 05 0. 062 0.207
PFHxA 0.05 0. 006 0. 020
PFHpA 0. 05 0.016 0. 053
PFOA 0. 05 0. 008 0. 027
PFNA 0.05 0.012 0. 040
PFDA 0.05 0.022 0.073
PFUnDA 0. 05 0. 025 0. 083
PFDoDA 0.05 0.032 0. 107
PFTriDA 0.05 0. 082 0.273
PFTDA 0. 05 0. 081 0.270
PFHxDA 0.05 0. 065 0.217
PFOcDA 0.05 0.041 0. 137
PFBuS 0. 05 0.211 0.703
PFHxS 0. 05 0. 082 0.273
PFOS 0.05 0.015 0. 050
PFDS 0. 05 0. 044 0. 147
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Fig.5 (a) Concentration Levels and (b) Mass Fraction of
PFASs in Supernatant of Thickening Tank
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Fig. 6 Impact of Recycling Supernatant of Thickening Tank
on Concentration of PFASs in Inflow Water
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ARG, T — 2 A EE WK SIS B, HER K
W PFASs ST RESR 7 d AR ETF, %423 d N
SR FEAKOT- 4 W f F LA B[], B PFASs BT d ik 3
4 43.5~51.3 ng/L, 53 H7 AT RE 2 7E 56 JA 0 N, 5
7~9 d AEHERA, Wil KRBURKKBAT
o ABTEEEJLH MMEI & PFASs & T
IEH K-, AT BESRAE & A1 3R B PAC IR 4
TR e 2t 2 v o) Sk B s AL TR R 3CR , Bl HE
PAOKIT X TR, HEJe /K s PRASs £ 2
IR 5 PFBA [PFBuS \PFHxA | 3 ) 5 Jit
R E Z FI 4 6.300~15.915 ng/L, i & PFASs 1
RN 21. 5% ~40. 2% , L H L PFCAs N 33X
SR K PFASs ZH 50 AL, 0k 4G 7Y C8
BEK ALY PFOA F1 PFOS 152 HETR /K Hhde EE 1
PFASs 4173, #5 %) J& PFOA, HEJE /K i K B% PFASs
Jo i oy BUOHE AR ERAE 50% LA L, 5 b B Tk
73.3% , FE R T K 5% PFASs B 5 2 B ks
FHR Y FETR SRS AR B 25 R
2.3.2  JEML K

1615 d il ge BN s i s ofige K b
A PFASs A &5 S & 7 (b) s, HoF 2 i Bk
i} 12. 4~31. 6 ng/L, H. PFDA .PFUnDA .PFDoDA .

7 e ERR RS () HEVBZK B (b) S sk PFASs B4 SR A2 £k
Fig. 7 Changes of Composition and Characteristics of PFASs in (a) Sludge Water and (b) Backwash Water

upon Recycling of Supernatant of Thickening Tank
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PFDS %5 K 4% PFASs #40 ZR | A 1, B K = C8
) PFASs & & 5 LU4ERFTE 52. 5% ~67. 8%, 58 H i
K. GAC 2Bk PFASs =LAWL Fff o8 3, HAE FHALEE
AL HE R A EAE B KA A5 — MR
PFASs KZ UM FIE A7, HH pKa (5 5
BERAR AR I, GAC XF K4 PFASs Y5
BRECR R T REE PFASs, 7Ef B AE A KR T
K55 PFASs 1 5 [ 35 76 o b 8 A v %) W BT 7 a5
J:[39] 5

KA, PFCAs 14153 o L4230 99% , PFSAs
S B, BFAENY R, 7E GAC MR BRI 58
PFCAs Lt PFSAs B AT BUAF A L BRI X 5 AR
5R—3, mKFORIERT A, KA PFCAs 4143 &
LI T PFSAs & i, 7E A AP IR AT W B 25 B i 72
HBEBRCAT 2Bk . I R, RS 8 d, Tt R bk
7K G PFASs Jiti ik B2 /K-35 3 e 5, 0 31. 6 ng/L,
S3HTRT fiE A2 2 TR S O ) M 3R B K A
PFASs ¥ LT, A AT e H o GAC W FFFFESS 8
d % A i B % A o B T Bk (R
PFASs & Hm i M B, (ArE R e s i,
PFASs SR EEZKF OB TR0E  7E55 13 d iA B HAIR
WK, PR, FE ke it g WGE Sl f
Yo Y 3 52 R K 14 3 PFASs MR BE RS R K, PFASs
TERA e P B B £ LA B %, H GAC Xt
PFASs [ 22 BRECRUH T GAC [R3HT IHRR B 45 451
PN 7 5 Se ik o o n] 25 SR — AR AL D IR A IS 1T
AT
2.4 [EAFHI K PFASs iRETLIER

HFEARAR M 1 I VR A T % 2 IR S R R KoK
FEHEAT A VI 50 25 R A& 8 iR, BIg R
HEAT O] s HY 7K A PFASs R }y 3.1 ng/L, %
ZLIM 5 7K B PFASs BT REEN 2.2~3. 6 ng/L,
PFSAs 1A PFOS £t #43E T 100% , H oM IR 2k
i, PFCAs W J& PFASs A9 32 B 4 Wi 0, R
PFSAs WA E AT B GAC X He i) 2 RO Ak
F PFCAs' ™', X[ fE5 PFASs ) pK, {HA 5%, Hrp
PFCAs [ pK, < 1.6, PFSAs 8 pK, <0.3"  [H ity
PFSAs B 5 547 1F HL A PREE A It =2 [ 7 A= A B
VEFT, A Bh B W B B8 I 2 28 Hoag i 7 X
AP RESE K P PFCAs o 09 2R, RAEAE AT
FE PRI = C10 MR EEY) 0T, B A FE S 3

i PFPeA PFHxA .PFOS Fll PFOA ; PFBA .PFHpA il
PFNA £ 11 #87E 75% 7547 ; PFPeA Fll PFHxA FEAZE
FFLE 0.4 ng/L BT R BE /KT, PROA BT vk Ry
0.7~2.0 ng/L,PFOS{Y 4 0.1~0.5 ng/L, C4~C7
[)JE4% PFASs 7F /K 4 43 6 5 L 7E 33.3% ~
48.0% %5 3 d (5 HLAUN 18. 2% , % & X ] fig 5 A [
IHFEK Y PFASs ZHMFIE 22 A G, 1R C8 1Y
BRALE Y, JHEE PFASs 76K 4 A= W BE o i R
FA A BRI ARRHE R 3
DA K S5 (4 37 sl e AR A | ko LK A AR 28 XU AT
o,

prFOs E==prHxS [N PrBus [ PFOCDA [[]]] PFHXDA
PFTrDA |||[||| PFDoDA %77 PFUnDA [ PFDA [l PFNA
PFHpA [ PFHxA /77 PFPeA

PFBA  -@-HPFASs

XX PFoA :
100%

40
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Fig. 8 Variations in PFASs Composition in Outflow Water
after Recycling of Supernatant of Thickening Tank

55K [n] F R AR B (B O ) XF FeRT %0, B
3% 28 [T 0L X6 4 7K 7K BT s PFASs #R FE 7K F- DL K
HOMEE IR JCI W, 7655 2~4 d 55 12~15 d
Bt 7K A PFASs ik BE /KA T oK [B1 A S A9 PFASs
SREE  HEAT % S M AE — 8 R B LA E K
PFASs 15 YL IE L RIRCR . A IR Al BB7E T 1B
HE A R RS URL ) | 3R A S AR RN R RV 1
PAC, 7 8] FH e R v R 1 1 J0RE [a] (%) il 48 , /e TR SR 17T
e TR E— R B T PFASs IO REUR, Mz,
FEA ARt T R st B ) A PR v ok
PFASs ¥ B KA X B, I & B0 B B 1) o 4
MG EE X PFASs Sy JAURS: 8 il 47 e 4 b b V5 VG
SEEAER R ATTH,

2.5 AZEEBRXETME

AT FEALER X K A 7 AR AS A PRASs 40

S EATIEER, DAL A B 2 rh e 0 R X B



AESE IR B S 55

KT RIKAL B AR Gk 4 it b3 W [m1 FH XS PFASs 1 5 46

Vol. 42, No. 12,2023

BRI, , 25 Rk 2 s, FEARIREGE Y, LI
HESE E A M JE 1K 9 e KR PFASs it i vk B Oy
3.6 ng/L, fli i PFASs # K A & 4 0.102 9
ng/ (kg+d) , TR HBARZHITIHE, PFAS %%
A3 H, 24 0.003 8~0.019 0, 54 H, {4 0.034 3,
PIET 0.2 AYBMA, UL L3 RS HoKVE b

AR FH 7K Xt A 2K At o s G 174 98 A XU 7T 220 AN T
Bl H At e B e 45 P 2 PRASs BOEARGE A, Kok
A B AT I AT TR AR ST, DAL S B A
TR A I 2 RN A A DABE— 25 40 BT, DL 4 i i
i3 3 A K RN B TR PN AR B R R A AR ok
118 e 55 XU

T2 PFASs Z:fR H A SRR 15 %0
Tab.2 Estimated Daily Intake and Hazard Index for PFASs Exposure

e %ﬂﬂ(ﬁ%ﬁﬁdi) %ﬂﬂﬁjﬁﬁ? ZE 5 R/ Yy ik B,
A%/ (ng- L") BAR/ (ng-kg™") (ng-kg™'+d7")
PFBA 0.14(0.4.0) 0.004 1.0.011 4 3 0.001 4.0.003 8
PFPeA 0.44(0.7.0.2) 0.012 5.0.020 0 3 0.004 2 .0. 006 7
PFHxA 0.36(0.6.0.1) 0.010 4.0.017 1 3 0.003 5.0. 005 7
PFHpA 0.12(0.3.0.1) 0.003 4.0.008 6 3 0.001 1.0.002 9
PFOA 1.31(2.0.0.7) 0.037 3.,0.057 1 3 0.012 4.0.019 0
PFNA 0. 14(0.4.0) 0.003 9.0.011 4 3 0.001 3.0.003 8
PFOS 0.37(0.5.0.1) 0.010 5.0.014 3 2 0.005 3.,0.007 1
4 PFASs 2.88(3.6.2.2) 0.0823.0.102 9 3 0.027 4.0.034 3
3 i PR A 7K B PFASs AYERSE

(1) Hedaits B35 Wb PFASs BT IR TR 14. 6~
36. 0 ng/L, FH it ¥ B4 27. 3 ng/L, JRK B
PFASs }y 23.7 ~41. 1 ng/L, F¥{H A 30.1 ng/L,
Wedn i WP B PRASs ¥R 5 FUK R AZE A K,
PFASs ¥ 70 A 5 ¥R i it i A AL 4 4544 th 3 A
TREE—3L,

(2) Mt L35 R TR 7K SR HE U 7K A b 2 e
PEK ., PFASs A& AE DR I, #F 22 BEDIVE i 72
H R oy B, seRb Tt Y GAC AT PFASs £33
BRAREL W B 7K S BT T 1 1 e il s o 9 7K1
PFASs i B fie i, MT 3k 63. 1 ng/L, 7E L IEWGE
el B KoK B IR R B HE DR
K B Sz npgk K H R PRASs WK B AN K,

(3) e 4 b 3% W AT 3% 2 ] T S 3K R
PFASs [t B 4y 22.2~39. 8 ng/L, H.#2r}[H]
IEWOK B TR KK B, VA B AT A
TS [ F X I K PFASs A58 5200 A 2 A3

(4) viedaith 13 W SE M IS H 7K B PRASs it
R 2.2~3.6 ng/L, RITHB R 3.1 ng/L, %
SEE AR IGO0 KB PFASs & 5 52 M L1,
X AR AR RRAE AL S i AN K, IR A A I Bk e AR R
R E—ERBE L2 AU R KOKBRESCR, 2

(5) fEERRE JRURS: P-4k 2 B e 44 3ttt 1= 38 W 1) P )
(KRR JE RAR K, 524> PFAS S PFASs (1
H EXET 0.2 MBI, BB 101 A H Ko e A
f B XU T Z B8N
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