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(1. ERFRBM &R BE R B2 e, BT, 3100245 2. WL Tolk R2EFREE2= B, BT, 310032)

B E HAREIAEY (chlorobenzene, CBs) &2 —HA HmEME . MMM L & E£ENAIEILE
Y, ¥e8esz )z 0. IS KAL T IR T K s sl R A EEAEA, SR, HETE TS5 KRR
) CBs 5T 140 A B, FH AR S5 HEBURFEA ASTE 28 . AR R G AT T Wil a8 W - MR35 K Ak 34
J7H CBs MRAFRAE . ZBRACR I HEBOE A XU . & B CBs 74515 /KA B V5 K sl A7 7E, {HT5 54K
AR, HKH CBs (Y BEIR LR R 17.4—75.1 ng- L', KT 3R E A CHE bR E. SRk
CBs [ BB, o5 H 49.3%—64.1%. DAL 3R K 15 Y W FRHTTE X CBs 1 2 BRACRARXT 8847, HIR
A T5KAL BT 200 CBs IR ZBRBCRAME, S0 BRI A7 AR CBs & i BT O, 56 T 3R58 50 2
(ambient severity, AS) FIXUR A ( risk quotients, RQs) PPANZERFEW], FFafF5E 5K A #T HE oK
CBs % AR RE L) R A S KU 38/ (AS <1, RQs <0.1) . BFR45 A B TIRA T f# CBs 1E15 K AL PR R 48
P EREEAT AN HERORR: , oA RIS KA BE T2 . 25 A 2D CBs /K75 Y3 43t T LAt 44
KR SURRMLAY, TEAKARE)T, IRAERRIE, RUSITAL.

Occurrence characteristics and risk assessment of chlorobenzenes in
typically wastewater treatment plants from Zhejiang Province
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(1. School of Environment, Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences,
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Abstract Chlorobenzenes (CBs), a group of chlorinated organic compounds, have been concerned
for their high toxicity, poor degradability, and strong ability of accumulation by the public.
Wastewater treatment plants (WWTPs) play an important role in controlling the urban water
pollution; whereas the research on CBs in WWTPs is extremely limited, reduction trends and
emission characteristics of which are still not well-known. This study systematically analyzed the
occurrence characteristics, removal efficiency, and potential risks of emission of CBs in different
treatment processes of two typical WWTPs in Zhejiang Province. The results showed that CBs
presented frequently in the wastewater samples from the WWTPs, but in low pollution levels.

Concentrations of CBs in the effluents were in the range 17.4—75.1 ng-L™', far below the related
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emission standard of China. Dichlorobenzene was the main component of CBs in the influents and
effluents, accounting for 49.3%—64.1% of the total CBs. Anaerobic treatment and sludge adsorption
precipitation had relatively good removal efficiency for CBs. However, the existing wastewater
treatment processes generally had poor capacities for removing CBs, and some treatment processes
were even found an increased effect on CB contents. Based on the evaluation results of ambient
severity (AS) and risk quotient (RQ), it was indicated that the human health and ecological
environmental impact of CBs in the effluent from the studied WWTPs was relatively low (AS < 1,
RQ < 0.1). These findings contribute to a deeper understanding of the environmental behaviors and
emission risks of CBs in WWTPs, also provide essential data for optimizing wastewater treatment
processes and further controlling and reducing the CBs in wastewater.

Keywords chlorobenzenes, wastewater treatment plants, occurrence characteristics, risk

assessment.

A K24 A ¥ (chlorobenzenes, CBs) J& — R AN T AWK AV AL &Y, 0 — &K
(monochlorobenzene, MoCB) . — 47 (dichlorobenzene, DiCB) . =4 7K (trichlorobenzene, TrCB) . PU& 7K
(tetrachlorobenzene, TeCB) . .5 A ( pentachlorobenzene, PeCB ) F175 5 4 ( hexachlorobenzene, HCB) . iX
FAE W EA maEte | MERE MM A AE W 2 M, b PeCB Al HCB H O AE AR AMEA HLIG 8k 51 A
CRT R AR DTG YL 1 I B IR BE N 24 ) 32 5505 e ) 44 B, A% 1k ol A 2 7 R i 0 21, 47—
L8 CBs AT 7E# ) iz M, T 245 L AR 24 . BRI L€ R SR el o 3 A5 Tk A 7 A SORE OG 7 R AR
A= H R A TE TR 0L & CBs 1Y Tl K 3RS K RO HEK SEHEA B SR K 4, 7T BE 3 A
CBs 7Ki5 4%, E ok ()3 b £ 3 AR A8 PR B A A A e

15K AL B )R ISR | A Hp Ak BRI HE RO A T K 0 S B, R T TS Y W i A < kR
HHI, X Ti5KAA0H ) CBs BIFR EEAE ARG A L7 ), 5 /K v CBs (SRS T A FR.
T8 o 75 AL B3 K DA R 48 A B TS K TR CBs B B i ATAH B AR A3 M, BEAS T AR 24 Tk R 7K
A TG TG K CBs M IRAZ G B0 UL S35 /K AL PR T2 %) CBs 19 25 BRRCHE, I-A B AW ik 19 CBs J& &
SN B2 K AT 3 A S A LI T A IR EG KA 15K % CBs 5 AU Br T — 38
Oy A AR, R ITA TRD AR A A7 0 2 B AT ke = 4 T M T, AN A 5 T G 5 XU ARG HE B 1.

G AUEN YA T (8 CBs AE i 4wkt K Bl s 1), S 30 SLEN QL K AR 5 A CBs 15 4+, K E
Ml ARSETT L M LT AT N T A 7 SUER G B K A BT K b g A B LA 2L T 9 e R Y
CBs(Cl4-Cl6) P #7148 Mok v B R B T VT = MU 3, Tl AL R i fb f B v, Herh 25 2L Ep L
77l RS TR A 4 [ A —, SR N 2 2L BN 4L 2 iR ML IX 5 /K A T ¥5 7K v CBs A R AFRRIE S HETi
RS i TR, BR A Ao

ARSI HT T WTLAS 95 2L ER YL 35 Ak Ik T PR 2 35 K AL B )35 7K v CBs(CI1-Cl6) 8 ¥ 5 7K - F1 2H J
SRR, BT T CBs FE AN [A] T 22 AL PR 2 v 9 AR A MR 5 L BRASCR. e Ah, 38 J T PR 5% 52 M 32 11 XL
BSE I (EL T A Y 1A, T i5 K AL BT HEROK M CBs 7] G872 A 0 A S 38 55 KUK, A CBs 7K 75 G J XU
DIRIEE L Ei s o UG T

1 MBS )7 (Materials and methods)

1.1 FEACREES kb

2020 4 12 A, FEHTVLAE 5 24T P KI5 K AR B REE T 17 SRR T2 BRIt K RE. IR T5 7K 1Y
FEANBE T 2O ARACREE SN 1 iR, 55— KA R T e R A A 28 A 15 K AL BT, kb
PR R 6 x 10° m*d ™', L AE I TR (DL 43R <A R M<B REL). %) #EKK R 7%, ik
W Tk R K 5 AR 1 T K HL B2 R 50:50, erp Tl /K B 28 48 2884k, S 978 EnYs | LT AL
INTAEZMAT IR K. 58 =I5 KA B (LR fRIFRC RG07) & LLEN YL 25 2% /K Ry 38 1 vh /NS 7K Ak
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T, A HEEEEL A 3.3 x 10° mP-d ™, Tl R K 2 5 R K B 88%. i FH 0 e 9k 14 A Ao €20 B8 B8 IR A6 /K RE,
B BEAS R BRI T /KRR, 3B 00 THHS 25 18] B3 A 25 /<. JKAREZR 0.45 pm JEE 18 IS A7 RE S AT AL B

| A PY ML MBR [ Szt R AL

WWIE, Screen Primary clarifier| b MBR reactor * Disinfecting tank—"
— AYOTE ——
Zlit FRUE M 7

R B A B |g,| W4 . WALIEI | ] UL

WWITs Screen et Primary clan'ﬁer" Anaerobi Anoxic Oxic Si(f;)ﬂ(flii;y" ngchlaiii:g‘;em Disinfecting tank| @~
[ AOT Y ]
i AL Zii R o 52t
WAl LItk d R4 T4 : 23
WWTPe — Screen | Adjt;ljsling 1 13;2?_2; | Anaerobid*| Oxic [®”] Si(f;)rr;(flii;y @ r?;cst(i)(];ﬁntglrlk @\ Final clarifie] @
B1 EAKGETZERER
LL R AR R

Fig.1 Schematic diagram of the wastewater treatment processes

Red dots represent the sampling points.

1.2 B 540k

IECBEFN S e 38 AR O, W 1. T.Baker(S£ [E) . S AL4H (4 #r2l) W B [ 25 42 P Ak 2= 1R A
PR 2N ). JCoK B R &M (o A 2) g 17 R T 7k R Akl A IR A . 9B 2 Bk £ (60—100 H) I A
Supelco 2] (3£ ). #EfE (0.063—0.100 mm) MAFE[E Merck /A w1 W45 ff AT, 5% HAE+7E 140 C R
TG4k 7 hy i DA B TE /K BRBRENTE 550 °C T INA 6 h, SR 5 26 AR I I dt 01 st O, PR A7 AE T8 2R
Hige 1. AR B Sigma 23R (EE).

CBs 1R & bR &4 MoCB, 3 # DiCB(1,4-DiCB, 1,3-DiCB £ 1,2-DiCB), 3 # TrCB(1,3,5-TrCB,
1,2,4-TrCB A1 1,2,3-TrCB), 3 f TeCB(1,2,3,5-TeCB, 1,2,4,5-TeCB #il 1,2,3,4-TeCB), PeCB [ & HCB, %%
Yy B2 R 0.1 mg-mL™", W H AccuStandard 2\ w] (3. “C [Ff = AR1c 9 7S AR EW (0.1 mg-mL™
FEReHO/E N NFR, B B Cambridge 23 7 (£ [H ).

1.3 AEAhTT A3

K R ZE BOE AR BOK A 9 CBs, HARDER: 1558, T 250 mL /KAE & T4 <k, IF A S g
FAALEN . 25 mL S LEH 100 ng 1Y °Ce-HCB Frif, 5850 PR+ 6 min, FEHE IR E 53205, Wi &M
BEAH. ZAEBOE FRAL T 3 IR, B I — IR AR IO B S, 58 FH 0K B IR 40 ) A6 O R AT i K, 7
45 °C 2518 F I e % 2% 22 ASORs AE B e 45 2 2—3 mL. R A HZEMrkE (5 mL BEEE R, N EIET
WK N 0.5 ¢ TCKBREREN . 0.5 ¢ REASAN 1 g 9B % HLAE +) Xk 46 5 B0 A BUR E T4k, SEH 10 mL IE 2
BETORGEEALARE, BEJS 2 A BOR, BT 20 mL 1F S e e il AR B Lk e ik as R ISR i i T 28 e
IR RS E 2—3 mL, AWK A E R 2 | mL, BEMEET 4 °C vKF, PR T AUE 01T
(i

K A G (Z2HE1E 7890A B ) AT (Z24E4E 5975 B BK FH 7 4T CBs (15 A2 44T

SHBEC BANESAHATEF DB-5MS(60 mx0.25 mmx0.25 pm, 35 [ Agilent /A% ); LA 1.0 mL-min™
T 2271 (99.999% ) 1 SRy 4% A< EARE IR 250 °C 5 A F THRA N, W1 LA TR 40 °C, f£3% 6 min, LA
10 °C-min"' FHE ZE 60 C, f++F 1 min, LA 2.5 C-min”' FHE £ 100 °C, LL 10 C-min”' F}# £ 250 C, FAFF
3 min, P 20 C-min"' FHEZ 300 °C, 45 3 min; JEEEE R 1 ul.

RIS BT 2B TR (ED ; B TR IR 230 °C; DURFFIRE 150 °C; M4 iR ¥ 280 °C; B 1
JEHLFRERE 70 eV; I IEIR 6 min; SR AR AR T (SIM).

1.5 iR Uk Tl

SRR 1 B i A ], B KRR AT RTAL BRAT N T Cy-HCB AR 7 H AR Y [al
RO T AT 1 AR E A5, PCe-HCB BYIMAR IR R 78%—107%. 45 (AL H MoCB (-3
W ¥ 2.43 ng'L") . DICB(8.12 ng-L™") . TrCB(1.12 ng-L™") , TeCB(0.27 ng-L™") . PeCB(0.47 ng-L™") Fll
HCB(0.36 ng'L™"), & fE 45 R 225 HHBR. 1eAh, BT R FH A 4038 43 B 5 ¥ JC L i 40 JF 1,2,4,5-
TeCB #i1 1,2,3,5-TeCB ixX ’ [ 73 S A4 1A, R 1 78 5080 2 A sl i W Ay B iR 47 6 0 1. B AR 1A
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HBR (3 A5 45 1 ) FE 2 0.15—0.80 ng L', 2 PR (10 551 o ) Y8 I 4E 0.50—2.67 ng- L™, AR T4 i
RELAY H bRk B 0 A0R:, LU FER g it o3 i
1.6 PRI B PE

PRI 52 0 i (ambient severity, AS) J&— N F 1FAd 15 G 90 X0 IR 55 52 Wi A B () 36 A, BV KA 4 A
B W S BRUR B (C) FULAE K AR T B A58 HARME (Co) 19 BB 25 5R FH LG i 32 52 e Sk K e HE SO A
5% H Fr{E (discharge multimedia environmental goals, DMEGy ) £ Cu B, AS AJ DA Sz i H 35 YL 9 1) A=
WA R IXUISS: , S%oF I T HE A 11755 ) 2 15 2 IR N IS B AU AT AR R A Bl AS AR Al R Brstt =12,

C.
AS; = : (D
" DMEGyy
DMEGyy = 675 % LDs (2)

K1, DMEGyy M AE /N2 s AR FHHERUEL, 2R A= WA -5 HEC 2o 2 ful i HE UK A Rz Ak &
W B K A VPR B AT DUAR 3l K R 28 11 19 21 B34 BE 12 (median lethal dose, LDs) fili 53815, ARWF5Y
JUEfili FH ) LDs 3K F e AT B35 Bl 5509 AS, (H#OK, FORHERUK IR %k & P B kK. 24 AS, <
1 B, e B HE AR AR FPiZ AL A P AS 23 AR B 7 A A o] 3l e 5 R T

RINREGAZRBEUEMZRNEEGER, IHE0E ASEXRNSBERERLEXR, A&k
A ROV T UMY . T 1, T e T A% G A A AS (ELZ R ITAS B AT BREE A B
FRA IR BT 5 0 B (TAS) )

TAS,; = ZAS,.,. (3)

X, AS; 246 j RALEWPE i MEA WY AS, TAS, 218 j RALE W HE AS. PE B TS Gty X 26
5 AR B R RE L LA 1 Ryl A
1.7 RSB PEAN
XU 475 1 (risk quotients, RQs) A& — i FH 09 PR 5E £t B XU PEAk 85, HI T LU SR B vh Ak 274 o 1Y)
F 8 7K T RV RN B 2 18] 04 06 3R, DA R PP Al A A Bl A 25 R 49032 B 0 VB AE XU . T L i 115K
R A 75 YL W) i SE R FE (measured environmental concentration, MEC ) A1 FU JC &4 ¢ & (predicted no
effect concentration, PNEC) [ FU K 2 RQs®), THEA K = (4) R,
MEC
RQg = PNEC
3P, PNEC Dy F HAE ik B (LC50, BI85 96 h )5, 5 50% A9 AL T A5 Qe Wy ) B LAEAL [H 1
1000, LC50 Z & e i WF 52 4 L AR BT 45— Fh B AR EAT 1 RQ AR, 44> 4 PR ST I5 K Y 5
RQs 218 T A 159491 RQ Z AU RQs < 0.1 I}, WA XA 0.1 <RQs <1 I, RIFFLE TS5
AN RQs > 1 B, FRBIAELE B A S AU

2 ZER 5408 (Results and discussion)

4

2.1 WiVTAR AR5 K AL ER 5 K o CBs B AFHRAE

JIT R AR B W VTAR W S5 7K AR BT 7K AR T CBs 1A H 3R 100%, 1% 7R 5 32 HL X Tlk K A= 36 5 7K
CBs 754433 A7 7. € 2(a) R TI5 KA H AL B, C RGEdEH K CBs B, Hoh sk ab ¥ A 2458
FIFEK AT K CBs B E /308 47.0 ng- L' A1 75.1 ng- L™, B RGEAUBEACHI KM E 43 ) 27.5 ng- L™
1529 ng' L', C RGEHAHEKFE S, LEMCAE B, oK i) CBs Sk 17.4 ng L. 3 M5 KAk
PR 48 HE L K o MoCB il DICB #¢ B 24 3 A% T 3% [ B8R T /K Ak 38T 35 4% 4 HE BChs #E ) (GB
18918—2002) "% HiL5E FIHE PR {E (MoCB 3 x 10°ng-L™", 1,4-DiCB 4 x 10°ng-L™", 1,2-DiCB 1 x 10°ng-L™").
AR, AR G ZLEN Y K AL BT 7K CBs Y B fie ik 678 ng L0, it & T A58 P A fE. ax sb 2
FEHA, W58 24 X Tl 2 K FAE 76 15 7K CBs B9 Ge /. 75 B 0 02, 15 /Kb BE A RS R B &
gt K CBs W BE KT g T #E 7K b v B, Ui B s K AR BT R A AR B T2 R e A s 2 Bk
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CBs, H: 2= e e AL FRIS R TP 8 K CBs V5 4%, SEni AR5 IR REFE T 075 K Ab ) Xk DLt 5
JK T CBs #9715 4L [n) 1.

®
so- @ 100
SIS B HCB m === M —— = [l HCB
- N PeCB B b FPeCB
= 72 TeCB g0 |UUBUECE] CHOLDEIE] i Il 1,2.3.4-TeCB
-~ ol = = TCB I 1] B 123(4),5-TcCB
= -1 — WDCB & EEE 12,3-TiCB
g - = EEMCB g Il 1,2,4-TrCB
H e g E==1.3.5-TiCB
% 00— = § s I 2.DiCB
5 1.3-DiCB
=
g 1 < 40 22 | 4-DiCB
g —
o 20
20

0 0
Influent Effluentinfluent Effluent Effluent Influent Effluent Influent Effluent  Effluent
A system B system C system A system B system C system

B2 (a)i5/KabBE) #E K CBs Sk B Fl (b) B A @R AL & WTE CBs H iy i 1
Fig.2 (a) Total CBs concentrations and (b) the proportion (%) of each chlorobenzene (CB) among the total CBs in the
influent and effluent of WWTPs.

TGKAEEE AL B, C RGH KT CBs A s A fE L W&l 2(b) firoR. 157K 3 A RGN B RGciH
K CBs YA LA A AHARL, DL DICB 2y =235 544, 4351 5 &L CBs 1Y 54.5% Fil 58.8%. H i MoCB( i
bR 18.7% Fi1 17.2%) Fl TrCB( (5 ol 19.9% F1 12.5% ) . 1 25 JL 5% JL AR S840 4 2810 & Wy 15 25 4L Ep
K Tl & sl gl ) vz AR GORE . 3k BURHY rf ] 44 R Ok L 5 R 751 R BEL R 570 451 17 7 G TeCB,
PeCB. HCB X /i & CBs ¥ & (AR /IN—&B 3, v R PN B AT THE G5 2L EN G Tl b ff B AR X 5 A0, e
PeCB Fl HCB 9% (1 b Ak ff 1, AR Sy 2% B 8 3 /et ) = A2 A, DRLIHORE 07 1 30 et tho A X 5 20
TR TG KA FR T V5 K SR IR AL BE T 2R, Kb CBs WAL A FF 24 5. 7E A REEF1 B &40 HK
H DICB {152 F B 5344 (5 3918 64.1% F1 56.5%) , PeCB H1 HCB £ (5 FLAH e 7k v 594 BT R F%,
1M TrCB 14 o bb fg 2 B8 . X R B W > R G0 15 7K A B B b il RE AR AR 4 o SR I ST 28, TrCB & 32
ZLRY ] R0 fE C RS H K DICB & T E 5 YL (49.3%) , {H MoCB . il (36.8%) %%
A/B 25:(17.2%—19.2%) .

HE—2E W B, 15 KA EE A B ARGt K P 1,3-DiCB (% fie i Fe 91 (40.3%—48.5%), C R 4¢
7K 1,3-DiCB /& 2l 43 Z — (23.2%) . X Al g i F & SR & W — & o,
HCB—PeCB—1,2,3,4-TeCB—1,2,3-TrCB—1,3-DiCB—MoCB 22 ifj T2 3 |- 3 R T A4 45 A
T, ) i SR 456 ORI L s 10 e 59, (RS By s> 2 1,2,3-TrCB S5, B T
FRAE 1Y 1,3-DIiCB 544, i G0 i M DA Ak 22224,

22 {H5KAEERRGA T 205K H CBs 14 Bk R

ARG K AL HE R G A T2 oti5 K vh CBs A MR DL K Z2 BRACR NI 3 fifR. {5 K Ab B A R 45
3R F IR AR M ) #s T. 25 (membrane bio-reactor, MBR). 22 MBR AbH 5, A 224575 /K P i CBs &
LT K BT, o DICB Fi TrCB 1 & i 43 i K T 314% F1 263%. 368 MBR T. 22X} CBs I %47
FBRACR, H B AT RE P BCE YnE, HAbSC T & 97 210 4 JE K Hh CBs W5t WAL 2RI 1 LB 31X
AR ORI LA T 58 T CBs (W HL B8 71, T SO A= ) 0 i N BCAE 90 7= A %) A Ak il e
PLMIRIR g 5| i -9 & A AL RN [RIE, A R K AL 4, vl e & A 06l MBR AEW 6 52
M) A= 0 b B SSCRE A 40 2L, Ak, MIBR T 25 AT 68 PR 5 7K v 1 SR 40 A LA 25 ) i o sl 2 D R o
JE B HE Bl AT Y [ 20, 330 CBs £E B AR SR 4E MBR iz 17 7 vh 3 B RE k.

15K B B R G0 F LR T IR AE - S84 4 T 2 (AYO) R BT TE T2 20, 76 AYO T4, 5K
CBs A5 8 & AR 7R R A B, B T8 BT CBs B £ R AN, Xl g2 th T A HLAL S W
IRAEIAEE Th T 25 5y J A B SRS, IR AR S8 AR S AR BRI U™ W 0 2 ™ A D) = 2 7 i AU B g
B2 Z R G 5K 2t “ Ui AL HS , KK T MoCB B 8 3% BT, RATEAEE s Y s i,
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XA AESE T MoCB 515 Je 25055 , £ Ad PR e v g5 T BB 0] 21035 7K v L A8 e R DT Tt 4
TS AN Ve AR L K — B 253, 283 BAITAR FRS MoCB ¥R B R IR B A, 1521 T A AL 256k,

-a-MoCB  --a-TrCB -+- PeCB

CBs . DicB v-TeCB —-«.-HCB —* CBsremoval efficiency
T: 801 (a) Asystem 7100 T: ;5)8 ™ (b) B system =200
s0 701 2 i 150
£ g 2 250} " £
7 60 X 1s0 E 2 100F Ty 4100 5
z . g = . 50 8
= S0 A ] < é
s £ 5 75 o 5
S 40 0 = ) 2
=1 — 2 = z
2 301 e £ 50 =50 &
£ o 3 E 5
= 201 % £ ’s -100 %
£ 1| = T2000 £ -150 ©
S b o, 8
ok IB-—BE- 0 1200

N 6' -250 ~700

Q

Fs &

&(§a (§§ &K
S Q&e _
k\@

&
=

(9]
<
T

20 -

10 -

Concentration of analytes/(ng-L™")

<
T

B3 ARETTGAKE RS S BoTT5 K T AL CBs Mgt @RS WMk, DL CBs 1 5 BRAC%
Fig.3 Concentrations of CBs and each CB compound in the wastewater from each treatment unit of the WWTPs, as well as

the removal efficiency of CBs.

HTI5 KA C RGH/DHE KA, TR0 R F S R K VR S K 2 B8, IFAG T C R A
CBs B3R, 45 R LM, Z RGN CBs A — & B EFRECE, HH /K CBs Sk B & fr A 15 K Ab PR
b AR . X AT R 5% 15 KA BB /INAT 5. W BRSO sl R Tk TR EE N, Re g AT AL L R
CBs, HAFRIEPEY) G CBs Ay W BRF 25 B3 T2 548 .

25 LRTiR, ARG 3 157K B R Ge x5 7K H CBs 19 23 BRAGCR I i A, 3 T LA TETS
YL PR ) A, XE LS CBs 7K 15 B (1 T s 4 1.
2.3 V5uKAER)HEBOK AR CBs 19 A A A58 KRS

15 7K AL B HEROKAR CBs (PR 52 e B2 KR DB an 3k 1 R, 3 AN Ts KA B R ge bk th B4~ B
FRPI AS {8 K 5 CBs [ TAS B AL T 1x107° 2] 1x107 L HIVE Bl 2 N, B/ T 103485 20, Frifsx
(9 8 K 35 K Ab BT HERK AR P ) CB B A B CBs B4 R %f A S £t FiE #0 A £ i i B 3% /6 3. Hoh, 1,3-
DiCB F1 1,2-DiCB R gt Fe s i i = T A SR A 54, H AS {8 [l 531 8 5.58%107°—4.70x10* FiI
1.12x10°—3.73x10°%, 43 531 (7 A £t B 52 0 55 119 20.5%—38.2% Hl1 23.7%—41.3%. 1fij TeCB, PeCB L)
HCB X FE 52 M il /N (AS (B F1/NF 13107, XF B EE RS2 i BE A DTk o5 3.1%—5.1%, 1] ZBEANTT.

ARG 7K Ak B ZR 48 3 H 7K CBs 1Y RQs SRR G i 2 2 ez . BT A3 15 7K Ak B0 3R 8 F Hh K v
CBs 1 RQs #/NF 0.1, Ui B X B8 /K /K FR A7 (19 CBs X A 25 PR 858 i il (1 98 70 XURS: 5 /N (B, fl ok
15K SRS W HLHE A A SRKAR, T CBs HAT AR W & B AR AR, Wl RBZE/K AR AE Wb BRI = A
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3

43 %

—E WM RE VRN, Rl ad B BE G T NI RR, R e AT) 7 45 15 /K A CBs A SR A9 KW P A 2
SHREL AL

F 1 TSR HEHOK R CBs 1Y 2R5% 52 i J32 KA G H
Table 1 The ambient severity (AS) of CBs in the effluent from WWTPs and relevant data

ARG B&R4 CR4:
gy PEEBCR AN TEE/ A system B system C system
S — _ ~
kg L Sy AN S A VAN Six=AnlEs
Pollutants * (mg fﬂ) (ngL") e/ (ng L) ﬂﬁ’?vi[?};/ YEE/(ng L) ﬂﬂ?yil?f;/ YR (ng L) ﬂﬂ‘?’yi[?r;/
LDso DMEGyy Concentration (x10?) Concentration (x107) Concentration (x107)
AS AS AS
MoCB 2290 1545750 4.72 3.05 10.2 6.60 6.34 4.10
1,4-DiCB 500 337500 1.76 5.21 1.18 3.50 0.71 2.10
1,3-DiCB 1062 716850 33.7 47.0 222 31.0 4.00 5.58
1,2-DiCB 500 337500 12.6 37.3 6.48 19.2 3.79 11.2
1,3,5-TrCB 800 540000 0.38 0.70 <0.61° <1.13 0.35 0.65
1,2,4-TrCB 756 510300 10.1 19.8 6.52 12.8 0.84 1.65
1,2,3-TrCB 1830 1235250 8.20 6.64 3.92 3.17 0.60 0.49
1,2,3(4),5- b b
. 1500 1012500 1.33 1.31 <0.26 <0.26 <0.26 <0.26
TeCB
1,2,3,4-TeCB 1727 1165725 0.70 0.06 <0.38° <0.33 <0.38° <0.33
PeCB 1167 787725 1.01 1.28 0.80 1.02 0.39 0.50
HCB 1080 729000 0.48 0.66 1.60 2.19 0.22 0.30
TAS — — — <124 — <81.1 — <27.2

*MoCB. DiCB, TrCB. TeCB. PeCBFIHCB M it R R . &I, =58, MR, RN EAE, TAS K G0 L ; Y%
WAAG ARG BRAR R BE AT © 1,2,3,5-TeCB AN ,2,4,5-TeCBIGIA S, & 978 1, i0M1,2,3(4),5-TeCB.

* MoCB, DiCB, TrCB, TeCB, PeCB and HCB represent monochlorobenzene, dichlorobenzene, trichlorobenzene, tetrachlorobenzene,
pentachlorobenzene and hexachlorobenzene, respectively, and TAS is total ambient severity; * This substance was not detected and the
concentration was substituted with the limit of detection for the calculation; ¢ 1,2,3,5-TeCB and 1,2,4,5-TeCB could not be separated into single
peaks and were combined for quantification, which was recorded as 1,2,3(4),5-TeCB.

R 2 ARG BEZRGEHE K T CBs (149 XU (K AR DG E
Table 2 The Risk quotients (RQs) values and related data of CBs in the influent and effluent of different wastewater
treatment systems

BT i RS {E RQs
vy I ARG N e S/ N N "
Y J(ﬁgiLi L ARG BR4 CR%
Pollutants * PNEC A system B system C system
#/K Influent 17K Effluent #7K Influent H7K Effluent H7K Effluent
MoCB 2.60 0.003 0.002 0.002 0.004 0.002
1,4-DiCB 0.70 0.001 0.003 0.001 0.002 0.001
1,3-DiCB 0.96 0.020 0.035 0.014 0.023 0.004
1,2-DiCB 0.74 0.008 0.017 0.003 0.009 0.005
1,3,5-TrCB —° — — — — —
1,2,4-TrCB 1.32 0.004 0.008 0.001 0.005 0.001
1,2,3-TrCB 2.20 0.002 0.004 0.001 0.002 0.000
1,2,3(4),5-TeCB © 1.55 0.000 0.001 0.000 0.000 0.000
1,2,3,4-TeCB 1.10 0.001 0.001 0.001 0.000 0.000
PeCB 0.25 0.005 0.004 0.005 0.003 0.002
HCB 7.60 0.000 0.000 0.000 0.000 0.000
Total — 0.044 0.074 0.027 0.048 0.015

*MoCB, DiCB, TrCB, TeCB. PeCBHIHCB/3 HIfRE 5K . 50K, =508, WIS, ISR HN SR B O EHMG © 1,2,3,5-
TeCBAI1,2,4,5-TeCBIL 314, & I EHE, 1LH1,2,3(4),5-TeCB.

* MoCB, DiCB, TrCB, TeCB, PeCB and HCB represent monochlorobenzene, dichlorobenzene, trichlorobenzene, tetrachlorobenzene,
pentachlorobenzene and hexachlorobenzene, respectively; ® Data not available; © 1,2,3,5-TeCB and 1,2,4,5-TeCB could not be separated into
single peaks and were combined for quantification, which was recorded as 1,2,3(4),5-TeCB.
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3 458 (Conclusion)
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