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Abstract: The purpose of this paper is to investigate the embryos toxicity and hazard induced by the effluent
from the sewage treatment plants of Hainan Province which disinfected by different approaches including
chloramines, chlorine dioxide, sodium hypochlorite, ozone, and ultraviolet (UV). Zebrafish was chosen as the
model animal and was exposed to the disinfected water sample in the embryonic toxicity test. To evaluate the
hazard, a hazard classification method was established based on the embryos toxicity and the AHP (Analytic
Hierarchy Process) model. The results indicated that: the effluent without disinfection didn’t exhibit develop-
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mental toxic effects on embryos, but all the disinfected water samples exhibited toxic effects on embryos inclu-

ding yolk sac abnormalities, heart rate decrease, pigmentation reduction, delay hatching and capuchin. Expo-

sure in disinfected water samples increased the mortality rate of zebrafish embryos. The embryo toxicity

showed as follows: chlorine dioxide < UV < UV + sodium hypochlorite = effluent (unsterile) < chloramine = UV

+ chloramine < ozone < sodium hypochlorite. The hazard classification of different disinfection approaches

was: chlorine dioxide and UV constituted light hazards (Class I); UV + sodium hypochlorite, UV + chloramine,

chloramine constituted moderate hazard (Class II); sodium hypochlorite constituted relatively strong hazard

(Class IIT). The combination of chemical disinfectants and UV disinfection can reduce the hazard in reclaimed

water disinfection.

Keywords: reclaimed water; disinfection approaches; zebrafish embryos; embryotoxicity; hazard classification
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LY K A AR 2 RO, 7= A 45 B 22 Rl 7 90 (DBPs ), X
T fe B R A 285 3 58 ) R A 1 R D X
T B R S A O 2 BE S 2 A BT R I
Fb%(THMs ), 4 2 12 (HA A s )45 8L 7% DBPs 1 ¥ J& a§;
A TR BE SR X 2% A 1 7 R BEAT S AR, T HEAT
DBPs 1b& W1 1 B 1 20 A Bsf, He 7 M e o B 3 T
B A I B i B S AR AR AL i A K
HERZHREEZ  HEIFAGE——R, A5
% SR BRI A AN AL 32 FH AR WA T B4 2k ok 25
B B WL AR 7K 1 B W00 A W B R RSO B 22
S BEHMEABAEY T )z N TR,
It BA BT s BUN RE 7, DG, T R B ) £ R iR
BEPE IR T P A K B T BB — i B S

AHESE LLBE L 0 016 Ry S0 AR, B 5% 1 R
T KA ERT T K 2 e . AR A IR TR R A
FIER AR TLFh 31 25 40 BE 5 X BE 5 £0 38 i 04 25 7 25
S, AR B 1 0 I i 1% 75 2 27 S I AL e AT R
J7 35 6 P AR KO B 09 E AT S VMY, W A S
B, T Ay 3l T P2 K ) T O SR R R AR A 4R &

1 ## 575k (Materials and methods)
11 S A 5 1)

FEALAR A BX51 3 B8 . DP71(H A& O-
lympus 23 F)); HW -XS-5g B4 & A 2% (7 M i 264
WORFHECA R .

T BN A R G S (ke sl), — A Or
Brat), AR AN (G B4y, SN (o3 B4l
12 K5EY

SCES T BE T AB R A CUBE D A, K 56 AT
ELIEYFE 1A A LI L, fESCE = IWET 1 X,

T f L S 0 BRE I A, 5 M A LG 10 2 A K
MRORFFTEQ6.0 = 1) CHYEES K IR AW 5%, 6 RE/R
AW H 14 he 10 h, R3S =B . PR L5 R 5 ,
R FH A 2 A 8 B v 2% T /N0 W 9 R K
Tk, 1 B WU T Bk o 40 R A KGO0 AT
TR
13 X%k

WX KRR R A e 575 K AR PR TR 00 5%
HMETE K KBS R A S AR BE DUVE S 8T
FHGE R AL SRR B R L 400 25 4 i A5 3
S RS IR AR AN R RO A +
FEE AN + R G R AN T 3 W KRE o B 03t H K
AN TR AN, A T 3 KR P 26 K FT B 38 5k
FI AR 7K 7K R A5 fE ) (SL 368-2006) H AE A K <
200 AL bR HE . #5982 R R (LU R Rt
INRCEAE NN R R G B S DO )
HR & 20, Bl & 7 3 F - 5404k 40 :38.7 mmol- L ;
FALH 1.0 mmol- L ; S L5 :2.4 mmol-L" ; HEPES
ZEohi 1.7 mmol- L™ Iy pH £ 72, &R RH &G
i . KFEE T 4 CUKARORAE , (AT ICH  f JL
JE LT EERIEE,
14 SRk
141 Uy ik

P S 77 R B I OECD #4707 k%, W
FEE 1 mL i B4 Y 1 KRR A 48 L 40 i Bk 5%
M, it & B IE H 0 BEH 0 10 16 A 40 i 55 574k, 55
FLAL 1 MR, 35 3P R &, BRI 16 AL
J—AAT A KB 3 AT YedE IR 255
CHRFRM P IR R B E 24 h 04 273K
Y5 WO BE T R i R AT 2R R AL B, B R 4 R4k
FHA A BEA% S 1 v 2 5 Bl %t B 1 e R i 0 A7 00
T o 2 58 I i) BOUR 6 A 3 2.
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Table 1 Disinfectant concentration and fecal coliform
T 7 57 7 2 PN L
-l
Kb i /(mg-L7) /AL
Disinfectants
Water samples  Disinfectants . Fecal coliform
concentration
/mg-L")  /(individual-L")
JC None / 14 x10*
&M Chloramine 2.5 40
ZRMR 5 o
YLK Chlorine dioxide
Effluent WA
Sodium 03 20
hypochlorite
R4 Ozone 20 198
Jt None / 460
SAMATE K
= B
Effluent F M Chloramine 1 98
ENiE:
disinfected R
Sodium 02 18
by UV
hypochlorite
*x2 REMAMMEAVNIER . SEFLS

Table 2 The exposure time and the observed

indicators and the toxicological endpoints

Eyea|
/hpf (h t
pf (hour pos e
fertilization) S 48 b
Toxicological
Exposure time Observation indexes
endpoints
/hpf (hour post
fertilization)
0 GPBE4S 8 h FET- %
Coagulated spawn 8 h motality rate
51 35k 245 24 h FET-HR
24
Coagulated spawn 24 h motality rate
GRS BB M 48 h SETR, G
k20 o0 Bk Ui 2
ERLNN BELD; LS
48 h motality rate; re-
48 Coagulated spawn, no . .

) duction of pigmenta-
heartbeat, pigmenta- tion: decrease  of
tion, heartbeat heartbeat

B ~ 72 h FETT G AL I
VYo N AN S e
; G N R B
AN FE AR A )
72 h motality rate;de-
72 No heartbeat, hatch,

layed hatch; abnor-
not extended yolk sac,

mality of yolk sac; ha-
hapuchin

puchin

FAEb G Tk
FETHR A R IR A 0 R | O B 48 S5 o (O
BN SE A FE R GE T 230 DAy Y BOGE RV A AR A B

£ R SR RORR LSRR, e AR I 3 A 18
OB A BE S IR B TR S BT

WL, JHTHEAS 47 B S i B = 8, H7 48 15 s,

Fe LA 4 RIAT ARAT & 23 b 900 Bk, X IR 20 Bk = 5 K/

min i 1E O BRI O BEIZE R = (i IR AL F B
OB — S 2P 20 B )/ RSP 20 B

Uo7t SIE % < O 1A 2R A0 = (R IR O o R - SR
ZH I 23R )/ REZH 07 R
142 PFh Tk

K A 35 43 9 07 16 6T 45 5 O 200 B R R AT 4%
AV, BHETEWNAIMEE M TR K Z L TR L
TS G iy o ) B8R RV B 0 T A IS YR R e
FEVEM I AE FH o ASHIF 58 AR B8 5 T R i 1Y) B 2
FN B T & F a0 R 7 s, % T IR T XS
Yy (10 o 28 AR R R AT R I, X6 T A vk B 1 ¥
WA A5 Y AR T 1 fa 35 0F A IR A 3 o

%:7% Nagel ™ X BE 5 1 R i (1) 75 P24 48 bR 20 25,
A S UL 3] ) 48 B 43 R BOAE AR bR (1 R AE A
FAEZFEHE bR (A1 B 48 4R )W 26 (3 3), & F $5 % P
S TR PR (TTA 1 B AR bR ¥ g it o o) M 1 Al
F& bR A A, 7T LR AR

P=3f,+ D, +Xfy * Dy,

Sfi—1 BUFE AR RO FE T 3R () LR

D, —3ET- %

n—11 BUFEFR 4

S5 1L A AL

Dy, —4%5 T BFE AR 1Y AR

FHZ U3 Hr v 4 i 4 5 7 209 e 3 PP 98 b
TR R FEARACE"" . bRk Rt EARE E N
JZ T 58 J2 A0 1, 4 25 A 7 U fe E AR Eloe oy |
B2, BT IR i 10 SOE 48 A 3R B8 F AR 1k oE )
2 S BIE bR o T R )2 . R B K Te o i, A
R R AN N R Y A (TBY 9 =il a1 o i )
X TR 2, 8K I R R 1k SR A5 B R R A AR X6 7 11
SAE 1) f A5 2 IS bR B AR AU . 5
Pl 7 XA E FEIEM PP I 3,

R4 5 35 5 B0 1 DR V5 Y 9 10 1 58 S 9k 4y
m% 4,
143 Seit ik

K HI SAS 9.13 Geit o3 ki, 78 « =0.05 (1 &
F KRN [ P A K 7 7 AU 88 T B S i ik R
FRBET - 1 A8 fb 1 B0 iE 4T ANOVO 52 4= Bl #L a 5
(57317
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Table 3 The establishment and weight of hazard assessment indicator system
T BOELE b EBIIE bR A FUE
Factors Lethal index (0.5987) Non-lethal index (0.4013) Combining weights
B IR (A BLEAR) FET:
1.0000 0.5987
Lethal index Motality rate
O B 5 57
03132 0.1257
Abnormality of yolk sac
- - 0, 2 DU
AR B AE FR (1T BUFE A7) 03132 0.1257
Reduction of pigmentation
Non-lethal index . =
U 1 4 2% Delayed hatch 0.1525 0.0612
% & Hapuchin 0.1106 0.0444
LBk 2% Decrease of heartbeat 0.1106 0.0444

R4 BEERUS

Table 4 Hazard classification

f& 55
<0. 0.1,02] 0.2,03] >03
Hazard index
1 I I v
Hazard class
fakEE i £ i
Relatively
Hazard degree Light Moderate Strong
strong

2  Z5 8 (Results)
2.1 ANETHE R 7 0 BE 5 fa 15 A B0 B
ARE R WA KR BB B S A R AT

TG LR (K 5) Rl W, KM IH 5
TSN TE AR T U0 K R T T K SR
AL SN S T T P O T U0 K A RE
BB A0 R G B SE T A B 0. SRR B A B R v T
b R AR (SR B + 5 AP L5 9 T B 5 A iR
JRFET AREEAL, A IR i 5 A 2 & e A= 3
PE 5 RRAR, RIS BUAE . Sl S AN E A0
UG IEIG BBSE TR A R o AR TH 2 07 204k 21 1
AR R 5 DR B B 1 iR iR fie AL T AR s 42
THEALR <EI <ESh + RN = U0 K (A
HRE) < Al = 55h + Sl < B < IKATREN

RS FRABEKEEAXRENHDEMKIETERNIER
Table 5 The zebrafish embryo mortality in different water sample by different disinfection method

RBFE T
8 h 24 h 48 h 72 h
Cumulative mortality
%5 M Blank 0.000 C 0.042 D 0.042 F 0.042 F
U (R )
0.000 C 0.167 B 0.167 BC 0.167 CD
The effulent (unsterile)
WA TR A
0042 A 0250 A 0271 A 0292 A
Sodium hypochlorite
TEHMAR
0.000 C 0.083 CD 0.083 E 0.083 E
Chlorine dioxide
S Chloramine 0.021 B 0021 D 0.167 BC 0.188 BC
5L Ozone 0.000 C 0.188 B 0.188 B 0208 B
4 UV 0021 B 0.104 C 0.146 C 0.146 D
SO + AR M
0.000 C 0.104 C 0.125 D 0.167 CD
UV +sodium hypochlorite
Ehh + A
0.021 B 0.167 B 0.188 B 0.188 BC

UV + chloramine

T P B & A AR R 5 b SRR 22 S AN 3, R 22 S i 3

Note:If the two sets of data contain the same alphabet, then the difference was not significant, otherwise the difference was significant.
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1o el AT DL 3 35 K R 2 B X B 5 £0 IR G 1 &
B, RO OB R | R DT
D GRS WL BREZMARE B (K
2)o KRR IE H BE D A iR iR 48h P20 Bk 120 ¥/
min , YK 52 R A R0 G 1 B 2 BE D £ R G O R AR T OE
Y R LA T EE A0 Wk TR DE E R DY 5 R —
FHRYMRE D@L T R R
B> &R AT, b, 540 2 — Ak &0
B (75 MR 7 7 2/ 5 50 A4 3 R 45 A Ak
ST T AR BRI T A B I 0 MR R K OIS, R

70.00
60.00
50.00
40.00
30.00

T4y HPercentage/%

20.00
10.00

0.00

BN 72 h R RN HEE AN A T R R A
ARG % B T i VR i ) S 7 LA R O %
23 A[FEFFAKIE T e 4

K 6 AN TAH 2 7 O BE 5 iR IG 1 18 2 9
0. AR ATAL, U0 K RN R AR
HE KNG FERET 1R, faF R HikER
MG, 16 F AR T 109, M R S s IR
PR B 14 16 T 15 MU0 R, 8 3 S5 0 T 4%, 16 3 00 .
AN TR P AR 7K T B 5 20 B £ 1R i 1 2 2 52 e 2 A
FMF AR DL AR > E e > 5Hh + 5 > %
Sh + AR > 5 > ZH AL

B %% R Hapuchin

B0 k)% Decrease of heartbeat

% Hi #E 2% Delayed hatch

8 Z TR > Reduction of pigmentation
51 # 5 55 Abnormality of yolk sac

NH,CI

. W
uv

UV+
NH,CI1

UvV+
NaClO

ANE) B 5 2\ Different disinfection methods
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Fig. 1
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Developmental toxicities caused by different disinfection approaches
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Fig.2 Abnormal development of embryos in different water sample exposure groups

Note: A, pigmentation reduction; B, yolk sac abnormalities; C, capuchin; D, normal fish.

*6 AEESFANBEIR
Table 6 Hazard classification of different disinfection methods
=M il Uv + UV +
NaCIO clo, NH, Cl 0, uv
Blank Effluent NaClO NH, CI
= LB g
ﬁi%hﬁ 0.02 0.10 0.23 0.07 0.17 0.16 0.10 0.14 0.16
Hazard index
Ai/\‘ Q
feEFR 1 1 1T 1 11 11 I 11 11
Hazard class
1 R B B i B g o B hE hE
Hazard degree Light Light Relatively strong Light Moderate Moderate Light Moderate Moderate
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ARSI S5 R W, B — I R 7 SO D £ iR
Gk B A — R, B B RN B £ iR
GG AE TR BN, O Bk 2% , €0 R TR /D, B i
SH LIS ER% . M E i T EE
AN, LA Ok SR 4 0 B e deok, k2 &
Jie BAR, AR AL EURTERANE T e E DN o i X
Fifr 2 S5 11 Jirt PR RT B e AN [ 74 B 500 4 o AR op o R
() DBPs 8 M AN [F] 1 19 o U SRR B 7E TH 5 o AR v
FEAE ) DBPs 2 22 = i H BE (THM s ) Fl i 2, iR
(HAAs), THMs © #8fi tA 2 BOE W, 18] B K 3 19 44
P FIR Sh 52 86 B 57 % W] THMs B A W] 58 9 B e 7
VEH 8ot 1% 3 0, HA As HoA BUE M MBS M X
DBPs i 80 KUK 5k R 35 5] 90% LA B, B Lk &
T2 B 6 T B R e A S R R ST B RT LA K
KFEME THMs F1 HAAs %5 DBPs (14 i & , (B A B
GER IR, E T B T e e AR B RS R
RIH 7 B 7= ) (N-DBPs), A2 K ik R AR b B 2%,
N-DBPs (14 B 1 il <3 14 K, BT LA G2 7T A8 O AN 3
AT A K BT 35 5 2475 K TP g WL B 3 e, 5L
AT B S - EE LAY, R
M2 (B 1% DBPs , A IR B T AFTER, 6 23 A iR
fi &5, IR R AR B F (BrO, )L A 8t 1% 2 v A B M bk
{H 5 T A 2150 Sy 2B 28] BE B0 ™, B I R AR
T A — 0 W e F 5 R SR — P AL 3R i A
SEEALH B 515 YW OR B AR R N, BT AR T 7
W H LT A7 4 THMs %54 §L DBPs , 1l 2 & &
AN AR — R B B o, R R A
FR Y DN

SHMNR S A TR BN AL T R R AR AR K 7
e . X AT REJE H T 55 -k S R B 4L &V 7
AT A K B A TR R e 2 E R R
B B T B ek . I EY R, S —
SAIH BEAH UL, 280 -4 5V T A RO D T A K
A BE A i TR R AR TR S A KR SRR R, A
—ATH B = AP b R AN A AT R
B 12 R 22 AT o 2R M-SR B R 7T LA 3R b U
FEREA KT B E L E RS 4
B AT LA R B ANk TC R SR T B AR B . 2R
HMR S E M AT S R — SR T T R L E R A R
(SIS @ P S N T AT | LR 1/ =31 I~ N )
R 56 5 Y 7 2ok A v A — R R R T R R RRCR 4
FEARTIE 7K 4% SEE B 115 0T A mT R AT G000 25 19 391

I, Fie R FIRE 3t AR B R 7 0 A A T X Rl
22 53] 14 JL IR AT B8 R P 2R K R SR D SR 9 BE ST I
T T LB L5 O K 55 35 3 K R A TH 25 BT A ), Ak
FHK H ) TF B LR BIE 52 A BE B 4IRS A KT 2
KT A=A AE P AR K R B LA 15 B — P TR
ABFFE

WBIREER AN : B L #E1956—), 5,5+, %%, 2R FR
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