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Fig. 1 Diagram of the Synthétic Biological Ponds System, Showing
the location of sampling station

O. station for analysis of water quality; @ station for micronucleus te-

sts; A. pond 2; B. pond 3; C. pond 4; D. pond 55 E. grit chamber;

al,b2, Eickhornia crassipes Solmsy al. blanks a3. Alrernanthera philoxe-

roides Grisebsy a4. end point; bl. algae-bacteria unity cl. ecological mo-

dification unit; c2. freshwater mussel; d. aquaculture unit; e. influents
f. effluent.
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Fig. 2 Relationship between proportion of micronucleated erythrocytes in frog
tadpoles and duration of exposure to domestic sewage
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Tab. la Induction of micronuclei in frog tadpoles by domestic sewage from Huangzhou city

. F o o

s | BERMNCD | BeRCE) MELERRCD) BRaRne | Rikas s

Exposure time | Number of | Number of Number of (%£SD**) F test

erythrocytes MEs#* Frequency of

Group (day) tadpoles examined MEs F P
1 2 15 15000 a0 44-1.93
2 4 15 15000 60 4-+2.33

3 8 15 15000 76 5.074-3.33 6.58 <0.01

4 12 15 15000 104 6.9344.53
5 16 15 15000 64 4.2742.60
‘Control 16 15 15000 24 1.6+1.06

* MEs——micronucleated erythrocytes (REREZWLME), **SD

standard deviation (AR#EZE)
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Tab. 1b Multiple comparisons of frequencies of micronucleated erythrocytes (q test)
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Fig. 3 Effect of the concentration of mixed sewage on the level
of micronucleated erythrocytes of frog tadpoles
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Induction of micronuclei in frog tadpoles by the concentration of mixed sewage

Tab. 2a
BREH | BREREECR) | Ss(R) WsamiEidAN )] g mmc) Tk miE F g
Exposure time | Number of Number of Number (% =4 SD*x) Ft
Concen- erythrocytes of MEs* Frequency of est
tration -(da tadpoles xamined
(day) po examine MEs . p
10095 9 13 13000 98 7.544+3.36
25% 9 10 10000 40 4+1.33
12.5% 9 13 13000 25 1.92+1.26 28.59] «0.01
Control 9 15 15000 16 1.0740.88
* MEs micronucleated erythrocytes (EAE MK MIT), ** SD standard deviation (FRIEE)
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Tab. 2b Multiple comparisons of frequencies of micronucleated erythrocytes (q test)

LR
Comparison 25% 12.5% Control
1009, EE] sk ok
5% . . ok ET]
12.59% .

* — P<0.05, ** —P<0.01

. REEMEHANEFELARTRMERENER B4 DREGEKEZSE
YryE AL B R e SO S R R A I

ggs

~ 1

£t

>

:;861
® = B

- E 5
‘L‘*S
8 4

=]
2o
?\552_

8

g !

= [t

A B c D E

Bl 4 gttt Bk & kit Rk 4n e R rg s 1
A dKs B. 2 545 C. 354 D. 5 53 E.xH@
Fig. 4 Effect of influent and effluents from various ponds of the Synthetic
Biological Ponds System on the level of micronucleated erythrocytes
of frog tadpoles

A.influenty B. pond 2; C. pond 3; D. pond 5; E.control
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Tab. 32 Induction of micronuclei in frog tadpoles by influent and effluent from
each pond of the synthetic Biological Ponds System

a5 T F 5
x| BENACD | SHECR) MELsRECn)| AEmaney) | mnmes s
Exposure time | Number of Number of Number of (% + SD*%*) F test
. Treatm- erythrocytes MEs* Frequency of -
ent (day) tadpoles examined qMEsy F P
# K
Influent 9 13 13000 98 7.54+3.36
2 5 :
Pond 2 9 13 13000 73 5.62+3.59
3 =9
Pond 3 9 15 15000 45 341.46 | 19037 «0.01
5 24
Pond 5 9 15 15000 23 1.534+1.25
Control 9 15 15000 ~ 16 1.07-+0.88

* MEs

micronucleated erythrocytes (EEMEBHIL MM, ** SD standard deviation (JRHEE)
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Tab. 3b Multiple comparisons of frequencies of micronucleated erythrocytes (q test)

Heesd & 2 B 3 B 5 £ 5 W

Comparison Pond 2 Pond 3 Pond 5 Control
#t7k  Influent X *k Fek *k
* *x *k

2 5% Pond 2
3 5 Pond 3

*

Rk

*

5 E4% Pond 5

X — P>0.05, * —P«0.05, ** —~P<0.01
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Tab. 4 Physico-chemcal parameters of water quality in the synthetic Biological
Ponds System during the experiment

FHH Average value -
SEAAE
%j’i@ BB 2 A
r{t%n\é?ﬁ ASAS* | CODcr BOD, (mg/1) (mg/1) T
(mg/D) | (mg/D) | (mg/D) | x#3) | GrH | BER | = e
(EB%) | (2R3 | Cepz) | Total Toeal S8V | pusjem (25%)7] pH
BPS (percent | (percent | (percent | phosporus nitrogen |7 U conductivity
removal)| removal)| removal)| (percent (percent vE
removal) removal)
K 0.2096 62.93 21.28 1.55 28.09 2.93 . 581.6 8.30
Influent
25 uE 0.1406 36.24 7.63 0.52 21.24 0.33 535.4 7.27
Pond 2 | (32.92) | (42.41) ] (64.14) | (66.45) (24.39)
32 iF 0.0332 30.12 7.54 0.33 13.94 2.43 510.6 7.61
Pond 3 (84.16) (52.14) | (64.57) (78.71) (50.37)
45 ¥ 0.0280 30,54 10.37 0.22 9.80 4.65 488.6 7.77
Pond 4
5 5 0.0290 22.27 9.50 0.15 6.70 3.88 474 .4 7.75
Pond 5 | (86.16) | (64.61) (90.32) (76.15)
* ASAS anjoic surface active substance (AR FTEHTEEYER)

L R T5 K% R ki R
62 5 40 AR s T 0k Ok A 2T AR R O, M BR TR OB TR 5 A (BB I, 1
2:3\0)0 WMBRERRHTRAKNR>-ENEE LA RO BB G THISE K



310 _ K £ E #m % 16 %

WAL EAVBER R AR BRI KT, BRAMGEESED R RS LB
e R EEG FEEERIBEE AL ERERE, REWARE M MENLEIE
WL (B 1,3), X B BRI R M Eo b4t , HERAMNB R AR B LR U,
WO AMB T 233 E (B 1, 4.5.6)0 [HXEBRE LRI REITBILRE
Rk, DI Hlr A9 200 X & Aol A 80 T

B R —F 2 R SR bk, RIS AKE R T, OB I R R L R A
58 B i ) 280 17 T B P SR BB RE 28 B o 7E 16d AETETS /K AL B 32 B vh , 35 i ibbish &7 40 i 9 75
KIBEFEEINEEERE, 42 2d BRBEARERERIT LREERMR (P <o0.01),
FrEEGER RS, B 2 RN REY, EARHSLENNEN LR
R, REEHEEROHAERLERN, EGKGERRE P, BhdHE 8 = 12d LUFE
B o sk P 0 B S TE R IR SR BE VR & 15 K AL B S0 B P 2B HH IR B RO SR flog ek 38, D
REREAZRZE LNREZEREPTZT SRS ER. RERB G KB EEER
WA, F—05E, BRAERERDEDHIERBREAETREE KBAFRBNELE
T, XEREFENGSRE—BMN™Y, IRFEREERLSS, T HBEmES
Bk, URKHIREMEEESEBREGKELRIERN ERE RN 15KiEEEEY
3RS R E RS AR — Mg, hTXMEAEEFARAALUEHRESE
B, RBBHTZ BN B L, ENKIRERMALBREARACRA KNGS, M5
RAIEEEEM,

2. REEWEDALBERE G FH

SAEYERTERAEEN LA BERN—MHABMEKESREEBN ST, X
BETS KEATHRECRE R ETT 8. KREAZ(n COD, BOD )R AXIT4r
H e b TR BN (R 2N R R BRI e R 2L, MR IEFHENA
EERSREEMIER TR N . RRERERH, ENGaLEYELEREREMLEKE
EEEN—FER T #. BEREGTE KEEAEMIERRELE, M EmRER
TR, HHRE/KRY 7.54% TEEEIRE KRS 1.52%0, BRI K Bkdn s kiR
K 92.9%, MIBEEZEEMIELE, BEENFELEEEAR EHTEERK SaEWE
X5 K B S 1 VRO X R B AL SR S R R e W2 S AT s B VI AESR . ERAERD
TFHRELE RS EEDRRAMENRE FHESY . RESIMMESES BERKES
W YARI YRR , A3 FE AL DL e S A R B MR, B B (LTS 7K, BRTE KB R
EHER B, '

B—5H, SRR RS LORE TR 6 MBS LR G LB
B KRR B A BN T, XEEEE—T 2 SN 3 SER TSR
e M Mo TERE MEAT R SE R, 2 R 3 SRS EWEIORLES, BRI
BEUE Ro BKEIN S B AFE, EEMNEKFEROMBaREENARSIT LN
%%ﬁoﬁ%3%%%%%%%@%?Z%ﬁ%méﬁ%iﬁﬂﬁmﬁéﬁﬁﬂﬁﬁﬁ
M BE Tl B BT LA D02 Rl A B LB FE X B TR E S A AR
HEM EGE 4)o A NERR B BIE TR EE R LT -+ R RER e (LAS)



4 1 PRTERRSG . Ik SRS 7 A 7 e o ik 40 2 W i B L AE TR e s e 0 5 311

7E 0.14ppm Ft, BhEEBE R B PUE i (Terrahymena pyriformis Ehrenbeng) BN B &
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Tab. 5 Mutarion indices of sewage in the Syntheeic Biological Ponds System

SEEYIERS: SRS
SBPS Mutation index

7 7K Influent 7:07

2 248 Pond 2 5.26

3 5% Pond 3 2.81

5 Si% Pond 5 1.44

AT EBMR SR A IR V5 KB A FE R Rk R, TR ERH N A5 KB
B3 (\Mutatlon index, ML) {EA—THTHIZhEETEMNTE IR,
= TSRO G S B (8 (%o [ 55 PR D0 4 i S8 S B9 18 (%o )
srmék%ifé%ﬁmlﬁi?éﬂéﬁju% 50 SRR F DI FEIAAR, M1 2—TikEER
FIERR, RIREG KNS HEASRR TN EMNSAETHM. RE¥xEiistt
BEYERBAEIREES, THREBREE. ZWHIENTE K KRR S L
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INDUCTION OF MICRONUCLEI IN ERYTHROCYTES OF FROG
‘"TADPOLES BY CITY SEWAGE, WITH REFERENCE TO
ENVIRONMENTAL MONITORING

Chen Junjian and  Xia Yicheng
(Institure of Hydrobiology, Acedemiec Sinica, Wuhan, 430072)

Abstract

In this study, a micronucleus test using the erythrocytes of the tadpoles of the frog (Rana
snigromaculatg Hallowell) was developed as a new monitoring system for the mutagenic acti-
vity of the city sewage. In an experiment in which the tadpoles were exposed to domestic se-
wage for 16 days, the frequency of micronucleated erythrocytes showed a significant elevation
after 2 days of exposure, and then increased over time to a maximum after 12 days. In ano-
ther éxperiment in which the tadpoles were exposed-to mixed sewage of different concentra-
tions, the frequency of micronucleated erythrocytes showed significant dose-dependent increa-
ses.

The micronucleus test was used to evaluate the efficiency of the Synthetic Biological Ponds
System in Huangzhou city for reducing the ﬁﬁutagenic activity of city sewage. As the mixed
city sewage flew through the biological ponds, the frequency of micronucleated erythrocytes
induced by the sewage decreased gradually from 7.54% in the influent to 1.52% in the final
effluent, approaching the level in the control (1.07%).

The results indicated that both domestic and mixed sewage have strong muragenic activi-
ty. The Synthetic Biological Ponds System is an efficient method to reduce the mutagenic ac-
‘tivity of city sewage. The micronucleus test using erythrocytes of frog tadpoles is a sensitive,

practical and easy-to-apply monitoring method.

Key words Frog tadpolés, Micronucleus, Sewage, Synthetic Biological Ponds System,

Mutation index
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1. acentric chromosomal fragment lagging at anaphase; 2. micronucleus; 3. karyorrhe-~

xis; 4. micronucleus and nuclear protrusion; 5. irregular nucleus; 6. amitosis




