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Abstract. The environmental problems caused by the rapid development of leather industry in China are receiving
more and more attention. In the present study several organisms of Vibrio fischeri Vibrio phosphoreum zebrafish
larvae and embryo were applied to evaluate the acute and developmental toxicity of tannery wastewater the removal
rate of toxicity by treatment process and the sensitivity of different organisms to the toxicity of tannery wastewater.
The results showed that the sensitivities followed the sequence of zebrafish embryo > Vibrio phosphoreum > zebrafish

larvae > Vibrio fischeri. The acute toxicity of tannery wastewater was completely removed after the treatment of whole
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process according to the acute toxicity test of luminescent bacteria and zebrafish larvae (0 TUa) . However the re-
sults from the toxicity study with zebrafish embryos showed that the final effluent of tannery wastewater after treatment
still had acute toxicity (0.5 TUa) and developmental toxicity (0.7 TUa to hatching rate 0. 13 TUa to malformation
rate) . It is indicated that the toxicity of tannery wastewater was roughly removed by the present treatment process
but further treatment was still needed for complete toxicity reduction.
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Fig. 1 Tannery wastewater treatment process and the sampling sites

Note: CASS is cyclic activated sludge system.
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Table 1  Physiological parameters of tannery wastewater influent and effluents from different treatment units

pH Conductivity Chemical oxygen Ammonia Total phosphorus
Wastewater source
/( ms*cm™) demand /( mgeL?) /( mgeLY) /( mg*L?)
6.94 10.17 436.4 28.234 0.409
Influent
6.77 8.30 586. 1 21.297 1.659
Coagulation sedimentation effluent
CASS
6.80 8.06 89.0 1.697 0.278
CASS treatment effluent
2 4 o 3

Table 2 Concentrations of heavy metals in tannery
wastewater influent and effluents from different

treatment units 45.4%  6.6%
(mgeL™)

. , , , , 59.7% 24.0%
Cr Zn**  Cu"* Cd°* Pb*
Wastewater source

CASS
1.895 0.994 0.163 0.008 0.034
Influent
CASS
Coagulation sedimentation 1.624 0.740 0.142 0.008 0.021
effluent :
CASS 15 min-EC,, ( 4)
0.526 0.237 0.022 0.001 0.010
CASS treatment effluent
70.2% .
2.2 CASS
3 2
2 15 min¥C,, °
3
Table 3 Acute toxic effect on luminescent bacteria exposed to tannery wastewater influent and
effluents from different treatment units
lative luminescence
Relative luminescence 15 minECy(95% ) 1%
intensity (95% ) /%
Wastewater source
Vibrio fischeri Vibrio phosphoreum Vibrio fischeri Vibrio phosphoreum
45.4(40.2 ~50.6) 6.6(3.7~9.5) 85.7(73.5 ~97.9) 17.2( 14.3 ~20.0)
Influent
59.7(55.5 ~63.9) 24.0(20.1 ~27.9) - 57.9(54.0 ~61.8)

Coagulation sedimentation effluent

CASS

106.0(101.0 ~112.0) 108.0( 102.0 ~114.0) - - - -
CASS treatment effluent
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Fig. 2 Effect on the early development of zebrafish
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19.31%  65.91% CASS 6
50% LC ;
’ » EC.. ( HEC Table 6 Acute and developmental toxicity to
ol s0) zebrafish embryo exposed to tannery
15.72%  27.08% CASS

wastewater influent and
effluents from different treatment units

ECs( MECy) 37.5%  80.11% CASS ELCy /% HECs/% MECy /%
50% EC Wastewater source
% Influent 19.31 15.72 37.50
65.91 27.08 80.11
~ Coagulation sedimentation effluent
CASS
0.5 TUa.0.7 TUa 0. 13 TUa. - - - - - -
HEC CASS treatment effluent
s0 <  ELCs<HEC5, MECs,
ELCy, < MECy, 3 wn 0
Note: ELCg, HECs, and MECs, respectively represent the concentration of
o TUa wastewater for 50% of embryonic mortality hatching and malformation.
CASS 67.1% 7
90.3% .. . .
Table 7 Toxicity unit of tannery wastewater influent
78.3% and effluents from different treatment units in acute and
CASS developmental toxicity test with zebrafish embryos
N o 24 h
20 s 24 h 24 h 48 h Wastewater source
48 h 48 h 72 h Influent 5.18 6.36 2.67
1.52 3.69 1.25
72h ° Coagulation sedimentation effluent
24 h <48 h <72 h CASS
0.50 0.70 0.13
72 h ( 3) . CASS treatment effluent
e
g A h
3 CASS
radg 24h48h 72h 24 h c 24 h ;
e 48 h f 48 h 72 h i 72 h o

Fig. 3 Effect on the early development of zebrafish embryo exposed to effluent after treatment by CASS

Note: (a d g) 24 48 72 h-normal development; (b) 24 h-no development of the embryonic eyespot; ( ¢) 24 h-no extension of the embryonic tail;

(e) 48 h-pericardial edema; (f) 48 h+ail curving; ( h) 72h-malformed larvae treated with wastewater) ; (i) 72h-unhatched embryos
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