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Abstract: Acute toxicity and growth inhibition of sewage sludge leachate to Sparus macrocephalus, Artemia saline,
Phaeodactylum tricornutum Bohlin, Chaetoceros gracilis and Chlorella sp. were conducted to assess ecological risk ari—
sing from the contaminants releasing from sewage sludge in marine environment. Heavy metal and dissolved organic
carbon (DOC) were also analyzed in sewage sludge leachate from 7 representative STPs in Shanghai before toxici—
ty test. Chemical analysis results showed that concentrations of all heavy metals were lower than guidelines of
both EU (EN12457.22002) and China (GB5085.32007). However, concentrations of DOC in all samples were
one order of magnitude higher than the EU guidelines. Toxicity test results indicated that Sparus macrocephalus
was the most sensitive organism to leachate followed by microalgae and Artemia saline, respectively. Clustere a—
nalysis on toxicity data showed that S2 and S3 were the most toxic samples to marine organisms, while S4 and S5

were the lowest. Generally, industrial sewage sludge with lower content of sulfide and organic matter shows less tox—
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icity than other samples.
Keywords: sewage sludge; leachate; heavy metal; acute toxicity; growth inhibition
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Table | Parameters of wastewater treatment plants and characteristic of sewage sludge

(10* tod™) 1% g-kg™) B
. . Ngkg™)
Capacity of sewage The content of Organic matter
Samples Treatment process ) . Sulfide/(g=kg™)
treatment/(10* ted™) industrial wastewater /% Ngkg™)
AO
S1 50 o 15 206 0.0320
Anaerobic-oxic process
A20
S2 13 ) o 10 218 0.234
Reversed anaerobic-anoxic-oxic process
A20
S3 10 ) o 50 159 1.07
Reversed anaerobic-anoxic-oxic process
S4 40 . . 60 189 0.0420
Traditional activated sludge process
A20
S5 5 ) o 70 122 0.0579
Reversed anaerobic-anoxic-oxic process
A20
S6 10 ) ) ) 50 182 2.50
Anaerobic-anoxic-oxic process
AO
S7 10 50 209 3.76

Anaerobic-oxic process
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9
, T 1, T>1 tel,
T<1 ) . 22
L=L, +( L- ye(1- e ™) @)
0 T _ LO ,
GraphPad ,
Prism 5 , SPSS19.0
96 h 3 o ,
2 ( Results and discussion)
2.1 TU 78.12,
[14] ’ 5
’ s, (M. Menidia) (Clupea
’ harengus) (TU, 38.46
: ’ ~1000)""-
’ , TU 1.68,
o 2 7
1 ,
) [18]
; HePb 1y, 247 ~420),
Cd (p <0.05),Zn Pb
(p <0.05),
EN12457.2-2002 GB5085.3-2007
) 2 S3
, DOC
, 4
, SI  S3 1 ,
S5 . 2 ,S2
) S3 s4
Ss, S5 Hg,
2 DOC
Table 2 The concentrations of heavy metals and DOC in sludge leachates
(ng'L™)
DOC(mg°L™) Cu Cr Zn Hg As Pb cd
Samples
Sl 1635 184 458 159 0.456 28.5 196 8.94
S2 489 1 468 1195 6 508 132 527 N.D. N.D.
S3 1254 974 1713 5714 1.01 292 N.D. N.D.
s4 435 369 1835 3 492 0.990 7.31 68.6 N.D.
S5 313 344 2340 8 254 1.40 76.4 N.D. N.D.
S6 711 1036 581 6 984 0.559 4.50 N.D. 18.6
S7 149 1493 1781 3016 N.D. 345 206 29.7
GB 5085.32007 / 100 000 15 000 100 000 100 5000 5000 1 000
EN12457.2-2002 100 10 000 7 000 20 000 200 2 500 5000 500

. N.D.

Note: N.D. Denotes non-detected.
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3

96 h

Table 3 Results of the 96 h acute toxicity test on the larva of Sparus macrocephalus and Artemia saline

TU 9% -
Samples Toxic units and 95% confidence intervals Regression equations
Sparus macrocephalus Artemia saline Sparus macrocephalus Artemia saline Sparus macrocephalus ~ Artemia saline
S1 108.70@6.51 ~256.41) 1.59(1.00 ~3.06) =(1 +100 0036- 018y — (] 41 8008y 0.82 093
y y
2 476.19(303.03 ~769.23) 265(31.12 ~45.87) =(1 +100B=NBy =(1 +10058x202yd 094 098
y y
S3 25641(131.58 ~500.00) 365Q.18 ~7.86) =(1 + 10412y =(1 +100 4162y 088 0.80
y y
4 2652(18.94 ~37.17) / y=(1 + 1008130y / 093 /
S5 9434(70.92 ~ 125.00) 163(1.05 ~2.53) =(1 +1005230yd =(1 +100 P07y 097 096
y y
S6 102.94(80.64 ~129.87) 1.92(1.00 ~7.00) =(1 + 100V g = (] 4100 72048y 099 078
y y
S7 60.97(51.02 ~714.28) 1.36(1.00 ~2.85) =(1 +10021136y =(1 +10087120y3 095 0.86
y y
o/ N TU o
Note: / The toxicity of leachate to Artemia saline is too low to fit equations.
23 pr
b
b b b 2
, . ( 4). S1,83  S7 72 h
) , S2 o
) ° T ,S1
, , S3 S7,
) o Sz
[2223]
R o o
2 3 b
72 h . ,
1 3 87 3 TU . i
10, , 4S5 S6 3 TU ,
167 ~25 R , 3 o
° 25
, EE8 4 4iffi £ Chaetoceros gracilis
(TU <2)[1°] . , 20 B2 = #5485 ¥ Phaeodactylum tricornutum Bohlin
E= /\Bk¥E Chlorella sp
s
=R =
E 'g 15
S
° s s (2 ~ E“ o
3H -z 104
10%) BE 5
° s 5 E
[20]. -
] ) E
04 =
s
° 5 TU Lﬂ!
(p <0.05), Samples
( ) B 1 5kiT R A £ KM
Fig. 1 Growth inhibition of sludge leachates to microalgae
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4
Table 4 Growth inhibition of sludge leachates on the larva of Artemia salina
0h 24 h 48 h 72h T
Samples
S1 7768 £353 8405 +£33.5 917.1 £512 139
S2 814.1 £253 996.8 +243 1231375 415 094
S3 843976 9293 £61.0 10273 £693 1.14
$4 8557256 961.7 £542 11749 £1070 099
S5 5728 £56.0 819.7 £38.0 922.1 £875 10038 £37.0 1.18
S6 855.1 = 1247 954.7 +106.1 11230+1043 1.03
S7 786575 876.7 £476 9669 +8.7 128
8238 £220 9639 324 11680 +£226 1
Control
24 S4 _—'—( = ( -
86 [—
85 J =
S3 4
. == }
3 ( 57 ‘
) (
B 5 92 |
TU T | ‘
R 2 o 2 S3 33 -
S3 o g
° Fig. 2 Cluster results from different kinds of toxicity data
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