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Effect of low-intensity ultrasound on controlling the limit concentration of
heavy metal Cu( II ) in anaerobic sludge
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Abstract: With the changes of sludge matrix degradation rate (v..,) , extracellular polymeric substances (EPS)
and enzyme activity (DHA) as the evaluation indexes, the effects of low-intensity ultrasound on the tolerance of
heavy metal Cu( Il ) in anaerobic sludge were investigated under different influent Cu( Il ) concentrations. The
results show that low-intensity ultrasound can improve the tolerance of sludge microorganisms to Cu( Il ). With the
increase of the concentration of Cu( II ) in the influent, the v, decreases in both the ultrasound group and the
control group, but v, in the ultrasound group decreases more slowly. The fit of the relationship between the
influent Cu( Il ) concentration and the percentage inhibition rate of sludge matrix degradation in the ultrasonic
group and the control group yieldes IC;, of 94.62 mg/L and 88.85 mg/L, respectively, indicating that low-intensity

ultrasonic waves can improve the inhibition threshold of Cu( II) by anaerobic sludge. The EPS content in the
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ultrasound group and the control group increase slightly when the concentration of Cu( Il ) is I mg/L in the influent,

and then decrease gradually with further increasing concentration of Cu( II). However, the EPS content in the

ultrasound group is higher than that in the control group, which may be that low-intensity ultrasound reduces the

biotoxicity of Cu( Il ) by promoting more EPS secretion from sludge. In addition, compared to the control group, the

DHA activity of the ultrasound group is increased by 3.95%—36.31%. Therefore, the tolerance of anaerobic sludge

to the heavy metal Cu( II') can be improved through low-intensity ultrasound, to maintain the stable operation of the

anaerobic biological treatment of sewage.

Keywords: low-intensity ultrasound; anaerobic sludge; heavy metal Cu( Il ) ; dehydrogenase activity; extracellular

polymer substances
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Fig.1 Effect of low intensity ultrasound on degradation rate of sludge matrix at different influent Cu( Il ) concentrations:

(a) control group; (b) ultrasound group
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Table 1 Effect of low intensity ultrasound on VFA composition and content at different influent Cu( II ) concentrations
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Xif B 2 15.63 +1.84 11.77+£1.35 0.38 +0.05 0.85+0.08 0.28 = 0.04 0.49 +0.07
2 35.54 +3.54 22.79 +2.89 0.47 +0.03 1.09 +£0.12 0.42 +0.05 0.28 + 0.04
X HEZH 3 19.88 +2.09 13.45+1.75 0.48 + 0.04 1.25+0.15 0.54 +0.07 0.44 + 0.06
HHFE L 3 36.78 +3.28 23.45 +3.34 0.55 £ 0.05 1.34+0.11 0.59 + 0.05 0.53 + 0.08
X HEZH 4 27.21+3.37 16.57 +1.98 0.66 £ 0.05 1.45+0.17 0.85+0.11 0.56 + 0.07
R4 4543 +5.14 27.44 +3.87 0.48 +0.07 1.43+0.16 1.08 £0.21 0.71 +0.07
X HREH 5 4529 +4.87 3021 £3.75 0.66 £ 0.07 1.75+0.21 1.02+0.24 0.68 +0.09
S 58.96 + 6.29 40.28 + 4.69 0.75 +0.09 1.69+0.19 1.11+0.16 0.86+0.10
X HEZH 6 96.65 +10.22 62.49 £ 6.65 0.77 + 0.09 2.65+0.22 1.08+0.17 0.98+0.17
HFd6 101.28 £ 11.43 68.87 +7.38 1.04+0.18 2.38+0.34 1.21£0.09 1.28+0.14

5% 45 SR 3 B, AR 3 8 7 B AR IR S T 42 )&
Cu( )R IRAS AR R T VFA & it Fh i, #
HBEE 7RI CuCI0) W BERG I, S Ak & v R
VFA BB #ii K. MS%ZEPVFAua@ﬁnW
W2k 3 us i Cu( ¥R 0.1.10,25.50,100 mg/L
A, M P 41 VFA Eb X BE 2 20 0l 34 i T 211.34% .
206.09%.175.47%.161.85% . 130.20% . 106.95%. #
ARG M Cu( 1), 24 Cu D) HEE N 1 mg/L i, H A
25X HRAE VEA Sk B AU GO s B Cu (1) v

BT BB 5 MRS 4 VEA S PR g, Jf A
Xt HRZH VFA i) RFECRBA g & T A 4. VFA R 2R

FREZE TG iG 2 B30, DR A P o ik
W VEA i — D540 28 b IR B R 75 i S5 am
4R Cul 1) BB AE AL DR 48 s 0 H (8] 7 9 VFA
FYFR R BSR4 8Ek Cu D) e B3 v A2 ik = Ak Y
VFA X R A8 S 0 2ok 2 77 A T 40 o) {1 3 75 U8 %o
VFA i RO B85S -
2.5 {KIBEEBEREXISIE VSS/TSS #01

15U VSS Mk BE R BUER TR P A&
i, VSS/TSS £ —E FE B FARER Tisleh &

T e, RCMEL B9 78 A ] 42 R AR A ) B A A
DL IR S 6 R NS P 4L L 3 06 9 8 2R AT EORE

i, R A SR E 4 Fos .
2 RIS 150
\‘ VSS & H
. X@g TS@JE‘%% 176
20 % - ;77"’”"' + 29 ﬁLéﬂTssﬁ\i 174
Sy s XTHRALVSS/TSS 172
.{‘: .{-: } \%4 HAALVSSITSS 170
— & bl g 168
— |
=15 I N L 166 =
ELIE o e T e W
= el B F D Ry
w 0], i \% 1582
| ‘ & Ls6
‘ . S ;1154
5r . N N K152
‘ 150
‘ : o148
" - Ja6
1 4 5
LI (IR k=2
B4 ARE#AKCa(D)RE T REBEBSEEXSRE
VSS/TSS 8§01

Fig.4 Effect of low intensity ultrasound on sludge VSS/TSS

at different influent Cu( II ) concentrations
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