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Immobilized sulfate reducing bacteria beads using microalgae as nutrient source for effective biotreatment of
copper—containing wastewater in an upflow anaerobic reactor

LI Yong—chao', YANG Xiao-yan? LI Yan-ling?, GENG Bing*

(1.School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China; 2.Agricultural Clear Watershed
Group, Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China)

Abstract: Genus Desulfovibrio sp., belonging to the sulfate—reducing bacteria( SRB) strain, was isolated from a sludge sample. Degradable
microalgae ( Chlorella vulgaris, Scenedesmus obliquus, Selenastrum capricornutum, and Anabaena spiroides ) were first selected as carbon
sources for SRB. Then, immobilized SRB beads were prepared using polyvinyl alcohol and sodium alginate as a conventional gel matrix, and
the embedding condition was optimized through an orthogonal experiment. These beads were used for the treatment of copper—containing
wastewater in an upflow anaerobic reactor. Results showed that under the action of co—existing fermentative bacteria, the microalgae were
first degraded to fatty acids, which could serve as a carbon source for SRB. In particular, Scenedesmus obliquus was adopted as the carbon
source because its fermentation products were better. The optimal parameters for preparing immobilized beads with higher sulfate reduction

rate are as follows: polyvinyl alcohol 2%, sodium alginate 1%, calcium chloride 6%, silica sand 1%, and 50 mL volume of SRB suspension.
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During the initial stage of the reaction, pollutant removal in the upflow anaerobic reactor was mainly due to the adsorption of immobilized

SRB beads. Five days later, biological sulfate reduction played a dominant role, and Cu?* removal rate reached more than 98% during 0~36

days of reaction. After 45 days, the reactor ran out. In particular, the Cu®* removal ability for microalgae was 45.28 mg+d™"+g™" and the SO%

removal ability was about 182.17 mg-d™"-g™".

Keywords: sulfate reducing bacteria; immobilization; microalgae; copper—containing wastewater
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Table 1 The level and value range of different factors
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4 8 2.0 8 4 50

1.4 Bh7SELE

SR A 3 2SR R A Ak RO #5201 T e A 5 TR
[ 72 1t SRB fBRAL I & i I K o B KA A=Ak
IO #5% hAa HLBE IR R B AR, & 420 mm, NAR 70
mm, 7275 o 1:6, 2 KT 22 750 mL, J b 4 1%
AHEAN S mm HEH K, ALK B SOTVRE
&7 1000 mg- L™\ Cu® ¥ &k 100 mg- L™ PR K A
R SRR, P HIAS pH R 5.5, A AR A 30 min,
T K e R B FR R 1 E Ak SRB AMERIE T RN
Nige, SRJE MG SIEE A T B IEAE K, L
0.5 mL-min™ BEEHI SR SN A%, 7K F145 B B[]y
25 h, $EHE—E BRI RI R EORE , M H 7K SO,
Cu™¥RFEE LK COD {H. WL g RliHE T, 4545 8
i R VUG M 2, W 1o BRAMKE AR B ok s
(%) [ 72 Ak SRB T EREE A S0 25 , A R 254 T iz q 7, 1E
R RE AL

A A AL A
thk R K HK
B 1 SfFEEKNSERIBEER

Figure 1 The experimental setup diagram for wastewater treatment

in the bench—scale continuous runs
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Figure 3 COD value of solution after six days fermentation of
microalgae( Chlorella vulgaris , Scenedesmus obliquus ,

Selenastrum capricornutum ,Anabaena spiroides )
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Table 2 Fermentation product measured in the reaction solution
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Table 3 Analysis and results of Orthogonal experimental design for immobilized beads
28 PIAEE e T L
A/% B/% C/% D/% E/mL RS
1 2 0.5 6 0.5 50 + + ++ 90.5
2 2 1.0 8 1 40 +++ + +++ 93.4
3 2 1.5 4 4 20 ++ ++ +++ 81.1
4 2 2.0 2 2 30 + ++ ++ 88.5
5 4 0.5 4 1 30 +++ + + 82.7
6 4 1.0 2 0.5 20 +++ ++ + 84.3
7 4 1.5 6 2 40 ++ + + 88.0
8 4 2.0 8 4 50 ++ +++ +++ 81.8
9 6 0.5 2 4 40 +++ ++ + 743
10 6 1.0 4 2 50 ++ +++ ++ 78.4
11 6 1.5 8 0.5 30 + ++ + 71.5
12 6 2.0 6 1 20 + ++ ++ 91.8
13 8 0.5 8 2 20 +++ ++ + 733
14 8 1.0 6 4 30 ++ +++ + 85.4
15 8 1.5 2 1 50 ++ +++ + 98.6
16 8 2.0 4 0.5 40 + ++ ++ 79.2
TR EH A JF % k1 88.4% 80.2% 86.4% 81.4% 82.6%
k2 84.2% 85.4% 80.4% 91.6% 82.0%
k3 79.0% 84.8% 89% 82.1% 83.7%
k4 84.1% 85.3% 80% 80.6% 87.3%
R 9.38 5.18 8.94 10.98 5.29
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Figure 4 Effect of five factors on sulfate reduction rate
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Figure 5 Digital photograph of fresh prepared immobilized SRB bead with microalgae as nutrient source(a),soaked in the water

(cj

for 14 day(b ), and immobilized SRB beads without microalgae as nutrient source(c )
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Figure 6 Sulfate content in the effluent from anaerobic reactor
filled with immobilized SRB beads with microalgae
as nutrient source
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Figure 7 Copper ion content in the effluent from anaerobic reactor
filled with immobilized SRB beads with microalgae

as nutrient source
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Figure 8 COD value of the effluent from anaerobic reactor filled

with immobilized SRB beads with microalgae as nutrient source
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K5 9947 mg- L7, RGTERR . B2 FEMIST T4
TR Cu P RBRAE TN 4528 mg-d™,

Kl 8 Bon, [ bEkE IR AR N #5217 1d
J& 7K B9 COD B4 56 mg- L™, %5 2 d 145 COD 1y
BT LRGN, 3P UCIE B T AR 19 I 200 TR % ol e e
fife e T A ALY (HE R SRB ATH SR A FA5 0T, %)
BT F 3N TR W B Af 1% B 25 SO )
AT, SRB 3G N T PREE , SR Eh i I BE ) KM 3 i , %
ALY TR BRI, AT B0H 7K COD S 6 d

IR E R KAH, Bl TR FEAIR. 25 15 d LUJS , Hi7k COD
B} 173~263 mg-L™', A, XFARZH SRB th FHk =5
FWI, 7K COD {H— BLHHIK . Boshoff 25075 3 5236
TR i R AR N s i 58 3R B 31%01 Spiruli-
na spp. (B2 HE B JE ) T AT LIVESS SRB BYBRIE , 24
#E7K COD:SO%Hy 8:1 B, i iy A Bt iR £ 25 B 8 ik 2]
90.3%, 4, 7k COD f{1E 35 3000~5600 mg-L™, F AR
[ 22 1t SRB BN B Bk 1 23 B R AN SCHR[17 755
{H 2 Boshoff Z&HEH /K NN T — & = TCHLE 5
Pralfdik SRB A= , Hvk , MK A= COD
(B AT LAE AR 5800 T KA 1Y Spirulina spp. (1R iE
BE) TR, RERAEMEOK S RN BA
B SRB A, (H2 B REARUE T4 & i iR Eh ik
JE 7,1 FLH 7K COD fEARNT AR . 25 b, LAsE s
FRUE [ 2 L SRB UERIIE AL, AALAT LA D 7 4 1%
KX} SRB 85 F A I LIS 20 A A BAsCR , i H
AR K o S A BRI A DL, > R 3

3 it

(1) A3 8 H  15E 43 15 HR — ARt R A 38 Jir A
bk, 24 16SDNA WY, &IZE MBI &
(Desulfovibrio ) i) — 14533 o

(2)38 /NEREE RHE M EE  F A T o e e £
JU S A R I A TRV T BB AE BN R L T IR IR A
INFTFAPLER, AT SRB AL LA I AR I, Horh
AR IMRE & T e, R B

(3 LIB R R e AL % o R bR, 1F 3¢ S50 R W
M 7 5 TR TR A2 Ak SRB MR 1 = A 4% 45 1R
PVA Fli 2% . W3RN 1% .CaCl, 6% . — A bHE
1% SRB 3 50 mL. 7Ei%Z5%F T, [5 % L SRB fif
BRIGIRPE AT R4 (2~3 mm ) FHXT345) oK i 14 d
P

(45 B ek il 2 1) [ 2 AL fOER I e 3] B3 xR 4R
JNiAs, TEHEZK SOTVRE A 1000 mg- L Cu ¥k i K
100 mg- L™ \pH 4 5.5, /K Jyiifs B4 B:F 0] Sy 25 h 19 24
T, 1847 36 d Z A H K Co* & S 4E 5 7E 0.29~1.43
mg - L™, 3K 8 (75 K Z5A HE PR W) X S5 B 25K 5 T
H 7K COD fHEAR, KIEFEAL T = ki5 5y
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