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Fig. 1 Operation procedure of the gas stripping internal circulation reactor
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Fig. 2 Change of sulfur-related components in the gas stripping internal circulation reactor and the traditional reactor
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Fig. 4 Relative abundance in order, family, genus levels for microbes in the reactor
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Fig. 5 Removal of heavy metal ions in the gas stripping internal circulation reactor and the traditional reactor

48 SRB J I 4 % AR AL K B4 5 R1 HKFESRBEFRE
GRIBATE, BB KRG ST o, B4 Table 1 Concentration of heavy metal

ions in effluent mg-L™!

A KA TC R o (AR A G T AR LA B8 i A A

R . A S B D), SRR TR BAERER o Fe” M

SRBACSNE A AT A, AR gEsR TR0 wor 38
RN BE ) E AR Y 1S 5 A B T (LE e 0.72 23.58 146.66 23.8

R GER G, T as T PiE kAT T

XRF 5587, SERFEW, VWD A4 3.9% Cu, 4.27% Zn. 5.28% Mn. 35.78% Fe. 48.89% S, iX i
B AR =Y HS S EAJR AN S BEmMAY A S HALE & 415, HiZ4e Ry g ] ik
98.12%.



54 LIS ST BRI SR ) B IR 3R BN A b PR R A L1 K 975

3 g

1) H,S /E M SOF ik Ji () e 28 7= 4y, 23 %k SRB 7= A= BRI 5 A48 P00 B s g 2% 0T A8 &4 i B
H,S %} SRB FIEE LI, SOF EBRR i 36.5%(6 48 [ v %) $2 T+ = 91.24%.

2) AR NG B B A% AT ko AMD 55 SRB B 22 2 il JUT i B8 10 B M R ey, S BRAE
B, TSR R AR G R N AR Y 3 A

NERARPIHE RS Rl wE SAERMEE . FERATEE . B E Z 855
AR NG B BN A B T 2o I G G I B ) TR M, AR X 3 B e AR G O e Y 48% $
T+ 73%.

4) A G B0 RN 2 55 AMD R 4 S B S BRBOCR L TAR G I v 8% o AR A B0 0 4
Mn®, Zn*'. Fe*'fl) =R E N 86.67%. 93.07%. 90.14%, F. 4 J& w1k ¥y 19 46 B ] 15 98.12%, ik
Cu> Fll Zn> ¥R FE 4 0 0 Fil 2 mg- L™, Ak 3] (V5 /KZEAHERARE ) —Shnife,

& F X H

[11 SANCHEZ-ANDREA I, SANZ J L, BIMANS M F, et al. Sulfate reduction at low pH to remediate acid mine drainage[J].
Journal of Hazardous Materials, 2014, 269: 98-109.

(2] BRZE, BROGHE, 4R35, 45, ALK 5 10 AMDK-3)22 TURRY) ) 8 63 Ja 3 A1 Il S HCS2 i IR 28 0], BRBE AL 227417, 2018, 38(1):
133-141.

(3] WrSRSE, ZR2imn, T TR AN PR A IR R BR R I A A2 R ()], PRI TR, 2014, 8(3): 1169-1173.

[4] ZHANG M L, WANG H X. Preparation of immobilized sulfate reducing bacteria (SRB) granules for effective bioremediation
of acid mine drainage and bacterial community analysis[J]. Minerals Engineering, 2016, 92: 63-71.

[5] YOREO JJ D, GILBERT P U P A, SOMMERDIJIK N A J M, et al. Crystallization by particle attachment in synthetic,
biogenic, and geologic environments[J]. Science, 2015, 349(6247): 6760.

(6] R, XIATEE, XU R, 4. UASBARFBRRREEA ML /K 1R Zh[J]. PR T2, 2014, 8(9): 3572-3576.

(7] ZEmk=, 5858, FO, 45, Rt FLIER A AR ER R I A9 RITTE[]. 3RBE TRE2A1E, 2011, 5(12): 2825-2829.

(81 JElSAE. AW f: MUEERRIER™ 1L BCHT B S AR B R GE AR Tk )], 241, 2017, 75(6): 552-559.

(91 ZKZE0T, TILE, REWE, & IRA RS R B AL BRIED TR PE R /K 0 [ 2k AR 9R (1], 457K HEK, 2015, 31(7): 100-108.

[10] UTGIKAR V P, HARMON S M, CHAUDHARY N, et al. Inhibition of sulfate-reducing bacteria by metal sulfide formation in
bioremediation of acid mine drainage[J]. Environmental Toxicology, 2010, 17(1): 40-48.

[11] GUO J, KANG Y, FENG Y. Bioassessment of heavy metal toxicity and enhancement of heavy metal removal by sulfate-
reducing bacteria in the presence of zero valent iron[J]. Journal of Environmental Management, 2017, 203(1): 278-285.

[12] BfEfE, S8, B i, 55, HAe R mMIRERE R R[] Rk 5K, 2012, 35(12): 208-211.

[13] LEWIS A, HILLE R V. An exploration into the sulphide precipitation method and its effect on metal sulphide removal[J].
Hydrometallurgy, 2006, 81(3/4): 197-204.

[14] BIIMANS M F, DOPSON M, ENNIN F, et al. Effect of sulfide removal on sulfate reduction at pH 5 in a hydrogen fed gas-lift
bioreactor[J]. Journal of Microbiology and Biotechnology, 2008, 18(11): 1809-1818.

(15] TER}. SR BRIRERIAE - e R BERCRSE R R FE[T]. BREERL, 2009, 30(3): 924-929.

(161 ALSLA, SR, AR, 45, WS BT 2 A HUR KR HET]. ARAR B AR, 2001, 27(4): 225-228.

[17] FIRMINO P I M, FARIAS R S, BUARQUE P M C, et al. Engineering and microbiological aspects of BTEX removal in

bioreactors under sulfate-reducing conditions[J]. Chemical Engineering Journal, 2015, 260: 503-512.


http://dx.doi.org/10.1016/j.jhazmat.2013.12.032
http://dx.doi.org/10.1016/j.mineng.2016.02.008
http://dx.doi.org/10.1126/science.aaa6760
http://dx.doi.org/10.3969/j.issn.1003-6504.2012.12.043
http://dx.doi.org/10.3321/j.issn:0250-3301.2009.03.050
http://dx.doi.org/10.3969/j.issn.1000-3770.2001.04.012
http://dx.doi.org/10.1016/j.cej.2014.08.111
http://dx.doi.org/10.1016/j.jhazmat.2013.12.032
http://dx.doi.org/10.1016/j.mineng.2016.02.008
http://dx.doi.org/10.1126/science.aaa6760
http://dx.doi.org/10.3969/j.issn.1003-6504.2012.12.043
http://dx.doi.org/10.3321/j.issn:0250-3301.2009.03.050
http://dx.doi.org/10.3969/j.issn.1000-3770.2001.04.012
http://dx.doi.org/10.1016/j.cej.2014.08.111

976 ok L B ¥ W 4%

[18] ZHAO F, ZHOU J D, MA F, et al. Simultaneous inhibition of sulfate-reducing bacteria, removal of H,S and production of
rhamnolipid by recombinant Pseudomonas stutzeri Rhl: Applications for microbial enhanced oil recovery[J]. Bioresource
Technology, 2016, 207: 24-30.

[19] DENG D, WEIDHAAS J L, LIN L S. Kinetics and microbial ecology of batch sulfidogenic bioreactors for co-treatment of
municipal wastewater and acid mine drainage[J]. Journal of Hazardous Materials, 2016, 305: 200-208.

[20] MUYZER G, STAMS A J M. The ecology and biotechnology of sulphate-reducing bacteria[J]. Nature Reviews Microbiology,
2008, 6: 441-454.

(21] FRART, HLAE, HEHEoR, 45, SRBYMA] A ARRAT AT AL B & Fe®™ . Mo S SR /KBITFE[T]. Tl /KAREE, 2018, 38(6): 22-26.

[22] WU P, ZHANG G M, LI J Z, et al. Effects of Fe’* concentration on biomass accumulation and energy metabolism in
photosynthetic bacteria wastewater treatment[J]. Bioresource Technology, 2012, 119: 55-59.

(23] TRIRTE, SLIHE, TRIEDE, 55, FHERD X BRARER A0 U AT BILAYSE IR (], REERL 7741z, 2017, 37(5): 1688-1694.

[24] RAmSR. (AW LE 25 (M. Jbat: 4627 Tl i ikt 2008.

[25] SAHINKAYA E, YUCESOY Z. Biotreatment of acidic zinc- and copper-containing wastewater using ethanol-fed sulfidogenic
anaerobic baffled reactor[J]. Bioprocess and Biosystems Engineering, 2010, 33(8): 989-997.

[26] SAHINKAYA E, DURSUN N, OZKAYA B, et al. Use of landfill leachate as a carbon source in a sulfidogenic fluidized-bed
reactor for the treatment of synthetic acid mine drainage[J]. Minerals Engineering, 2013, 48(4): 56-60.

(O % i R, FRBEME, FRA &)

Treatment of acid mine drainage by a gas stripping internal circulation reactor

with sulfate reducing bacteria

ZHU Chuanjing, SUN Jingjing, HUANG Jianhong, LI Liuging, TIAN Senlin, HU Xuewei"

Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China

*Corresponding author, E-mail: huxuewei.env@gmail.com

Abstract The treatment of acid mine drainage (AMD) by sulfate-reducing bacteria (SRB) was susceptible to
multiple toxicity inhibition such as acid, heavy metal and metabolic sulfur ion. In this study, the gas stripping
internal circulation reactor was used to treat AMD, the evolution of sulfur-related components in the reactor,
alkali production efficiency, microbial community structure and heavy metals removal were studied. The results
showed that the gas stripping internal circulation reactor could effectively eliminate multiple toxicity inhibition,
the sulfate removal rate in the system increased from 36.5% to 91.24%, and its alkali production efficiency
increased by 3 times, which was obviously superior to the traditional reactor, the relative abundance of
Desulfovibrio increased from 48% to 73%. The purity of metal sulfide precipitated by hydrogen sulfide and
heavy metals reached 98.12%, the concentrations of Cu*" and Zn®' in the effluent were 0 and 2 mg-L™,
respectively, which could reach the secondary standard of Integrated Wastewater Discharge Standard. This study
can provide reference for the efficient control of SRB biotechnology treating AMD.

Keywords acid mine drainage; sulfate-reducing bacteria; gas stripping internal circulation reactor; toxicity

inhibition
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