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Table 1 Environmental pH-affected microbial biofilm adsorbents

pH pH pH
1 cd( 1) 2~7 6 7 22
2 Ph( 1) .5~5 5 — 23
3 Cd( ) Cu( 1) 0~12 9 10.7 24
4 Zn (1) 2~5 5 — 25
5 Pb 3~8 6 8 26
6 JL2810 Cu( ) Ni(I) Ce(VI) 4.5-7 56 7 27
7 XU1 Pb Hg 4~7 5 7 28
8 ARS Cr( VI) 6~9 7 — 29
9 Pbh( 1) Ni( 1) 2~8 5~6 8 30
10 P.putida Cd 2~8 — — 31
11 Spyrl Cr( 1) 1~7 5 7 32
12 Spyrl Cr( VI) 1~7 2 7 32
13 EPS Pb 1~5 5 — 33
14 B237 Zn( 1) Cd( 1) 3~9 6 — 34
15 PZ-1 Pb( 1) 3~7 5 7 35

Cu 6
16 Cu () Ni( ) 4~8 5 36

RP62 A Ni 8
17 3 Ph( 1) 1~5.5 5 5.5 20
18 Cu () Ni( 1) 2~6 4. 6 37
19 357 Cd 4~8 7 8 3

CH34

20 Cu (1) Cr(VI) 3~8 6 8 38

LBr
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Table 2 Environmental pH affects the growth of biofilm
pH
n<9 pH 82% 39% 59
SEMIA816 EPS 5.5~7.0 pH7.0 EPS pHS5.5 EPS 64
CBS9 >7 pH 7 65
ARS8 >7 pH 7 29
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Table 4 Appropriate pH of functional groups during the
adsorption process of microbial biofilm
51 s pH o
pH <3.5
EPS ~6.4 2
pH o Demey pH< f 7
2.0 Zn Ni Cd 5
pH ~9 8
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JL2810 =7 27
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Table 3 Environmental pH influences hydrogen ion competition with heavy metal ion
pH
Cd( I) <6 68
CH34 cr( 1) <4 38
Ph( 1) <5 pH pH 33
BZ 1 RHAL) B4 35
375 cd( 1) 4~6 3
JL2810 Cu( 1) Ni( 1) Cx( VI) 4.5~5 27
Ni( 1) Cu( I) 2~4 37
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Table 5 Effects of environmental pH on the morphology and precipitation of heavy metal
pH
spyrl 1~5 cr* Cr( OH) % 32
HCrO* Cr,03 €07
spyrl 2~7 32
T.paurometabola A155
P.aeruginosa B237 CdC ) Zn(0) >7 34
C. taiwanensis £324—
Ph( ) Cu( 1) >6 74
Cu( II 5.5
Cu( ) Ni( 1) ;(1( 11)) i 36
Cd( I 10
Cd( 1) Cu( ) Cu(( 11)) . 24
pH
A
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o r R
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75 Fig.2 Trend of adsorption of heavy metals by microbial biofilms
influenced by environmental pH( from ref. 7 22 26 51 )
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Research Progress of the Effect of pH on the Adsorption of Heavy Metals
by Microbial Biofilms

JIANG Na'® NING Zengping' GUO Yuan' HAO Likai' *
( 1.State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences
Guiyang 550081 China; 2. CAS Center for Excellence in Quaternary Science and Global Change Xi’an 710061
China; 3. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Heavy metal pollution has become a global environmental problem due to the strong toxicity high bio-enrichment and non—

degradation of heavy metals. Among different heavy metal pollution treatment technologies microbial biofilm-based remediation technol—-

ogy has been widely used in the prevention control and remediation aspects due to the advantages of high efficiency low cost and high

sustainability and this technlogy has become an emerging research hotspot. In order to further uncover the relationship between micro—

bial biofilms and heavy metals this article systematically investigated the literature on the adsorption of heavy metals by microbial bio—

films in the past two decades. And the adsorption mechanism adsorption related mathematical models and effects of pH on microbial

biofilms were also elaborated. In particular the importance of pH that is identified as a factor affecting the treatment effect of the micro—

bial biofilm technology was highlighted and systematically elaborated. This review will provide scientific suggestions and supports for fu—

ture research on microbial biofilm based heavy metal removals.

Key words: (heay$4netal? Infichobial biofilias) ipH



