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Abstract: Efficient, cheap and environmental friendly method is necessary to treat heavy-metal wastewater.
Microbial adsorption has the advantages of excellent adsorption, low price and environmental friendliness.
Microorganisms such as bacteria, fungi and algae can bind heavy metals to their surface of cell walls through
electrostatic adsorption, complexation and other processes. However, the adsorption effect of untreated
microorganisms is often not satisfied. By physical and chemical modification, immobilization and other
methods, the active sites on the microorganisms, can be significantly increased, to improve the removal rate
of heavy metals. In this paper, the modification methods of microorganisms, the adsorption ability of
modified microbial adsorbents for heavy metals in wastewater and the influencing factors are described. We
also discuss the problems of microbial adsorbents, and the future research directions.
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B AT T ol 200 R 2 1 2 LT, Rl B RS
FEI IS S R4 B s TR Tz il el
Noormohamadi %"V F £ 85 2L 1 W B B K A i)
BB, RERRESHIAEIT 96.23%. 89.48%,
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UM 190.2 mg/g. R IHWREPED T H & A K
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Table 1 Adsorption effect of immobilized microorganisms on metal ions

[Fi 52 f AR Hirsm EERECR 275 3k
Immobilized material Goal metal Removal efficiency References
T PR BN -2 AT 1 Pb(Il). Cr(VI) X Po(IL) Cr(VI) A 5t i M BT (8]
Sodium alginate- Better adsorption effect for Pb (1), Cr (VI)
Bacillus
Wi e A B 2 AT T Cu(Il) S A R IR Cu T ) EL A A e A W [9]
Ceramc-Bacillus subtilis The composite adsorbent for Cu (1II) has high

adsorption capacity
PR AN - AL gk - B i & Th XF Th (55 i 2224 326.3 mg/g [50]
Sodium alginate- The maximum adsorption capacity of Th was
Iron oxide-Aspergillus 326.3 mg/g
T SRR BN -4 K Fes0s- 22 M5 UVI) MR 98.98% [61
Sodium alginate The adsorption efficiency was 98.98%
-nanoFe;Os-aspergillus
PR - B - B E UV WSO 4R R, ML B [51]

Sodium alginate-

Graphene-Yeast

i B IR 4N - 35 1 o - 2R il & UV
Sodium alginate-

Activated carbon-

Aspergillus

The adsorption effect and mechanical strength

increased significantly

W B R 5] 697.9 mg/g, MR 95.5% [52]
The adsorption capacity reached 697.9 mg/g and the
adsorption rate was 95.5%

FERBE-E R Cu(Tl) Wz Bt 38 mg/g [53]
Chitosan-Penicillium Adsorption capacity was 38 mg/g

FEILRE AT BT Cd(I). zn(TN) Xt Cd(IT) . Zn( I ) EA 5 Wb 25 it [54]
Hydroxyapatite-Pseudomonas High adsorption capacity for Cd (II), zinc(1I)

LY R -TE BT Cr(N) X Cr( T R K] 98.8% [55]
Cellulose-Yeast For Cr (Il) adsorption rate reached 98.8%

AW - R WA U(VI) XUV 2R EF] 99.86% [56]

Biochar-Phosphorus
accumulating bacteria

Removal rate for U (VI) reached 99.86%

60

50 +

40 |

30 ¢

Binding rate (%)

20 +

10 +

o Lommm— .
Cr(y As(M) Pb(N) Cd() Ni(T)

1 EEEHEENARELEESFHEEME
Figure 1 The different heavy-metal ions selectivity of
yeast recombinants®®!

AL PR R e e . i 722
ifiid PCR ARG A4 SRR T R T (phoN)
B, IR R IAATE b, A e
A BEES 0 AR TR, Xl IR R 46.16 mg/g,
FofE F e mi 4 £, BRI BN TR HOR T8
325 ) TR R RE A 0T B 43 B AR 0 H AR S M B B
BREERE FHEGEOER FRBREMRILE
Wb, DR TR R 140 4 ) 45 R 2 PR o) HLEAE
R KA B i

4 PO TN B R
RN RR Y, S i 0 T R R
TR IR AT, ANV pHL IR . Wb
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[, W B 590 BB M < i R B A T RS
4.1 pH

VR pH RNl A R R 11—
W, @HHL T, YR, 2 pH
{EAR/INIE, AR 2% HsO i, i Tl
715 B0 8 B e LA AR W 2 TR I R R G
s 24 pH fE w8 e Ik B UTye- Py
R, R SR TIERT KR, XELLS
SN B 2RBRARCRT . AR R B, S AR ot
AR R FRIAR L, Zead Aotk =2 I B A I R 5 A
FAIR] pH 2640 BA B m MR, PR AT RE R
PEAEFTEISS T pH A A B TR ASHRZ R

Xt AN [ B Bl A 0 R 5 RAS ] 9 <6
EATHEN F e e P BT 2R i fefE pH (ELE AN
[ 2% 2 1 H T Gl A B RS0 8 31 Fe R MR B (e K
MEZ B3 4 pHL

2 TREYRMTINEEEFIRMAIRIE pH

42 BE

TR DARACAE S N R R A R R . SRR R
o, BRI ESENREZ —, RET
o B AR AR S (AR A 0T i o A R o
TS RREAR, AFLSRTE, IR X A P B ) 5
TEAUN pH B o Ao R OIS 5 B e e £
W B Hg( T &R, ZERONIRE 15-45 °C P9, Hg(1T)
2R AR AN K, FE 35 °C B LBRRI KN 99%,
PETRLBEVI Rl N He( 1D 2B R 4 ms A A%, (2 tu4R
16 95%L) |
4.3 MRBfET(E

TEPE R P 2 4 A B e A AT LA AR A~
BRSO PRI R, Gl O sk W
FH¥e oK b () B 4 S W S PR A T, — B LT
JUH ez R AT DGRBS s I 70%; 254
By BE Ry 2% 18 W B B, A A 2 T I i

Table 2 The best pH of metal ion adsorption by different biological adsorbents

T e o6 5] EL e pH Maximum adsorption  capacity £ ik
Microbial adsorbent Goal metals (mg/g)/Adsorption rate (%) Reference
%5 2E AT 8 Bacillus lateralis Cr(V) 2.5 72.6 mg/g [61]
Hithas cr(VI) 3.5 6.6 mg/g [62]
Aspergillus niger

HASH N cr(il 34 642mglg [63]
Pseudomonas aeruginosa

PRIT £ Pb(Il) 50 92.5% [22]
Saccharomyces cerevisiae

R Pb(1) 4.0 107.1 mg/g [64]
Botrytis cinerea

1 L ] (22 VBB T ) Pb(1l) 6.0 88.16 mg/g [65]
White rot fungi (immobilized by Vegetable sponge)

Fe304/ % 75 u(vl) 4.0 98.89% [38]
Fe304/Aspergillus niger

KIEAEYIZUAT & u(vl) 6.0 94.28% [32]
Inactivated Lactobacillus plantarum

IR ST T (i1 21 7)) cu(Il) 7.8 98.2 mg/g [66]
Desulfurization of vibrio (immobilized by Zeolite)

JEE TR TR TR cd(T) 8.0 9.07 mg/g [67]
Micrococcus garcinia

AR B cd(In) 6.0 58 mg/g [68]
Pseudomonas

TR (= M U B i) Hg(1l) 238 132.6 mg/g [31]

Yeast (modified by Triethylene tetramine)
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4@ T L M R BN R RN AR, FFRTEANAR ML
TE R X — W Bl i T AR B R A RE IR B i &
(1R PR RIS o TG i A AR o 70 D) A 2 — T
BERY B o AR — RS IT 5 ML Ips te B 8 FE 55 B 7 1)
SRR B, Hg(1DAMEAE 2.5 min B gEiAH]
T 85%, TEWRHFFAFIAIAS] 15 min B Hg( 11)AY AR
RIHNREE AR, #id 15 min J5 W RIEA R %,
Jir PR AT R 2 W B s ) 2o K S U AT IR kA .
I, TEARAE 0 BR300 A 3 4 R R K s 4 S e
A i st ]
44 BEEEVIRIRE
WHFHEOT, WM& ESE S TP R
T, VRS A AN R 5 (FS I B R — g B
&8 BT o R S S M A W RS A ALEA
N1 vy = o1 oo €311 Y 7 AR i
AT R, 4R THE S 100 mg/L
AF, VY | T R S RMEESE X Cu(1T) .Cd(IT )R Pb(1T)
V18 W S 3 0 i v 8 7 38 n v S R s YRR
100 mg/L f5, bR 3 FhiE2xt Cu( 1) W B Hamk
R, EABEREN I 225 Cd(TT)FI Pb(I1), HREEH
1t 150 mg/L B Cd( IT )W 255 5 5 Ph( 1T )iz it
F—HAERK, 7E 200 mg/L K3 i KM . AEYR
B T2 S, WA, BT R AR
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