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Research Development of Biosorption Process and Impact Factors on Biosorbent for the Treatment of

Wastewater Containing Heavy Metals
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Abstract : Heavy metals accumulated in aquatic ecosystem threatened human’s health directly or indirectly. Based on the bibliometric analy—
sis results, biosorbent became the hotspot and keystone of research and application on the treatment of heavy metals polluted wastewater. Ac—
cording to research achievements, this paper systemically introduced classification of hiosorbent, mechanisms of it’s absorb for heavy metals,
models of analysis biosorbent capacity, and factors influenced biosorption process: 1st It was defined that biosorbent referred to some organ—
isms and their artificial prepared derivatives adsorbing heavy metals or/and organic pollutants in the wastewater, which was classified as mi—
croorganism and giant algae ;2nd There were three typical mechanisms, including extracellular biosorption mechanism, cell-surface biosorp—

tion mechanism, and intracellular biosorption mechanism;3rd Kinetic models enabled to provide key parameter bases for the design of
wastewater treatment while chemical actions of biosorption were analyzed by equilibrium isotherm models; 4th Furthermore, factors as pH,
temperature, coexisting heavy metal ions, initial concentration of heavy metal ions and biosorbent dosage, and cell age had powerful influence
on biosorption process. Finally, some rational research directions on future were discussed for guiding the further study in this field.
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Figure 1 Bibliometric results of topic cross searching on

biosorbent, biosorption, and heavy metals
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Table 1 Main researches of biosorbent for the treatment of wastewater containing heavy metals

A 55 Biosorbent

48 Heavy Metal ZH ik Reference

AW JEEREY Bl AR RS (Pseudomonas ) Pd,Cu,Cd [10]

La,Eu,Yb [50]

K& (Zoogloea) Cd,Co,Cu,Ni,Zn [60]

SR (Aeromonas ) Ag [48]

AT R (Bacillus) Ph 9]

Cr [66]

e qr] HEFEE (Streptomyces) Au [29]

KA (Myxobacteria) U [19]

Ph 137]

i) ERARAJE (Sphaerotilus ) Cu 7

Hg [61]

WA (Cyanobacteria) Cu,Co,Ph,Mn [15]

A TRERE T WPSTE ] (Saccharomyces cerevisiae ) Am 28]

Ph,Ni,Cr [40]

Cu,Pb [20]

Hg [64]

I M8 (Rhizopus) Co [47]

Cr,Cu,Cd [44]

i (Aspergillus) Pb,Cu [2]

B (Mucor) Cr [51]

Pb,7n,Cd,Ni [62]

HEfIEE (Newrospora) Cr [52]

WOEE o /NER#EEJE (Chlorella) Fe,Cr 3]

Ni 159]

Cu [1]

K#JE (Chlamydomonas ) Hg,Cd,Pb [5]

FARgE B REEIE (Sagassum) U [63]

Cd,Cu [13]

Ni [16]

La,Eu,Yh [14]

B3R (Durvillaea) Cd [36]

Hg [34]

W BEEA B (Ecklonia) cd [17]

WAl 4 (Padina) Cd [23]

Cu [22]

W Wity )& (Laminaria) Ph [33]

SR (Uhva) Cd,Zn,Cu,Cr,Ni [49]
(lectin) (¥ 51 (J& T £ & LR (EDTA) Y22 M ERJRE 7T 28-S I ERERL, Filan, BRIk 5%

P) RO AL 2R, T LIHE B R UE—2 EPS,
2.2 ZH R R TE IR B ATLIE

A Wy R ) PO 200 R s A 7 A M 2 T e AN Z Y
W T AR AR, B AR IR R
HUS JEEMIRER 55 N> TS5 H R DR, e
BEFRI AL T B TR BOK B B I, T T S Tl B o —
JEAEY I B AN RE | 1T A BE RS A AR RES S

BE PRIE Bt Sk WO R SL BRI R e
I BE A8

20 B R TE W AL AR AR L 28 . BT AL
e S AR SRR TEHLRTYE 5 5 AN T I
o WEEESFEDIT TR SIS Pseudomonas putida
5—x AEEERR RGN Cu MM TERE . BFFERI, 40
FRURE I = 25 B I Pk DRILFIBETESL N Cu B2 &
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Table 2 Some cases on kinetic model of biosorption by different biosorbents

L s BB e Tt atve i
Biosorbent Pretreatment Heavy Metal Biosorption Biosorption Biosorption Rate
I Z ramigera ATCC25935€) 65 C HasH T FHE Cd> 15 min 105 min 85%
Co* 15 min 105 min 80%
Cu* 15 min 105 min 70%
Ni> 15 min 105 min 80%
Zn* 15 min 105 min 78%
ZEAIFT B Bacillus sp. ATS-2% (5K TR RERREEL [ 52 1k 7% (wiv) KOH aq. Ph* 5 min 175 min 98%
LR B. licheniformis™ ETEK I 80 °C Mt iHE Cr™ 45 min 75 min 84.22%
AU Myxococcus xanthus™ 120 °C 24 h #tT U 10 min 50 min 95.99%
BRAKH S. natans FQ32! FEE TP 80 C T HIHE Hg* 5 min 85 min 74.10%
A BE A AL AR 1R FM[38) KT 2 h FeCly aq. d=231 Fe* 30 min 90 min 100%
As* 30 min 90 min 100%
As* 90 min 30 min 77%
REE S. fluitans'™ 3 h 0.1 mol- L™ HC1 231 40~60 °C 12 h 4T U 15 min 165 min 80%
W S, kjellmanum 16 h H,0 12 80 °C LT ZEfE Ni 10 min 60 min 72.72%
ISR D. potatorum™ MR R EfE Tk Hg* 35 min 195 min 90%
[ ps%: Padina sp.™ 24 h CaCl, aq.3=31 60 °C 24 h fLtT- Cu* 15 min 285 min 90%
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Table 3 Some cases on equilibrium isotherm models of biosorption by different biosorbents

Langmuirt¥ ) Langmuir Model

Freundlich#%! Freundlich Model

AR B 5 CiES
Biosorbent Heavy Metal Gualmg g b/L-mg” P K. % P2
ZESEFFE B. sp. ATS-2V Ph* 0.023 6 mmol-g™ 205 L-mmol™ 0.99 2.82x10* 0.325 0.98
SR E B. licheniformis'™ Cr® 69.35 0.03 0.997 8.609 0.355 0.946
ERACH S. natans FQ32Y Hg* 28.57 9.434 0.956 6
MR S. cerevisiae™ Ph* 270.3 0.0155 0.98
Cr® 32.6 0.047 8 0.98
Ni** 46.3 0.043 6 0.96
WP EERE S. . subsp. Uvarum!® Hg* 133.3 0.119 0.995 304 0.352 0.923
HFF Rhizopus spp. PFB1E Co™ 258.68 0.016 0.98 7.69 0.486 0.86
T M. rouxi!® Pb* 35.69 0.80 0.95 14.31 0.476 0.88
Ni% 11.09 0.46 0.83 3.74 0.444 0.93
Cd* 8.46 5.93 0.87 6.34 0.180 0.69
Zn* 7.75 0.80 0.97 342 0.395 0.96
/NEREE C.vulgaris Cu* 58.82 0.41 0.992 17.51 0.275 0.952
EE#E S. kjellmanum! Ni** 0.828 3 mmol+g™  2.537 4 L-mmol™ 0.999 3 0.512 3 0.399 09119
3 P. sp. 12 cd™ 0.53 mmol -g™ 5.37 Lemmol™ 0.99
AR P.sp. 1 Cu* 0.80 mmol-g™ 7.98 L+-mmol™ 0.99
2 Ulva spp. Zn* 74.6 0.038 0 0.992
Cd* 90.7 0.039 1 0.996
Cu* 57.3 0.028 2 0.973

x4 REEMWMFIRT Pb IR RE pH &
Table 4 Optimal pH value of Ph* biosorption by different biosorbents

AW B 75 Biosorbent pH KW B Maximum Biosorption Capacity 27 ik Reference
RHETE P. aeruginosa PU21(Rip64 ) 5.5 110 mg-g” D.W.” [10]
ZEAIATEE Bacillus sp. ATS-2 4.0 0.023 6 mmol-g™ D.W. 9]
WP R S, cerevisiae 5.0 0.022 8 mmol g™ D.W. [20]
£% M. rousii 6.0 769 mg-g' D.W. [30]
EARHE: Auricularia polytricha 6.0 2.169 9 mg-¢™ D.W. [18]

7 :D.W. = dry weight(+H ).,
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Table 5 Optimal pH value of Cd* biosorption by different biosorbents

AW B 75 Biosorbent pH He KW Bff it Maximum Biosorption Capacity 27 Lk Reference
B P. aeruginosa PU21 (Rip64) 6.0 58 mg-g” D.W. [10]
E45 M. rouxii 6.0 2031 mg-g" D.W. [62]
LR Sargassum sp. 4.5 0.90 mmol-g™ D.W. [13]
ks Padina sp. 5.0 0.53 mmol- g™ D.W. [23]
128 Ulva spp. FiR AL 3 6.0 43.0 mg-g"' D.W. 40]
BT 8.0 90.7 mg-g” D.W.

ATTAEME Rt R b B 2R i e pH (AR . 3R
4 15 5 435 LL Ph Cd o, B iy 1 ARl A W dse ok
W Bt Y pH
42 RE

55 pHABEAH LY, U5 B2 X5 A= P B sz el 2 A B A
—FRORE, A= W W B — RS N e A, PR, A
e RRF5R) 0T B 45 T 1 2 R RE O T I 2 1 B T4
Suhasini ZEWS UG 0 AR FF Rhizopus spp. PFB11E 30
CIFXS Co FY M B I8 B B R ME N 190 mg-g™ D.W.,
HREE B TTE 45 C, R SN 2 168 mg-
g D.W.o SR, A7 I A= P R 22— IR Y
A2, Han ZEP5T & B, WOH BEEE S. cerevisiae Xf
Cu AR R RE 7 Bt et B2 1) s T 04 DR (293 KR, X
Cu B FFHE 4 0.008 09 mmol-g™ D.W., 4iE 7 [T}
2] 323 K B, W ) £ R 2 0.020 6 mmol - g™
D.W.), WA o RN, A58 Cu 9 A 4 M B
RICHFIRERIEER . 57350, i i T AN SR AR
P BRFR) BT PR 6 L I I A A 4,
43 HEEEEET

TESEPRIR G, EE R UE ST P
B, Bliss BT 1939 4E e h PR R I A1
FART RIS AT ERT DRI R LRI E AT, x5

R GG YORUL, [FFEFATEAE Fik = 2R E RIS,
Yan A1 Viraraghavan'®%t &8 M. rouxii 53 5| 7% #% T
Pb.Cd \Ni Zn Fi—y50¢ WEE G159 “HEEET
YLEERPIRZS T W T RE T3 34T 1 Moo AR5
154, Cd Ni Zn 252 21 HAD H 4 Jm 25 119 T4, &2
PR R RE ST R RIS, T Ph WISRBIA 23] 1T HA
A B T A, IRRE S o Liu S0 S0
B, 24 #Am 5 Au3+\Ag+§j\3ﬁHﬂ‘ SRV TEZ L S. cerevisi—
ae X ' Am (EFTRE ) I AZ A AgiHIE, BIE
W Au Ag R FESG IRy ' Am R EE 1) 2 000 i, HK
B RE I HARANSZ T4
44 BEEBBETFVRRESEYRMFNE

4 B TG VR 5 AR ) R BRI Rhn  aX
AR B, PR, e A Hrh — N R R
WEFE 53— PR 2R X A ) W B R BT 7 A AR 2 o A
6 Pl RIUREL, 24 A Yy B SR i R AN AR N
A= R B0 3] %) W BT B g B s S ) e R R ) 1
TN IS, T 4 4 8 B8 TR0 Ah R B R e AN AR I, A=
P 2 o 1) 1% A B R 1 D) i = 0 WA R 5 o e e 3 A
LR
4.5 YRRmLE 4

3K SRR, A 0 R R %) 200 A AR R A A

R 6 ES BB THIIAKE 5 54 W% B 77 32 im 253 % Bt £E 1 89 24 01

Table 6 Influence to biosorption capacity by initial concentration of heavy metal ions and biosorbent mass

A BT HIUEHEE Ton Initial Concentration =8 B 5745 N2 Biosorbent Mass 5% Bff-4 Biosorption Capacity
o)1
Homy Mol A sl e sl T sl

AR 75 Biosorbent

Beginning Value End Value Beginning Value End Value  Beginning Value End Value

SEAUFTE B .licheniformis™ Cr® 20 mg- L™ 300 mg-L™* 0.1 g-100 mL™" 15 mg-g?D.W. 60 mg-g” D.W.

FEFUEE N. crassa ATCC125265 Cr® 25 mg-L! 250 mg- L 0.1 g+50 mL™! 0 9.15 mg-g” D.W.
EAH A. polytrichad® Cu* 1 mg-L™ 60 mg- L™ 100 mg-g™ 3 mg-g” D.W.

200 mg-g”! 0 2.3 mg-g”! D.W.

300 mg-g™! 1.7 mg-g™ D.W.

400 mg-g™' 1.3 mg-g?' D.W.

BRACH S. natans FQ321% Hg* 12 mg- L 0.2 g-L" lg-L? 60 mg-g”' D.W. 20 mg-g™ D.W.
/NERE C. vulgaris™ Cu* 100 mg-L* 0 1 g L! 170 mg-¢' D.W. 5 mg-g”' D.W.
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