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Table 4 Absorption capacity of some bacteria to remove heavy metals (Cd, Pb, Cr)

Metal ions Absorption Bacterial species References
capacity(mg/g)
155.3 Aeromonas caviae Loukidou (2004)
46.2 Enterobacter sp Lu (2006)
. 42.4 Pseudomonas aeruginosa Mohammadi (2012)
Cadmium
8.0 Pseudomonas putida Pardo (2003)
278.0 Pseudomonas sp. Ziagova (2007)
250.0 Staphylococcus xylosus Ziagova (2007)
64.9 Streptomyces rimosus Selatnia (2004 a)
30.4 Streptomyces pimprina Mohammadi (2012)
3.4 Streptomyces noursei Ahluwalia and Goyal (2007)
50.9 Enterobacter sp Lu (2006)
92.3 Bacillus sp. Tunali (2006)
Lead 79.5 Pseudomonas aeruginosa Mohammadi (2012)
576.7 Corynebacterium glutamicum Choi and Yun (2004)
0.7 Pseudomonas aeruginosa Lin and Lai (2006)
270.4 Pseudomonas putida Uslu and Tanyol (2006)
56.2 Pseudomonas putida Pardo (2003)
135 Streptomyces rimosus Selatnia (2004 b)
30.7 Bacillus megaterium Srinath (2002)
Chromium 2 Zoogloea ramigera Mohammadi (2012)
284.4 Aeromonas caviae Loukidou (2004)
69.4 Bacillus licheniformis Zhou (2007)
143 Staphylococcus xylosus Vijayaraghavan and Yun (2008)
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Iy @Yb ool o paseo g lag B 0l 09 o oolaiwl sul )3
4 5 Gloly aslg o ooy wiyls 035 Canys 958 )0
Jyaze S Glped b g $9d 0dg (e 3 B e 40 S5
2z sl gl 092y 4 (Saie pesS las] 85 (Sl
5 13 oolisal 3,90 WasiglS 55 5201, 5 i SIS
Silulaz )3 (o o3 5l Jol elege slasileny
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(Amini et al. 2007) 54 oo oolaznl
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Table 5 Results of some studies related to heavy metal bioremediation
References Important results Heavy Speues of _ Microorganisms
metal microorganisms used
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emati . ; . ;
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(2010) — 455 90 onl Jeke 515 slaay Bl b by (oS C?}I(II) 9% -
S AV sy, @l WVAT oy sl AVIYA s (I 0)5hlges Rhodobium
el 0o (5155 o (1 1A IOY g pguedls marinum NW16
Sllgw Lol 5 6,55 ZN 38 jpa> 0 a5 J> o
Yue (2015) IXY 5 ¥R o500 i 5y Cd g CU wlils Sy o osmlie %’83 oasSkal 551 Desulfovibrio
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(Amini et al. 2007) wsg 724/YY
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5 Penicillium simplicissimum slaaiss 4 sl o cud b p 505 3 5ok Penicillium spinulosum

el 034 Penicillium sp. Penicillium  slaaiss a4 slao () p5,5 Ci>

Table 6 Absorption capacity of Penicillium fungi in removal of Cd, Cr and Pb (Mohammadi 2012)
String fungi species

Metal ions Absorption capacity (mg/g)
102.7 Penicillium canescens
11 Penicillium chrysogenum
56 Penicillium chrysogenum
39 Penicillium chrysogenum
210.2 Penicillium chrysogenum(modified)
215 Penicillium chrysogenum
Cadmium 35 Penicillium digitatum
5.0 Penicillium notatum
110.4 Penicillium purpurogenum
0.4 Penicillium spinulosum (Growing, midlinear phase)
182 Penicillium chrysogenum (raw)
Chromium (111) '
27.2 Penicillium chrysogenum (Alkaline pretreatment)
213.2 Penicillium canescens
204 Penicillium chrysogenum(modified)
Lead 6 Penicillium spp.
5 Penicillium sp.
298.01 Penicillium simplicissimum

o) ey eaiS Lds S Gljls B> )0 S.CEreViSa aigS  yeste hawgs Ol D> el b (S5 A8 e et -V g

\4 (Mohammadi et al. 2012) s4s o oo S.cerevisa
0 = ) s Table 7 Estimation of the order of magnitude of metal
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- o ol cus b RS R N weight biomass)
L yadre (pl Cudyl om0 Glis ) S OIS Qi

Metal lons Absorption Capacity
Wang ) ol 5t smin 3550 S8 plo 5l oy Sis Lead 10-300
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Mercury, Nickel and
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Table 8 Comparison of maximum adsorption capacity
(mmol/g) of heavy metals using brown, red and green
algae (Mohammadi 2012)

Metal ions Green algae Red algae Brown
algae

Cadmium 0.598 0.260 0.930
Lead 0.813 0.651 1.239
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Table 9 Some usual agricultural sorbents in the removal of heavy metals

Efficiency Adsorption
Absorbent (absorption Optimal PH material References
percentage)

Peel of Banana 97 8 Memon (2008); Niknam (2014)

Cd
Orange Peel 93.72 6 Li et al. (2008)
Pith of Orange 76.46 5 Zazuli (2012)
Orange peel 994 55 Feng and Guo (20120
Tea compost 98 6 Poor Elhameh (2012)

Pb
sour orange peel 95.8 5 Salahi Khodroo (2006)
Tea peel 92 55 Amarasinghe and Williams

(2007)
pomegranate peel 5.6
9 Ashtoukhy (2008)
Sugarcane bagasse 68 1.3 Niyakosari and Javadiyan
(2009)

Cr
Chaff rice 99.8 2 Namni (2007)
Pith of the sour orange

95.1 5

Zazuli (2012)
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Abstract

Heavy metals are derived from various sources and majority of their associated pollutants enters water
resources. Most of them are dangerous to humans and the environment due to their toxicity and
carcinogenicity. Some of them, such as cadmium, lead, and chromium in low concentrations, also have
toxic effects. The removal of heavy metals from wastewater has been considered in recent years due to
environmentally protection regulations. Industrial wastewater containing heavy metals must be treated
before being discharged into the water stream, but the treatment process is costly. Research and
development of new and efficient methods with the lowest cost and highest efficiency in the removal of
harmful environmental pollutants such as heavy metals are one of the current efforts of human society.
Cost-effective and reusable adsorbents can be used in industry. Conventional methods have their own
disadvantages; hence, there is a great interest in recognizing and using available and environmentally
friendly biological materials and their commercialization. This study was literature review based in which
several papers were reviewd from different databases available. The results of this study showed that
biological treatment by fungi, yeast, bacteria, and algae has advantages over conventional methods such as
cost reduction, reduced waste sludge, lower energy consumption, higher efficiency, biomass reduction
capacity and less environmental pollution. Comparison between green, brown and red algae species for
cadmium and lead removal showed that brown algae adsorption capacity with a maximum adsorption
capacity of 239.1 mmol/g was higher than other algae species.
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