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2- Batch experiments
3- Column experiments
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1- Bioavailability
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Figure 1. Schematic of research pilot.
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2- Pour Volume
3- Paired Samples
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1- Mass Balance
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Table 1. Statistical parameters of selected characteristics for wastewater infiltrated in soil column.

I REs < ot S ol Ghre 3lge S
Ni Zn Pb H EC TSS
(mg/lit) (mg/lit) (mg/lit) p (dS/m) (mg/lit)
Sl
ok 0.030 0.091 0.120 6.78 5.056 612.4
Mean
Lxo Bl >l
S 0.004 0.034 0.016 0.22 0.8051 390.1
Standard Deviation
Ol s el
e 0.009 0.076 0.033 0.51 1.930 917
Range
0.025 0.065 0.104 6.49 3.900 256
Minimum
Sl
5 0.034 0.141 0.137 7.00 5.830 1173
Maximum
obols
0.000016 0.001126 0.000249 0.048 0.64823 152143.3
Variance
s -0.608 1.020 0.023 -0.445 -0.819 0.859
Skewness

1- Transport percentage
2- Desorption Ratio
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Table 2. The mechanical properties of samples from soil column.

o ol G5 54 50l Gas Sl il uQi}'L;_,alLJa}.asu¢l,>_- L&J}uﬁ}.&u¢;‘>j Jedss
Sampling depth . Dry Bulk density Particle density Porosity
Sample number (cm) Soil texture (ke/lit) (ke/li) %
1 20 o 1.91 2.68 28.7
Sand
2 40 o 1.88 2.68 29.9
Sand
3 60 o 1.94 2.69 27.9
Sand
4 80 o 1.82 2.68 32.1
Sand
5 100 oS o 1.74 2.71 35.8
Loamy sand
6 120 o wj 1.68 2.72 38.2
Sandy loam
7 150 o 1.85 2.68 31.0
Sand
8 170 o 1.72 2.70 36.3
Sand
9 200 o 1.87 2.68 30.2
Sand
10 250 = wj 1.65 2.72 39.3
Sandy loam
11 300 o 1.88 2.67 29.6
Sand
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Figure 2. Ni concentration (Pre and post-infiltration) (mg/kg) versus depth in soil column (cm).
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Figure 3. Zn concentration (Pre and post-infiltration) (mg/kg) versus depth in soil column (cm).
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Figure 4. Pb concentration (Pre and post-infiltration) (mg/kg) versus depth in soil column (cm).
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Figure 5. pH values (Pre and post-infiltration) versus depth in soil column (cm).
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2- Leachability
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1- Significance
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Table 3. A summary of obtained results for metals in total soil column.

S Oyt s b g e

Average concentration in soil column

SE O Sl s L

Effluent concentration

Il s

uJ}UW

Transport ratio Desorption ratio

sk oz 456 old s from soil column
metals  Ppreinfiltration  Post-infiltration Desorbed (Co) T (o))
(Sa) (S» (Sa)
(mg/kg) (mg/kg) (mg/kg) (mg/lit) (mmol/lit) %
Ni 13.86 9.08 4.78 4.07 69.3 136 345
Zn 46.27 44.09 2.18 1.95 29.8 21 4.71
Pb 19.06 17.75 1.31 1.25 6.0 10 6.89

1- Retardation factor



SR doalipw g (el (o

5 S Osw Sl ol gadans Sl ks =Y
sype Sl ey glaol 4 sl ol

Llos gdwas; NI>Zn>Pb) & st andllas
JEl doss & g b5 6 pdyS o0 i 5l Y

on oy S by o el asl

S 5 o
by Lo 5o odd ke e dumer
Q}I.w S 2 aJ.AT Cewddo CLL:.: Lﬁ"Li)J\J Bl
3l aer ez 4 g L) b S

25 @l 4 Ol e 4ot ba (e sl sl

ol Cewses NI>Zn>Pb) & o G PRI
4l s sl clle gla cove 555 s LE)
oSl S0 45 550 0wt S O 3 DL
Slasl & ;YL Glesl Sl ex e
ol QU LB Sl o Sl 0kt ool il

S ol Sl
S ey Sl Fb B ek ol
ok Jbo Colex Ol (gladlaie O <S5 Ly

sl ol Kl oS 3 o3 S 3 Fre Sl S el Ll

by weins glact Ssl 0l 5 anbJlsl

'Q‘”‘Ji'ibibﬁ)'\ﬁ(‘jf“dgf.

&l

1.Acosta, J.A., Jansen, B., Kalbitz, K., Faz, A., and Martinez-Martinez, S. 2011. Salinity
increases mobility of heavy metals in soils. Chemosphere. 85: 1318-1324.

2.ASTM (American Society for Testing and Materials). 1998. D2216 Standard Test Methods
for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass,
Designation No. D2216, West Conshohocken, PA.

3.ASTM (American Society for Testing and Materials), Reapproved. 1998. D422-63 Standard
Test Methods for Particle Size Analysis of Soils, West Conshohocken, PA.

4.ASTM (American Society for Testing and Materials). 2004. D854-02 Standard Test Methods for
Specific Gravity of Soil Solids by Water Pycnometer, West Conshohocken, PA, Pp: 96-102.

5.Brigatti, M.F., Lugli, C., and Poppi, L. 2000. Kinetics of heavy-metal removal and recovery in
sepiolite. Applied Clay Science. 16: 45-57.

6.Bybordi, M. 2006. Soil Physics. University of Tehran Press, 8" Edition, 671p. (In Persian)

7.Camobreco, V.J., Richards, B.K., Steenhuis, T.S., Peverly, J.H., and McBide M.B. 1996.
Movement of heavy metals through undisturbed and homogenized soil Columns.
Environmental Pollution. 161: 11. 740-750.

8.Camps Arbestain, M., Madinabeitia, Z., Anza Hortala, M., Macias-Garcia, F., Virgel, S., and
Macias, F. 2008. Extractability and leachability of heavy metals in Technosols prepared from
mixtures of unconsolidated wastes. Waste Management. 28: 12. 2653-2666.

9.Chalermyanont, T., Arrykul, S., and Charoenthaisong, N. 2009. Potential use of lateritic and
marine clay soils as landfill liners to retain heavy metals. Waste Management. 29: 1. 117-127.

10.Chaturvedi, P.K., Seth, C.S., and Misra, V. 2006. Sorption kinetics and leachability of heavy
metal from the contaminated soil amended with immobilizing agent (humus soil and
hydroxyapatite). Chemosphere. 64: 7. 1109-1114.

11.Chaturvedi, P.K., Seth, C.S., and Misra, V. 2007. Selectivity sequences and sorption
capacities of phosphatic clay and humus rich soil towards the heavy metals present in zinc
mine tailing. J. Hazard. Mater. 147: 3. 698-705.

*



AT (V) 0jboud (YE) Al S5 g ol Clilis sla g3y 41 i

12.Chotpantarat, S., Ong, S.K., Sutthirat, C., and Osathaphan, K. 2011a. Effect of pH on
transport of Pb>", Mn*", Zn*" and Ni*" through lateritic soil: Column experiments and
transport modeling. J. Environ. Sci. 23: 4. 640-648.

13.Chotpantarat, S., Ong, S.K., Sutthirat, C., and Osathaphan, K. 2011b. Competitive
sorption and transport of Pb>", Ni*", Mn”>" and Zn®" in lateritic soil columns. J. Hazard.
Mater. 190: 1-3. 391-396.

14.Covelo, E.F., Vega, F.A., and Andrade, M.L. 2007. Simultaneous sorption and desorption
of Cd, Cr, Cu, Ni, Pb and Zn in acid soils. I: Selectivity sequences. J. Hazard. Mater.
147: 3. 852-861.

15.Das, B.M. 2008. Introduction to Geotechnical Engineering. THOMSON, Chris Carson,
Pp: 5-13.

16.De Matos, A.T., Fontes, M.P.F., Da Costa, L.M., and Martinez, M.A. 2000. Mobility of
heavy metals as related to soil chemical and mineralogical characteristics of Brazilian soils.
Environmental pollution. 111: 3. 429-435.

17.Dong, D., Zhao, X., Hua, X., Liu, J., and Gao, M. 2009. Investigation of the potential
mobility of Pb, Cd and Cr (VI) from moderately contaminated farmland soil to groundwater
in Northeast, China. J. Hazard. Mater. 162: 2. 1261-1268.

18.Elbana, T.A., Ramadan, M.A., Gaber, H.M., Bahnassy, M.H., Kishk, F.M., and Selim, H.M.
2013. Heavy metals accumulation and spatial distribution in long term wastewater irrigated
soils. J. Environ. Chem. Engin. 1: 4. 925-933.

19.Fontes, M.P.F., and Gomes, P.C. 2003. Simultaneous competitive adsorption of heavy metals
by the mineral matrix of tropical soils. Applied Geochemistry. 18: 6. 795-804.

20.Garrido-Rodriguez, B., Cutillas-Barreiro, L., Fernandez-Calvifio, D., Arias-Estévez, M.,
Fernandez-Sanjurjo, M.J., Alvarez-Rodriguez, E., and Nuiiez-Delgado, A. 2014.
Competitive adsorption and transport of Cd, Cu, Ni and Zn in a mine soil amended with
mussel shell. Chemosphere. 107: 379-385.

21.Giuseppe, D.D., Antisari, L.V., Ferronato, C., and Bianchini, G. 2014. New insights on
mobility and bioavailability of heavy metals in soils of the Padanian alluvial plan (Ferrara
Province, northern Italy). Chemie der Erde — Geochemistry. 74: 4. 615-623.

22.Glover, L.J., Eick, M.J., and Brady, P.V. 2002. Desorption kinetics of cadmium (2+)
and lead(2+) from goethite: influence of time and organic acids. Soil Sci. Soc. Amer. J.
66: 3. 797-804.

23.Gurel, A. 2006. Adsorption characteristics of heavy metals in soil zones developed on spilite.
Environmental Geology. 51: 3. 333-340.

24.1SO 11466. 1995. Extraction of trace elements soluble in aqua regia. British standards
institution.

25.Jiang, H., Li, T., Han, X., Yang, X., and He, Z. 2012. Effects of pH and low molecular
weight organic acids on competitive adsorption and desorption of cadmium and lead in
paddy soils. Environmental monitoring and assessment. 184: 10. 6325-6335.

26.Jing, Y.D., He, Z.L., and Yang, X.E. 2007. Effects of pH, organic acids and competitive
cations on mercury desorption in soils. Chemosphere. 69: 10. 1662-1669.

27 Kabata-Pendias, A., and Pendias, H. 2001. Trace elements in soils and plants. Third Edition.
Boca Raton London, New York Washington, D.C. 400p.

28 Krishnamurti, G.S.R., Huang, P.M., and Kozak, L.M. 1999. Desorption kinetics of cadmium
from soils using M ammonium nitrate and M ammonium chloride. Communications in Soil
Science and Plant Analysis. 30: 19-20. 2785-2800.

29.Li, T., Jiang, H., Yang, X., and He, Z. 2013. Competitive sorption and desorption of cadmium
and lead in paddy soils of eastern China. Environment Earth Science. 68: 6. 1599-1607.

30.Lund, L.J., Page, A.L., and Nelson, C.O. 1976. Movement of heavy metals below sewage
disposal ponds. J. Environ. Qual. 5: 3. 330-334.

31.Mahanta, M.J., and Bhattacharyya, K.G. 2011. Total concentrations, fractionation and
mobility of heavy metals in soils of urban area of Guwahati, India. Environmental
monitoring and assessment. 173: 1. 221-240.

"y



SR doalipw g (el (o

32.Mahdavi, S., Afkhami, A., and Jalali, M. 2015. Reducing leachability and bioavailability of
soil heavy metals using modified and bare Al,O; and ZnO nanoparticles. Environmental
Earth Sciences. 73: 8. 4347-4371.

33.Marofi, S., Parsafar, N., Rahimi, Gh., and Dashti, D. 2012. Effect of wastewater on transport
of heavy metals to depth of soil under Potato cultivation. J. Water Soil Sci. 16: 61. 71-80.
(In Persian)

34.Rodriguez-Jorda, M.P., Garrido, F., and Garcia-Gonzalez, M.T. 2010. Potential use of
gypsum and lime rich industrial by-products for induced reduction of Pb, Zn and Ni
leachability in an acid soil. J. Hazard. Mater. 175: 1-3. 762-769.

35.Rybicka, E.H., Calmano, W., and Breeger, A. 1995. Heavy metals sorption/desorption on
competing clay minerals; an experimental study. Applied Clay Science. 9: 5. 369-381.

36.Serrano, S., Garrido, F., Campbell, C.G., and Garcia-Gonzalez, M.T. 2005. Competitive
sorption of cadmium and lead in acid soils of Central Spain. Geoderma. 124: 1-2. 91-104.

37.Shakarami, M., Marofi, S., and Rahimi, GH. 2017. Effect of wastewater on transfer heavy
metals and chemical compounds in soil column under basil. J. Water Soil Cons. 23: 5. 1-23.
(In Persian)

38.Sidenko, N.V., Giere, R., Bortnikova, S.B., Cottard, F., and Palchik, N.A. 2001. Mobility of
heavy metals in self-burning waste heaps of the zinc smelting plant in Belovo (Kemerovo
Region, Russia). J. Geochem. Exp. 74: 109-125.

39.Singh, D., Mclaren, R.G., and Cameron, K.C. 2006. Zinc sorption-desorption by soil: Effect
of concentration and length of contact period. Geoderma. 137: 117-125.

40.Singh, S.P., Ma, L.Q., Tack, F.M.G., and Verloo, M.G. 2000. Trace metal leachability of
land-disposed dredged sediments. J. Environ. Qual. 29: 4. 1124-1132.

41.Sivapullaiah, P.V., and Baig, M.A.A. 2010. Leachability of trace elements from two
stabilized low lime indian fly ashes. Environment Earth Science. 61: 8. 1735-1744.

42.Smith, E.H., Lu, W., Vengris, T., and Binkiene, R. 1996. Sorption of heavy metals by
Lithuanian glauconite. Water Research. 30: 12. 2883-2892.

43.Tran, Y.T., Barry, D.A., and Bajracharya, K. 2002. Cadmium desorption in sand.
Environment International. 28: 6. 493-502.

44.Toiber-yasur, 1., Rosner, M., Hadas, A., Russo, D., and Yaron, B. 1999. Leaching of
terbuthylazine and bromacil through field soils. Water, Air and Soil Pollution. 113: 1. 319-335.

45.Vega, F.A., Covelo, E.F., and Andrade, M.L. 2006. Competitive sorption and desorption
of heavy metals in mine soils: influence of mine soil characteristics. J. Coll. Int. Sci.
298: 2. 582-592.

46.Wang, S., Nan, Z., Cao, X., Liao, Q., Liu, J., Wu, W., Zhou, T., Zhao, C., and Jin, W. 2011.
Sorption and desorption behavior of lead on a Chinese Kaolin. Environment Earth Science.
63: 1. 145-149.

47.Wang, T.H., Li, M.H., and Teng, S.P. 2009. Bridging the gap between batch and column
experiments: a case study of Cs adsorption on granite. J. Hazard. Mater. 161: 1. 409-415.

48.Wang, Y.J.,, Chen, J.H., Cui, Y.X., Wang, S.Q., and Zhou, D.M. 2009. Effects of
low-molecular-weight organic acids on Cu (II) adsorption onto hydroxyapatite nanoparticles.
J. Hazard. Mater. 162: 2-3. 1135-1140.

49.Wu, L.H., Luo, Y.M., Christie, P., and Wong, M.H. 2003. Effects of EDTA and low
molecular weight organic acids on soil solution properties of a heavy metal polluted soil.
Chemosphere. 50: 6. 819-822.

50.Yang, J.Y., Yang, X.E., He, Z.L., Li, T.Q., Shentu, J.L., and Stoffella, P.J. 2006. Effects of
pH, organic acids and inorganic ions on lead desorption from soils. Environmental Pollution.
143: 1. 9-15.

51.Yuan, S.H., Xi, Z.M., Jiang, Y., Wan, J.Z., Wu, C., Zheng, Z.H., and Lu, X.H. 2007.
Desorption of copper and cadmium from soils enhanced by organic acids. Chemosphere.
68: 7. 1289-1297.

yy



AT (V) 0jboud (YE) Al S5 g ol Clilis sla g3y 41 i

52.Yu, S., He, Z.L., Huang, C.Y., Chen, G.C., and Calvert, D.V. 2002. Adsorption-desorption
behavior of copper at contaminated levels in red soils from China. J. Environ. Qual.
31:4.1129-1136.

53.Zhang, M. 2011. Adsorption study of Pb (II), Cu (II) and Zn (II) from simulated acid mine
drainage using dairy manure compost. Chem. Engin. J. 172: 1. 361-368.

54.Zhu, R., Wu, M., and Yang, J. 2011. Mobilities and leachabilities of heavy metals in sludge
with humus soil. J. Environ. Sci. 23: 2. 247-254.

At



J. of Water and Soil Conservation, Vol. 24(2), 2017
http://jwsc.gau.ac.ir

Assessment and comparison of desorption process for heavy metals
from natural soil column due to raw wastewater infiltration
and its possible percolation into groundwater

*A. Salamatmanesh' and S.A. Mirbagheri’

'Ph.D. Student, Dept. of Environmental Engineering, Science and Research Branch,
Islamic Azad University, Tehran, Iran, *Professor, Dept. of Environmental Engineering,
Science and Research Branch, Islamic Azad University, Tehran, Iran
Received: 09/04/2016; Accepted: 08/16/2017

Abstract

Background and Objectives: The study of adsorption/desorption process for heavy metals in soil
and the evaluation of how these are transferred or accumulated or what happens to them in layers of
soil is an important issue, that has attracted the attention of many researchers. Ability of accumulated
metal transfer in layers of soil, because of surface water infiltration, precipitation and even
infiltration of municipal and industrial wastewater in soil on one hand and desorption of metals from
soil as solution and their transfer and percolation into groundwater, which causes groundwater
pollution, on the other hand are among other reasons which add to the importance of these types of
research. Flow of raw wastewater in layers of soil due to adsorption/desorption process leads to
transport of metals in soil column. This research was carried out as field operations, the aim of
which was to assess desorption process for metals Ni, Zn and Pb that exist in soil in Semnan
industrial region due to raw wastewater infiltration that are released from soil.

Materials and Methods: After the region raw wastewater infiltration, changes of concentration of
metals in soil layers were measured and a statistical assessment was carried out with data, then for
infiltration of wastewater to be applied in soil a pit was excavated. Soil sampling from the lower
layers of the infiltration pit was done and Samples depth was from 20 to 300 cm in different layers.
Before infiltration of wastewater, samples from the lower depths of the infiltration pit was obtained
and used for determining the initial concentration in the soil layers (pre-infiltration) and after
infiltration of wastewater, amount of heavy metals concentrations in the same depths are considered
as post-infiltration data. A statistical assessment was carried out for evaluating the effect of
desorption process (a paired-samples T-test is used for comparison of means) for each metal in the
total soil column. This assessment was conducted by using statistical package SPSS18.

Results: The results indicate that, displacement in the center of mass happens from the top to the
lower layers for the three metals. The statistical assessment indicated in this soil column, desorption
process of Ni from soil to wastewater solution was effective, but for metals Zn and Pb was not.
Transport ratio was calculated and for Ni, Zn and Pb were 136, 21 and 10, respectively. Dissolved
concentration was calculated for Ni, Zn and Pb at the end of soil column were 4.07, 1.95 and 1.25
(ppm), respectively.

Conclusion: Wastewater infiltration leads to transfer of all of metals towards more depths in soil
column. Ni percolates into the groundwater much faster than other metals. The order obtained from
metals affected by desorption process and amount of percolation into ground water was Ni>Zn>Pb.

Keywords: Heavy metals, Desorption, Raw wastewater, Soil column, Transfer
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