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1- Biological Oxygen Demand (BOD)
2- Chemical Oxygen Demand (COD)
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1- Ocimum Basilicum
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Figure 1. Schematic and dimensions of lysimeter.
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Table 1. Some physicals properties of soil (before planting).

St Colia s P yaFe o o - o
(Hydraulic Conductivity)  (Porosity) (density) (Clay)  (Silt)  (Sand)
— ) Sl i, oY
< st (Soil texture) (layer)
oil texture ayer
mmh™ %) (Particle)  (Bulk) %) 4
(grem™)
s s
26.1 44.17 2.51 1.41 57 21 22
(Clay) (Upper)
o e Sl

- - - - 2552 21.92  52.56
(Sandy Clay Loam)  (Middle)

- - - - 1897 2066  60.77 oS A

(Sandy Loam) (Lower)
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Table 2. Some chemicals properties of soil and compost used.

Sl glaaY
(Soil layers) Al el
- p35 Js! (Unit) (Parameter)
(Lower) (Middle) (Upper)
7.43 7.42 7.43 - pH
0.508 0.528 0.72 dsm™ EC
97.21 159.61 201.38 mgkg! Na
52.19 72.61 115.13 mgkg! Ca
15.62 21.16 32.16 mgkg! Mg
5.15 6.01 8.11 mgkg! N-NO;
6.23 7.11 10.55 mgkg™! P-P,0,
197.41 252.46 314.24 mgkg! K
435 6.38 10.3 mgkg™! Pb
0.98 1.21 1.5 mgkg! Ni
0.82 1.01 1.2 mgkg! Zn
0.82 1.21 1.6 mgkg™! Cu

s e ddadal g ol GLONSL abed sla S 5l (S - o

Table 3. Some chemicals properties of Fresh water raw and treated wastewater used.

s
Sgene (Wastewater) AR
(Fresh water) ol olx (Parameter)
(Treated) (Raw)
7.77 7.55 7.57 - pH
0.74 0.605 1.65 dsm™ EC
109.9 197.58 211 mgL"! Na
24.6 52.19 60.65 mgL”! Ca
36.6 41.12 50.23 mgL™! Mg
3.28 4.94 4.82 (meql™)®? SAR
0.08 27.23 20.22 mgL”! N-NO;
0.09 1.70 1.98 mgL"! P-P,0,
9 24.28 30.42 mgL™! K
0.01 0.03 0.07 mgL"! Pb
* 0.04 0.07 mgL™! Ni
0.01 0.12 0.14 mgL™! Zn
* 0.03 0.06 mgL"! Cu

NECW Sl s J;Le,&

* Undetected for device
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Table 4. Analysis of variance for nutrients and heavy metals in the leachate.

Sl e (1 Sle
(Means of square)

ke ke JKM.J.»L.& L;:lﬂ A \_’WSlJJCM
(Heavy metals) (df) (Source of variation)
Slind - a8 Sl =058 el o Pad S
(P-P,0,) (N-NO5) (K) (Cu) (Pb)  (Ni)
. I N
0.00%* 3.12% 3.20% 0.00%* 0.00"  0.00™ 2 S
(Type watering)
et
0.01 0.02 0.47 0.00 0.00 0.00 6
(Error)
} 8 £
(Total)

** and " significant at P<0.01 and not significant, respectively.
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Table 5. Effect of type watering on nutrients and heavy metals in the leachate.

Sl = i EENERI PR e S5 o U s
(P-P,04) (N-NO3) (K) (Zn) (Pb) (Ni) (Treatment)
0.07° 6.25° 8.87° 0.33° 0.02° 0.03° W,
0.06" 4.37° 7.01° 0.19° 0.02° 0.02° Wy
0.06" 4.63° 7.11° 0.22° 0.02° 0.02° Wy

(yema O 5ol NS a3 00 S 5 Wr eddaias AL Wy s 6 W,

I (5l e IO Ao 53 0 el > Al o S xie g Sls Ogt A 3 S lar ke ©

W,: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50% fresh water.
In each column, means with same letter/s are not significantly different (P<0.05).
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Figure 2. Trend of Pb, Ni, Cu and Zn concentration in lechate after each watering.
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W;: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50%

fresh water.
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Figure 3. Trend Nitrate, phosphate and potassium concentration in lechate after each watering.
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W;: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50%

fresh water.
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Table 6. Analysis of variance for transport percentage of nutrients and heavy metals transfered to leachate.
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S % #% Not significant and significant at P<0.05, P<0.01, respectively.
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Table 7. Effects of type watering on transport percentage of nutrients and heavy metals transfered to leachate.

Flnd — yid Sl —0is s el o S < g Sl
(P-P,0Oy) (N-NO;3) (K) (Cu) (Zn) (Pb) (Ni) (Treatment)
3.68° 30.58" 29.36" 27.68" 21.49° 3.57 37° W,
3.64° 17.40° 29.20° 13.88" 27.32° 6.05° 48.51° Wy
7.6° 33.83° 28.42° 16.32° 25.96° 5.59° 49.56° We

(Dyema O 5ol NS A3 00 S 5 Wr eddadas AL Wy s 6 W,

I (5l e IO Ao 53 0 el > Al o S 2ie g (Sl Ogte A 3 S lac Ske ©

W,: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50% fresh water.
In each column, means with same letter/s are not significantly different (P<0.05).
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Figure 4. Trend of transport percentage of Pb, Ni, Cu and Zn transfered to lechate after each watering.
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W;: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50%

fresh water.
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Figure 5. Trend of transport percentage of Nitrate, phosphate and potassium transfered to lechate after each
watering.
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W;: Raw wastewater, W,: Treated wastewater and W,: composition of 50% raw wastewater and 50%
fresh water.

sl 4 Lis Jul asys IS sbe Ol Lssed (2155 (V000) OLKen 5 see
St wil ol Sl Sl e BB 3 3gm e id Olpme 3l SUE i Olpee
S S s ) i JUsl dsys Sl Ol 5 i 5| e Oty SLE Bl i
S ol O Koy amgs ol el Cesey Loy 0 352 30 i Olgos 51 NGB 5 350 50 Jand Ol
23 b had A e S S oo b O Dl gea S AL S0 S s
V) Ll e

YA



Ob&oﬁ:gw;m gm0

il dos &S 58 a8 (VAAA) gassla
OF Sl 4y (MBS 3 )8 51y S 51 058 25
O8) 35l Koy ol Sl e 5 (COWSL o)
5 S 3L s Wilg e S 51 05 20 Ll
Sis O G g w0 oS A3l St S5 Bl 34
Al e sl S Ges 4 OBL g5 ke
58 6l bkl S S D3l e
O Shnd odidy Sl 5 S 4 0581 5
A &S o gaelis

I (65 4

el OF Sl sy ol @l IS sbe

(Clomgs S 25 Tl 2 o) Sl Slaige S
UG IS s s ol eslial 54
5 SUd = Hed (Sl 0S5 e S0 e
Sosba ol 1 OB s e V.:.wb
FeS ool G bl el i S0l
S35 slaodlsl s Lol i (o Sle
NSl 5 58 el boax STl oY o
(Sl OiAE oe Sas s (S5 polie
Sran Sl o s el 5 Sl - i
Aomly Sl b2l ol Oljee Wl sl G955 4 )
@L:.} RS W PP R WU | I R PR ER
5 Sop B sl s sl Ol el Cewdas
5 S O3 ey S S (Ul
S s W> Wy = We @json Sland — i
W dsb s cdl Wy > W > W O yna s
S ais aals dajles sled o 5 5 olol 650
Sobe Oy plerd DS 5 il Sle
RYZRERVE B O QYRR WV o SSIURES R
J?\j-;i =054 5 (=) gy (=0 o
5 GIY= /oA Slaes —jas Y700V v/08)

RS

OLKes 5 Saisw Sl 055 Ll LaoSL
aias 55 oL Ol LS s S 55058 (144Y)
O SGosba Lol Lol Jiud IUS
615 g A e e B YO G 4 S
an 5 Bl (8) das 2alS a4
ol Vv Gee 4 ied Ul Olge (Y0rV)
el el Al L bl Ll s Sl
ldadal Clas 3 )8 &) 53 5 Aoy +/4-Y707
S 83505 b Olsae doys VY=E/V0 oy
JUS 51 (63l sl Sl JUES 1 OLES 45 155 503
O sl ans
do s Sl pas Sl Ly LYs o Sedes
ole Ol 3 Sl ais 4 Ol 5 o 5o ol Jasl
5 ool cibse slaoles L3 s e @ (53555
5 omoee> 230 o)l LS Cdls o promen
ey 5 gl OB s ls L (T08) OKes
S Loges Sl S bOge 3 eddada
2 e Sley 4 Slid 5 by JUEH s
Gl Sl SR AL gl gla0 s
Sl ol glaosie 5 bl il e eddada
Sl 03y S Olrd Jl Ao s eddadal
P LS Laged ES immen O Siass ol
Loy pobe sl JUsl Ao Ol (ol Slles
S s &S 24d S1sb LOA) syl Ly
By an S Osge AL Eg Ok Glad s 3
Ba i, Jle o5l s ense AL RS
2 B S G Sl T ol
(B0 syl osil G b mas Of Ul L2alS
CL“’ Lot ol CL“’ Ll ple Ay oo ire
s B (7049) OLGn 5 [ pome Siass

OA) Lk Jatj e g 345



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

S Ja.:xa 9 QLM.:‘ LS‘J" 9 ol wﬁ)ﬂ) BLIEEt RS Q‘ﬁiji..wQ‘Jb S22
.,\MZ-L: u.ij.el,la;- 05{‘54.3 uwb )‘ oalaul BE L5‘°}i.5 3 "Lil" Lg.JIo)'

&l

1.Aghtape, A.A., Ghanbari, A., Sirousmehr, A., Siahsar, B., Asgharipour, M., and Tavssoli, A.
2011. Effect of irrigation with waste water and foliar fertilizer application on some forage
characteristics of foxtail millet (Setaria italica). Plant Physiol. Biochem. J. 3: 3. 34-42.

2.Alizadeh, A. 2011. Relationship between water, soil and plant. Emam Reza University Press,
470p. (In Persian)

3.Alloway, B.J. 1990. Heavy Metal in Soil, Blackie and Son Ltd., London, 339p.

4.APHA. 1995. Standard methods for examination of water and wastewater. APHA (American
Public Health Association), WWA (American Water Works Association), WPCF (Water
Pollution Control Federation), Washington D.C., USA.

5.Barton, L., Schipper, L.A., Barkle, G.F., McLeod, M., Speir, T.W., Taylor, M.D., McGill,
A.C., Van Schaik, A.P., Fitzgerald, N.B., and Pandey, S.P. 2005. Land application of
domestic effluent on to four soil types: Plant uptake and nutrient leaching. Environ. Qual. J.
34: 635-643.

6.Basso, B., and Ritchie, T. 2005. Impact of compost, manure and inorganic fertilizer on nitrate
leaching and yield for a 6-year maize—alfalfa rotation in Michigan. Agric. Ecosyst. Environ.
J. 108: 329-341.

7.Camobreco, V.J., Richards, B.K., Steenhuis, T.S., Peverly, J.H., and McBride, M.B. 1996.
Movement of heavy metals through undisturbed and homogenized soil columns. Soil Sci. J.
161: 740-750.

8.Chahal, M.K., Toor, G.S., Nkedi-Kizza, P., and Santos, B.M. 2011. Effect of Tomato
Packinghouse Wastewater Properties on Phosphorus and Cation Leaching in a Spodosol.
Environ. Qual. J. 40: 999-1009.

9.Emami, H., Savaghebi Firoozabadi, G.H., and Shorafa, M. 2005. The Study of Preferential
Flow and Organic Matter on Cadmium, Lead, and Zinc Movement in a Calcareous Loamy
Soil. J. Sci. Technol. Agric. Natur. Resour. 9: 2. 63-74. (In Persian)

10.FAO. 1992. Wastewater treatment and use in agriculture. Food and Agriculture Organization
of the United Nation, Rome, FAO 47.

11.Gohil, M.B. 2005. Land Treatment of Wastewater. New Age International Pub., New Delhi.

12.Gong, C., and Donahoe, R.J. 1997. An experimental study of heavy metal attenuation and
mobility in sandy loam soils. Appl. Geochem. J. 12: 243-254.

13.Hahne, H.C., Kroontze, H-W., and Lutz, J.A. 1997. Nitrogen fertilization nitrate
accumulation and losses under continuous corn cropping. Soil Sci. Soc. Am. J. 41: 562-567.

14.Haruvy, N. 1998. Wastewater reuse regional and economic considerations. Resource, Cons.
Rec. J. 23: 57-66.

15.Hassanoghli, A., and Liaghat, A. 2009. Effect of recharge practices with treated domestic
wastewater of Ekbatan complex on mineral and biological pollutants transfer to shallow
aquifer. Mashhad. J. Water Soil. 23: 1. 143-151. (In Persian)

16.Hassanoghli, A., Liaghat, A., and Mirabzadeh, M. 2007. Effect of Irrigation with treated
domestic wastewater of Ekbatan on transfer of phosphorus in deep roots. J. Sci. Technol.
Agric. Natur. Resour. 10: 4. 29-42. (In Persian)

17.Heidarpour, M., Mostafazadeh, B., Abedi Koupai, J., and Malekian, R. 2007. The effects of
treated wastewater on soil chemical properties using subsurface and surface irrigation
methods. Agric. Water Manage. J. 90: 87-94.

Y.



O )eR 9 (00,5 Ld Sgaume

18.Hosseinpour, A., Haghnia, G.H., Alizadeh, A., and Fotovat, A. 2009. Changes in chemical
quality of percolating raw and treated municipal wastewaters through soil columns. Mashhad
J. Water Soil. 22: 2. 45-56. (In Persian)

19.Jacob, H., and Clarke, G. 2002. Methods of Soil Analysis, Part 4, Physical Method. Soil
Science Society of America Inc., Madison, Wisconsin, USA.

20.Kardos, L.T., and Hook, J.E. 1974. Phosphorous balance in sewage effluent treated soil.
Environ. Qual. J. 5: 87-90.

21.Karimzadeh, M., Alizadeh, A., and Mohammady Arya, M. 2012. Effect of Irrigation with
Waste Water on Soil Saturated Hydraulic Conductivity. Water Soil J. 26: 6. 1547-1553.
(In Persian)

22 Kaschl, A., Romheld, V., and Chen, Y. 2002. The influence of soluble organic matter from
municipal solid waste compost on trace metal leaching in calcareous soils. Sci. Total
Environ. J. 291: 45-57.

23 Kiziloglu, F.M., Turan, M., Sahin, U., Angin, 1., Anapali, O., and Okuroglu, M. 2007.
Effects of wastewater irrigation on soil and cabbage plant chemical properties. Plant Nutr.
Soil Sci. J. 170: 166-172.

24 Kiziloglum, F.M., Turan, M., Sahin, U., Kuslu, Y., and Dursun, A. 2008. Effects of untreated
and treated wastewater irrigation on some chemical properties of cauliflower (Brassica
olerecea L. var. botrytis) and red cabbage (Brassica olerecea L. var. rubra) grown on
calcareous soil in Turkey. Agri. Water Manage. J. 95: 716-724.

25.Lindsay, W.L. 1992. Chemical equilibration in soils. John Wiley and Sons, New York.

26.Mahida, U.N. 1981. Water pollution and disposal of wastewater on land. Tata McGraw-Hill
Publishing Co. Itd., New Delhi, 323p.

27.Mamo, M., Gupta, S.C., Rosen, C.J., and Singh, U.B. 2005. Phosphorus leaching at cold
temperatures as affected by wastewater application and soil phosphorus levels. Envir. Qual.
J. 34: 1243-1250.

28.Marofi, S., Parsafar, N., Rahim, G.H., and Dashti, F. 2012. The effects of wastewater reuse
on transport of heavy metal to depth of soil under potato cultivar. Isfahan, J. Sci. Technol.
Agric. Natur. Resour. Soil and Water Sciences. 16: 61. 71-80. (In Persian)

29.Marofi, S., Parsafar, N., Rahim, G.H., Dashti, F., and Marofi, H. 2013. The effects of
wastewater reuse on potato growth properties under greenhouse lysimeteric condition.
Environ. Sci. Technol. J. 10: 133-140.

30.McBride, M.B., Richards, B.K., Steenhuis, T., and Spiers, G. 1999. Long term leaching of
trace elements in a heavy sludge amended silty clay loam soil. Soil Sci. J. 164: 613-623.

31.McLean, J.E., and Bledsoe, B.E. 1992. Ground Water Issue: Behavior of Metals in Soils.
United States Environmental Protection Agency, EPA/ 540/ S-92/ 018.

32.Mirjat, M.S., Chandio, A.S., Memon, S.A., and Mirjat, M.U. 2008. Nitrate movement in the
soil profile under irrigation agriculture: a case study. Agriculture Engineering International:
the CIGR e-journal. Manuscript LW 07 024. Vol. X. Feb.

33.Mortvedt, J.J., Cox, F.R., Shuman, L.M., and Welch, R.M. 1991. Micronutrient in
Agriculture number 4. Soil Sci. Soc. Am. Book Series, Madison, WI.

34 Nikamal Larijani, N., Hassanoghli, A., Mashal, M., and Liaghat, A. 2011. Investigation of
Nitrate Leaching through two Different Soil Textures via Application of three Organic
Manures (Poultry, Cow and Sewage Sludge). Mashhad J. Water Soil. 25: 4. 708-718.
(In Persian)

35.0lsen, S.R., and Sommers, L.E. 1982. Phosphorus. P 403-430, In: A.L. Page, R.H. Miller
D.R. Keeney (Eds.), Methods of Soil Analysis, Part 2. Chemical and Microbiological
Properties. Agronomy Monograph No. 9, ASA-SSSA, Madison, Wisconsin, USA.

36.Rai, S., Chopra, A.K., Pathak, C., Sharma, D.K., Sharma, R., and Gupta, P.M. 2011.
Comparative study of some physicochemical parameters of soil irrigated with sewage water
and canal water of Dehradun city. India Arc. App. Sci. Res. J. 3: 2. 318-325.

AA|



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

37.Ramirez-Fuentes, E., Lucho, C.C., Escamilla, S.E., and Dendooven, L. 2002. Characteristics,
and carbon and nitrogen dynamics in soil irrigated with waste water for different lengths of
time. Bioresour. Technol. J. 85: 179-187.

38.Rowell, D.L. 1994. Soil Science: Methods and Applications. Longman Group, Harlow,
350p.

39.Rusan, M.J.M., Hinnawi, S., and Rousan, L. 2007. Long-term effect of waste water irrigation
of forage crops on soil and plant quality parameters. Desalination J. 215: 143-152.

40.Scokart, P.O., Meeus-Verdinne, K., and DeBorger, R. 1983. Mobility of heavy metals in
polluted soils near zinc smelters. Water, Air, Soil Poll. J. 20: 451-463.

41.Scora, R.W., and Chang, A.C. 1997. Heavy metals and seed germination in some medicinal
and aromatic plants. Environ. Qual. J. 26: 975-79.

42.Sibe, C., and Fischer, W.P. 1996. Effect of long-term irrigation with untreated effluent on
soil properties and heavy metal absorption of Leptosols and Vertisols in Central Mexico. Z.
Pflan-zenernaehr. Bodenkd J. 159: 357-364.

43.Singh, A., and Agrawal, M. 2012. Effects of Waste Water Irrigation on Physical and
Biochemical Characteristics of Soil and Metal Partitioning in Beta vulgaris L. Agric. Res. J.
1:4.379-391.

44.Suzuki, T., Katsuno, K., and Yamaura, G. 1992. Land application of wastewater using
three types of trenches set in lysimeters and its mass balance of nitrogen. Water Res. J.
26: 1433-1444.

45.Tyler, L.D., and McBride, M.B. 1982. Mobility and extractability of cadmium, copper,
nickel, and zinc in organic mineral soil columns. Soil Sci. J. 134: 3. 198-205.

46.Udo, E.J., Bohn, H.L., and Tucker, T.C. 1970. Zinc adsorption by calcareous soil. Soil Sci.
Soc. Am. Proc. J. 34: 405-407.

47.Zamyadi, A., Liaghat, A.M., and Hassanoghli, A. 2002. The possibility treating of water
contaminated with zinc (Zn) by soil cultivated Sunflower, Oats and Straw (remediation).
Water Wastewater J. 48: 3-11.

48.Zheljazkov, V.D., and Nielsen, N. 1996. Effect of heavy metals on peppermint and cornmint.
Plant Soil J. 426: 309-328.

49.Zvomuya, F., Gupta, S.C., and Rosen, C.J. 2005. Phosphorus Leaching in Sandy Outwash
Soils following Potato-Processing wastewater application. Environ. Qual. J. 34: 1277-1285.

Yy



J. of Water and Soil Conservation, Vol. 23(5), 2017
http://jwsc.gau.ac.ir

Effect of wastewater on transfer of heavy metals
and chemical compounds in soil column under basil

M. Shakarami', *S. Marofi’ and Gh. Rahimi’

'Ph.D. Student, Dept. of Water Engineering, Bu-Ali Sina University,
*Professor, Dept. of Water Science and Engineering, Bu-Ali Sina University,
3 Assistant Prof., Dept. of Soil Science, Bu-Ali Sina University
Received: 12/27/2014; Accepted: 02/17/2016

Abstract

Background and Objectives: Although using of wastewater in agriculture have advantages, but
these waters may contain pathogenic microorganisms, heavy metals or other harmful organic and
inorganic compounds. Therefore these elements can have undesirable environmental impacts such
as pollution of water sources (especially groundwater), soil and plants. Therefore efforts for obtain
proper disposal of wastewater in the environment is essential. Therefore the purpose of this study
is to investigate the effect of wastewater on transfer of heavy metals and chemical compounds in
soil column under basil cultivation.

Materials and Methods: This study was conducted based on a completely randomized
designe with three treatment watering and triplicates under lysimeter condition. The applied
treatments consisted of watering included raw wastewater (W), treated wastewater (W,) and
a composition of 50% raw wastewater and 50% fresh water (W;). For this purpose, 9 cubic
(30 cm x 30 cm x 126 cm) metal lysimeters containing a three-layer soil were used. The soil
texture from top to bottom of lysimeters were clay, clay loam and 40 c¢cm sandy loam,
respectively. After lysimeters preparing, basil was planted in the lysimeter. Pb, Ni, Cu, Zn,
Nitrate, phosphate and potassium concentration in leachate were measured after each watering.
Results: The results indicate that soil columns (under basil cultivation) ability to keep Pb, Ni,
Cu, Zn, Nitrate, phosphate and potassium concentration in wastewater. So Mean values of each
of the above mentioned parameters were lower in the leachate compared to the wastewaters
entering the lysimeter. Although during the use of wastewater, amounts of Pb, Ni, Cu, Zn,
Nitrate, phosphate and potassium concentration in drainage increased but the value of this
parameter is below the limits. The results showed the effect of type watering on mean values of
all parameters (exception of Pb and Ni) was significantly. In terms of magnitude and significant,
pattern of Zn, potassium, nitrate and phosphate were Ws= W, <W,; and pattern of Cu were
W, <W; <W,. During 11 irrigation period and between all treatments, the range of metals and
chemical compounds in leachate were: Pb (0.01-0.03), Ni (0.01-0.03), Cu (0-0.03), Zn (0-1),
Nitrate (3.05-10.54), phosphate (0.03-0.08) and potassium (5.25-11.13 mg/1).

Conclusion: According to the upward trend of heavy metals and nitrates in leachate, special
care must be taken in using of wastewater (especially in raw wastewater). Because in future,
with decomposition of organic matter, these elements can be entered in groundwater and
environment and be dangerous to humans.
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