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INTRODUCTION 

The population explosion, increased industrialization, agricultural 

development and recreational activities ali. lead to a corresponding 

increase in the volume of effluents and diversity of pollutants, dis-
1 . . • • 

1 

charged into the natural environment. So these activities disturb the 

prevailing normal environmental conditions (Hart and Sta11_der, 1972). 

One of the most. pressing problems facing metropolitan areas today is 

disp~sal of large volumes of liquids and solid wa~tes, generated by , 

urban and industrial activities. Now there is great need to conserve 

and reuse water resources. But there are so many problems assoCiated 

with water pollution, resulting from discharging wastes into surface water 

There is air pollution problem from the incineration of the waste and the 

scarcity of suitable sites for land fill operations. These activities have 

prompted municipalties and other Governmental agencies to investigate 

alternative means of dispo-sal operations. So this is currently receiving 

wide spread attention especially with the disposal of wastes onto AgricultUJ 

land (Page 1974). 

Waste water or sewage is an outcome of man made activities; urban sewag 

consist of industrial as well as domestic sewage. Domestic sewage mainl; 

contains organic load but it also is a source of heavy metals like Cu. Cd, 

Zn and Ni (Leeper, 1978). Previously dis-posal was a big problem and 

mainly these wastes were discharged into water bodies like rivers. lakes. 

ponds, oceans etc. But once when it was realized that these bodies are· 

quite sensitive to discharge of waste water containing lot of pollutants and 

chemicals which are harmful for aquatic flora and fauna, . interest in this 

field gained momentum. To solve this problem and m-inimize these harmfu 

effects. sewage treatment plants came into existence. Till date sewage 

tre;:1tment plants, were designed in such a way so that their main job is to 
I 
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remove mainly organic load from waste water and not the dissolved chemical: 
. . ' 

(like heavy metals and other chemicals). When it was established that these 

treated and untreated sewage have lot of plant nutrients like Nitrogen, :Phos

phorus. Calcium and Potassium etc •• people diverted this sewage after 

treatment for irrigatioll: of their lands. This practice 'is going on for a long 

tim€. It is a fg~t that E!xcgpt developed ll!!fJ a. few d~velopmg co-antdeo. mm~t 
' <:>f gther colpltflitJ§ clon't have treatment facilities and they are using simply 

ra.w sewage for irrigation purpose. When once this waste containing heavy . 

metals is discharged on the la;nd; either as to solve a disposal problem or . . 
for irrigation purposes. the heavy metals t;>ecome part of soil system. Soil 

' ' 

syst~m is a very complex heterogenous system, which includes, alr, water\ 
I \ 

and ~ol~d phases. Once a chemical has been added to the surface of a soil, ' 

there will be tendency for it to move downward, depending on the amount of 

moisture and some other factors. An understanding of chemical movements 
' i 

. or leaching in this type of system· is of environmental concern, because of 

the possibility that the che;mical will ultimately reach ground water and 

contaminate it. 

This leaching or movement mechanism is controlled by principal factors 

like ·adsorption, absorption and ion exchange phenomena. These properties 

are responsible for the pattern of movement. Apart from these process.es, 

cert.ain other properties like Roil chemical concentration. soil water content 

soil organic matter etc. also play an impo~tant role in deciding the fate of 

waste water constituents in. soils (Spyridakis and Welch. 1976). :.-

Environmental pollution and its effect on plant and animal life has brought 

tremendous awareness regarding waste disposal. The huge build up in the 

amount of waste material and concurrent decrease in disposal sites have 
' ' . 

led to a renewed interest in the study of th~./appli~ation of sewage to so'n. 

In general, chemical constituents (like ni~rogen and.phosphorus) of waste 
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I 

wat
1

ers, which behave as "pollutants" in surface .wat~~-disposal system 

be9ome nutrients for plant growth in a land recycling system. .So the land 
. . 

recycling of waste is receiving increasing importance as a means of waste 

water reclamation and water pollutiop control. 

Though· land disposal of raw sewage and treated sewage effluents a~e not 
.-

new, they attracted attention only recently. There are many sites where 

relatively large volumes of sewage effluents are used to irrigate agricultur 

lands. 

Previously the main objective behind the application of treated municipal 

anq industrial effluents and wet :13ludges to the land was considered si.:£nply 

as "disposal of waste". But now ... a-days it is a valuable resource for any 

nation, because since it contains enormous quantity of plant nutrients. So 

. it is necessary to use land treatment as one of the availa,ble alternatives 

in the waste management system. Currently land as a waste management 

system is getting an edge over the surface water discharge method, 

because discharging of arty pollutants over lands has less environmental 

impact than discharging them in any water body. 

The main objective or aim of discharging the sewage effluent on the land 

is": 

(a) Recyling of potential sewage pollutants through the production 

of agriculture. 

(b) Reclamation of waste water. 

(c)f Minimisation of enVironmental pollution~ 

Many researchers have stated that soil is a "living filter" (. f~r e. g. 

see Lee, 1976). According to this concept vegetative cover is an integral 

part of the system. It also includes the rriicrobiai and physiological 



activities occuring within the soil system •. This system is capable of 

renovating the sewage effluents by removl:!,l and utilization of nutrien~s 

appli~d. So this process of utilizing soil-plants complexes fof' waste water 

discharge is called the land treatment proc~ss. 

Waste water application to soil-plant system can provide an efficient 
' I . 

treatment only under very strict condition of control of both the quality and 

quantity of disposed efflu~nt as well as land man~gement devices. The 

benefits of application of municipal sewage and sludges on land are many and 

. it is an established fact that crop production has beeri increased by the use of 

municipal sewage effluents. There are so many advantages of sewage disposal 

on land for irrigation .. :~and other purposes. 

Despite these advantages one can not neglect the manifold problems as-socia

ted with land application of waste water. Ground water contamination with 

nitrates~ chlorides~ phosphates and other hazardous chemicals including 
I -

heavy metals like cadmium~ zinc~ copper~ chromium~ nickle etc. have 

listed to be potential chemical problems. The fate of pathogenic bacteria 

and viruses when water moves through the Soil is also of utm-ost concern 

(Lance~ 197 8). Hence crit~cal analysis of environm_ental consequepces of 

land di_sposal of sewage. effluents becomes necessary to evaluate the success 

of this system. 

Since it is recognised that sewage from industrial areas consist of many 

heavy metals and they will be phytotoxic if they accumulate in higher 

concentration, in root zone. These are also injurious to animals~ since 

animals are the part of the ecosystem and food chain ends on living human 

beings. So these facts have ;drawn the interest of researchers in this field. 

It is wel~ known fact that continuous irrigat~on makes the irrigat~d soil 

becoming "Sewage Sick". 



In India, sewage utili~ati~n '13.~/~ s.ou'rc~ qf ~rrigati.()Jl·apd ~J.t~rien,'t s.w>pl~ 
' - .. , • . • ,•, ' I , . • 

started as early as in 18.96~ Since than,· ~ewage farr:q.ing is pract~sed, 
· .. -· ' . 

. includ.ing the. use of ra:w sewage~ oilut~p §ewag~ lipd ·s,.om e tiJl.l~~}. partially 

treated sewage. It is rep~r~ed ~hat ~h~--~~~ber. ;of ·se~ag~·far~s· in. 

country comes ar~und .1~~ .. ,.-·p9veripg.apo\l;~· !-?POO·J1~ct~.P~.!3 )I):l'!J?bi?:€!:mqgrthy 

· et. ·~1. , 197 3). That ~r~d>Wlqer. ~~~~g~"ir~~gati9r/-p()s~. ~ro~· .. ~·¥~)6?· ~estar1 
in 11~65-66 to n~arly L,l'Q, OQO,·h~·ctar~~-;du~fng"!9.7~oi-i~,.- i.ndi(:!~te~·fl-J~ell9-;p~ 

. . I . ,.. . .•. · .· . . . 

. cottinuous . expallsiRI.l.· C?f~.s~w~g~_· :irp~gc:l,H()R. ~t~li~ a,t~cn!; progr~J1lm.~ in. Jnq~~ 

(Gaur. 197~)~, 

In Delhi around 140 ~9D ~f~om~stib as·w~~ ,~sJri"du~trialsey.rageis be~g 
treated at three d?ffer~nt s~w'age treatment pl~n,ts·~~mely, Okhla, Keshopu 

' . . . . '. ' ~' . . ' . . 

and Coronation Pillar. Among them Okhla, is th~ biggest one. in India 

(Sekar ·and Bhattacharya 1979). Okhla sewage treatment p!ant js treat~g 
. . 

90 MGD sewage. After Primary treatment, 11:5 MGD primary treated· 

sewage i$ being discharge~ in~o-Agra canal ~nd· 4~ :ty!GD for SeGondary ' 

treatment unit. After th.at the ·t~eated e~fl~~·ll(is diverted fo~ irr~gatin~ 
lands. In Delhi, as on 1979,' a:total area of about 2604 acre$··.was under . . - . . ~ .. . ... ' . ":-~-: . : ·.. ' .. ' . ' . . . . '· . ... ~: 

sewage irrigation and in the followmg per~od appr9_xiJnate~y additional 

· -29S2 acres were added up:(Sekar, 1984h 

So the main objective be hind this study ~a~ t~ obt_~in: 
, 

(i) Information about cha~ges in pP,ysicaJ and chemical p~operties 
- ··y·""': -~ :"· ·-'t 

(ii) Fate of certain m~tals, like Cu, · Cd;. ~n and Ni in soil profile 

(column study) when subjected tQ. ~h.ort term app~ication with sewa~ 
,·. ' L ' . . 

effluents. 

There is very little information on the fat~;:and mobility of heavy metals 

applied to soil through sewage effluents.; ;tp.us; :~:h~ pr·e~ent ~tudy w_~s 
• 0 ' < 0 O : ' ~ o' ,h "" I ~ ;' • '• 

conducted to know the fate of four heavy:m~tals, when applied to s()ils in the 

form of raw and treated effl~ents. 
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. REVIEW 

( 

· The present study is an attempt to study the fate of heavy metals like 

Cu, Zn, Ni and Cd in soil "'- system, when subjected to urban sewage or 

waste. The toxic action of .heavy metals depends mainly on the available 

concentration of the metal concerned. Many of the metals function as 
• • # , 

micronutdents at lowe.r concer1tration and the toxicity is expressed only at 

higher concentration (Luckey et. al., 1975). The precipitation, accumula-
. . - · -· . 

tion and migration of metals reaching _the soil system are influenced by 

many physico-chemical and biological factors. 

In this chapter, the migration and accumulation of different metals present 

in urban sewage, and their effects on the soil system and the iqfluence of 

the different factors which govern the distribution are discussed. briefly. 

Introduction of metals to soil system leads to permanent changes in soil 

and therefore their addition to soil should be based upon their total 

concentration in soils (Leeper, 1978). Metals generally tend to accumulate 

i~ the top layers of the soil with various degree of "~vailability" ( Banin 

et r· . al., 1981). In initial stag·e of sewage irrigation, they may be bound to U 

solid phase of the soil with high absorption energies and will not be readily 

available to plants. With prolonged use of sewage effluents for irrigation 

some metals are liable to build up to a toxic levels and cause damage to 

sensitive crop or plants.· Sposito et. al., (1983) reported that the repeated 

application of sewage-sludge or effluent over a long period of time to an 

arid zone agricultural soil, tend to promote trace metal accumulation into 

solid organic or inorganic pha.ses, which are readily extractable with . .. . . 

comparatively mild reagents indicating the potentials of metals a~ toxicants 
' . 

in t!he soil" environments. Patterson (1971) said that sewage irrigation can 

be ~hytotoxic in two ways, firstly continued and repeated application of 



domestic sewage or sludge over a longer time and secondly the use of 

sludges from industrial areas containing large quantities of toxic metals. 

Many industrial waste streams are highly acidic and can alter soil 

pr.operti~s to which they are appl{ed (Taylor, 1967). 

An effect of such streams is the release of naturally occuring elements. 

This depends on the length of exposure of soil to the leaching solution. 

In sewage effluents all the metals are associated wfth suspended solids 

and only after acidic digestion, -metals can be detected in samples 

(Nennah ~· al. , ·19 83). Most of the heavy metals, which are associated 
I . 

with suspended solid in sewage end up in the sludge (Bouwer et. ~l., 1974) 

8 

Bouwer and Chaney (1974) mention that organic matter in the final effluents 

may significantly contribute to the binding of metals through cation 

exchange and chelation reactions. The metal species present in crude 
. . ' 

sewage are in fairly unstable equilibrium between soluble· and insoluble 

forms. It depends on the state of metals in which they are being discharged 

into sewage a!ld the composition of sewage itself. Nature of sewage include~ 

redox-potential, pH, hardness, presence of various anions such as phos

phate and sulphate arid the presence of organic matter capable of complexing, 

or absorbing the metal species (Coker and Matthews, 1983). 

Trace elements applied to the soil, regardless of their form in which. they 

are applied may follow the following fate (Page.1974). 

(1) It may pass through the· soil unchanged 

(2) It may form insoluble or sparingly soluble inorganic and organic 

compounds. 
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(3) It may be sorbed by soil colloids as cations. anions or molecules. 

· (4) It may get volatilized from the surface or be taken up by plants. 

Mechanism which controls soil solution concentration of heavy. 

metals according to Spyridakis and Welch (1976) includes:-

1. 

2. 

3. 

4. 

/ 

) 
absorption by silicate through surface sorp~ion. surface complex 

formation. lattice penetration and ion exchange. 

Surface sorption or surface precipitation of carbonates or/ 

silicates. 

Metal fixation and absorption by organic matter. 

Biological uptake and immobilization. 

The sorption anq desorption reactions are controlled by pH. Eh, concentra

tion. of competing metals and concentration of other ions capable of forming 

·inorganic complexes and organic chelates. pH and Eh are the most 

significant factors because they are responsible for the retention of the 

applied metals in the top few centimeters of soils (Spyridakis and Welch 

197 6). 

CHEMISTRY 

Chemistry of metals in soil is very complex, and is not completely 

understood. The inadequacy of analytical techniques is one of the drawbacl 

The reason is that the concentration of water soluble metals and ligands 



to be measured are often below the detection limits of the conventional 
! 

analytical methods (Bhel et. al. • 19 83); Distribution of metals in 

different ionic forms is a field. little explored so far and information 

regarding the same is scarce. _Metals may be present in the inorganic 

forms such as oxides. hydroxides and sulphides (Mosey et. al. • 1971 ). 

It may also be present as loosely bound organic <::omplexes such as with 

humic acid and polysaccharides (Holtzclaw et. al •• 197 8). 

According to Page (1974) the large fraction of trace metals (Cu, Zn. Ni 

and Cd) is found in complex form with organic matter. A small fraction 

probabiy also exists in soil solution predominantl_y as divalent cations. 

~1 0 

In soil system solid phase and solution phase exist and play important role. 

These two phases in soil system include several types of binding of which 

one of them is electrostatic. This binding is influenced primarily by the 

valency of the ion and charge density of the solid phase (Spyridakis and 

Welch. 1976). 

Metals come through sewage to soil and establish an equilibrium between 

the two phases .. Schlscha et. al.. (1982) reported that whenever this 

chemical equilibrium in soil system is altered, the accumulated waste. 

water oriented metals in organic complexes and inorganic precipitates 

become reactive. This is the main mechanism by which the metal present in 

the soil in immobile forms get mobilized and become available for plants. 

When sewtage suspended matter or sludge ts applied into soil, it is subjected 

to oxidation by microorganisms (L~gerwerff e_t. al.. 1976). This oxidation 

reaction could possibly release heavy metals to the soil solution. _In 

solution mostly cations of the trace metals are present. At the neutr:;tl 

pH (pH 7), the concentration of cations in soil solution is in the range of 
less than 0. 05 ug/ml. In addic soils (pH 5-6) me'tal concentration 



usually is high in solution phase. While in alkaline or calcarious soils 

(pH 7 .. 5 t9 8. 5) metal concentration usually is lower . .Although the factors 

which govern the solubilities of the cationic species in soil solution are 

not known, and on the basis of limiting values assumed that at pH 5-8. 5 

the concentration of cations of trace elements do not exceed 0. 25 ug/:ml. 

1 1 

Under reduced conditions, Cu, Zn, Ni and Cd could -~orm s~Jp hates which 

are quite insoluble ; For anaerobic soils the solubilities of the metals 

are limited by sulphide precipitation. So when these trace elements are 

applied to soil, it is retained largely in the surfac_e layer to the depth of 

mixing (tillage) regardless of their forms (Page 1974). 

FACTORS WHICH CONTROL AVAILABILITY AND DISTRIBUTION 

OF METALS IN SOIL SYSTEM 

I 

Many researches have explored the factors affecting the pattern of distribu-

tion of various elements between the solid and solution phase of the soil 

and between the soil and plants. They suggested that soil pH, te·xture, 

chemical and mineralogical composition and organic matter affect this 

distribution. 

Many materials present in the soil can also react with trace metals. Some 

of these materials are clay, organic matter, iron hydroxide, manganese 

oxides, carbonates, inorganic chemical compounds, organic acids, amino 

acids humic acid, fulvic acid. Biological systems also have significant role 

on altering the distribution of the metals in between the solid and solution 

phase (Keeney and Wildung, (1977); Lindsay (1972-1973) Chaney and Giordano 

(1977). 



Important factors which influence the chemistry of heavy metals are 

described in detail in the following section: 

Hydrogen Ion Concentration (pH) 

·pH of the system, to a great extent, . influen·c.e the dynamics of heavy 

metals in a soil system. When pH of the system is increased, the mobility . . , . 

of metals Ls found to .decrease (Hem 1972). The concentration of W ion 

12 

is the main factor which plays a significant 'role in this. An inverse relation 

of solubility of metals and plant availability has been observed by many 

·workers in the field (for example Sinha et. al. ~ ( 197 8) '; Me Bride and 

Blariak (1979); Andersson and Nilsson (1976); Fillipovic ~- al., )961 . 

and others). Higher solubility of metals at lower pH is attributed to the 

competition of H+ with metals. In this competitive reaction H+ gets 
. . . 

preferentially adsorbed .on the exchange sites and this results in higher 

mobility of metals while . in case of higher pH metal oxides hydrate along 

with their hydroxides, and thus get precipated (Khan, 1982). The study 

conducted by Kisk and Hassan (1973) on Cu sorption by clay minerals 

resulted in similar findings, showing competition of H+ ions and metal cations 

for binding sites, resulting in higher concentration~ ·of Cu as free metal 

ions in the solution phase at lower pH. The Jt+ ion concentration affects 

the precipitation of iron and aluminium oxides and the absorption and 

desorption of trace elements in and on these precipates. It also affects 

the direct precipitation of metallic oxides, hydroxides and carbonates. 

According to. Nilson and Andersson (1974) hydrous ferrioxide binding with 

Cd wa-s lowest at a pH v(llue of 4.'5 but increased to a maximum at a pH value 

of 5. 8. Jenne (1979) states that oxides of Fe and Mn adsorbed heavy metals 

and subsequent movement of heavy metals in soil under leaching condition 

is dependent upon pH and oxidation-reduction reactions. Street~t. ~1, (1978) 
. ! 
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. 
observed reduced Cd solubility and plant uptake with increasing pH. The· 

Author also noted that CdC03 appeared· to control Cd solubility above 

pH 7. 25. Martin and Focht (1977) stressed tlnt pH and·precipi:tation of iron 

and manganese oxide play important roles in immobilizing metals. 

Emmerich et. al., (1982) report that pH red?ction in soil layer could increase 

the solubilization of metals. and induce movement in soil profile. Korte 

et., al., (1976) have a]so documented similar findings in aerobic conditions. I 

In agricultural situation where sewage and sludge have been applied to ~he 

soils. and movements of metals measured (Boswell, 1975, Hinesli:tye~ v 

et. al. , 1972) pH of the soil is found to be an important factor which. 

influences the solubility of the metals and control mobility. Emmerich et. al. 

(1982) found that in sludge-soil layers Cu was almost entirely comp,lexed 
. ' . 

with organic matter. They reported that the pH of the system decreased 

and there was a change in chemical species from complexed form to the 

free ionic f~rm even with ample of organics to complex the Cu. It is also 

reported that there was no change in chemical form of Cd and Zn across the 

sludge-soil interfaces in almost all the columns •. In contrast, the total 

solution metal concentration across the sludge- soil interfaces changed 

dramatical~y. The stabilization of chemical forms in the soils suggested that 

there was perhaps an equilibrium between free ionic organic and inorganic 

forms and this equilibrium was probably influenced by many factors with 

pH being one of the most important. factors. Change of soil pH probably 

shifts metals from organically complexed fa>.rm to free ionic form in solutions. 

The effect of pH on equilibrium seemes to be different for each metal. Since 
I 

small p~rcentage of Zn and Cd are in organic form the effect of pH on their 
I I 

chemical forms is less apparent: An alkaline pH induces a low solubility 

of heavy metals and probably plays a role in the retention of the metals in 
I ' 

the soil surface layers (Hem 1972). ·Iskandar (1978) observed a decrease 
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in soil pH with high application of waste water. He attributed this decrease 

in pH to nitrification and observed movement of applied metals to a depth 

of 15 to 30 em. The increased mobility of the metals at lower pH leads 

to increased availability of metals to plants. Chang and Broadbent (~ 9 80) 

reported that any soil process which increases the acidity of the soil will 

have a pronomfced influence on solubility, movement and plant uptake of · 

trace metals. Tyler (197 8) studied the leachability of Zn, Ni, Cd and C u 

in two organic forest soils. He found that residence time for these metals 

decreased with decreasing pH of rain water applied. The amount of Cu, 

Zn, Ni and Cd metals retained was dependent upon pH of the soil sample, 
-

with retention dramatically increasing above pH 7. 0 to 7. 5 with the exception 

of Ni (Harter 1'983). 

SOIL ORGANIC MATTER 

Interaction of soil organic matter· (SOM) and soil colloids influence the 

distribution of metals. The particle interaction between these two are 

due to H- bonding. This interaction occurs only on the external surface 

and does not disturb the inner group of soil organic matter containing· 

oxygen atoms. These oxygen atoms are available to react with metal ions 

without any steric· hinderance. This clay-metal-SOM complexes, so formed, 

restrict the mobility of heavy metal in the presence of soil organic matter . . 
However on the decomposition of soil organic matter, metals become Iree 

to move through the soil (Santillan et. al., (1975). 

i Trace metals, such as Cu, Ni,. Zn and Cd and others, exhibit high affinities 

for soil ~rganic matter. More or less stable and insoluble complexes 

between these elements and soil organic matter may form. It is known that 
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gruops which bind" with metal ions are mainly carboxylic, phenolic 
' 

and amid~ functional groups in the organic matter. It is generally thought 

that trace elements in the solution phase exist as soluble organic 

complexes (Page 1974). Bondiettiet. al., (1973) found that sesqioxide 
-

and humic acid in soils are responsible for Cd adsorption and limit their 

mobility. But there may be considerable inGrease in mobility of Cd in 

sandy 'soils which is low in organic content. Retention of heavy. metals I .. 
, by bot

1
h insoluble humic acid and soluble p.uvic acid has been reported 

by Boyed-~. al. , (1981) and Saar and Weber (1980) •. 

Haltzclaw et. ~-~·, (1965) and Sposito~·~·, (1976) have reported the. 

importance of organic· matter in relative mobilities of Cd, Zn, Ni and Cu 

in the soil system .. C u was considered to be closely associated with humic 

acid fraction and strongly complexed. Cd, Zn and Ni were less strongly 

complexed and therefore were considered more mobile than Cu. Studies 

conducted bj Leeper (1972) emphasized that metals are strongly held by 

colleids and by organic chelates. Among those metals which are present 

in sewage and sludge only Zn is relatively unchelated in the soil and 
I 

therefore is more mobile. He suggested that only Zn and Cd are likely 

to remain active and get into the food chain. Wolverton et. al., (1983) 

found the positive correlation between organic carbon 0. 87 for Zn and 

0. 55 for Cu. Nickle is highly mobile and this high mobility is governed 

by its high complexing nature due to which highly stable and soluble metal

soil organic matter (SOM) complexes are formed. This facilltates the 

translocation of metals as their complex through soil (Lund et. ~· , 197 6), 

Khan et. ~~·, (1982). The lowest Cd -SOM Complex mobility is due to 

its lover solubility constant (Desai and Ganguley (1979). The removal 

or solubilization generally follow the pattern of Irving- williams series : 

Zn > Cd > Ni > Cu. This series predicts· that metal organic bond 

strengths are of the order Cu > Ni > Zn > Cd·. This shows that 
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greater/the organic metal bond strength the less soluble, the complex is. 

According ·to this series Cd is the ·most soluble metal followed by Zn 

then Ni and Copper being. the least soluble (Irving and Willams. (1948). 

Cu i-s typically adsorbed to sites containing Fe and Mn hydrous oxide and 

mobile under acid condition. Cu can also complex to soil organic matter 

at suitable pH levels. So Cu mobility is extremely limited by pH condition 

(Hodgson et.~ .• 1966, Boswell; 1975, Chang and Broadbent, 1980) 

indicated that organic source of metals are less mobile than inorganic salt 

sources. They found that inorganic Zn was more mobile in soils than 

inorganic Cu and reported translocation of 7. 5 em for Zn and 50 em. ·for 

Cu. Similar conclusion were reached by Swindle and Jeckson (1965). 

"ION EXCHANGE'' 

Mobility of elements in soil depends upon adsorption. L.agerwerff et. al., 

(1972) identified that adsorption of Cd to collidal material via Co_u).o,lllb .type 

forces as the major cause of its immobility in soils. When adsorption was 
'-.._/ 

related to soil organic matter content. the strength of absorption was found 

to depend on pH, increasing ·with increasing pH (Gerritse_!.!. al. , 19 82). 

Shuman (1975) noted that Zn absorption increased in a soil containing clays 

and organic matter and related Zn adsorption to the cation exchange 

capacity of the soil. The low mobility of most metals in some soils was due 

to specific adsorption which followed the order of manganese oxide > 

organic matter > iron oxide > clay minerals. 

I 
A general trend of increase in mobility of metals in soil is observed with 

increase in the anionic concentrations. The sigpificant anions were 
-

Cl, HC03 , C03, P04, N03 and S04 etc. Donar (1978) has reported that 
-

increased Cl complexation with Ni (II). Cu (II) Cd (II) resulted in increased 

mobility. Th~ extent of complexation is directly related to the concentration 

of Cl in solution. Hanhe and Kroontje (1973) investigated that bot)'l hydroxy 



and chloride complexes may contribute to the mobilization ~f Cd and 

Zn and noted that Cd and Zn hydrolize above ·pH 7 and 8 respectively. 

TEMPERATURE 

Micronutrients like metals come into the available form through a 
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number of complicated soil chemical reactions. Te:z:nperature influences 

the availability of metal, mainly in two ways : (1) Influence of temperature 

on the biological system, : Slight increase in temperatuz:e leads increased 

microbiol activities which in turn results in hastened degradation of 

organic c·omplexes and release the metals (Mip.er (1974) Alaxander (1977). 

(2) Physico-chemical reactions: Physico-chemi~al reactions lead to 

changes in the chemistry of metals in the soil, which release available 

form of metals (Lindsay, 1972). 

SOIL MATRIX 

The influence of soil texture on the mobility of metals is through its. 

influence on organic matter and clay content of the soil. Organic 

matter. particularly humic acids, bind metal ions over a wide range· of 

pH in soil; Clay minerals also bind metallic ions. Both of them differ in 

'adsorption capacity in relation to pH (Coker and Matthews, 1983). 

Banin et. al. • (19 81) studied distribution of metals in soil profile 

irrigated with sewage effluent. They found that even after 28 years of 

effluent irrigation, metal acwmulation is continued to a thin top layer 

of the soil. The contents of all elements studied were highest in the 

upper most segment ( 3-1 Ocm. of the soil profile-) and theri fell steeply 
- I . 

with depth. In soil solutions neutral or anioniq species of metal is more 

likely to move through a negatively charged soil matrix, than a positively 
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charged species of the ion. Taylor and Griffin (1981) found that Cd moved 

downward to a considerable depth in their experiments where as Ni was 

more uniformly distributed over total soil depth than other metals. There 

is a possibility 0f chelation of Ni by organic matter in certain podzolic 

soils. · It was reported that concentration of surface absorbed and/ or 
. . 

precipitated Zn and Cu were apparently increased upto 0- 24cm depth by 

applica~ion of effluents. Kirkham (1975) found movement of Cd, Cu, Ni 

and Zn to a 61 em. in soil below a sludge holding lagoon that had been 

used for three years. Concentration of surface absorbed and/ or precipi

tated Ni and Cd was higher throughout the profile of the effluent irrigated 

soii than where effluent irrigation had caused increased concentration of 

surface absorbed and/or precipitated heavy metals in the soil surface. 

·(EPA, 1978). This is corroborated by !he studies of Sidle and Sopper 

(1976) and Ketchum and Vaccaro (1977). 

In soil system the behaviour of Ni is similar to Zn in mobility. Fuller 

(1977) and Cash and Paul (1979) reported that Ni is absorbed to the 

reactive surface of the hydrous oxide of Fe and Mn. In aerobic system 

Ni may be reduced and precipitated (Bolm et. al., 1979). According 

to Brown (19 83) the depth of movement appeared to be independent of .the 

soil characteristics despite the range of clay content and CEC. Study 

conducted by Hineslay ~!:- al. , (1982) indicated that the retainment of metals 

in the surface of soil varies with the metal concerned. Zinc and Nickle 

was found to remain in. highest concentration (23- 56%) while Cu (22- 31 %) 

. and Cd (1 7- 26%) remained lesser in the top 15 em on the soil profile. 

Trace metals not retained in the surface 15 em, are removed by plants or 

transported to the depth below 15 em from surface. Similar result was 

obtained in the experiment conducted by Siddle and Kardos (1977). · They 

founct 10 times more retention of Zn then Cu in the surface layer. 
' 

Carballaro and Me Bridge (197 8) reported Cu to be more strongly atlsorbed 
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' 

than Cd on slit loam and therefore less mobile. Parker et. al. • (197 8) 

monitored that more than 95o/o of Cd, Zn and Cu remained at 0 to 25 em depth. 

Zn commonly occurs in three form (a) soluble divalent (b) chelated but 

easily extractable and (c) tightly bound in soluble precipilates. The soluble 

fraction is highly mobile in acid soils and may be easily leached 

(Gall. 1936). ·Chelation of Zn with organic components of the soil and 

adsorption of Zn on clay and Fe, oxides are important m~chanisms of Zn 

fixation (CAST 197 6). The importance of the characteristics of a particular 

soil on distribution of metals is demonstrated by many workers (Fuller 1977 •. 

Doner. 1978). 

Cu moved least readily through all soil columns. The least mobility of 

metals was observed in a mineral soil with relatively high pH. CEC and · 

exchangeable ba:se content. The order of mobility of metals in soils was 

Cu > Zn > Ni > Cd (Tyler and Me Bridge. 1981). Emmerich et. al. •· 

(1982) found that free ionic Cd, Cu. Ni and Zn were approximately 55, 2, 65 

·and 70o/o respectively of the total metal present in soil solution from soil 

amended with sludge and incubated under laboratory condition for 25 months. 

Zn movement in soil profile and factors that influence this mobility have 

been well documented by B~rrow and Webber. (1972). They determined 
·, 

movement of surface applied Zn in several soils and concluded that 

mobility was related to soil pH, organic matter content, phosphate content 

artd cl~y .mineral roncentration. Jurinak ·and Torne( ...... ) found that 

valency state affected Zn movement in soil, the greater mobility of 

negatively charged zi!lcate ion (Zn o; 2 was attributed to less soil 

adsorption. 
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MATERIAL AND METHOD 

1. COLLECTION OF SEWAGE SAMPLES AND OTHER EFFLUENTS: 

Grab samples of raw sewage, P. T. sewage and F. T. sewage effluent from 

Okhla treatment plant were collected at three different occasions and were 

analysed for their physico-ch~mical characteristics. The influent to this 

plant is mainly from domestic source, New Delhi Municipal Corporation area. 

Diagra:r.n of the treatment plant is given in figure 2. 

Sampling and preservation: 

Samples were collected from the respective points in the wide mouthed · 

plastic bucket and transferred to clean polythylene containers. For metals 

analysis,. the samples were preserved immediately at the spot with nitric 

acid; 

The samples were brought to laboratory and analysed for their characteristics. 

Samples were stored in a cold room at temperature of 0-4°C and time to time 

were taken for further studies. 

2. ANALYSIS OF RAW SEWAGE AND OTHER EFFLUENTS 

1. pH: pH of the raw sewage and other effluents were measured 

by dipping the electrodes into the effluent. Philips PR 9405-M pH 

meter used during this study. 

2., Electrical Conductivity (E. C. ): 

EleCtrical Conductivity of samples were determined by using 
I 

Systronics direct reading conductivity meter, which was previously 

standardized with 0. 1 KCl solution. 



Fig.2. LAY OUT PLAN OF 
TREATMENT 

01 
"0 c 
0 - "' 0 .... "0 

Ci( .. .. 
0 m 

Cl\ 
c:. 

.... .. 
0 

"' "0 

"' m 

OKHLA 
PLANT 
-. 

Boiler House 

SEWAGE 

t. Row S•wao• ~cin Elflu•nt 

2. Primary Tr.at•d Stwc9• Eltluent 
J. Final Trtat•d Ettlu•nt 

21 

... 



22 

3. Chemical Oxygen Demand: 

'..._ __ 

(i) COD is .a measu·rement of the oxygen equivalent which is required 

to degrade and destroy the organic matter content of the sample. 

·(ii) r To determine the COD of the samples method given by standard 

methods for examination of wate,r and waste water 15th edition (1980) 

followed. · 

PrinCiple 

Organic matter is oxidized by boiling mixture of chromic acid and 

sulphuric acid. After refluxing unreduced K
2
Cr 

2
o

7 
is titrated with 

ferrous Ammonium Sulphate (FAS), and amount of K
2
Cr

2
o

7 
consumed is 

determined. In this matter the amount of oxidizable organic matter is 

calculated in terms of oxygen equivalent. 

Chemicals: 

(i) Sulphuric Acid Analar Glaxo India 

(ii) Pot. Dichromate Analar Glaxo India 

(iii) Silver Sulphate LH BDH India 

(iv) Ferrous Amm. Sulphate LH Sarabhai India 

(v) Mercuric Sulphate LH Sarabhai India 



Reagents: 

(a) Standard potassium dichromate solution (0. 25N): 

Dried 12. 259 gm ~otassium dichromate dissolved in distilled 

1 water & diluted to 1000 CJ;. 

(b) Silver _?ulphate Sulphuric Acid Solution : 

Thi~ solution was prepared by dissolving 10 gm of Ag
2
so4 ·in 

1000 ml. of Cone. H
2

SO
4

• 

(c) Ferroin Indicator Solution: 

23 

0. 695 gm Ferrous Sulphate and 1. 485 gni of 1-1.0 phenanthroline 

were dissolved in 100 ml. of distilled water. 

(d) _'fe~r:~_l1s Amll1~1'_1:~um Sulphate Solution: (0. 25 N) 

9 8 gm of FAS dissolved in distilled water. In this 20 ml. of 

Cone. H
2
so

4 
was __ added and than diluted to 1000 cc. This 

solution standardized against K
2
Cr 

2
o

7 
Solution. 

To determine the COD. an assembly prepared which was consisting a 

hot plate, flat bottom 500 ml reflux flask with 24/29 size narrow neck 

mouth and condenser with 24/29 size ground glass join-t. (See figure 2B) . 

. Procedure : 

20 ml. of the sample was taken in flat bottom flask and 0. 5 gm mercuric 

sulphate. 10 ml. of Potassium dichromate solution and 30 ml of Silver 

Sulphate - Sulphuric acid mixture were added. 
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After that flasks were attached to condensers ·and the contents were 

refluxed for 2 hours. The flasks were removed and added about 80 ml of 

distilled water. Cool the flask and excess of dichromate was titrated 

against F AS Solution using ferroin indicator to a raddish brown end point. 

A Blank with 20 ml of distilied water was also run simultaneously. 

Calculation: 

Where: 

COD (mg/1) = 

a = Blank titre value 

( a - b) X C X 800 0 
Sample (ml) 

b = Sample titre value 

c = Normality of Ferrous Ammonium Sulphate 

4. Biochemical Oxygen Demand: 

BOD is a test which measures the oxygen demand for the biochemical 

degradation of organic material. BOD determined as method given by 

"Standard ,Method" f'or the examination of water and waste waters 

(19 80). BOD determination method consist in the measurement of 

dissolved oxygen on the very first day and after placing the sample. 

under specific condition for five da.)S and differences of two reading make 

BOD determination. 

Apparatus:-

(i) 

(ii) 

Incubation bottles: 300 ml capacity with ground glass stoppers. 
! ' . 

Incubator: Incubator which can be -~ontrolled at 20 + 1 oc. 
/ 
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Chemicals : · 

Name Grade Source ---

( i) Potassium dihydrogen Analar BDH India 
phosphate (KH

2
PO 

4
) 

(ii) Sodium hydroxide (NaOH). LR Glaxo India 

(iii) Amm. Sulphate (NH
4

)
2

SO 
4 

Analar BDH India 

(iv) Calcuim Chloride ·cR Sarabhai, India . 
(v) Ferric Chloride LR Sarabhai, India 

Reagents 

(a) Phosphate Buffer: Dissolved 42. 5 gm of KH
2
PO 4 in 700 ml water 

and added 8. 8 gmNaOH. S.olution pH was adjusted to 7. 2 .. In this 

solution 2 gm of (NH
4

)
2

SO 
4

. Added and volume made upto 1 liter. 

I 
(b) Magnesium Sulphate Solution : 25 gm of MgSO 

4
. 7H

2
0 dissolved 

in one liter of water. 

(c) Calcium Chloride Solution: 27.5 gm of anhydrous CaC1
2 

dissolved . 

in one liter of distilled water. 

(d) Ferric Chloride Solution: 0. 125 gm Ferric Chloride FeC1
3

• 6 H
2
0 

dissolved in one liter of distilled water. 

(e) Dilution Water: 5 liter of distilled water aerated ·co overnight and 

'added five ml of each, Phosphate buffer, magnesium .sulphate,· 

Calcium Chloride & Ferric Chloride. 

Procedure: 

A known volume of the sample was pipetted into ~he BOD Bottle and after 

that remaining portion filled with dilution watex:/and stoppered immediately. 
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So thererwere no exchange of air bubbles. The dissolved oxygen in the 

original sample was determined by dissolve oxygen method. The blank 

dilution water and diluted sample were incubated for 5 days at 20~C •. After 

5 days. dissolve oxygen was determined in the incubated sample and blank. 

BOD (mg/liter) (a-b) - (b - c) 

Where: 

ml of sample 

ml oi dilution water 

a- dissolved oxygen in incubated blank. 

b- dissolved oxygen in incubated sample 

c- dissolved oxygen in original sample 

(5) Dissolve Oxygen (D. 0. ): D. 0. was determined by Iodometric 

titration method as given in "Standard Method" for the 

Examination of water and waste water (1980). 

(a) Chemicals: ------

Name Grade Source 

(i) Magnous Sulphate LR Sarabhai Chemicals Inc 

(MnSG
4

• 4H
2
0) 

(ii) Sodium Hydroxide (NaOH) LR BDH. Glaxo. India 

(iii) Sodium Iodide LR. IDPL. India 

(iv) Sodium Azide (NaN 
3

) LR IDPL, India 

i 
(v) . Sulphuric Acid Anala,r Glaxo, India 

j 
I 

(vi) Starch LR / BDH, India 
I .·' . . 



(vii) 

(viii) 

Sodium Thio Sulphate 

Potassium Iodate 

LR 

Analar 

IDPL, India 

Glaxo, Ind~a 

·21 

(b) Solution : 

(i) Magnous Sulphate Solution : 48 gm of MnSO 
4 

• 4H
2
0 was 

dissolved in l 00 ml of distilled water. 

(ii) Alkali-Iodide Azide Solution: 50 gm of NaOH and 15 grr 

of KI were dissolved in 100 ml of distilled water to which 1 gm a 

Sodium Azide in 40 ml distilled water was added and mixed. 

(iii) Starch Solution: 0. 5 ·gm. of soluble .starch added to 101 

ml. of boiling water. 

(iv) Standard thio Sulphate Solution: (0.0125N) 3.15 gm 

Procedure : 

3 00 ml capacity BOD bottle was filled with the effluent. sample and D. 0. 
. ' 

fixed by the addition of 2 ml of MnSO 
4 

Solution and 2 ml c:>f Alkali-Iodide

Azide reagent below the surface of the sample in the bottle. Stoppered. the1 

and mix
1
ed for a few times. Opened the bottle stopper, added 2 ml cone. 

H
2

SO
4 

and again stoppered and mixe.d thoroughly until the solution was 

complete. A 100 ml volume of the solution was measured out and titrated 

against 0. ,0125N Na
2
s

2
o

3
. 5H

2
0. solution using starch Indicator. 

Calculation: 

. Dissolve oxygen content (mg/1) 
Value of thio Sulphat~ required for 

= 100 ml sample X 10 
Volume of thio Sulphate required for 
10 ml of 0.,.0125N Potassium Iodate 
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6. Phosphate : It is determined by Vanadomolybdo phosphoric Acid 

Colorimetric Method : as given in "standard Method'' 1980: 

Principle : Under acidic condition Ammonium molybdate and dilute 

orthophosphate Solution reacts and form molybdophosphoric Acid. In the 

presence of Vanadiun13ellow Vanado molybdophosphoric Acid. is formed. 

The intensity of the yellewi colour ~s proportional to phosphate concentrati< 

I 
Apparatus: Beckman spectrophotometer used in this tesf at 470 nm. , 

I 

Chemicals: 

{i) 

{ii) 

{iii) 

{iv) 

Hydrochloric Acid 

Ammonium Molybdate 

(NH4) 6 • Mo 7o 24
• 4H

2
0 

Ammonium Metavanadate 

Phenophthlein 

MERCK, India 

IDPL, India 

Roanal, Budapest Hungary 

MERCK, India 

· (i) Vanadate: Molybdate Solution: 

(A) 25 gm of Ammonium molybdate dissolved in 300 ml 

distilled water. 

(B) 1. 25 gm Amm. ll}.etavanadate dissolved in 300 ml of 

water by heating. After cooling 330 ml of HCL was added. Mixed 

(ii) Standard Phosphate Solution: 219. 5. gm of anhydrous KH
2
P0

4
. 

dissolved in 1 liter. 1. 00 ml = 50. 0
1 

ug P04_R. 
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.t""roceoure: 

pH of the sample adjusted in acidic range and then took 35 ml of samples 

in 50 ml nessler tube. Added 10 ml of vanadate molybdate reagent and 

diluted to the mark with distilled water. Prepared simultaneously with 

35 ml of distilled water.· After 10 minutes, measured the Absorbance 

of sample at 470 nm. 

Standard cUPveprepared by using suitable volume of standard phosphate 

solution~ 

7. ' Organic Carbo'[}_:_ 

Organic Carbon content of the sample was determined by using Walkey

Black rapid titration method as described by l?iper (1950). 

Principle: When sample digested with chromic acid and, sulphuric acid 

heat of dilution destroy the organic matter. R.emaining dichromate measures 

by titration with standard ferrous ammonium sulphate solution. 

Chemicals: 

Name ·Grade Source· -----.. 
(i) 'Potassium dichromate Analar G laxo, India 

(ii) Sulphuric Acid Analar Glaxo, India 

(iii) Phosphoric Acid MERCK, India 

.. 
(iv) Diphenylamine Analar BDH, India. 

' I 

(v) Ferrous Amm. Sulphate LR Sarabhai, India 
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Reagents : 

(a) Potassium dichromate (lN): 49 gm of K
2
Cr

2
o

7 
dissolved in 1 liter 

of distilled water. 

(b) Ferrous Amm. Sulphate JN/2): 196 gm of FeS0
4

(NH
4

)
2 

S0
4

. 6~20 
dissolved in water. added 15 ml of sulphuric acid and made upto lliter. 

Procedure : Suitable volume of sample (10· to. 20 ml) was pipetteq into 500 ml 

·conical fl~sk and was added~with 10 ml of 1 N K
2
Cr

2
o7 and 20 ml of cone. 

H 2so
4

; / 

The mixture was allowed to ·stand for 30 minutes and diluted to 200 ml. with 
I . . 

water. 10 ml of phosphoric Acid followed by 3 drops of diphenyl indicator . 

were added. The solution was back titrated against Ferrous Amm. Sulphate 

to a brilliant green and point. A Blank was also run in the same way. 

% of Organic Carbon = 

( 8) Total Ni~rogen : 

Blank Titre Value-titre Value X 
0. 003 X 100 

2 X ml of Sample. 

Total Nitrogen was determined by Kjeldahl method. 

Chemicals: 

Name Grade Source 

(a) Potassium Sulphate (K
2

SO 
4

) AR. IDPL. India 

(b) Sodium hydroxide (N aOH) 
i LR.. BDH. India 

I 

I 
(c) Sulphuric Acid (H

2
SO

4
) AR G laxo. India 



(d) 

(e) 

(f) 

(g) 

(h) 

Mercuric Oxide (HgO) 

Sod. thio Sulphate 

(Na
2
s

2
o

3
. 5H

2
0) 

Copper Sulphate 

(CuSO 
4

) 

LR. 

AR 

LC 

AR. 

AR. 
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BDH, India 

BDH, India 

IDPL, India 

Glaxo, India 

Glaxo, India 

(i) Digestion Reagent: 134 gm of K
2
SO 

4 
was dissolved in 650 ml 

NH :3 ~ree distilled wat~r ahd added 200 ml H
2

SO
4

. A solution containing 2 gm 

of HgO in 25 ml of Am:tn. sulphate was added to this and final volume made 

upto 1000 C. C. This reagent was ~tored at temp. above 14°C to prevent 

crystallization. 

(ii)' NaOH_- Na
2
s

2
o

3 
Solution: 500 gms of NaOH and 25 gm of Na

2
s

2
o

3
. 

5 H
2
0 were dissolved in Amm. free water and diluted to 1000 ml. 

(iii) Indicator Boric Acid: 20 gm of boric acid was dissolved in distilled 

water . 10 ml of mixed indicator was added and diluted to 1000 ml. 

(iv) Mixed Indicator: 0. 2 gm methyl red was dissolved in 100 ml of 95o/o 

ethyl alchol and 0. 1 gm methylene ~lue in 50 ml of 95% ethyl alchol and mixed. 

(v) Standard H
2 

SO 
4 

0. 01 N H
2

SO
4 

was prep~red and standardize against 

U1 N Na
2
co

3
. 



Procedure: Suitable volume of sample was digested with 50 ml digestion 

reagent in a kjeldahl flask. The sample was cooled. diluted around 150 ml 

and then added with Na0H~Na2s 2o3 reagent till pH rose just above 8. 3 

using phenolphthlein indicator • The mixture was distilled and about 

1 00 ml of distillate was collected .. in 50 ml indicating boric acid. The 

concentration of NH
3 

liberated was measured ~ytitrating the distillate 

with 0~ 02 N H
2

SO to a pale lavendir end point. 
. i 4 . . 

I 
Total Kjeldahl/Nitrogen (mg/1) = A- B X 280 

ml of sample 

Where A = ml of sample titre value 

B = ml blank titr·e value 
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METAL ANALYSIS: Heavy metals were determined by Atomic Adsorpt-ion 

Spectrophotometry method as given in EPA "Methods for CHEMICAL ANALYSIS 

Digestio!l: Nitric acid-perchloric acid mixture (10:1) used for digestion 

purpose. Measured amount of sample taken into 500 ml.. beaker and 

volume was reduced upto 10 ml over a hot plate (controlled temperature). 

10 .inl of digestion mixture was added ·to this reduced volume of sewage 

and refluxed on the hot plate. till sample became clear. After cooling sample 

was diluted upto 100 ml and then filtered. From the filterate specific metals 

were determined by atomic absorption spectrophotometer by using specific hollow . . 

cathode lamp and reported as total content. Instrumentation laboratory AA/ AE 

spectrophotometer 457~- used in this study. Wave lengt~' for corresponding 

elements and flame used were 'given below:- i 
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Elements Wave length flame .gases 

Cu 324.7 A-AC 

Zn 214.0 ·A-AC 

Ni 232.0 A-AC 

Cd 228. 8 A-AC 

' 
III. COLLECTION, PREPARATION, ANALYSIS OF SOIL USED IN COLUMNS 

Soil samples used in this study were collected from nursery. inside the 

University campus. It was an 'undisturbed' soil, which had not received 

any type of effluent. Soil Sa:?ples were randomly collected from different 

spots in tpe same field at 0 to 15 Cm depth. · All samples were then mixed 

th.oroughly and brought to laborat<?r y. 

The mixed sample was air dried, powdered iri a rnC?rtar and pestle and 

sieved through a 2 mm perforated sieve. A portion of soil sample was 

stored in polythene bag.s for further analysis. Remaining sieved soil was 

filled in eight PVC columns. 

ANALYSIS: 

(i) pH of SOIL: pH of Soil was determined by using pH meter (Philips) 

in 2:5 soil: water suspension (Piper-1950). 

(ii) Electrical Conductivity: By using the above pH suspension, .E. C. 
f 

was determined with a systronix direct reading E. C. meter and reported as 

m. mhosjcm. 

(iii) Available Nitrogen: A v:ailable nitrogen vv,a,;s dete~mined with usjng 
\ 

Subbiah & Asija (1956) meth.od. 
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Chemicals 
------

Name Grade Source 
---

( i) Pot. Permagnate (KMnO 
4

) LR· BDH, India 

(ii) Sod. Hydroxide (NaOH) LR BDH, India 

(iii) Sulphuric Acid (H
2
so

4
) AR Glaxo, India 

(i v) Boric Acid (H
3
B0

3
) AR Glaxo, India 

( v) Methyl Red. BDH, India 

_Reagents 

• 
(a) Potassium Perm agnate Solution (0. 32o/o): 3. 2 gm of KMnO 

4 
dissolved in distilled water and final volume made upto 1000 ml. 

(b) Sodium hydroxide Solution (2. 5o/a): 25 gm of NaOH flaks dissolved 

in distilled water and volume made upto 1000 ml with distilled water. 

(c) 0. 55 Inl of H
2
SO

4 
(cone) diluted to 

1000ml. 

(d) Indicator Boric Acid (4o/o): 40 gm of H
3
B0

3 
dissolved in distilled 

water and then added to 5 ml of mixed indicator, final volume made upto 

1 liter. The boric acid Solution was adjusted by dilute acid from bluish 

colour to pink. 

Procedure : 20 gm of sample soil weighed on filter paper, wrapped 

CJnd put into the Kjeldhal distillation flask. Soil sample was moistened with 

distilled water. 100 ml of 0. 3 2o/o KMnO 
4 

and 100 .ml of 2. 5o/a NaOH then 

added to this. Few pieces of porcelain also dropped inside the flask. 

Mouth of flask than fitted immediately . The end of receiving tube dipped 
I . 
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in the 25 ml of Boric acid . NH 
3 

absorbed in Boric acid Solution and 

titrated against N/50 H
2
so

4 
till blue colour change to pink. The volume of 

H
2

SO
4 

was estimated. 

1 ml of 0. 02N H
2

SO
4 

= 0. 28 mg N 

PPm of Nitrogen = Titer Value x 0. 2 8 x 100 
Weight of Soil 

IV. Organic Carbon: Walkey-Black Method as given by Chopra and 

Kanwar (197 6) 

Chemicals 

(i) 

( ii) 

(iii) 

(i v) 

Name 

Pot. dichromate (K
2
Cr

2
0

7
) 

Sulphuric Acid 

Phosphoric Acid 

Ferrous Amm. Sulphate 

Reagents 

Grade 

AR 

AH 

AH 

LR 

Source 

Glaxo, India 

Glaxo, India 

Merck, India 

Sarabhai, India 

(i) Pot. dichromate (1 N): 49. 0 gm of K
2
Cr

2
o

7 
dissolved in 1 liter of 

distilled water. 

(ii) Ferrous Amm. Sulphate (N/2): 196 gm of (F AS) dissolved in 

distilled water, added 15 ml H
2
S 0 

4 
and made final volume 1 liter. 
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Procedure : 

. 5 gm of soil (0. 5 mm) was taken in a 5 00 ml conical flask . To it 

Added 10 ml _of N K
2
Cr

2
o

7 
Soluti?n and _20 ml of (cone.) H

2
so

4
. Sbaked. 

well and put 1t as such for JO mmutes 111 darkness. 200 ml of water. 

10 ml of phosphoric acid and 1ml of diphenyl indicator solution were added 

and a bright violetcolor was developed. Titrate against N/2 FAS, to sharp 

green end point . 

Calculation: 

o/o of organic matter in soil 

Where Z {_X- y) X 0. 003 X 100 
2 X W 

Z X 100 
58 

or Z x 1. 724 

= o/o of orgc. C of Soil. 

X = Vol. of FAS required for reducing 10 ml of K
2
Cr

2
o

7 
(Blank reading) 

y = Vol. of F AS required for reducing the excess of dichromate 

w Weight of soil. 

V. METAL ANALYSIS 

Method, used for the analysis of total heavy metal content in soiLas ~:--::, J 

given by Lund ~t ~(1976). 

In this method, heavy metals viz. Zn, Cd, Cu, Cr and Ni were dissolved 

in 4N HN0
3

. It consisted ; of refluxing 1 gm of soil sample with 25 ml 

of 4N HNO 
3 

at 80°C for approximately 12 hours. After digestion the sample 

were filtered and concentration of heavy metals determined by Atomic 
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Absorption Spectrophotometer (de scribed earlier page No.- 3 2 

Heavy metals dissolved by 4N HN0
3 

are refered to as total concentration. 

IV SOIL COLUMNS PREPARATION 

For the purpose of studying accumulation and movement of heavy metals 

in soil columns, eight PVC Columns of the following specification were 

specially designed (See figure 2 B) and prepared at USIC, JNU. 

Specifications: 

Material used 

Height of the Columns 

Inner diameter of the columns 

PVC 

60 em 

15. 24 em 

(a) 

(b) 

(c) 

(d) Bottom of the Columns - Iron screen fitted. 

Columns were having side holes (both side) at the regular interval of 

7. 62 ·em for easy sample collection at different depths.,Iron stands were 

prepared to hang the columns vertically. (See Figure 2C}. 

V COLUMNS FILLINC: 

Crayels collected from Yamuna river side and washed thoroughly with 

tap water then it was washed with dilute HCl and again with distill water. 

It was used to fill the bottom of the aaeh column about 5 em height 

followed by acid and water washed fine sand upto 5 em more. Air dried 

soil samples (sieved through 2 mm). was used to fill the remaining height 

of the column. The Soil column measured 46 em. and weighted 11 kg. 
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Fig 2(a) COD ASSEMBLY 

I 

Fig . 2(c) EXPERIMENTAL SET 
UP OF COLUMNS . 
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--t---- EMPTY (3"5c -- ~--
- _.- :fi, .= --= 

G RAVEL(5cm
1 
! 

Fig. 2b. COLUMN. 



VI RAW SEW AGE and EFFLUENTS STUDY USING COLUMNS: 

Columns were arranged in two series to render duplicate columns per 

set of 'study. The soil sample, in each column was first stabilized by 

passing tap water before using for present study. After atablizing the 

columns they were marked for respective samples as follows: 

40 

Columns 1 and 2 for raw sewage (ii) 3 and 4 for Primary treated (iii) 5 and 

6 with final treated and (iv) 7 and 8 FOR Tap water control. Samples of 

sewage effluents and tap water were poured into columns continuously 

at a fixed rate of one liter/ day. The process was continued for 50 days. 



"EXPERIMENTAL RESULTS" 

(i) PROPERTIES OF SEWAGE EFFLUENTS: 

The physico- chemical characteristics of raw sewage and other effluents 

were assessed at three different intervals during the months of December 

(1983), January and February (1984). Results are presented in table 2. The 

analysis of different phy_sical and chemical characteristics of raw sewage 

and other effluents revealed that the composition of these are not constant, 

as the values of the individual physical and chemical characteristics of 

a particular effluent showed variations at different periods. The results 

shows that the properties of sewage effluents were altered considerably 

because of treatment at various stages. 

PROPERTIES: 

i. PH: The pH of raw sewage, primary treated sewage and final 

41 

treated sewage did not show any significant variation among themselves. , 

Their pH also not changed between different periods. pH of the final 

treated effluent showed a maximum value of 7. 46.. Raw sewage and 

primary treated sewage showed 7. 43 and 7. 42 pH value respectively 

the variation in pH during different treatment process is shown in 

Figure 3. 

n. ELECTRICl\L CONDUCTIVITY 

Figure 3 shows that electr.ical conductivity of different effluents 

and raw sewage did not show any significant change among themselves. 

There were not much vari<-"tion in EC of different effluents during 

different periods of sample collection. Raw sewage, primary treated 



42 

sewage and final treated sewage were having E. C. 1. 18, 1. 27 

and 1. 26m. mhosjcm respectively. 

- iii. CHEMICAL OXYGEN DEMAND : Raw sewage showed highest value 

iv. 

for COD (296. 5 mg/1). There are large variation in COD during 

different periods for a specific effluent. For primary treated and 

final treated effluents the COD value obtained were 195. 6 and 

74. 3 mg/1 respectively. During treatment process COD value ,,. 

were reduced considerably (figure 4. ). 

BIOCHEMICAL OXYGEN DEMAND : BOD follows the similar 

trend of COD as figure 5 shows and recorded highest in case of 

Raw sewage (131. 8 mg/1). The lowest BOD was obtained in the 

case of final treated effluent (15. 15 mg/1). Primary treated sewage 

was having a BOD value of 87. 0 mg/1. 

v. ORGANIC CARBON : Results of organic carbon estimation_ 

indicated that raw sewage was having maximum level of organic 

carbon (0. 016o/o). Other effluents like primary: treated and final 

treated sewage were in the range of 0. 007 and 0. 003o/o respectively 

(Table 2). 

vi. TOTAL NITROGEN : In the case of total nitrogen, there were 

large difference in values, obtained at various interval. In all 

the trend was a regular decrease, with highest value coming from 

raw sewage (35. 84 n:g/1) and lowest from final treated effluent 

(12. 32 mg/1) with medium value (15. 2 mg/1) in primary treated 

effluent (Table 2, Figure 6). 
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vii. PHOSPHATE : Raw sewage samples registered Plaximum value of 

2·5. 75 mg/1 duririg different periods. 12. 4 and 3. 39 mg/1 phosphate 

·value were recorded for primary treated and final treated effluent 

respectively. A decreasing trend in the concentration was observed in 

the case phosphate (Fig .. 6), similar to above paraPleters. 

viii. TOTAL METAL CONTENT : Result presented in table 2 and Figure 7. 

(a) Copper (Cu): There was a decreasing tend for r_aw sewage 

to final sewage. While raw sewage was h~ving maximum value 

0. 627 ppm, final treated sewage recorded lowest value of 

0. 1.06 ppm and 0. 242 ppm in primary treated sewage. 

(b) Zinc (Zn): Highest concentration was seen for Raw sewage with 
~ 

1. 255 ppm, while Primary treated and fi_nal treated sewage 

showed values 1. 103 and 0._ 709 ppin respe-ctively. 

(c) Nickle (Ni): The sewage sample were not having detectable 

,level of Nickel (Detectable Limit of Ni 0. 001 ppm) 

(d) Cadmium (Cd) : Cadmium concentration was very less. For 

raw sewage its is 0. 016 ppm, and while 0. 005 and 0. 002 ppm 

respectively for primary treated and final treated effluents. 

(2) PROPERTIES OF EXPERIMENTAL SOIL : 

Physico-chemical n.nd Mechanical properties of experimental soil 
-

were studied as detailed in methodology an~ results are presented in 
, 

Table 1. The experimental soil contained :68. 4o/o Sand, 19. 5o/o silt 

and 12. 1 o/o clay. Its water holding capaci'ty was around 29. 48o/o. pH 

and E. C . measured were 8. 5 and 0. 119 mmhosj em. respectively. 

Cation exchange capacity was found to be 19.4 meq/100 gm. 



Soil was having 0. 395o/o organic matter content. Available nitrogen 

and available phosphorus was in the range of 31. 7 and 23.0 ppm 
! 
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respectively. Result indicated that Ni and Cd were below detectable 

limit and insignificant. In case of Cu and Zn values obtained were 

3. 235 and 5. 055 ppm respectively. 

(3) EFFECT OF THE RAW SEWAGE ON : 

Soil Columns : The influence of raw sewage on pH, EC., organic 

carbon and heavy metals like Cu, Cd, Zn and Ni, in soil columns at 

a different deapth were analysed after treating the columns f0r 50 days 

and results are presented in Table 6(six) and in figures 8 to 13. Sample 

drawn from columns at various height (3. 5, 11. 0, 18. 5, 27.0 & 

42. 0) and corresponding changes in pH EC and organic matter were 

determined. Metals were also analysed in samples to understand 

their distribution. Analysis has been done after the '50 da.ys' trealmenl. 

In case of pH variation in soil columns, the upper layer (3. 5 em) pH 

was a bit lower a~d changed from 8. 5 (mean value) of original soil 

to 7. 67, while in other samples at lower depth were around equal to 

the soil matrix pH. Variation in electrical conductivity was clearly 

seen from the study. At 3. 5 em height it was around 0. 81 m mhos/ em 

and at 11. 0 em it reduced to 0: 28 mmhos/cm. while'in remaining 

samples it was constant and found to be 0. 24 mmhos /em. Organic 

carbon was higher in top most layer and other samples were found 

around soil matrix concentration. Zn concentration were higher in 

the first two samples while other, shown similar concentration to 

that of soil matrix. The 3. 5 em height sample was having Zn 

around 8. 12, and second one 6. 89 while remaining sample were around 

5.1 ppm. The similar trend was followed by Cu and was higher in 



(4) 
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upper two sample the values we_re 11. 11 and 5. 03 ppm. R.emaining 

samples were having 3. 86, 3. 92, 3. 79 ppm respectively and was 

around experimental soil concentration. Concentration of Ni and Cd 

'were well below the detectable limit. 

EFFECT OF PT SEWAGE The experimental patte m with primary 

treated sewage ;,was followed her~as in case of raw sewage for 50 
! ' ' days. Samples were_collected from different depth and measured for 

different parameters so as to understand the accumulation and 

migration of metals in soil profile. The results are reported in table 

7 (Seven) figure 8 to 13. pH value was lower in top layer sample 

(3. 5 em). While in other samples it was around 8. 4, which is the 

same as the pH of the original soil. 

Highest Electrical Conductivity observed was_ 0. 77 mmhosjcm 

at 3. 5 em depth. It decreased with depth of the soil column to 

0. 31, 0. 29, o~ 28, and 0. 26 respectively. Organic carbon at various 

depth did not vary much and was around 0. 292, 0. 285, 0. 296, 0. 296 

and 0. 255o/o respectively. Zn concentration was higher in upper two 

samples (6. 84 and 6. 11 ppm) while lower sample were shown 

(5. 27. 5. 10, 5. 09 ppm) around experimental soil concentration. Cu, 

also followed the !similar trend and reported highest at 3. 5 em 

depth (6. 96 ppm) and decreased with depth. Ni ~nd Cd values 

at different depth were insignificant and below detectable limit of 

analytical instrument us.ed. 

(5) EFFECT OF F. T. SEWAGE The expe_rimental pattern with final 

treated sewage was followed as ih case of raw sewage. The results 
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1 followed the same pattern as described earlier and are reported 

in table 8(Eight) and figure 8 -to 13.pH change varied from 8. 37 

to 8. 7. Samples from the top leyer shown a value of 0. 8_45 m 

mhos/em while for lower samples the values were around 0. 50 m 

. mhos/ em variation in organic carbon was not' much and were very 

close to one another •.. Zn was found to be 5. 99 ppm at 3. 5 em 

depth and in the remaining samples the concentration did not 

sho~ much variation (4. 98 "'! 5. 01 ppm). Distribution pattern of CU: 

was very much similar to Zn. 5. 03 ppin of Leu was present at 

'3. 5 .em depth. Remaining samples at different dep~h ~ere 4. 10, 

3. 61, 3. 86. 3. 67 ppm respectively and was very close to 

experimental soil level. 

(6) VARIATION IN CONTROL SOIL COLUMN AFTER 50 DAYS 

Two column treated with tap water in similar manner as the sewage 

treated ones. Results observed are reported in Table 9(Nine) and 

figure 8-13. These column served as control columns. In these 

columns"value obtained for pH follow·at various depth the 

order of 8. 6, 8. 45, 8. 37, 8~ 3, 8. 3 respectively. Electrical 

conductivity was higher (0. 44 m mohes/ em at 3. 5 em depth and 

decreased slowly to reach constant value. Variation in organic 

carbon was not observed· Zn & Cu values were also very close to 

one another at various depth and their distribution did not change 

_ rriuch. In upper layer samples Zn and Cu levels. obtained 5. 11 and 

4. 41 ppm. For Cd and Ni .values the concentration was 

insignificant. 



TABLE 1 

"PHYSICO-CHEMICAL, and MECHANICAL PROPERTIES OF 
EXPERIMENTAL SOIL " 

47 

PROPERTIES MEAN VALUE 

1. Particle Size analysis 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Water Holding Capacity (o/o) 

PH 

o/o Sand 

o/o Silt 

o/o_ Clay 

Electrical Conductivity (m mhos/ em) 

Cation Exchange Capacity (meq/ 100 gms) 

Organic Carbon (o/o) 

Available Nitrogen (PPM) 

Available_Phosphorus (PPM) 

9. Heavy M~tal Content (PPM) 

Cu 

Zn 

Ni 

Cd 

68. 4 

19. 5 

12. 1 

29. 48 

8. 5 

o. 119 

19. 4 

0. 395 

31. 7 

23. 00 

3. 235 

5. 055 

< 0. 001 

< o. 001 



1. 

2. 

3. 

4. 

5. 

G. 

7. 

8. 

TABLE : 2 

"PHYSICO-CHEMICAL CH~J;RACTERSTICS OF RAW SEWAGE AND 
OTHER EFFLUENTS " 

CHARACTERISTICS RAW SEWAGE PRIMARY 
MEAN VALUE TREATED 

MEAN VALUE 

PH 7.43 7.42 

EC ( m mhos/em) 1. 1 8 1. 27 

C.O.D. (mg/1) 296. 2 195. 6 

B. O.D. (mg/1) 131. 8 87. 0 

Organic Carbon (%) 0. 016 0. 007 

Total Nitrogen (mg/1) 35. 84 15. 22 

Phosphate (mg/ 1) 25. 75 12. 4 

Metal Content (PPM) 

Cu 0. 627 0. 242 

Zn 1. 255 1. 103 

Ni < 0. 001 < o. 001 

Cd 0. 016 o. 005 
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'FINAL 
TREATED 
EFFLUENT 
MEAN 
VALUE 

7.46 

1. 26 

74. 3 

15. 15 

0. 00:3 

12. 32 

3. 39 

0.106 

0. 709. 

< 0. 001 

o. 002 



1. 

2. 

TABLE : 3 

" COMPARISON OF RAVl SEWAGE AND EFFLUENTS CHARACTERISTICS WITH 
STAI\DARD PERMISSIBLE LIMITS'~ FOR WASTE WATER EFFLUENTS AND 

WATERTO BE IRRIGATED ON LAND". 

PARAMETER SAMPLE ~i'-. SCOFIELD OKUN & 
RANGE (1 9 3 5) PONGHISH 

.(1975) 

Total Solids (mg/1) 800-1200 

PH 7.42-7,46 6. 8 - 7. 2 

3. Electrical Conductivity 

(m mhos/em) 1. 1 8 - 1. 27 0. 75 - 200 

4. B 0 D (mg/1) 15.15-131.8 

5. Chloride (mg/1) 70- 200 

* T. Sekar and A. K. Bhattachar yya (19 82) "Effects of Se·wage Effluents on Carbon m ineralizat.ion 

and Nitrogen Mineralization of a Soilrr 

Water Treatment and Utilization, 2; 447-44 6. 

I S I 
(1977) 

5. 5 - 9. 0 

500 

600 



1. 

2. 

3. 

4. 

TABLE : 4 

''IRR'IGATION WATER QUALITY CRITERIA FOR TR}\CE ELEMENTS 
Cu, Zn, Ni and Cd. " 

EFFLUENT SAMPLE >?...-....- FWPCA;< IRRIGATION 
ELEMENTS RAW PT. FT. ANY SOIL CONTINUOUS 
(mg/1) SEWAGE SEWAGE SEWAGE USE NAS':'* 

---

COURSE 
TEXTURED 
SOIL 

Cadmium (Cd) o. 016 o. 005 o. 002 o. 005 o. 01 

Copper (Cu) o. 627 o. 242 0.106 o. 2 0. 2 

Nickle (N i) < o. 001 "-0. 001 '- 0. 001 0. 5 o. 2 

Zinc (Zn) 1. 225 L 103 o. 709 5.0 2. 0 

;, Federal Water R>llution Control Administration (1968). 

*'r National Academy of Science (197 3). 

Ref. Page ~t::... L. (1974). 

WATER 
SHORT TERM 
FWPC_A 
FINE TEXTUR-
ED SOIL 

0. 05 

5. 00 

2. 00 

1 o. 00 

<.n 
0 



TABLE : 5 

''PH AND HEAVY METAL CONTENT OF SOURCE & TAP WATER. (BEFORE EXPERilVIENT)" 

Tap Water 

Raw Sewage 

Primary Treated 
Sewage 

Final Treated 
Sewage 

Experimental 
Soil 

PH 

. 7. 4 

7. 05 - 7. 85 

6. 9 - 7. 9 

7. 1 - 7. 85 

8. 5 

o. 56 

Zn 
ppm 

1. 215- 1. 296 

1.085-1.121 

o. 703 - 0. 715 

5. 05 

Cu 
ppm 

o. 38 

o. 609 - 646 

0.199-0.286 

o. 113 - o. 10 

3. 23 

Ni 
ppm 

<:.. 0. 001 

.( 0. 001 

<::. o. 001 

<:: o. 001 

t:.. o. 001 

Cd 
ppm 

<:: 0. 001 

0.018-0. 015 

o. 004 - 0. 007 

z 0. 001 - 0. 004 

< o. 001 



TABLE : 6 

"VARIATION OF pH, EC, ORGANIC CARBON AND SELECTED METALS LTI<E Cu, Zn, Ni & Cd IN 
SOIL COLUMNS WITH DEPTH \VHEN SUBJECTED TO RAW SEWAGE APPLICATION FOR 50 DAYS. 

CJ'1 
N 



"FABLE : 7 

"VARIATION OF PH, EC, ORGANIC CARBON AND SELECTED METALS LIKE Cu, Zn, Ni and Cd 
IN SOIL COLUIVLNSWITH DEPTH WHEN SUBJECTED TO PRIMARY TREATEDSEWAGE EFFLUENT 

APPLICATION FOR 50 DAYS 

~----~----------

S:c. Depth PH EC Organic 
No. (em) m mhos/ Carbon 

em o/o 

1. 3. 5 7. 6 0. 77 0. 292 

2. 11. 0 8. 1 0. 31 0. 285 

3. 18. 5 8. 4 o. 29 0. 296 

4. 27. 0 8. 4 0. 282 0. 296 

5. 42. 0 8. 4 0. 265 0. 255 

--~~---

Note: All values are average of duplicate columns. 

Zn Cu 
ppm ppm 

6. 84 6.96 

6. 11 4. 82 

5. 27 3. 86 

5. 10 3. 67 

5, 09 3. 79 

----~~--~ 

Ni 
ppm 

.!_ 0. 001 

.(_ 0. 001 

.(_ 0. 001 

,:_ 0. 001 

< 0. 001 

Cd 
ppm 

0. 017 

0. 008 

<:. 0. 001 

0. 002 

.( 0. 001 

U'1 
w 



TABLE : 8 

"VARIATION OF PH, EC, ORGANIC CARBON AND SELECTED METALS LIKE Cu. Zn, Ni & Cd II\' 
SOIL COLUMNS WITH DEPTH V/HEN SUBJECTED TO FINAL TREATED SEWAGE EFFLUENT 
APPLICATION FOR 50 DAYS". 

--~---- ---·· 

Sr. Depth PH EC Organic Zn Cu Ni Cd 
No. (em) m mhos/ Carbon ppm ppm ppm ppm 

em o/o 
-~--

1. 3. 5 8. 37 0. 845 0. 275 5, 99 5.03 (. 0. 001 0. 008 

2. 11. 0 8. 42 0. 56 0. 285 5. 01 4. 10 < 0. 001 (_ 0. 001 

3. 18. 5 8. 7 0. 51 0. 255 4. 99 3. 61 <_ 0. 001 0. 004 

4. 27. 0 8. 6 0. 505 0. 262 4. 95 3. 86 <:'_ 0. 001 <:'_ 0. 001 

5. 42. 0 8. 57 0. 505 0. 247 '4. 98 3. 67 .( 0. 001 (_ 0. 001 

-----·---~--~·---

NOTE; All values are average of duplicate columns. 



TABLE: 9 

''VARIATION OF PH, EC, ORGi'\NIC CARBON i'IND SELECTED METALS LIKE Cu, Zn, Ni and Cd 
IN SOIL COLUI\'INS WITH DEPTH V/HEN SUBJECTED TO CONTROL T~t:.,P \VATER APPLICATION 

FOR 50 DAYS " 

Sr. No .. Depth PH EC Organic Zn Cu Ni Cd 

(em) m mhos/ Carbon ppm 
em o/o 

1. 3.5 8. 6 0.44 0. 222 5. 11 

2. 11. 0 8. 45 0. 245 0. 255 4. 51 

3. 18. 5 8. 37 0. 27 0. 284 4. 95 

4. 27.0 8. 3 0. 265 0. 292 5. 02 

5. 42. 0 8. 3 0. 235 0. 270 4. 90 

--~-

Note: All values are average of Duplicate Columns. 

ppm ppm 

4. 41 /___ 0. 001 

3. 55 ( 0. 001 

3.30 < 0. 001 

3. 30 < 0. 001 

3. 79 /___ 0. 001 

~-------

ppm 

-~~-~~------~-~~ 

0. 004 

0. 002 

( 0. 001 

!.. 0. 001 

i._ 0. 001 

(.11 

0"1 



Sr. 
No. 

1. 

2. 

3. 

4. 

5. 

TABLE: 10 

''VARIATION OF ORGANIC CARBON(% )VliTH :QEPTH IN SOIL COLUMNS " 

Depth Raw Se\>Jage P. T. Sewage F. T. Sewage Tap water 
(em) Treated Treated Treated Treated 

Columns Columns Columns Columns 
-------- -----

Mean Value Mean Value Mean Value Mean Value 
---~ 

3. 5 0. 470 0. 29 0. 275 0. 22 

11. 0 0. 285 o. :2 85 0. 2 85 0. 25 

18. 5 0. 255 0. 296 0. 25 0. 28 

27. 0 o. 27 0. 296 0. 26 0. 27 

42.0 o. 22 0. 255 0. 247 0. 27 

(.1'1 

en 



TABLE: 11 

" VARL~TION OF E. C. WITH DEPTH IN SOIL COLUMNS " 

Sr. Depth Raw Sewage P. T. Sewage F. T. Sewage Tap Water 
No. (em) Treated Treated Treated Treated 

columns columns columns columns 
Mean Value Mean Value Mean Value Mean Value 

1. 3. 5 o. 81 o. 77 0. 84 0. 44 

2. 11. 0 0. 28 0. 31 0. 56 0. 24 

3. 18. 5 0. 24 0. 29 0. 51 0. 27 

4. 27. 0 0. 24 0. 28 0. 50 0. 26 

5. 42. 0 0. 24 0. 26 0.50 0. 23 



Sr. No. 

1. 

2. 

3. 

4. 

5. 

Depth 
(em) 

3. 5 

11. 0 

18. 5 

27. 0 

42. 0 

TABLE: 12 

''VARIATION OF PH WITH DEPTH IN SOIL COLUMNS" 
-------~ --------- --

Raw Sewage 
Treated 
Columns 

7. 6 

8. 27 

8. 42 

8. 31 

8. 37 

P. T. Sewage 
Treated 
Columns--

7. 6 

8. 1 

8. 4 

8. 4 

8. 47 

F. T. Sewage 
Treated 
Columns 

8. 37 

8. 42 

8. 7 

8. 6 

8. 57 

Tap Water 
Treated 
Columns 

8. 6 

8. 45 

8. 3 7 

s. 3 

8. 3 
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Fig.3. pH and E.C .. values of different 
effluents. 
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DISCUSSION 

1. 
. . 

CHARACTERIZATION OF RAW SEWAGE AND SEWAGE EFFLUENTS: 

In present study. raw sewage and other treateq sewage effluents .from 

Okhla treatment plant were cissesse.d for their physico ... chemical char,ac:

teristics. If the reuse of sewage effluents is required. it is necessary · to 

characterise sewage first. to avoid environmental detrimental effect. 

Parameter. has to pe analized depending on the purpose. In fact. the 

selection of treatment site and quantity of waste water to be applied on to . . . . . 

the land are to a larger extent. decided by the quality of sewage (Sekar 

1980); · The important parameters to be studied before the use of sewage 

for irrigation purpose has been well documented by Ellis (1978). 

Results of the study are presented in both tabloi9 and figuroid form. It 

shows clearly that .raw sewage and other treated effluents contain different 

plant nutrients. like Nitrogen. ~hosphate (table 2. figure 6). Besides 

these~ sewage effluents contain other inorganic salts. organic matter and • 
. . 

heavy metals (Cu. Zn. Ni and Cd etc.). P.reserit st:tl~Y has been carried 
' out to aspess the quality of different effluents because parts of these 

' i 

effluents haye been used in irrigation. Though the main work has been 

carried out_ on" the distribution pattern of kme.tals in soil 'profile, treated 

with raw sewage primary treated sewa.ge ahd final treated sewage. These 

results were compared with control column study. where soil columns 

treated with tap water. Different constituents of these effluents are 

discussed because they limit the use of these effluents (Mishra. 1965). 

I 
I 

I 



Characterization of Haw sewage. Primary treated sewage and Final treated 

sewage are based on the fact that many of the sewage farms in India 

especially that of Delhi, are using the effluents of all categories (like 

Haw sewage, P. T. sewage and Secondary treated effluents) for irrigation. 

The successful reuse of. raw sewage and other treated sewage effluents 

~n irrigation require good managements (Sekar 1980). Soil system has 

vast capacity to minimize the pollutant effect which causes due to excessive 

total solids organic carbon, COD, BOD etc., which are features of organic 
ladden wastes. It is a fact that during the treatment process, most of the 

organic matter get removed. It also reduce the nutrient value of these 

effluents.! Sekar (1980) also have discussed about similar conclusion. 

Conventional treatment process modify the organic load of raw sewage. 

but these treatment methods may not modify the mineral characteristics 

upto that extent. Tebutt (1965) and R.a:IT?-an et. al., (1973). 

Haw sewage, Primary treated sewage and Final treated sewage were 

having pH value 7. 43, 7. 42 and 7. 46 respectively. Values are quite .-

75 

close to one another except for only a slight increase observed in final treated 

effluents. That can be attributed to removal of or precipitation of some 

active :f-0 ions during the secondary treatment ·process. Electrical 

conductivity values for the three effluents were 1. 18, 1. 27 and 1. 26 m mhos/ em 
' • ,,..,..P.,: 

respectively. E, C. value in case of raw sewage is lower than other 

values am.:l can be explained on the basis of ionic complexation and chelation 

with organic matter. It can be assumed that during primary treatment due 

to oxidation reaction some of the ions get freed and are responsible for 

increase in EC of other two effluents. 

pH values found were well within the acceptable lim.it 5. 5 to 9. 0 fixed 
! 

by lSI (1977). But was higher than the acceptable limit 6. 8 to 7, 2 fixed 

by Okun and Ponghis (1975). 



Electrical Conductivity values for all sewage sample were in the 

acceptable limits of 0. 75 to 200 ( m inhosjcm) (Scofield 1935). 

76 

COD and BOD values indicated that o~ganic load reduced considerably during 

the treatment process. This is mainly due to the removal of organic 

materials as sludge. Some of the organic matter degrade during oxidation 

'process. Organic carbon also followed the similar trend. BOD v:;1.lue 

obtained for Raw sewage, P~ T. Sewage and Final Treated sewage were 
,• ' 

131. 8, 87-~(0 ~~np 15. 15 mg/1. This values come in the. range of ISI (1977) 

set lim it for irrigation purpose (Table 3). 

Total nitr-ogen and phosphate followed the above trend and got reduced 

consider<:~.bly during the treatment process as shown in figure 6. This 

decrease can be ascribed to the organic form of nitrogen which were 

removed with sludge during the process. Similar conclusion can be drawn 

in case of phosphate reduction. 

HEAVY METALS: In Haw Sewage Cu and Zn was higher in concentration 

and were 0. 627 and 1. 225 ppm respectively. While . in case of final treated . \ 

, effluent they decrease to the level of 0. 1 Q6 and 0. 709 ppm respectively 

(Table 2) . . This shows that Cu is removed to a greater extent then Zn •• 

this can be explained on the basis of Cu-organic matter bond strength, 

which is higher for Cu than Zn. According to Irving and williams (1948) 

series metal organic matter bond strength is in order of Cu > Ni > Zn > 

Cd. Cd values followed the similar pattern but were too low and not 

· significant. Similar results wer(O! .found in the study carried by Nennah 
! 

et. al. • (19 83). Bouwer et. al. (1.974) described that most of the h~avy 

metals •. which are associated wi.th suspended solid in sewage, end up in 

the sludge. Concentr:ation of Ni was too low and wa~ below the detectable 
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limit. It is attributed that larger part of sewage is contributed by domestic 

source where any consumption source of Ni can not be expected. 

Heavy metals values which have been observed in the different types of 

effluents have been compare!] with standard values fixed by various institutions. 

It was found that Ni in the sewage sample was insignificant. For ·any soil, 

limitsfixed by Federal water pollution control administrat-ion (1968) show that 

Cd and Cu concentration is higher, than acceptable value in raw sewage. 

Value obtained for Cu, Cd was 0. 627 and 0. 016 ppm respectively, while 

fixed value were 0. 2 and 0. 005 ppm. Primary treated effluent and final 

treated effluent found within the limit. In case of Zn the concentration was 

1. 2~55ppm which is below from permissive limit 5. 0 ppm. 

When compared permissive limit to the limit fixed by National academy 

of Science (1973) for coarse textured soil, for the continuous use of effluents 

for irrigation. Cu was found to be higher than the limit while Zn and Cd 

were within the limit. The values obtained in all effluents for the metal was 

within the' limit fixed by Federal Water Pollutions Control Administration 

for short term use of effluents for irrigation (Table 4). 

pH, EC and Organic Carbon Variation in Soil Columns: 

Samples were drawn from different depths (3. 5, 11, 18. 5, 27 and 42 em) 

of · · column prepared for the study. It was found that the pH value at 

3. 5 em depth decrease to 7. 6 from 8. 5, where 8. 5 is the initial pH of 

the soH. While in remaining sample result were very close to one another 

and around experimental soil pH value. The decrease in PH at the upper 

layer can be attributed to the degradation of organic matter by microbial 
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activity and formation of some organic acids like humic acid and 

fulvic acid. The pH values obtained in this case were lesser, than other 

soil columns treated with F. T. sewage. In the case of control Tap 

Water column, the trend was reverse. pH values decreases slowly with 

depth. While in Raw sewage treated columns values increas~d. Similar 

results were described by Iskandar and Legett (1976). Broadbent et. al. 

197 7 also reported the similar result and attributed the process to the 

release of H+ during nitrification of ammonium salt and organic nitrogen 
I 

added'through waste water. The above process of decrease found in soil 

columns treated with P. T. sewage can be demonstrated on the same basis 

as in case of soil columns treated with raw sewage. pH value of soil 

columns treated with F. T. sewage did not show any significant change and 

values obtained at various depth were close enough to one another and 

to that of untreated soil. Variation of pH with depth are shown in table 11 

figure 8. 

Variation in electrical conductivity irt soil columns treated with sewage 

effluents ar~ reported iri table 11 and figure 9. Iskandar and Leggett (1976) 

.noted sligh~ reduction in specific conductance of the soil after waste . '• 

water application and explained it as due to less soluble Salts, in the 

applied effluents than the soil solution. However in present study ~he 

effluents found to contain more soluble salts than the initial soil solution. 

Electrical conductivity of all the soil columns increased, even wheri 

columns were treated with tap water. E. c. was found higher at upper 

layer in all the columns and decreased to a constant value with depth. This 

inc:rease in E. C. of soil treated with raw sewage P. T. Sewage, F. T. sewage 

and water can be demonstrated on the basis of presence of soluble salts in 

these effluents. These finding are well supported from research carried 

by Bole (1979) and Sekar (1980). In present s,tudy it was'noted that when 
f 

i 



·columns treated with raw sewage for stipulated times,conciuctivit.y 

observed at top layer was higher (0. 81 m mhos/ em). Rest of the values at 

different depth were low and around 0. 28, o. 24, o. 24, 0. 24m mhos/em 
- . 

respectively . ·:with depth •. · The increase in electrical conductivity at top 

layer can be explained in fopowing manner. It is possible that ions 

attached with organic matter may get released, when the pH of the layer ·. 

shifted a bit towards acidic range. The same thing can be said about soil 
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· columns treated with P. T. sewage. Variation in organic carbon, in soil 

columns with depth are reported in table 10 and figure 10. Figure shows that 

organic matter content in top layer of soil columns treated with raw 'sewage· 

registered maximum deposit and value obtained were around 0. 470o/o ·~ This 

value decrease slowly as -depth inc·rease .. -: In. present study it was ob'served 

that though the all sewage effluents registered increase over tap water 

control, organic matter was decreased in all treatments from initial organic 

matter level, except in case of top layer of raw sewage treated columns. 

This reduction may be.due to that the quantity decomposed during the 

experimental period may be· greater than that organic matter, contributed 

by the sewage effluents. Similar results were obtained by Sekar (19'80) in 

his study. However Beck et~> al., (1977} and Quin and Woods (197 8) reported 

that long term application of raw _sewage and sewage effluents can increase 

the organic matter content especiaUy of the top layer of soils. 

DISTRIBUTION OF METALS IN SOIL COLUMNS TREATED WITH SEWAGE 

EFFLUENTS: 

Samples 'taken from different depth were analysed for metal ·content and 

their distri~ution is reported in table 6, 7, 8 and 9 and in figure 11, 12, 13. 

In case soil columns treated with raw sewage, it,was found that most of the 
. I 

added metals (Cu, Zn, Ni and Cd) were co:ncentr'ated in top layer samples 
I 
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(3. 5 em). Zn and Cu was highest and was present in concentration of_ 8. 12 and 

11. 11 ppm respectively. While Ni and Cd was lowest (0. 102 and o. 0,23 ppm). 

Zn found only in higher concentration ( 8. 12 and 6. 89 ppm) at 3. 5 and 11. 0 em 

depth. At the lower depth it was around 5. 18 ppm and very close to· 

experimental soil matrix concentration. Cu followed the same trend and 

recorded 11. 11 and 5. 03 ppm in upper two samples. While at lower, 

concentration Cu reached to original soil value. Ni and Cd only were detected 

in upper layer samples. At lower depth their results were well below the 

detectable limit. 

All these results shows that metals are deposited in the top layer mostly. 

This can be assigned to the presence high concentration of organic matter 

in the layer. Organic matter have the capability of chelate and form 

complexes with metals like Cu, Zn, Ni and Cd. Distribution of Zn and Cu 

followed the same pattern in the case of soil column treated with P. T. 

sewage as in case of columns treated with raw sewage. But there was 
I 

difference in concentration in the top layer. In case of raw sewage treated 
' . 

columns conc~ntration of Zn and Cu was found 8. 12 and 11. 11 ppm, while 

in this case it was 6. 84 and 6. 96 ppm respectively. This reduction in the 

concentration of these metals are due to the treatment process. Because · 

it is established that in primary treatment most of the organic load gets 

r:emoved as sludge. It has been reported that largest concentration of metals 

are associated with organic matter and form chelate complexes. Certain 

forms of these metals also remained adsorbed on to the surface of 

colloidal materials.· Similar conclusions were reached at by Nennan et. al., 

(1983) Bouwer et. al., (1974), Bouyver and Chaney (1974) from their studies 

in soil system. Concentration of Ni and Cd was quite insignificant in this 

case also. It was observed that columns treated w~th Primary Treated 

Sewage, Cd concentration noted at 3. 5 em and at .11 em depth were o. 017 
I 

and 0. 008 ppm respectively. 



Distribution of metals were also observed in colt;tmns treated with F. T. 

Sewage and reported in table 8. Only Zn and Cu concentration in the top 
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3. 5 em layer were found above the experimental soil concentration, while 

remaining samples were almost similar to the untreated soil concentrations. 

This reduced concentration can also be explained on the basis reduction in 

organic load during primary and secondary treatment. The recorded 
I 

concentration which are still higher in comparison to tap water control 
/ I . 

soil columns,· which is expectede These soluble metals ions later get 

complexed in surface layer soil. The proces.s of adsorption also play a '· 
, , . . . I 

critical role in this case. As in the case of other treatment the concentra-

tion Ni and Cd for P. T. Sewage treatment was insignificant or negligible. 

N~ and Cd were insignificant in soil without' treatment. 

In the controlled column experiment, metals concentration d.id not show any 

change in different layer. The top layer Zn and Cn were 5. 11 and 4. 41 ppm 

respectively, which is slightly higher than the original soil concen,tration and 

e:Xpected due to the addition of tap water. 
. ' 

The phenomenon of most metals being deposited on surface layer of soil 

due to pH and has important role in controlling ·the distribution of metals 

and alkaline condition restricts to a great extent the movement of metals 

in the soil profile. Studies conducted by Hem (1972), Sinha et. al., (1978), 

Boswell (1975), Hineslay et. al, (1972) Emmerich et. aL, (1982) •. Support 

for similar conclusions. It was noted that metals. concentrations in soil 

columns treated with sewage effluent were. consistently higher than those 

treated with normal tap water. and this differences are due to the relatively 

high concentration of metals present in sewage effluents. 

Result of this study shows that there were no moyement of metals down the 



column. Factors that inhibit the movement in this case could be possibly 

soil layer pH, the quantity of sewage applied or the time involved. for 
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the movement to take place. This accumulation of heavy metals in the root 
' I 

zone can influence metal uptake by plants to a great extent. Negative 

correlation with pH were found in case of Cu distribution in all three cases 

(when columns treated with raw sewage. P. T. sewage and F. T. sewage. 

r-Values obtained (see figure 14) were (i) - 0. 937 (ii) -0.998 and 

(iii) -942 respectively and are quite significant. While in case of control 

columns study this correlation obtained was pqsitive and significant 

(r-0. 768)' o One of the main difference between the tapwater treated soil, 

and sewage treated soils, is the higher content of organic matters in the 
latter (0. 016% R.. S; 0. 007% P. T. ). 

The top layer concentration of Cu and Z:tu: in both treatments are found 

to higher than the tap water treated ones. Significant difference in 

between this two treatment is also observed, the latter having lesser 

concentration of metals. Keeping in mind the reduction of organic matter 

in the sewage sample with sewage treatment programme~ and the change in 

metal concentration in top layer, it appears reasonable to conclude that in 

the sewage treated soils organic matter, rather than clay minerals, 

hydrous oxides of iron and Aluminium etco are important in keeping the 

metal in the top layer. Correlation of pH and Zn distribution also followed 

the same trend. Its _r-values obtained was (i) r=-0. 832 (ii) -0. 978 and 

(iii)-0. 686 respectively for columns treated with raw sewage P. T. sewage ., 
and F. T. sewage, which are significant. 

Unlike that of copper no significant correlation was obtained in the case 

of Zinc. Similar inverse relation has been reported b.y many other worker 

in the field (Sinha et. al. , (197 8) McBride and Blariak (1979), Anderson 

and Nilsson (1976) Fillipovic et. al (1961) and others). 
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By the application of .sewage effluents~ in case of columns~ treated with 

raw sewage and P. T. sewage, pH of the top layer changed significantly 

from 8. 5 (pH of experimental soil) to 7. 6. This decrease can be due to 

degradation of organic matter by microbial activity in aerobic surface 

zone resulting in the formation of organic acids. During this organic 

matter degradation~ some of the active ions also comes in solution phase. 
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Correlation between organic matter content and metals (Cu &Zn) 

distribution were also drawn (figure 15 and 1 7) positive correlation were 

found in all three cases and r- values were significant (i.e. r = 0. 5 above). 

Negative Co-relation were observed in soil columns treated with tap water. 

, Zinc also followed the similar pattern and significant in case of soil 

columns treated with raw sewage. These correlati.on can be justified on 

the basis of formation of organic matter - Cu and organic matter - Zn 

complexation and chelation. Wolverton et. al., (1983) reaches at the same 

conclusion from similar study. It can assumed ori the basis of above study 

that organic matter play important role in retention of heavy metals in the 

surface zone. 
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SUMMARY 

This chapter summarises the results of the experiments conducted 

in connection with the present investigation. Investigations were carried out 

on laboratory set of soil columns. where columns were treated with raw 

sewage. P. 1T. sewage. F. T. sewage and tap water for 50 days.· Physico

chemical changes were observed in soil columns after the stipulated time. 

, 
There was considerable reduction in pH. In case of soil treated with 

raw sewage~ the upper layer sample showed the lowest pi-i (7. 67). while pH 

of experimental soil was (8. 5). Where as the reduction in p~ values was· 

not-significant in the samples from a depth of 11 em onward whose pH was 

8. 27 to 8. 42. 'rhe soil columns treated with F. T. and tap water do'not 

follow the similar trend as in case of soil columns' treated with raw sewage 

and P. T. sewage. 

Experimental soil showed an· EC of 011 m mhosjcm. On application of 

sewage of all the three types. EC rose upto approx. 0. 8 m mhos/ em. 

Heduction in EC values was observed with increase in depth with the highest 

reduction being in the case of soil column treated with raw sewage whereas 

the lowest reduction was observed for F. T. sewage. 

Accurr_mlation of organic carbon was seen in the case of soil columns 

treated with raw sewage but organic content reduced with depth. R.eduction 

in organic carbon content from that of experimental soil was seen in all the 

columns treated with different effluents-except upper layer treated with raw 

sewage. 

All the above observed changes may be due to· the fprmation of organic·acid 

compounds as well as other associated factors w~fch might have reduced 

the pH of the soU. The release of active ions dl,ll-ing these processes leads 

to an increase in E. C. 
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Of the four metals analysed namely Cu. Zn •. Ni and Cd, only 

Zn and Cu was present in significant amount. While Ni and Cd were 

present in lesser amount. In case of all the sewage effluents, highest 

concentration of metals was present in raw sewage. In raw sewage treated 

soil, the top layer showed maximum accumulation of these metals. A 

deJ?th wise decrease of these metals was observed in all the treatments. 

These results indicate that there ·is less threat of land pollution fro~ the 

application of primary treate~ sewage and final treated sewage unlike 

the use of raw sewage from Okhla' sewage Treatment Plant on Delhi soil for 

irrigation purpose. However, studies are necessary to arrive at a 

. definite conclusion with regard to the application of waste water on 

SOIL-ECOSYSTEM. 



86 

BIBLIOGRAPHY 

Alexander M (1977). Introduction to soil microbiology. 2nd ed. John Willey 
and Sons. Inc. New York. 

Allaway W. H. (1968) Agronomic controls over the environmental cycling 
of trace elements. Advances Agronomy, 120. 257-274. 

Andersson, And K. 0. Nilsson (1976) Influence on the levels of heavy metals, 
in soil and plants from sewage sludge used as fertilizer. 
Swed. J. Agric. Res. 6: 151-159. 

Apha (1980) Standard Methods for the examination of water at;ld waste water. 
15th ed .• American Public Health Assn; Wash; D. C. 
APHA - AWWA - WPCPF. 

Ban in, A. ,Y Noi and D. Yoles (1981) "Accumulation of heavy metals in arid . 
, zone soils Irrigated with treated sewage effluents and their 

uptake by Rhodes Grass. " 
J.' Environ. Qual. 10(4) : 536-540. 

i 

Behl David. Jr. Darrel. W. Nelson & Lee Sommer (1983) 
"Assessment of Heavy Metal equilibria in sewage sludge T:reated 
soil". · 
J. Environmental Quality. 12: 181. 

Berrow J. L. and J. Webber (1972) Trace elements in sewage sludges, J. 
Sci. Food Agric, 23: 93-100. 

Bohn, H. L.. MC Neal, B. L. and 0 Connor. G. A. (1979) SOIL Chemistry; 
John Wiley and sons, New York 329 P. 

Bole J.·B. (1979) Land application of municipal sewage waste water: Changes 
· in soil chemistry. 

Agronomy Abst. (Environmental quality) p. 41;7lst annual 
meeting of american so9iety of agronomy held at fort collins, 
C olorada. on August 5-1 0 (19 7 9). 



Bondietti, E. A. , Perhac, RM, Sweeton, F. H. andTamura T (1973) "Toxic 
metals in lake and river sediments" in: ecology and analysis 
of Trade contaminants. Progr. Rept. Jt.me 1973, ORNL-NSF
EATC-1, Oak Ridge Natt, lab, Oka Ridge Tenn pp 161-195. 

. . 
Boswell, F. C. (1975) "Municipal sewage sludge & selected element 

application to soil (i) effect on soil and fescue". 
J. Environmental quality. 4: 267-273. 

Bouwer H. and H. L Chaney (1974) Land treatment of waste water. Adv. 
Agron. , 2 6: 133-176. 

Bouwer H., J. C. Lance and M.S. Higgs (1974) High rate land treatment 
II : Water quality and economic aspects of the flushing Meadows 

Projects. 
J. Water pollution Control Fedr .• 46: 844-59. 

Boyd, S. A., L E. Sommer, D. W. Nelson and D. X. West (1981) 
, The mechanism of copper (II) binding by humic acid: an electron 

spin resona,nce study of a copper (Ii) humic acid complex and 
some adducts with nit.rogen donors. 
soil sci. soc. Am. J. 45: 745-749. 

Bradford G. R.. A. L. Page, L. J. Lund and Wolmsted (1975) Trace element 
con12entrations of sewage treatment plant effluents and sludges. 
Their ini:er~ction with soils & uptake by plants. 
J. Environmental Quality. Vol 4: 123-127. 

Brown K. W. and J. C. Thomas (1983). The movement of metals applied 
to soils i.n sewage effluents. 
water. air and soil pollution, 19: 43-54. 

Brown K. W. and J. G. Thomas· (1983) Metal accumulation by Bermudagrass 
Grown on four diverse soils amended with secondarily Treated 
sewage effluents. 
Water, Air & Soil Pollutio:t; 20, 431;-446. 

Cavallaro, N. and M. B. McBride (1978) : Copper and cadmium absorption 
cparacteristics of selected aCid and calcareous soils. 
Soil sci., Soc, Am J. 42: 550-556 

87 



Chang F. and F. E. Broadbent (1980) Effect of nitrification on movement 
of trace metals in soil columns. J. Environ. Qual. 9: 587-592. 

Chang A. C. , J. E. Warneke, A. L. page & L. J. Lund (1984), Accumulation 
of heavy metals in sewage sludge Treated soils. 
J. Environmental Quality Vol. 13(1): 87 

Chaney R. L. (1973) In: Recyling municipal sludges and effluents on land. 

88 

, Nation•al Association, State University and Land Grant Colleges, 
Washington D. C. pp. 129-141. 

Chaney R. L .• and P.M. Giordano (1977) Microelements as related to plant 
deficiencies and toxicities. In: soils for the management of organic 
wastes and waste waters. L. F. Elliot and F. J. Stevenson (eds) 
soil science society of America, American Society of agronomy 
and crop sci, society of Am~rica, Madison, Wis, pp 251-268. 

Chopra S. L. and J. S. Kanwar (1976) "An~lytical agricultural chemisty" 
Kalyani publishers, India. 

Chumbley C. G. (1971) Permissible levels of toxi.c metals in sewage used 
on agricultur.al land. Agri. Development Service, paper No.1 0 
Ministry of Agriculture England. p 12. . · 

Coker E. G~ and P. J. Matthews (19 83) Metals in· sewage sludge and their 
potential effects in agriculture, water science and Technology, 

[ 15: 209-225. 

Conmc.il for Agricultural science and Technology (CAST) (1976) 
Application of sewage sludge to crop land: 
Appraisal of potential hazards of heavymetals to plants 
and animals, Report No. 68, CAST, IOWA State University, 
Ames. · 

Desai, M. V. M. and Ganguly A. K •. (1979) Exchange .and non exchange behavior. 
of cationic species, in the interaction of metals ions with humic 
acid and fulvic acids. ' 
J. Ind. Chern. Soc. , 56, 1167 .. 72. 



89 

Doner H. E. (1978) Chloride as a.factor in mobiles ofNi (II) Cu(II) and Cd(II) 
in Soil 
Soil Sci. soc. Am. J. 42, 882~ 885. 

· Ellis. B. G. (1978) Analysis and their interpretation for waste water 
application on agricultural land. 
In: Application of sludges and waste waters on agriculturalland. 
A planning and educational guide (eds) L. D. Knezek and R H. 
Millar pp 6. 1 to 6, 6, USEP A, office of the water programme 
operations, Municipal Corporation Division~ Washington D. C. 

Emmerich, W. E .• L. J. Lund, A. L. · Page and A. C. Change (19 82) 
Movement of heavy metals in sewage sludge-treated soils. 
Solid phase forms ·of heavy metals. in s~wage sludge treated 
soils. 
Predicted. solution phase forms of heavy metals in sewage· 
sludge treated soils. 

EPA (1974). Heavy-Metal Accumulation in SOILand Vegetation. 
EPA. 660/3-74-012 (August 1974) Washington D. C. 

EPA (197 8). Environmental changes from long term application of Municipal 
effluents. U.S. EPA, Washington D. C. 

EPA (1979). Methods for chemical analysis of water and wastes. EPA; 
600/4"'!79-020. Revised March 1983. Environmentalmonitoring 

.and support laboratory. Cincinnati Ohio -45268. 

Filipovik, Z. B. , Stankovik and Z Dusic (1961 ). Distribution of Cu, Pb, 
Zn. and Co in relation to soil PH changes, soil science 91, 
147-150. 

Fuller W. H. , N. E. Korte, E. E. Niebla and B. A. Alessi (197 6). 
Contribution of the soil to the migration of certaip common and 
Trace Elements. 
Soil science. 122(4): 2.23-235. 

Fuller W. H. (1977). Movement of selected metals, asbestos and cyanide 
in soil: 'Application to waste disposal problems. 
EPA 600/2-77-020, Pb. 266~905. 

. ... 



Gall Q~ E. (1936) • Citrus. ~nd. 17 # 20. In: The movement ofmetals 
applied to soil in sewage effluent. K. W. Brown and J. C. 
Thomas. J. Water# Air and Soil Pollution 19(1983) 43-54. 

90 

Gerritse# H. G.# H. Vriesema# J. W. Dalenberg and H. P. De Hoss (i982) . 
. Effect of sewage sludge 'ontrace element mobility in soils. · 
J. Environ. Quality. 11: 359-364. 

Mahne H. C. H. and W. Kroontj~ (1973). Significance of pH and chloride 
concentration on behaviour of heavy metal pollution. 

Hart 0. 0. and G. J. Stander (1972). The effective ut.ilization of physical
chemically treated effluents. Progress of water Technology 
1 # 95-102. In application of new concepts of Physical-chemical 
waste water treatment. Edited by W. W. ECKENFELDEH 

·and L. K. CECIL. Pergaman Press# INC. 

Harter H. D. (19 83). Effect of Soil pH on adsorption of lead, copper, 
zinc & nickle. Soil Science (society of America Journal) 
V. 47 No.1 p. 47-51. 

Hem J.D. (1972)~ Chemistry and occurance of cadmium and ~inc in 
surface water and ground water. Water Hesorce Hes. 8; 
661-679. 

Hinesley T. D. , H. L. Jones and E. L. ,Ziegler (1972). Effects on corn 
by applications of heated anaerobically digested sludge. 
Compost Sci. 13; 26r30 • 

Hinesly T. D. , H. L. Thomas and H. G. Stevens. (1978). "Environmental 
changes from long-term land application of Municipal 
Effluents." EPA - Rep. 430-9-78-0038 office of the water 
Program operations. US. EPA, Wasihgton D. C. 20460. 

Hinesley, T. D., Ziegler, E. L. and Barrett G. L. (1979). Hesidual 
I 

effects or irrigating· corn with digested sewage sludge • J. 
Environmental quality, 8, 35-38. 

. .. 



Hodgson J. F .• H. R.. Geering and W. A. Norvell (19 65). 
Micro nutrient cation .complexes in soil solution: 

· Partition between complexed and uncompl~xed forms by solvent 
,extraction. Soil Sci. ·Soc. Am. Proc. 29:665-669 

Hodgson J. F. and Lindsay W. L. (1966). Soil science American Proc. 30. 723. 

Holtzclaw K. M. , D. A. Keech. A. L. Page (1973). Trace metal distribution 
Among the humic acid and fulvic acid. J. Environmental 
quality 7: 124-127. 

Indian Standards Institution. (1977). Indian standard - Tolerance limits 
for industrial efflvents discharged on land for irrigation purposes. 
(first revision). ISI. New Delhi. 

Irving H. and Williams R.. J. P. (1948). Orde.r of stability of metal 
complexes. Nature, 162, 746 (1948). In: Effect of soil pH on 
adsorption of lead, copper, zinc and nickle by Harter. R. D. 
(19 83). 
Soil sci. Soc .. Ani J. 47: 47-51. 

Iskanadar l K. and D. C. Legget (1976). Reclamation of waste water by 
application on land. AD/A-026050 National technical Information 

I 
service, United States Department of Interior. P. 15. 

Iskandar I. K. (1978). The effects of waste water reuse in cold regio_ns of 
land treatment systems. J. Environmental Quality. 7: 361-368. 

Janne E. A. (ed.) (1979). "Chemicai· modelling in aqueous systems: 
American chemical society symposium service No. 93 
ACS, Washingt<?n, D. C. . 

Keeney, D. R.. and R.. W. Wildung (1977). Chemical properties of soils. 
In: soils for management of organiC waste waters. L. F. Elliot 
and F. J. Stevenson (eds.)' Soil society of America,_ American 
Society of Agronomy and ·crop science society of America madison, 
Wis pp. 75-97. 

Khan Samiullah, Deviki Nandan and N. Najarkhan cl982). The mobility of 
some heavy metals through Indian red soils. 
J. Environmental. Pollution, 4: 119-123. 



Kirkham. M. B. (1975).. Trace elements in corn grown on long term 
. sludge-disposal site. Environ. s'ci. Technol. 9:765.768. 

Korte. N. E., J. Skopp. W. H. Fuller, E. E. Neibla & B. A. Alesii (1976) •. 
"Trace element movement in soils: Influence of soil physical 
and chemical properties. " 
SOIL Sci: 122: 350-359. 

Krishnamoorthy K. P., M. K. Abdulappa and A. K. Anwikar (1973). 
Intestinal Parasitic infections associated with sewage farm 
workers with special reference to helminthis and protozoa. 
In: Pro c. Symposium on environmental pollution~ ,Held at 

'CPHERI, Nagpur on Jan. 17-20, 1973 pp. 347-55. 

Lagerw.erff, J. V. , G. T. Biersdorf & D. L. Brower (19.76). 
Retention of Metals in sewage sludge (I) Constituent Heavy 
Metals. J. Environmental Quality. 5: 19-23. 

Lance J. C. (1978). Fate of bacteria and viruses in sewage applied to 
soil. Transactions of the American soc. Agric. Engineers, 
21; 1114-1122. 

Lee. G. F. (197 6). Potential Problem·s of land application of domestic 
waste waters. P. 179-192. 
In land treatment and disposal of municipal and industrial 
waste water. Edited by Hobert L. Sanks and Takashi Asano. 
Ann Arbor Science. 

Leeper G. W. (197 8). Managing the heavy metals on the land. Marcel 
Dekker INC, New York & Basel. 

Leeper G. W. (1972) "Reaction of he~vy Metals with soils. With special 
regard to their application in sewage wastes. " Depart.· of 
Army. corps of Engineering. Washington D. C. , D. A. C. W. -
73-C- 0026. 

Lindsay, W. L. (1973) . Inorganic .reactions of sewage wastes with soils. 
In: Proc. Joint Conf. on Recycling municipal sludges and 
efflue'nts on land .. Nat. Asso. State., Univ. and Land Grant 
College , Washington D. C. pp. 91-96. 



Lindsay. W. L. (1972). Inorganic phase of equilibria ofmicronutrients 
in soils. In: Micronutrients in agriculture, J. J. Mortv.edt .• 
P.M. Giordano and W. L. Lindsay. (eds). soil sci. . soc. Am 
Inc. Madison, Wise. 41-57.. · 

Loehr R. C. (1977) • Land as a waste management alterp.ative., Ann Arbor 
Publisher .. inc. :p. 0. Box 1425. 
Ann Arbor MI 48106, 1977, 811. 

Luckey T. D. and S. Venugopal (1975 ). Toxicity Hormology and safety 
of heavy metals, stutgart publishers. · 

Lund, L. J. , A. L. Page and C. 0. Nelson (1976). "Movement of heavy 
metals be_low sewage disposal ponds." J. Environ Qual •. 
Vol. 5. No.3, 330-334. 

Martin J.P. and D. D. Focht (1977). Biological properties of soil. In soils 
for management of organic wastes and wastes waters. 
L. F .. Elliot and F. J. Stevension (eds) soil sci. soc. of Am • • 

. Am. soc, of Agron. and crop sci. sco~ of Am., Madison, 
'Wis, pp. 156-159. 

Me Bridge~ M. B. and J. J. Blasiak (1979). 
,Zinc. & copper solubility as a function of pH in an acid soil. 

SOIL Science Society American Journal. 43: 866-870. 

Miller R. H. (1974). Factors affecting the decomposition of an anaerobicall 
digested sewage sludge in soil. J. Environmental Quality 
3: 376-380. 

Mishra. R. P. (1965). Factors affecting the reuse of effluents., in 
agriculture: In: Proc. Symp. ·;\Vater Pollution control. 
Vol. 3: 79-87. 

Mosey, F. E., Swanwick J.D. and Hughes D. A. (1971). "Factors affecting 
the availability of heavy metals to inhibit anaerobic digestion". 
Water Pollution Control 70: 668-680. 

NENNAH, M. EL. & T. EL. -KOBBIA (1983}. Evaluation of Cairo-sewage 
effluents for irrigation purpose •. Environmental Pollution 5: 
No.4: 233. (Series B. Chemical & Physical). · 

... 

93 



Okun D. A. & G. Ponghis (1975). Commimity Waste Water, Collection 
an<;} disposal. World health organisation Geneva pp. 211-20. 

Page, A. L (1974). Fate and effect of trac e elements ii:l sewage sludge, 
when applied to the agricultural lands. 

94 

EPA; 670/2-74-·005, PB 231-171/0BA. National Environmental 
Research Centre, Cincinnati Ohio. 

Parker G. R. et. al (1978) . J. Environ. Qual. 7: 337-343. 

Pattersson J. B. E. (1971 ). Metal toxicities arising from industry 
P. 193-207. In: Trace elements in soil and crops. · ministry 
agriculture Fish-Food Tech Bull No.1. 

Piper C. S. (1950). Soil and Plant analysis. Inter Science Publication Inc., 
New York P. 368. 

Quin, B. F. and P. H. Wood (197 8). Surface irrigation of Pasture with treated 
sewage Effluent (I). Nutrient status of soil and pasture No. 7 
J. Agri. ·Res. 21: 419-26. 

Beck, J., F. A. N. dellan and W. IL Van RJwsdijk (1977) • . Phosphate in soils 
treated with sewage ·water: I General information on sewage farm, 
soil and treatment results. J~ Environ. Qual. , 6: 4 .. 7 

Raman, A. S. Sundramoorthy and A. V. Varadarajan (197 3). A study on 
· the treatment of sewage for industrial uses. In: Proc. 

Symp. Environmental Pollution held at CPHERI, Nagpur 
on January 17-19, 197:3, ·pp. 159-65. 

Saar, R. A. and J. H. Weber (1980). Lead (ii). fulvic add complexes, 
conditional stability constants, solubility and implication for ·lead 
(II) mobility. Environ. Sci. Tech. 14: 877-880. 

Santillan-Medrano, J. and Jurina:k J. J. (1975). The Chemistry of lead 
' and Cd in soil - The Solid phase formation. Pr.oc. science 

Soc. American, 39, 851-61. 

Sanks H. L. and T. Asano (1976). Land treatm~·nt and disposal of municipal 
and industrial waste water. Ann A.rbor science Publ. Inc. , Ann 
Arbor, Michigan.p. 310. / · 



Schalscha. E. G .• M. Morales. I. Vergara & A. C. Chang (19 82). 
Chemical fractionation of heavy metals in waste water 
affected soils. 
J. Water Pollution Control Fed. 54: 175-180. 

Scofield. C. S. and L. V. Wilcox (1931). As quoted by R. P. Mishra (1965) •. 
Factors affecting· the reuse of. effluents in agriculture. Proc. 
Symp. Water Pollution Control Vol. 3: 78-87. 

Scofield C. S. (1935). As quoted by R. P: Mishra (1965). Factors affecting 

95 

the reuse of effluents in agriculture Proc. Symp. Water Pollution 
Control Vol. 3: 78-87. 

Scokart P.O •• K .. Meeus-Verdinne and.R. De Borger (1983). 

Sekar T. 

Mobility of heavy Metals in Polluted soils near Zinc 
smelters. Water, air & soil pollution 20, 451-463. 

(19 80) Effect of irrigation of sewage effluents on nutrient 
transformationin soil. M. Phil dissertation (JNU, New Delhi). 

Sekar T. and A. K. Bhattacharya. (19S2). "Effects of sewage effluents 
on carbon & nitrogen mineralization of soiL "Water Treatment 
& utilization" 2, 447-460. · 

Sekar T. (1984) • Effect of the application of sewage effluents on nitrogen 
transformation in a Delhi soil and nitrogen uptake by wheat and 
paddy plants. Ph. D. Thesis (J~U, New Delhi- 67). 

Siddle, R.. C. and W. E. Sapper (1976). Cadmium distribution in forest 
.../ ecosystem irrigated with treated municipal waste water 

and sludge. 
J. Environ. Qual. 5: 419-422. 

Siddle, R. C., J. E. Hook and L. T. Kardos (1976). Heavy Metals application 
"" ·and Plant uptake in ·a land disposal system for. waste water. 

J. Environ. Quality. 5: 97-102. 

Siddle R. C., J. E.· Hook and L. T. Kardos (1977). ;'Accumulation of Heavy Metals. 
in the soils as influenced by extended waste water irrigation. 
J. Water Pollution Control Fed. 49: 311-318. 

. .. 



Siddle, R. c: and L. T. Kardos (1977). Transport of Heavy Metals in 
a sludge - Treated Forested Ar,ea. 
Je Environ. Qual. 6: 431-437. 

Sinha, M. K. 1 S. K. Dhillon, K. S. Dhillon and S. Dyanand (197 8). 
Solubility relation ship of iron, manganese copper and zinc in 
alkaline and calcarious soils. Aust J.Soil Res. 16:19-26. 

96 

Sommers, L. E. (1977). Chemical composition of sewage sludges and analysis 
. - . / 

of their potential us.e as Fertilize,rs. 
J. Environmental Quality. 6: 225-232 

Sposito, G., K. M. Holtzclaw and J. Baham (1976). Analyi;ical properties 
· of the soluble, Metal~ complexing fractions in sludge soil 
mixtures. (2) Comparative structural chemistry of fulvic acid. 
soil sci. soc. Am. J. 40: 691-697. 

Sposito, G, C. S. Levesque, Joseph P. Leclaire a~d A. C. Chang (1983). 
"Trace Metal Chemistry in Acid Zone field soil amended with 
sewage sludge: III effect_ of time on the extraction of Trace Metals". 
Soil Science Society Amer. J. 47:898-902 . 

• 

Spyridakis, D. E. and B. Welch (1976). Treatment process and Environmental 
Impacts of Waste effluent disposal on land. 
In land treatment and disposal of municipal and industrial waste 
water. 
Edited by Hotert L. Sanks. and Takashi Asano. 
Ann Arbor Science. Publisher INC. 

Street, J. J., W. L. Lindsay and B. R. Sabey (1977). Solubi~ity and plant 
uptake of Cd in soils amended with Cd and sewage sludge. 
J. Environ. Qual. 6: 72-77. 

I 
Shuman L. M. (1975 ). The effect of soil properties on Zinc adsorption by 

soils. Soil sci. soc. Ai:n. Proc. 39; 
454-45 8. 

Subbiah, B. V. and G. L. Asija (1956). A rapid procedure for estimation of avai
lable r.nitrogen in soils. Current Science, 25': 259-60. 
In Effect of irriga,tion of sewage effluents on nutrient transformation 
in soil. T. Sekar, M. Phil dissertation (JNU, New Delhi. · 



Swindale L D. and M. L. Jackson (195 6). Genetic process in some ·residual 
podzolized soils of New Zealand. Int. Cong. Soil Sci. Trans. 
6th Paris Frans. E. 233-239. 

Taylor, R. W. and Griffin G. F. (1981). The Distribution of Topically Applied 
Heavy M~tals in the Soil. Plant and Soil, 62: 147-152. 

Tebbut, T. H. (1965). Reuse of sewage effluent in Proc. Symp. water 
pollution control Vol. 3: 88-96. 

97 

Walkey A. (1947). A critical examination of rapidly methods for determining 
organic carbon in soil. Soil Sci. 63: 251-64. In T. Sekar, 
effect of irrigation of sewage effluents o.n nutrients transformation 
in soil. 

Webber J. (1972). Effects of toxic metals in sewage on crops. J. of 
water pollution control fed 71: 404-413. 

Williams. D. E., J. Vilamis, A. H. Pukite and J. E. Corey (1980). 
11 Trace Element Accumulation, Movement and distribution in the Soil 
Profile from massive application of sewage sludge. 11 

. 

Soil Science 129(2), 110-132. 

Wolverton B. C. , R. C. Me Donald and W. R. Duffer (1 9)83). Micro organisms 
and higher plants for waste water treatment. J. Environ. Qual. 
12: 236-242. 


	TH14900001
	TH14900002
	TH14900003
	TH14900004
	TH14900005
	TH14900006
	TH14900007
	TH14900008
	TH14900009
	TH14900010
	TH14900011
	TH14900012
	TH14900013
	TH14900014
	TH14900015
	TH14900016
	TH14900017
	TH14900018
	TH14900019
	TH14900020
	TH14900021
	TH14900022
	TH14900023
	TH14900024
	TH14900025
	TH14900026
	TH14900027
	TH14900028
	TH14900029
	TH14900030
	TH14900031
	TH14900032
	TH14900033
	TH14900034
	TH14900035
	TH14900036
	TH14900037
	TH14900038
	TH14900039
	TH14900040
	TH14900041
	TH14900042
	TH14900043
	TH14900044
	TH14900045
	TH14900046
	TH14900047
	TH14900048
	TH14900049
	TH14900050
	TH14900051
	TH14900052
	TH14900053
	TH14900054
	TH14900055
	TH14900056
	TH14900057
	TH14900058
	TH14900059
	TH14900060
	TH14900061
	TH14900062
	TH14900063
	TH14900064
	TH14900065
	TH14900066
	TH14900067
	TH14900068
	TH14900069
	TH14900070
	TH14900071
	TH14900072
	TH14900073
	TH14900074
	TH14900075
	TH14900076
	TH14900077
	TH14900078
	TH14900079
	TH14900080
	TH14900081
	TH14900082
	TH14900083
	TH14900084
	TH14900085
	TH14900086
	TH14900087
	TH14900088
	TH14900089
	TH14900090
	TH14900091
	TH14900092
	TH14900093
	TH14900094
	TH14900095
	TH14900096
	TH14900097
	TH14900098
	TH14900099
	TH14900100
	TH14900101
	TH14900102
	TH14900103
	TH14900104
	TH14900105
	TH14900106
	TH14900107

