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ABSTRACT

A glasshouse pot experiment was conducted to determine the uptake of heavy metals

by Chinese cabbage (Brassica chniensis), lettuce (Lactuca sativa L.) and cowpea

{Vigiza unguiculatd) from sewage sludge-treated soils. A sandy loam (pH 6.9) and a

loamy sand (pH 7.1) were amended with sewage sludge at rates of 0, 10, 20 and 30

ton/ha (oven-dry weight basis). Total and extractable heavy metals in soils and

sludge, plant materials, vegetable heavy metals concentrations and uptake, were

determined. Results on characterization of the soils and the sludge indicated that the

soils contained small amounts of heavy metals, thus having a low potential for

causing pollution and the sludge had elevated levels of heavy metals. Amendment

with sewage sludge significantly (P=0.05) increased the yields of all vegetables.

Chinese cabbage dry matter yields ranged from 3.34 to 15.89 and 9.83 to 17.09

g/plant for Msimbazi and Mjimpya soils, respectively. For lettuce they ranged from

3.43 to 14.29 and 6.69 to 13.63 g/plant for Msimbazi and Mjimpya soils,

respectively, while for cowpea they ranged from 5.89 to 15.74 and 13.77 to 19.94

g/plant for Msimbazi and Mjimpya soils, respectively. The highest yields were

observed with applications of sewage sludge at 30 ton/ha. The analysis of the edible

parts of vegetables for heavy metals revealed higher uptake of Cd, Cu and Zn by all

vegetable species with increased rates of sewage sludge application. The uptake of

Pb and Cr by the vegetables was low and not consistent with the rates of sewage

sludge application. There were, significant differences between the uptake of heavy

metals by the different vegetable species. DTPA-extractable Cu and Zn

concentrations in post-harvest soil increased significantly with sewage sludge

application rate. However, the increase of DTPA-extractable Pb and Cd was not
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consistent with the rates of application of sewage sludge. Chromium was not

detected in the post harvest soil. Vegetables grown in amended soils showed higher

N and P concentrations than control plants. The results indicate that there should be

close monitoring over the use of the sludge for edible crop production.
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CHAPTER ONE

1.0 INTRODUCTION

Urban agriculture in Tanzania is widely carried out by people of different socio­

economic status. The poor urban households in most Tanzanian cities and towns

meet about 33 percent of their food needs tlirough urban agriculture (Sanyal, 1986).

In 1991, urban agriculture in the city of Dar es Salaam represented 5 percent of the

informal sector enterprises (United Republic of Tanzania, 1991).

Urban agriculture in towns and cities can contribute to waste management and

improvement of the environment. In Dar Salaam, for example, haphazardes

dumping of solid wastes has been reduced, as they are used to fertilize vegetable

gardens (Mlozi, 1995). Such wastes include sawdust, rice husks, remnants of

(FYM), and chicken Additionally, forvegetables, farmyard manure manure.

Morogoro gardeners, tobacco waste is currently being utilized.

Sewage sludge is the product of waste water treatment plants where sewage (and

sometimes industrial wastes) is processed (Tan, 1994). Production of sewage sludge

from wastewater treatment plants (oxidation ponds) is increasing in towns and cities

of developing countries including those of Tanzania.

The possible use of this kind of organic waste is under constant review in developed

countries because further degradation of the environment must be prevented and

because their use as organic amendment would involve important savings in the use
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of nitrogen, phosphorus and, to a lesser extent, potassium -based inorganic fertilizers

(Moreno et al., 1997). Peter and Carl (1990) found out that application of waste

materials to agricultural land presented an opportunity for the recovery of essential

plant nutrients. Most agricultural and sewage wastes contain valuable nutrients that

could be recycled back onto the land in order to improve soil fertility and increase

the sustainability of fanning systems (Cameron et al,9 1997).

However, depending on the origin and composition, sewage sludge may contain

variable amounts of toxic metals in addition to beneficial nutrients. Conway and

Pretty (1991) stated that one of the major sources of land pollution was sewage

sludge. Long-term application of sludge could result in heavy metal accumulation.

Behaviour of heavy metals in soil from long-term application of sludge (Chang et

1984; Dowdy et al., 1991; Chino et al., 1992), the availability of heavy metals from

sludge-amended soil (Hue et al., 1988; Kim et al.9 1988; Hooda and Alloway, 1993;

Berti and Jacobs, 1996) and the relationship between the contents of soluble heavy

metals and pH (Smith, 1994; Evans et al., 1995) have been investigated. The reports

indicated that long-term application of sludge resulted in accumulation of heavy

metals including Cd, Zn and Cu in soils and absorption of the metals by plants.

Plants grown in contaminated soil may absorb these metals. The most serious

consequences appear fi*om use of largely untreated effluent and wastewater for

imgation, particularly for vegetables and salad crops such as amaranths, swisschard,

lettuce and spinach (Shuval et al.t 1986). So far, very few studies on uptake of heavy

metals by vegetables from sewage sludge-treated soils have been carried out in
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Tanzania. In a recent study, Matemba (2001) showed that uptake of heavy metals by

amaranth (Amaranthus hybridus) increased with increasing rates of sewage sludge

application; but the contents of the hazardous elements, except for Cd, were below

toxic levels even at the highest application rate (i.e. 60 ton/ha). This was however

based on a single application.

In an earlier survey on heavy metal contents of vegetables sold in Dar es Salaam,

Othman and Behemuka (1996) observed high levels of heavy metals beyond

permissible levels set by World Health Organization (WHO). Chinese cabbage, for

example, had 0.61-0.66 mg Cd/kg (against the standard set at 0.5 mg/kg) whereas

African spinach {Amaranthus spp.) had 0.59 mg Cd/kg (against the permissible at 0.5

mg/kg). These vegetables were grown at Sinza and Buguruni Malapa-Relini in the

Dar es Salaam City on soils enriched with city wastes.

Groundwater contamination by heavy metals from sludge is another possible threat

of applying sewage sludge to land. However, the contamination is dependent on the

chemical characteristics of the sludge and properties of the soil, and the depth to the

water table. Mcbride et al. (1997) noted that large fractions of certain heavy metals

applied tlirough sludge amendment are able to re-distribute and move out of the soil

surface by physico-chemical or biological processes thus increasing the potential for

groundwater and surface water contamination. The greatest potential contamination

would be where a shallow water table occurred beneath a sandy soil with low organic

matter content.
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Sandy soils usually warmer and better aerated than fine- textured soils andare

therefore permit more rapid decomposition of organic matter (Troeh and Thompson,

1993). Due to their inherent properties, these soils are preferred to clay soils for the

cultivation of vegetables. Therefore, if used, sewage sludge would continue to be a

long-term source of pollution of crops grown on such soils.

Regarding disposal, a variety of industrial and domestic waste products are currently

causing concern. The increased volume of sewage produced in towns and cities of

our country due to increased population and the expansion of industrial activities has

created and it will continue to create problems of enormous magnitude, unless

deliberate efforts are taken to curb the situation. In Tanzania, the principle methods

of sludge disposal are landfill, incineration, agricultural land application and disposal

at sea.

Agricultural application of sewage sludge is increasingly becoming a common

practice for both practical and economic reasons, as it provides an alternative means

fbr its disposal, especially in urban areas. There is, however, very little information

on the utilization and effects of sewage sludge in urban gardening in Dar es Salaam

and other cities in Tanzania. There is a need, therefore, to document the occurrence

and effects of heavy metals in sewage sludge as related to safety of crops grown on

sludge-amended soils.
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The overall objective of this study was to investigate the influence of sewage sludge-

treated soils on heavy metal uptake by Chinese cabbage, lettuce and cowpea, which

are the most widely, consumed leafy vegetables in urban and peri-urban areas.

The specific objectives were:

To assess the public acceptance of sludge and its utilization in gardening in

Dar es Salaam and Morogoro.

To assess the potential fertilizer value of sewage sludge obtained from the

Mikocheni oxidation ponds in Dar es Salaam.

iii. To determine the concentration of heavy metals in sewage sludge from the

Mikocheni oxidation ponds in Dar es Salaam.

To determine the uptake of heavy metals by different vegetables grown oniv,

sewage sludge-treated soils.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Chemical composition of sewage sludges

Sewage sludge contains significant concentrations of nutrients particularly nitrogen

phosphorus and other plant nutrients, and is recognized as having considerable

potential as a fertilizer material and soil conditioner (Smith, 1996). The potassium

content of all sludges is low and not sufficient to make any significant difference to

the recommended quantities of fertilizer K necessary for most cropping situations.

Organic matter is also a valuable component of sludge, which can be recycled.

of sulphur (S) for crop growth,Sewage sludge also has a potential as a source

providing additional potential benefits to agriculture in where atmosphericareas

deposition of S has declined and crop deficiencies are possible. Furthermore, sludge

can supply a number of other nutrients (e.g. Mg, Ca, Zn and Cu) but their importance

will depend on whether these are deficient in the soil. Therefore, the nutrient content

of sewage sludge makes it attractive as fertilizer, hence a likely source of plant

nutrients to vegetables and other crops.

Besides the benefits accrued from the utilization of sludges, their use on cropland is

constrained by the presence of heavy metals. Metals and trace elements may persist

in the soil indefinitely and may be absorbed by growing plants in a wide range of

quantities to affect the health of plants and/or consumers (Adam et aL, 1989).
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Moreover, the range of hazardous organic chemicals known to exist in sewage sludge

is extensive and diverse and these compounds are potentially transferred to sludge-

amended agricultural soils. The occurrence, fate and potential impact of trace organic

contaminants in sewage sludge and sludge treated agricultural land have been

extensively reviewed by Lester (1983).

2.2 Heavy metal contents of industrial and domestic wastes

Industrial wastes generally include wastes generated in any process of industry,

manufacturing, trade or business and mining activities; while domestic wastes that

require disposal are sewage and solid wastes (Cameron et al., 1997). Heavy metals

are present in these waste materials. Sewage sludge is probably the major source, but

other wastes such as tannery effluents, pulp and paper sludge, landfill leachate, and

piggery wastes can also contribute to heavy metal accumulation in soil (McLaren and

Smith, 1996; Cameron et al.t 1997).

The disposal of urban and industrial wastes can lead to soil pollution from the

deposition of aerosol particles emitted by the incineration of metal-containing

materials. For example, the careless (or unauthorized) dumping or disposal of metal­

containing items, ranging from miniature dry cell batteries to abandoned cars and car

(e.g. Ni, Cd and Hg) concentrations in soils (Alloway, 1990).

components @.g. Pb-acid batteries) can give rise to small areas of very high metal
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Furthermore, the disposal of some domestic wastes by burning on garden bonfires or

burial in the garden can also result in localized but anomalously high concentrations

of metals, such as Pb, in soils used for growing vegetables.

Certain animal wastes produced in agriculture also have the potential to cause metal

contamination of the soil. Although most manure are seen, quite rightly, as valuable

fertilizers, pig and poultry wastes may contain Cu and Zn added to diets as growth

promoters (Chaney and Oliver, 1996). The manure produced from animals on such

diets contains high concentrations of Cu and/or Zn, and can cause considerable build

up of these metals if applied on the soil (McGrath et al.、1982).

A comparison of heavy metals between different inputs show that farm yard manure

(e.g. Cu-content in pig slurry resulting from fodder supplement) deposits heavy

metals in the soil in the same order of magnitude as bio-compost or sewage sludge. It

is clear from the above review, therefore, that substantial amounts of the wastes

produced in urban and industrial areas provide the most likely sources of heavy metal

contamination when applied to soil.

2.3 Build-up of heavy metals in soils upon addition of sludges

The application of sewage sludge to agricultural land causes retention of heavy

metals in soil. Heavy metal pollution can affect all ecosystems in the environment

but its effects are long lasting in soils due to the relatively strong adsorption of many

metals onto the humic and clay colloids in the soils (Chang et al., 1984; Alloway and

Ayres, 1993).
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In most soils, heavy metals are highly immobile and only a small percentage of the

total content of metal in a soil is removed through crop uptake, leading to residence

times of the order of hundreds to thousands of years (McGrath, 1987). For example,

first half-lives of Cd, Cu, and Pb are in the range 15-1100 years, 310-1500 years and

740-5900 years respectively, depending on the soil type and their physico-chemical

parameters.

Studies the changes in the bioavailability of heavy metals with time haveon

generally shown that high concentration of many metals remain available for several

years after application of sludge (Alloway and Jackson, 1991). McGrath and Lane

(1989) reported that-more than 80% of toxic metals added to soil were still present 25

years after sludge application. In another study, McBride et al. (1997) reported that,

the Zn and Cd remaining in the top soil (pH 6.5-7.0) after 15 years of sludge

plant available, indicated byapplication uptake andaswas excess severe

phytotoxicity symptoms in vegetable crops.

Brallier et al. (1996) studied the plant metal uptake from sewage sludge amended

soils applied 16 years previously with a rate of 500 t/ha and found that, metals were

still available for plant uptake. Furthermore, Goto et al. (1997) reported that most of

the Zn applied to the soil remained in both surface and middle soil layers 19 years

after the application of the sludge to the field.

During recent years it has been realized tliat heavy metals from industrial effluents

can accumulate in sewage sludge and constitute a hazard if taken-up by crops



growing on sludge-treated soils. Copper and Zn are two metals that are consistently

added to soils in increasing quantities in the form of fertilizers, pesticides, livestock

manures, sewage sludges and industrial emissions (Adriano, 1986).

Cadmium, being highly soluble than other heavy metals, is a frequentlymore

detected contaminant nickel, copper and molybdenum (Tan, 1994).as are

Contamination of soils with metals can arise directly as a result of the active disposal

of wastes onto land, or indirectly as a result of some other agricultural, industrial or

human activity (Merry and Tiller, 1991).

2.4 Factors affecting the behaviour of heavy metals in soils

Four attributes namely pH, organic matter content, soil texture and the content of

sesquioxides are commonly used for evaluation of element adsorption in soils

(Sommers et al.t 1987; McLaughlin et aL, 1996; Towers and Paterson,. 1997). Msaky

and Calvet (1990) reported that retention of heavy metals by soils depended on

factors such as the nature of the mineral and organic constituents, the nature of the

metal, the composition of the soil solution and the pH.

It is deemed necessary, therefore, to briefly review the connection between the total

metal content and the concentration in the soil solution in relation to major soil

parameters such as pH, soil organic matter content (SOM), CEC and secondary

minerals.
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2.4.1 Soil pH

Most heavy metals become quite insoluble in soils of about pH 6 or higher. With the

exception of Mo, Se and As, trace element mobility decreases with increasing soil

pH due to precipitation insoluble hydroxides, carbonates and as organicas

complexes (Kiekens, 1984). Therefore increasing pH by liming reduces the

absorption of heavy metals by plant roots. Adsorption onto clay minerals and organic

matter is also raised by increasing soil pH value (Kiekens, 1984).

Hooda et al. (1997) observed that soils with non-acidic pH and clayey texture tended

to achieve better control of metal accumulation in food plants compared to those with

an acidic reaction and a coarse texture. In their study, the results showed that liming

soils to pH 7 effectively reduced the metal contents in carrots and spinach. Tisdale et

al. (1993) pointed out that, when Cd is the main concern, sludge should be applied

only to soils of pH 6.5 or above, and the maximum allowable rate for crops must not

exceed 2.0 kg/acre.

A combination of CEC and pH probably takes into account a large part of the

variability in the metal sorbing properties of the soil. In most soils, the organic matter

and clay content contribute to the CEC of the soil (Stevenson, 1994).

2.4.2 Cation Exchange Capacity

Cation exchange capacity is recognized as one of the soil properties controlling the

retention and toxicity of metals in sludge-treated soils (Logan and Chaney, 1983).



other soil factors including pH,However, soil cation exchange is dependent on

organic matter content and soil texture (Brady, 1990).

Research has shown the link between soil CEC and metal bioavailability as a tenuous

For example, Latterel et al. (1976) reported that uptake of Cd, Zn, Cu, Cr andone.

Pb by soybean shoots remained constant as the soil CEC increased. When stepwise

multiple regression analysis was applied to the accumulation of Cd by vegetables

grown on contaminated soils, Alloway et al. (1990) showed that CEC was only

important fbr two soils out of nine probably because of their higher organic matter

content since in each case these had been treated with sewage sludge.

Furthermore, Sommers et al. (1987) stated that the relationship between CEC and

metal uptake from sewage sludge-amended soils had not been conclusively

demonstrated under field conditions.

2.4.3 Organic matter

The relationships between heavy metals and organic matter can act in two opposite

directions, increasing the solubility of the former contributing to theiror

immobilization. Manunza et al. (1995) have studied the formation of soluble

complexes of several metals with dissolved humic or fiilvic acids. Organic matter

present in some residues added to soils is likely to have complexing properties

similar to those observed in humic substances and some evidence exists of the

mobilizing effect of such residues. Evans et al. (1995) concluded that the retention
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and mobility of toxic elements in soils receiving sewage sludge depend upon the

content and nature of the organic fraction of the sludge.

Colloidal organic matter has a strong affinity for heavy metal cations, and the

retention of added metals is often well correlated with the amount of soil organic

increases with increase in soil organic matter (Stevenson, 1991). The strong affinity

of organic matter for heavy metal cations is due to ligands or groups that form

chelates and/or complexes with the metals. The functional groups include carboxylic,

phenolic, alcoholic and enolic-OH, and carbonyl (、C=O) structures of various types

(Stevenson and Ardakani, 1972).

2.4.4 Secondary minerals

considered very important adsorbents because of their highClay minerals are

combined with the structural- and pH- dependent chargespecific surface area

their surfaces. Silicate and oxide minerals can lower heavy metaldeveloped on

solubility and extractability in contaminated soils, although their efifectiveness at low

soil pH is less than that of organic matter for some metals (Eriksson, 1989).

Heavy metal cations take part in exchange 'reaction' with negatively charged

surfaces of clay minerals as set out below:

In acidic soils the reaction is largely reversible and at about pH 5.5 some of the

not much stronger competitors than Ca forheavy metals, notably Cd2+, are

matter. For example, the adsorption of cationic metals such as Cd2+, Zn2+and Cu2+

Clay-Ca + M2+ h Clay- M + Ca 2+
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adsorption by inorganic colloids. However as the pH increases above 5.5, adsorption

increases abruptly and with many of the metals the reaction becomes partly

irreversible i.e. the metal ion cannot be exchanged against, for example NH/ or NaL

2.5 Crop response to applied sewage sludge

The response of crops to sewage sludge is at least equal to the response to

commercial fertilizer in the first year after application and may be somewhat greater

in subsequent years because of residual effects of the added plant nutrients (Tisdale

et al., 1993). Good crop response, in particular higher barley grain yield and quality

were obtained by applying sludge cake for all five years of cropping (Christie and

Lindsay, 1997).

In their study, Weir and Allen (1997) showed that the yields of tomato and mustard

low pH, compacted silt-loam soil,{Brassica junced) plants, grown wereon a

generally significantly higher in plots treated with composted sewage sludge and

composted yard wastes at 50t/ha each, than in plots receiving applications of

commercial NPK fertilizer at 2.2t/ha. Sludge could have been a conditioner and

effects were more due to amelioration of physical properties of the soil.

In another study undertaken to study the effects of sewage sludge and phosphate on

wheat yield, nutrients content and soil fertility status in an alluvial soil, Gupta et al.

(1989) observed a complementary effect of sewage sludge on nitrogen uptake by

wheat.
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living systems.

Transfer of potentially toxic heavy metals from soils into shoots of higher terrestrial

plants is typically low compared to those of macronutrients (Adriano, 1986).

Typically, uptake of metals occurs from soil solution and particle surfaces (Sposito,

1989) but uptake from less soluble phases e.g. silicates, metal oxides and carbonates

is probably kinetically limited.

There have been many studies examining the uptake of metals by plants, which show

that for a given soil, the rate of metal absorption increases as the concentration of

metal in the soil increases. In soils with low level of metal contamination, a linear

correlation between the concentration of Cd and Zn in a given soil and their

concentration in plants was frequently observed (Iyengar et al・, 1981; King, 1988;

Zhao et al., 1997).

However, metals added to the soil in wastes are rarely present on their own as simple

wide range of metals whichsalts; for example, sewage sludge contains area

bound strongly by the sludge solids, thus reducing theiradsorbed by or

phytoavailability (Chaney, 1994).

Nevertheless, a more complicated relationship has been found when the uptake of Cd

and Zn by plants growing in a soil treated with a wide range of metal concentrations

is quantified. For example, Christensen and Tjell (1984) showed that while the

uptake of Cd by six different crop plants increased linearly with metal concentration

2.6 Uptake of metals by plants, entry into the food chain and their effects on
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in the soil at concentrations of Cd in the soil less than 4 mg/kg, the uptake of Cd by

the plants was independent of the metal concentrations when the concentration of Cd

in the soil was greater than 5 mg/kg.

Dowdy et al. (1978) reported that the concentration of Zn and Cu in bean leaf tissue

increased with amount of metals supplied to soil through additions of sludge, until

they reached

concentrations of the metals.

There are several mechanisms, which may act simultaneously, that could explain the

observation that plant uptake of metal increased with increasing soil metal

concentration until it reached a maximum and thereafter was independent of the total

concentration of metal in the soil.

Firstly, in soils which have received inputs of metals a result of repeatedas

applications of sludge, there is evidence to suggest that the chemistry of the sludge

may be important in controlling subsequent metal availability in the soil (Corey et

aL, 1987). This is because sewage sludges typically contain a large proportion of

organic and amorphous oxide components, which have a high capacity for specific

sorption of metals. Secondly, precipitation reactions could limit metal solubility

(Christensen and Ijell, 1984; Mahler et al.t 1978).

a maximum concentration which did not respond to higher
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Moreover, other factors in soil have been shown to influence the uptake of heavy

metals by plants. For example, Hinesly et al. (1984) reported decreased uptake of

heavy metals by plants with increased pH.

Although metal concentrations in plants can be increased by additions of metals to

soils, the uptake of most elements tends to be somewhat limited, such that humans,

livestock and wildlife may not always be at any chronic risk from metals in the soil

(Chaney and Oliver, 1996).

Plant uptake is one of the m甫or pathways by which sludge-bome heavy metals enter

the food chain. On the other hand, plant availability of heavy metals differs widely

among crop species. For example, the accumulation of Cd, Cu, Ni, Pb and Zn in

wheat, carrots and spinach grown on soils previously amended with sewage sludge

differed greatly in each crop (Hooda et al., 1997).

In their experiment, Tirmizi et al. (1996) showed that cucumber took up the most Pb

(48.57 mg/kg) and chillies (Capsicum) took up the most Ni (108.57 mg/kg) and they

concluded that for a given vegetable, uptake dependent on soil metal ionwas

concentration. Generally leafy vegetables may have higher potential ofa

contamination in human nutrition. Some studies have shown that heavy metal

contents in crops decreased in the order: roots>stems (leaves)>assimilant storage

organs (IFin, 1991).
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Of all the metals present in wastes, it is Cd that has received the most attention

regarding its potential passage into the food chain. This is because Cd is readily

bioavailable for plant uptake in sludge -treated soil (Vigerust and Selmer-Olsen,

1986). Cadmium can accumulate in the edible portions of crop plants to levels which

could potentially be injurious to humans, if consumed for long periods of time and in

large quantities, whilst having no apparent detrimental effects on crops themselves

(Chaney and Oliver, 1996). For the general population the main exposure to Cd is via

food and vegetable products (cereals, bulb crops and leafy vegetables).

Furthermore, contaminated soil can be ingested directly by grazing animals. The soil

ingestion pathway was recognized as one of the pathways for risk assessment for

potential transfer to humans and livestock of contaminants in sewage sludge-treated

soils (Chaney and Oliver, 1996).

It has been demonstrated that elevated metal concentration can reduce soil microbial

biomass levels, inhibit N2 fixation by both free-living and symbiotic organisms, and

reduce certain enzyme activities such as urease and phosphatase (Tyler, 1981; Baath,

1989; McGrath, 1994).

There is contradictory evidence relating to the effects of metals on soil biological

activity, particularly when the metals are present in sewage sludge (Smith, 1991).

Some studies have shown that applications of metal-containing sewage sludge to

land can have deleterious effects on soil micro-organisms, particularly after sludge
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application has ceased and the organic matter content of the soil has declined

(Brookes and McGrath, 1984; McGrath et al., 1988; Giller et al., 1989).

2.7 Phytotoxicity of heavy metals due to use of sewage sludge.

Experiments investigating phytotoxicity due to application of sewage sludge have

been reported (Johnston et al.. 1983; Chang et aL, 1992; Berti and Jacobs, 1996), but

generally only where relevant application rate guidelines had been exceeded. This is

because at lower levels of sludge application the amount of heavy metals taken up by

the plants is almost in the same range as that of in the heavily fertilized plots.

evidence of Cu or ZnFor example, Johnston et al. (1983) observed little or no

toxicity in a field trial from single applications of up to 213 kg Cu/ha and 1610 kg Zn

/ha in sewage sludge. Furthermore, Hytin et al. (1998) reported results from a field

trial in California where cumulative loading of 1370 kg Cu/ha, 10234 kg Zn/ha and

720 kg Ni/lia in sewage sludge had no effect growth of Swisschard (Betaon

vulgaris), lettuce (Lactuca sativa), radish {Raphanus sativus ), turnip (Brassica rapa)

and can,ot (Dancus carrot a).

At high concentrations, therefore, heavy metals can be phytotoxic and may result in

reduced growth and/or enhanced metal concentrations in plants. Studies described by

Purves (1985), showed that addition of metal salts resulted in decreased plant growth

or complete plant death.
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Chang et al. (1992) pointed out that yield reduction is the most important measure of

phytotoxicity for agronomic species, since it affects the profitability of crop

production and may therefore limit the utility of land. Under field conditions yield

reductions (25%) may be observed at leaf tissue concentrations of 500mg Zn/kg, 20-

40 mg Cu/kg and 50-100 mg Ni/kg (dry matter) (Logan and Chaney, 1983).

Smith (1996) reviewed the literature on the phytotoxicity of sewage sludge-bome

heavy metals, and concluded that phytotoxicity has only been observed in glasshouse

pot or field trials when high-metal sewage sludge have been applied at high loadings,

for example higher than 150 t/ha, to soil or when soils are acidic (pH water <5.5).

From an earlier review of literature on heavy metal toxicity to vascular plants

Pahlsson (1989) concluded that the upper critical leaf concentrations of Zn and Cu

affecting growth in most species were in the range 200-300 mg Zn/kg and 15-20 mg

Cu/kg (dry matter).

From the above review it can be noted that, it is difficult to establish a good

relationship between phytotoxicity and sewage sludge metal content. This is due to

the variety of reactions that heavy metals undergo in soils and the range of soil

characteristics that can mitigate plant uptake of metals from soil.
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2.8 Remediation of polluted soils and sewage sludge

pose a serious health threat toSoils that are contaminated with trace metals can

living organisms (humans included), therefore reliable remediation techniques are

required for site clean-up.

Washing-based techniques may be a practical approach to soil remediaton , provided

that the solubilization of metals can be dramatically increased and, the flow of the

mobilized metal contaminants in the drainage water (the leachates) can be adequately

controlled. Since trace metals are sparingly soluble and occur predominantly in a

sorbed state (Dowdy and Volk, 1983), washing of soils with water alone would be

expected to remove too low an amount of metals to be adopted to clean up

contaminated sites. To increase metal solubility and raise the concentration of cations

in the leachates, chemical agents have to be added to the washing water (Davis and

Singh, 1995).

In a study by Tejowulan and Hendershot (1998) to develop a technique to remove

Cd, Cu, Pb and Zn from contaminated soils by means of washing the soils with HC1

and ethylene diamine tetraacetic acid (EDTA) solutions, acid washing with 1x10"3M

HC1 was found to be ineffective in removing trace metals from the soils. In contrast,

the extraction with EDTA at a low concentrations (6.84x10-4, 1.37xl0'3 and 2.74x1 O'

3M) removed large amounts of metals. In another procedure to remove metal-EDTA

complexes from the leachates using anion exchange resin, 99% of the Cd, Cu and Zn,

and 93% of the Pb were recovered from the soil.
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In situ stabilization of metals, is another way of remediating polluted soils. It renders

the metals immobile and reduces the risks of ground water contamination, plant

uptake and exposure to other living organisms (Boisson et al.t 1999). Additives to

the soil can achieve in situ stabilization of metals. Laperche et aL fl 996) showed that

application of synthetic hydroxyapatite (HA, Caio(P04)6(OH)2)led to immobilisation

of Pb in contaminated soils.

Therefore, remediation of soils is deemed important to curb the continued pollution

of soils due to anthropogenic sources such as addition of sewage sludge to soils and

the contamination of soils by heavy metals inherited from the geological parent

materials.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Sewage sludge sampling

Sewage sludge was collected from the oxidation ponds of the Mikocheni area in Dar

es Salaam city. The sludge was sun-dried, ground and sieved to pass through a 2mm

sieve for chemical analyses and through a 6mm sieve for mixing with the soil for the

pot experiment.

3.2 Soil sampling

Composite soil samples were obtained from sites along Msimbazi valley in Dar es

Salaam located at 06°49'03.5”S and 39°15'14.8”E and; Mjimpya area in Morogoro

located at 06°49'0.8''S and 37°40'18.3"E where vegetables are grown. Mjimpya soil

was taken from undisturbed (non cultivated) places in a stretch of land used for

vegetable growing along Morogoro River and adjacent to Kaloleni Primary School in

Morogoro Municipality. The soil was Dystric Fluvisol (FAO-UNESCO) or Fluvents

(US Soil Taxonomy) as described by Msanya et al. (2001). The same procedure was

adopted to collect soil samples from Msimbazi valley, a Dystric Fluvisol (FAO-

UNESCO) or Psamments (US Soil Taxonomy) as described by Msanya and Kileo

(2000), close to Kawawa road and along Msimbazi River.

From each of tlie two sites, soil samples were collected from various points to a

depth of 20 cm and thoroughly mixed to constitute a composite soil sample. The soil

samples were air-dried, ground and sieved to pass through a 6mm sieve for the pot

experiment and through a 2mm sieve fbr laboratory analyses.
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3.3 Soil analysis

3.3.1 Soil pH

The soil pH was measured using a ratio of 1:2.5 (weight: volume) soil: water

suspension. Ten g soil samples were mixed with 25 ml water. The mixture was

shaken for 30 minutes on a reciprocating shaker and the pH determined using the

glass electrode (Thomas, 1996).

3.3.2 Organic carbon.

Organic carbon was determined by the wet digestion method of Walkley-Black

(Nelson and Sommers, 1996). One g soil samples were weighed and mixed with 10

ml IN KzCnO? and 20 ml concentrated H2SO4 to oxidize the organic matter. The

flasks were allowed to stand fbr 30 minutes when 200 ml of distilled water were

added. One ml diphenylamine indicator solution added and the excesswas

dicliromate titrated with 0.5M ferrous ammonium sulphate to deep green colour

which marks the end point. The amount of dichromate reduced was a measure of

organic carbon content in the soils after multiplying it with 1.33 as recovery factor.

3.3.3 Particle size analysis

Particle size analysis of the soils was determined by the hydrometer method as

described in the National Soil Service (1987) laboratory procedures for routine soil

analysis. Fifty g air-dried soil samples were weighed into 250 ml polyethene bottles

and mixed with 50 ml of the dispersion agent (5% sodium hexametaphosphate

solution). Distilled water was added to about 200 ml and left to shake overnight with

the bottles in a horizontal position in a reciprocating shaker, at 150 revolutions per
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minute (r.p.m). The suspension was transferred to sedimentation cylinders and the

volume of mixture made to one litre with distilled water. Hydrometer readings were

taken and the relative size proportions calculated.

3.3.4 Total N, available P, CEC and exchangeable bases

Total nitrogen was determined by micro-Kjeldahl digestion method (Bremner and

Mulvaney, 1982). Available phosphorus was determined following the Bray and

Kurtz 1 procedure (Olsen and Sommers, 1982). Cation exchange capacity (CEC) was

determined by the ammonium acetate saturation method (National Soil Service,

1987). The amount of exchangeable bases (K, Na, Ca and Mg) in the ammonium

acetate extract was determined using the Pye Unicam 919 Atomic Absorption

Spectrophotometer (AAS).

3.3.5 Total heavy metal contents of the soils

Aqua regia extractable Cd, Cu, Cr, Ni, Pb and Zn, as estimates of total metal

contents, were determined according to the procedure developed at the Department

of Soil Sciences, Agricultural University of Norway (Jeng and Bergseth, 1992). Two

g soil samples were weighed into conical flasks. Twenty ml of freshly prepared aqua

regia were added. The flasks were covered with watch glasses with cold water on the

top (for cooling and condensation of aqua regia vapour). The mixtures were left

overnight and then very gently refluxed for 2h. After careful evaporation at very

moderate temperatures the dry residues were warmed with 10 ml of cone. HNO3 and

made up to 100 ml with distilled water to make a matrix of 10% HNO3.
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The mixtures were filtered through Whatman No. 42 filter paper. The metal contents

of the filtrate were determined by AAS, using appropriate standards with the same

matrix as that of samples (i.e. 10% HNO3).

3.3.6 Extractable heavy metal contents of the soils

Cadmium, Cu, Cr, Ni, Pb and Zn were extracted by the DTPA method of Lindsay

and Norvell (1978). The extracting solution was composed of 0.005M DTPA, 0.01M

shaken with 40mls of the extractant for two hours. The suspension was filtered

through Whatman No. 42 filter paper. The elements in the soil extract were

determined by AAS as for total metal contents.

3.4 Analysis of sewage sludge

3.4.1 pH of sludge

determined using 1:5.0 (weight:volume) sludge:water suspensionThe pH was

(Cottenie et al., 1982 ). Ten grams sludge samples were mixed with 50 ml water. The

mixture was shaken for 30 minutes on

determined electrometrically, using the glass electrode.

3.4.2 Organic carbon

The same procedure as that for the determination of organic carbon in soil samples

(section 3.3.2) was used, except that 0.1 g sludge was weighed.

a reciprocating shaker and the pH was

CaCh and 0.1M triethanolamine adjusted to pH 7.3. Twenty g soil samples were
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3.4.3 Total N, total P and total bases

determined by the semi micro-Kjeldahl digestion methodTotal nitrogen was

(Bremner and Mulvaney, 1982) as was the case with that of soils (section 3.3.4).

However for total P and the bases, dry ashing of sludge was done. A 1.5 g sample of

sludge was weighed and placed in a muffle furnace and ashed fbr 3 hrs at 550°C.

After cooling 10ml 6N HC1 were added and mixture filtered though Whatman No.

42 filter paper. The filtrate was made to volume (i.e. 50 ml) using deionized water.

From this filtrate, phosphorus, calcium and magnesium were determined by AAS

whereas potassium and sodium were determined using flame photometry.

3.4.4 Total heavy metal contents of sludge

Aqua regia extractable Cd, Cu, Cr, Ni, Pb and Zn, as estimates of total metal contents

in sludge, were determined as fbr soils (section 3.3.5).

3.4.5 Extractable heavy metal contents of sludge

Cadmium, Cu, Cr, Ni, Pb and Zn were extracted by the DTPA method of Lindsay

and Norvell (1978) as described fbr soils.
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3.5 Pot experiment

A pot experiment was conducted for 42 days (6 weeks) in a screenhouse at SUA,

Morogoro. The two soils collected from Msimbazi valley area in Dar es Salaam and

Mjimpya area in Morogoro were used for the pot experiment. Six kilograms of each

soil were weighed into six-litre plastic pots. The pots had drainage holes at the

bottom to avoid waterlogging of soils in the pots.

For each soil, four sewage sludge rates were used i.e. 0, 10, 20 and 30 t/ha

corresponding to 0, 5.3, 10.5, and 15.8 g/kg soil. Three vegetable species, namely

Chinese cabbage (Brassica chinensis), cowpea (Vigna unguicidatd) and lettuce

(Lactuca sativa.L^ were used. There were three replications in each treatment and all

pots were arranged in a completely randomized design (CRD). Moisture content of

the soils was maintained at field capacity by daily application of distilled water to

replenish that lost due to evapotranspiration.

3.6 Plant harvesting and analysis

3.6.1 Plant harvesting

On the 42nd day, the Chinese cabbage, cowpea and lettuce were cut at soil level using

and leaves were harvested separately. .The harvested plants were washed with

distilled water to remove soil particles, and dried in a forced -air oven set at 70°C to

weighed and dry matter yieldconstant weight. The dried plant materials were

obtained. They were ground with a hammer mill prior to analysis for heavy metals

and other elements.

a knife. All leaves of Chinese cabbage and lettuce were harvested. For cowpea, stems
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3.6.2 Determination of total plant Cu, Cr, Cd, Pb and Zn concentrations

weighed into a digestion tube. To the

digestion tube 5 ml of 68% HNO3 were added using a measuring cylinder (Moberg,

2000). The mixture was left to stand overnight. The digestion tubes containing the

mixtures were placed in a digestion block and the temperature was set at 125 °C and

the sample digested for one hour. The samples were allowed to cool and 5 ml of 30%

H2O2 were added and heated to about 70 °C on the digestion block until the reaction

stopped. The addition of 5 ml 30% H2O2 was repeated until the digest turned

colourless. The digests were fiirther heated on the digestion block at a temperature of

180 °C almost to dryness. The digestion tubes were removed from the digestion

block and allowed to cool. To the digestion tube, 10 ml 10% HNO3 were added and

the mixture quantitatively transferred into a 50-ml volumetric flask and filled to the

mark using distilled water. Cadmium, Cr, Cu, Pb, and Zn were determined using

AAS.

3.6.3 Determination of total plant N, P, Ca, Mg, and K concentrations

Total N was determined by semi micro-Kjeldahl digestion followed by distillation

(Bremner and Mulvaney, 1982). 0.2g of plant sample was digested with 20 ml of

cone. H2SO4 in the presence of K2SO4, Cu, H2SO4 and selenium powder as catalyst,

.mixed together and swirled in the digestion tube. The tubes were then placed in the

digestion block and heated at about 360°C until the digest was pale green. The tubes

were then removed from digestion block and allowed to cool, followed by addition

of 50 ml of distilled water, while swirling. Twenty ml of 4% boric acid indicator

solution were measured into conical flasks and placed under the condenser tube tip.

0.5g of the finely ground plant sample was
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The digest was distilled after adding about 50 ml of 40% NaOH. The liberated

ammonium was collected in 4% boric acid-mixed indicator and then the distillate

One blank was included for each set of detennination. The titre was used to calculate

the total N of the soil sample. The digest (section 3.6.2) was used for the

determination of P, Ca, Mg, and K. Potassium, Ca and Mg in the digest were

analyzed using AAS while phosphorus was determined colorimetrically after a series

of dilutions.

3.7 Questionnaire administration

used to gatherA short unstructured questionnaire (Appendix 1) somewas

information concerning the availability, acceptance, utilization and envisaged health

effects fi-om sewage sludge and from the crops grown on sludge-amended soils. A

included in the interviews. The respondents

are grown.

was titrated with standard 0.05M H2SO4 until the colour changed from green to pink.

sample of 50 vegetable gardeners was

were selected randomly from areas in Dar es Salaam and Morogoro where vegetables
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3.8 Statistical analysis of data

Analysis of variance (ANOVA) was carried out on the total heavy metal

concentrations of the vegetable plants, DTPA-extractable heavy metals in soils after

harvesting, nutrient concentrations in vegetables and dry matter weight data to test

for variation in the heavy metal levels, nutrients and yield between the treatments.

done using ANOVA (factorial design) where F-value indicated whether or not, there

were statistical differences between the soils. The MSTATC computer program was

used. The Duncan's New Multiple Range Test was used to rank the means.

Comparison of the influence of the soils to heavy metal uptake by vegetables was
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Some properties of soils and sewage sludge.

The data pertaining to physico-chemical properties of the soils used in thesome

sandy loam and the other was loamy sand. The textural properties (class) of these

soils are favourable for some vegetable production. According to Tindall (1992), for

example, well-drained sandy loams generally considered preferable for theare

growth of lettuce (Laduca sativa L). Soil pH levels were neutral i.e. 6.9 and 7.1

very low and medium for

Msimbazi and Mjimpya soils, respectively.

The concentrations of DTPA-extractable and total Cd, Cr, Cu, Pb, Ni and Zn were

below the critical ranges stated by Landon (1991) for most agricultural soils. Soils

normally contain small amounts of heavy metals like lead, zinc, copper and mercury.

were in accord with the estimates of normalGenerally the background heavy metals

levels in uncontaminated soils thus having a low potential for causing pollution.

Since the soils used in this study were sampled from sites, which historically had not

been used to grow vegetables, it is assumed that soil contamination by Cu fungicides

present study are indicated on Table 1 and are briefly discussed below. One soil was

or other sources were absent or negligible.

while organic carbon and organic matter contents were
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Msimbazi

7.1
2.020.12

1.670.65
25.119.1

6.485.83Ca
1.402.24

0.64 0.18

0.750.35

DTPA-Extractable metals (mg/kg)

2.52.6Zn
1.80.6Cu

Cd tracetrace
0.30.6Pb
ndnd
ndndNi

48.638.5

23.62.8Cu
0.350.09Cd
0.490.96Pb

7.65 trace

0.85Ni trace

79.1 79.1
11.3 6.5
9.6 14.4

Loamy sand Sandy loam

*nd=not detected

Mg

Na

Total metals (mg/kg)

Zn

pH in water

OC (%)

Extractable P (mg/kg- soil)

CEC (Cmol (+)/kg)

Exchangeable bases (Cmol (+)/kg soil)

Sand (%)
Silt (%)

Clay (%)

Textural class

NIjimpya 
-6^9~

Table 1・ Some physicochemical properties of the experimental soils (0・20 cm)
Property Location
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Some properties of sewage sludge used in this study are given in Table 2 and are

briefly discussed below. The sewage sludge had high organic carbon content (16.02

%) thus high organic mailer. Also it had a high amount of N as evidenced by total N

(2.01 %). There is a high possibility of increasing total N in the soil and consequently

in the plants, upon addition of this sludge to land. Furthermore, the C: N ratio of this

sludge is categorized under sludges with high mineralizable N (Chaussod et al.9

1986).

Generally the total and extractable heavy metal content of the sludge were well

,below the permissible levels commonly found in sewage sludge elsewhere. For

example, limit concentrations of Cd, Cr, Cu, Pb, Ni and Zn, for safe sludge

(unrestricted use) by EPA (1993) are 39, 1200, 1500, 300, 420 and 2800 mg/kg,

respectively. The low heavy metal concentrations in this sludge as compared with

those set by EPA in USA may be attributed to the source, that is, it was mainly

derived from domestic sewage and that little amount of industrial wastes/sludge was

mixed with this domestic sewage, hence low concentration of metals in the sludge.

・ Therefore, basing on those values, this sludge has a low potential for heavy metal

pollution of garden soils. However, due to the tendency of heavy metals to

accumulate in soils over the years, long-term use of this sludge may culminate in

relatively high concentrations of the heavy metals and thus pose pollution threat to

the soils and vegetables and subsequently to humans consuming those vegetables.
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sludge

pH water 6.7

Organic Carbon (%) 16.0

OM 27.6

Total N (%) 2.0

C/N ratio 8.0

Total P (mg/kg) 9.7

C/P ratio 16498

Total bases (cmol(+)/kg)

Ca 79.2

36.6Mg

6.8Na

K

DTPA-Extractable metals (mg/kg)

271.5Zn

11.3

0.06Cd

5.9Pb

Total metals (mg/kg)

464

74.5

1.57

52.0Pb

26.1

15.3

*nd==not detected

Table 2. Characterization of the sewage sludge used in the study. 
Property
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4.2 Overview of acceptance and utilization of sewage sludge and health effects of

vegetables grown on sludge amended soils

A survey of the vegetable growing areas of Dar es Salaam revealed that gardeners in

those areas were not using sewage sludge in vegetable production. From interviews

with the gardeners, public acceptance of sewage sludge seems to be divided. About

half of the respondents accepted that they would use sewage sludge provided that

they were well informed of the benefits of using it. They were, however, not aware

of objectionable aspects like presence of heavy metals in sludge.

Another half of the respondents considered sludge as being anaesthetic and they

were concerned with the possibilities of contracting diseases such as cholera,

dysentery and typhoid fever. They were not aware that sewage sludge might contain

toxic heavy metals. It is, therefore, important to shed light on the manorial value of

sludge as well as possible presence of heavy metals so that both groups may be better

informed.

Results from the interviews (not statistically analyzed) with urban vegetable

gardeners from some areas in Morogoro Municipality and Dar es Salaam City

indicated that most gardeners were not aware of sewage sludge as being a possible

fertilizer or soil amendment for increasing soil fertility in their gardens. The organic

manures or amendments known to them and, thus, commonly used were poultry

manure, wood shavings, rice husks and tobacco waste (for Morogoro gardeners).

They were aware of the benefits of organic amendments to the vegetable gardens,
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including their contribution in improving the moisture retention of the soils and/or

improving soil fertility. Additionally, organic amendments such as tobacco waste,

rice husks and saw dust were applied as a means of their disposal, instead of burning

them.

and ammonium sulphate, in that order of preference. The fertilizer was purchased,

even in small quantities like 1 kg from retail shops. The amount of fertilizer applied

per bed differed with the vegetable grown and the method of application. For

example it was reported that for Amaranthus the little amount of fertilizer available

was broadcasted; while for vegetables such as cowpea, Chinese cabbages, lettuces

and others, the fertilizer was added per hill with units ranging from teaspoonful to

soda/beer bottle caps. From the interviews, it was not easy to arrive at fertilizer use

rates in, say, kg/ha.

Therefore in order to convince urban vegetable growers to use sewage sludge for

fertilization of their vegetables, the fertilizer value of sludge must be substantiated to

them. Besides, caution should be given on possible deleterious effects of sludge to

vegetable crops which, subsequently, may be passed on to humans. In this way,

choice may be exercised in selecting the sludge, which may be devoid of toxic

elements or pathogenic organisms.

All interviewees reported some use of some inorganic N fertilizers especially urea
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dry matter yields, N, P, K, Ca and Mg4.3 Effect of sewage sludge on

concentrations and uptake by vegetables.

Results on dry matter yields of Chinese cabbage, lettuce and cowpea are presented in

Table 3. Tables 4 to 7 show the concentrations and uptake of N, P, K, Ca and Mg in

the vegetables. Visual observations revealed N-deficiency symptoms in the control (0

t/ha of sludge) treatments in lettuce and Chinese cabbage (Plates 1 and 2).

These results showed that in both Msimbazi and Mjimpya soils, biomass yields of

the vegetable species increased significantly (P<0.05) with increasing rates of

sewage sludge application. For example, dry matter yields for lettuce ranged from

3.4 to 14.5 and 6.7 to 13.6 g/plant for Msimbazi and Mjimpya soils, respectively.

highest yields were obtained with sewage sludge application at 30t/ha.

The increase in dry matter yields could be attributed to rapid mineralization of

nitrogen and other nutrients resulting from the sewage sludge added, owing to

presence of such nutrients in tlie sludge (Table 2). For example, Sommers (1977)

average, NH/-N, NO3-N and organic nitrogen componentsreported that on an

comprised 47, 3 and 50 percent of the available nitrogen in sludge, respectively.

Vlamis et al. (1978) obtained 3.3 and 1.1 percent of total N and 1.64 and 0.4 percent

of total P in Oakland sludge and Pacheco sludge, respectively. They reported

significant increase in yields of barley following application of those sludges onto

soil. This is why sewage sludge enhances the crop yields, as it was the case of

Similar increases were observed for the other vegetable species. In both soils the
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Plate 1 Lettuce response to sludge addition in Mjimpya soil (42DAT)

Plate 2 Chinese cabbage response to sludge addition in Mjimpya soil (42DAT)
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vegetable yields in the present study, since it supplied a considerable amount of

available N, P and other plant nutrients.

Matemba (2001) reported an increase in the dry matter yield of Amaranthus with

reported by Weir and Allen (1997) of yields of tomato and mustard at a sludge

application rate of 50t/ha. Similarly, Misra et al. (1995) reported increased yields of

spinach at the sludge application rate of 30t/ha. The results of the present study

continue to demonstrate the manurial value of sewage sludge in terms of provision of

plant nutrients such as nitrogen and phosphorus, which are contained in sewage

sludge (Table 2). This potential needs to be tapped when the sludge is known not to

contain high levels of objectionable components like heavy metals or pathogens.

A comparable increase in the concentration of total N and corresponding N-uptake in

vegetables was observed following addition of sewage sludge in both soils. There

was a clear difference between the N concentration in plants growing in sludge-

treated pots and those in untreated pots. The P concentration in vegetables was

increased slightly by sewage sludge addition in both soils but the increase was not

significant (P=0.05) among the treatments themselves other than between the control

and other treatments, for all vegetables except for Chinese cabbage. For Chinese

cabbage and lettuce higher P concentrations were obtained from the amended pots

than in the unamended pots. The Ca concentration in vegetables also increased

for the case of P, the increase was only significant in Chineseslightly, but as

cabbage. The Mg concentration increased with increasing rate of sewage sludge

increasing rates of sewage sludge application up to 60 t/ha. Similar responses were
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concentration in vegetables increased with increasing rate of sewage sludge addition

in Chinese cabbage and lettuce and a slight/no increase in cowpea leaves and steins

where also relatively lower values ofK were obtained.

The remarkable deficiency symptoms included yellow colouration in the leaves.

However in the case of cowpea no obvious N-deficiency symptoms were observed,

probably because ofN-fixation.

From the above results it is obvious that sewage sludge can be applied to agricultural

soils as a source of nitrogen to crops, including vegetables. Tisdale et al. (1993)

reported that sewage sludge contained 50 to 90 % of N in organic forms; thus it is a

potentially valuable fertilizer in that the N would eventually be mineralized for plant

uptake.

Furthermore, sewage sludge addition did not significantly add P to soils and

subsequently to plants. This may be due to incomplete mineralization of P from

sewage sludge for the duration of 42 days of growth of vegetables. Moreno et al.

(1996) reported that plants grown in sludge-amended soils showed higher P content

than the control plants. However deficiencies of P in vegetable crops are less

common and generally less devastating than those of N. Maynard (1979) reported

that P deficiency symptoms are likely to appear when leaf P concentrations fall

below 0.2% of the dry weight. In the present study, the P concentrations in all

vegetables were above 0.2%, implying no deficiency of P in the vegetables.

addition in Msimbazi soil and the increase was significant in all vegetables. The K
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suggested by Maynard and Hochmuth (1997) 3.5, 0.2, 2.0, 0.4 and 6%,are

respectively. The results showed that the Ca concentrations in these vegetables were

adequate for the normal growth of the plants. Chinese cabbage and lettuce had Mg

concentration below or close to the critical level of 0.4%. The normal range of Mg

concentration found in vegetable crop leaves is between 0.3 and 0.8 % of the dry

weight. However, in Mjimpya soil only a slight increase was observed in all

vegetables. These results indicated that probably Mg concentration in this soil was

adequate and that the concentration of Mg in sewage sludge was low. A similar trend

was observed in the Mg uptake values in all vegetables.

Potassium concentration values in all vegetables were below or slightly above the

critical level of 6% at maturity. This observation suggests that this sewage sludge

contained low concentrations of K such that additional K requirements of the

vegetable crops should be obtained from supplementary potassic fertilizers.

The critical concentration of N, P, Ca, Mg and K in Chinese cabbage and lettuce as
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4.4 Influence of sewage sludge on heavy metal uptake by vegetables.

This section discusses the uptake of selected heavy metals by lettuce, Chinese

cabbage and cowpea from sewage sludge-treated soils.

4.4.1 Lettuce

Table 8 shows the uptake of heavy metals by lettuce. Generally, higher rates of

sewage sludge increased plant uptake of heavy metals in both soils. The uptake of

.heavy metals by lettuce at Ot/ha sludge application rate from Msimbazi soil was

almost half that from Mjimpya soil. Following addition of sludge, however, the

uptake for example, of Cd, Cu and Zn by lettuce were slightly higher in Msimbazi

soil than in Mjimpya soil, especially at the higher sludge application rates.

The differences in heavy metal uptake by lettuce between the soils at Ot/ha sludge

application rate may be attributed to the inherent heavy metal concentrations in both

soils that is the Msimbazi soil had lower concentrations than those of the Mjimpya

・ soil (Table 1). From these observations, the trend of increase in heavy metal uptake

by lettuce with increased sludge application rates suggest that the sludge used was

contaminated with the heavy metals and that the higher rate of sludge caused a

subsequent increase of those heavy metals in the soil solution, which were readily

absorbed by the vegetables.

Kabata-Pendias and Pendias (1986) reported a linear relationship between Cd, Cu, Pb

and Zn contents in edible portions of cabbage or lettuce and total contents of these

, metals in the soil, implying that as the soil content of heavy metals increased, the
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uptake by plants also increased linearly. A somewhat similar trend seems to emerge

from the results of the present study. Therefore, lettuce grown on sludge containing

high levels of heavy metals may pose health risks upon long-term consumption.

The concentrations of heavy metals in the vegetables (Appendices 2 to 4), as

compared to the published critical and phytotoxic levels, showed that, despite the

fact that heavy metal concentrations in vegetables were increasing, some metals

concentrations were below, and others were slightly above the critical levels. For

example, Gardiner et al. (1995) recommended a maximum concentration of Cd in

spinach to be 0.5 mg/kg dry matter. Davis (1984) reported that field plants generally

contained 0.02 to 1 mg Cd/kg dry weight with a mean of about 0.3 mg Cd/kg.

The concentrations of Cu in all vegetable species below the criticalwere

concentrations. For example, Maynard and Hochmuth (1997) suggested critical -

concentrations for Chinese cabbage and lettuce to be 10 and 15. mg Cu/kg,

respectively. Geraldson et al. (1973) reported the normal range of Cu in mature

trifoliate leaves of beans to be 15-30 mg/kg. Jarvis (1981) reported that 30 mg Cu/kg

in plant tissue were the limit for most plants, above which toxicity symptoms may be

observed. Compared with the published critical tissue concentration of 7.5 mg Pb/kg

(Pollard, 1991) the concentrations of Pb in all vegetable species were below this

value. Maynard and Hochmuth (1997) suggested 50 mg Zn/kg the criticalas

concentration for Chinese cabbage and lettuce. Based on the results of this study,

concentration of Zn in these vegetables were either below or slightly above the

critical concentration at the highest sewage sludge application rate.



SMS

66.0

2
.
0

W
6

s
•

一

W
I

其

6
 

寸06

藻)>
。

01.09 

0
寸.99

0L9

寸

6
V-1•
火

Z.6E
 

寸

。寸.0E
66.

区

IS.8S

2.
啬

50

W
0.9

挡寸.</,

rt6EW

S
O
G
r—•

W
Z.6

E8S
£6Z

ocn

8.。
莒

/,9

R
a
s

W.IZ

q

(so
・E

qs.w.
寸qz.?

q09.8
q-E.99

q
w
2

W
66.&

W
E

qsoi

q
GSs
•

二
寸

s.2

qeNen

q09 .
寸
注

巴6
二寸

qw

o
q
s

odE

q;.E

qw
. •

二cn

。8
旨

OO«UH

s

。6
。二

q8£

。二.98

。卜 9.2

qz.9.0
q 

寸 6.0

0

0

qzoz
 

一

。筋oz

8
S
H

U
O
E
H

CJ

s

d

no

一-OSSN
a

Ios

=osN
D

qEJSW

s
o
d

.sqw
ols

 jo s>0p 

夺 JO
U
E g

s

-sM
q
 SE9lu>Ae9q

 jo 9M
9dfl .8

。一 qeH

- 

.
J
S
O
H
«
d
2
n
s
 

MON S,u8una
(Dln
15
&n
I.EPJ08e (
IS.OHd)
ICalqJJJP Auussu
l.eps -O

u 
.0191 9U

ISS
l<p£ >q p
loM
loq
 ulun

lo。 e
l.sq = m sue

。

君

JueldaE
8

eoawbu 

Bfuol 

岂.I

lap 
三 S 3

 

浮 Ass



51

4.4.2 Chinese cabbage

The uptake of heavy metals by Chinese cabbage is shown in Table 9. Generally

there was an increase in the uptake of heavy metals with increased rates of

application of sewage sludge in both soils. The uptake of heavy metals by Chinese

cabbage at 0 t/ha treatment was the lowest and the highest was at 30 t/ha in both

soils. As similarly noted in section 4.3.1, the uptake of heavy metals by Chinese

cabbage was higher from Mjimpya soil than from Msimbazi soil in the control

treatment.

in the uptake of heavy metals by Chinese cabbage with increased

sewage sludge application rate in both soils may be attributed to enrichment of the

soils with heavy metals upon addition of sewage sludge, as discussed in section

4.3.1.

The increase
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4.4.3 Cowpea

The uptake of heavy metals by cowpea leaves and stems is shown in Table 6. There

a general increase in the uptake of heavy metals by cowpea leaves withwas

increased rates of sewage sludge application in both soils. However, some heavy

metal concentrations were not detectable in cowpea stems i.e. Cr and Pb, while

others were in low concentrations, hence low uptake, except for Cu.

The increase in the uptake of heavy metal by cowpea with increased sewage sludge

application rate in both soils may be attributed to enricliment of the soils with heavy

metals upon addition of sewage sludge, as discussed in section 4.3.1.

Moreover, differences observed in the uptake of heavy metals by cowpea in both

soils may be attributed to the physico-chemical properties of the soils such as clay

content, organic carbon and pH and other, factors such as environmental and

botanical factors as discussed in section 4.5.
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The heavy metal uptake by the vegetable species at different rates of sludge

application is presented in Table 11. Generally, there were differences in the uptake

of some heavy metals with different sludge application rates while for some other

metals there were no significant (P=0.05) differences.

Cadmium

Generally there was significantly (P=0.05) higher uptake of Cd by Chinese cabbage,

compared to other vegetable species, in both soils at the 20t/ha and 30t/ha while

significantly (P=0.05) lower uptake of Cd were observed in cowpea leaves at the

same sludge rates. Trace amounts of Cd uptake by the vegetables were observed at

the lower sludge rates, that is Ot/ha and lOt/ha, probably due to inherently lower/trace

concentrations of the metal in the soils and the sludge.

Chromium

There was no significant (P=0.05) difference in the concentration, hence uptake, of

Cr in all vegetable species at all rates of sewage sludge application in Mjimpya soil

with the exception of the uptake at 10 and 30 tons of sludge/ha. Some differences in

observed in Msimbazi soil in all vegetable species, but no

observed between the more leafy vegetablessignificant (P=0.05) difference was

namely lettuce and Chinese cabbage at the highest sludge application rate. Similarly,

as noted in the case of Cd, Chinese cabbage continued to exhibit relatively higher

uptake ofCr than other vegetable species.

4.5 Comparative uptake of heavy metals among different vegetable species

the uptake of Cr were
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Copper

There were significantly (P=0.05) lower Cu uptake by the edible portions of the

vegetable species at all levels of sludge, except at lOt/lia, in Msimbazi soil. However,

Cu uptake by cowpea stems were significantly (P=0.05) higher in Msimbazi soil. On

the other hand there were some significant (P=0.05) differences in Cu uptake by the

edible portions of the vegetable species in Msimbazi soil. While in Mjimpya soil

some significant (P=0.05) differences in Cu uptake, were observed, except for uptake

at the highest sludge application rate. For the cowpea, clear differences were

observed in the uptake of Cu between the leaves and stems. For example, in

Msimbazi soil cowpea stems had significantly (P=0.05) higher uptake of Cu than

cowpea leaves and the vice versa was observed in Mjimpya soil.

Lead

There was significant (P=0.05) difference in the concentration, hence, uptake of Pb

by all vegetable species at 20t/ha rate of sewage sludge application in Mjimpya soil,

observed between the more leafysignificant (P=0.05) differencebut wasno

vegetables namely lettuce and Chinese cabbage at the highest sludge application rate.

Significantly (P=0.05) higher Pb uptake by lettuce and Chinese cabbage, among the

observed in Msimbazi soil at 20t/ha and 30t/ha; but novegetable species, were

significant (P=0.05) difference in the Pb uptake was observed between lettuce and

Chinese cabbage at the highest sludge application rate. Trace amounts of Pb uptake

by the vegetables were observed at the lower sludge rates, that is Ot/ha and lOt/ha,

probably due to inlierently lower/trace concentrations of the metal in the soils and the

lack of translocation of Pb from roots to shoots. This argument is supported by
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Aldrige and Alloway (1993) who concluded that there is minimal risk of Pb in

sludge-treated soils contaminating the human food chain due to crop uptake.

Zinc

There significant (P=0.05) difference in the uptake by the edible portionswas

(lettuce, Chinese cabbage and cowpea leaves) at all sludge application rates in both

soils. Zinc uptake by Chinese cabbage was significantly (P=0.05) higher at all sludge

application rates in both soils. In all rates, however, uptake of Zn by cowpea steins in

both soils were significantly (P=0.05) lower than in other vegetable parts.

The observation of the uptake of heavy metals by the different vegetable species

differences among the vegetable species toshown in Table 11 reveals some

accumulate heavy metals. Vegetables vary in their capacity to accumulate heavy

metals and some metals are more subject to accumulation than others. The capacity

of lettuce, fbr instance, to accumulate Cd even at the control treatments is in

agreement with the results of Jackson and Alloway (1991) who investigated the

availability of Cd to lettuce and cabbage in soils previously treated with sewage

sludge. Their results showed that lettuce accumulated Cd more readily than cabbage.

Furthermore a comparative study by Vlamis et al. (1978)' of vegetables grown in

sludge-amended soil showed that lettuce is an accumulator of metals, but potatoes

and carrots are excellent non-accumulators.

The significantly (P=0.05) higher uptake of Zn, another mobile metal like Cd, by the

different vegetable species in Mjimpya soil; could ftirther be attributed to the
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variations in the capacities of the vegetable species to accumulate heavy metals.

While significantly (P=0.05) lower heavy metal uptake by the vegetables observed in

Msimbazi soil may be explained by soil factors, in addition to the vegetable species

variations. In general the transfer of Zn from roots to shoots of plant species grown

in sludge-treated soils seems to be complicated in the sense that while in some

species there is an increase in the uptake of Zn with increased rate of sludge

application, in others there is no increase, For example, Dowdy and Larson (1975)

reported no increase in the uptake of Zn by spinach after dressing with 30t/ha of a

Therefore, despite the variations in the vegetable species to accumulate heavy metals,

the trend of the increase in heavy metal uptake by vegetables with increased sludge

application rate has an important bearing on the effects on human health upon long­

term consumption of the vegetables grown on sludge-treated soils.

4.6 Comparative uptake of heavy metals between soils

The comparative heavy metal uptake by the vegetables between the two soils is

presented in Table 12. The results show that significant (P=0.01) differences were

obtained in the uptake of heavy metals, except Cd, by cowpea leaves between the

two soils. Lead uptake by Chinese cabbage was significantly (P=0.01) higher in

Msimbazi soil than in Mjimpya soil. However, on the contrary, chromium uptake by

lettuce was significantly (P=0.05) higher in Mjimpya soil than in Msimbazi soil.

sewage sludge high in Zn concentration.
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Table 12. Comparative uptake of heavy metals by vegetables between soils

Heavy metal Statistical differences between soils

Cowpea Chinese cabbage Lettuce

leaves stems

Cd ns ns nsns

Cr ** nd *ns

Cu ** ns ns ns

Pb ** ** ns

**Zn ** ns ns

From the above observations, it is clear that soils influenced the uptake of some

heavy metals in cowpea leaves, while statistically there was no significant influence

of soils on the metal uptake by other vegetables. The soil factors that may have

contributed to the differences in the heavy metal uptake by the vegetables could be

the organic carbon and clay content. First, the lower organic C, hence lower organic

matter, in Msimbazi soil than in Mjimpya soil could have led to less adsorption of

heavy metals by the soil following addition of these metals contained in sewage

sludge. Copper and Cd would clearly illustrate this phenomenon due to their strong

binding property/tendency to soil organic matter. The results of this study are in

agreement with those of Jarvis (1981) who reported low uptake of Cu into shoots of

plants being due to soil organic matter. MacLean (1976) also found that the

concentration of Cd was lower in lettuce grown in a soil with the higher amount of

*=
**

significant at P=0.05
=significant at P=0.01 

ns= not significant 
nd=not determined
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organic matter. Furthermore, Karapanagiotis et al. (1991) estimated that the

decreasing stability of organo-metal complexes in sludge-amended soil at pH 5.6 was

Cu>Cd>Zn=Pb>Ni, indicating strong binding of Cu to organic matter compared with

that of Cd or Zn.

While metal-organic matter complexation well explains the low availability and

uptake of Cu and Cd by lettuce, however, some studies show that adsorption of Cd to

organic matter is low (Sposito et al.. 1982; Keefer et al., 1984 and Baron et al.,

1990).

The second factor that may have contributed to differences in heavy metal uptake by

lettuce between the two soils was their clay content. Msimbazi soil had lower clay

content than Mjimpya soil, thus its limited capacity to adsorb heavy metals.

Therefore, the heavy metals added to Msimbazi soil via sewage sludge remained in a

relatively more available form that was easily taken up by the plants. On the other

hand the relatively high clay content of Mjimpya soil probably favoured greater

retention of the heavy metals by this soil, resulting in lower solution concentration

and hence lower uptake by the vegetable plants.

The lack of significant differences in the uptake of heavy metals by the other

vegetable species between the two soils may be attributed to soil pH. Soil pH

strongly modulates the behaviour and availability to plants of heavy metals in soil.

The near neutral pH precipitate the metals as insoluble hydroxides, carbonates and/or

organic complexes than the lower pH. This is due to increasing negative soilas
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surface charge as the solution pH becomes alkaline. As such there is amore

progressively larger electrostatic attraction between the negatively charged surfaces

and the metal cations as the pH increases. Since the pH (6.9 and 7.1) of the soils used

in the present study were high (nearly neutral), it could be supposed that this high

soil pH contributed to the lack of significant difference in the heavy metal uptake by

the vegetables between the soils. Smith (1994); Kiekens (1984) and Moreno et al.

(1996) reported the precipitation of metals at high pH.

Moreover, other factors besides soil factors may have contributed to the differences

in the heavy metal uptake by the vegetables between the soils. These factors include

botanical differences and environmental factors such as temperature and moisture

(Ansari et al.t 1998).

Therefore, the fact that many soil properties other than pH, and a variety of other

environmental factors unrelated to soil type greatly influence the availability of

metals in any given soil, the botanical factor should not be discounted.

4.7 Post harvest DTPA-extractable heavy metals in the soil

Data on post harvest DTPA-extractable heavy metals sludge-treated soils are

presented in Tables 13 to 16. These DTPA-extractable heavy metals are considered

as estimates of the residual amounts of the heavy metals remaining in the soils which

would be available for plant uptake in case a subsequent crop were planted without

fiirther addition of sludge.



It has been established that once applied to soil, the heavy metals may

without any fiirther addition of sludge. It is thus of interest to determine the

quantities of these residual heavy metals.

4.7.1 Cadmium

Despite the fact that very small concentrations of DTP A-extractable Cd were present

in sludge, and subsequently in sludge-treated soils, some traces of Cd were left in

soils even after harvesting of the vegetables (Table 13). These small quantities of Cd

did not show any reproducible trend with increasing rates of sludge application.

The small quantities of exchangeable Cd, sometimes at trace levels, associated with

the sludge treatments, imply that most of the Cd added with this particular sewage

sludge was adsorbed by these soils.

remain in the

upper layers of the soil for long periods of time (McGrath and Lane, 1989), even
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4.7.2 Copper

DTPA-extractable Cu in soils increased with increasing rale of sewage sludge (Tabic

14); but the increase was only significant (P=0.05) in Msinibazi soil while in

Mjimpya soil significant (P=0.05) di fference was observed. The amounts ofno

DTPA-Cu were relatively higher in Mjimpya soil whose organic matter content is

higher than in Msinibazi soil (Table 2), probably owing io the laciors limiting Cu-

bioavailability in sludge-treated soils, mainly Cu-complcxalion wiih organic matter.

Thus, the results in Table 14 clearly demonstrate thai large aniounis of Cu are

retained as highly stable organo-copper complexes and arc nol inuncdiatciy available

to plants as also observed by McBride (1978). Malcmba (2001) also observed a

decrease in the Cu concentration in the second crop of Amar(uithus probably

in the adsorption oT Cu by soil after addilion of sewage sludge.showing an increase
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4.7.3 Lead

The amounts of DTPA-extractable Pb were not consistent with the rates of sewage

sludge addition in all the vegetable species. However, a clear difference between the

control treatment and sludge-amended treatments was observed.

The low availability of Pb even after sludge amendment could be attributed to the

soil pH being high such that availability could not be substantial. Davies (1995) and

Chlopecka et al. (1996) reported that exchangeable Pb could be accounted for in the

very acid soil conditions.

precisely, the time of contact of soil and sludge, such that it is difficult to

conclusively explain the longterm availability (DTPA-extractable) of Pb in these

soils.

Another reason may be the short duration of growth period of the vegetables or, more
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4.7.4 Zinc

DTPA-extractable Zn in soils increased significantly (P=0.05) with increasing rate of

sewage sludge addition in both soils (Table 16). However, the amounts of DTPA-Zn

in Mjimpya soil were relatively higher than in Msimbazi soil.

The increase in the DTPA-extractable Zn in soils after adding sludge was probably

due to the contribution of this particular sludge owing to its high content of Zn, thus

highest accumulation potential in sludge-treated soils. On the other hand the higher

amounts of DTPA-Zn in Mjimpya soil than in Msimbazi soil could be attributed to

the higher inherent/background concentration of Zn in Mjimpya soil than in

Msimbazi soil. Additionally, it may be implied that the Zn present in available form

in the sludge and that released during sludge mineralization was probably not fixed

by the soil.

The time from addition of sludge to the determination of DTPA-extractable heavy

metals may have a significant contribution to their amount or concentration in the

soil; i.e. the shorter the time the lower the availability and vice-versa. In laboratory

incubation study Bierman and Rosen (1994) observed that DTPA-extractable Zn, Cu,

Cd and Pb increased with incubation time at the higher sewage sludge incinerator ash

rates up to 280 days. Earlier, Dowdy and Larson (1975) found that incubation for a

one year period increased the release of Zn and Ni but not Cu to plants from an acid

soil. Matemba (2001) observed an increase in the concentrations of Zn in the second

crop of Amaranthns suggesting that availability of Zn in sewage sludge-treated soils

increased with time.
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In view of the findings from this study, the following conclusions can be drawn:

i. Acceptance of sewage sludge seemed divided, despite its high fertilizer value.

Ignorance on the effects (beneficial and deleterious) of the sludge utilization

contributed significantly to that situation.

ii. Sewage sludge at low rates (<30 t/ha) could be used without causing

detrimental effects to soils or on edible parts of the vegetable crops.

in heavy metaliii. Sludge application to coarse-textured soils resulted

accumulation in the soil and increased metal uptake by some vegetable crops.

Thus if the fertilizer value of sewage sludge is to be exploited for vegetable

production, sludge rates and frequency of application should be based on the

heavy metal content of the sludge, the type of the soil receiving the sludge and

the type of crops to be grown.

iv. The differing responses of vegetable species contribute to the differences in

uptake of heavy metals from soils. Some species readily absorb heavy metals

plants having some selectivewhile others do not, probably due to some

mechanisms, which prevent the movement of metals to the edible parts.

Generally, leafy vegetables accumulate leafyheavy metals thanmore non

vegetables.

v. Vegetables growing on sludge treated soils may absorb very little heavy metals,

even if their total amount in the sludge may be high. This trend was observed in
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case of Cr, Cu and Pb. However, in the of Cd and Zn, their highercase

concentrations in sludge led to their higher accumulation in the vegetables,

lettuce in particular.

vi. High concentrations of Zn and Cu and low concentrations of Cd and Pb were

noticed in the post-harvest soil indicating that residual effects would be

obtained in case of subsequent vegetable cropping and the continued threat of

heavy metal pollution to vegetables and humans. Subsequent sludge application

will also lead to more important residual effects.

vii. The sludge had elevated levels of heavy metals but the levels were not toxic, as

compared with published toxic levels at other places.

5.2 Recommendations

recommended for futureIn view of the results of this study, the following are

consideration:

i. Further research on the most suitable, environmentally safe, and agronomically

appropriate land application practices of sewage sludge is recommended to

minimize any negative impact on the soil and the environment.

ii. The chemical nature of sludges needs to be ftirther described, to include organic

pollutants and pathogens, before predictions about long-term fate of heavy

metals are possible.

iii-. Owing to long-term effects of sludge-bome heavy metals to crops and soils due

to accumulation effects, long-term experiments/trials heavy metalon

accumulations by vegetables are recommended.



73

iv. Low application rates (10-20 t/ha) of sludge should be adopted fbr addition to

vegetable gardens, since relatively good dry matter yields obtained.are

meanwhile ensuring little adverse effects due to accumulation of heavy metals.

Since sludge can be collected from open areas, awareness on availability andv.

dangers associated with the handling and use of sludge should be underscored

to vegetable gardeners.
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7.0 APPENDICES

Appendix 1：

QUESTIONNAIRE

Division 

2. Age of the gardener, 

Yes/No

Date
Residence:
Street Ward 
District/Town/Municipality..

Gardening area

B: VEGETABLE PRODUCTION
3. Do you grow vegetables
4: Which vegetables do you grow?

i
ii
iii

5. How do you rank the yield of your vegetables?
I. Very good

II. . Good.
III. . Fair.
IV. . Poor.

A. BACKGROUND INFORMATION
1. Farmer's name (optional)
Gender Marital status

 Years in vegetable growing

C: INFORMATION ON THE USE OF FERTILIZERS, MANURES AND/OR 
SEWAGE SLUDGE
6. Do you apply any chemical fertilizer to your garden? Yes/No
7.. If yes, which fertilizer? and where do you get them?
8. What quantity do you apply per bed ?
9. Do you apply sewage sludge to your garden? Yes/No
10. If Yes what amount do you apply per bed?
11. If no in 9, why? (circle the most appropriate)
Reasons for not applying sewage sludge

l. Problem of availability
II. Expensive
m. Lack of knowledge on the processing and handling of the sludge
IV. Lack of transport
V. Not economical
VI. Mere dislike
VII. Others, specify
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II.
III.
IV.

12. What other solid wastes do you apply in your garden?
I
II
Ill
IV

To increase moisture retention of the soil
To prevent soil erosion
As means of disposal 
Others,specify.

13. Where do you obtain wastes?
Domestic refuses
Oxidation ponds
Dumping site
Any other place? (Mention)

14. What are the advantages of applying sewage sludge onto your garden?
To improve soil fertility

II.
III.
IV.
V.
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