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"ABSTRACT

In carrying outthis analytical study, a total of
'eighteen samples of sewage sludges from Xaduna and Zaria
were analysed for the follewing metagls: sodium, potassium,
magnesium, calcium, lead, zinc, copper, iron, manganese,
cadmium, nickel, chromium and cobalt.

Nitric acid digestion method, was used to bring the
metals in organic matrices into solution. B

Atomic absorption spectrophotometric and flame photo-
meiric techniques were uscd to determine the amounts of the
metal ions in the wastewater sludges. Flame photemetric
technique was used in potassium and sodium determination
while atomic absorption spectrophotometric tethnique was
used for cdetermination of other metals, : - ;

Galibration curves were obtained for all the metals
using the appropriate working range standard solutions
and amounts of the metals in the samples determined with
the aid of the standard curves.

Withe the exception of the macre-nutrients (calcium,
magnesium, potassium, iron, and scdium} whose amounts in
the wastewater sludges were relatively high, those of the

micronutrients or heavy metals were very low compared to

the maximum amourt allowed in any sewage sludge,
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Experimental values were also compared with some suggested

standards for sludge application on farmland.
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ANALYSIS OF WASTEWATFR SLUDGES FOR SOME MRETALS
AND THEIR APPLICATION IN SMAL' SCALF FARMING

CHAPTY: ONE

INTRODUCTTION

1.1 DRESCRIPTICN OF WASTEWATER SLUDGES

Sludge in general term is a mixture of plant and animal
organic materials, oils, greases »nd metals obtained from
wastewaters., The sludge itself iz a semi-solid which is
usually odiferous, unmanageable and dangerous(q), It
is dangerous and unmanageable in the sense that 1t might
contain sone toxic substances such as heavy metals,

Apart from this unsavoury language used to describe
sludge, sludge has its gned attributes for it contains
substantial nutrients (macro and micro nutrients) and
organics which are considered to be replenishable natural
resource for plant food as well as for soil amendment.

1.2 TYPES QF SLUDGF

In wastewater treatment plant different types of
sludges are obtained depending on the stages of treatment
of the wastewater.

The first sludge extract from treatment plast and the

wastewater sludge before treatment are collectively known
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as "raw sludge", The raw sludge is the semi-solid
obtained by fecantation of most of the supernatant
licuid when the wastewater is allowed to settle down or
sediment.

' The second extrsct after the secondary stage of
wastewat r treatment is known as "activated sludge®(2).
This sludge is different from the first because of the
removal nf the BOD (bilochemical Oxygen demand,) This

removal helps in stablizing the sludge,

1.3 SOURCFS OF WASTFWATFR SLUDGRES.

The main sources of watewnter slndges are the
domestic wastewator sludges, industrial wastewater sludges,
municipal wastewater sludges and wasteowat- r sludges from
storm run off(B).

1.3.1 DAMESTIC WASTRWATFR SLUDGES

This typc of sludge 1s obtained from wat .r closet:
washing and ®athing obtalined from washasins, showers
and bath; and a7~ range of misccellaneous operations in the
home which include food and drink eperations, washing
household utenzils, clothes and cars.

The wastewnter sludges obtained from the wator closet

is highly offensive to sight and smell because of faecss,



urine ang Paper, which 1+t contains, fThe Sludge obtaineqd
from preparati .n of food and drinks as well as from
washing of household utensi] consists mainly of soap,
detnrgent, food pParticles, silt, soluble and colloida}l
materials, This wastewatop sludge is less offensive than
the first,

1.3.2, IVDUSTRIAL WASTEWATFR SLUDQEE

Industria]l wastewater sludg:s include sludges from

from chemical and metallurgical industries, Sludges from
food and drink industrics produce degradable wastes of

high pollutional 10ag while those frop chemical and metayi.
urgical industries are more likely to contain toxic materials(3)

1:3.3. MUNICIPAL WASTEWATER SLUDGgg

Municipal wastewatop sludge is g mixture of both
domestic and industrial wastewater sludges and as such may
contain a higher pPollutional load than eith r the domestjc

or industriaj wastewator sludgrs,

1.4 EFFECT 2 W&STFN&T”R SLI'DGF ON SEED GERMIEATI“N(A)
Elizabeth wollan, R.D. Davis and Salley Jenner(h)

observed in their pot trial exXporimonts that germination
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periods of barely and ryograss wore prolonged or delayed
owing to applicetion of scwage sludge, The lag period
was dose-dependent increasing in proportion to th- amount
of sludge agded, This effect was also induced by hcavy
metals (CY,Ni, and Zn) in =2puzcus solution but only by
concentrati n much higher than those in 3ludgs, considering
that most of the total motal load in sludge is in insoluble
or unavailabhle forms. Further experiments showed that the
delay in the germination prrind was more closely related to
the organic matter content of sludge-~soild mixtures on which
the seweds were planted than on the concentration of the
metals, |

This is so becasuse of the intense microbial activity
of the freshly applicd =ludge le aling to reducti an of supply
of Oxygen (which is neccessary for scoed germination) and
production of volatile inhibitors such as ethylene and
ammonia(u).

1.5 DESPOSAL OF WASTREWATFR SLUDGES

Many countries, espwcially the advancrd ones, apply
sewage sludge on farmlands as one of the ways of disposing
the sludge. This way of disposal causes a great concern

to the frrmer because of the possibility of the wastewater
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sludge affecting the fertility of the soild when sludege
contains high level nf toxicants, To 2void this ugly
situation many countries hazve proposed different standards
and sometimes legislation to regul=te the application or

desposal of wastewater sludge, especially, on farmlands,

1¢5.17 FACTORS GOVVRNING THFE APPLICATICN RATF OF WATFERWASTE

SLUDGE ON F4RMLAND

The maximum application rates of sludge for a given
agrisultural land depend on & number of vfactors., Such
factors include the type of soil the farm is composed of,
potential for water contamination; weather; potential for
odour production and method of application. Other important
factors are the sludge characteristics which include its.
concentration of pathogenic organisms, heavey metsals,
nutrient and other toxins(s).

Although the above factors are needed to incorporate
a fair and enforceable 1and application stand-rds, the
standards adopted for land applic=tion of wastewater sludges
at the moment are calculated on the bais cof heavy metals or
nitrogen because of the ease with which toxins (heavy metals)

and nAtrates are secped into the ground., The lower of the
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values obtained either from heavy metals consideration
or nitrogen consideration is used as the stapdard for the
application of that wastewater on farmland,
As my project is on determination of metals in waste-
water sludgr, application of sludge on land is based on
standards derived from metal consideration,

1.6 STANDARDS FOAR AP LICATICN OF WASTEWATFR SLUDGES ON

FARMLAND

There are no Universa'ly accepted Standards for waste-
water sludge apnlication on farmlandy Many researchers
and gevernmental agencies have made different suggestions
for standards based on heavy metals, but none has been
accepted universally, As a result of this, different
countries have different standards for sludge application
to suit their environment and the type of crops or s«eds
planted on farmland,

In United States of Amcrica, the Environmental
Protection Agency, (FPA) in 1977 gave the total amount
of sludge metals allowed on agricultural land as shown ir
table T of the appendix, Different values of amount of
metal are given as a result of the difference is soil

Cation Exchange Capacity (CFC).
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In Finl2nd, Morway 2nd Sweden the nnnu2l maximum
applic~tions of sludges allowed on 2gricultural lapds are
L tonnes per hectare, 2 tonnes per hectare 2nd 1 tonne
per hectare respectively.

In Denmark, the rrte is variable depending on the
nitrogen balance and Cadmium concentration. Scandinaviasn
countries have maximum allowzble levdlgof heavy metals,
In Benmsrk 2and Finlond the maximum 21llowable amount
of lead (Pb) in sludge is 1,200mg/kg. While in Norway
and Sweden it is 300mg/kg.

Maximum allownble amount of Cadmium in sludge
in Denmark and Finnland is 30ug/kg while in Norway and
Sweden is 15mg/kg.

In Netherlands farmers are ndvised to use sludges
contzining not more than 2,000 mg/ 1, (Zn) 500mg/ 1, (Cu)
and 50mg/ L (Ni) 2nd 10mg/ L (C?)

Some rese~rchers also suggested that no =2pplicstion of
sludge on f=2rm l-nd should be greater than 250ppm Zinc
equivalent for soll with P grenter than 6.5(7)

Zinc equivolent = (Zn)+ 2(Cu) + B (Ni)(7) where the
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zmounts of zinc, coprer und nickel are in ppm or mg/kg.
(Other researéhers like Chnney 2nd Wisconsin gave the
gtand rds for m~ximum llownhle sludge apnlicotion rste
for soils with P 6.5 as
TOTAL Sludge Applicqtion (dry ton/ncre)(7).
= 16,300 (CFC)* |
(7n) 4+ 2 (Cu) + 4 (Ni) - 300
and 32,500 (CrRC*)

(zn) + 2(Cu) + L(ni)

Chaney did not only give the maximum application of
sludge but 21so suggested the maximum heavy metal
concentrations in sludge n2s shown on tuble (2) of the appendix.

Another standnrd for annual anplication rate of sludge
on land based on heavy metals is given by the eguation below,

Tons Sludge/hectare = X kg metal/hectarc(a)

ppr metal in sludge x 0.002
Where x is the maximum amount of the metal allowed on
agriculturel 1l=and. |
In Nigeria no such stand2rds have been formulated.

*CEC = Cation Exchange Copacity.



The lack of this standard is prdbably either due to the
ignorance of the government on tThe use of wastewster sludge
25 means of increasing soil fertility or the assumptinn
that the level of pollution arising from wastewater sludges
is very insignificant sivce the level of industrini deve-
lopment which contribute most of the hazards inherent in
sludge is low,

1.7 RESEARCH OBRJECTIVE

In developed countries wastewater sludges have been
applied on farmlands to increase the fertility of the soil
and casequent yield in crop production, Victor Hugo in
les Misersbles () reported thot the most fertilizing snd
effective manures is the human manure, . Woodwa2rd in the
same vein maintained in his repor® in Fngland in 16899 thot
plants grew much better in sewer waters nnd water to which
such things a&s garden mould has bren added then in rain
water(10). | |

Although the wastewater sludges are appiied on farmlond
to increase the fertility of the soil, nevertheless, they are
not indiscrimentely applied. Before wastewater sludges
are applied on formiands chemical analysis is carried out

ta determine the amount of nutrients nnd toxic metnl present



- 10 -

in the sludge, because presence of toxi@Gants may delay
the germinntion periods of sceds or even posion the seed
or c¢rops a8 indicated ersrlier., Sometimes the effect of
the toxic metal mny not express itself in the plant but
on animel thnt eats the plant., For instance cadmium a
toxic met2l to animal or man does not affect the growda
of plants, but render them o health hozsrd when eonsumed
by humans and animals (171) |
| R.M. Sterritt ~nd J.N, Lester(12,13, 14 ) were of the
opinion that the amount of toxic metnls in sewage sludge
should be determined in order to ascertnin the =mount of the
sludge that should be applied on agriculturzl land beeause
toxic metals such as colalt,manganese etc, in sludges have
caused an increase in their 4 aceumulation by crops and in
some cnses adverse effects on crops yield have been oebserved,
K.C. Thompson and ¥, Wagstaff suggested the monitoring
of the levrl of toxic metals in sewage sludges before
they are ultimately disposed to the 1land of so0il which
may contzin lower level of the metnals (15,16).
The resson for monitoring the level of these metals

is to know which crops or seed should he planted on sludge
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amendrnd soil for somé plonts can easlly pick up some
toxic metals than oth r plants. For instance potato,
Lettuce =nd corn wrre pinsnted on a sludge amended 3011;
The sludge contnined some certain é&ounts of Manganese
(Mn), @opper (Cu), Cadmium (Cd), Lead (Pb), Chromium
{(Cr) and ”mikkéi (Ri)., When harvested and analysed for
the presence of theosce metals it wié found than Mn, Zn Cu,
Cd, Pb were present in potato tubers, Letluce leaf and
corn grain., Chromium and nickel were not detected (17)
(See table 3 in the aprendix),

In Nigeria sludge amplication on formlnnd hrs not
assumed any wide dimension because of non-participation
of any srm of the government. Wastewater sludge are used
on small scole frrming by local itarmers, especiclly in
the Northoern parts of Nigerin, living naround the urban
cities 28 a source of w2ter supnly for their crops during
the dry season und not necessarily as 2 source of food
nutrients or toxicants for the crops or seeds planted,

From the foregoing expositions it is my desire not
only to dermine the amounts of mncro nutrients such as

magnesium calcium, sodium and potassium,
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but, also to monitor the level of amounts of toxic
metals present in sludges found in some parts of
Kadun2 and Zaria, Successful completion of the
excerise will serve zs guide to the farmers who may

wish to use wanstewater sludges for soil amendment,
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CHAPTFR TWO

COLLFCTION AND ANALVSIS OF SAMPLES

2.1 S\wpegs  TUDIED

The samples %tudied were from Kaduna and Zaria., A
total of eighteen different samples were cellected and
analysed. Nine of the samples were from Kaduna and its
envirorg while the remaining ones were from Zaria and its
environg, Mostfthe samples were domestic wastewater sludges
while few were industrial and municipal wastewater sludgeS.

Fach sample collected was designated with a different
letter of the alphabets as shown in table 2.1 below, The
area of collection is also shown.

Table 2,1: Designation and area of collection of

samples,
Sludge Deslignation Area of Collcction
A Barnawa low cost houses, Kaduna,
B Narayi Village, Kaduna.
Cc angwarimi low Cost Houses, Kaduna,
D Badarawa Villape, Kaduna.
E Malali Low Cost Heouses, Kaduna,
F Fertilizer Industry, Kaduna,
G Textile Industry, Kaduna.



Sludge Designatinn

-1 -

Area of Collectinn

H
I
J

Peugeot Factory, kaduna.

Kano Road, Kaduna,

Student Cafeteria, Ahmadu Bello
University. Zaria,

Warri Street, Zaria,

Along Sokoto Road, Samaru, Zaria,
Funtual Road, about 18 Kilometres
from Zaria town,

Nigeria Tobaco Company, (NTC) Zariay
Under the bridge between Samaru and
I.A.R,

Military Schnol, Zaria,

Between Alexander Hall and Kashim
Ibrahim Library, Ahmadu Bello
University, (MAIN CAMPUS),

University dam, Zapria,
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2.2 SAMPLING
The aim of sampling before analysis is to obtain
a gond representative of the whole since it is not
possible to handle the whole at a time, The sample tzken
should as far as possible reflect the character of the
bulk of material.

2.3 METHOD OF SAMPLING

Along the line of flow of wastewzter sludges samples
were taken at different points using plastic cup riveted
tTo a long stick., The samples collected were mostly at
points of high turbulence which ensured a high degree
of mixing of the surface layers of the inorganic material,
suspension, emulsicon and large dense materials.

2.1y PRESERVATION OF SAMPLES

It is a well known fact that wastewétér sludges
(domestic, industrial or municipal) undergo both chemical
and blological degradation on standing even for a few
minutes, Certain chemical changes alter the chemical
structure of the constituents of the sludge that are a
function of physical conditions. Cations may change their

Oxidation States (althotgh this is net important in Atemic
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Absorption method of Analysis for what is important
is the number of met2l ions or atoms in the ground
State) or they form Oxides, hydroxides or even complexes,
which might make it impossible to obtain good result
during analysis, Some of the metals may even adsorb
on the walls of the containing vessels.
Micro organisms, especially the saprophytes attack
the wastewater sludges leading to their decomposition,
To minimisc these effects, for they cannot be
completely guided against, samples collected were put
in clean plastic containers previously Jleached in
10% Vv/V nitric acid.and acidified with 100ml of another
10% v/v of nitric acid.
The treatment makes the wastewater sludge acidic
thereby reducing or preventing the adsorption of tho Cations,
Since some of the samples collected werec not analysed on
the very day of collection they were stored in a refrigerator
at a termperature of about uoc. At this temperature
any change that occurred was small,

2,5 ANALYSIS OF SAMPLES

Neutron activation analysis, fluorimetry, colorimetry

and flame photometry are among the analytical methods
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applied in the dermination of metals in environmental
samples. However, atomic-absoption spectroscopy is the
method mostly used for this type of analysis because
of its speed of analysis, availability as well as its
relative freedom from inter-etement effect,

Except for the determination of the amount of sodium
and potassium in which flamephotometer was used the amounts
of oth-r metals wer: dermincd by atomic absorption
spectroscopy.

Metals analysed included Ca, Mg, Cu, pb, Ni, Cr,
qg, Zn,Mn 2nd Co.

2.6 EXPFRIMENTAL
2.6.1. APPARATUS

ATOMIC ABSORPTICN SPECTROPHOTOMFTWR ANI' FLAMEPHOT-

METER:

A Unicam SP 1900 atomic-absorption spectrophotometer
and Corning : ERL flame photometer were used in the
analysis.

LAMPS: The lamps used for the atomic absorption
spectrosopy were pye Unicam hollow Cathode lamps.

Digestion apparatus; The digestions were carried
out in 750 ml conical flasks with long neck, Electric

heating block, hcoatpae scrved as source of heat supnly
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and stand for the conical flask,

OVEN: A tharmostatically controlled electric
Gallenkamp oven Rs Model was usqed.
2.6.2. REAGENTS |

Except for samples C,D and E digested with Aristar-
grade nitric acid, ot'.er samplcs were digested using
analytical grade nitric acid, All solutions were prepared
with deionised water and analytical reagen. grade
material unless otherwise stated:l, The de~ionised
water used to make up th: solution during preparation of
of stock solutions and serisl dilutions were acldified to
1% V/V with nitric acid,

Nitric acid, Sp gr, 1.42

BDH sulphuric acid, 98, Sp gr. 1.84

Hydrochloric acid (36% m/m)

2.7 PREPARATION OF DRIFD SLUDGE SAMPLFS FROM 50 ML OF

THE WET SLUDGE

Table 2.2 lists the sludge gtudied and also gives
the dry mass in grammes. The dry mass of each sludge
was obtajned by gontle evrporation to dryness of the 50ml
of the wet sample in an oven kept at constant temperature
of 110°¢ for 2L hours, The mass of the residue left

after evaporation is the dry mass.
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TABIF 2,2 DESCRIPTION OF SLUDGHE INVESTIGATED

Sludge Designation Types of Sludge Dry m iss* (gramme)

at 110%¢
A Raw 154,99 x 10™°g
B " L.l x 1079
C " §1.6 x 107%g
D . o 204.6L x 107%
E " 126,75 X 107°g
F "o 9.5 x 10~2g
G o 10.62 x 10"°g
H ;aTi o 15,93 x 10~2g
T . 5,46 x 1072
J fﬁg;. m . 13701k x 10-2g
K e 11.48 x 107%g
L " 5.75 x 107°g
M "o 67.45 x 10™°g
N " 28,83 x 107%g
0 " 90.11 x 1072
’ P " 15.8L x 10'2g
a " 19.75 x 107%g
R - L.22 x 107°g

* Average of two detrrminations each dried at constant

mass,
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2,8 LABORATORY SAMPLINC TFCHNIOUE

The wastewater sludge in the plasfic containers was
shaken vigorously for atout three minutes to ensure
thorough mixing., 50ml of the sludge were cuickly measured
out using a 50ml measuring cylinder, The contents of the
measuring eylinder were carefully poured into a 750 ml
conical flask and remaining residues were washed from
the measuring cylinder into the 750ml conical flask using
a wash~-bottle with a very fiae Jjet. Then the appropriate
digestion reagents wrre added and thr digestion carried
out, This proce:ss was repeated three, four or five times
(as the case may be) for the same sample.

2,9 DIGESTION METHCD

There are many conventiconal procedures that are
used to digest wastewster sludges. Witric acid digestion
technique has been recommended as ranid and safe dissolution
technique for the routine atomic absorption determination
of Carfmium, chromium, copper, nickel lead and zinc in
sewage sludges, because all nitrates of trese metals are

competely soluble in water.
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state to absorb radiation of specific wavelength, character-
istic of the metals. The number of atoms of the metal
present in the ground state detormines the extent of
absorption of the radiation emitted from the hollow cathoede
Tube. The amount of absorption of the radiation by the
atoms in the groumd state is a measure of the amount of
the metal ions in solution.

Advantages of atomic absorption spectrophotometric
method of analysis arc the high degre« of sensitivity,
accuracy and its relative freedom from inter-element effect.
Others are its non-discrimination in the oxidation states of
metal in determining the amount of metal in solution and

the ease of availabllity of the instrument.

2,10,2 FLAMF PHOTOMETER

“ | Unlike the AAS, flamc photometer works on the
principle of emission of radiation by excitation of the
electrons in the atoms from the ground state to a higher
energy level, The clctrons on falling btack te the ground
state emits radiation characteristice of the wavelength of
the difference Between the ground state and the excited
State, The amount of c¢xcited atoms and hence concentratlon
is temperature dependent. Unless temperature is kept

constant, concentration will always vary,.
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This method 15 usually used to determine the
amounts of sodium and potassium because of their low
excitation energy.

2,11 EXPFERIMENT:L CONDITIONS FOR TH® FLAME SPECTROPHOTO-

METRIC ANALYRIS

During all the analysis using the Unicam Sp 1900
atomic absorption spectrophsotometer, the curvature and
scale expansion were at the 000 mark while slit width
and sensitivity were at 125 and 513 respectively., For
the rflangphotoneter the air and fuel pressure was
111b/jn2. Flame used was non-luminous for both methods
of analysis, |

For the metzls determindd, the wavelength, that is
resonance lines, and working ranges are as detailed below.
2.11.1 NICKFEL

The principal resonance line used for the determina-

(19). Working

tion of nickel in all samples was 232nm
range standards from 0,8 to 10ppm were prepared from the
stock solution. Air-acetylene flame was used for the
atomizatiom.

The hollow cathode tube which supplied the resonapnce

line was the pye Unicam type. The lamp current used was

12 milliamperes,
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2.11.2 - LEAD

The wavelength used was 283,3mm, Working range
standards were from Zppm to 10ppm. Air-aceiylene flame
was used for the atomization, Lamp current was lf milliam-
- peres.

2.11.% CALCIUM

Princimal resonance line used was 422.67nm. Working
range standard solutions were from 0.5 ppm to 5.0 wpm.s Alr-
acetylene flame was used, ZLamp current of 8 milliamperes
was used, 0,5% lanthanum chloride solution was added to
eachh of the standard solution to suppress interw-element
effect.

2.11.4  MAGNESIUM

wavelength of most sensitive absorption was used. The
wavelength was 285,2717nm, working standard dolutions ranged
from 0,2 ppm to 1,0ppm. Lamp current used was 4 milliamperes}
Air-acetylene flame was used.
2.11.5  IRON

Principal resonance line used was 248.3%3mm. Working
standard solutions ranged from O.5ppm to 5.0ppm. Lame

current was 12 milliamperes, Alr-acetylene flame was used.
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flame was used. A working range of standard solutions from
0.02ppm to 0,2 ppm wnas prepared from metal stock solution,
2.11,11  CHROMIUM ”

Principal resonance line used for chromium determina-
tion was 357.87nm. Fuel rich air-acetylene flame was used,
Lamp current used was 8 milliamperes, Working rangc was
from 0.5 ppm to 5,0 ppm.

2.11.12 POSTASSIUM

A working range of standard soluticns from Z2ppm to ®ppm
was used Potessium filter was used. The Flamephotometer
was calibrated uwuing de-cinised water ann 10 ppm of standard
solution of potassium. ThHe de-oinised water wes used to
bring the reading to zero scale while the 10ppm was used
to adjust to maximum scnle reading. Alr-acetylene flame
non-~luminous wzs used. The pressure of vacuum pump used was
111w/ in%, '
2.11,.13 SODTUM

Working range of stendard solutions from 2 ppm to 8 rpm
was used., So#ium filter was used. The calibration was done
with de-=ionised water and 10 ppm of standard solution of
sodium,

Air=-acetylene flame flame wns used and the pressure

supplied was 11 ib/ing.
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2.12  PREPARATION OF STANDARD SOLUTIONS

All metal stock solutions were prepared from analytical
reagent grade materials using acidified deionised water.

Serisl dilutions to get the required working range standards

were done using acidified de~ioniscd water which was prepare

by diluting 7 ml of 70% BDH HNo3 to 1 litre using de-ionised |

|
waster., -
|

2.12.1 CALCIUM STCOCK SOLUTION AND WORKING RANGE STANDARD ‘

SOLUTINNS

The stock solution was pre mred by €issolving 2,497g
of CaCo3 with a little excess of dilute nitric acid and made
up to 1 litre with 1% acidified de-ionised water. The
amount of Calcium present in the solution was det~rmined

by standardisation with 0,01 M EpTA(2?)

using Eriochrome
Black T as the indicator, The amount was determined to

be 1000 ppm, Serial dilutions to get a warking range between
0.5 ppm and 5.0 ppm were made by taking appropriate volumes
of the stock solutions z2nd making up to 100 ml mark,

2,12,2 LEAD STOCK SOLUTION ANI® WORKING RANGF STANDARD

SOLUTIONS
1,598g of lead nitrate was dissolved in dilute HNS3
acid (1:100) and made up to 1 litre. The amount of lead @
present in the solution was determine by standardisation

with 0.05 MEDTA(21)
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using Xylenol QOrange as the indic~tor, The amount was
determined to be 1000 ppm. Serial dilutions to get a
working range of standard solutions bketween 2prm to 10 ppm
were made by taking aporoprizte woalume from the stock
solution and m=2king up to the 100 ml mark with acidified
de-ionised water,

2,12.,3 COPPFR STOCK SOLUTION AND “ORKING RANGE STANDARD

SOLUTIONS
1.00g of copper turnings were dissolved in 25ml of
70% nitric acid and evaporated almost ‘to dryness., It was
then diluted with' de-ionised water to make a litre., The
actual amount of copper present wns determined to be 1000
ppm after standardisati-n with 0,02 MEDTA(21) solution
using pyrocatechol violet 2s the indicator. Serial dilutions
were done to ge¥ 2 working range between 2 ppm and 10ppm '
by taking anprepriate volumes from th- stock solution,

2.14.4 MANGANESE STOCK ZOLUTION AND WORKING RANGE

STANDARD SOLUTION

1.00 g of metallic manganese was dissolved in 10ml of
70% nitric acid and made up te 1 litre with de-ionised

water. It was standardiced using 0,05 MEDTA(21)solution

and Erio., T as the indicator., The amount of manganese
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in the solution was 1000 ppm. Scrial dilutions of
appropriate volumes were done to abtzin working range
standard solutions betw=en 7.5 ppm 2nd 3.00 ppm.

2,15.5 ZINC SPOCK SOLUT{ON AND '"RXING RANGE STANDARD

SOLUTIONS
1,000 g of zinc dust was dissolved in a slight excess
of dilute hydrochloric acid and made up to the 1 litre
mark of the Volumetric flask. The amount of zinc present
in the solution was determined by standardisation with
0.1 MEDTA solution usiig Friochrome Rlack T as the
indicatar(21). The amount of zinc was approximately
1020 ppm, that is, 1000 mg/litre, Serial ¢ilutions
of appropriate volumes of stock solution were done to
obtain working range standard solutions between 0,02 ppm
and 0.2 ppm.
2,12.6 NICKFL STOCK SOLUTION AND WORKING RANGE

STANDARD SOLUTIONS

1,000 g nf metallic nickel was dissolved in dilute
nitric acid and then made up to 1 litre mark with de-ionised
water, Standardisation c¢g the solution with 0.1MEDTA(21)
using murexide indicator gave the amount of Nickel piesent

in the 1 litre solution as approximately 1000 ppm. Working
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range standard solutions of 0,8 ppm to 10 ppm were obtained
by serial diluti ms of the appropriate volumes of
standardised stock solution,

2.12.7 MAGNESIUM STOCK SOLUTICN AND WORKING RANGE

STANDARD SOLIUTTONS

1.000 g of magnesium ribbon was dissolved in 100ml
of dilute hudrochloric acid (1:100) and diluted to 1 litre
mark with de-ionised water, Tt was then standardised
using O, IMEDTA(21) and Eriochrome Black T as an indicator
The ;mount of Magnesium present in the solution after the
standardisation wag approximately 1000 ppm,
Working range standard solutions of 0,2 to 10 ppm were
obtained by serial dilutions of apnropriate volumes from
the stock solution,

2,12,8 IRON STOCK SOLUTION AND WORKING RANGE STANDARD

SOLUTICNS
4.9552 g of Ferrous sulphate heptahydrate, Fesoh.7H20
was €issolved with 1% nitric acid and made up to one litre
with the 1% nitric acid solution. The iron solutions was

standardised with N.KxCry 07 solution (22) using dipheny-

lamine as an indicator. Serial dilutions were done to get

working range standard solutions of 0.5 ppm to 5.0 ppm by
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by taking the ap-ropria‘e glumes of the stock solution
and diluting them to 100ml mark,
2.12,9 CHROMIUM STOCK SOLUTION AND WORKING RANGE STANDARD

SOLUTICNS,

5.124 g of chromium chloride were dissolved in
2 MH ¢l and made up to 1 litre with de-ionised water to
obtain 1000 ppm stock solution of chromium., Working
range standards between @,5 and 5,0 ppm were obtained by
serial dilution of the appropriate volumes from the stock
solutions,

2.12,10 COBALT STOCK SOLU'TICN AND WORKING RANGE STANDARD

SOLUTIONS

4.940 g of Cobalt nitrate was édissolved in ’2MHcll and
made up to 1 litre with de-ionised water. Standardisation
of the solution with 0,05 M EDTA solution using Xylenol
Orange indicator gave the amount of cobalt present in the
1 litre solutions as 1000 ppm. Serial dilutions of the
appropriate volumes from the stock solution were done to
obtain working range standard solutions from 0.5 to 5.0 ppm.
2,12.11 CADMIUM STOCK SOLUTINN AND WORKING RANGF STANDARD

SOLUTIONS
2,031 g of cadmium chloride were dissolved in 1% nitric

acid and made up to the 1 litre mark with acidified de-ionised
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This solution was standardised with 2.06M EDTA(Zq)
solution using xylenol (Qrange indicator. The amount of
cadmium in the solution was determined to be 1000 ppm,
Working range range standard solutions of 0,1 ppm To 0.6
ppm were obtained by serisl dilutions of the appropriate
volumes from the stock solutionm, |

2.12,12  POTAS3IUM STOCK SOLUTION AND WORKING RANGE

STANDARD SOLTITTMN

1000 ppm nf potassium stock solution were prepared
by dissolving 1,9070g of dried (at 11000) potassium
chloride with acidified de-lonised water and thep made up
to 1 litre, working range standard solutionz between 2 ppm
and 10 ppm were cobtained by serizsl dilution of the .
appropriate volumes from the stock solution.

2.12.13  350DIUM STNCK SOLUTION AMD WCRKING RANGH

STANDARD SOLUTION

Stock solution of 1000 pfm of sodium was prepared
by dissolving 2.542 g of dried (at 110%) sodium chloride
with 1% nitric acid scidified de-ionised water.
Working range standard solutions of 2 ppm to 10 ppm were
obtained by serial dilution of the appropriate volumes

from the stock solution,
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2,13 DETERMINATION OF METAL-ION IN THE DIGESTATFES

Standard working ranpge solutiomsof the metal ions
to be determined in the digestates were prepared as
already indicated.

The absorbances (by using atomic absorption spectroscopy’
and emission intensities (using flame emission spectroscopy)
of these standard solutions were determined. Graphs of
absorbances (A) versus amount of metal in ppm and graphs
of emission Intensities against amount of metal in ppm
were plotted, These graphs obeyed Beer-lambert law hence
straight line gyrves were obtained passiﬁg through the origin.

The absorbances of the digestates for the metal ions
considered in this analysis other than sodium and potassium
were determined and their corresponding amounts determined
by extrapolation from the y-axis nt the point of the absor-
orbance until it reached the stondard straight line graph.
From the point on the straight line graph it was further
extrapolated to the x-axis, The point of interception on
the x-axis gave the amo.nt of the metal ion corresponding

L S
to the absorbance from which the,@ahrapg&ation started.
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Simllarly the amounts of sodium and potassium
in the digestates were determined by plot of emission
intensity (1) against the amount of metal in (rpm) .

The poeint of 1ntercept10n of the x-axis after
extrapolation gave the anount corresponding to
the emission intensity, m N

The diagram helow 1llustrates how the amounts of

the metals in the dlgestates were determlned

A e

Amount of metal (ppm)

X=-AXIS

e
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2,13.1 EOUATINN USED JN CALCULATING TH” CONCENTRATIONS
OF METAL IONS IN MILLICRAM PFR KILOGRAM (Mg/Kg)
Let the weight of dried sludge ecujvalent to 50ml wet

sludge be 7, The volume (ml) of extract after digestion
=V, Concentrztion of metal ion from the absorbance or
emission intensity vs concontration curve = a,
Concentration of hlank solution = b

The metal content expressed in milligram per 1000 g.
that is, milligram per kilogram (mg/kg

= (a-b) x V(’y

U}

The weights (w) of the drv masses of the wastewater
8ludges equivalent to 50ml of wet sludge are shown in table
2.2. The volume of each extract after digestion was 100ml,

a and b were determined from the calibration curves,

2,13.2 CALCULATION OF STANDARDS FOR APPLICATION OF

WASTEWATFR SLUDGES ON FARMLAND.

The couations used for the calculation of standard
were based on(i) Zinc equivalent, (ii) tonne of sludge per
hectare and (iii) sodium absorption ratioss(SAR). For (i)
the equation is

Zinc Equivalent (ppm) = (Zn)'+ 2 (Cu) + 8 (Ni)(ah)

» :
( ) means concentration



(ii) Two eauations are used, one is
Total sludge application {(dry ton/hectare)
= 32500 (crgx)  (22)
(Zn)+2(Cu)+4 Ni

Where CFC* is the Cation Exchange Capacity of the soil. Table
3.15 gives the values obtained by using this equation.
The second is L |
Tonnes of Sludge/hectare, :
= ¥ Kg metal/hectare (26)
Ppm metal X 0.302

Where X is the upper limit for a particular metal addition
on land. The values of X for Pb, Zn, Cu, Ni and Cd are
given on table 1.7 of the a2prendix,

Tn using this equation the amcount of sludge in tonnes
per hectare to be applied orn the land is limited by one of
these metals above tlat gives the lowest amount of tonnes
of sludge. (See table 3,76 for values obtained by a-plying
this eguation) (iii) Sodium Adsprption Ratic (SAR). Even
though sodium (Na), potassium (k), Calcium (Ca) and Magnesium
{mg) are n t freruently known to pose a problem in wastewater
sludges used for soil amendment and in plant germinatiorn,
sometimes their presence in wastewater sludges may be
determental to s0il structyres and ultimate reduction in

the inflitrrstion rate of the soils (17).
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To avoid this effect sodium adsorption ratio (SAR)
which considers the amount of these metals in wastewater
is used as a guide to their application on land.
wasterwater sludges with SAR Values greater than 15
should be avoidei.(27) . T he eguation used for calculating

(SAR) is given below,

SAR = Na/ 23 meq Na (27)

\f

JA(ca) f20 meq ca + (Mg)/12 meq Mg
2
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CHAPTFR THRFE

RESULTS AMND DISCUSSION

3. 1 RESULTS

The results showing the amounts of the metal
ions in mg/kgs standard deviations; and relative standard
deviatinns 25 well as the values which should determine
the applicsati n of sludge or otherwisc on f-rm lands are

shown "n tanles 3,1-3.17
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TABLE 3.1 RESULTS OF DETFERMINATTON OF POTASSIUM RY
FLAMF EMISSTON SPECTORS COPY
AMOUNT OF METAL/mg kg-~1

SLUDGE NUMBER OF DIGESTIONS MEAN STANDARD RELATIVE
DESIGNATION DEV1IATION BTAVTANDARD
DE%IATIDN
A 5 1.903 L. 97 3.h
B 5 4.597 13859 - 2.8
C 5 L.695 1049.2 3.2
D 5 2,404 Skt 2.3
E 5 7.963 82.3 k.2
F 5 | 5,498 202.3 3.6
6 5 11.139  606.L 5.4
H 3 9.915 111.5 1.1
I 3 12,99 331, 2.5
J 3 1.38) 328 2.0
K 3 11 .002 196.5 1.8
L 3 12,625 781 6.2
M 3 8.895 556 6.2
N 3 7374 655,8 2,7
0 3 L.60L 659 .3
P 3 9.002 W17 1.6
@ 3 7 «035 0.00 0. 00
'R 3

7,951 273.7 3.9
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TABLFE 3.2 RESULTS OF DRTECMINATICN CF SODIUM BY FLAME
FEMISSION SPRCTORS COPY
AMOITIT OF MRTAL/mg kg—1

SLUDGE NUMBFR OF DIGESTIONS  MEAN  STANDARD RELATIVE
DESIGNATTON DEVIATION STANDARD
DEVIATION ¢

A 5 1,661 56 3.4
B 5 9.646 488.5 5.1
C 5 4.B836 109.6 2.3
D 5 2,165 46.0 2.1
E 5 1.540 53.1 3.4
F 5 83.789  2745. 343
G 5 07.156 6656 3.2
& 3 20.925 365.5 ol
I 3 Lo.6u8 86,0 2.1
J 3 ou8 36.5 3.7
K 3 13.066 435.5 3.3
L 3 2B, 406  1328,3 4.7
M 3 2L .216 856 3.5
N 3 13.123 200 15
0 3 6,658 0.00 0.00
P 3 17.677 £31,3 3.6
Q 3 14.908 290 1.9
R 3 15.482 273 1.8
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TARLE 343 RESULTS OD LeTERMINATINN OF MAGNESIUM BY ATOMIC

ABSORPTICN SPECTMRS COPY
AMOUNT CF METAL/mg kg~

SLUDGE NUMBFR OF DIGESTINNS MFAN  STANDARD RELATIVE
DESIGNATION DEVIATTION STANDARD
DEVIATICN %
A 5 656 Yof 0.26
B 5 1168 26,5 2.3
¢ 5 1275 15.0 Ve
D 5 €93 2.3 0.3
E S 792 L.9 0.6
F 5 1522 15.2 1.0
G 5 116 26.8 1.9
H 5 172L 40.1 2.3
1 5 2823 71.6 8"
J 5 sL2 542 0.9
K 5 2268 21,2 0.9
L L 2479 36.6 15
M 5 1559 12.5 0.8
N l 571 2.0 4.2
0 L 14,06 18.1 1.3
P L 1299 3.7 0.3
Q b4 1463 4.8 0.3
R N 2528 0.00 0,00
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TARLE 3.4 RFSULTS OF DETFRMINATICN OF CALCIUM BY ATOMIC
ARSORPTION SPRCTROSCOPY
AMOUNT NF MFTAL/mg kg~

SLUDGE NUMBFR OF DIGESTICNS MFAN  STAMDARD RELATIVE
DESIGNATION DEVIATICN STANDARD
DEVIATION ¥

A 5 53 1.3 2.5

B 5 470 37.5 8.0
C 5 106 6.0 5.7

D 5 139 2,2 1.6

E 5 90 S.4 6

F 5 13,968 215.0 1.5
G. 5 2149 30.6 1.5
H 5 L.143 188.4 h.5

1 5 L.483 Ly, 7 9

J 5 350 4.8 h.2

K 5 616 21.6 3.5

L 18 3,788 762.9 20

M L 1,160 20,3 1.75
N L L2 2.1 5

0 N 3,001 206,0 6.9

P L 2.614 213.0 8.2

0 3 163 5.8 3.8

R N 2.125 16.4 0.8
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TABLE 3.5 RESULTS OF DELERMINATICN OF LEAD BY ATOMIC
ARSORPTION SPRCIROSCOEY

AMOUNT CF METAL/mg kg -

SLUDGE
DESIGNATINN NUMBFR OF DIGESTIONS - MEAN STANDARD RELATIVE
DEVIATION STANDARD
DEVIATION %

A 5 3L 6.l 18,1
B 5 n.d - .
C 5 29 7.2 2.9
D 5 21 2.6 - 12.4
E 5 32 2.7 . 8.3
F. 5 n.d - . _,§
| G. 5 n.d - .
H 5 8.1, 0.5 =
I 5 285 | 70.5 2h.7
3 5 10 0.9 9.
K 5 n.d - -
L 5 n.d - -
M 5 117 10,0 8.5
N 3 L2 6.7 15.0
o 3 89 5.6 6.3
'-P. 3 n.d - -
Q 3 18 7.8 . B3
R 3 rn.d 5:6 6.3

nd means "not detected®
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RESULTS OF DETFRMINATION OF ZINMC BY ATOMIC

ABSORPTICN SPECTROSCOPY

AMOUNT OF MFTAL/mg kg~ |

NUMBFR (F DEGISTION MEAN

A TR 2 GV £ SN AN Y £ S ¥ UG 2 RN s S A SN L S C A N 5

n

U

nd Means "not ietected“.

136
n.d
96
N
58
n.d
71
22l
1982
120
119
250

31.9

STANDARD

RELATIVE

DEVIATIMN STANDARD

5.?

Lo
0.9
3.7

6.8
71
52.0
0.7
2.3
18,2
9.0
1.2
2.5
0.8
9.9
2.4

DEVIATION=-
%

L.2

0.3
2.0
7.5
4.3
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TABLE 3.7 RESULTS OF DETERMIN'TICN OF CADMIUM BY ATOMIC
ABSORFTINN

AMO''NT OF MRT/L/mg kg“1

SLUDGE N'/MBFR OF DIGFSTITNS MEAN STANDARD RELATIVE
DESIGNATITN DEVIATINN STANDARD
DEVIATITN-

o/

i

A 5 na.d - -
B 5 n.d - 5
C 5 n.d - -
D 5 n.? - -
E 5 1.0 0.1 8
F 5 n.d - =
G 5 n.d - -
H 3 n.d B -
I 3 n.d - -
J 3 0.33 0.05€ 17.5
K 3 n.d - -
L 3 n.d - -
M 3 2.0 0,30 12.5
N 3 n.d 0.0 2L
0 3 2.4 0.82 34
P 3 n.d - -
Q 3 .0 4.0 -
R 3 n.d - ey

n.d Means "not detected®




TABLE 3.8 RESULTS OF DEPTERMINATION OF AMOUNT OF CHROMIUM
BY ATOMIC ABSORFTION

AMOUNT (F MFTAL/mg kg~

SLUDGE
DESIGNATIM NUMBTR OF DIGESTIONS MEAN STANDARD RELATIVE
DEVIATINN STANDARD
DEVIATION=-
o/

A 5 21,2 1.2 5.8
B 5 n.d - -
c 5 n.d - -
D 5 15 2.4 15.8
E 5 232 3.4 .7
F 3 n.d - -
G 3 n.d - -
H 3 n.d - - -
I 3 n.d - -
J 3 7 0.9 12,7
K 3 n.d - -
L L n.d - -
M L 15 - -
N L n.d - -
0 L 2.3 3.3 4.5
P L n.d - -
0 b n.d - =
R L n.d - -
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TABLE 3.9 RESULTS OF [TERMINATTCN NF IRON BY ATOMIC
ABSORPTION

SLUDGE

DESIGNATINN NUMB*R OF DIGESTIONS

TP o 0 2 =R R g oH D QY @ QO o e

- L

1

AMOUNT OF METAL/mg kg

W ow W ow v R W\

MEAN

2,839

107,154

25, 74Q
1,734
2,567

10,645
n.d
8,549
3,630
L, 78l

21,061

10,330

13,788
8, 8.3

13,172
7,365

10,218

29,621

STANDARD

DEVIATINN

59.0
1422.0
2124,
35.0
S0

218.8
142.8
88.9
548.6
937.0
76.8
110, 1
104.7
243.0
125.9
1612.,0

RELATIVE

STANDARD

DEVIATIO

o

2.1
1.3
0.8
240
3.7
3.6
2.6
3.9
1.9
2.6
9.0
0.6
1.3
0.8
3.2
1.2

5.4

‘*+
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TABLF 3.10 RESULTS OF DETFRMINATIAN NF MATINGANRESE BY ATOMIC
' ABSORPTICH SPRCTROSCOPY
AMOUNT ~F METAL/mg kg™ |

)
SLUDGE
DESIGNATION  NUMEFR OF DIGESTIONS MEAM STAMDARD RELATIVE

DEVIATON DEVIATION-

S ® o
\ 5 52 9.6 18,9
. 5 631 247 3.9
. g 123 6.3 S.l
b 5 97 .10 4.5
. 5 89 5.8 6.6
. g n.d - _}
. ] 169 21,7 12.8
, g 97 6.7 - 6.8
I 5 3,98k L06.0 102
s 5 108 7.3 6.8
. 5 257 33.0 2.8
. g 178 8.7 5.9
" g 5L 1.8 - 3.4
.y g 22 7 8.0
0 5 w28 2.0
R 5 301 5.0 2.0
5 5 127 11.6 | 9.0
R 5 592 22.8 3.8
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TABLE 3.72 RRESUL™S OF DETSRMIN'TICN R WICKEL BY 5TOMIC

LR R PR
LT

ABSCRPTION

AMOUNT OF NRTAL/mg kg~ |
|

SLUNGE
. DESIGNATION UWNUMB¥R Np DIGESTICNS MEAN STANDARD RFELATIVE
DEVI'TICN STAND-RD
DEVIATION -~

%
A 5 37 Lol W3
B s n.d - =
o | 5 .n.d - -
D 5 ai - -
E 3 2.3 17.3
¥ 3 n.d - -
G 3 . n.d - - -
H 3 n.d - e
1 L 3 e jé&q
J
K 3. a4 - -
1 - 3 n.d - ke oo |
M 3 57 ho9 o 8.7
N 3 35 0.0 - !
0 3 56 2.0 -1
P 3 63 0.0 §
Q 3 3Z 0.0 -
R 3 n.'d'_l - | -




TABLFE 3.13 RFESULTS OF DETFRMINATICN OF COBALT BY ATOMIC

ABSORPTI™N SPRCTROSCOPY

AMOITT OF MPTAL/mg kg~ |

SLUDGE
DESIGN"TTCN NUMBFR "F DIGESTION MEAN STANDARD REL'TIVE
DEVIATITN STAND'RD
DEVIATICN %

“ L n.d - =
B I n.d - -
C L n.d - -
D b 0.40 Bel
E L 9.1 .8 8.8
F Iy n,d - =
G i n.d - -
H I n.d - -
I L n.d - -
J Ly L.7 0.3 6.0
K L n.d - -
L L n.d - -
M n n.d - -
N Iy n.d - -
0 N 13 1.1 8.6
P L n.d - .
0 L n.d - -
R L n.d - -



T'BLF 3.1 ZINC EOUIV.LENT (PPM) RFSULTS USING CHUMBLY 'S
FORMUL,.

SLUDGE DESGINATION ZINC ECUIVALENT (ppm)
480

-

e N < N v S B«
=
o
AV

221,
I 1982
22l
181

o o]

420
847
377
835
Shly
406

56

Z 2 ¢+ RN 4y

L O m O
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T.BLE 3.15 TOT:L SLUDGE “"PLIC*TION USING WISCONSIN'S

FORMIILL
SLIUDGE DESICN. TTON (DRY TONNFE PRFR HECT/ARE)*
1826
B -
C 5328
D 6190
F ;710
P -
G 9155
H 2902
1 328
J 3611
K 3591
L 1548
M 1050
N 2743
0 1064
= cive
2340
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TAELE 3.1 TCNWES OF SLUDGE ATPLICABLE PER HECTARE CF LAND

SLUDGE DESIGN TI TONNES/HECTARRE, LIMITING METAL
A 367€ Zn
) - -
C 5208 zZn
D su94 Zn
P 8621 Zn
P - -
G 7042 Zn
H 2232 Zn
I 252 7n
3 L1167 Zn
K 1,202 7n
1 2000 Zn
M 1567 Zn
N 6667 Zn
0 168 7Zn
P 3968 Ni
Q 2788 Zn

R 8929 Zn
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TABLE 3.17 SODI'M_ADSORPTION RATION (S¢R) VALUES FOR THE
SLUDGES _JNYFSTIGATION
SLUDGRE DESIGNATICN SAR
A 13.4
53.5
28.0

]
[0 =

11,8
8.0
179.2
849.7
66.7
121,8

| 9 O

76
54.2
87.6

108.5
1141
25.0
70,5
81.0
53.4

2 =2 0 "R 4 H D @ =

i - B

L D

Qe707 2
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3.2 DI
342,12 From the tTibles of r~-vltz, it is easily seen

that the amounts of sodiuwn, potassium and iron in allthe
gxmles they rvre de tectiod are hHigh, Sample G has an
exzectionally biph velue Tor socivn, Recall that sample G

irn £romr Textile

fnctory which T mdarstand makes a great
use of sofdivm salts ia tisir menufecturing process. %Yith

D E, J fron Barenawa low cost,

th2 excention of samnles, 5

Racarawa village, Maleli lor cost zind student cafeteria of

sAhmadu Bello University, Zaria, resgnectively, the amounts
of sndium in all nther semples #rec highexr than those of
postazssivm, This ronson may be dve te higher domestic use
of sodiur than motassium.

Iron in table 3,9 shows high smounts in the samples it
was Adaetected, In fact, with exception of sample D and G
where notascium h=2s hirher amounts than Iron and in semples
D, F, G, H, I, X, .., M, ¢, P,0i, where sodium amounts are
higher than thos= of iron, 21l oth~r samples contain higher
amounts of iron than po%assium and scdium. Magnesium and
Calcium, although hav~ high amounts in most ~f the samples,
nevertheless, the amounts arc not as high as thesc of sodivm
potassium and iron., The highest amount of calcium whinsl is

13,988 m@/kg. from sample F is higher than those of iron
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and potassium in the same sample F. This is so, because !
of the source of F which is the Fertilizer Industry that:
makes use of cmlcium phosphate.rock as onc of the raw ‘
materials,
A& look through the tables shows that sodium, potassium,
magnesium and calcium are present in all samples., Iron and
manganese are alsc present in all the samples except in
sample G that iron is not pressnt and sample F that manganese
is not present. |
Zinc is not present in two samples B and F.
The abundance of these metals, K, Na, Ca, Mg, Fe and
Zn shows the great extent to which they are put into use
in various ways, ~ I
filthough zinc is almost present in the samples, the
amount present in the wastewater. sludges do not exceed the
maximum amount allowed, The maxi num amount of zinc allewed
in sludge or farmland is 2®dmg/kg or 1,087 kg/hectare at
goll Cation Fxchange Capacity greater than 15(2h) (See tables
1.7 and 1,2 of the apnendix). ¢
In samples #,F, G, K, L, P and R lead was not detected.
In other samples where lead was detected the amounts of lead

were very low compared to the maximum amount allowed.

Cadmium was detected only in five out of the eighteen
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samples analysed, Thc amounts of cadmium in each of the
five samples did rot exceed the maximum allowed level of
15mg/kg in any sludge., (See tables 1,1 and 1,2 in the
appendix and tahle 3.7 for comparison),

Table 3.8 shows the =rounts of chromium in the samples
it was detected. Mone of the amounts excecded the maximum
allowed value of 1000 mg/kg. Only in five samples were
chromium detected. Cobalt and Nickel were detectcd in
four and eight samples respectively.

In all the samples these metals wore detectid, their
amounts were very low when compared to the maximum ameaunt
allowed in wastewater sludges,

The amounts of copper in all the samples were far
below the maximum allewed lcvel »f 1,000 mg/kg.

In general consideratiom, the amounts of the heavy
metals Zn, Cd, Cu, Ni, Pb, Cr and Co in the wastewater
sludges analysed were far below the mdximum allowed amount
given by Chaney (See ‘tahle 1.2 in the dppendix).

3.22 PROBABLE INFLURHCE OF J4AMPLIMG AND DIGESTION ON

RESULTE
A look through the columns of the standard deviations

shows that no mean value of the replicate amounts of metzls
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which limit the determinatinon of zinc equivalent, They
can therefeore, be applied on farmland,

A1l other samples have their zinc eguivaient values
greater then 250 ppm. ;

From Wisconsin's Formula, the total amounts of sludgg
application of the samplcs analysed are shown on table 3.15,
Table 3,76 also shows the total amounts of sludge samples
that should he applied on farmland using ecuation (ii)

already metloned,

Table 3.17 shows the sodium fdsorption Ration {SAR)

which al1s0 determines the sludge that shcould be applied
on Soil.

From tables 3.15 and 3.1@ 211 the s3ludges can be applied
on farmlands provi&ed the amount in tommes of sludge per
hectare of land or equivalent ratio is not exceed, i

The zinc eguivalent (ppm) and sodium, adsorption ratio

(SAR) show that not all the wastewaters sludges can be

applied on farmland or soil. ]

3.3 COMMENT AND SUGGRSTION ' ‘

A comparison of the levelof amount of the heavy metals
in wastewater sludges analysed with the values given by

Chaney in appendix 1,2,shows that the wastewater sludges ‘
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From Kaduna and Zaria are adequate for use on farmland,
But from the tables regarding the applications of the
wastewater sludges on farmland baseal on their zinc eauivalent
and sodium adsorpt*ion rations, only wastewater sludges, D,E,
J meet all the requirements considered suitanle for sludge
application on farmland,

There are some of the sludges, C, G, K, R that arc within
the recommended zinCecuivalent vajue of 250 ppm, but fail to
satisfy the sodium adsorption ratio, Sludge A falls within
allowed SAR Value, but failed in its zinc equivalent value.

The problem now is how to reconcile these two parameters
to see the effect they have on sceds and crops planted using
the wastewater sludges, For this reason, 1 am suggesting
that research be carried out with these sludges on piants
to actually ascertain the tolerable level of thse metals
by Nigerian plants,

This will help not only to formulate Nigrrian standards
for sludge application on farmlapd but also determine those

|
|
plants or crops that should be planted on sludge amended soil.
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T(;HLE 1 . 1 TO’T"LI.

ATTENDI X

SMOUNT R STHDGT MUTALS

2] LOWED O

AGRICULTIRAL =W (REh, 19777) WHOS™ SOIL

pH 6.5

30IL CATIDN EXCHANGT CAPACITY meg/100g

Q-5 S5=-15 15
METAL AMCUNT OF METAL (kg/ha)
o 5C0 1,000 2,000
Zn 250 500 1,000
Cu 125 250 5,000
Ni 125 250 5,0C0
cd 5 10 20

Source: P. AARNT VESILIND,

Treatment and Disposal of “ostewster Sludges, revised

Edition, 1979,
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TABLFE 1.3 UPTAKE NF HEAVY MFTALS BY POTATORS, LETTUCE

SLUDGE APPLIED

tonne/heactare (ha)

112
225
450

112
225
L50

0

0
112
225

AND CORN

FLEMENTS (PPrm)

9
6
7
7

Mn
Fotatoes (tubers)

Zn

2l
31
4
53

Lettwee (Leaf)

133
8L
77
79

Corn
12

8

9

24
e
155
225
Grain
L1
L7
48

cu

8.6
12.8
15.8
19.0

1.6
5.4
8.1
11.9

2.0
2.9
0.5

cd

0.12
0,11
021
0.23

1.6

1.28
1.72
2,69

0.02
0.02
0.03

1 pb

0.k
0.L4
0.l
0.6

1.10
n
0.7
0.8

0.2
0.2
0.2

Note: Sludge applied contained 1,070 ppm 2Zn, 245 ppm Cu,

545 ppm Mp, 515 ppm Ph, 64 ppm Cr, 24 ppm Ni and
7.4 ppm Cu 1bid page 271,
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