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ABSTRACT. The levels of nitrates and nitrites in drinking water, river water and factory
effluents from three major cities in Swaziland were determined by a pre-calibrated colorimetric
method. The pooled mean concentration range for the nitrates in the river water samples is
1.7440.13 ~ 115+3.27 mg/L, as NO3-N and for nitrites is 1.50 + 1.70 — 2.90 + 2.77 mg/L as NO2—N.
For the factory effluents, nitrate levels varied between 72.3 + 6.81 mg/L. and 75.7 + 3.21 mg/L,
giving a pooled mean of 74.0 + 3.76 mg/L, while the concentration range for nitrites is 0.16 £ 0.02 —
0.21 £ 0.07 mg/L, giving a pooled mean of 0.18 + 0.03 mg/l, as NOz~N. Nitrate levels in the
drinking water samples ranged between 0.70 £ 0.10 — 1.6 + 0.07 mg/L, giving a pooled mean
concentration of 1.3 + 0.26 mg/L, as NO3—N, while levels of the nitrites vary from 1.1 x 103+ 1.2 x
104~ 7.93 x 103+ 8.1 x 10-* mg/L, yielding a pooled mean of 3.4 x 10-3+ 3.0 x 104 mg/L, as NO2-N.
The observed mean as well as the highest single-point values for both nitrates and nitrites in
drinking water are well below WHO’s maximum acceptable concentration (MAC), of 10.0 mg/L
nitrate as NO3—-N and 3.0 mg/L nitrite as NO2—N. However, the levels of both species in the river
water and factory effluents are high enough to necessitate the monitoring of their respective
levels.

KEY WORDS: Leaching, Runoff, Methemoglobinemia, Nitrate fertilizer, Nitrogenous-waste,
Water quality assessment

INTRODUCTION

The determination of the levels of nitrate as nitrogen (mg/L NO3;—N) and nitrite as nitrogen
(mg/L NO,-N) in surface waters is usually an integral part of basic water quality assessment or
background monitoring programs because their concentrations are general indicators of the
nutrient status and the degree of organic pollution of the affected water body. Nitrate is also
recommended for regular monitoring in drinking water because of the potential health risks
associated with its elevated levels in drinking water, especially for infants less than six months
old and animals [1-12].

The major sources of accumulated nitrates and nitrites in drinking water, surface water and
the environment at large are non-point source from excessive use of nitrate based fertilizers or
from inadequately treated or untreated sewage [1, 2]. Other sources of nitrate and nitrite include
wastes produced by certain industrial processes such as paper and munitions manufacturing,
point source runoff from human and animal wastes septic/solid disposal, landfills [3-6]. Besides
the listed artificial sources of nitrate and nitrite, both species arc released into the soil and water
as a result of the breakdown of naturally occurring organic nitrogen compounds through
mineralization, hydrolysis and bacterially activated reactions [7, 8]. According to Speiran [8],
urea, like a number of other forms of organic nitrogen in soil and natural waters is converted to
ammonia under aerobic and anaerobic microbial processes. The ammonia is subsequently
converted to nitrate and nitrite. Additionally, ammonia may be added to water during treatment
to convert free residual chlorine to chloramine and any excess ammonia from this process can be
oxidized to nitrite [2]. Both nitrate and nitrite are highly soluble in water. They do not bind to
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soil, thus they have a high migration potential through soil. Conscequently both species can be
easily washed into surface waters by rain or leached through soil into ground water most
especially shallow ones, from sources listed above. [Factors that influence the Ieaching of both
nitrate and nitrite into water bodies and hence their levels in them include plant cover, fand use,
fertilizer usage, soil type, rainfall pattern, irrigation, climatic condition and depth of ground
water below land surface [1, 2, 9]. Elevated nitrate concentrations have been associated with
minor, occasional, marked or severe deterioration requiring major treatment or excluding
desired use on drinking water, surface waters, aquatic wildlife and fisheries | 1. 2|. Consumption
of drinking water containing high nitrate concentrations by infants less than six months old and
certain young animals can cause oxygen deficiency in the blood, a potentially fatal condition
known as methemoglobinemia or “bluc baby syndrome” [1, 2, [I-14]. Also nitrite (Irom
ingested nitrate) can react with amines and amides in human stomach to produce the highly
carcinogenic N-nitroso compounds in the body. [1, 2, 11-14]. Cattlc, sheep, baby pigs, baby
chickens as well as horses are also susceptible to nitrate poisoning |15. 16]. Oxidation of nitrite
to nitrate by dissolved oxygen in water results in a depletion of the oxygen level in water 12, 17,
18]. Nitrate is also considered with phosphorus to be a major cause of cutrophication in waters
For instance, the U.S. Environmental Protection Agency (USEPA) fixed a MCL of 10 mg/L.
NOs;—N and 3 mg/L NO,~N [1, 2, 11, 18, 19, 20]. According to USEPA, “only two substances
for which standards have been set pose an immediate threat to health whenever they are
exceeded: bacteria and nitrate” [21]. Indeed, it has been recommended that nitrate/nitrite levels
should be monitored at intervals of three years minimum [21].

Several mcthods are now available for the analysis of both nitrates and nitrites in water
samples |2, 12, 17, 22-27]. However, the automated colorimetric method is very sensitive and
convenient. Majority of Swazi population dwell in sub-urban and rural communities and depend
on surface waters for most of their domestic activities. Livestock practices are the free-range
type and the animals drink from available surface waters, hence the need for continuous
monitoring of the nitrate/nitrite levels in aquatic bodies in the country.

Moreover, major analysis of nitrates and nitrites in Swaziland waters (surface and
groundwater) was carried out between 1986 and1991 [28], hence a study of this nature at a
nation-wide level is long overdue. We report here the levels of NO3;-N and NO,-N in drinking
water, surface water and some factory cffluents from sclected cities of Swaziland, using the
automated spectrophotometric method.

EXPERIMENTAL
Apparatus

The advanced water quality laboratory series HATCH-DR 2010 datalogging spectrophotometer
was used. It is a microprocessor-controlled, 1LED sourced filter photometer with in-built
programs for measurements of various parameters in water including NO;-N and NO,-N at
programmed wavelengths and reaction times.

Reagents

Sodium nitrite (AR) was dried in an oven at 110 °C for | h, and then cooled in a desiccator
before being weighed accurately. NitraVer S nitrate reagent powder pillow — which contains
cadmium, gentisic acid, magnesium sulphate, potassium phosphate and monobasic sulfanilic
acid, which on reaction with the sample produces the amber-coloured nitrate complex; NitriVer
3 nitrite reagent powder pillow — which contains 1.2-cyctohexancdiamine tetraacetic acid,
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trisodium salt, chromotrophic acid, potassium phosphate, monobasic potassium pyrosulphate,
and sodium sulfanilate, and upon reaction with the sample produces the pink coloured nitrite
complex; nitrate and nitrite standards (HACH Chemical Company U.S.A.); bromine water and
phenol were used. Distilled, de-ionised water was used for preparation of all the reagent
solutions.

Surface water samples were collected from major rivers that run through selected main cities
in the country or those receiving effluents from some manufacturing industries namely
Mzimnene in Manzini, Lusushwana in Matsapha, and Mbabane in Mbabane. Samples were
collected from each of the selected river before and after the respective cities or
industrial/agricultural set up through which they pass. Drinking water samples were collected
from Manzini (the largest city in the country), Mbabane (the capital city), and Matsapha
(Kwaluseni Campus of the University). Industrial effluents were collected from one food’
manufacturing industry and one paper/pulp industry.

Samples were collected in scrupulously cleaned 2.5 L brown, resistant borosilicate
Winchester bottles, filled to the brim and then sealed with Teflon lined caps. The bottles were
transferred to the laboratory in a big plastic cooler and subsequently stored in a refrigerator at
4 °C immediately on reaching the laboratory. These steps help in substantially retarding
biological activity as well as the rates of possible physical and chemical reactions [5, 24, 29].
Samples were filtered and analyzed soon within 48 h of refrigeration at 4 °C [5, 24, 29, 30].
Three samples were collected from each sampling point and sampling and analysis were carried
out over a period of five months (between November 2000 and March 2001) — at an average
interval of four weeks.

Principles

The spectrophotometric method employed utilizes the quantitative reduction of nitrate in the
sample to nitrite by cadmium and the subsequent production of the amber coloured product
(through the reaction of the nitrite with sulfuric acid and the coupling of the formed diazonium
salt with gentisic acid), whose intensity is proportional to the original [NO;—N] in the sample
and obeys Beer’s law. Interference by nitrite is compensated for by addition of bromine water
followed by phenol — as described under analysis below.

For nitrite measurement, the diazonium salt resulting from the reaction of the sample nitrite
with sulfuric acid couples with chromotropic acid to produce a pink coloured complex directly
proportional to the [NO,—N] in sample and obeys Beer’s law.,

Procedure

NOj;-N. The program for the nitrate determination was entered and the wavelength sct at 500
nm. A 25 mL sample cell was filled with the sample. Bromine water was added in drops until
the developed yellow colour stayed, followed by a drop of phenol solution to produce a
colourless solution. A NitraVer 5 nitrate reagent powder pillow was added and the cell
stoppered. 1t was shaken vigorously for 1 min and then allowed to stand for five minutes to
complete the reaction. Another cell was filled with 25 mL sample (but without addition of the
NitraVer 5 nitrate reagents), placed in the cell compartment and used to zero the instrument
(nitrate in the untreated sample is not detectable). The prepared sample was then placed in the
cell compartment and the concentration of the nitrate read in mg/L NOy-N [31].

NOy-N. The program for nitrite measurement was selected and the wavelength set at 507 nm. A
10 mL sample cell was filled with 10 mL sample and the contents of a NitriVer 3 nitrite reagent
pillow was emptied into the cell. The cell was capped, properly shaken for 1 min and then
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allowed to stand for 20 min for completion of reaction. Another 10 mL cell was filled with the
sample (without adding the NitriVer 3 nitrite reagents), and then used to zero the instrument. It
was then replaced with the treated sample (after the 20 min reaction time) and the nitrite
concentration read in mg/L NOs;—N [31].

Reagent blanks were estimated/measured for each set of the NitraVer 5 nitrate and NitriVer
3 nitrate reagent pillows. The reagent blank values were deducted from the respective results for
samples.

RESULTS AND DISCUSSION
River water

Generally, levels of nitrate and nitrite (and indeed other water quality parameters) obtained in
river water samples are subject to undergo variability because they are governed by factors such
as speed of the river, seasonal/climatic variations, soil over which it flows, nature and rate of
sewage and factory effluent discharges into it and the sampling point [1, 2, 11, 12, 14, 15].

The estimated ranged mean monthly mg/l. NO;~N and mg/LL NO,~N levels in the
investigated rivers are summarized in Tables 1 and 2.

Table 1. Ranged monthly averages of mg/L NOx-N in rivers’ passing through the selected cities and
industrial/agricultural areas.

rL"'Emth/parameter Nov Jan Feb Mar Overall range
(mg/L NOs;-N)

Ranged averages 125+0.12- | 100+4.80- | 24.0+4.18- | 18.0£2.10- | 1.25+0.12-

|(mg/L NO;-N) 2.70+0.20 140+ 5.0 44.0+3.54 | 36.0+1.89 140+ 5.0

Pooled Mean X;+s, 1.74£0.13 | 1150+3.25 | 422+220 | 285+161 | 1.74+0.13-

115.0+3.25
Point with highest value MAMT MAMT MAMT MAMC -
Point with lowest value MBMC MBMT LBMIA LBMIA -

*Sampling points from the rivers are abbreviated as MBMC: Mzimnene before Manzini city, MAMC:
Mzimnene after Manzini city, LBMIA: Lusushwana before Matsapha Industrial Area, LAMIA:
Lusushwana after Matsapha Industrial Area, MBMT: Mbabane before Mbabane town, MAMT: Mbabane
after Mbabane town. ~"Mean of three replicates.

Table 2. Ranged monthly averages of mg/L NO»-N in rivers’ passing through the selected cities and
industrial/agricultural areas.

Month/parameter Nov Jan Feb March Overall range
(mg/L NO,-N)
Ranged averages’ | 1.0x 10 — 1.0x10° - 1.0 x10° - 1.0x10% — 1.0x107 —
(mg/L NO,-N) (20£0.17)x [(4.0£0.10)x 10?| (6.40£047)x | (6.0+0.100)x | (6.40% 0.47)x
10° 10?3 10° 10%

Pooled mean (1.50£0.17) x| (245%0.125)x | (290£0.28)x | (2.57+0.15)x |(1.50 = 0.17) x 10"

Xp+sp 10? 103 10°® 10’ -
(2.90+0.28) x 102

Point with highest MAMC MAMC MBMC MBMC -

value

Point with lowest MAMT MAMT LBMIA MBMT MBMT -

value

*As interpreted under Table 1. “"Mean of three replicates.
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An overall monthly variation pattern for all the sources has been considered here in order to
give a general picture of the periodic variation in the levels of these species in all the rivers
under consideration. However sampling points with only the highest and lowest nitrate/nitrite
levels for each month are indicated. Table 3 depicts the highest, the lowest and the pooled mean
over the five month period for each of the rivers. From these tables, nitrate levels for all the
sampling points and over the sampling period vary between 1.25 + 0.12 — 140 £ 5.0 mg/L. NOs—
N while the pooled mean for the same data set varies from 1.74 + 0.130 — 115 £ 3.25 mg/L.
NO;s—N. The corresponding values for the nitrite in these samples are 1.0 x 10” — (2.9 + 0.28) x
10° mg/L. NO,-N, respectively. The variation patterns for the two species over the sampling
period manifest some structural similarity as they both have their peak pooled means between
January and February and their lowest in November. This picture is depicted when sampling
points are considered on individual basis (Table 3). The observed variation in the mg/L. NO;-N
and mg/L, NO,—N follows, to a reasonable extent, the rainfall pattern for the country. Usually,
the main raining season stretches between November and March/April with the heaviest
downpour in January/February. This is also the planting season nationwide with the
corresponding maximal application of nitrate-based fertilizers and animal manure for the
enhancement of crop growth and yield. Any excess nitrate from these non-point sources are
either washed into the rivers by rain or leached into them through the soil, resulting in the
observed high levels of nitrate in the rivers. [1-11, 14]. This observation is supported by the
claim that agricultural practices, with the usual attendant excessive use of nitrate fertilizers and
animal manure, constitute the most important source of elevated concentrations of nitrate and
nitrite in aquatic bodies [1-3, 5-11, 14, 15, 22, 23]. Additionally increased soil acration resulting
from clearing and ploughing for planting inadvertently enhance the action of nitrifying bacteria
with a consequent increase in soil nitrate [5]. Similar patterns have been observed in the
monitored mg/L NO;—N levels of some UK rivers with autumn and winter peaks in excess of
100 mg/L NOs;—N and levels often higher than the MCL/MAC in areas of intensive agricultural
activities [1].

Table 3. Highest and lowest mg/L NOs—N and mg/L. NO,—N for samples taken at fixed points in the rivers.

mg/L NO—N mg/L NO,-N x 107
gsnr]ir\)/g:)g point Highest Lowest (Xp + Sp) Highest Lowest (Xp+sp)
Mzimnene, 50.0 +3.54 1.25+0.12 | 2784242 | 64+047 | 1.3£023 | 4.6+031
before city (Feb)” (Nov) (Feb)” (Nov)

Mzimnene, after 110+3.5 1.30£0.13 | 503+228 | 5.8+045 | 2.0+0.17 | 4.1£0.14
city {Jan) (Nov) (Feb) (Nov)

Lusushwana, 110.0 1.25£025 | 446+342 | 1.8+026 1.0 1.4+0.29
before industries (Jan) (Nov) (Jan) (Feb)

Lusushwana, 31.0+£2.24 1.40£0.11 | 182172 | 1.4+055 | 1.2£018 | 1.3+012
after industries (Feb)” (Nov) (Feb) (Mar)

Mbabane, before 100+£4.80 | 251021 | 429+£265 | 3.0+£22 1.0 1.7£0.02
town (Jan) (Nov) (Jan) (Feb/Mar)

Mbabane, after 140+ 5.0 270+020 | 57.6+3.46 | 1.80+ 045 1.0 1.4+008
town (Jan) (Nov) (Feb) {Nov/Jan)

"X, + sp = Pooled mean for five months.
*Jan, which usually records highest level not included due to sampling problem.

In unpolluted surface waters nitrate levels are usually less than 1.0 mg/L, and rarely
exceeding 5.0 mg/L NO;—N, while nitrite levels are usually less than 0.30 mg/LL NO,~N. Hence
levels in excess of these values are indicative of artificial pollution of which agricultural practice
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ranks highest. It then follows that the degree of nitrate/nitrite pollution of these rivers indicates
the extent of agricultural practices going around the river. This reasoning is also in agreement
with our results. Nitrate and nitrite levels from similar points on the Mzimnene and Mbabane
rivers are relatively higher than those obtained for similar points on the Lusushwana river,
around which less intensive agricultural activities than the former two are going on.

The mg/L NO,-N obtained in all the rivers investigated are quite low, with a pooled mean
range of 1.0 x 10° — (6.4 £ 0.4) x 10° mg/l. NO,~N. These levels fulfill the MCL’s
recommendations of 0.06 mg/L. NO," (~0.02 mg/I. NO,-N) by Canada, 0.08 mg/L NO, (0.024
mg/L. NO,—N) by USSR and 0.01 — 0.03 mg/L. NO, (0.003 — 0.009 mg/L. NO,~N) by EC for
fisheries and aquatic life [1]. Also they are all lower than the MCL.’s of between 1.0 — 3.0 mg/L.
0.06 mg/L. NO,—N for drinking water recommended by most of the international organizations
[1, 2, 11, 19, 20]. This implies that microbial activities leading to the formation of nitrite, as an
intermediate product in the oxidation of ammonia to nitrate |1, 2, 7-9], are low in all these
sampling points on the rivers. The relatively high levels of nitrate in the river water samples and
the fact that all the points with the highest mg/L NOs;~N for all the months are located after the
river concerned has passed through the city or industrial area indicate that leachates and run-off
from domestic activities (pit-latrines, sewage treatment, etc) and industrial effluents have also
contributed to the elevated nitrate concentrations in all these rivers (Tables 1 and 2). Although
water from these rivers may not, in most instances, be used for drinking by human, they are the
sources of water for the free grazing animals including cattle, sheep, goat and pigs owned by
farmers throughout the country. Considering the assertion that nitrate levels greater than 25
mg/L, NO;—N can be hazardous to animals [15] and the MCL of 40.0 mg/L NO;™ (i.c. 9.04 mg/L
NO;-N) recommended by USSR for fisheries and aquatic life [5], these rivers can be considered
as polluted by nitrate to levels that are dangerous even for animal consumption because all the
monthly pooled means, with the exception of November and the pooled mean for each river are
greater than these values..

Mtetwa [32] obtained an average value of 2.79 mg/l. NO;-N for samples from the
Lusushwana river in 1991-92, which is generally significantly lower than our values. These
sharp increases in the nitrate levels, which are some nine to sixteen times greater within a ten-
year interval, are consequences of the rapidly increasing population, industrial activities and
agricultural practices with the fast replacement of the traditional farming methods by the modern
mechanized and highly commercialized processes. The observed high levels of nitrate in these
rivers in conjunction with phosphates, (both of them being plant nutrients), are most likely to
enhance a rapid growth of aquatic plants and thereby serve as potential causes of aquatic algal
bloom and cutrophication | 18].

Drinking water

The mg/LL NOs~N and mg/L. NO,—N in drinking (tap) water samples from three major cities in
the country are summarized in Table 4. The readings were not extended over time. The levels of
nitrate and nitrite in drinking water samples varied from 0.70 + 0.10 — 1.58 £ 0.07 mg/L NO;-N
and (1.07 + 0.12) x 10° — (7.93 £ 0.81) x 10 mg/L. NO,-N, respectively. And, for all these
drinking water samples, the pooled means are 1.25 £ 0.16 mg/L. NO;—N and (3.35 + 0.30) x 10°
mg/L. NO;-N, respectively. Considering the fact that the water has been treated prior to
distribution for public consumption, it is expected that the levels of these species in them should
be less than their natural levels of 0.1 — 1.0 mg/LL NOs-N and 0.001 — 0.1 mg/L NO,~N in fresh
and surface waters [1, 2, 5]. For nitrite, this expectation is met to a good extent, however, in the
case of nitrate both the pooled mean value and all but one point source failed to meet this
expectation. The most likely reason for this is the already very high levels of nitrate in the raw
river water sources being treated for public distribution. Another important factor that is
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probably responsible for the observed nitrate/nitrite levels in these drinking water samples and
the slight variations between them is the quantity and effect of ammonia added to convert free
residual chlorine to chloramine during water treatment. Thereafter, any excess ammonia can be
oxidized to nitrite and nitrate through aerobic/anaerobic bacterial activities |1, 2, 7, 8]. The
random nature of this factor and others that can influence it, such as temperature and bacterial
population, could in addition account for the observed variation in the nitrate and nitrite levels
in the drinking (tap) water samples analyzed. However all the individual drinking water samples
as well as the pooled means have nitrate levels much lower than the MCL/MAC of 10 mg/L
NO;-N recommended by WHO and USEPA and other international bodies, and nitrite levels are
also far below the MCL/MAC of 1.0 NO,~N mg/L. recommended by the same bodies for
drinking water [1, 2, S, 15, 16, 18-23] (Table 5). Fatoki [33], obtained relatively higher values of
4.0+ 0.2 - 15+ 1 mg/L. NO;—N for drinking (tap) water samples in major cities in Eastern Cape
of neighboring South Africa.

Table 4. Ranged averages of mg/L NO3;—N and mg/L. NO,-N in drinking water samples from selected cities.

Sampling point mg/L NO;-N mg/L NO,—N x 10”
UNISWA (Science Lab) 0.70 £ 0.10 7.93 +0.81
UNISWA (Science Car Park) 1.09 & 0.25 6.07 +0.16
Manzini (Market) 1.58 4 0.07 1.07 £0.12
Mangzini (Trade Fair) 1.52 +0.02 1.40+0.10
Mbabane (Market) 1.35+0.02 1.90+0.10
Mbabane (Water Corp Lab) 1.25+£0.04 1.73 £ 0.06
Pooled Mean (X, +s;) mg/L 1.25+0.163 (3.35+0.30) x 10°
Point with highest value Manzini Market UNISWA (Science Lab)
Point with lowest value UNISWA (Science Lab) Manzini Market

Table 5. Recommended maximum contaminant levels (MCL) or maximum allowable concentrations
(MAC) for nitrates and nitrites in drinking water’ [1,2,5,11,19,20].

\ Nitrate (mg/L) _ Nitrite (mg/L)
Organization | NOsN NO;~ NON NO,”
USEPA 10 45 1 3
WHO 10 50 - 3
EEC i1 50 - 0.1
Canada 10 - 1 -
USSR - 10 - 1
Swaziland WHO standard WHO standard WHO standard WHO standard

"Fo convert from mg/L NO;—N to mg/L NO;” multiply by 4.427 [31].
"To convert from mg/L NO,-N to mg/L NO;” multiply by 3.284 [31).

Industrial effluents

The pooled means of 74 + 5.3 mg/L NO;—N and 0.182 + 0.047 mg/L NO,—N (Table 6) obtained
for the industrial effluents are much higher than the respective values obtained for the species
in the river water samples (Tables 1-4). These sort of large differences in nitrate/nitrite levels
between such divergent sources are not unexpected [34].

Generally raw wastes and effluents from factories and sewage treatment usually have high
levels of ammonia and other nitrogenous wastes [5, 34]. Additionally prevailing temperatures
within factories and their effluents encourage rapid multiplication of the bacteria population.
These two factors can greatly elevate the levels of nitrate and nitrite in the effluents through
aerobic and anaerobic bacteria activities. [2, 7, 8, 33]. The SWAZICAN is a pine-apple fruit-
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juice canning industry. The fruits are very low to soil and can therefore have some of the applied
nitrate fertilizer transferred onto their outer parts during rainfall or harvesting. External
washings of the fruits plus reminants of nitrite employed as preservative are likely sources of the
observed high levels of nitrates/nitrites in this factory effluent. In practice effluents from
pulp/paper mills are treated locally and then recycled for further processing. Such treatment
involves mainly removal of suspended solids in a clarifier [34] — a step probably taken more for
economic than for environmental reasons. This would consequentially result in a rapid
accumulation of ammonia and other nitrogenous wastes in the effluents, as well as
aerobic/anaerobic bacteria producing additional nitrate and nitrite in the effluent, and hence
accounting for high levels of the species in the samples we analyzed.

Table 6. Pooled averages” of the mg/L NO+N and mg/L NO,-N in industrial effluents from two
manufacturing industries.

Industrial source of effluent mg/L NOs-N mg/L NO,-N
Swazican (Malkerns) 723 £6.81 0.205 + 0.065
Swazi Paper Mills (Matsapha) 75.67+3.21 0.158 + 0.016
Pooled mean (X, + sp) mg/L 74.5 £5.32 0.182 +0.047

*Mean of three replicates.
Method validation test

Accuracy tests carried out on spiked water samples gave mean recoveries of 99.2% for NO;—N
and 96.1% for NO,~N. These values can be considered as quite adequate given that: the
predicted/acceptable percent recovery for NO;—N in water samples is 83-113% and 93-114% for
NO,—N [34].

CONCLUSIONS AND RECOMMENDATIONS

All the rivers sampled for analysis in this study have mg/L NO;—N contents both in excess of the
expected natural levels as well as the USSR MCL of 9 mg/L NO;~N (i.e. 40 mg/L NO;™ ) for
fisheries and aquatic life. Additionally, the NO;,—N level in one of the rivers (Lusushwana) has
increased by between seven to sixteen times within a 10 year period [32]. These observations are
of great concern and call for the establishment of comprehensive water quality assessments and
monitoring programs at a national level. This is much more so, considering the fact that these
rivers serve as sources of drinking water for the free-grazing animals and water being processed
for public consumption nationwide. The fact that the levels of both nitrate and nitrite in the
drinking water samples were below the MCL/MAC of most international standard organizations
should not stop extending such water quality assessment and monitoring programs to drinking
water in the country. This is so because water treatment plants obtain their raw water from these
nitrate/nitrite polluted rivers and the pollution by these species may eventually reach levels that
can render any water treatment for nitrate/nitrite inadequate for drinking purposes. In view of
these observations, vis-a-vis the current status of nitrate and nitrite in the main rivers of the
country, the need to embark on a more comprehensive monitoring study of these species in the
aquatic environment nation-wide cannot be overemphasized.
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