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Abstract

This report presents results of more than 300 complete chemical
analyses of water samples collected during the period July 1965 to
August 1968 from widespread sources in Northern Nigeria. Most of the
samples were obtained from ground-water sources, but some samples were
taken from lakes, ponds, and streams. The samples were obtained from
sources in the Chad, West Chad, and Sokoto Basins, Kerri Kerri area,
Kaduna-Zaria area, and other scattered localities. The waters vary
widely in dissolved solids concentration and chemical type, but most
sources are suitable for livestock and drinking by man with the exception
of dug wells containing water with high nitrate. Nearly half the water
samples, however, from dug wells in West Chad Basin and Kerri Kerri area
have high nitrate, and many water sources from boreholes (drilled wells)
in Chad and Sokoto Basins have undesirable amounts of iron or manganese.
Some ground-water sources, particularly in the Chad Basin, are limited
in their suitability for irrigation use because of salinity, sodium, or
bicarbonate hazards. The boron hazard, however, in the analyzed samples

is almost nonexistent.




Introduction

During the period July 1965 to August 1968 more than 400 water
samples were analyzed in the laboratories of the Geological Survey of
Nigeria, (GSN), Kaduna South. These analyses were made under the
direction and guidance of the writer, a chemist with the U. S. Geological
Survey (USGS), while on assignment as a technical advisor to the GSN
under the auspices of the U. S. Agency for International Development
(Us AID). Of these analyses, 324 are given in tables 1-6, representing
complete analyses of water samples from widespread sources in northern
Nigeria. The areas for which analyses are listed in the table are shown
in figure 1. About a third of the analyses had been previously reported
by Kiser and Akingbehin (1966).

Most of the water samples were collected by personnel of the GSN
or the USGS in support of ground-water studies in Chad, West Chad, and
Sokoto Basins, the Kerri Kerri area and the Kaduna—Zafia area. Some
surface-water sources, however, were also sampled to compare the gquality
of the surface water with that of the ground water in areas of study.
Field determinations of pH and Eh in water samples from the Chad Basiu

were made by G. C. Tibbitts, Jr., USGS.
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Figure 1.--Index Map of Nigeria showing Areas in which Water Samples were
collected for Chemical Analysis, 1965-68.
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Explanation to Accompany Tables 1-6
Location.--Under this heading is usually given the name of a village
or town, at or near which the water sample was collected. Other desig-
nations include mileages on highways or in the case of Lake Chad, the
approximate latitude and longitude of the sampling point.

Borehole or other source.--In Nigeria "borehole" is synonymous with

"drilled well" insofar as ground-water studies are concerned. ZEach bore-
hole is assigned a serial number by the Geological Survey of Nigeria.
"Well" refers to an open dug well. Other sources include springs, rivers
or streams, lakes, and ponds (or water holes).

Temperature.--This value, reported to the nearest degree F., was
measured at the time of sample collection. It is not necessarily the
same as aquifer temperature in the borehole unless a considerable flow
of water occurred just prior to the collection of the sample.

Iron.--Because of the tendency for iron to precipitate in samples

from boreholes, only total or precipitated iron is reported. These
determinations were obtained from separate acidulated samples in which
any precipitated iron was redissolved.

Manganese.--Most determinations were made on separate acidulated
samples, but when such samples were not available, the values given
represent manganese in solution rather than total manganese. It is
believed that for these samples, manganese in solution is not greatly

different from total manganese.




Residual sodium carbonate.--This value is the excess of carbonate

and bicarbonate over calcium plus magnesium, all expressed in equi-
valents per million. Negative values are not reported, but are shown

as zero (0). Residual sodium carbonate (RSC) is a measure of bicarbo-
nate hazard in water for irrigation use, where values from O to 1.25

are considered safe, from 1.25 to 2.50 marginal, and values greater than
2.50 unsuitable (Wilcox, 1955).

Sodium adsorption ratio.--This is a calculated value, where

SAR = Na
a + Mg
2
and the concentrations of sodium, calcium, and magnesium are in equiva-
lents per million. The value indicates low, medium, high, or very high
sodium hazard in using a water source for irrigation. The hazard varies

with specific conductance of the water as follows:

Sodium hazard Lower 1limit for specific conductance
(approximate )
100 250 750 2,250 5,000
Low 0 0 0 0 0
Medium 10 8 6 L £.5
High 18 1555 12 8.5 645
Very High 26 22 18 13.5 11

(From U. 8. Salinity Laboratory Staff, 1954)
Thus, a sodium adsorption ratio (SAR) of 7.0 would indicate low hazard
for a specific conductance of 250, medium hazard for a specific conductance

of 750, and high hazard for a specific conductance of 5,000.
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Field or other determinations.--At a number of boreholes field

determinations of pH and Eh were made at the borehole site. Such pH values
are usually less than those subsequently determined in the laboratory
because carbon dioxide initially present in the water tends to be lost
upon standing. Eh represents the oxidation-reduction (redox) potential
of the water and is measured in millivolts. Increasing positive values
represent increasing oxidizing capability of the water, and increasing
negative values represent the reduction capability. Both Eh and pH values
determined from waters from Nigerian boreholes commonly indicate corrosive
characteristics. Other determinations such as phosphate and nitrite were
made in the laboratory. Many such determinations were made, but zero
values are not reported in the tables. Thus, when no value is given for
phosphate or nitrite, the value is zero or the determination was not

made on that sample.




Chad Basin

Table 1 gives the chemical analyses for 116 water samples from the
Chad Basin, including 60 from boreholes, 29 from wells, and 27 from
surface-water sources.

Nearly all the borehole samples were obtained from the Middle Zone
aquifer in the area of artesian flow lying between Lake Chad and a
northwest--southeast line running through Maiduguri. The Middle Zone
samples range in specific conductance from 307 to 1,690 micromhos cm at
25°C., which correspond to dissolved-solids contents ranging from 196
to 1,180 ppm. However, the highest specific conductances, from 921 to
1,690 micromhos, are from water in the northern part of the artesian
flow area. dJust south of the area of high specific conductance is a
subarea of minimum specific conductance, with values ranging from 307
to 593 micromhos; and in a third subarea, approximately the southern
half of the artesian area, the specific conductance values range from
L5l to 1,020 micromhos. The water of highest specific conductance and
dissolved-solids content is the sodium sulfate-bicarbonate or sodium
sulfate type, however, the water of low and intermediate specific con-
ductance and dissolved-solids content is nearly all of the sodium bi-
carbonate type. In a few samples of intermediate concentration, sulfate
and chloride are relatively important, that is, the water is of the
sodium bicarbonate-sulfate type and sodium bicarbonate-chloride type.

Most water samples from boreholes in the Chad Basin have iron or
manganese, or both, in amounts that will cause staining of surfaces which
come in contact with the water. Iron in excess of 0.3 ppm and manganese
in excess of 0.1 ppm will usually produce such stains in sinks, on concrete

surfaces, or on fabrics washed in water containing these elements.
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Two borehole samples, one from the Upper Zone and the other from
the Lower Zone aquifer of Maiduguri, have specific conductances of 222
and 308 micromhos, with dissolved-solids contents of 202 and 241, re-
spectively. Both water sources are of sodium bicarbonate type.

Water samples from wells in the Chad Basin are more variable in
chemical quality than those from boreholes. Specific conductance ranges
from 120 to 7,600, with corresponding dissolved solids ranging from
129 to 6,240 ppm. Up to a specific conductance of about 2,800 micromhos,
all samples are of bicarbonate type with sodium, or calcium, or both,
as the predominant cations. Near the southern end of Lake Chad are
seven wells for which water analysis was made. These samples have
specific conductance greater than 2,800 micromhos, and all but one are
of sodium-sulfate type. The exception is a sodium-calcium sulfate type.
These wells of high specific conductance are all within about 15 miles
of Lake Chad, and it seems likely that evapotranspiration has played some
part in increasing the concentration of the water in these wells. The
observation well runs begin at Maiduguri, and the analyses are listed in
the order of increasing distances toward or beyond Bama, Dumboa, Geidam,
Kauwa, and Ngala (table 1).

Most of the surface-water samples listed in table 1 are Lake Chad

itself, but five analyses are given for inflowing streams. The latter show

low dissolved solids, from 61 to 107 ppm, with corresponding specific
conductance ranging from 82 to 140 micromhos. The stream water has bi-
carbonate as the predominant anion, with sodium and calcium as the

predominant cations.



Water samples from Lake Chad indicate considerable variation in
quality from place to place and from time to time. Observed specific
conductances ranged from 87 to 1,130 micromhos and the corresponding
dissolved solids from 84 to 801 ppm. The dissolved-solids content of
the lake waters generally increases from south to north, principally
because the bulk of the fresh-water inflow from streams enters the lake
at its south end. Other surface inflow causes a decrease in dissolved
solids locally. The maximum observed concentration of dissolved solids,
801 ppm, was determined on a sample obtained near the shore of the lake
at its north end. A sample from a nearby pond, not connected with the
lake, with dissolved solids of 5,860 ppm, illustrates extreme concen-
tration by evaporation. The lake water is of the same type, sodium
calcium bicarbonate, as the inflowing stream water, but is generally

several-fold more concentrated than is the stream water.
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West Chad Basin

Of 76 water sources sampled in the West Chad Basin, T4 were from
wells, one was from a lake, and one was from a water hole. (See table 2).
The well water varies greatly in quality, ranging in specific conductance
from 39 to 3,700 micromhos and corresponding dissolved-solids content
from 37 to 2,710 ppm. Most water sources have calcium or sodium, or both,
as the predominant cations, with bicarbonate or nitrate, or both, as the
predominant anions. There is an apparent correlation between nitrate
and calcium. Also for several of the highest nitrates, potassium is also
unusually high. The analyses for Abalago, Burdodo, Dakayawa, Dambam,
Dandi, Garin Gudinia, Garki, Karasuwa, Kuilanu, Likori, Machina, and
Shiro Kusko illustrate the high potassium accompanying some of the high
nitrate values(table 2).

Only about 20 of the well sources have nitrate less than 5 ppm;
others have as much as 1,660 ppm, with values commonly exceeding 100 ppm.
As no borehole water in Nigeria is known to have nitrate concentrations
of this magnitude, it is believed that the nitrate is introduced from
the top of the well, and not from the aquifer. It seems likely that
organic nitrogen, later oxidized to nitrate, originates in the guano
of bats, which are known to roost in the cribbing of many wells. The water
of high ¢t nitrate, from the well at Dandi, appears to have had sufficient
acidity, nossible as nitric acid, to neutralize the natural bicarbonate
of the water. At other localities, as at Burdodo, the acid may have

reduced the amount of bicarbonate in the water.
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Water from the water hole has dissolved solids of only 130 ppm and
is of the calcium bicarbonate type. Water from the lake at Tapki Kaska
illustrates extreme concentration by evaporation; calcium and magnesium
have precipitated from solution, yielding a sodium bicarbonate water

with dissolved solids of 8,780 ppm.

12
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Sokoto Basin
Table 3 gives chemical analyses from 55 water sources sampled in the
Sokoto Basin of northwestern Nigeria, including 30 from boreholes, 18 from
wells, one from a spring, 5 from streams and one from a lake.

Basement Complex.--Four water samples were taken from boreholes in

Basement Complex rocks adjacent to the Sokoto Basin (table 3). Three

of these are of calcium bicarbonate type, whereas the fourth is of the
sodium-magnesium bicarbonate type. Specific conductance ranges from
211 to 500 micromhos and dissolved solids from 142 to 328 ppm. The high
iron content of 12 ppm in the borehole sample from Mile 52 on the Gusau-
Sokoto Road will cause characteristic rust-colored stains or deposits
within a short time after contact with oxygen from the atmosphere.

Gundumi Formation.--Sixteen water samples were collected from bore-

holes screened in the Gundumi Formation (table 3) of the Sokoto Basin.
Except at Isa and Kaloye the water is low in dissolved solids, ranging
from 28 to 243 ppm. Most water samples are predominantly of sodium or
calcium and bicarbonate or sulfate type, but sodium chloride water occurs
at Isa and Kaloye.

East and south of Sokoto along the Gusau-Sokoto Road is found an
area of acid water. At Dange and Mile 105 the pH is 5.1, at Mile 110
it is 3.7. These waters are low in dissolved solids, ranging from 28 to
79 ppm. The predominant anion is sulfate, which may be produced by
oxidation of pyrites. This process would also account for the acidity
of the water. The water at Mile 110 contained 32 ppm of iron and 1.8 ppm
of manganese, the highest values for these ions determined for borehole
samples in Sokoto Basin. In the outcrop area of the Gundumi Formation

east of Sokoto; at SBabon Birni, Isa, and Mile 73 on the Gusau-Sokoto
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Road; are the most alkaline water sources in Sokoto Basin, all having
pH of B.7.

Rima Group.--Representing the Rima Group in the Sokoto Basin are
analyses of water samples from nine boreholes and five wells (table 3).
Most of the samples from boreholes are low in dissolved solids, ranging
from 44 to 170 ppm. Water from a borehole 700 feet deep at Kaloye has
a moderate dissolved solids content of about 500 ppm. Most water from
boreholes tapping water in the Rima Group is predominantly a calcium
bicarbonate or sulfate type. Magnesium is occasionally present in
significant quantities, but sodium is the predominant cation only at
Kaloye.

Of considerable interest is the highly mineralized water from two
wells at Goronyo, near Taloka. A sample from a private well collected
in September 1967 was nearly identical to one from the village well
collected in March 1968. The water was of a magnesium-aluminum sulfate
type, with also considerable amounts of calcium, nitrate, manganese,
and sodium. The acidity and sulfate were possibly derived through oxi-
dation of pyrites, with subsequent solution of relatively large quantities
of aluminum and mangenese in the acid water. The high nitrate, however,
was probably introduced at the top of the wells, possibly as bat guano.

A later sample, collected in April 1968, from the village well, then
nearly dry, was no longer acid. Manganese was absent, aluminum was nearly
S0, and other cations except sodium were greatly reduced in amount. Among
the anions, there were substantial increases in nitrate, chloride, and
bicarbonate, but a lower concentration of sulfate. The water type was

sodium sulfate. It is possible that the village well taps water from two

1k
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water-bearing horizons, and that the acidity was generated only in the
upper horizon. Thus when a dry period resulted in dewatering of the
upper horizon, a marked change in the water quality occurred because only
the alkaline water from the lower horizon was then supplied to the well.

Kalambaina Formation.--From this aquifer in the north-central part

of the Sokoto Basin there are analyses for water samples from eight wells
and one spring (table 3). As might be expected from a limestone aquifer,
the water is basically a calcium bicarbonate type. Because all sources

are from a shallow aquifer, they are subject to pollution, which generally
results in high nitrate, and sometimes high potassium and chloride. Except
at Chimola the water has a moderate dissolved solids content, ranging from
130 to 400 ppm. The water from the well at Chimola contains extremely
high nitrate and potassium, and high calcium and chloride, with a dissolved
solids content of 2,340 ppm.

Gwandu Formation.--Table 3 includes analyses for five wells and one

borehole tapping aquifers in the Gwandu Formation, but Ogilbee and
Anderson (1965) have reported earlier chemical analyses for 14 boreholes
screened in this formation. The waters are typically of calcium-magnesium
bicarbonate type, but sodium or sulfate predominate in a few sources.
Nitrate is high in some well waters, as at Kurdula and Balle. Dissolved
solids values are generally low, to a maximum of about 160 ppm.

Surface Water.--Chemical analyses of surface-water sources in the

Sokoto Basin include five from rivers and one from a lake (table 3).
Dissolved solids contents are low, ranging from 33 to 157 ppm. The river
water has bicarbonate as the dominant anion, with calcium and sodium as
the predominate cations. The water sample from Kalmalo Lake is signifi-
cantly higher in magnesium, potassium, and fluoride than the river water

samples.
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Kerri Kerri Ares

Table L includes 46 water analyses, 43 for wells, one for a borehole,
and two for springs in the Kerri Kerri area.

The well water varies greatly in dissolved solids, ranging from 3L
to 1,500 ppm, although most values are less than 500 ppm. The water
type is also highly variable, but most of the water has calcium or sodium,
or both, as the predominant cations, and bicarbonate or nitrate, or both,
as the predominant anions. Potassium is a predominant cation in a few
sources where nitrate is also predominant. Nitrate exceeds 5 ppm in all
but six of the wells, a fact that suggests pollution of the water.
Further, the highest nitrates are found at centers of highest population,
as at Lago. Conversely, the lowest nitrates tend to occur in places away
from concentrated centers of human and animal population, as at Muncika,

Two well sources indicate acid water, with pH of 3.85 and 4.35 at
Buri Buri and Pali, respectively; in each water nitrate is about half
the dissolved-solids content.

The water from Wuro Bundu is highly alkaline, with pH of 10.7 and
hydroxide of 17 ppm. However, this unusual analysis may have resulted
from the introduction of lime or cement into the well. Relatively high
concentrations of nitrite in well No. 1 at Lago and the market well at
Potiskum are probably intermediate decomposition products of organic

matter, a condition likely resulting from pollution of the water.
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Kaduna-Zaria Area

Table 5 includes chemical analyses of water samples from 16 wells
and one borehole, all ending in Basement Complex rocks in the general
area of Kaduna and Zaria. Dissolved solids range from 24 to 511 ppm,
but the only values exceeding about 200 ppm accompany high nitrate
concentrations. The predominant cations are calcium and sodium, but a
few analyses have significant magnesium or potassium. Bicarbonate is
the usual predominant anion, but chloride or nitrate may be predominant,
especially when they accompany the higher dissolved-solids content, as
for the well at a mosque in Kujama. About two-thirds of the well sources
have nitrate in excess of 5 ppm, indicating the strong possibility of

pollution of the water.

17




Miscellaneous Chemical Analyses

Table 6 includes analyses of 14 water sources scattered over a large
area from Kaduna on the north and west to Oturkpo on the south, and Biu
on the east. (See fig. 1). The sources include six springs, two bore-
holes, one well, four rivers (including treated tap water at the city
of Kaduna from the Kaduna River), and one lake. The largest group of
samples, five salt springs near Lafia, is highly mineralized, having
dissolved solids ranging from 7,550 to 20,000 ppm, of which more than
90 percent is sodium-chloride type. The river samples, from Makurdi
area and Kaduna, are typically low in dissolved solids, ranging from
TL to 159 ppm; the Kaduna River water is of the calcium bicarbonate type,
while the Mekurdi waters are mixed cation bicarbonate types, with approxi-
mate equal reacting values of calcium, magnesium, and sodium.

Lake Tilla, near Biu, lies in an inactive volcanic crater without
apparent outlet. The lake is fed by ground water, represented by the
analysis of the well at Lake Tilla. The results of the chemical analyses
suggest that the ground water entering the lake has been concentrated
several-fold by evaporation. The loss of calcium and magnesium is probably
caused by thelr precipitation, as carbonates. The large loss of silica
may be explained by action of algae, but the considerable increase in
potassium would be caused by factors other than evaporation.

The water from a test hole at the Teacher Training College near
Bauchi is low in dissolved solids, 65 ppm, of calcium-bicarbonate type,

but has an objectionable amount of iron.
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Waters from Okokolu Springs at Oturkpo and from the General Hospital
No. 1 borehole at Lafia are among the lowest in dissolved solids of those
waters from all sources analyzed in northern Nigeria. The former is a
sodium bicarbonate-chloride type and has dissolved solids of 23 ppm. The
latter is a calcium-sodium bicarbonate type, but with nearly the equivalent

5f sulfate and bicarbonate, and a dissolved-solids content of 20 ppm.
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Use of Water

Although various standards have been proposed to indicate suitability
of a water source for drinking or other domestic use, it must be recognized
that adherence to such standards is not likely where there is little
choice in the selection of the water. In other words, if there is only
one available source of drinking water, even though it be of poor quality
chemically or bacteriologically, it will be used.

The following are concentrations of selected constituents that should
not be exceeded in drinking water, unless water of better quality is

unavailable, according to the U. S. Public Health Service (1962):

Constituent Concentration, in mg/1 (ppm)

Dissolved solids 500

Sulfate 250

Chloride 250

Nitrate L5

Fluoride approx. 0.7 (for average annual maximum air

temperature above 90°F.)
Iron 0.3

Manganese 0.05

20
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An exasmination of the analyses given in tables 1-6 shows that most
water sources have dissolved solids less than 500 ppm except in Chad and
West Chad Basins. Even in these areas relatively few samples have
dissolved solids exceeding 1,000 ppm. Other chemical quality shortcomings
include nitrate exceeding 45 ppm in nearly half the wells in West Chad
and Kerri Kerri areas, and objectionable amounts of iron, manganese, oOr
both, in many borehole water sources in Chad and Sokoto Basins. The
following table lists the number of water analyses with certain drinking
water limitations:

Fe over .3

Dissolved Solids Dissolved Solids N03 or
Total number between over over Mn over
Area of samples 500 and 1,000 ppm 1,000 ppm L5 ppm -0 ppm
Chad 116 38 1k 3 57
West
Chad 76 21 13 36 0}
Sokoto 55 2 5 6 19
Kerri
Kerri L6 5 2 21 0
Kaduna-
Zaria A 1 0 3 0
Misc. 1k ks 6 0 1
Totals 324 68 Lo 69 i

21




Sulfate or chloride rarely exceeds 250 ppm except where dissolved-
sollds content is high. Some of the latter, such as the salt springs
near Lafia (table 6), are not used for drinking. A few sources contain
fluoride in excess of 0.7 ppm, to a maximum of 3.5 ppm in a well at
Gagarawa in West Chad Basin. Such water would probably cause mottling
of the teeth, particularly in children, of those drinking the water over
an extended period of time.

Considering water for livestock use, Hem (1959) reports that most
animals can tolerate water of much poorer quality than is generally
accepted as suitable for human beings; he indicates an upper limit of
dissolved solids to at least 5,000 ppm. On this basis very few of the
water sources given in tables 1-6 would be unsuitable for livestock
watering.

Water for irrigation use is evaluated largely on the basis of four
criteria: salinity hazard, sodium hazard, bicarbonate hazard, and boron
hazard. Salinity hazard of water has been classified by the U. 5. Salinity
Laboratory Staff (1954) as low, medium, high, or very high according to
conductivity (specific conductance). The dividing points between the
classes are 250, 750, and 2,250 micromhos/cm at 25°C. This classification
places most ground waters in Northern Nigeria in the medium or high category,
indicating that use for agriculture should be satisfactory on permeable
soils with good drainage, provided other hazards are low. Surface waters
usually have low salinity hazard and are generally satisfactory on most

solls.

22
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Sodium hazard was previously defined in the section on "Explanation
to Accompany the Tables 1-6." Medium or greater hazard is indicated
for a number of the ground-water sources in Chad Basin and for a few
sources in Sokoto and West Chad Basins. Such water should not be
applied, except perhaps on very sandy, highly permeable soils, or in
conjunction with chemical soil amendments such as gypsum. Surface waters
usually have low sodium hazard and can be used successfully on most
soils.

Bicarbonate hazard is indicated by residual sodium carbonate (RsC),
according to the limits given in the section on "Explanation to Accompany
the Tables 1-6." This hazard is marginal or unacceptable in many of
the ground-water samples from Chad and some samples from West Chad and
Sokoto Basins. Also some of the surface samples from Lake Chad have
marginal bicarbonate hazard. It would be advisable to avoid use of such
waters for irrigation, unless gypsum or other chemical amendment is
applied to the soil.

This group of analyses is the first in Nigeria known to have included
determinations for boron, so prior to 1965 the extent of the boron hazard
in water was unknown in northern Nigeria. The relative boron tolerance
by various crops has been determined by Eaton (1935), who gives 0.3 to
1 ppm, 1 to 2 ppm, and 2 to 4 ppm as the ranges in boron concentration
that will be tolerated in irrigation water by sensitive, semi-tolerant,
and tolerant crops, respectively. Since the maximum boron determined

(tables 1-6) is 1.0 ppm, only the sensitive crops need be considered.

Among these sensitive crops only citrus fruits are commonly grown in Nigeria.
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Boron values from 0.5 to 1.0 ppm are given for several sources in Sokoto
Basin (table 3) and for Azara Spring (table 6), but all these present
hazards other than boron that limit their use for irrigation. In Chad
Basin about 20 ground-water sources have boron from 0.4 to 0.6 (table 1);
most of these have other characteristics that would also limit their
usefulness for irrigation. Only citrus plants, however, might be adversely
affected by the level of boron in the irrigation water. As a very small
amount of boron is essential for plant growth, the 0.0 ppm of boron
determined in many of the analyses would indicate that boron deficiency

may be much more prevalent than boron toxicity.
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iral Anmlyses of Water Samples from the Chad Basin (cont'd)

Table 1,--Chem:

Analysis by R, T. Kiser and J. A. Akingbehin

{Constituents in Parts per ¥illica)
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