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ABSTRACT

Nine water samples from eight different resources were collected from the southern part
of Al-Razzazah Lake and the adjacent area, which is located West of Karbala city. It has been
found that the lake water is characterized by high content of T.D.S., while that near the shore
has suffered dilution by the irrigation drainage water and the wells water is mixed with the
domestic wastewater of Karbala city via Karbala northern drainage, which is much lower in
T.D.S.. The samples RO, R1, R2, R3, R4 and R5 are considered very hard but still can be used
for irrigation but care should be taken to sensitive crops. R6 and R7 can be also used for
irrigation but gypsum should be added to the soil, moreover this water can be used for non-
sensitive crops. The lake water (R8) is not suitable for irrigation as it may cause severe
damage to the soil and plants. Sand washing slightly contributes in increasing the Mg**
concentration and alkalinity in the pumped well water used in washing the sand, which
changes the water type from Na" + Ca*" to Na* + Mg®* + Ca?*. The near shore water sample
were found to be of very low concentration compared with those from the interior of the lake,
indicating that the Northern Karbala Drainage water pumped to the lake and the spring water
are slightly mixed with the lake water due to the difference in densities.
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INTRODUCTION

Al-Razzazah Lake is located West of Karbala, central Irag, The semi arid climate together
with the shortage and even no supply of water to the lake from Al-Habaniya Lake, beside the
scarcity of rain and dryness of the springs are the main reasons for the decrease in water
storage of the lake, which, led to a considerable change in the lake water quality bringing
about death to the living organisms at the lake shore (Figs.1 and 2). Therefore, human
dependence on water supply in the area is based on two sources, which are; the ground water
from springs and drilled wells, the agricultural drainage and domestic wastewater and the
water pumped by pipelines from Euphrates River to the area for drinking and domestic
purposes. Therefore, hydrochemical assessment for these water sources was applied in this
study.

Hydrochemical study is one of the most important ways to assess the water quality and its
suitability for different aspects of life. The major cations and anions usually used in the
hydrochemical studies are: Ca**, Mg?*, Na*, K*, Cl , HCO3 and SO4”. They play a significant
role in water quality assessment and classification (Todd, 1980 and Davis, and Dewiest,
1966). Many types of ionic relations could be used, they are a combination of two or group or
all the ions (Sadashivaiah et al., 2008 and Khodapanah et al., 2009). In such studies the
sodium percent, magnesium hazard and SAR are used to indicate the ionic effect of the
chemical elements of water on the physical properties of soil, also the suitability of water for
irrigation and other aspects of water need. Chemical classification using Piper's diagram
(1944) and Back and Hanshaw (1972) also throws light on the concentration of the dominant
cations and anions and their interrelationships (Zaporozee, 1972).

The objective of the present work is to study the major ions chemistry of the water sources
in the southern part of Al-Razzazah Lake and its vicinity and to assess its quality and
reliability for human consumption and irrigation.
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a: The dead fish close to the land b: Shells of dead organisms closer
to the water

Fig.1: Effect of shoreline retreat and T.D.S. increase on the living organisms
in Al-Razzazah Lake

82



Iragi Bulletin of Geology and Mining Vol.9, No.2, 2013 81-95

Fig.2: Effect of water supply shortage on the lake storage

The study area is located West of Karbala City, between 32° 15' and 32° 45' North and
43° 25" and 44° 00" East (Fig.3). The area is characterized by a semi-arid environment of hot
dry summer, cold dry winter with annual rainfall (109 — 122 mm) mainly during January to
April and annual evaporation (3194.3 — 3332.7 mm) (Table 1) (IGOMI, 2000).

Tablel: Climatic Information at Karbala and Najaf stations

Station Temp. Max. Temp. Min. | Annual rainfall | Annual evaporation
W) () (mm) (mm)
Karbala 43 6.4 109 3332.7
Najaf 44 6.4 122 3194.3

= Previous Works

Al-Razzazah Lake and the adjacent area have been studied by Parsons (1955) to provide
the hydrogeological information for the Western Desert. Ingra (1974) investigated the area
hydrologically by drilling many boreholes to provide the relevant information for
hydrogeological assessment. Idrotechnico (1977) carried out a hydrogeological study for
sector No.4, which includes the study area, by drilling many boreholes. Al-Basrawi (1996)
studied the hydrogeology of Al-Razzazah Lake and the adjacent area, in which he studied the
variation in quality for the surface water and groundwater enters the lake. Al-Basrawi (2005)
conducted a hydrogeological and hydrochemical evaluation for Karbala Governorate.

= Geology

Al-Razzazah Lake is surrounded by Tertiary sediments of different ages and types. They
are Dammam, Euphrates, Nfayil, Injana and Dibdibba formations. Quaternary sediments
cover vast area of the lake vicinity represented by gypcrete, inland sabkha, depression fill,
flood plain and aeolian sediments (Fig.3).
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Fig.3: Location and geology of the study area and water samples sites
(after Sissakian, 2000)
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METHODOLOGY
= Sampling

Nine samples were collected from the area during 21 August 2010 (Figs.3, 4, 5 and 6).
Two of them were from Al-Razzazah Lake, one near shoreline (R7) and the other was from
about 100 m away inside the lake (R8). One sample from Northern Karbala Drainage includes
mixed agricultural, industrial and domestic wastewater from Karbala area and open into
Al-Razzazah Lake (R0O). Spring waters are represented by two samples, one from a sulfuric
water spring (R1) and the other belongs to the so-called Qatarat Al-Immam Ali (R6). One
sample from spring waters used for irrigation (R2) related to drilled wells. Well waters were
also collected, one from north of Shithatha (R3) and the other is used for washing sands
quarried from Al-Ukhaider area (R4). Another water sample was collected after washing the
sand (R5) to study the change in water quality after sand washing.

= Analysis

Chemical analyses of the water samples were carried out in the laboratories of the State
Association of Ground Water following the standard procedures recommended by APHA
(1994). The collected samples were analyzed for Na*, K" by ELICO Flame Photometer; for
NO5;~ by CROMTIC Spectrophotometer; for Ca**, Mg®*, HCO3 , Cl , SO4” by titration and
T.D.S. by heating and evaporation. While, pH and EC were measured in the laboratory by
WTW portable equipment. The chemical analyses are listed in Table (2).

RESULTS AND DISCUSSION
» Water Quality Assessment

The main purpose for hydrochemical analysis is to conclude the water quality extracted
from the chemical analysis and field measurements (Table 2). The calculated relationships
include the percent sodium (Na%) total hardness (TH), magnesium hazard (MH) and sodium
adsorption ratio (SAR).

Water types were extracted from the water formula (Table 3), indicating T.D.S., anions
(epm%) 15% in decreasing order, cations (epm%) 15% in decreasing order and pH.

Therefore, application of hydrochemical assessment is to conclude the water suitability
for different uses based on different chemical indices.

The water formula for the studied samples shown below, shows that all the samples are of
Sulphate — Chloride type, except RO and R6 are of Chloride — Sulphate type, and all the
samples are of Sodium — Calcium except for R8, which is of Sodium — Calcium — Magnesium
type. pH of all the samples are alkaline, ranging between 7.14 and 8.3. Their T.D.S. ranging
between (1503 — 3246) ppm, except sample No.R8, where it’s T.D.S. is 29956 ppm.
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a: Location of near shore lake water
sample (R7)

Fig.4: Loc

a: Well water before using for sand
washing (R4)

b: Location of off shore lake water
sample (R8)

b: After sand washing process (R5)

c: Agricultural drainage and domestic
wastewater (R0O) (Northern Karbala Drainage)

ge water samples

c: Well water

Fig.5: Location sites of well water samples
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a: Spring water (R1)

b: Irrigation water from springs (R2)

c: Site of Qatarat Al-Immam Ali

d: Qatarat Al-Immam Ali spring water
(R6)

Fig.6: Location sites of spring water samples
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Table 3: Chemical formulas for the collected samples according to Ivanov equation

(in lvanov et al., 1998)

Cl (40.42) SO,~ (39.18) HCO; (19.28)

RO 1889 (ppm) Na’ (41.2) Ca”" (39.64) Mg™ (18.76) o
R1 1553 (ppm) Na* (5: S;; g;;7(62)7§;9)(4|1\5|);f)(16.01) r3t
R2 1518 (ppm) Na" (558211; (C4a2'+2(32)7(.:1lz)(ﬁ§2?)(16-63) °

R 1503 (o) e 559 E (500 T2
R4 1871 (ppm) . (22982)3 o E‘é‘iﬁ?ﬁ 7'1
Rs 1672 (opm) o UBS MG 13708 G 2578 003
R6 3246 (ppm) e (5; :',,9§4§'§9 )(Sf;;)(ﬁ;?)(zz.%) o3
R7 2917 (ppm) Na"* (5:(1)3; (05a12'+6(52)5.c7l5)(3|\i§12?)(18.82) .
"6 29956 (opm) SO, (56.2) Cl (37.79) 79

Na" (37.79) Ca®* (28.61) Mg?* (26.72)

For hydrochemical facies and characterization of the studied water samples, Piper's
trilinear diagram (1944) and the subdivisions of Back and Hanshaw (1972) were adopted

(Fig.7).

Hydrochemical facies of groundwater

Cations Anions

Fig.7: Piper's trilinear diagram (1944) and the subdivisions of

Back and Hanshaw (1972)
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The Plot of the studied water samples on the Piper's diagram (1944) are shown in
Figure (8).

Nat+ & £+ CO32) & FHCAI2-)

Mg i S0402-)

Caf2+) Ci-

Fig.8: Water samples plot on Piper's trilinear diagram

The application of Back and Hanshaw (1972) subdivisions on Piper’s diagram (1944)
shows that: B B
— All the samples have (HCO3 + CO37) < (Cl +S0y")
—R1, R2, R3, R4, R6 and R7 have non carbonate salinity (primary salinity) > 50 %
— RO and R5 have no dominant cation — anion pair
—R8 has non carbonate hardness (secondary salinity) > 50%

— Water samples suitability for drinking: Since all the water samples were collected from
the water sources at the southern part of Al-Razzazah Lake and its vicinity (including the
water of Qatarat Al-Immam Ali (which people used to drink for blessing) have a Total
Hardness value > 300 (Table 4), therefore they are considered very hard according to Todd’s
classification (1980) and therefore can’t be used for drinking (Table 5).

Table 4: Total Hardness calculated from the chemical analysis of the water samples

RO | RL| R2 | R3 | R4 | R5 | R6 | R7 | RS
| TH (ppm) 715 | 509 | 528 | 522 | 471 | 688 | 1020 | 922 | 9720
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Table 5: Classification of water based on hardness (after Sawyer and McCarthy, 1967)

Total Hardness (as CaCQO3) Water type Studied water samples
0-75 soft none
75— 150 moderate none
150 — 300 hard none
> 300 very hard RO, R1, R2, R3, R4, R5, R6, R7, R8

Based on Crist and Lowry (1972) limits of T.D.S. concentrations in water for animals
drinking, it is found that only RO, R1, R2, R3, R4, R5 can be used for chickens drinking,
while all the water sources in this study (except R8) can be used for horses drinking, milk
caws, meat caws and sheep drinking (Table 6).

Table 6: Water usage for animals drinking according to Crist and Lowry (1972)

Animal T.D.S. (mg/l) Studied samples Remarks
chickens 2860 RO, R1, R2, R3, R4, R5
horses 6435 RO, R1, R2, R3, R4, R5, R6, R7 | Rg could not be used for
milk caws 7150 RO, R1, R2, R3, R4, R5, R6, R7 | drinking for any type of
meat caws 10000 RO, R1, R2, R3, R4, R5, R6, R7 animals
sheep 12900 RO, R1, R2, R3, R4, R5, R6, R7

— Suitability for irrigation: To study the possibility of using these water sources for
irrigation, Na% were calculated according to the equation No.1 (Table 7), and Wilcox (1955)
classification was adopted (Table 8).

(Na" + K*) 100
Ca®" + Mg®* + K*

Na% =

Q)

All ionic concentrations are expressed in milliequivalents per liter.

Table 7: Calculated Na% for the studied samples

RO R1 R2 R3 R4 R5 R6 R7 R8
| Na% 20.8 56.79 56.2 52,93 | 53.62 | 47.17 | 47.28 | 55.42 | 44.67
Table 8: Water types according to Percent Sodium according to Wilcox (1955)

Na% Water type Studied water samples

<20 excellent none
20 -40 good RO
40 - 60 permissible R1, R2, R3, R4, R5, R6, R7, R8
60 — 80 doubtful none

> 80 unsuitable none

91




Hydrochemical Assesment of Water Resources in the Southern Part of Al-Razzazah Lake
Rafa'a Z. Jasssim and Ageel A. Al-Zubaidi

According to the Na%, it has been found that the agricultural drainage and domestic
wastewater sample RO are was classified as good for irrigation, while R1, R2, R3, R4, R5, R7
and R8 are permissible (since the water discharge of R6 is very low, it has been excluded
from this assessment).

Due to the fact that saline water will produce an alkali soil and irrigation with Na*
enriched water results in ion exchange reactions such as uptake of Na" release of Ca** and
Mg?*, this causes soil aggregates to disperse and reduces its permeability. Therefore, the
tendency of sodium to increase its proportion on the cation exchange sites at the expense of
other types of cations (primarily calcium and magnesium) is estimated by the sodium
adsorption ratio (SAR), this ratio has been used widely in the assessment of surface and
groundwater (Miller and Gardiner, 2007; Tijani, 1994; Khodapanah, 2009 and Sadashivaiah
et al., 2008). The Sodium Adsorption Ratio is calculated according to the equation No.2
(Table 9), and the usage of the different water types included in this study for irrigation are
mentioned in Table (10):

Na*
SAR = e )

C8.2+ + M92+
2

Table 9: Calculated SAR values for the studied samples

RO R1 R2 R3 R4 R5 R6 R7 R8
| SAR 3.76 5.82 5.80 5.07 4.93 4.63 7.05 749 1142

Table 10: SAR hazard of irrigation water
(http://www.lenntech.com/applications/irrigation/sar/sar-hazard-of-irrigation-water.htm)

Hazard | SAR Notes Studied water samples
none < 3.0 |No restriction on the use of recycled water none

From 3 to 6: care should be taken with

. RO, R1, R2, R3, R4, R5
sensitive crops

From 6 to 8: gypsum should be used. To be

slightto | 5 v _ g g |used with insensitive crops R

moderate
From 8 to 9: Soils should be sampled and
tested every 1 or 2 years to determine whether none
the water is causing sodium increase
acute >0.0 |Severe damage. Unsuitable R8

Note: Some studies used Bauder et al. (2003) classification, which contains SAR values
up to > 26.
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Since calcium and magnesium (magnesium hazard MH) in water exceeding (10 meg/l or
200 ppm) (Table 11), the water cannot be used for drinking (Khodapanah et al., 2009);
therefore, the water sources represented by the water samples R1, R2, R3, R4 can be used for
irrigation, while RO, R5, R7and R8 are not suitable for irrigation.

Table 11: Calculated MH values for the studied samples

RO R1 R2 R3 R4 R5 R6 R7 R8

MH

32.12
(ppm)

10.17 | 8.02 | 29.05 | 33.04 | 51.27 | 48.06 | 42.21 | 48.30

CONCLUSIONS AND RECOMMENDATIONS

e The T.D.S. of the water sample from the interior of Al-Razzazah Lake found to be
(29956 mg/l) which is much higher than that measured by Al-Basrawi (1996) which ranged
between 12250 and 13000 mg/l. It has been observed that the lake water near the shore has
very low T.D.S. (2917 mg/l) with respect to that from the lake interior, this indicates that
this water sample represents the Northern Karbala Drainage water and springs and well
water slightly mixed with lake water.

e According to the variable indices used to classify the studied water samples, it has been
found that there is contradictory between the Na% and magnesium hardness classifications
for samples RO, R5, R7 and R8 (Table 12).

Table 12: Na%, TH, MH and SAR indications for the studied samples

Na% TH (ppm) MH (ppm) SAR
not suitable for care should be taken
RO good very hard . : o
irrigation with sensitive crops
_— can be used for care should be taken
R1 | permissible | very hard o : o
irrigation with sensitive crops
- can be used for care should be taken
R2 | permissible | very hard o . o
irrigation with sensitive crops
- can be used for care should be taken
R3 | permissible | very hard o . oo
irrigation with sensitive crops
- can be used for care should be taken
R4 | permissible | very hard o . o
irrigation with sensitive crops
. not suitable for care should be taken
R5 | permissible | very hard L . oo
irrigation with sensitive crops
R7 | permissible | very hard not_ sqltal:_)le for Gypsum s_hpuld be
irrigation used (Insensitive crops)
. not suitable for Severe damage
R8 | permissible | very hard irrigation (Unsuitable)

e All the water samples are of SO4~ and cl except samples RO and R6.

e All the water samples RO, R2, R6, R7 and R8 are of Na*, Ca®* and Mg** type, while R3 and
R4 are of Na* and Ca?*, and R5 is of Na*, Mg®* and Ca**.

e The hydrochemical facies for R1, R2, R3, R4, R6 and R7 show dominant non carbonate
salinity (primary salinity), while R8 shows a dominant non carbonate hardness (secondary
salinity) and RO and R5 show no dominant cation — anion pair.
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e The studied water sources could be used for irrigation under certain conditions, except the
water sample taken from inside the lake (R8).
e The water of Qattarat Al-lmmam Ali is not suitable for drinking.

Generally speaking, poorer quality water (higher salinity and SAR) can be used to irrigate
sandy, well-drained soils with good drainage than, can be used to irrigate soils having
relatively high clay contents (Bauder et al., 2008). Also, most of the studied samples (except
R8) could be used to irrigate non-sensitive crops. On the other hand, gypsum could be used
with the soils that may irrigate with the water represented by R6 and R7. Caution should be
taken when using the water used in sand washing as magnesium concentration is highly
increased due to leaching of magnesium from the sand during the washing process.

ACKNOWLEDGMENT

The authors wish to appreciate the State Organization of Groundwater to carry out the
chemical analysis of the water samples in their laboratories free of charge. Also acknowledge
the efforts of Prof. Dr. Mohammad K. Mohammad for his field assistance; Mrs. Siham
Yolyos for the GIS processing of the location map, and Mr. Gaith Fathi for typing the
manuscript.

REFERENCES

Al-Basrawi, N.H., 1996. Hydrogeology of Razzazah Lake. Unpub. Ph.D. Thesis, Baghdad University. 130pp.

Al-Basrawi, N.H., 2005. Hydrogeological and hydrochemical evaluation in Karbala Governorate. GEOSURYV,
int. rep. no. 2935.

APHA (American Public Health Association), 1994. Standard method for examination of water and wastewater.
NW, DC 20036.

Back, W. and Hanshaw, B.B., 1972. Advances in Hydroscience. In: Chemical Geohydrology. Academic Press,
New York, Vol.11, 49pp.

Bauder, T.A., Waskom, R.M. and Davis, J.G., 2003. Irrigation water quality criteria .Colorado State University,
Extension — Agriculture Publication No0.506. FAO (Food and Agriculture Organization) of the United
Nation, Rom. Irrigation and Drainage.

Bauder, J.W., Bauder, T.A., Waskom, R.M. and Thomas, F.S., 2008. Assessing the Suitability of Water
(Quality) for Irrigation — Salinity and Sodium.
(https://www.certifiedcropadviser.org/files/certifications/.../220.pdf)

Crist, M.A. and Lowry, M.E., 1972. Groundwater resources of Natrona County, Wyoming: A study of the
availability and chemical quality of ground water, Geological survey water supply paper, 1897, U.S.
Government Printing Office, Washington, 92pp.

Davis, S.N. and Dewiest, R.J.M., 1966. Hydrogeology. Willey, New York, 463pp.

IGOMI, (Iragi General Organization for Meteorological Information), 2000. Climatic Atlas of Iraq for years
1981 - 2000.

Idrotechnico — Consult Progetti, 1977. Hydrogeological exploration, Block 4. Final Report, SEGSM No.26.

Ingra Consulting Department, 1974. 100 + 4 wells in the Western and Southern Deserts, GEOSURYV,
int. rep. no. 318.

Khodapanah, L., Sulaiman, W.N. and Khodapanah, N., 2009. Groundwater quality assessment for different
purposes in Eshtehard District, Tehran, Iran. European Jour. of Scientific Res., Vol.36 No.4,
p. 543 — 553.

Ivanov, V.V., Barvanov, L.N. and Plotnikova, G.N, 1998. The main genetic type of the Earth's crust mineral
water and their distribution in USSR. Inter. Geol. Cong. 23" Session, Czecholoslovakia, Vol.12, 33pp.

Miller, R.W. and Gardiner, D.T., 2007. Soils in Our Environment. 9" edit. Prentice Hall-Inc., New Jersey.

Parsons, R.H., 1955. Groundwater resources of Irag. Vol.7, GEOSURYV, int. rep. no. 414.

Piper, A.M.A., 1944. Graphic procedure of the geochemical interpretation of water analysis. USGS
Groundwater, 12pp.

Sadashivaiah, C., Ramakrishnaiah, C.R. and Ranganna, G., 2008. Hydrochemical analysis and evaluation of
groundwater quality in Tumkur Taluk, Karnataka State, India. Int. J. Environ. Res. Public Health, 5(3),
p. 158 — 164.

94


https://www.certifiedcropadviser.org/files/certifications/.../220.pdf

Iragi Bulletin of Geology and Mining Vol.9, No.2, 2013 81-95

Sawyer, G.N. and McCarthy, D.L., 1967. Chemistry of Sanitary Engineers, 2™ edit. McGraw Hill, New York,
518pp.

Sissakian, V.K., 2000. Geological Map of Irag, 3" edit., scale 1: 1000 000. GEOSURYV, Baghdad, Irag.

Tijani, M.N., 1994. Hydrochemical assessment of groundwater in Moro area, Kwara State, Nigeria. Environ
Geol. 24, p. 194 - 202.

Todd, D.K., 1980. Groundwater Hydrology. Willey, New York, 535pp.

Wilcox, L.V., 1955. Classification and use of irrigation waters. U.S. Department of Agriculture, Circular 969,
Washington, DC, 19pp.

Zaporozee, A., 1972. Graphical interpretation of water quality data. Groundwater, 10, p. 32 — 43.
(http://www.lenntech.com/applications/irrigation/sar/sar-hazard-of-irrigation-water.htm)

About the Authors

Dr. Rafa‘a Zair Jassim: B.Sc. in geology from University of Baghdad in 1975; e
M.Sc. in Geochemistry and Ore mineralogy from Strathclyde University, U.K. in / \
1979 and Ph.D. in Geochemistry and mineralogy from University Baghdad in PEe.
1997. Head of Geochemistry department in GEOSURYV (1980 — 1985), member of
the editorial board of the Journal of Geology edited by the geological Union for the
years (1990 — 1994). Currently, head of Geological Laboratories Division and the
secretary of the editorial board of the Bulletin of Geology and Mining in
GEOSURYV and was nominated as an Expert in 2006. He has 19 documented
technical reports in GEOSURV's library and 13 published articles in different
geological aspects.

e-mail: rafaazair@geosurvirag.com; rzjassim@yahoo.com

Mailing address: Irag Geological Survey, P.O. Box 986, Baghdad, Iraq

Dr. Ageel Abbas Al-Zubaidi: B.Sc. in geology from University of Baghdad in
1976, he got his M.Sc. and Ph.D. from the same University in 1988 and 2005 '
respectively, in sedimentology and clay mineralogy. He joined his job as 4% T

a demonstrator in the University of Al-Mustansiriya, then in the University of o *
Baghdad, College of Engineering and he has been as a lecturer in the Natural \g}
History Research Center and Museum since 1989 till now. He has more than 15 i
gratitude documents from the Ministry of Environment, University of Baghdad 6
and College of Science. He has more than 30 published and accepted papers and

abstracts and technical reports. He joined many international workshops on
protected area, which were organized by UNEP, IUCN, UNESCO, MOE and NI.
He is a member of National Committee of Natural Site Study, National Committee
of Detail Archaeological Survey, and National Team of prepare and nominate
Southern Marsh File on the World Heritage List. His major fields of interest are:
Geoheritage, Natural Reserve, Geoarchaeology and Desertification.

e-mail: aazubaidi@yahoo.com

95


http://www.lenntech.com/applications/irrigation/sar/sar-hazard-of-irrigation-water.htm
mailto:aazubaidi@yahoo.com

