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Abstract The aim of this study was to investigate the

potential environmental issues associated with the re-use of

effluent mine waste water from the Eshidiya rock mine,

South Jordan for agricultural production. Waste water can

be used for irrigation of field crops if international water

quality guidelines are followed. Therefore, the chemical

composition of effluents from the phosphate mine was

determined and the sodium adsorption ratio (SAR), soluble

sodium percentage (SSP), exchangeable sodium percentage

(ESP), residual sodium carbonate (RSC), and magnesium

hazard were evaluated. These values and the concentrations

of dissolved Cd, Cr, Cu, Fe, Ni and U agree with Jordanian

standards and FAO guidelines for irrigation purposes.

Plotting the value of conductivity (EC) and SAR on the US

salinity diagram indicates that most of the samples are

categorized as C4S1–C4S2. This water cannot be used for

irrigation on any type of soil, as per US Salinity Laboratory

(USSL) guidelines, without posing a sodicity hazard due to

exchangeable sodium. Effluents from the Eshidiya Mine

fall into the FAO ‘‘slight to moderate restriction on use’’

category for irrigation. Thus, before use, mine waste waters

should be mixed with ground water having a low salt

content. Further work is required to quantify the negative

effects (slight to moderate salinization) versus the positive

effects (phosphate addition) using effluents from phos-

phatic waste waters for irrigation of field crops.

Keywords Phosphate rock � Mine waste water quality �
Irrigation � Hazard indices � Heavy metals � Jordan

Introduction

Availability of water in Jordan is threatened by increasing

demand from industry production in the face of economic

and demographic growth. Local water supplies are ‘likely

to be affected’ by the development of the phosphate

industry in Jordan (Rimawi et al. 2009). Phosphate industry

water usage competes with other vital socioeconomic

sectors, such as agriculture and drinking water supplies.

The availability of good quality water for irrigation is

threatened in many places (Zulu et al. 1996) and agricul-

ture faces the challenge of using less water, and in many

instances of poorer quality, to irrigate lands that provide

food for an expanding population.

Jordan is considered as arid or semi-arid due to the

scarcity of freshwater as well as low rainfall. Hence, the

use of mine waste water in agriculture is one of the

strategies adopted for managing the water supply in arid

and semi-arid countries like Jordan (Sofremines 1984,

1987; El-Hasan 2006; Notholt 1994; Rimawi et al. 2009),

which is receiving great attention and increased recogni-

tion. Significant phosphate deposits occur in Jordan, of

which the Eshidiya deposits located in the southern part of

Jordan (Fig. 1) are the largest of all.

The phosphate facies of Eshidiya forms the Al Hisa

Phosphorites Formation (Lowermost Maastrichtian) belt,

which runs NNE–SSW approximately parallel to the Desert
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Highway in Central Jordan (El-Hiyari 1985). In this low

dipping terrain, it is easily distinguished from the more

resistant Amman Silicified Limestone (Barjous 1986). It

consists of thin medium-bedded chert, marl, chalky marl,

phosphate, microcrystalline limestone, and oyster–coquina

bioherms. The oyster coquina bioherms are called Bahiya

coquina. The thickness of this formation is 22 m (Bender

1974).

The type section of Shidiya Phosphorites Formation

(Fig. 2) consists of four phosphatic beds (A0, A1, A2 and

A3). A1 and A2 beds are separated by rocks including chert,

tripoli, phosphatic chert and silicified phosphate (Khalid

1980). These rocks are referred to as inter-waste one

(IW1). On the other hand, the phosphatic chert, chert and

silicified phosphate, that separates beds A2 and A3 are

represented by phosphatic layers referred to as inter-waste

two (IW2). This formation has two members; these are the

Bahyia Coquina Member and Sultani Phosphate Member.

The phosphatic bed A0 is hosted within the Bahyia Coquina

Member, and the other phosphatic beds (A1, A2 and A3) are

hosted within the Sultani Phosphate Member. Alluvium

and Wadi sediments are present close to the top of bed A3,

which is present in the top most of the type section.

In the Eshidiya mines, the phosphate ore is extracted,

dumped into a pit, crushed and dry screened. The ore is

then washed and broken apart with water guns, turning it

into slurry. The slurry is pumped to a beneficiation plant,

and goes through a two-step process to separate phosphate

beds, designated A1 and A3, from clay and sand particles,

respectively.

In the first step, the phosphate bed A1 mixture is sepa-

rated from clay gangue materials by washing with fresh

Fig. 1 Location map of the

study area
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water. However, phosphate bed A3 and sand particles have

similar weights, making separation more difficult. In the

second step of processing, the phosphate bed A3 slurry

mixture is sent to a flotation plant where a collector agent is

added to coat the phosphate particles. Air bubbles are

introduced, and the chemically coated phosphate adheres to

the bubbles causing them to float to the surface while the

sand drifts to the bottom of the tanks.

The phosphate products from beds A1 and A3 are then

washed and dried for use in phosphoric acid manufac-

turing. The filtered residuals of both phosphate beds A1

and A3 are defined as waste water (mine waste water).

This mine waste water contains levels of salinity, nutri-

ents, heavy metals, and other undesirable elements such

as fluorine that may be detrimental if returned to the

environment (Altschuler 1980; Papadopoulos 1995;

Kauwenbergh 1997; Kim and Schaible 2000; Jiries et al.

2004; Al-Slaity 2005; Al-Hwaiti et al. 2005; Batarseh and

El-Hasan 2009). Consequently, the slurry mixture waste is

stored in huge settling ponds on the Eshidiya mine site

(Fig. 2). The total amount of water consumed by the

Eshidiya beneficiation process is 15 million m3 per year

(Al-Hwaiti 2000; Rimawi et al. 2009; Al-Zoubi and Al-

Thyabat 2012). Water consumption can reach 4–6 m3 per

ton of produced phosphate concentrate (JPMC 1998; Tao

and AL-Hwaiti 2010).

However, the direct and indirect use of mine waste

water in irrigated agriculture is increasing as a result of

increasing global water scarcity. Use of mine waste water

for agriculture is highly encouraged, and it is considered an

environmentally sound disposal practice compared to

direct disposal to the soil, surface or ground water bodies

(Qadir et al. 2007). Thus, many guidelines have been

developed to on how treated wastewater (effluents) should

be reused for irrigation purposes (Pescod 1992; EPA 2004,

WHO 2006).

Siegel (2002) conducted a study to investigate the

degree of pollution caused by utilization of mine waste

Fig. 2 Lithostratigraphical

sections of coquina and non-

coquina areas (modified after

Sofremines 1984)
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water drainage. The results showed mobilization of

potentially toxic elements (e.g., As5?, Cd2?, Cr2?, Cu2?,

Fe2?, Ni2?, and U6?) in the surface environment, into soil

or groundwater. Severe health problems may develop over

time for the population exposed to such threats, depending

upon the magnitude of that exposure. Problems also occur

through contaminated soils and irrigation waters affecting

the food chain. Long-term use of mine waste water efflu-

ents, may lead to accumulation of higher amounts of toxic

trace metals in soils that can enter the food chain through

uptake by plants. FIPR (2004) assessed the mine waste

water quality of slurry effluents from mining and benefi-

ciation in central Florida and its impacts on surface water,

groundwater, soil, and plants affected by this water. Other

effects of mine waste water on plants and soils have also

been assessed. For instance, Hatira et al. (2005) carried out

a study near a phosphate mining activity in Tunisia to

assess the risk of potentially toxic Cd2? and Cr2? in

phosphate mine waste water on soil and plants. Mercuri

et al. (2005) found saline coal mine waste water effluents

can be used to establish plantations without adversely

impacting tree growth. Also, Abreu et al. (2007) conducted

a study on copper mine waste water in Portugal to assess

trace element contents in plants.

Criteria for irrigation water quality parameters relate

specific physical and chemical properties of water to the

yield and quality of field crops, soil productivity and pro-

tection of the environment. Thus, many guidelines have

been suggested by researchers for using water in irrigation

under different conditions (Ayers and Westcot 1985; Abdul

Hameed et al. 2010; Abdulrahman et al. 2011). However,

the classification of US Salinity Laboratory (USSL) is used

most commonly. Parameters such as EC, pH, Sodium

Adsorption Ratio (SAR), the Exchangeable Sodium Per-

centage (ESP), Soluble Sodium Percentage (SSP) and

Residual Sodium Carbonate (RSC) were used to assess the

suitability of water for irrigation purposes. From these

studies, it is obvious that the suitability of mine waste

water for irrigation and agriculture largely depends on the

site-specific quality of the water, with possible chemical

variations caused by phosphate characteristics, as well as

the type of beneficiation processes (washing or flotation).

Uncontrolled applications of mine waste water effluents

could further contribute to degradation of groundwater

quality, especially in the study area. In certain conditions,

especially where there is accumulation of sodium ions in

the soil structure due to extended use of irrigation water,

deterioration in the soil physical properties may occur and

cause a decrease in crop production. Hence, the main goals

of this study were: (1) to assess the physical and chemical

characteristics of the effluent mine waste water resources in

order to determine suitability for irrigation purposes, (2) to

examine the extent and degree of toxic heavy metal

contamination of the mine waste water, and (3) to evaluate

the suitability of mine waste water resources as non-con-

ventional water resources.

Materials and methods

Sampling

Sixty slurry samples were collected from the two phos-

phate beneficiation process streams: the beneficiation of

bed A1 and the flotation of bed A3 (Fig. 3). The samples

were selected on ten sequential days of phosphate benefi-

ciation of beds A1 and A3. Thirty slurry samples each of 20

L were collected and then combined to produce 10 com-

posite samples. Each slurry sample from beneficiation bed

A1 and from flotation bed A3 was siphoned after the clay

waste (slime) settled, and then the mine waste water was

filtered and preserved at 4 �C for chemical analysis in clean

polyethylene bottles. Three groundwater samples were also

collected from wells at Eshidiya Mines, during May 1–17,

2012. For mine waste water and ground water samples, the

parameters temperature, pH, and electrical conductivity

(EC) were measured to an accuracy of ±0.5 �C, ±0.01 pH,

±0.5 EC, respectively, based on calibrations using up to 5

points.

Chemical analysis

HR-ICP-MS analysis

The ICP-MS analysis was carried out at the Institut für

Chemie und Biologie des Meeres (ICBM), Carl von Ossi-

etzky Universität, Oldenburg, Germany. Cd2? and U6? in

the phosphate mine waste water and the ground water

samples were analyzed by inductively coupled plasma-

mass spectrometry, HR-ICP-MS, with a Thermo Scientific

Element 2 according to a modified version of the method of

Schnetger (1997).

ICP-OES

The inductively coupled plasma emission spectroscopy

(ICP-OES) analysis was also carried out at the ICBM,

Carl von Ossietzky Universität, Germany. The ions Ca2?,

Mg2?, Na?, and K? and the trace elements As5?, Cr2?,

Cu2?, Fe2?, Ni2? in the phosphate mine waste water and

the ground water samples were determined by ICP-OES

using a Thermo Scientific iCap 6300 with radial plasma

and Cetac AS520 autosampler. For ICP-OES analysis, all

sample solutions were spiked with Sc as an internal

standard. Accuracy and precision of the analyses were

controlled by replicate measurements of the certified mine
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Fig. 3 Beneficiation flow sheet for Eshidiya phosphate ores.

a ([ ]) Numbers between brackets refer to sampling points. ?, above;

-, below a certain grain size. Stockpiling implies blending of

phosphates, from the same ore, produced at different time intervals.

b Mine wastewater pond and visual pollution at Eshidiya Mines
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waste water standard SLRS-4. For major elements, the

errors in accuracy were \6 % and in precision \1 %,

except for S (18 %) because values were close to the

detection limit of the applied method. For those trace

elements which are certified (SLRS-4 sd), errors in

accuracy and precision were\9 % each.

Microtiter plate reader

The Microtiter plate reader analysis was also carried out at

the ICBM, Carl von Ossietzky Universität, Germany.

Macronutrients (NH4
?, HCO3

-, Si) were determined using

a microtiter plate reader (MultiScan Go, Thermo Fisher,

Germany) with 96 well plates (polystyrene, F-bottom,

Greiner Bio-one, Germany) for the freshwater and mine

waste water samples. Precision is below 2 % and detection

limits are 1.2 lM for NH4, 0.1 lM for silica, and 0.8 lM
for phosphate. Accuracy is better than 10 % as checked

with several international and in-house standards. For

calibration, commercially available 1000 ppm solutions

(Merck) were used for the different compounds whereas

accuracy was checked by preparing solutions from salts

within the range of the calibration.

Ion chromatograph (IC)

The Ion Chromatograph analysis was also carried out at the

ICBM, Carl von Ossietzky Universität, Germany. Ionic

constituents (NO3
-, PO4

3-, SO4
2-, F-, Cl- and Br-) were

analyzed by ion chromatography (IC, DX-300, DIONEX),

Duplicate samples were analyzed to assess precision and

accuracy of analytical results.

Results and discussions

The physical and chemical parameters used to evaluate

quality of mine water wastes A1 and A3 are shown in

Tables 1, 2, 3 and 4.

Hydrogen ion activity (pH)

The pH values of mine waste water-A1 and mine waste

water-A3 varied from 7.40 to 7.50 and from 7.49 and 7.60

with an average value of 7.45 ± 0.01 and 7.52 ± 0.01,

respectively, which indicates that the mine waste water is

within the range of WHO drinking water (pH 6.5–8.5;

Table 1 Physical and chemical results of the mine waste water and groundwater sample analysis of Eshidiya Mines at ten sequential days

T �C pH EC,

lS/cm
Ca2?,

mg/L

Mg2?,

mg/L

Na1?,

mg/L

K1?,

mg/L

NH4
?,

mg/L

HCO3
-,

mg/L

Si,

mg/L

F-,

mg/L

Cl-,

mg/L

Br-,

mg/L

PO4
3-,

mg/L

SO4
2-,

mg/L

NO3
-,

mg/L

A1_1 27.2 7.5 3700 148 42.7 194 6.3 0.479 160 4.50 2.1 346 0.1 3.4 202 45

A1_2 27.1 7.4 3689 148 42.3 195 6.6 0.551 181 5.09 2.7 348 0.1 3.7 209 62

A1_3 27.1 7.4 3795 130 43.7 181 7.1 0.288 167 4.68 3.4 342 0.1 2.6 231 58

A1_4 26.9 7.5 3710 126 44.5 180 6.6 0.238 168 4.73 2.1 244 0.1 8.9 176 48

A1_5 27.2 7.5 3779 103 51.8 122 7.6 0.119 148 4.15 2.1 277 0.1 0.1 188 50

A1_6 27.3 7.5 3759 146 42.7 194 6.5 0.029 212 5.95 1.8 160 0.1 1.5 171 27

A1_7 27.0 7.5 3700 129 43.4 183 6.7 0.099 189 5.31 2.0 191 0.1 0.1 182 29

A1_8 27.1 7.4 3720 137 38.4 191 5.8 0.827 167 4.69 2.0 275 0.1 7 203 35

A1_9 27.1 7.4 3690 137 40.5 190 5.9 0.155 170 4.79 1.9 250 0.1 1.7 203 35

A1_10 27.2 7.4 3696 141 37.6 201 5.6 0.951 158 4.45 3.5 304 0.1 0.1 206 47

A3_1 27.7 7.5 3960 140 41.4 205 6.5 0.330 163 4.56 4.2 398 0.1 0.1 219 32

A3_2 27.5 7.5 3896 139 42.4 202 7.1 0.720 145 4.08 3.2 395 0.1 4.4 227 32

A3_3 27.7 7.5 3950 140 42.3 201 7.0 0.121 153 4.30 3.1 394 0.1 2.7 215 38

A3_4 27.6 7.5 3920 137 40.2 194 6.4 0.297 151 4.25 3.4 374 0.1 5.4 208 26

A3_5 27.6 7.5 3910 132 40.8 193 6.5 0.805 161 4.52 3.1 369 0.1 0.1 211 30

A3_6 27.8 7.5 3960 137 40.7 195 6.5 0.441 164 4.60 3.2 359 0.1 0.1 210 25

A3_7 27.7 7.6 3950 114 48.6 139 7.2 0.110 164 4.59 2.9 290 0.1 4.0 224 54

A3_8 27.5 7.5 3880 176 38.5 232 7.3 0.107 163 4.59 2.9 411 0.1 0.1 265 37

A3_9 27.6 7.5 3869 169 38.5 229 7.4 0.369 181 5.07 3.4 408 0.1 0.1 256 41

A3_10 27.5 7.6 3899 180 38.4 241 7.5 0.313 166 4.66 3.1 465 0.1 0.1 290 25

GW-1 27.4 7.4 1100 96 52.6 104 7.5 2.0 4.0 3.8 2.4 148 0.1 3.8 206 20

GW-2 28.0 7.8 1300 90 50 100 7.2 1.7 4.0 8.0 2.2 144 0.5 3.7 204 22

GW-3 27.7 7.6 1200 93 49.5 101 7.3 1.8 3.5 6.49 2.1 142 0.75 3.5 205 21

GW groundwater
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WHO 1996), and is slightly alkaline (Table 2). Table 3

results show that value of pH was also within the accept-

able range according to FAO (pH = 6–8) guidelines for

irrigation (Pescod 1992). Irrigation water with a pH outside

the normal range may cause a nutritional imbalance or may

contain a toxic ion (Ayers and Westcot 1985).

Salinity hazard

The electrical conductivity (EC) is the most important

parameter in assessing the suitability of water for irrigation

use and it is a good measurement of salinity hazard to field

crops. EC provides an indication of the potential salinity

hazard of the saline water, and possible consequences for

the productivity of the field crop. Generally, high EC val-

ues can potentially inhibit the ability of plants to assimilate

ions from the soil solution (Tatawat and Chandel 2008;

Oladeji et al. 2012).

EC values of studied samples varied from 1100 to

1300 lS/cm with a mean value of 1200 ± 58 lS/cm for

groundwater. A1 mine waste water varies from 3689 to

3795 lS/cm with a mean value of 3724 ± 12 lS/cm and

for A3 mine waste water from 3869 to 3960 lS/cm with a

mean value of 3919 ± 11 lS/cm (Table 2). The EC values

are above the standard value of FAO ([3000 lS/cm) as

shown in Table 3, and these values are higher than the

permissible limits of 1000 lS/cm (WHO 2006) (Table 4).

It can be concluded that irrigation using saline water can

add salt to the soils and the increase in concentration may

be harmful to field crops or the landscape. Therefore, if

mine waste water is used for irrigation, then it is necessary

to apply it to salt-tolerant plants and to establish manage-

ment practices to control salinization, such as soil washing

and appropriate soil drainage, and blending with fresh

water.

The total dissolved solids (TDS) refer to the total con-

centration of dissolved substances in the water. TDS plays

an important role in the plant growth, field crop yield and

quality of products (SFWF 2002). In the studied samples,

TDS values varied from 704 to 832 mg/L with a mean

Table 2 Summary statistics of physical and chemical parameters analyzed in mine waste water and groundwater

Ground water Phosphatic mine waste water A1 Phosphatic mine waste water A3

Min Max Mean SD Min Max Mean SD Min Max Mean SD

T 27.40 28.00 27.7 0.30 26.90 27.30 27.12 0.11 27.50 27.80 27.62 0.10

pH 7.40 7.80 7.6 0.20 7.40 7.50 7.45 0.04 7.49 7.60 7.52 0.03

EC 1100 1300 1200 100 3689 3795 3724 39 3869 3960 3919 34

Ca? 90 98 96 3 103 148 135 14 114 180 146 21

Mg? 49.50 54.62 52.60 1.69 38 52 43 4 38 49 41 3

Na? 100 106 104 2.21 122 201 183 22 139 241 203 28

K? 7.20 8.46 7.50 0.13 6 8 6 1 6.4 7.5 6.9 0.4

NH4
? 0.01 0.05 0.03 0.01 0.03 0.95 0.37 0.32 0.1 0.8 0.4 0.2

Si? 3.50 8.00 6.5 0.25 1.72 2.62 2.24 0.25 1.87 2.49 2.22 0.22

HCO3
- 233 236 231 1.53 148 212 172 18 145 181 161 10

F- 2.10 2.40 2.00 0.15 1.8 3.5 2.5 0.6 2.9 4.2 3.3 0.4

Cl- 142 152 148 3 160 348 274 65 290 465 386 45

Br- 0.05 0.20 0.1 0.03 0.01 0.1 0.06 0.01 0.01 0.1 0.06 0.01

PO4
3- 3.50 3.80 3.67 0.15 0.1 8.9 2.91 2.99 0.1 5.4 1.71 2.18

SO4
2- 212.00 213.93 206 0.96 171 231 197 18 208 290 233 28

NO3
- 19.00 22.00 21.00 1.50 27 62 44 12 25 54 34 9

TH 445 464 456 7.77 471 545 512 24 484 608 535 43

SAR 1.00 3.00 2 1.00 2.38 3.91 3.57 0.44 2.72 4.28 3.84 0.13

ECw 0.57 0.98 0.77 0.21 2.36 2.43 2.38 0.03 2.48 2.53 2.51 0.02

ECw 489 500 492 5.69 1511 1554 1525 16 1585 1622 1605 14

TS 1320 1350 1337 19 4110 4228 4149 44 4310 4412 4367 38

TDS 704 832 768 64 2361 2429 2383 25 2476 2534 2508 22

Total hardness express as mg eq CaCO3/L = 2.497 [Ca mg/L] ? 4.118 [Mg mg/L] (Hem 1970)

Total dissolve salt (ECw) 9 640 = PPM

Total dissolved solid (TDS) = 0.64 9 (ECw)

Min minimum, max maximum, SD standard deviation
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value of 768 ± 64 mg/L in groundwater, significantly

higher values from 2361 to 2429 mg/L with a mean value

of 2383 ± 8 mg/L in A1 mine waste water, and from 2467

to 2534 mg/L with a mean value of 2508 ± 7 mg/L in A3

mine waste water (Table 2). The amount of TDS in the

mine waste water was higher than the JORS (1500 mg/L)

for irrigation and not acceptable according to FAO

([2000 mg/L) guidelines for irrigation purposes. This

classifies these mine waste water samples as severe, highly

saline, and therefore unsuitable for irrigation purpose

(Table 3).

Sodium hazard

Irrigation water containing large amounts of sodium is of

special concern due to absorption of sodium by plant roots,

and transportation to and accumulation in leaves where it

can cause toxicity problems like impaired growth, which

reduces crop yields (Pescod 1985; Qadir et al. 2007;

Begum and Rasul 2009; Qadir et al. 2009).

Sodium concentrations in the studied samples of

groundwater varied from 100 to 106 mg/L, with a mean

value of 104 ± 2 mg/L, whereas Na? content in the

samples of mine waste water A1 and mine waste water

A3 varied from 122 to 201 mg/L, and from 139 to

241 mg/L, with a mean value of 183 ± 7, and

203 ± 9 mg/L, respectively (Table 2). The source of Na

can be attributed to phosphate ores in the bed A1 and

bed A3, with average content of Na of 0.25 % (A1 mine

waste water) and 0.24 % (A3 mine waste water) (Al-

Hwaiti 2000). The amount of Na? in the mine waste

water falls within the range recommended by JORS

(200–300 mg/L) whereas according to FAO guidelines

for irrigation the concentration of sodium was slightly to

moderately enriched.

Sodium hazard is usually expressed in terms of sodium

adsorption ratio (SAR) and it can be calculated from the

ratio of sodium to calcium and magnesium. SAR is an

important parameter for the determination of the suitability

of irrigation water because it is responsible for the sodium

hazard (Todd 1980), since it is more closely related to

exchangeable sodium percentages in the soil than the

simpler sodium percentage (Tiwari and Manzoor 1988).

High sodium content is common to recycled water and can

cause deflocculating (breakdown) of soil clay particles,

severely reducing soil aeration and water infiltration and

percolation. In other words, soil permeability is reduced by

irrigation with water high in sodium (Rao 2006). Sodium

replacing adsorbed calcium and magnesium is a hazard as

it causes damage to the soil structure, becoming compact

and impervious. SAR was calculated according to Hem

(1970):

Table 3 Results of physical and chemical parameters and toxic trace metals in the mine waste water and its comparison with JORS and FAO

guidelines for irrigation

Parameters Unit JORS Degree of restriction on use Mine waste

water A1

Mine waste

water A3
None Slight to moderate Severe

FAO guidelines for irrigation (Ayers and Westcot 1985)

pH – Normal range 6–8 7.45 7.52

TDS mg/L 1500 \450 450–2000 [ 2000 2383 2508

EC dm/S 0–3 \0.7 0.7–3.0 [ 3.0 2.38 2.51

Sodium meq/L 0–9 \3 3–9 [ 9 8 9

Chloride meq/L 5–14 \4 4–10 [ 10 8 10

Bicarbonates meq/L – \1.5 1.5–8.5 [ 8.5 2.8 2.6

Nitrate meq/L 0.80–1.13 \0.081 0.081–0.48 [0.48 0.71 0.55

Sulfate meq/L 4–10 4 5

Phosphorus meq/L – 0–2 2.91 2.18

SAR 0–3 3–6 [6 3.75 3.84

RSC meq/L 1.25 -ve -ve

FAO* guidelines for irrigation (Ayers and Westcot 1985)

Iron mg/L \0.3–1.0 5.0 0.00002 0.00001

Copper mg/L \1.0-1.5 0.2 MQL MQL

Nickel mg/L 0.02 0.2 0.007 0.01

Chromium mg/L 0.05 0.1 0.012 0.006

Cadmium mg/L 0.003 0.01 0.00014 0.0003

Uranium mg/L – – 0.0056 0.005
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SAR =
Naþ meq=L

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Caþþ meq=Lð Þþ Mgþþ meq=Lð Þ
2

q ð1Þ

The SAR (meq/L) value ranges from 2.83 to 3.91 in the

mine waste waters, with a mean value of 3.55 ± 0.09 (A1

mine waste water), and from 2.72 to 4.28 with a mean value

of 3.84 ± 0.13 (A3 mine waste water) and is higher than in

ground water (2 ± 1) (Table 2). The comparison of the

results of SAR in the mine waste water of the effluents with

FAO guidelines for irrigation showed that the magnitude of

SAR was slight to moderate in all the mine waste water

effluents (3–6 meq/L) (Table 3), with a corresponding

degree of restriction on the use of the water. The total dis-

solved salt (ECw) ranged between 0.7 and 3.0 dm/S, indi-

cating the mine waste water affects infiltration rate into the

soil (Table 3). The corresponding degree of restriction on

the use of the mine waste water is slight to moderate at

\2.51 dm/S. This characterizes the mine waste water

samples as ‘good’ for irrigation purposes, however, with

some proportional degree of damage, but satisfactory for all

field crops except some salt sensitive varieties (Table 3).

Table 4 Guideline for

interpretation of water quality

for irrigation

Ayers and Westcot (1985)

Potential irrigation problem Units Degree of restriction on use

None Slight to moderate Severe

Salinity (affects crop water availability)

ECw dS/m \0.7 0.7–3.0 [3.0

TDS mg/L \450 450–2000 [2000

Infiltration (affects infiltration rate of water into the soil. Evaluate using ECw and SAR together)

SAR ECw

0–3 [0.7 0.7–0.2 \0.2

3–6 [1.2 1.2–0.3 \0.3

6–12 [1.9 1.9–0.5 \0.5

12–20 [2.9 2.9–1.3 \1.3

20–40 [5.0 5.0–2.9 \2.9

Specific ion toxicity (affects sensitive crops)

Sodium (Na)

Surface irrigation SAR \3 3–9 [9

Sprinkler irrigation meq/L \3 [3

Chloride (Cl)

Surface irrigation meq/L \4 4–10 [10

Sprinkler irrigation meq/L \3 [3

Miscellaneous effects (affects susceptible crops)

Nitrate (NO3) mg/L \5 5–30 [30

Bicarbonate (HCO3) (overhead sprinkling only) meq/L \1.5 1.5–8.5 [8.5

pH Normal range 6.5–8.4

Suitability for irrigation water and Soil water infiltration

SAR \10 10–18 \18

RSC meq/L \1.25 1.25–2.5 [2.5

SSP % \20 20–80 [80

MH

Salinty: cations and anions Usual range in irrigation water

Calcium (Ca??) meq/L – 0–20 –

Magnesium (Mg??) meq/L – 0–5 –

Sodium (Na?) meq/L – 0–40 –

Carbonate (CO3-) meq/L – 0–0.1 –

Bicarbonate (HCO3
-) meq/L – 0–10 –

Chloride (Cl-) meq/L – 0–30 –

Sulfate (SO4
-) meq/L – 0–20 –

pH Normal range 6.5–8.4
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The total salt concentration of irrigation waters should

not be used as the single criterion to prevent its use. Even

water with a high salt concentration can still be used for

irrigation without endangering soil productivity. Thus, the

best measure of the likely effect on soil permeability is the

water’s SAR considered together with its EC. In this

regard, the US salinity diagram (Fig. 4) which depends on

the integrated effect of EC (salinity hazard) and SAR (al-

kalinity hazard), has been used to assess the water’s suit-

ability for irrigation (Custódio and Llamas 1996; Oladeji

et al. 2012).

The results obtained for the EC and SAR show that the

value obtained for all the mine waste water samples plot

into the region (classification) of C4S1–C4S2 (Fig. 4)

indicating high salinity with low sodium concentration,

which cannot be used for irrigation on almost all types of

soil, and having a maximum risk of exchangeable sodium.

Figure 5 shows the positive correlation between EC and

SAR with a correlation coefficient (r = 0.497). The

higher values of r show that there is less variation in the

EC values. This type of mine waste water can be suit-

able for plants having good salt tolerance but has

restricted suitability for irrigation, especially in soils with

poor drainage (Fipps 1998). Accordingly, this type of

mine waste water may be suitable for wheat and barley

with practical management regimes. Other more sensitive

field crops can be recommended with specific

management protocols. This type of mine waste water

should be mixed with fresh water that has a low salt

content for sensitive field crops, especially field beans,

lettuce, bell pepper, onion, carrots, and string beans

(IWQC 1997; ANZECC 2000).

Soluble sodium percentage (SSP)

The Soluble Sodium Percentage (SSP) parameter provides

an estimate of the percentage of sodium ions present in the

water sample, which further provides an indication of the

probable hazard that could result from accumulation of

sodium ions. Therefore, SSP is frequently used in the

determination of the suitability of water for irrigation

purposes. According to Joshi et al. (2009), a high per-

centage of sodium in irrigation water can potentially stunt

plant growth and reduce soil permeability. The Soluble

Sodium Percentage (SSP) was calculated from Abdul

Hameed et al. (2010) by the following equation:

Fig. 4 Salinity and alkalinity hazard classification of the contami-

nated irrigation mine waste water sampled from the study area, using

the U.S. Salinity Staff diagram (Custódio and Llamas 1996)

y = 167.79x + 3186.1
r = 0.479
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SSP ¼ Na½ � � 100= CaþMgþ Naþ K½ � ð2Þ

where all the ions are expressed in meq/L. Mine waste

water with SSP greater than 60 percent may result in

sodium accumulation in the soil that will cause a break-

down of the soil’s physical properties (Halliwell et al.

2001). The calculated values of SSP varied from 35.41 to

45.15 % (mean value = 42.99 ± 0.87 %) in mine waste

water A1, whereas values of SSP in mine waste water A3

ranged from 37.92 to 45.70 % (mean

value = 44.51 ± 0.74 %) (Table 4).

Table 4 shows that the SSP values obtained in the pre-

sent work are lower than the recommended permissible

limit of 80 %, and therefore these mine waste water sam-

ples are classified as ‘fair’ with a moderate degree of

restriction for irrigation purposes. Figure 5 shows the

positive correlation between SSP and SAR with a coeffi-

cient of r = 0.866, indicating a significant amount of

adsorbed sodium making the soil sodic. However, use of

mine waste waters having high concentrations of Na? ion

relative to divalent cations may cause an accumulation of

exchangeable Na? ion soil colloids. This may adversely

affect soil physical properties, deteriorate the soil, and

affect the sustainability of field crop production in the long

run.

Exchangeable sodium percentage (ESP)

The ratio of the exchangeable Na? to total exchangeable

cations (Exchangeable Sodium Percentage, ESP) is a good

indicator for soil structure deterioration. According to Van

Hoorn and Van Alpen (1994), an ESP of 10–15 % is

generally accepted as a critical level. However, an ESP of

25 % may have little effect on soil structure in a sandy soil,

whereas an ESP of 5 % is considered high in soils con-

taining clay minerals. The ESP of soils can be predicted

quite well from the following empirical relationship (Abdul

Hameed et al. 2010):

ESP ¼ 100ð�0:0126þ 0:01475SAR=1
þ �0:0126þ 0:01475SARð Þ ð3Þ

The calculated values of ESP in mine waste water A1

ranged from 1.34 to 2.98 %, with a mean value of

2.53 ± 0.14 %, whereas values of ESP in mine waste

water A3 ranged from 2.77 to 3.94 % (mean

value = 3.13 ± 0.13 %) as seen in Table 4. These low

values indicate that this is not a limiting parameter for

irrigation, and soil with an ESP lower than 5 % is not

considered to be sodic. However, soil dispersion problems

may occur at a higher or lower ESP depending upon clay

content and soil type (Tillman and Surapaneni 2002;

Koppitke and Menzies 2007).

Chloride hazard

Chloride is the most common toxicity agent in the irrigation

water. Normally, Cl- is not adsorbed by soils; thus, it moves

readily with the soil–water, is taken up by the field crop,

moves in the transpiration stream, and accumulates in the

leaves (Abdul Hameed et al. 2010). Pescod (1985) sug-

gested that if the Cl- concentration in the leaves exceeds the

tolerance of the field crop, injury symptoms develop such as

leaf burn or drying of leaf tissue. In the studied samples, the

Cl- ion concentration of the groundwater ranged from 142

to 150 mg/L with a mean value of 148 ± 3, the mine waste

water A1 samples varied from 160 to 348 mg/L with a mean

value of 274 ± 20 mg/L, whereas mine waste water A3

samples varied from 290 to 465 mg/L with a mean value of

386 ± 14 mg/L (Table 2). When compared to JORS, the

value of chloride was within the acceptable range

(200–500 mg/L). Also, comparison to FAO guidelines for

irrigation shows that the chloride concentration

(140–350 mg/L) of Eshidiya mine waste water was within

the recommended limit and the degree of restriction on its

use is slight to moderate (Table 3). Thus, it can be stated that

the Eshidiya mine waste water is suitable for irrigation

purposes, because it is unlikely to have a harmful effect on

the vegetables and field crops. The content of Cl- in the A1-

mine waste water and A3-mine waste water must have been

derived and concentrated from phosphate ores in bed-A1

(614 mg/L) and bed-A3 (528 mg/L) during the phosphate

ore beneficiation process (Al-Hwaiti 2000).

Figure 5 shows a significant positive correlation

between Na? and Cl- of mine waste water (r = 0.56),

suggesting that the common source of these ions is salt

dissolution associated with phosphatic ore during the

beneficiation process. According to USSL classification of

irrigation water, the effluent mine waste water A1 can be

used for moderately tolerant plants, and mine waste water

A3 can be used for tolerant plants. Therefore, further

studies including chemical analysis of plant tissue and soil

irrigated by mine waste water is highly recommended to

examine chloride toxicity. However, for irrigated areas, the

chloride uptake depends not only on the water quality but

also on the soil chloride, controlled by the amount of

leaching that has taken place and the ability of the field

crop to exclude chloride. Field crop tolerances to chloride

are not nearly so well documented as field crop tolerances

to salinity (Ayers and Westcot 1985).

Magnesium hazard

Both Ca2? and Mg2? maintain a state of equilibrium in

most waters, and these ions are associated with soil

aggregation and friability, but they are also essential plant

nutrients (Abdul Hameed et al. 2010). Generally, high
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concentrations of Ca2? and Mg2? ions in irrigation water

can increase soil pH (Al-Shammiri et al. 2005). Calcium is

a major constituent of the mine waste water. The average

concentration of Ca2? was 135 ± 4 mg/L (=6.75 meq/L)

in the mine waste water A1, and average value of Ca2? was

146 ± 7 mg/L (=7.30 meq/L) for A3. These results showed

that Ca2? agree with the allowable limit value of 230 mg/L

(JORS 1998) for irrigation purposes. Also, comparison to

FAO guidelines for irrigation suggests that the Ca2? con-

centration was within the recommended limiting range for

irrigation (0–20 meq/L) (Table 4).

The average concentration of magnesium was

43 ± 1 mg/L (3.6 meq/L) in mine waste water A1, whereas

the average content of Mg was 41 ± 1 mg/L (3.4 meq/L)

for water A3. These results exhibited that Mg2? was in

agreement with FAO (0–5 meq/L) guidelines for irrigation

purposes. However, average mine waste water containing

Ca2? and Mg2? higher than 200 mg/L cannot be used in

agriculture (Khodapanah et al. 2009). A high correlation

was found between Ca2? and Mg2? of wastewater

(r = 0.766), suggesting that the common source of these

ions is carbonate dissolution in the clay slime.

Another indicator that can be used to specify the mag-

nesium hazard (MH) is proposed by Szabolcs and Darab

(1964) and Abdul Hameed et al. (2010) for irrigation water

as in the following formula:

MH ¼ Mg2þ=Ca2þ þMg2þ
� �

� 100 ð4Þ

where, Ca2? and Mg2? ions are in meq/L. If the value of

MH is less than 50, then the water is safe and suitable for

irrigation (Khodapanah et al. 2009). The MH calculated

values of mine waste water A1 and mine waste water A3

range between 30.74 and 45.51 and 26.25–41.61 %,

(mean = 34.75 ± 1.36 and 32.23 ± 1.43), respectively

(Table 4), indicating that the mine waste water can be

classified as suitable for irrigation purpose.

Residual sodium carbonate (RSC)

RSC is an important parameter for irrigation because it

compares the relative concentrations of bicarbonate and

carbonate with the concentrations of calcium, magnesium

and sodium (Pescod 1992). The excess combination of

CO3
2- andHCO3

- inminewastewater over that ofCa2? and

Mg2? influences the suitability of mine waste water for

irrigation. Inwater having a high concentration ofCO3
2- and

Mg2? andHCO3
-, there is a tendency for Ca2? to precipitate

as carbonates. RSC can be calculated as follows:

RSC ¼ CO2�
3 þ HCO�

3

� �

� Ca2þ þMg2þ
� �

ð5Þ

All ion concentrations are reported in meq/L. According

to Abdul Hameed et al. (2010) and the FAO guideline, an

RSC value less than 1.25 meq/L is safe for irrigation, a

value between 1.25 and 2.5 meq/L is of permissible qual-

ity, and a value more than 2.5 meq/L is unsuitable for

irrigation. The average RSC value of mine waste water A1

and mine waste water A3 (-7.74 and -9.39, respectively),

are negative for all sample analyses. The negative values of

RSC indicate that the mine waste waters are suitable for

irrigation purposes.

Other related characteristics

Nitrate (NO3
-) is an essential plant nutrient and its levels

in natural waterways are typically low (less than 1 mg/L).

Excessive amounts of nitrate can cause water quality

problems and accelerate eutrophication, altering the den-

sities and types of aquatic plants found in affected water-

ways. Some bacteria mediate the conversion of nitrate into

gaseous nitrogen through a process known as denitrifica-

tion, and this can be a useful process reducing levels of

nitrate in waterways (GWA 1999). Also, the high nitrate

concentration in water can cause health disorders such as

methemoglobinemia, goitre, and hypertension (Baird and

Cann 2004). The average NO3
- concentrations of the

groundwater tested in this study, A1 mine waste water, and

A3 mine waste water are 21 ± 1, 44 ± 4, and 34 ± 3 mg/

L, respectively (Table 2). These values agree with the

recommended value of 45 mg/L (JORS 1998) for irrigation

purposes, but the concentration levels of NO3
- are higher

than the international recommended value of 5 mg of

NO3–N per liter (0.081 meq/L) (FAO) for irrigation pur-

poses (Table 3).

Fluoride is one of the essential elements for maintaining

normal development of healthy teeth and bones. Lower

concentrations of fluoride, usually below 0.6 mg/L, may

contribute to dental caries. However, continuing consump-

tion of higher concentrations, above 1.2 mg/L, may cause

dental fluorosis (Rao 2006) and in extreme cases even

skeletal fluorosis (Dissanayake 1991). Fluorine (F-) is most

likely associated with apatite in phosphorite ores, and is

substituted for OH- or Cl- in the apatite lattice (Slansky

1986). Fluorine contents in phosphate bed A1 and phosphate

bedA3were 3.68 and 3.36 %, respectively (Al-Hwaiti 2000).

Average concentrations of fluoride in the groundwater, the

bed A1 mine waste water, and bed A3 mine waste water

samples are 2.0 ± 0.2, 2.5 ± 0.2 and 3.3 ± 0.1 mg/L,

respectively (Table 2). Mine waste water samples have flu-

oride concentrations higher than the recommended value of

1.5 mg/L (JORS 1998) for irrigation. The concentration of

F- in the mine waste waters must have been derived from

phosphate ores for bed A1 and bed A3. During the phosphate

ore beneficiation process, soluble F- was released from the

ore to the mine waste water (Al-Hwaiti 2000).
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The sulfate (SO4
2-) concentrations measured in the

groundwater, phosphatic-A1 mine waste water and phos-

phatic-A3 mine waste water samples are 206 ± 1, 197 ± 6

and 233 ± 9 mg/L, respectively. FAO guidelines for irri-

gation have no standard value for sulfate (Hamid et al. 2013)

(Table 3). However, SO4
2- results show that the ground-

water and mine waste water samples agree with the allow-

able limit value of 500 mg/L (JORS 1998) for irrigation

purposes (Table 3). Mine waste water samples are also

below the maximum recommend value (MRV) (28.75 meq/

L) established in Portuguese regulations (Decree-Law

396/98) for water irrigation (Neves and Matias 2004). At

very high concentrations, sulfatemay interferewith the plant

uptake of other nutrients (Bauder et al. 1990).

Phosphorus has the potential to cause eutrophication of

water bodies. This may cause abundant aquatic plant

growth, including algae, and can change the aquatic biota

and lead to the degradation of waterways. Phosphate

(PO4
3-) ion concentration of the mine waste water A1

samples varies from 0.1 to 8.9 mg/L with a mean value of

2.91 ± 0.95, and mine waste water A3 samples varies from

0.1 to 5.41 mg/L with a mean value of 2.18 ± 0.69 mg/L

(Table 2). There is no guideline value for phosphate in

JORS standards. PO4
3- results show that the mine waste

water samples agree with the recommended short-term

trigger (STV) value ranging from 0.8 to 12 mg/L

(ANZECC 2000) for aquaculture waste waters and sewage

irrigation water.

Bromide ion concentration of the groundwater ranges

from 0.05 to 0.2 mg/L with a mean value of 0.1 ± 0.03,

whereas both the mine waste water A1 samples and mine

waste water A3 samples vary from 0.01 to 0.1 mg/L with a

mean value of 0.06 ± 0.00 mg/L indicating no significant

enhancement in mine waste water (Table 2). However,

bromide is not of toxicological concern in nutrition. Lim-

ited findings suggest that bromide may be nutritionally

beneficial; for example, insomnia exhibited by some

haemodialysis patients has been associated with bromide

deficiency (Nielsen and Dunn 2009). Obviously, the bro-

mide concentrations of the mine waste water samples are

slightly higher than the recommended value of 0.01 mg/L

(WHO 1996) for drinking water, suggesting that the com-

mon source of these ions is salt dissolution associated with

phosphatic ore during beneficiation process (Jiries et al.

2004).

Toxic trace metals

Trace metals are needed by the body to satisfy its nutri-

tional requirements. However, only minute quantities are

Table 5 Toxic trace metals

concentrations of the mine

waste water sample analysis of

Eshidiya Mines

As5?, lg/L Cd2?, lg/L Cr2?, lg/L Cu2?, lg/L Fe2?, lg/L Ni2?, lg/L U6?, lg/L

A1_1 MQL 0.13 18 MQL 0.018 7 6

A1_2 MQL 0.16 15 MQL 0.019 11 5

A1_3 MQL 0.15 14 MQL 0.024 7 6

A1_4 MQL 0.03 13 MQL 0.010 5 5

A1_5 MQL 0.10 7 MQL 0.013 7 6

A1_6 MQL 0.20 6 MQL 0.018 6 6

A1_7 MQL 0.32 15 MQL 0.023 6 5

A1_8 MQL 0.13 13 MQL 0.013 4 6

A1_9 MQL 0.06 6 MQL 0.021 13 6

A1_10 MQL 0.12 13 MQL 0.012 5 5

A3_1 MQL 0.38 3 MQL 0.014 15 6

A3_2 MQL 0.45 3 MQL 0.012 15 6

A3_3 MQL 0.10 3 MQL 0.010 16 5

A3_4 MQL 0.10 3 MQL 0.010 8 5

A3_5 MQL 0.10 5 MQL 0.010 10 5

A3_6 MQL 0.16 9 MQL 0.012 12 5

A3_7 MQL 0.10 9 MQL 0.015 5 7

A3_8 MQL 0.37 10 MQL 0.013 5 6

A3_9 MQL 0.51 9 MQL 0.020 7 4

A3_10 MQL 0.31 7 MQL 0.011 4 6

GW-1 MQL MQL 0.03 MQL 0.003 MQL 1

GW-2 MQL MQL 0.05 MQL 0.001 MQL 1

GW-3 MQL MQL 0.04 MQL 0.002 MQL 1

MQL minimum quantified limit, GW groundwater
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required, and high doses lead to health hazards which are

sometimes lethal. Trace metals are widely distributed in the

environment with sources mainly from weathering of

minerals and soils (Merian 1991; O’Neil 1993; Steven and

Emmet 2003). Trace metals concentrations of the mine

waste water sample analysis of Eshidiya Mines are shown

in Table 5. The average concentrations and ranges of the

trace metals in mine waste water compared with the JORS

and FAO guidelines for irrigation water are presented in

Table 3.

Uranium is a naturally occurring radioactive element

present in phosphate rocks, usually present as U6? in the

apatite minerals phase in the Jordan phosphate rocks (Al-

Hwaiti 2000). The mean of U concentrations of phosphatic-

A1 mine waste water and phosphatic-A3 mine waste water

are 5.6 ± 0.2 and 5.5 ± 0.3 lg/L, respectively (Table 6).

The mean value is lower than the limit according to the

USEPA (30 lg/L) for drinking water. Khalid (1980) and

Al-Hwaiti et al. (2005) studied the distribution of U in

Jordanian phosphorites and found that it is usually asso-

ciated with the francolite mineral phase, whereas the partial

adsorption of U6? is associated with the clay phase (Abed

and Fakhouri 1996; Al-Hwaiti et al. 2005; Abed et al.

2008). However, the presence of U6? in the mine waste

water at both beds is controlled by adsorbance on the

surface of fine suspended materials (clay) and by the water

quality (high pH) (Brookins 1988; Jiries et al. 2004; Tetsu

et al. 2012).

Cadmium is most likely associated with apatite in

phosphorite by substituting for Ca2? in the apatite lattice

(Altschuler 1980). The concentration of Cd varies widely

from 0.03 to 0.32 lg/L, with a mean value of 0.14 ± 0.03

in phosphatic-A1 mine waste water and from 0.10 to

0.51 lg/L, with a mean value of 0.23 ± 0.05 in the

phosphatic-A3 mine waste water (Table 6). The amount of

Cd in all the studied samples was lower than the FAO

(10 lg/L) guidelines for irrigation (Table 3).

Iron is the predominant constituent of clay minerals

associated with phosphate ore deposits. During the bene-

ficiation process, Fe is not soluble (Al-Hwaiti 2000; Al-

Hwaiti et al. 2005; Jiries et al. 2004). However, Fe2? is one

of the most important micronutrients for the humans and

plants, especially leafy field crops, which absorb iron in

high amounts (Hamid et al. 2013). The concentrations of

Fe2? vary from 0.01 to 0.02 lg/L, with a mean value of

0.02 ± 0.00 in phosphatic-A1 mine waste water and from

0.01 to 0.02 lg/L, with a mean value of 0.01 ± 0.00 in the

phosphatic-A3 mine waste water (Table 6). The results

show that dissolved Fe is low compared to FAO guidelines

for irrigation ([500 lg/L) as shown in Table 3.

Chromium is present in phosphate ore deposits and during

the beneficiation processes becomes concentrated and

adsorbed on the phosphatic clay slime (Al-Hwaiti 2000).

Dissolved Cr in the mine waste water A1 varies from 6 to

18 lg/L, with a mean value of 12 ± 1, and from 3 to 10 lg/
L, with a mean value of 6 ± 1 in the phosphatic-A3 mine

waste water (Tables 3 and 6). The concentration of Cr in all

the studied sampleswas very low compared to FAO (100 lg/
L) guidelines for irrigation, indicating that the mine waste

water can be used for cultivation of field crops (Table 3).

Nickel is readily present in apatite of phosphate rocks

and the beneficiation process is responsible for the

enrichment of Ni in clay slime (Al-Hwaiti et al. 2005). A

high concentration of dissolved Ni is toxic for the growth

of plants. The concentration of Ni2? varies from 4 to

13 lg/L, with a mean value of 7 ± 1 in phosphatic-A1

mine waste water and from 4 to 16 lg/L, with a mean

value of 10 ± 2 in the phosphatic-A3 mine waste water

(Table 6). The results show that the concentration of Ni in

all the studied samples is low compared to FAO (200 lg/L)
guidelines for irrigation as given in Table 3.

Conclusions

Mine waste water samples from Eshidiya Phosphate Mines

were assessed in terms of their potential use for irrigation

according to water quality parameters. The characterization

Table 6 Summary statistics of toxic trace metals analyzed in mine

waste water and groundwater

Unit Minimum Maximum Mean Standard

deviation

Ground water

Cd lg/L MQL MQL MQL MQL

Cr lg/L MQL MQL MQL MQL

Cu lg/L MQL MQL MQL MQL

Fe lg/L 0.0020 0.003 0.002 0.0006

Ni lg/L MQL MQL MQL MQL

U lg/L 0.7 1.1 0.9 0.28

Mine waste water A1

Cd lg/L 0.03 0.32 0.14 0.08

Cr lg/L 6 18 12 4

Cu lg/L MQL MQL MQL MQL

Fe lg/L 0.01 0.03 0.02 0.01

Ni lg/L 4 13 7 3

U lg/L 4.9 6.2 5.6 0.4

Mine waste water A3

Cd lg/L 0.1 0.5 0.3 0.2

Cr lg/L 3 10 6 3

Cu lg/L MQL MQL MQL MQL

Fe lg/L 0.01 0.02 0.01 0.00

Ni lg/L 4 16 10 5

U lg/L 4 7 5 1
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of the Eshidiya mine waste water effluents show that many

parameters were lower than the JORS and FAO guidelines

for irrigation. All results provide evidence that the mine

waste water of these effluents is slightly to moderately

suitable for irrigation, except salinity, which was defined as

severe and unsuitable for irrigation. The US salinity dia-

gram illustrates that most of the treated wastewater samples

fall in the field of C4S1–C4S2, indicating high salinity and

low sodium water, which cannot be used for irrigation on

almost all types of soil without danger of increasing

exchangeable sodium. When using the mine waste waters

for irrigation, they should be mixed with fresh groundwater

to meet the guidelines. Periodic monitoring of water

quality parameters (salinity, TDS, NO3
-, and F-) are

required to ensure successful, safe and long-term reuse of

mine waste water for irrigation. Agricultural mine waste

water reuse can effectively contribute to fill the increasing

gap between water demand and water availability, partic-

ularly in semi-arid areas.

The interactions of water–soil–plant root–microbes

plays important roles in regulating heavy metal movement

from soil to the edible parts of crops (Brooks 1998, Rimawi

et al. 2009). Agronomic practices such as fertilizer and

water managements as well as crop rotation system can

affect bioavailability and crop accumulation of heavy

metals, thus influencing the thresholds for assessing dietary

toxicity of heavy metals in the food chain (Islam et al.

2007; Surendra et al. 2013). Further research is needed to

determine whether the heavy metals verify the assumption

of linearity between total soil or soil extract content and

plant concentration, in order to assess soil–plant–water

transfer factors for different heavy metals that accumulate

in plants. A pilot study is also needed to investigate the

long-term use of mine waste waters for irrigation of field

crops.
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