Evaluation of some heavy metals in water, sediment and fish samples from River Nile (Kafr El-Zyat city), Egypt:  A Treatment approach.
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ABSTRACT

On Rosetta branch of River Nile in Egypt, there are some industrial cities e.g. Kafr El-Zyat city. To address questions of water quality and to suggest a low cost and available treatment process for some toxic metals (iron, manganese, zinc, copper, lead and cadmium ), water samples from surface  and bottom layers were collected at 3- stations (IX, X, XI ) and 3 drains (Z1, Z2 and Z3)  and determined using atomic absorption spectrophotometry (AAS). In addition, the concentration of these metals in sediment and fish flesh samples (at stations IX, X, XI) were determined using ICP. The samples were collected monthly during Nov. 1998 - Oct. 1999. The results showed that the concentration of these metals are higher than the permissible levels due to the discharges of two industrial companies in this area ( El-Malyia & Soda and Salt). The treatment procedures using H-carbon prepared from local available, rice husk, showed that the percent removal of toxic metals almost reaches ≥ 97% and in all cases the metal concentration after treatment is less than the permissible level. Thus the treated water can pass into River Nile safely and without any pollution for fish or sediment and the water quality remains good without any harmful risk throughout its usage.

Keywords: heavy metal concentration, water samples, biochemically aquatic organisms, accumulation.

1.0. INTRODUCTION

The River Nile is considered as the longest river in the world. Its length is approximately 6740 Km. It follows from south at Ethiobia plateau to Egypt. In the north of Cairo by about 25 Km at Barrage, the River Nile bifuciate into two branches, namely, Damietta and Rosetta. Rosetta branch represents, the area of investigation, its length is about 225 Km. The width of the branch varies from 150- 200 m and the average depth from 2-2.3 m. Kafr El-Zyat city is selected because it is considered as one of the most important industrial cities in Egypt. But, the most of industrial plants constructed at Kafr El-Zyat city on the banks of the branch ( e.g. El - Malyia company for pesticides production in addition to Soda and Salt company for soap and chemical salts production ) directly pour their effluents into the branch without any treatment. The estimated flow of industrial wastewater discharge to the Rosetta branch is about 0.05 million m3/day (Sohair et al, 1993).  El-Gohary et al, 1990, pointed that, industries were identified as being the major source of water pollution in this area. The metal industry represents almost 50% of the total wastewater discharges. Besides, about 88 of drains are located on both sides along the river Nile from Aswan to the Mediterranean sea. These 
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drains often also receive manucipal and industrial wastes which are then discharged into the River Nile (Bakry, 1996). Numerous studies were concerned with the environmental  status  of the  River  Nile through  the  analysis of water, sediment and fish (Massoud and Mahdi  (I,II), 1985,  Elewa and Mahdi, 1988, Elewa, 1991, Gomaa, 1995 and Abdo, 2002).

The aim of this study is to gather detailed information on the distribution of some heavy metals (iron, manganese, zinc, copper, lead and cadmium) on the aquatic ecosystem   (water, sediment and fish) of the Rosetta branch of the River Nile at the area of Kafr El-Zyat city. Such information is needed to identify damaging and irreversibility effects due to the waste disposal from (El-Malyia & Soda and Salts) companies into the River Nile (Rosetta branch) at Kafr El-Zyat (Fig.1).
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2.0. METHODS AND ANALYSIS

Sampling:  The sampling period from Nov. 1998 to Oct. 1999.

Water samples were collected at 3- stations (IX, X, XI ) and 3 drains (Z1, Z2 and Z3) as presented in Fig.1.  The water samples is collected monthly from surface and bottom layers. The samples are composite from the two banks and main channel of the Rosetta branch by using Van Dorn plastic bottles (1.5 L capacity). Water samples were kept in well stoppered polyethylene plastic bottles. The sediment samples were collected seasonally by using Ekman dredge from the selective sites in the main channel of the Rosetta branch. The samples were kept tightly closed in polyethylene bags. The fish samples were cought seasonally from tha same selective sites of the branch and the fish samples were kept in polyethylene bags tight closed and frozen in ice box.

Analysis:

The heavy  metals (iron, manganese, zinc, copper, lead and cadmium) in  water, sediment were determined after digestion using (AAS model:ZL8100 Shmidzu) and in fish flesh using (ICP model 400- Perkin Elmer, USA) according to Kouadio & Trefry, 1987 and Ghazaly, 1988  respectively.

Treatment Procedures:

Heavy metals present in water samples of the various drains situated in the area under investigation were treated by adsorption technique using a local granular activated carbon (GAC) of the type H-carbon prepared from locally, available rice husk by carbonization at 500ºC (rate 50ºC/ 15 min.) followed by activation using CO2 at 900 ºC  for 1 hour hold. The physicochemical properties of the H-carbon are presented in Table 1.  The aim of the treatment was to examine the efficiency of this new GAC to reduce the heavy metal concentrations completely or at least to reach the permissible levels.

Sorption experiments were carried out using bottle-point technique. Each sample was mixed with various quantities of GAC ranging from 0.01 – 0.10 g and agitated for 24 hours at room temperature (25± 1ºC). The concentration of heavy metals was measured in the filtrate using atomic absorption (model: ZL8100 Shmidzu).

3. 0. RESULTS AND DISCUSSION

The pH measurement is one of the most important and frequently used test in water chemistry. Practically, every phase of water supply and wastewater treatment e.g., acid-base neutralization, water softening, precipitation, coagulation, disinfection and corrosion control is pH dependent (APHA, 1995). The pH value is considered to be an important factor in the chemical and biological system of aquatic environment. The carbonate system which include CO2, H2CO3 and CO32- (buffer solution) is the principal system regulating the pH of the water (Stumm and Morgan, 1970). The results in Table 2, show that the high pH values were recorded at station IX and the highest was (8.16) during summer. For drains, the highest value was at Z1 (8.12). On the other side, the relatively lower values of pH were recorded at station X and the lowest was (7.9) during summer. For drains, the pH of Z2 effluent was almost lower than Z1, Z3 and the lowest value was 6.77 at Z2 during spring. Thus, the pH values may be depend on the nature (quality and quantity) of each effluent. Similar results are reported by Abdo, 2002. Generally, the pH values below 6.5 and higher than 9.0 is harmless to fish, although the toxicity of other poisons may be affected by the changes within this range (Alabester and Lioyed, 1980).

                               Table 1  Physico-chemical parameters of the GAC.

	Parameters
	GAC

	SBET      (BET- surface area, m2.g-1)

Vp        ( total pore volume, cm3.g-1)

r¯         (Average pore radius, A0)
	20

0.0145

14.4

	Density, g.cm-3
                 Apparent

                 Packed
	0.114

0.427

	pH 
	10.4

	Ash content %
	89.5


	Table (2) Seasonal variation of average Hydrogen Ion Concentration (pH) in the studied area during 1998-1999

	Seasons Stations
	Winter
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	7.39
	8.10
	8.16
	7.99
	8.04

	X
	7.94
	8.02
	7.90
	8.03
	7.97

	XI
	7.97
	8.02
	7.97
	8.02
	7.99

	Regional average
	7.94
	8.04
	8.01
	8.01
	8.00

	Z1
	7.80
	7.28
	7.97
	8.12
	7.79

	Z2
	7.91
	6.77
	7.38
	7.48
	7.39

	Z3
	7.87
	7.85
	8.00
	7.50
	7.81

	Regional Average
	7.86
	7.30
	7.78
	7.70
	7.66


3.1. Heavy metals in water samples:

As whole, heavy metals enter rivers and lakes from a variety of sources. The rocks and soils directly exposed to surface water are the largest natural sources. Dead and decomposed vegetation and animal matter, contribute small amounts of metals to adjacent waters. Wet and dry fallout of atmosphere particulate matter arrived from natural sources as well as man’s activities can introduce large quantities of metals. In addition to, the discharge of various treated and untreated liquid wastes to the water body can introduce large amounts of trace metals for rivers and lakes (Stumm & Morgan, 1970). Some of these metal are classified biochemically as essential elements. They are present in trace amounts in the bodies of living organisms. e.g. copper and zinc play an important role in different physiological processes. On the other hand, lead and cadmium are non-essential elements and considered to be very toxic to the environment (Stumm & Morgan, 1970). Seasonal variations of iron (Table3)  were found to be within the range 0.46- 4.18, 0.37 - 2.84 mg/l. The values of manganese concentration (Table 4) were found to be in the range of 54.2 - 194.8, 187- 387 μg/l. Also, copper concentration (Table 5) was varied in the range of 5.0 - 63, 6.0 - 74 μg/l. Zinc concentrations (Table 6) were varied between 16.0 - 396.9, 14.0 - 148 μg/l. However, the lead concentration (Table 7)  fluctuates in the range of 27.8 - 148.9, 60.0 - 153.6 μg/l. As well as, the concentrations of cadmium (Table 8) were found to be in the range of 5.5 - 12, 12.5- 46 μg/l. for the different stations and drains respectively during different seasons. In general, the distribution of these metals at the area under investigations are strongly affected by the industrial effluents produced from Soda & Salt and El-Malyia companies which directly discharge industrial effluents at this area without any treatment. These results are in a good agreement with that reported by Issa et al, 1996.

	Table (3) Seasonal variation of average Iron (mg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	0.48
	0.81
	0.56
	0.46
	0.58

	X
	1.69
	4.18
	1.52
	0.64
	2.01

	XI
	1.33
	3.86
	1.44
	1.68
	2.08

	Regional average
	1.17
	2.95
	1.17
	0.93
	1.55

	Z1
	0.75
	0.80
	0.37
	0.45
	0.59

	Z2
	1.17
	1.72
	0.74
	0.70
	1.08

	Z3
	2.84
	1.52
	0.46
	1.45
	1.57

	Regional Average
	1.59
	1.35
	0.52
	0.87
	1.08


	Table (4) Seasonal variation of average Manganese (µg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	76.00
	115.20
	59.10
	60.50
	77.70

	X
	113.80
	155.00
	100.80
	54.20
	105.95

	XI
	111.40
	194.80
	71.40
	73.10
	112.68

	Regional average
	100.40
	155.00
	77.10
	62.60
	98.78

	Z1
	307.20
	224.20
	295.00
	258.00
	271.10

	Z2
	303.20
	187.00
	387.00
	239.20
	279.10

	Z3
	190.00
	278.40
	304.60
	290.60
	265.90

	Regional Average
	266.80
	229.87
	328.87
	262.60
	272.03


	Table (5) Seasonal variation of average Copper (µg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	5.00
	13.00
	7.00
	7.00
	8.00

	X
	43.00
	45.00
	63.00
	52.50
	50.88

	XI
	15.00
	61.00
	54.00
	33.00
	40.75

	Regional average
	21.00
	39.67
	41.33
	30.83
	33.21

	Z1
	20.00
	64.00
	70.00
	38.00
	48.00

	Z2
	8.00
	68.00
	12.00
	22.00
	27.50

	Z3
	6.00
	74.00
	62.00
	60.00
	50.50

	Regional Average
	11.33
	68.67
	48.00
	40.00
	42.00


	Table (6) Seasonal variation of average Zinc (µg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	16.00
	55.00
	54.40
	90.00
	53.85

	X
	46.00
	396.90
	27.00
	33.00
	125.73

	XI
	36.00
	69.00
	38.00
	27.50
	42.63

	Regional average
	32.67
	173.63
	39.80
	50.17
	74.07

	Z1
	54.00
	20.00
	34.00
	14.00
	30.50

	Z2
	20.00
	30.00
	20.00
	148.00
	54.50

	Z3
	22.00
	35.00
	25.00
	140.00
	55.50

	Regional Average
	32.00
	28.33
	26.33
	100.67
	46.83


	Table (7) Seasonal variation of average Lead (µg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	27.80
	48.05
	81.00
	105.30
	65.54

	X
	148.90
	113.80
	90.10
	141.15
	123.49

	XI
	135.00
	109.35
	86.00
	141.65
	118.00

	Regional average
	103.90
	90.40
	85.70
	129.37
	102.34

	Z1
	129.20
	62.60
	60.00
	70.50
	80.58

	Z2
	134.80
	122.40
	118.50
	73.20
	112.23

	Z3
	153.60
	123.50
	117.30
	87.00
	120.35

	Regional Average
	139.20
	102.83
	98.60
	76.90
	104.38


	Table (8) Seasonal variation of average Cadmium (µg/l) in the studied area during 1998-1999

	Seasons Stations
	Winter 
	Spring
	Summer
	Autumn
	Annual Average

	
	
	
	
	
	

	IX
	6.50
	5.50
	8.90
	7.75
	7.16

	X
	11.50
	11.90
	12.00
	9.05
	11.11

	XI
	8.50
	10.25
	10.50
	9.35
	9.65

	Regional average
	8.83
	9.22
	10.47
	8.72
	9.31

	Z1
	12.50
	25.00
	20.00
	28.00
	21.38

	Z2
	15.00
	20.00
	17.00
	26.00
	19.50

	Z3
	20.00
	46.00
	18.00
	28.00
	28.00

	Regional Average
	15.83
	30.33
	18.33
	27.33
	22.96


3.2. Heavy metal in sediment samples:

The aquatic chemistry of metal in the natural environment is dependent on the distribution dynamics of these metals and on the type of interactions between the metals in their aquatic environment. The organic matter associated with sediment particles largely responsible for the ability of sediment to adsorb uncharged organic compounds. Pollutant concentration in sediments usually increase with decreasing particle size (Kotickhoff, 1983).

According to Forstner and Wittman, 1979, the sediment existing at the bottom of the water column plays a major role in the pollution scheme of the river system by heavy metals. They reflect the current quality of the water system and can be used to detect the presence of contamination that does not remain soluble after discharge into water. Recently, a number of studies (Elewa et al, 1990;  Soltan, 1994) reported that the bottom sediment acts as accumulator for heavy metals and the rate of accumulation depends mainly on the environmental parameters such as : pH, temperature, salinity, hardness, dissolved oxygen,.. etc. The seasonal variations of iron (mg/g) at different selected stations were found in the range of 4.84- 37.4 mg/g, manganese 65.6 – 405 μg/l, zinc 78- 449 μg/l, copper 22- 535 μg/l, lead 59.9 – 333 μg/l and cadmium 9 –18 μg/l. The results of different heavy metals (Table 9), revealed that, the highest values of the heavy metal concentrations are recorded at stations exposed to industrial effluents produced from El-Malyia & Soda and Salt companies such at X and XI stations. These results agree with that reported by Issa et al, 1996. Thus, the main factors affecting the distribution of heavy metals in the area under investigations are: i) climatic conditions; ii) nature of the sediment collection samples and iii) the effluents discharged into Rosetta branch water body. Generally, metals adsorbed by sediments can be held by complexation 

with weakly acidic functional groups or by ion exchange of metal ions. A multisite binding model, which incorporates the effect of pH, has been applied to describe the adsorption of cadmium onto sediment. The model has been used satisfactorily to predict the extent of adsorption over the pH range of 4.5 – 7.0 (Krauskoff, 1979). 

3.3. Heavy metals in fish samples:

Fish may acquire a flavour that make their flesh unfit for food use with mild pollution, whereas with more sever contamination, the fish become sick and then die (Gurnrham, 1975). Moreover, the accumulation of such pollutants in certain tissues of the fishes may cause several hazards or even may be fatal to the consumers.

With regards to metal accumulation in aquatic organisms Phillips, 1980 reported that many factors such as the variation of seasons can affect the rate of accumulation of heavy metals in tissues of fish. Weakly bound metals in soft organs liner may be more easily influenced by seasonal changes than strongly bound metals. The relation was different in fish flesh (Gomaa, 1995). As shown in Table 10, seasonal variations were found to be in the range of 37.5- 61.5 μg/g for iron; 2.2 –3.3 μg/g for manganese; 14.9 – 32.1 μg/l for zinc; 0.5 – 2.0 μg/l for copper 16.35 – 35.15 μg/l for lead and 1.5 – 2.5 μg/l for cadmium in the fish flesh of O.nilaticus. In case of T. zilli, the variations were found to be in the range of 45 – 47 mg/g; 2.25 – 2.9 μg/l; 31.25 – 32.1 μg/l; 0.8 –1 μg/l; 25-65 –28.3 μg/l and 2.2 – 2.5 μg/l for iron, manganese, zinc, copper, lead and cadmium respectively. The above results can be interpreted according to the following aspects: i) The distribution of heavy metals may be affected by the area from which the samples are collected (PUNE, 1994). However, the Rosetta branch is subjected to heavy discharge for pollutants from numerous industrial processes at Kafr El-Zayate city, ii) The distribution of these metals in fish flesh is affected by climatic conditions of the seasons. The higher concentration values of different trace metals were recorded during summer followed by autumn, spring and winter seasons respectively; the accumulation of the most heavy metals in the flesh fish of T.Zilli is greater than O.niloticus. This reflects its high affinity for metals uptake by the former type than the latter, and iii)- The accumulation of the measured heavy metals in the fish flesh of the two types increases in the following order:- iron < lead < zinc < manganese < cadmium < copper. This interpretation is closely agreed with that reported by Farrs et al, 1998 and Abdel Satar and Shehata, 2000.  

3.4. Industrial Waste Water Treatment Procedures 

The physicochemical characterizations of the granular activated carbon (GAC) prepared from, locally available material, rice husk, and used in this study in removal of heavy metals, are described in Table 1. The concentration of the six heavy metals before and after the treatment of wastewater samples taken from the various drains (Z1, Z2 and Z3) using GAC are presented in Table 11. The percent removal (%R) of the treatment procedures reaches ≥ 97 for iron, manganese, copper, zinc, cadmium and lead in all wastewater drains depending on the initial concentration as well as the pH at each drain. The high efficiency of GAC is attributed to the surface functional groups as well as the high ash content. This can be attributed to the prepared carbon of H- type which, produce a basic pH in solution. i.e., basic carbon adsorbs acid (H+) in aqueous dispersion, leaving excess (OHˉ ) in the dispersion which yields a basic pH, and a basic carbon has a positive surface potential (Huang, 1978). Thus, the adsorption of protons by a basic carbon makes the

	Table ( 9 ) Seasonal variation of average concentrations of different heavy  metals in the sediment at Kafr El-Zyat city (during 1998-1999)
	
	
	
	

	 Stations
	Unit
	Station IX
	
	
	
	Station X
	
	
	
	Station XI
	
	
	

	Element
	
	Winter 
	Spring
	Summer
	Autumn
	Winter 
	Spring
	Summer
	Autumn
	Winter 
	Spring
	Summer
	Autumn

	Iron
	mg/g
	7.82
	14.60
	7.00
	21.00
	4.84
	16.00
	15.20
	37.40
	5.00
	15.72
	10.80
	23.50

	Manganese
	µg/g
	76.40
	65.60
	239.30
	80.80
	90.00
	280.00
	287.50
	280.60
	110.00
	405.00
	282.30
	278.50

	Zinc
	µg/g
	90.80
	108.00
	125.10
	218.80
	111.70
	130.33
	207.40
	449.00
	214.60
	303.40
	78.00
	273.00

	Copper
	µg/g
	22.00
	43.00
	36.00
	25.00
	33.00
	60.00
	535.00
	92.00
	50.00
	84.00
	60.00
	79.00

	Lead
	µg/g
	104.80
	59.90
	107.00
	125.50
	190.40
	130.00
	126.00
	165.60
	180.70
	231.70
	333.00
	178.40

	Cadmium
	µg/g
	9.00
	10.00
	12.00
	9.70
	14.00
	16.00
	18.00
	15.00
	10.00
	14.00
	16.00
	15.10


Table (10) Concentration of heavy metals in fish flash at Kafr-El-Zyat city , during 1998-1999.  

	Seasons      Elements
	Unit
	Winter 
	
	Spring
	
	Summer
	
	Autumn
	
	Annual Average

	
	
	O. niloticus
	T. zillii
	O. niloticus
	T. zillii
	O. niloticus
	T. zillii
	O. niloticus
	T. zillii
	O. niloticus
	T. zillii

	Iron
	mg/g
	37.50
	*
	38.00
	47.50
	61.50
	45.00
	49.00
	*
	46.50
	46.25

	Manganese
	µg/g
	3.00
	*
	2.75
	2.90
	3.30
	2.25
	2.20
	*
	2.81
	2.58

	Zinc
	µg/g
	22.10
	*
	14.90
	31.25
	28.85
	32.10
	27.05
	*
	23.23
	31.68

	Copper
	µg/g
	0.50
	*
	1.00
	1.00
	2.00
	0.80
	0.68
	*
	1.05
	0.90

	Lead
	µg/g
	35.15
	*
	22.15
	28.30
	23.95
	25.65
	16.35
	*
	24.40
	26.98

	Cadmium
	µg/g
	2.50
	*
	2.50
	2.20
	2.00
	2.50
	1.50
	*
	2.13
	2.35

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	O. niloticus: Oreochromis niloticus
	
	
	T. zillii: Tilapia zillii
	
	

	
	
	* not available
	
	
	
	
	
	
	
	


Table 11.  The concentrations (μg/l) and the percent removal (%R)  of the six

heavy metals before and after treatment using H- carbon

	                   Drains

Elements
	Z1, Conc. (μg/g)

before    after     %R
	Z2, Conc. (μg/g)

before    after    %R
	Z3, Conc. (μg/g)

before   after     %R

	Iron

	6130       184     96.9
	6650     199.5     97
	4340     130.2     97   

	Manganese


	780         23.4    97.0
	3760     112.8     97
	4490     134.7     97  

	Zinc


	180         0.6      99.7
	330        6.00     98.2
	210       1.50      99.3 

	Copper


	60           1.80    97.0
	120        3.60      97   
	30         0.90       97

	Cadmium


	10           0.18   98.2
	100        1.80     98.2
	10         0.18      98.2

	Lead


	10           0.30   97.0 
	100        3.00    97.0
	70         2.10       97


carbon surface more easy for simple cation exchange and as the ash% increases, the %R of metal ion increases too. This is attributed to the main constituents of ash (SiO2 =%94.5) and the silica surface is accomplished through the substitution of protons of the surface silanol groups by the metal ions from solution. i.e., a cation– exchange reaction can then occur in aqueous solution as follows: 

x (≡SiOH)          ↔ x (≡SiO-) + x H+                                              (1)

Mn+ + x (≡Si O-)  ↔ M (OSi≡) x (n-x)+                                              (2)
The overall reaction can be represented as:
Mn+ + x (≡SiOH) ↔ M (OSi≡) x (n-x)+ + x H+                              (3)
Where the symbol (≡ ) distinguishes surface complexes from soluble complexes.

Mn+ = metal ion with a charge n+,  

 ≡ SiOH = silanol group on the SiO2 surface,

 and x H+     = number of protons released.

4. CONCLUSION 

The industrial effluents of El-Malyia & Soda and Salt companies containing heavy metals and discharged directly at stations (X and XI) are responsible for the distribution of these metals at Kafr El-Zyat city (water, sediment and fish). The removal of these metals by pre-treatment using H-carbon has been found to be successful. Consequently, the treated water can be discharged into River Nile without any harmful effects to the aquatic environment and to the quality of the water.     

5.0. RECOMMENDATION

The recommendations that can be drawn from the results of this study are: 

(a) The 1982 Law should be efforced for the control of pollution of  River Nile.

(b) Effluents from industries should be treated using H-type carbon from rice husks for the effective removal of toxic heavy metals.
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