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ABSTRACT

A study was carried out on the impact of chemical fertilizer industrial wastes on the quality of soil in the vicinity.  The fertilizer industry located at Onne, eastern Nigeria, produces liquid ammonia, urea and NPK.  All the solid wastes generated are disposed off at two dumpsites.  The effluents, leachates and soil samples were analysed for physico-chemical parameters viz temperature, pH value, nitrate, phosphorus, potassium, iron, sodium, calcium and selected heavy metals such as Fe, Zn, Ni, Cd and Pb using standard methods.  The results revealed that the dumpsite leachate samples recorded very high concentrations of urea (2.05 x 105mg/l) phosphate (4.88 x 10³mg/l) and zinc (74.9mg/l).  The effluent samples from the Outfall (final effluent channel) showed lower values for urea (10.4 mg/l), phosphate (127.0 ( 78.5mg/l) and zinc (3.04 ( 1.81 mg/l).  The soil environment around the dumpsite was the most affected with the highest mean phosphate and potash levels of 494.5mg/kg and 32.3g/kg) respectively.  Farming activities in the surrounding communities were found not to be adversely affected by the effluents and leachates emanating from the chemical fertilizer industry.
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1. INTRODUCTION

The complex chemical fertilizer industry at Onne, near Port Harcourt is first of its kind in Nigeria.  It utilizes a combination of natural gas, basically methane, high temperatures of about 822oC and filler sand at varying conditions for the production of different formulations of fertilizer products viz liquid ammonia, urea and NPK (Nitrogen, Phosphorus and Potassium).  These production processes result in the release of large quantity of nitrogenous and phosphorus containing wastes into receiving aquatic and terrestrial ecosystems.  The attendant ecological problems associated with these discharges especially on the soil ecosystem has been undertaken in this study.

Several studies have been conducted within and outside Nigeria on the impact of industrial wastes and chemical contaminants on soil. Ogoke (1980) reported that crude oil pollution significantly reduced weed weight and increased organic matter content, nitrogen and pH of the soi. Odu (1977) reported on the impact of oil spillage on soil microbial population.  Tripathi (1990) reported that effluents discharged from a chemical fertilizer factory in India affected the physiochemical properties of soil, its mineral composition and germination of wheat.  In their study, the concentration of Na was 40 times higher in the effluent than in the nearby well water.   The Effluent Na showed a positive significant correlation and significantly negative correlation with K and Ca. The soil cation exchange capacity (CEC), porosity and water holding capacity were reduced in effluent-polluted soils.  Blume et al (1983) reported that erosion, sedimentation process, translocation of waste gases, and leachates changed the soil around the landfills and the soil composition of the adjacent areas in a Berlin landfill.

In a related study, Lovic (1989) asserted that fertilizers were considered as possible pollutants of soil, water and plants while Kudeyarava (1989) reported that excessive phosphorus fertilization as used in Moscow, Leningrad and other areas of the Russian Republic led to soil degradation and water pollution by the leached soil constituents.  Studies on the effects of industrial pollution on soil trace elements indicated that the solubility of salts increased from 0.5 to 2.2% in subtropical semi-desert solon chalk and gray-brown soils and enriched Pb 2.9, Cr 2.9. Cu 1.8, B and V1.7, CO 1.6 and Zn 1.3 fold, whereas Sr decreased 0.7 fold while Ba, Mn, Na as well as Ni were not altered.

From the foregoing, it is evident that appreciable work has been done on the contamination of soil by industrial wastes in most developed economies. There is  paucity of information from developing countries like Nigeria. The main objective of this study is to assess the impact of the chemical fertilizer effluents and other fertilizer waste products on the quality of the receiving terrestrial ecosystem as it affects crop cultivation and plantations in the host community.

2. MATERIALS AND METHODS

2.1 Study Area
This study was conducted primarily in the premises of a nitrogenous chemical fertilizer complex owned and operated by the National Fertilizer Company of Nigeria (NAFCON) Limited, Onne, Rivers State.  The fertilizer complex is located in eastern Nigeria between latitudes 4.49º and 4.5º north and between longitudes 6.59º and 7.0º east of the Greenwich Meridian on 115 hectares of arable land about 30km from Port Harcourt.  Within the industrial complex, solid wastes generated are disposed off in a temporary dumpsite with its leachates affecting the immediate soil quality.  These leachates in combination with the plant effluents also affect the surrounding soils.  The fertilizer complex is bounded on the west by Okirika Creek which is the main receiving water body for the industrial effluents; Okirika communities who are traditional fishermen and a characteristic wetland ecosystem, consisting mainly of mangrove swamps.  On the east, the complex is surrounded by farmlands,owned by Onne communities who are traditional fishermen and farmers.  On the south, the complex is bounded by the Federal Ocean terminal and smaller communities such as Ele and Owuogono.  Farming activities, which were mostly carried out on the hinterland around the Okirika creek were on the mangrove swamp soils.  These soils are brown to black due to organic decay of leaf and dead woods.  They are rich in organic matter in their top layers but may contain excessive salt especially during the dry season.

2.2 Materials
Soil samples at a depth of 15cm of the topsoil were collected cross-sectionally from two major locations within and around the vicinity of the plant complex in Onne as well as from control area in Port Harcourt.  Sampling was done from the fertilizer plant’s solid waste temporary dumpsite, where two samples were picked from the two points located 50m apart.  The soils in these locations were slightly clayey and loamy.  Similarly, two soil samples, which were sandy were collected from two points located 50m around the plant effluent outfall.  Control samples, which are loamy with high humus content, were collected from two points located about 500m apart in the Diobu area of Port Harcourt town.  Apart from the collection of soils, an observation checklist was also employed to make visual and qualitative assessment of farming activities in the area.

2.3 Methods
Soil samples were analyzed for physical and chemical characteristics.  The physical parameters determined were temperature, pH value and conductivity.  Temperature was measured using a standard size field thermometer, while pH value was measured using a standard pH meter model 3020 made by JENWAY, UK.  Similarly, the conductivity measurements were made by a standard conductivity meter model 4010 supplied by JENWAY, UK.  In both cases, 20g of soil samples were weighed and suspended in 50ml of distilled water and stirred before introducing probe.

Chemical parameters determined were inorganic compounds such as kjedahl Nitrogen (N), phosphorus (P2 05), phosphate (PO4) and nitrates (NO3).  Metals such as Na, K, Ca and Mg as well as heavy metals such as Fe, Zn, Ni, Cd and Pb were also determined.  The determination of total nitrogen was done using the total (kjedahl) nitrogen method, whereas phosphorus determination was done spectrophotometrically, using molybdovanadate method according to AOAC methods of analysis .  Phosphate was determined spectrophotometrically using the persulphate digestion method (APHA, 1992), while nitrate was determined spectrophotometrically using the phenol disulphonic acid method (Taras,  1950). The analysis of soil samples for all metals was done using Atomic Absorption Spectrophotometer (AAS) model 200 supplied by Buck scientific (UK).  In each case, soil samples totaling 6 were subjected to pretreatment which include air-drying, sieving and acid digestion before analysis.  The results are expressed in mg/kg as well as in g/100g(%).

3. RESULTS AND DISCUSSION

3.1 Nature of Effluents and Leachates
The results of effluent quality obtained for a period of one week from the plant outfall indicated high levels for free ammonia, phosphate and Zinc in the morning hours as compared to Urea, which recorded higher levels (1040.5 ( 1039.9mg/l) in the evening samples as shown on Table 1.0.

Similarly, the results of nature of leachates emanating from the solid waste dumpsites indicated high levels of conductivity (1.97 x 108(s), urea (2.05 x 105mg/l), chloride (4.54 x 104mg/l), phosphate (4.88 x 103mg/l), iron (4.05mg/l) and zinc (74.9mg/l) as shown on Table 2.0.

3.2 Impact of Industrial Wastes on Soil Quality
Samples of soil assessed at the solid waste dumpsite recorded the highest mean values for conductivity (1549.8(s), potassium (32.8g/100g), nitrogen (0.538g/100g), and phosphorus (0.288g/100g).  However, samples from the control areas in Port Harcourt town recorded low mean levels for Nitrogen and Phosphorus especially in comparison with mean levels for the locations at the dumpsite.  Conversely, levels of Ca (0.86mg/kg); Zn (0.191mg/kg) as well as Pb (0.65mg/kg) were higher in the control samples than other locations.  Nickel (Ni) was virtually not detectable from any of the samples at the three primary sampling points as shown on Table 3.0.
Table 1.0:  Effluent Quality from Outfall Over One Week Period

	T/P
	Colour
	Odour
	T(ºC)
	PH Value
	Conduc-tivity

((S)
	TSS

(mg/l)
	TDS

(mg/l)
	DO

(mg/l)
	BOD

(mg/l)
	Urea

(mg/l)
	NH3
(mg/l)
	PO4
(mg/l)
	Fe

(mg/l)
	Zn

(mg/l)

	9.00

AM
	Slightly Clear
	Slightly pungent
	31.0(
1.83
	8.36(
0.49
	2140(
1036.2
	12.3(
9.29
	642.9(
313.1
	4.66(
0.34
	13.7(
3.04
	314.9(
180.9
	24.5(
24.6
	100.6(
35.4
	0.733(
0.48
	3.01(
1.71

	6.00

PM
	Slightly Clear
	Slightly Pungent
	28.9(
3.13
	8.37(
0.63
	2302.9(
1160.8
	28.4(
16.8
	645.7(
307.4
	4.68(
0.35
	-
	1040.5(
1039.9
	56.4(
67.7
	127.0(
67.7
	0.63(
0.60
	3.04(
1.81


                                                                                                           Parameter: P      

                                                                                                                  Time : T

Table 2.0 :
Nature of Leachates
	Parameter
	Colour
	Odour
	Temp

(oC)
	pH 

value
	Conductivity

((S)
	D0

(mg/l)
	Urea

(mg/l)
	CI

(mg/l)
	P04
(mg/l)
	Fe

(mg/l)
	Zn

(mg/l)

	Values
	Dark brown
	Oily & pungent
	23.5
	6.86
	1.97x108
	4.86
	2.05x105
	4.54x104
	4.88x103
	4.051
	74.9


Table  3.0  Effects of Industrial Wastes on Soil Quality
	Parameter
	Port Harcourt

Control 1
	Port Harcourt

Control 2
	Mean

     X
	Dump-

Site 1
	Dump-

Site 2
	Mean

     X
	Effluent

Channel 1
	Effluent

Channel 2
	Mean

     X

	TEMP(oc)
	26
	24.5
	25.3
	25
	25.5
	25.3
	25.5
	22.5
	23

	 PH VALUE 
	6.27
	8.19


	7.23
	7.67
	7.84
	7.76
	6.69
	7.07
	6.83

	COND(us)
	282.5
	84
	183.3
	1169.5
	7802
	4485.8
	511.5
	2588
	1549.8

	 PO4(mg/kg)       
	37.1
	81.6
	59.4
	643
	346
	494.5
	35.3


	29.5
	32.3

	NO3(mg/kg)
	10.6
	19.1
	14.8
	12.7
	5.84
	9.26
	3.30


	29.5
	32.4

	N(g/100g)
	0.08
	0.11
	0.09
	0.46
	0.61
	0.54
	0.27


	0.12
	0.19

	P(g/100g)
	0.22
	0.20
	0.21
	0.15
	0.43
	0.29
	0.12


	0.05
	0.09

	K(g/100g)
	2.60
	2.50
	2.55
	12.0
	52.6
	32.3
	1.30


	2.20
	1.75

	Na(mg/kg
	1.56
	0.84
	1.20
	0.73
	2.26
	1.50
	2.62


	2.53
	2.58

	Ca(mg/kg)
	0.20
	1.51
	0.86
	0.25
	0.12
	0.19
	ND


	0.03
	0.02

	Mg(mg/kg)
	0.48
	0.87
	0.68
	1.11
	0.85
	0.98
	0.42


	0.35
	0.38

	Fe(mg/kg)
	91.0
	136
	112.5
	48.0
	107
	77.5
	63.0


	22.0
	42.5

	Zn(mg/kg)
	1.0
	2.81
	1.91
	0.86
	0.99
	0.93
	0.14


	0.10
	0.12

	Cd(mg/kg)
	0.07
	0.03
	0.05
	0.11
	0.22
	0.11
	0.05
	0.01
	0.03



	Pd(mg/kg)
	0.50
	0.80
	0.65
	0.60
	0.40
	0.50
	0.50
	0.40
	0.45

	Ni(mg/kg)
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND


3.3 Impact of Industrial Wastes on Farming Activities
The results of impact of the industrial wastes on framing activities through observation checklist indicate that creek water at high and low tides appeared slightly greenish, but more strikingly at the downstream (North sampling point).  It was also observed that the creek, which is the main receiving water body for the industrial wastes, served as the major source of irrigation water for crop cultivation in the neighboring communities.  The investigation revealed that a variety of shrubs constituted the vegetation around the creek occupying about 70% of the land mass.  Farmers in this area also cultivated food crops like yam, cassava and plantain, which were predominant in the hinterland.  Generally,58% of those interviewed remarked that the soil was supportive of these agricultural crops .
The quality of effluents indicated that they were rich in inorganic compounds such as free ammonia, phosphate and zinc. Extremely high levels of urea, phosphate, chloride, iron and zinc in leachates were recorded at the dumpsite.  The implication of this is that the quality of soil samples at these various sites would be affected by the disposal practice.

Soil samples obtained from the effluent channel, waste dumpsite and the control sites indicated marginal differences in the temperature and pH values except that a temperature value of 22.5(C was recorded at a point close to the effluent discharge point (outfall) into the creek, while a pH value of 8.19 from control points was indicative of soil with pH near neutrality.  Also, there was a significant difference between the conductivity value recorded for the soil sample at the control point 2 and the sample at the solid waste dumpsite.  The highest conductivity value (7802(s) recorded at this point may have been associated with the presence of metal conductivity ions originating from the solid wastes and their leachates.

The quality of the soils assessed revealed that those at the dumpsite were contaminated by appreciable levels of nitrogenous and phosphorus substances with the latter appearing more in leachates, an observation considered to be consistent with the report by Kudeyarava (1989).  The origin of these though considered to be below their critical values may be traced to the fertilizer waste materials generated after the production process.  The comparatively higher levels of nitrogen and nitrates at the dumpsites over the control sites is an indication of humus-rich nitrogenous substances which could be favourable to plant growth but which may have implications for the ground water quality.

Furthermore, the presence of metals and other mineral elements at various concentrations revealed that the soils were contaminated by the industrial wastes, a condition similar to that reported by Tripathi (1990).  For instance, the high potassium level recorded at the solid waste dumpsite is an indication of the fact that substances rich in potash (used in the fertilizer production process) were discharged into the dumpsite.  Other metals, such as iron, also recorded high levels especially at the effluent point and one of the control areas.  This may have some degree of impact on the ground water quality especially at the control area.  The levels of calcium and zinc were low and values within the critical limit thus posing little threat to ground water quality. Their presence at these levels may however prove advantageous to crop growth.

4. CONCLUSIONS

The present study has indicated that the quality of soil especially around the industrial premises was affected by the high levels of phosphorus, nitrogen and potash when compared to soil outside the vicinity of the plant as well as the control area.  Also, high levels of iron were recorded more in the soil samples around the plant complex such as in the effluent point than at other sample points.  Although the impact of the pollutants as assessed appear to be more on the soil, there is a risk for ground water pollution in the vicinity.  The overall implication of this study calls for the management of the fertilizer complex to check their waste management practices to circumvent the discharge of its pollutants into surrounding ecosystems which may cause associated health risks and hazards.
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