
Introduction

The growing needs of increasing world population 
are heading towards massive industrialization and 
urbanization may led to environmental contamination [1, 
2]. Paper and board products have become indispensable 
items for routine life and worldwide annual consumption 
of paper is now up to 300 million tons [3].  Industrial 
manufacturing of paper and related goods may 
involve various processes including digestion, pulping, 

washing, bleaching and drying of raw fibrous material 
[4]. During all these steps, substantial amount of several 
chemicals and reagents are used followed by washing 
with huge volume of water [5] and consequently, 
about 455 liters effluent is being discharged for the 
production of one kg paper. The treatment of PBM 
effluent is expensive process. Therefore, untreated or 
partially treated PBM effluent is discharged into water 
bodies [6-8]. Deficiency of good quality irrigation water 
and safer disposal of effluent is considered two major 
factors for usage of industrial effluent in agriculture 
[9-11]. Additionally, effluent may introduce sufficient 
amount of many essential nutrients in soil for the better 
growth of crops. Therefore, the irrigation of agricultural 
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land with wastewater is becoming a regular exercise 
and about 20 million hectares is being irrigated with 
industrial effluent [12-14]. In Pakistan, about 26% of the 
total vegetable crops are being irrigated with sewage or 
industrial wastewater [15]. In corollary, high electrical 
conductivity, salinity, total dissolved salts and low pH of 
effluents may introduce toxicity in soil [10, 16-23] that 
may decrease the plant growth. Supplementation of soil 
with industrial effluent can only be accepted if toxicity 
do not propagate in soil [24]. The impacts of various 
industrial effluents on physicochemical characteristics 
of soil depend directly or indirectly soil type, climatic 
conditions and constituents of industrial effluent 
[25]. Therefore, in order to avoid risks and to secure 
maximum benefits from effluents, the concentration of 
effluent and duration of irrigation are of fundamental 
importance. 

The main objective of the study was to identify and 
endorse the advantages and disadvantages associated 
with the use of PBM effluents for irrigation. For the 
purpose, soil samples treated with different proportions 
of PBM effluents containing heavy metals were 
analyzed for physicochemical parameters at regular 
intervals of 30, 60 and 90 days.

Material and Methods

Effluent samples were collected in polythene 
bottles from diamond PBM. Soil samples were taken 
in 18 bowls (1kg each) and classified into six groups 
(3 bowls each) followed by irrigation with 0 (distilled 
water), 20, 40, 60, 80 and 100% PBM effluent as per 
irrigation requirement i.e. 80 m3h-1 or to maintain 30% 
moisture requirement. The soil samples were dried in 
oven at 70 °C for 2 days and ground to pass through 
2 mm sieve. Physicochemical properties of soil samples 
were analyzed in terms of pH, electrical conductivity 
(EC), OM, available phosphorous, potassium, nitrogen, 
soil texture and metal contents. The EC and pH of the 
soil samples was measured using pH meter (Jenway 
3505, UK) and conductivity meter (Inolab, Germany) 
respectively. OM in soil samples was calculated 
following titrimetric method [26]. Kjeldahl method was 
employed for the determination of nitrogen percentage. 
Available phosphorus and potassium in all the samples 
of soil was determined following colorimeter method 
[27]. Moisture content was determined to calculate 
water holding capacity of soil samples. The percentage 
of sand, silt and clay was calculated using Bouyoucos 
hydrometer (Fisher brand Model # 14-331-5c) and already 
reported mathematical model [28]. Digestion of soil 
samples was performed using concentrated HF, HClO4 
and HNO3 (1:1:5) for 1g soil sample. After digestion, 
the samples were filtered and diluted with deionized 
water up to constant volume [29]. The concentration 
of heavy metals was determined by atomic absorption 
spectrometer (Perkin Elmer; Pinnacle™ 900H) using 
air-acetylene flame for combustion with single-element 

hollow cathode lamp. The extent of metal accumulation 
in soil upon irrigation with PBM effluent was assessed 
by calculating enrichment factor i.e. the amount of 
metal in treated soil in comparison to control soil. The 
data of physicochemical characteristics and contents of 
heavy metals in treated soil samples were statistically 
analyzed (at 95 % confidence level) in terms of analysis 
of variance (ANOVA) using Statistica 13.0 [30]. The 
responses having p<0.05 are considered significant.

Results and Discussion

Despite the addition of various nutrients, soil 
irrigation by industrial effluent may result in poor 
growth of plants and increase heavy metal uptake. 
The results of physicochemical characteristics of soil 
samples are summarized in Table 1. Soil pH determines 
the nature of soil and administrates the availability 
of nutrients to the plants. In current study, with the 
use of effluent compositions, significant decrease in 
soil pH was observed. Conversely, pH of soil treated  
with 20% effluent was found statistically different 
(p<0.05) from those soil samples treated with 80 
and 100% PBM effluent. This reduction in soil pH 
may be attributed to the addition of high amount 
of nutrients and OM to the soil by wastewater 
which activates microorganisms to produce organic 
acids or release of exchangeable cations. The 
decrease in soil pH may enhance the soluble and 
bio-available concentration of nutrients and heavy 
metals in soil [18, 31]. Increase in EC was found  
4-5-fold in soil samples exposed to higher concentration 
of PBM effluent for 60-90 days. Significant increase 
in EC was observed after 90 days. This effect may 
be due to high TDS value of effluent or increase in 
mineralization of organic contents (high microbial 
action) as a result of effluent irrigation [32].

Soil organic matter (OM) controls nutrient uptake 
potential of plants from soil. Effluents with high BOD 
may increase OM of soil from 22 to 30%. The decrease 
in soil OM upon irrigation with industrial effluent 
has been reported. In present study, among different 
proportions of PBM effluent, only 80 and 100% of 
effluent caused significant increase in soil OM after 
60 days of treatment. High OM in soil is considered 
as threat, because OM may act as strong adsorbent for 
organic and inorganic pollutants that may ultimately be 
transferred to the plants grown in that particular soil. 
The N and P content are an indicator of soil fertility. 
In this study, different proportions of PBM effluent 
individually contributed towards increasing total N in 
soil up to significant level (p<0.05) after 30 days of 
irrigation. High N content may lead towards an increase 
in the bioavailability of heavy metals to the plants. 

Significant increase in concentration of available 
P was observed after 60 days and 3 to 9 times after 
90 days greater than control. Water holding capacity 
(WHC) of soil was found increasing with continuous 
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irrigation of PBM effluent and significant change was 
noted for soil irrigated with 80 and 100% effluent as 
compared to control after 60 days. This little change in 
soil capacity to hold water may be credited to increase 
in OM and decrease in clay content in soil. Fractions 
of sand, silt and clay determine the soil properties 
including porosity, WHC and water drainage. Amount 
of sand and silt increased compared to clay content in 
soil samples exposed to different proportions of PBM 
effluent. Textural category of soil remained loam at the 
start and after 90 days of treatment. The levels of heavy 
metals in soil is one of the major factors which threat 
the plant growth, as metals possess ability to deactivate 
biomolecules due to interactions like complex formation 
or ion-pair associations. The visible symptoms of 
metal toxicity appear after prolonged exposure to 
metal contaminated soils [11, 31, 33]. Fig. 1 shows the 
heavy metal contents in soil irrigated with different 
PBM effluent compositions at intervals of 30, 60 and 
90 days. Toxicity of heavy metals in effluent irrigated 
soil has been presented in literature reports [34-36]. The 
results for metals in soil indicates that concentration of 
Cd remains within the standard limit (1mg kg-1) even 

after 90 days of irrigation, if soil is irrigated with 40% 
effluent composition.

The Cd level in higher effluent proportions (60, 80 
and 100%) were found beyond standard value just after 
30 days of irrigation. There was significant increase in 
Co contents regarding effluent composition and duration 
of irrigation (Fig. 1). The levels of Co for control soil 
was 1.43 mg kg-1 which increased after 90 days of 
irrigation. The increase in Mn content in soil was not 
found significant as compared to other trace elements. 
However, after 90 days of irrigation, Mn levels were 
0.84, 1.28, 1.53, 2.07 and 2.43 mg kg-1 in soil treated 
with 20, 40, 60, 80 and 100% effluent respectively. 
Lower compositions of PBM effluent (20, 40, and 60%) 
added significant amount of Cu in soil which was within 
standard value (30 mg kg-1) even after 90 days. Higher 
proportions of PBM (80 and 100%) raised the amount of 
Cu above the standard value after 60 days of irrigation.

Significant increase in the Ni content was observed  
as compared to control soil (2.06 mg kg-1) and maximum 
value (71.05 mg kg-1) was calculated for soil treated 
with pure effluent. Upon addition of 100% effluent for 
90 days the amount of Ni was 74%. PBM effluent added 

Table 1. Characteristics of soil after 30, 60 and 90 days of irrigation with PBM effluents.

30 days

Effluent Conc. pH EC OM N P K Saturation Sand Slit Clay Texture

% mS/cm % (ppm) %

0 8.2 2.61 1.34 0.0715 4.74 11.26 33 41 40 19 Loam

20 7.8 3.17 1.39 0.148 5.418 14.38 33 43 40 17 Loam

40 7.8 8.21 1.48 0.319 8.543 15.42 35 45 38 17 Loam

60 7.7 10.17 1.69 0.457 11.569 17.61 36 46 41 13 Loam

80 7.6 15.94 1.88 0.663 15.417 19.53 36 47 42 11 Loam

100 7.5 18.27 2.07 0.741 19.725 20.17 37 47 43 10 Loam

60 days

0 8.2 2.42 1.29 0.0645 4.65 11.82 33 44 38 18 Loam

20 7.7 4.15 1.57 0.384 6.018 15.27 34 45 41 15 Loam

40 7.5 7.31 1.63 0.547 8.429 15.83 34 47 40 13 Loam

60 7.3 11.52 1.71 0.772 13.51 19.77 35 47 43 10 Loam

80 7.2 17.43 2.24 0.808 20.571 22.07 37 49 42 9 Loam

100 7.2 21.21 2.77 0.984 23.141 24.66 39 48 45 7 Loam

90 days

0 8.2 2.35 1.21 0.0641 3.472 11.88 34 45 40 15 Loam

20 7.9 8.22 1.79 0.412 9.126 17.05 35 45 42 13 Loam

40 7.7 12.9 1.93 0.648 14.517 19.14 36 46 42 12 Loam

60 7.7 16.39 2.08 0.893 17.584 22.74 38 47 43 10 Loam

80 7.5 22.47 2.54 0.991 21.953 26.38 39 49 41 10 Loam

100 7.4 29.13 3.01 1.127 26.817 27.94 41 50 44 6 Loam
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significant amount of Pb in soil and samples were found 
having up to 93.43 mg kg-1 Pb as compared to control 
soil (1.72 mg kg-1). Amongst all the compositions 60, 
80 and 100% effluent concentration introduced Pb 
more than standard limit (50 mg kg-1) after 90 days of 
irrigation.

The amount of Cr in soil samples treated with 60, 
80 and 100% PBM effluent for 30 days were huge. 
However, Cr content was lower than allowable limit 
for the soil samples treated with 20 and 40% effluent 
even after 90 days. The Fe content for treated soil were  
2.5-5.5 folds higher than the control. The distribution of 

heavy metals in soil irrigated with water after 30 days 
of effluent irrigation was found in the order Pb>Ni> 
Cr>Cu>Mn>Cd>Co>Fe>Zn and this trend sustained 
even after 90 days of irrigation. 

Conclusions

The findings of current study indicate that 
PBM effluent may cause significant variation in 
physicochemical properties and proportions of metal 
contents in soil. Therefore, lower proportions (20 

Fig. 1. Effect of different compositions of industrial effluents on metal contnets in soil. 
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and 40%) of PBM effluent for long term irrigation is 
recommended as these may add valuable nutrients rather 
introducing toxic effects. These effluent compositions 
may improve growth, biochemical contents and 
yield of plants in the irrigated soil. On the contrary, 
upon irrigation with higher concentrations of PBM 
effluent (60, 80 and 100%) soil may become reservoir 
of pollutants. In such soil, crops with poor yield and 
carrying variety of pollutants will be produced that may 
induce toxicity to consumer and other factions of food 
chain.
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