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Abstract: Soil organic maƩer may increase the fixaƟon of trace metals, promotes their bioavailability or produces no 
effect on the trace metals. In this study, the use of cow dung and human faeces as greenhouse amendments on soil 
spiked with lead nitrate was invesƟgated. Four replicates each of 0, 1000 and 5,000mg of lead nitrate were applied 
alone or in combinaƟon with 0, 5000, 10000 and 20000mg of cow dung or human faeces separately to 3kg soil and 
mixed thoroughly in plasƟc pots perforated at the base (Wong and Lau, 1985). The soil samples were watered with 
tap water for two days. Two cowpea seeds per pot were planted. Watering was conƟnued unƟl the plants were 
harvested. Lead in water soluble and exchangeable fracƟons were extracted with deionized water and 1M ammonium 
oxalate respecƟvely. ConcentraƟons of Pb+2 in soil extracts were determined by Atomic AbsorpƟon Spectrometry. The 
water soluble lead before planƟng and aŌer harvest decreased highly significantly (Pr < 0.01) at all levels of lead 
nitrate applied to soil in presence of cow dung or human faeces. Although there was a strong decreasing trend with 
increasing weight of cow dung or human faeces, no significant differences in exchangeable lead before planƟng (Pr = 
0.10 > 0.05) and aŌer harvest (Pr = 0.07 > 0.05) were observed. In presence of cow dung or human faeces,  
concentraƟons of Pb+2 in various soil fracƟons decreased in the order exchangeable lead before planƟng > 
exchangeable lead aŌer harvest > water soluble lead before planƟng > water soluble aŌer harvest. The decrease of 
concentraƟon of water soluble and exchangeable Pb+2 with increase in applied organic amendment to soil, was 
aƩributed to the associaƟon of lead with organic maƩer. Zimdahl and Skogerboe (1977) reported that the ability of 
organic maƩer to retain Pb+2 and lower its solubility in soil is due to its great absorpƟve capacity. The mean 
concentraƟons of Pb+2 in water soluble fracƟons before planƟng and aŌer harvest in presence of cow dung and human 
faeces were 3.17 and 2.21, 3.73 and 2.66mg/kg respecƟvely. The corresponding mean concentraƟons of Pb+2 in the 
exchangeable fracƟons were 16.05 and 17.44, 16.62 and 18.33mg/kg respecƟvely. These values are below the 
recommended values of the World Health OrganizaƟon (40 -250mg/kg) and Food and Agricultural OrganizaƟon (36 
– 250mg/kg) for water soluble and exchangeable Pb+2 in soil. 
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1. Introduction 

A wide variety of amendments are oŌen uƟlized to improve the physical condiƟon of soils used 
as greenhouse poƫng media. These amendments which range from relaƟvely expensive peats 
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and vermiculites to inexpensive materials such as pine bark and sawdust are generally selected 
for their physical and chemical characterisƟcs, uniformity and cost. When amendment is applied 
to the soil, the fate of elements in the amendment must be considered.  
The influence of soil organic maƩer on the availability of trace metals is not well understood  
 While some workers (Cheng and QuelleƩe, 1971; Davies, 1956; Hassel, 1974; Hodgson, 1963; 
Rajagopal et al., 1974; Shuman, 1975) reported that organic maƩer increases the fixaƟon of these 
metals in soil, others claimed that it promotes their availability (Bloomfield et al., 1976;  
 EllioƩ and Blaylock, 1975; Ghanem et al., 1971). Some authors found that organic maƩer has no 
influence on the availability of heavy metals (Lundblad et al., 1949). MacLean et al., (1969), 
Karamanos et al., (1976) and Hassel, (1974) found that organic maƩer has a negaƟve effect on Pb 
solubility, while Bloomfield et al., (1976) demonstrated that this metal could be solubilized as an 
organic complex in a true soluƟon and/or colloidal soluƟon.  
Cow dung is the undigested residue of herbivorous maƩer excreted by bovine animal species such 
as cow, yak, bison buffalo and water buffalo (Hornby, 2006). The colour of cow dung ranges from 
greenish to blackish, oŌen darkening soon aŌer exposure to air. Cow dung when combined with 
soiled bedding and urine is oŌen used as manure. Abubakar et al (2004) reported that tomato 
seedlings treated with a mixture of cow dung and urine resulted in significantly higher plant 
height, greater dry weight, lesser root-knot indices and reproducƟve factor. Seedlings treated 
with urine alone produced lower plant height and dry weight, which were only higher than those 
of the inoculated, untreated control. The observed increase in growth of tomato grown in treated 
soils compared to the untreated soils may be aƩributed to the increase in nutrients supply to the 
soil, resulƟng from the addiƟon of cow dung and urine (Abubakar et al, 2004). 
Human faeces also known as stool is the waste product of human digesƟon which varies 
significantly in appearance depending on the state of the digesƟve system influenced by diet and 
health. The main composiƟon of human faeces is water, indigesƟble food material sloughed-off 
intesƟnal cells, bacterial and various organic compounds (Andersson et al, 1982). Many 
pathogens that enter the human body orally are enteric. They have been found to be excreted 
unevenly in faeces and many people without any clinical symptoms can be emiƫng pathogens. 
Human faeces are thus very liable to spread enteric micro-organisms to other persons. From the 
point of view of hygiene, it is extremely important to avoid all circumstances where fresh, 
unhygienized faeces can contaminate human food, water, or other persons directly (Malkki, 
1999).   
Human faeces is considered a valuable nutrient source in China, Japan, Korea and some countries 
of Africa and South-America (Ugland, 1999). ComposƟng and separaƟng toilets have enabled the 
reclamaƟon of human excreta and the use of the nutrients contained in it as ferƟlizer and soil 
condiƟoner. In Sweden, organic farmers have expressed interest in using human urine as liquid 
manure because of the content of macronutrients and the low heavy metal content (Linden, 
1997).  
2. Materials and Methods 

2.1 The Study Area 

       The soil sample and cowpea seeds (Vigna unguiculata) used for this study were collected 
from InternaƟonal InsƟtute of Tropical Agriculture (IITA) farm in Wase village, Minjibir Local 
Government Area of Kano State. Figures 1 to 3 show the locaƟons of sampling and planƟng sites. 



  

 

            
              Figure 1: Map of Nigeria Showing Kano State    

 
              Figure 2: Map of Kano State Showing the Study Local Government Area 
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             Figure 3: Kano State L.G.A. Map Showing Sampling and PlanƟng Sites                            

2.2 Instruments, Apparatus and Reagents  
All equipment and instruments used in this research were calibrated before conducƟng the 
experiments. All glassware used were thoroughly washed with detergents and tap water and then 
rinsed with deionized water. Suspected contaminants wares were cleaned with 10% concentrated 
nitric acid (HNO3) and metal surfaces rinsed with deionized water.  
In preparaƟon of reagents, chemicals of analyƟcal grade purity and disƟlled water were used. All 
glassware and plasƟc containers were washed with detergents.  

2.3 Soil Sampling and Pre-Treatment 
The soil sample was collected from IITA farm, Wasai using the method recommended by 
(Petersen, 1994). 100m2 of the land was divided into ten equal sized grid cells of 10m2. A steel 
augur was used to dig the soil to a depth of 25cm. Samples collected from all cells were thoroughly 
air dried, mixed and stored in large plasƟc bags. For the purpose of preliminary studies, 1kg of 
the air-dried sol was taken. AŌer removing the debris, the soil was ground in a wooden mortar 
and sieved through a 2mm mesh. It was then stored in a labeled plasƟc container. 

  2.4 Preliminary Soil Analysis 

Preliminary soil analyses were carried out by standard methods; the pH and conducƟvity meters 
were used to measure the pH and electrical conducƟvity, respecƟvely, in the soil suspension (1:2.5 
w/v diluƟons) (IITA, 1982). Organic carbon was determined by Walkley and Black method (Nelson 
and Sommers, 1996).The hydrometer method was used for the determinaƟon of parƟcle size 
distribuƟon (Gee and Or, 2002). Total nitrogen was determined using the Kjeldahl method 
(Bradstreet, 1954) and available phosphorus by Bray 1 extracƟon method (Bray and Kurtz, 1945), 



  

 

exchangeable caƟon by extracƟon with 1 N NH4OAc soluƟon (Page et al., 1982), exchangeable 
acidity by leaching the soil sample with 1 N KCl soluƟon (Agbenin,1995), total metal concentraƟon 
by tri-acid digesƟon (Stober et al., 1976) and effecƟve caƟon exchange capacity by summaƟon 
method. 

  2.5 Soil Treatments and PlanƟng of Cowpea Seeds 

Four replicates each of 0, 1000 to 5,000mg of lead nitrate were applied alone or in combinaƟon 
with 0, 5000, 10000 and 20000mg of human faeces separately to 3kg soil and mixed thoroughly 
in plasƟc pots perforated at the base (Wong and Lau, 1985). The soil samples were watered with 
tap water for two days. Two cowpea seeds per pot were planted. Watering was conƟnued unƟl 
the plants were harvested. 
2.6 ExtracƟon of Water Soluble and Exchangeable Lead 

The water soluble lead was extracted from a mixture of 10g of pre-treated soil and 100cm3 of 
deionized water in a 120cm3 of plasƟc boƩle. The exchangeable fracƟon was extracted by adding 
100cm3 of 1M ammonium oxalate to the residue of the water soluble fracƟon (Stober et al, 1976).    
 
2.7Atomic AbsorpƟon Spectrometric Analysis   
The soil extracts were analyzed for lead at 283.5nm using flame atomic absorpƟon 
Spectrophotometry. Blank determinaƟons were made prior to sample analysis. ConcentraƟons of 
Pb+2 in soil extracts were obtained in quadruplicates from calibraƟon curves and expressed as 
mg/kg. (IITA, 1979). 
 
2.8 Statistical Analysis  
The data were analyzed in triplets and expressed as mean and standard deviaƟon. The mean of 
all treatments was subjected to a One-way analysis of variance (ANOVA) using IBM SPSS  

StaƟsƟcs 23 soŌware and mean differences were performed using the Tukey test. All graphs were 
ploƩed using MicrosoŌ Excel 2013. 

3. Results and Discussion 

3.1 Results of RouƟne Analyses 

Table 1: Soil Fertility Parameters   

Parameter Result RVAS 

Texture: Sand (% ) 73.8 ± 1.15  
              Silt    (% ) 12.0 ± 0.00  
              Clay  (% ) 14.2 ± 1.15  

             Textural class Sandy loam Sandy loam 
pH 

7.08 ± 0.05 6.00–7.80 
Organic carbon (% ) 0.671 ± 0.09 0.5–0.7 

Total nitrogen (% ) 0.02 ± 0.00 0.05–0.30 



  

 

Carbon-nitrogen raƟo  34.762 ± 0.04 2.3–10 

Total organic maƩer (%) 1.16 ± 0.12 0.9 –1.2 
CaƟon exchange capacity(cmol/kg soil)  3.44 ± 0.10 2.00–30.00 
Exchangeable caƟons (c mol/kg soil)   
               Na   0.15 ± 0.00 0.3 – 2.0 
               K 0.86 ± 0.01 0.2 – 1.2 
               Mg   0.11 ± 0.01 0.5 – 8.0 

               Ca  1.92 ± 0.01 2.0 – 15.0 
Exchangeable sodium percentage (%)   4.37 ± 0.11 <15 
Electrical conducƟvity (mS/cm)   0.02 ± 0.01 <4.00 

Water soluble phosphate (mg/kg)    2.60 ± 1.00  <10 
 RVAS: Recommended values for agricultural soil (Landon, 1991) 

  The ferƟlity parameters; pH, total organic maƩer, caƟon exchange capacity, exchangeable 
potassium and calcium, exchangeable sodium percentage, electrical conducƟvity and water 
soluble phosphate of the IITA farm soil were within the range of recommended values for 
agricultural soils (Landon, 1991). However, the total nitrogen, exchangeable sodium and    
magnesium were below the recommended vales. So, the soil could be used for agricultural 
purposes. 
 

 
 
  
Differences in values obtained in this work compared to reported values for cow dung by Tekwa 
et al, (2010) and for human faeces by Cheung and Wong, (1981) could be aƩributed to 
environmental factors, age, eaƟng habit and health status.  

 



  

 

                        .Table 3: Heavy Metal ConcentraƟons (mg/kg) in Soil  
Metal WSF EF Total Alloway 

(1990) 
Landon 
(1991) 

Wild  
(1996) 
 

Chromium 18.33 ±10.00 23.33 ± 3.85 375.00 ± 16.67 5 –1500 5 –1500 NA 
Manganese 1.26 ± 0.25 2.19 ± 0.25 11.94 ± 1.08 NA 20 – 

10,000 
NA 

Iron 6.00 ± 2.31 9.00 ± 2.00 60.00 ± 16.33 2 – 100 NA NA 
Cobalt 0.87 ± 0.16 0.48 ± 0.18 18.25 ± 0.92 NA 0.05 – 65 NA 
Nickel 1.15 ± 0.59 1.72 ± 0.44 13.76 ± 1.87 2 – 1000 2 – 750 75 
Copper 6.62 ± 1.23 6.62 ± 1.47 15.93 ± 6.17 2 – 250 2 – 250 140 
Zinc 18.18 ± 10.50 29.55 ± 8.70 113.64 ± 26.24 10 – 300 1 – 900 300 
Cadmium 0.11 ± 0.02 0.44  ± 0.36 1.09  ± 0.26 0.01 – 2.4 0.01 – 2.4 3 
Lead 3.31 ± 074 6.99 ± 1.41 49.63 ± 3.68 2  –  300 2  –  300 300 

 
There was no heavy metal contaminaƟon, since the concentraƟons of all metals were either less 
or within the range of standard values. 
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3.2 Lead in Soil 
 

No soil samples have been found to be free of lead (de Treville, 1964).  Many studies have reported 
decreases in soil lead levels with distance from the highway, depths and changes in traffic volume. 
Lead from automobile exhaust occurs primarily in the form of halide salts, but if 
phosphorus is included in the fuel, the lead may be in the form of a phosphate-halide compound 
(Warren and Delavault, 1962; Cannon and Bowles, 1962). Lead halides are relaƟvely soluble 
compounds and may be carried downward into the soil for short distances. With Ɵme, these 
compounds are converted to less soluble forms such as lead phosphate.  Lead can also react with 
sulfate and carbonate anions (Singer and Hanson, 1969).There is evidence that organic chelates 
form compounds which may make lead more mobile in the soil but less available to plants. ChelaƟon 
by soil organic maƩer will make lead less mobile and cause accumulaƟon in the surface horizon 
(Zimdahl and Arvik, 1972). Metal contaminaƟon of soil is due to mining, manufacturing and use of 
syntheƟc products (e.g. pesƟcides, paints, baƩeries, industrial waste and industrial or domesƟc 
sludge) which is a serious environmental problem. Hence, determining chemical forms of metals in 
soils is important to evaluate their mobility or bioavailability (Shuman, 1991)  

 
3.2.1 Metal SpeciaƟon in Soil 

 
Metals in soil may be found in one or more of the following forms: (a) dissolved (in soil soluƟon),(b) 
exchangeable (in organic and inorganic components), (c) as structural components of the laƫces of 
soil minerals, (d) as insoluble precipitates with other soil components. Typically, metals of 
anthropogenic inputs tend to reside in the first two fracƟons and metals found in the residual 
fracƟon (RF) are of natural occurrence in the parent rock (Kabala and Singh, 2001). The first two 
forms are available to the plants, while the other two are potenƟally 
available in the longer term. Understanding the mechanisms by which a heavy metal element 
changes from one form to another, and the speed at which it does so, is imperfect but improving. 
In general, the concentraƟon of an element in the soil soluƟon is dependent on the equilibrium 
between the soil soluƟon and solid phase, with pH playing the decisive role (Lindsay, 1979). The 
ability of the soil to immobilize metals increases with rising pH and peaks under mildly alkaline 
condiƟons. Metal mobility is related to its immobilizaƟon in the solid phase. Apart from pH, other 
soil properƟes, such as electrical conducƟvity (EC), organic maƩer content, quanƟty 
and type of clay minerals, the content of the oxides of iron (Fe), aluminum (Al), and manganese 
(Mn), and the redox potenƟal determine ability of the soil to retain and immobilize metals. 
When this ability is exceeded, the quanƟƟes of heavy metals available to plants increase, resulƟng 
in the appearance of toxicity phenomena (Ma and Rao, 1997; Arowolo et al., 2000; Ramos et al., 
1994; Dudka et al., 1995; Kabala and Singh, 2001; Chlopecka et al., 1996). 
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3.2.2 Effects of Organic Amendments on ConcentraƟons of Pb+2 in Soil FracƟons 

  Table 5: ConcentraƟons of Pb+2 in Water Soluble FracƟons of Soil 

LNT SA WSLBP -HF WSLBP -CD WSLAH –HF WSLAH -CD 

0 0 3.31±0.74 3.31±0.74 2.94±1.70 2.94±1.70 

0 5000 2.57±1.47 1.84±0.74 1.96±0.00 1.47±0.00 

0 10000 2.21±1.90 1.47±0.00 1.10±0.74 1.10±0.74 

0 20000 1.84±0.74 1.10±1.20 0.86±1.41 0.74±0.85 

1000 0 3.68±0.85 3.68±0.85 3.31±2.21 3.31±2.21 

1000 5000 2.94±0.74 2.21±0.85 1.84±0.74 1.84±0.74 

1000 10000 2.48±0.85 1.47±1.70 1.47±1.20 1.10±1.41 

1000 20000 2.21±2.55 1.10±0.74 1.10±1.70 0.37±0.74 

5000 0 7.72±0.74 7.72±0.74 5.88±2.08 5.88±2.08 

5000 5000 6.25±0.74 5.58±0.74 4.65±0.00 2.94±1.20 

5000 10000 5.42±0.74 4.72±1.90 3.57±1.47 2.57±1.41 

5000 20000 4.12±2.21 3.86±1.20 3.26±1.20 2.21±1.90 

 

LNT: mg of lead nitrate in 3kg of soil     SA: mg of cow dung or human faeces in 3kg of soil 

WSLBP –HF: mg/kg of water soluble lead before planƟng in presence of human faeces 

WSLAH –HF: mg/kg of water soluble lead aŌer harvest in presence of human faeces 

WSLBP –CD: mg/kg of water soluble lead before planƟng in presence of cow dung 

WSLAH –CD: mg/kg of water soluble lead aŌer harvest in presence of cow dung 
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 The water soluble Pb+2 before planƟng and aŌer harvest decreased highly significantly  
(Pr < 0.01) with increasing weight of cow dung or human faeces. For example, addiƟon of 0 – 
20000mg human faeces to soils amended with 0, 1000 and 5000mg lead nitrate solublized 3.31 
to1.84, 3.68 to 2.21, and 7.72 to 4.12 mg/kg respecƟvely. The corresponding values of water soluble 
lead aŌer harvest were 2.94 to 0.86, 3.3 to 1.10 and 5.88 to 3.26 mg/kg. Similar observaƟons were 
made when 0 – 20000mg cow dung was applied to soils amended with 0, 1000 and 5000mg lead 
nitrate. The water soluble lead before planƟng decreased from 3.31 to 1.10, 3.68 to 0.10 and 7.72 
to 3.86mg/ kg respecƟvely. The corresponding changes in water soluble lead aŌer harvest were 2.94 
to 0.74, 3.31 to 0.37 and 5.88 to 2.21mg/kg respecƟvely. This result is in consonance with the report 
of MaƩen and Hammond (1966) who found that only an insignificant amount of 2.5 ppm lead was 
available for uptake by bromegrass grown in a contaminated sandy loam soil containing 680 ppm 
lead. 
Table 6: ConcentraƟons of Pb+2 in Exchangeable FracƟons of Soil 

LNT SA ELBP -HF ELBP -CD ELAH –HF ELAH –CD 

0 0 6.99±1.41 6.99±1.41 6.25±1.41 6.25±1.41 

0 5000 6.25±0.74 5.88±0.00 5.14±0.85 5.51±0.74 

0 10000 5.14±2.08 4.19±0.00 4.86±1.41 4.04±1.41 

0 20000 4.39±2.21 3.68±0.74 3.92±0.74 3.68±1.47 

1000 0 11.95±5.51 11.95±5.51 10.48±5.32 10.48±5.32 

1000 5000 10.11±5.32 10.56±0.85 9.92±0.74 8.82±1.20 
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1000 10000 9.65±0.74 9.09±0.85 8.56±0.85 7.72±1.41 

1000 20000 8.82±1.20 6.99±0.74 7.19±1.70 6.35±1.20 

5000 0 44.12±12.01 44.12±12.01 40.44±7.35 40.44±7.35 

5000 5000 41.54±24.29 37.25±23.52 37.81±23.52 34.93±11.03 

5000 10000 36.49±7.04 35.17±24.46 33.56±16.30 33.09±18.50 

5000 20000 34.48±8.49 33.46±20.44 31.30±18.50 31.25±9.25 

LNT: mg of lead nitrate in 3kg of soil     SA: mg of cow dung or human faeces in 3kg of soil 

ELBP –HF: mg/kg of exchangeable lead before planƟng in presence of human faeces 

ELAH –HF: mg/kg of exchangeable lead aŌer harvest in presence of human faeces 

ELBP –CD: mg/kg of exchangeable lead before planƟng in presence of cow dung 

ELAH –CD: mg/kg of exchangeable lead aŌer harvest in presence of cow dung 

 

Although there was a strong decreasing trend with increasing weight of cow dung or human faeces, 
no significant differences in exchangeable lead before planƟng (Pr = 0.14 > 0.05) and aŌer harvest 
(Pr = 0.22 > 0.05) were observed.  AddiƟon of 0 – 20000mg human faeces to 0, 1000 and 5000mg 
lead nitrate decreased the exchangeable lead before planƟng from 6.99 to 4.39, 11.95 to 8.82 and 
44.12 to 34.48mg/kg respecƟvely. The corresponding decreases in exchangeable lead aŌer harvest 
were 6.25 to 3.92, 10.48 to7.19 and 40.44 to 31.30mg/kg respecƟvely. 
Similar observaƟons were made with cow dung. AddiƟon of 0 – 20000mg cow dung to 0, 1000 and 
5000mg lead nitrate decreased the exchangeable lead before planƟng of 6.99 to3.68, 11.95 to 6.99 
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and 44.12 to 33.46gg-1 respecƟvely. The corresponding decreases of exchangeable lead aŌer 
harvest were 6.25 to 3.68, 10.48 to 6.35 and 40.44 to 31.25gg-1 respecƟvely. 
The insignificant concentraƟons of Pb+2 in the water soluble and exchangeable soil fracƟons in this 
study are in the agreement with the reports of Wright et al. (1955), Schnitzer and Hoffman (1967), 
Zimdahl and Skogerboe (1977) and Stevenson (1979) who aƩributed the immobilizaƟon of Pb+2 in 
contaminated soil to its associaƟon with organic maƩer in various organic amendments added to 
soil. ConcentraƟons of lead in various soil fracƟons decreased in the order exchangeable lead before 
planƟng > exchangeable lead aŌer harvest > water soluble lead before planƟng > water soluble aŌer 
harvest. The mean concentraƟons of Pb+2 in water soluble fracƟons before planƟng and aŌer 
harvest in presence of cow dung and human faeces were 3.17 and 2.21, 3.73 and 2.66mg/kg 
respecƟvely. The corresponding mean concentraƟons of Pb+2 in the exchangeable fracƟons were 
16.05 and 17.44, 16.62 and 18.33mg/kg respecƟvely. These are below the recommended values of 
the World Health OrganizaƟon (40 -250mg/kg) and Food and Agricultural OrganizaƟon (36 – 
250mg/kg) for water soluble and exchangeable Pb+2 in soil. 
 
4. Conclusion 

Cow dung and human faeces have been found to significantly decrease the concentraƟons of Pb+2 
in lead contaminated soil. The beneficial effects of soil organic maƩer in reducing extractable Pb+2 
provides a basis for adopƟng management pracƟces to lessen the potenƟal hazard of Pb – 
contaminated soil. 
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