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MATERIALS AND METHODS

Sludge samples

Experimental study

Sludge characteristics Wastewater Treatment Plant Sludge    paint sludge Marble Sludge 
Total Solids (TS), % 20% 44% 74% 
Magnesium oxide (MgO)   4,47% 
pH 8.3   

Conductivity (μs/Cm) 267.83(μs/Cm)   

Lead (Pb)   31.77(mg/kg) <0.05(mg/L)  

Calcium oxide (CaO)   49,07% 
Zinc (Zn)  1212.04(mg/kg) <0.1(mg/L)  

Aluminium (Al)  9005.25(mg/kg)   

Silicon dioxide(SiO2)   1,69% 
Arsenic (As)  11.47(mg/kg) <0.05(mg/L)  

Mercury (Hg)   587.4(mg/kg) <0.001(mg/L)  

Iron(III) oxide(Fe2O3)   0.21-1.3% 
Chromium (Cr)  184.92(mg/kg)   

Selenium (SA) (mg/kg DS.) 2.34(mg/kg DS.) <0.01(mg/L)  

Aluminum oxide(Al2O3)   1.04-1.3% 
Iron (Fe)  8857(mg/kg)   

Nickel(Ni) 84.84632(mg/kg) <0.05(mg/L)  

Sulphate  (SO4) 15209(mg/kg) 2.52±0.38 (mg/L)  

Carbon dioxide(CO2)   38.60% 
Dissolved organic   1430±28 (mg/L)  
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2

RESULTS AND DISCUSSION

 

Drying techniques Advantages  Disadvantages 
Vacuum Drying Method is suitable for sensitive material Costly 

Solar Drying 

Low risk and maintenance cost 
Free energy 
High possibility of progress and development 
Simple installation 
Bacteria reduction 

Long process 
It needs a wide space 

Freeze Drying 
Reduce surrounding pressure 
Operate under vacuum 

Costly 

Osmotic Dehydration 
Energy consumption 
'Short dying time 

Not remove enough moisture  

Oven Drying Short dying time Needs more energy 
Drum Drying Rapid and efficient Costly 
Spray Drying Rapid and efficient Costly 

(Zhang et al., 2014)
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References Moisture changes Figure 

(Sarsavadia, 2007) 
Onion slices 

Moisture content reduces from 86% to 7% 
(wet basis). 

 

(Amer et al., 2010) Banana 
slices 

30 kg of banana slices in sunny day from 
moisture content of 82% to t 18% (wb). 

 

(Fudholi et al., 2011) Marine 
products Moisture reduced from 90% to 10 % in 15 h. 

 

(Berinyuy et al., 2012) Sliced 
cabbage 

Moisture content reduced from 95% to 9% 
in five days. 
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References Moisture changes Figure 

(Eke, 2014) 
Tomato, okra and carrot 

For tomato, okra and carrot dryers achieved 
54.55, 52.88 and 50.98 percent gain in 
drying time and 21.80%, 21.18% and 24.95% 
system drying efficiencies respectively. 

 

(Garanto, 2016) Sludge Sludge is dried from 18 % DS to > 95% DS; 
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Guimaraes et al

small and medium enterprises In Iran during during 

Conceptual model 

Guimares et al
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Knowledge Management 
Approach 
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MATERIALS AND METHODS

medium enterprises that are 289 managers using the 
Guimaraes et al  standard 

· Expressing the model
···

··
·
·
·

RESULTS AND DISCUSSIONS 

Researcher Variable 
Hernández-Perlines and Rung-Hoch (2017); Engelen et al., (2015);;  George and Marino (2013) Entrepreneurial orientation 
Dobin and Luffman (2003);  Narver and Slater (1990); Kumar et al., (2002) Market orientation 
Yaghoubi et al, 2011;  Centobelli et al.,( 2017) Knowledge Management Approach 
Tsekhovoy et al., (2019);  Prieto et al., (2009) Cleaner production 
Guimaraes et al., (2016) Sustainable competitive advantage 

Indicator Semantic code 
Cleaner production (CP) 
Sustainable Competitive Advantage (SCA) 
Entrepreneurial orientation (EO) 
Marketing Orientation (MO) 
Knowledge Management (KM) 
Cleaner production (CP) 
Priority based on Target (special vector) (W21) 
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the 

3

 
t-statistic Factor loadings coefficient Item construct 

7.12 0.31 EO1  
Entrepreneurial Orientation (EO) 
 

5.22 0.51 EO2 
7.15 0.75 EO3 
2.26 0.61 EO4 
3.14 0.45 MT1  

Market Trending (MT) 
 

4.14 0.78 MT2 
5.11 0.31 MT3 
5.23 0.39 MT4 
6.23 0.52 MT5 
3.14 0.68 KM1 Knowledge Management (KM) 
4.15 0.52 KM2 
9.15 0.81 KM3 
3.25 0.52 KM4 
2.14 0.63 CP1  

Cleaner production (CP) 
 
 
Sustainable Competitive Advantage (SCA) 

2.16 0.51 CP2 
3.15 0.87 CP3 
3.29 0.72 CP4 
3.56 0.89 SCA1 
5.16 0.74 SCA2 
7.12 0.53 SCA3 
5.89 0.68 SCA4 
6.49 0.73 SCA5 

 
Hypothesis results t-statistic Correlation value Hypothesis 

confirmed 2.75 0.75 Entrepreneurship orientation - Cleaner production 
confirmed 3.62 0.51 Market orientation - cleaner production 
confirmed 3.59 0.85 Knowledge Management Approach - Cleaner production 
confirmed 5.04 0.87 Cleaner production - Sustainable competitive advantage 
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2
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(

                       (1)

 are presented and 

·
·

IFI NNFI NFI AGFI GFI RMSEA Fitness Index 
0 –  1  0.9 >  0.9 >  0.9 >  0.9 >  0.1 <  Acceptable values 

0.98 0.92 0.93 0.97 0.95 0.033 Calculated values 

Eigenvector Geometric mean SCA CP KM MO EO Norms 
0.229 1.240 1.569 1.729 1.259 1.259 1 EO 
0.229 1.238 2.404 1.901 0.546 1 1.166 MO 
0.307 1.662 2.931 2.972 1 1.832 0.794 KM 
0.141 0.761 2.492 1 0.526 0.337 0.578 CP 
0.095 0.515 1 0.401 0.416 0.341 0.637 SCA 
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·
·

Determining the priority of entrepreneurial 

are presented in 

·
·

·

·

presented in 

·

·

·

·

Eigenvector Geometric mean EO4 EO3 EO2 EO1   
0.323 1.537 3.090 3.356 0.538 1 EO1 
0.440 2.090 1.750 5.866 1 1.858 EO2 
0.103 0.489 1.127 1 0.170 0.298 EO3 
0.134 0.636 1 0.887 0.571 0.324 EO4 

 
Eigenvector Geometric mean MO5 MO4 MO3 MO2 MO1   

0.230 1.234 3.084 2.443 0.587 0.646 1 MO1 
0.260 1.394 3.169 1.712 0.627 1 1.547 MO2 
0.263 1.412 1.876 1.104 1 1.594 1.702 MO3 
0.154 0.824 1.757 1 0.905 0.584 0.409 MO4 
0.093 0.499 1 0.569 0.533 0.316 0.324 MO5 
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·

presented in 

·

·

·

·

presented in 

Eigenvector Geometric mean KM4 KM3 KM2 KM1  
0.315 1.367 2.094 2.488 0.671 1 KM1 
0.350 1.515 0.899 3.975 1 1.491 KM2 
0.119 0.515 0.695 1 0.252 0.402 KM3 
0.216 0.938 1 1.439 1.125 0.478 KM4 

Eigenvector Geometric mean CP4 CP3 CP2 CP1   
0.452 2.091 2.865 4.048 1.632 1 CP1 
0.287 11.329 1.551 3.284 1 0.613 CP2 
0.142 0.654 2.458 1 0.305 0.245 CP3 
0.119 0.550 1 0.407 0.645 0.349 CP4 

 
Eigenvector Geometric mean SCA5 SCA4 SCA3 SCA2 SCA1   

0.234 1.290 2.763 2.443 0.820 0.646 1 SCA1 
0.296 1.629 3.169 2.285 1.025 1 1.547 SCA2 
0.247 1.360 2.685 1.457 1 0.976 1.220 SCA3 
0.143 0.719 2.514 1 0.686 0.438 0.409 SCA4 
0.080 0.719 1 0.398 0.373 0.316 0.362 SCA5 
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·

·

·

·

·

·

·

·

·

CONCLUSION

Hemmat and 
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(i) Old Wharf at the Banjul Port                (ii) Old Wharf at the Banjul Port 

 

(iii) A Structure at Risk Due to Coastal Erosion     (iv) A Structure at Risk Due to Coastal Erosion  

 

          (v) Coastal Erosion along Kololi                             (vi) Eroding Cliffs along the Coastline 

 2018)
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Dell  2008 Bond 
2010

it
t

T
it i it itY e A L K       (1)

t

it
iti

iA
TgA         (2)

: 

1)(i iti ittg Tg T            (3)

git

i 

(

1

1 2 3  , , , ., nY Y Y Y
1 2 3  , , , ., mX X X X

, ,Y F POP CLM HC

1 2 3( , , ,........., ; )kY f X X X X         (4)

 is 

Name of Variable Source Comment 
GDP Current(US$) WDI Current GDP US $ 
Human Capital WDI Secondary Enrolment 
Rainfall WB Total Average Rainfall 
Temperature WB Total Average Temperature 
Population Density WDI Population Density 

WDI= World Development Indicator 
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:

1 1

K
t t t t t t tt
Y Y Y U D          (9)

1tY   and t

Yt

(1 ) (1 )i t jA and A                 (10)

RESULTS AND DISCUSSION

 
Variables Observation Mean Standard Deviation 
LnGDp 48 19.73355 0.9853304 
Lnh 29 2.843349 0.4892193 
LnTM 48 3.320104 0.0176179 
LnRF 48 4.365117 0.1619504 
Lnpden 48 4.592953 0.4803583 

LnGdp =Growth rate of GDP; Lnh= Growth rate of human capital; 
 LnTM= Growth rate of temperature; LnRF = Growth rate of rainfall;  
Lnpden=Growth rate of population density 

 
Variables  LnGDp Lnh LnTM LnRF LnPden 
LnGDp - -    
Lnh 0.8332 0.7612 -   
LnTM 0.7276 0.7143 - -0.17  
LnRF 0.1934 0.3013 -0.1718 -  
Lnpden 0.9332 0.9488 0.7565 0.2924  
Population growth (Annual) -0.0092 -0.0785 0.0318 0.0165 0.0529 

Computation using Stata 13  
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g 
e

and short-run d
VECM ( ) 

and VAR  
temperature in 

Variables Coef. t-statistics ADF/P-value Results Lag Length 
Lag1(LnGDp) -0.2388017 -2.57 0.014** Stationary 4 
1st Differential 0.0760815 0.50 0.623 Not Stationary 4 
2nd Differential 0.1643747 1.06 0.294 Not Stationary 4 
3rd Differential 0.187936 1.20 0.240 Not Stationary 4 
4th Differential 0.0571842 0.33 0.741 Not Stationary 4 
Trend 0.0133028 2.12 0.041** Stationary 4 
Constant 4.435275 2.64 0.012** Stationary 4 

Computation using Stata 13; * p=0.10; ** p=0.05; *** p=0.01 

 
Variables Coef. t-statistics ADF/P-value Results Lag Length 
Lag1(LnRF) -1.041604 -2.71 0.010** Stationary 4 
1st Differential 0.1147444 0.34 0.735 Not Stationary 4 
2nd Differential -0.017909 -0.07 0.948 Not Stationary 4 
3rd Differential -0.0690262 -0.3 0.754 Not Stationary 4 
4th Differential -0.0673283 -0.44 0.663 Not Stationary 4 
Trend 0.0038512 1.59 0.120 Not Stationary 4 
Constant 4.449262 2.72 0.010** Stationary 4 

Computation from Stata 13; * p=0.10; ** p=0.05; *** p=0.01 

Variables Coef. t-statistics ADF/P-value Results Lag Length 
Lag1(LnTM) -1.266052 -3.74 0.001*** Stationary 4 
1st Differences 0.2800077 0.92 0.362 Not Stationary 4 
2nd Differences 0.2823839 1.07 0.290 Not Stationary 4 
3rd Differences 0.2277942 1.18 0.246 Not Stationary 4 
4th Differences 0.1991193 1.46 0.153 Not Stationary 4 
Trend 0.001397 3.59 0.001*** Stationary 4 
Constant 4.167695 3.75 0.001*** Stationary 4 

Computation from Stata 13; * p=0.10; ** p=0.05; *** p=0.01 
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in 

 
Variables  Coef. t-statistics ADF/P-value Results Lag Length 
Lag1(LnRF)  0.0470148 0.33 0.741 Not Stationary 4 
Trend  0.0036722 2.18 0.034** Stationary 4 
Constant  4.065723 6.67 0.000*** Stationary 4 

Computation from Stata 13;  * p=0.10; ** p=0.05; *** p=0.01 

 
Variables Coef. t-statistics ADF/P-value Results Lag Length 
Lag1(LnTM) 0.1043908 0.76 0.449 Not Stationary 4 
Trend 0.0009184 5.29 0.000*** Stationary 4 
Constant 2.951304 6.55 0.000*** Stationary 4 

Computation from Stata 13; * p=0.10; ** p=0.05; *** p=0.01. 

: 

 
Max Rank Log-likelihood Eigen value Trace Statistic 5%  Critical Value 

0 401.06254 - 87.6582 47.21 
1 419.91639 0.55945 49.9505 29.68 
2 433.1465 0.43742 23.4903 15.41 
3 444.23093 0.38241 1.3215* 3.76 
4 444.89166 0.02832 - - 

Computation from Stata 13; *Indicates that this estimator has a triple rank (r=3) cointegration equation 
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CONCLUSION

 
Variables Coefficient Standard Error T- Statistic P- Value 
LnGDp 1    
Lnh     
LnTM -41.62783 5.852506 -7.11 0.000*** 
LnRF -6.39962 0.713533 -8.97 0.000*** 
Population growth (Annual) -1.210737 0.1665041 -7.27 0.000*** 

Computation from Stata 13 * p=0.10; ** p=0.05; *** p=0.01 

 
Lag Dependent LD-LnGDP is the dependent variable 

Variables Coefficient Standard Error T- Statistic P- Value 
Constant -0.1105073 0.2244751 -0.49 0.623 
LD.LnTM 1.004803 2.281878 0.44 0.660 
LD.LnRF 0.0555166 0.1404195 0.40 0.693 
LD.Lnpden 7.089166 5.030694 1.41 0.159 

Computation from Stata 13 * p=0.10; ** p=0.05; *** p=0.01; LD=lag difference; 
Ln*=Natural logarithm 
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management methods 

Review Level Organization Performance Executive Performance 
Level 1 
3-5 years Total Profit and Capital Growth Program Performance in Context of Social 

Conditions 
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1-3 years Success in Market and It's Profit  Success in Major Projects and Citizenship 

Satisfaction 
Level 3 
1-1.4 years 

Executive Efficiency, Budget Control and 
Production Management 
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and Project Management 
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2006

2012

.

Financial Side

 

 

The side of business internal processes

 

Identify the best part of the administrative 
Perspective of learning and 

innovation 
Perspective of internal 

process 
Citizenship 
perspective Financial perspective 

Development of 
training and 

skills 

Employee Skills 
Development 

Improved 
implemente
d projects 

Number 
of new 

projects 

Investors 
and 

personal 
developers 

Citizens 

Decrease 
in 

operating 
costs 

Cost of 
implemented 

projects 

Improve 
the 

value 

IO IO IO IO 
IT IT IT IT 
IG IG IG IG 

 Balanced Scorecard (BSC) 
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RESULTS AND DISCUSSIONS

Value, Creation, Participation, Citizenship Satisfaction Citizenship Dimension

Elimination of Extra Activities, Creation of Useful Functions Financial Dimension

Improvements of Executive Process in the Context of Environment Quality Inner Process Dimension

Providing the Best Situation for Education, Learning and Transfer of 
Experience, Innovation and Creativity

Innovation and Learning 
Dimension

Strategic Goals
MeasuresActions

 
Mission and Vision

Strategic goals Strategic goals 

MeasuresActionsMeasuresActions

MeasuresActions
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*C indicates Criteria in each dimensions 

Financial 1
*C 2C 3C W Internal 6C 7C w 

1C 1 4 7 0.69 6C 1 3 0.75 
2C 0.25 1 3 0.20 7C 0.33 1 0.26 
3C 0.14 0.33 1 0.79 CR 0   

CR 0.03        
Citizenship 4C 5C W Innovation 8C 9C W  

4C 1 7 0.10 8C 1 5 0.85  
5C 0.14 1  9C 0.2 1 0.19  

CR 0   CR 0    

w Innovation Internal Citizens Financial Perspective 
0.58 5 4 5 1 Financial 
0.2 3 3 1 0.2 Citizens 

0.13 2 1 0.33 0.25 Internal 
0.09 1 0.5 0.33 0.2 Innovation 

0.09 CR 
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1C IO IT IG W 
IO 1 0.14 3 0.1 
IT 7 1 0.33 0.63 
IG 2 0.2 1 0.27 
CR 0.01    
C2 IO IT IG W 
IO 1 4 0.5 0.61 
IT 0.25 1 5 0.18 
IG 0.33 3 1 0.19 
CR 0.06    
C3 IO IT IG W 
IO 1 0.25 0.5 0.15 
IT 4 1 4 0.5 
IG 2 0.25 1 0.35 
CR 0.05    
C4 IO IT IG W 
IO 1 0.5 3 0.2 
IT 5 1 7 0.71 
IG 0.33 0.14 1 0.09 
CR 0.06    
C5 IO IT IG W 
IO 1 0.25 2 0.2 
IT 4 1 3 0.65 
IG 0.5 0.33 1 0.15 
CR 0.09    
C6 IO IT IG W 
IO 1 0.5 0.2 0.18 
IT 2 1 0.25 0.24 
IG 5 4 1 0.58 
CR 0.02    
C7 IO IT IG W 
IO 1 0.5 0.16 0.15 
IT 2 1 0.33 0.22 
IG 6 3 1 0.63 
CR 0    
C8 IO IT IG W 
IO 1 0.2 0.33 0.11 
IT 5 1 3 0.59 
IG 3 0.33 1 0.3 
CR 0.03    
C9 IO IT IG W 

IO 1 0.25 1 0.2 
IT 4 1 2 0.59 
IG 1 0.5 1 0.21 
CR 0.05    

Perspective Indicator W Perspective indicator W 
Financial local global Internal local global 

Weight 
0.59 

1C 0.67 0.4 weight 
0.12 

6C 0.78 0.10 
2C 0.23 0.1 7C 0.22 0.05 
3C 0.10 0.08    

Perspective indicator W Perspective indicator W 
Citizens local global Innovative local global 
Weight 

0.21 
4C 0.10 0.05 weight 

0.08 
8C 0.80 0.08 

5C 0.90 0.16 9C 0.20 0.03 
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Financial C1 C2 C3 
Indicator outcome 

C10.4 0.12 
IO 0.10 0.61 0.15 

C20.1 0.31 
IT 0.63 0.18 0.50 

C30.08 0.15 
IG 0.27 0.19 0.35 W0.58 

 

Internal 
process C6 C 7 Indicator Outcome  

C 6 0.10 0.02 
IO 0.18 0.15 

C 70.05 0.03 IT 0.24 0.22 

IG 0.58 0.63  
0.08 

W0.13 
 

Financial C1 C2 C3 
Indicator outcome 

C10.4 0.12 
IO 0.10 0.61 0.15 

C20.1 0.31 
IT 0.63 0.18 0.50 

C30.08 0.15 
IG 0.27 0.19 0.35 W0.58 

 

Internal 
process C6 C 7 Indicator Outcome  

C 6 0.10 0.02 
IO 0.18 0.15 

C 70.05 0.03 IT 0.24 0.22 

IG 0.58 0.63  
0.08 

W0.13 
 

Aspects of BSC Financial Citizens Internal Innovative Total 
IO 0.12 0.04 0.02 0.01 0.19 
IT 0.31 0.14 0.03 0.05 0.53 
IG 0.15 0.02 0.08 0.03 0.28 

Total 0.58 0.20 0.13 0.09 1.00 
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Study area

Maghmoumi et al., 2020

et al.

to remove the polluted air (
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2

2
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et al
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Graphical comparison
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Indices Type of indices Units Average in 2019 Average in 2020 

CO Produced  emission ppm 29.3 29.1 

O3 Produced  emission ppm 22.7 35.8 

NO2 Produced  emission ppm 57.2 49.3 

SO2 Produced  emission ppm 22.6 24.9 

PM10 Produced  emission 3 40.2 39.0 

PM2.5 Produced  emission 3 57.9 66.2 

Index Air quality index - 57.9 66.7 

Saveh Daily traffic volume veh/hr 67359 36921 

Pardis Daily traffic volume veh/hr 17923 21357 

Qom Daily traffic volume veh/hr 62819 13322 

Karaj Daily traffic volume veh/hr 93673 55310 

Total Daily traffic volume veh/hr 228000 121414 

 

:

0 1 1*t ty y   (1)
  

1ty  ( 1

0

1

1

1,2019 1,2020

2 2
1,2019 1,2020

t
se se

n

   
      
 

(2)

1,2019  and 1,2020  are regression 
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Indices Period First-year First-year 
 (t) 

Second-year Second-year 
 (t) 

One way t-
state P-value 

CO First month 34 (5.8) 0 (0.7) 15.7 (2.8) 0.5 (2.8) -12.5 8.327325e-13 

CO Second month 19.6 (3.8) 0.3 (1.7) 25.5 (5) 0.1 (0.4) 5.3 1.616313e-05
O3 First month 14.6 (3.6) 0.3 (1.9) 11 (2) 0.7 (5) -9 5.646415e-10 
O3 Second month 9.7 (2.6) 0.6 (3.7) 18 (3.1) 0.5 (2.9) 2.4 0.02573682 

NO2 First month 39.3 (3.1) 0.4 (1.9) 30.5 (2.7) 0.5 (2.7) -2.2 0.04028434 
NO2 Second month 23.3 (2.5) 0.6 (3.1) 14 (2.2) 0.7 (4.2) -2.3 0.03091777 
SO2 First month 18.4 (3.9) 0.2 (1.2) 28 (4.7) 0 (0.1) 4.2 0.0003853051
SO2 Second month 11.6 (3.3) 0.5 (2.8) 12.2 (3.2) 0.4 (2.5) 0.4 0.3604773 

PM10 First month 38.9 (4.1) 0.2 (0.9) 34.5 (3.8) 0.3 (1.4) -1.5 0.3604773 
PM10 Second month 16.1 (3) 0.5 (3.5) 20.4 (3.6) 0.4 (2.2) 4 0.0005751396 
PM2.5 First month 57.4 (4) 0.2 (0.8) 51.7 (3.4) 0.4 (1.9) -3.4 0.002427118 
PM2.5 Second month 28.2 (4) 0.4 (2.9) 43.2 (4.4) 0.2 (1.1) 5.1 2.247563e-05 
Index First month 57.4 (4) 0.2 (0.8) 51.7 (3.4) 0.4 (1.9) -3.4 0.002427118 
Index Second month 28.5 (4) 0.4 (2.9) 45.4 (4.6) 0.2 (1) 5.6 5.831283e-06 
Saveh First month 90173.9 (8.4) 0 (0.9) 26121.3 (2.9) 0.5 (2.9) -15 9.580514e-15 
Saveh Second month 16509.7 (2.1) 0.7 (5.8) 13931.4 (3.1) 0.5 (2.9) 7.5 3.26434e-08 
Pardis First month 6758.5 (1.9) 0.6 (3.4) 6585.5 (1.9) 0.7 (4.2) -2.4 0.02767826 
Pardis Second month 3741.2 (1) 0.8 (4.5) 3301.7 (1.4) 0.9 (8.2) -2.6 0.01612949 
Qom First month 15474.1 (1.3) 0.8 (4.2) 17395 (4.5) 0 (0.2) 14.9 1.292032e-14 
Qom Second month 22730.5 (3.2) 0.6 (5.3) 3272.9 (1.9) 0.7 (4) -1.7 0.0951005 
Karaj First month 66410.7 (3.6) 0.3 (1.7) 48954 (3.4) 0.3 (1.4) 0.4 0.3672489 
Karaj Second month 43057.9 (2.9) 0.5 (3.4) 4524.9 (1.1) 0.9 (11.2) -12.8 1.206325e-13 
SUM First month 41648.2 (1.6) 0.8 (7.3) 75566.7 (3.6) 0.5 (3.5) 10 1.547252e-10 
SUM Second month 72898.8 (0.7) 0.7 (5.2) 15314.6 (1.3) 0.9 (7.9) -5.8 3.15942e-06 

1ty

3

3

O3

3

2 2 10

10
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                            (1)

Total nitrogen

H2 4

                   (3)                 

                          (4)

Ma and Rao (
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RESULTS AND DISCUSSION

pH

( et al

season (

et al., (
Kakulu ( Parth et al., (2011

et al

Ideriah et al ; et 
al

Total nitrogen

Ideriah et al

WET 
Sites pH TN (%) OC (%) OM (%) 

 
Dumpsite A 6.60 ± 0.14a 0.42  0.03a 1.65  0.04b 2.85  0.02b 

Dumpsite B 5.95  0.21b 
 

0.33  0.03b 1.92  0.11a 3.32  0.19a 

Control 6.30  0.10b 0.24  0.02c 1.62  0.28b 2.80  0.05b 
NB: values are shown as mean ± Standard Deviation (SD); n=2 and values with different letters on the same column are significantly different at  < 0.05 
TN- Total Nitrogen, OC- Organic Carbon, OM- Organic Matter, Dumpsite A- old Ilisan- Ikenne road, Dumpsite B- Ilisan-Iperu road 

 

Sites pH TN (%) OC (%) OM (%) 
Dumpsite A 7.35  0.21a 0.29  0.02a 2.34  0.13b 4.06  0.11b 

Dumpsite B 7.50  0.12a 0.24  0.03a 2.73  0.08a 4.72  0.14a 

 
Control 7.60  0.10a 0.18  0.01b 2.29  0.13 b 3.97  0.24b 

NB: values are shown as mean ± Standard Deviation (SD); n=2 and values with different letters on the same column are significantly different at  < 0.05 
TN – Total Nitrogen, OC – Organic Carbon, OM – Organic Matter, Dumpsite A – old Ilisan-Ikenne road, Dumpsite B – Ilisan-Iperu road. 
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Organic carbon

(
et al

 (2016) 

Ideriah et al  (2017) 
 

(2008)

Akinnusotu and 
(2016)

et al (2011) 

et al  (2018) 
 et al

(2014) 

are represented in 

et al

et al (2017

p

Cadmium

(

 
Site Season % sand % clay % silt Textural class 
Dumpsite A Wet 80.8 17.2 2 Loamy-sandy 
Dumpsite B 80.8 17.2 2 
Control 82.8 15.2 2 
Dumpsite A Dry 80.8 17.2 2 Loamy-sandy 
Dumpsite B 80.8 17.2 2 
Control 82.8 15.2 2 

Dumpsite A – old Ilisan-Ikenne road, Dumpsite B – Ilisan-Iperu road. 
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 Cd Cr Cu Pb Ni 
SITE A      
Water soluble ND ND ND ND ND 
Exchangeable ND ND ND ND ND 
Carbonate bound ND ND ND ND ND 
Fe-Mn Oxide 1.72 ± 0.25 4.55 ± 0.85 5.36 ± 0.84 20.04 ± 1.85 6.22 ± 0.63 
Organic matter bound ND ND 17.06 ± 1.95 8.28 ± 0.41 ND 
Residual 0.65 ± 0.12 26.16 ± 1.61 3.67 ± 0.51 12.40 ± 1.34 ND 
Sum of extracted 
metals 

2.37 ± 0.37b 30.71 ± 2.46a 26.09 ± 3.30a 40.72 ± 3.60a 6.22 ± 0.63b 

 
SITE B 

     

Water soluble ND ND ND ND ND 
Exchangeable ND ND ND ND ND 
Carbonate bound ND ND ND ND ND 
Fe-Mn Oxide 2.18 ± 0.32 5.39 ± 0.63 6.29 ± 0.41 16.67 ± 1.96 8.24 ± 0.78 
Organic matter bound ND ND 5.76 ± 0.57 8.28 ± 0.41 ND 
Residual 1.20 ± 0.07 23.10 ± 1.97 3.00 ± 0.29 14.11 ± 1.44 ND 
Sum of extracted 
metals 

3.38 ± 0.39a 28.49 ± 2.60a 15.05 ± 1.27b 39.06 ± 3.81a 8.24 ± 0.78a 
 
 
 

CONTROL 
 

     

Water soluble ND ND ND ND ND 
Exchangeable ND ND ND ND ND 
Carbonate bound ND ND ND ND ND 
Fe-Mn Oxide ND 4.05 ± 0.31 2.43 ± 0.38 ND 4.11 ± 0.36 
Organic matter bound ND ND ND 3.16 ± 0.47 ND 
Residual 1.88 ± 0.14 15.80 ± 2.05 1.98 ± 0.28 11.40 ± 2.10 ND 
Sum of extracted 
metals 

1.88 ± 0.14b 19.85 ± 2.36b 4.41 ± 0.66c 14.56 ± 2.57b 4.11 ± 0.36c 

Values represent mean ± standard deviation (SD); ND – not detected. Values of the same total heavy metal with different superscripts are significantly  
different from each other at  < 0.05. 

season (
et al., (2010) and 

et al., 

Chromium 

season (

 

et al., (2007) and et al., 
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 Cd Cr Cu Pb Ni 

SITE A      
Water soluble ND ND ND ND ND 
 
Exchangeable 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

Carbonate bound 3.77 ± 0.47 ND 6.35 ± 0.35 70.45 ± 4.07 ND 
Fe-Mn Oxide 1.38 ± 0.21 ND 1.50  ± 0.12 30.51 ± 3.36 ND 
Organic matter bound ND ND 28.37 ±2.69 21.80 ± 1.89 ND 
Residual ND 36.83 ± 2.70 13.24 ± 0.98 18.20 ± 1.91 5.33 ± 0.47 
Sum of extracted 
metals 

5.15 ± 0.68a 36.83 ± 2.70a 49.46 ± 4.14a 140.96 ± 11.23a 5.33 ± 0.47a 

 
SITE B 

     

Water soluble ND ND ND ND ND 
 
Exchangeable 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

Carbonate bound 1.86 ± 0.22 ND 11.98 ± 0.45 19.68 ± 1.69 ND 
Fe-Mn Oxide ND ND ND ND ND 
Organic matter bound ND ND 10.72 ± 0.73 ND ND 
Residual ND 26.83 ± 1.57 3.20 ± 0.21 64.00 ± 4.16 ND 
Sum of extracted 
metals 

1.86 ± 0.22b 26.83 ± 1.57b 25.90 ± 1.49b 83.68 ± 5.85b NDb 
 

 
CONTROL 
 

     

Water soluble ND ND ND ND ND 
Exchangeable ND ND ND ND ND 
Carbonate bound 0.59 ± 0.14 ND 2.23 ± 0.08 ND ND 
Fe-Mn Oxide ND ND ND ND ND 
Organic matter bound ND ND 1.17 ± 0.00 ND ND 
Residual ND 14.07 ± 1.89 1.87 ± 0.11 71.82 ± 4.74 ND 
Sum of extracted 
metals 

0.59 ± 0.14c 14.07 ± 1.89c 5.27 ± 0.19c 71.82 ± 4.74b            NDb 

Values represent mean ± standard deviation (SD); ND – not detected. Values of the same total heavy metal with different superscripts are significantly  
different from each other at  < 0.05. 
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Copper
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