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increasing compliance in carrying out the health protocol measures of physical distancing and 
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discovered in December 2019 in Wuhan, Hubei 

Harapan 
2020; WHO, 2021a

infected individuals (Eikenberry 

(
reduce human-to-human contact and prevent the 

home) have been imposed by governments all over 

 (Wilder-Smith and Freedman, 
2020)  (
2020)  (Chintalapudi et 

De Clercq, 2020
home) can help to reduce the spread of COVID-19, 

to applicable health protocols, such as avoiding public 
 ( , physical 

distancing (Sasmita , 2020), hand hygiene 
 (Tran 

2020

severe acute respiratory syndrome coronavirus 2 

( , 2020

phase, can result in shortness of breath, acute 

Phan 
According to (WHO, 2021a

recent WHO announcement (WHO, 2021b), the 

can spread through the air produced by infected 
Arslan 

, droplets that come out of infected 

enter the mucosal surface, so that face-to-face 

cause the spread of droplets from the respiratory 

virus can also survive in aerosols for 3 hours and is 

Doremalen 
result, WHO (2020a) stated that one of the steps to 
prevent the spread of COVID-19 is to use masks, 

must be part of a comprehensive COVID-19 

prevent droplets from escaping from infected 

to recommend the use of masks for vulnerable 
MacIntyre et 

, 2021

infected individuals, they provide source control 
against disease transmission or do not transmit 
disease to other individuals (

-
infected aerosols produced by coughing by more 

Driessche 
2015
(2018)

Eikenberry 
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used than other types of masks by the general public, 

masks that are suitable for use to protect themselves 
WHO 

(2020b), non-medical masks should have three layers: 
1) an innermost layer of a hydrophilic material (such 

hydrophobic material (such as polypropylene, 

nose and mouth; 3) a hydrophobic middle layer made 

 2020

be required to control COVID-19 (WHO, 2021a
According to a press conference study on the Control 
Mechanism of the State Council of China in 2020, 

, 2020

indiviuals from COVID-19, but the increased use of 

place to treat diseases that can minimize the spread 

1S ), the 
2S ), the 

1I ) and the 
2I

the same as that done by Mandal  (2020)

COVID-19 by including community behavior 
(adherence to using masks and physical distancing) in 

This study expands on the Middle East Respiratory 

model developed by Manaqib  (2019)
the MERS-CoV model is an SEIR type model that divides 

N t , 

1S t ),  

2(S t ), 
exposed individuals ( (E t
do not use masks ( 1I t
use masks ( 2I t Q t ), and 
recovery individuals ( R t

1 2N t S t S t E t

1 2  I t I t Q t R t       (1)

The birth and death rates of individuals in the 

(μ
1S  

2S  and infected 
2I
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2S  and infected 
2I

1S  and infected 
1I

1S  and infected 
1I  

individuals do not take physical distance measures, 

others, making them the exposed E
Q  have been determined 

to be unable to transmit the disease and are receiving 

COVID-19 carry the SARS-Cov-2 virus but have not 

E  and infected 
1 2,I I

a SARS-CoV2 virus in their bodies using rapid tests, 

 Q

 R 1 2,I I  can 

 R
R can be re-infected, but not 

R to 

obtained in 
is 

1
1 2 2 1 1

dS μN R u S u S
dt

1 1 11 S I S
   (2)

2
2 1 1 2 2 2

dS R u S u S S
dt

   (3)

1 11dE S I E E E
dt

1
2 2 1 1 1 1 1

dI E u I u I I I I
dt

    (5)

2
1 1 2 2 2 2 2

dI u I u I I I I
dt

    (6)

:  



155

1 2
dQ E I I Q Q
dt

    (7)

1 2 1 2
dR I I Q R
dt

   (8)

The parameter 1

1S
E  due to 

transmission of COVID-19 disease is denoted by , and 
0 1

 

the parameter  represents the number of people 

2, 3, 5 and 6, 1 20 1u u  is the level of individuals 
1S  

and infected 
1I

2S  and infected 
2I  

individuals as 
1u 2S  and infected 

2I

1S  and infected 1I  
individuals as 

2u

R

R  as 
much as 

1 2 1
1 2 1, , , ,S S IEs s e i
N N N N

2
2 , ,I Q Ri q r
N N N

,    (9)

1
1 2 2 1 1

ds μ r u s u s
dt

1 1 11  s i s
    (10)

2
2 1 1 2 2 2  ds r u s u s s

dt
   (11)

1 11  de s i e e e
dt

    (12)

1
2 2 1 1 1 1 1  di e u i u i i i i

dt
    (13)

2
1 1 2 2 2 2 2

di u i u i i i i
dt

1 2
dq e i i q q
dt

    (15)

1 2 1 2
dr i i q r
dt

       (16)

The symbols of variables and parameters used in 
the model are summarized in Tables 1 and 

0.3  from 
exposed to infected individuals (Mandal  2020

1/14  (Tang 
 2020

0.1326  (

process against the disease by 0.25  (Mandal et 



156

M. Ramli et al.

1-10 days before receiving treatment, 0.025  is 
determined (Eikenberry , 2020; Ferguson 
2020; Eubank 

the parameter value 0.75

Zhu and Zhu (2021)

values of physical distancing measures and mask use, 

0.1, 0.55, 0.9 , 
1 0.2, 0.55, 0.88u , and 

2 0.8, 0.45, 0.12u

The study describes the impact of compliance 

use of masks and physical distancing on the spread of 

1, ,u  

Symbol Explanation 

 Total population in the system 
 Number of subpopulations of susceptible individuals not wearing masks 
 Number of subpopulations of susceptible individuals using masks 
 Number of individual subpopulations exposed 
 Number of subpopulations of infected individuals not wearing masks 
 Number of subpopulations of infected individuals wearing masks 
 Number of quarantined individual subpopulations 
 Number of subpopulations of recovered individuals 

Table 1: COVID-19 spread model variable symbol

Symbol Explanation Value Source 

 The birth or death rate of individuals in the 
population 0.002116268 Determined  

(Sasmita et al., 2020) 
 physical distancing  (0.1, 0.55, 0.9) Assumption 
 Mask usage rate (0.2, 0.55, 0.88) Assumption 
 The rate of not/stopping using a mask (0.8, 0.45, 0.12) Assumption 

 Disease transmission rate 0.75 Determined  
(Zhu and Zhu, 2021) 

 The rate of individual exposed to quarantine 
individual 0.1326 Determined 

 (Resmawan et al., 2021) 

 The rate of individual is exposed to an infected 
individual 0.3 Determined  

(Mandal et al., 2020) 

 The rate of infected individuals being 
quarantined individuals 

0.025 
 

Determined (Eikenberry et al., 2020; 
Ferguson et al., 2020) 

 The rate of infected individual recover without 
treatment 0.25 Determined  

(Mandal et al., 2020) 

 The rate of quarantine individual recover with 
treatment 0.07142857142 Determined  

(Tang et al., 2020) 

 The rate of recovered individual back to 
susceptible not wearing masks 1/120 Determined + = 1/60 

(Batistela et al., 2021; Dwomoh et al., 
2021)  The rate of recovered individual back to 

susceptible wearing masks 1/120 

Table 2: COVID-19 spread model parameters
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and 2u

parameter values 
1, ,u  and 

2u  that have been set 

(Satgas, 2021), there are 
1 20 0 269451481s s , 

0 124918e , 
1 20 0 13668i i , 0 4958q , and 

0 8375r

 (
2019

1i  and 2i  are 

* *
0 1 2, ,0,0,0,0,0E s s     (17)

Where, 
* 2

1
1 2

us
u u  and 

* 1
2

1 2

us
u u

* * * * * * *
1 1 2 1 2, , , , , ,E s s e i i q r     (18)

Where, 
* *

* 1 2 2
1 *

1 11
r u ss

u i
, 

* *
* 1 1 1

2
2

r u ss
u

, 

* *
1 1* 1

,
s i

e  * *
* 2 2

1
1

e u ii
u

, *
* 1 1

2
2

u ii
u

, 

* * *
1 2*

e i i
q , and

 * * *
1 2*

1 2

i i q
r

The asterisk in each state variable is referred to as 

important parameters in epidemiological models, and 
it is useful in determining the nature of disease that 

Driessche and 
Watmough (2002)

0R  represents 
0R  can be calculated 

,E  the infected 

1 ,I  the 

2 ,I  
Q

1 11  de s i e e e
dt

    (19)

1
2 2 1 1 1 1 1  di e u i u i i i i

dt
    (20)

2
1 1 2 2 2 2 2  di u i u i i i i

dt
       (21)

1 2
dq e i i q q
dt

    (22)

x x x

 is the 

1

2

e
i

x
i
q

, 
1 11

0
0
0

s i

x ,

 

2 2 1 1

1 1 2 2

1 2

e
e u i i u

x
u i i u
e i i q

   (23)   
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 and  is 

2

1 2

1
0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

u
u u

F

 1 2

1 2

0 0 0
0

0 0
u u

V
u u   

 
The spectral radius of the matrix 1K FV  is the 

0R

2 2
0

1 2 1 2

1 u u
R

u u u u
(25)       

out using the eigenvalues of the Jacobian matrix 

the disease-free equilibrium point and the endemic 

1 1 2

1 2

1

1 0
0

1 0
0 0
0 0 0
0 0
0 0 0

u i u
u u

i
J E

  

 (26)
1 1

2

1

1 2

1 2

1 2

1 0 0
0 0 0

1 0 0 0
0 0
0 0

0

s

s
u u

u u

Table 2 
17 into the J E J E  

det J E I  

Table 
2

0R  value and the eigenvalues for 
the disease-free equilibrium point are obtained as in 
Table 3

0R , it is obtained the value 
of 0 1R  and 0 1R 0R , 0 1R  obtained 
because the individual level is vulnerable to physical 
distancing measures of 0.1

the second 0 ,R  0 1R  obtained because the level of 

On the last  0R , 0 1R  obtained because the level of 

Therefore, the value of 
0R  is very dependent on the 

disease, namely physical distancing parameters, 

as physical distancing measures and the use of 

masks, the smaller the 
0R  value generated so that 

the parameter values contained in Table 2 
18 to J E

We illustrate the impact of the level of physical 
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1. 
= 0,1. = 0,2, = 0,8  

Eigenvalue = 0.0000 + 0.0000  = +0.0257 + 0.0000  = 1.0000 + 0.0000  = 0.0000 + 0.0000  = 1.3175 + 0.0000  = 0.0715 + 0.0000  = 0.6884 + 0.0000  Unstable 

 
 

 = 1.283142917 

2. 
= 0,55. = 0,55, = 0,45 

Eigenvalue = 1.0000 + 0.0000  = 0.1834 + 0.0000  = 0.0000 + 0.0000  = 0.0000 + 0.0000  = 1.3044 + 0.0000  = 0.0715 + 0.0000  = 0.4924 + 0.0000  Asymptotically stable 

 
 

 = 0.4868007714 

3. 
= 0,9. = 0,88, = 0,12 

Eigenvalue = 1.0000 + 0.0000  = 0.2729 + 0.0000  = 0.0000 + 0.0000  = 0.0000 + 0.0000  = 1.2778 + 0.0000  = 0.0715 + 0.0000  = 0.4293 + 0.0000  Asymptotically stable 

 
 

 = 0.07074610245 

Table 3: Eigenvalues and
0 R  for the disease-free equilibrium point

1. 
= 0,1. = 0,2, = 0,8  

Eigenvalue = 0.0000 + 0.0000  = 0.0000 + 0.0010  = 1.3113 + 0.0000  = 0.0000 + 0.0010  = 0.6688 + 0.0000  = 0.0715 + 0.0000  = 0.0000 + 0.0000  Asymptotically stable 

2. 
= 0,55. = 0,55, = 0,45 

Eigenvalue = 1.0000 + 0.0000  = 0.0000 + 0.0000  = 1.4035 + 0.0000  = 0.0024 + 0.0000  = 0.5766 + 0.0000  = 0.0715 + 0.0000  = +0.0024 + 0.0000  Unstable 

3. 
= 0,9. = 0,88, = 0,12 

Eigenvalue = 0.9999 + 0.0000  = 0.0000 + 0.0000  = 1.5770 + 0.0000  = 0.0030 + 0.0000  = 0.4030 + 0.0000  = 0.0715 + 0.0000  = +00031 + 0.0000  Unstable 
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do not use masks experience a greater decrease 

 
(a) (b) 

 

 

 

(c) (d) 
 

 
(e) 

: 
1 0.1, 0.2u ,

2 0.8u
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In 

 

individuals is quite large, on the other hand the 

2(d) 

 , the rate of individual 

from COVID-19 disease and the displacement 

tries to illustrate the impact of the level of physical 

, 

decrease and increase occurred due to movement 

also occurred due to the movement of infected 

 In the 
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(a) (b) 

 

 

 

(c) (d) 
 

 
(e) 

: 
10.55, 0.55u ,

2 0.45u
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infected individuals 1 and 

 
(a) (b) 

 

 

 

(c) (d) 
 

 
(e) 

: 10.9, 0.88u , 2 0.12u  
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from COVID-19 disease and the displacement of the 

that the disease does not spread the disease to the 

 and 
has a 

formula has succeeded in avoiding individuals 

and only change in the momentum 
of the increase and decrease in the number of 

and 

out, the shape of the curve for each case can be 

and the use of masks, a peak curve has emerged and 

1 and u2

 and 

COVID-19 disease control measures do not only 
focus on physical distancing and the use of masks, 
but this is one of the most important steps taken as 

CONCLUSION 

physical distancing are among the behaviors under 

mask, the value of the compliance parameter is set 

there is no change in the number of individuals in 
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at least 55% and the rate of people taking physical 
distance measures is at least 55%, the COVID-19 

level of people taking physical distancing measures 

measures are intended to increase by 55%-88%the 

distancing adherence has increased from 55% to 

other parameters, such as those for increasing 

as possible in order to reduce the environmental 

the model, analyzed and interpreted the data, 

running the model, analyzed and interpreted the 
data, prepared the manuscript text, and manuscript 

prepared numerical code, prepared the manuscript 

data, prepared the manuscript text, and manuscript 
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det Determinant

The rate of infected individuals being 

E exposed

0E
Disease-free equilibrium point

1E
Endemic equilibrium point

Eq. / Eqs.
Figure

1I
-

2I
-

J Jacobian matrix
Spectral radius matrix

Eigenvalue

1

The rate of recovered individual back 

2

The rate of recovered individual back 

The birth or death rate of individuals 

M meter
Middle East Respiratory Syndrome 
Coronavirus

N

% Percent

Q

R -
ered individuals
The rate of infected individuals recov-

-

-

2S
-

Severe acute respiratory syndrome 
coronavirus 2

-

-
ery

T Time

1u
Mask usage rate

2u

WHO

x State variable
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INTRODUCTION

Erhig and 

Christensen et 
al  2001
2007

(
et al., et al., 2016  These leachates must 

and various authors such as et al. (2018) 

-9

on the slopes (

( et al.

et al.

Mishra et 
al.

2016

et 
al.

tests are carried out to measure such parameters in 

et al. (2018)

(Cuisinier et al.

 

Naeini et al. (2016)

Gratchev and 



171
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Hydro-mechanical behavior of clayey soils

carried out on these soils in order to determine their 

 This mineralogical 

 

 



Choice of leachates

from the leachate storage and treatment ponds 

5

et 
al. (2017)

et al. (2017)

) 

Christensen et al. (2001)

et al.
Paumier et al.

Haro et al. )
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) is expressed 

-

1
f

Vf

d

s d

s

head tests lead to the same orders of magnitude of 

 
Assessment of mechanical behavior of soils from 
Nouna

OPM

Assessment of compressibility

v 
v is the corresponding 

recompression indexes cC  and rC  are important 

Assessment of shear strength

 
. 'vC tan  (4)

C' '  the 
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RESULTS AND DISCUSSION

also presents 

-9

-9 

Marcoën 
et al.

-10

-9

example 

et al. (2019) used a 

et al. (2017)

Compressibility of soils from Nouna
The results of œdometric tests conducted on 

soils from Nouna are given in 

sat of 
sat 

Nouna have values of compression and recompression 

according to et al.

(1999)
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 and on The 
v

) and natural leachate (

et al.
2017

(2009) 

Compressibility of soils from Boudry

( and 
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such as the decrease of 

Shear strength of soils from Nouna
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reveal that the soil experiences an increase in shear 
strength (

(Derriche et al.

Shear strength of soils from Boudry

angle (

 Naieni et al. 
(2017)

  

  
v v 

v v 
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Sunil et al. (2009)

CONCLUSION

  

  
v v 

v* v 



180

H.F. Yonli et al.

and those of the compression and recompression 
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- Muara Karang

mollusc in sediment 

 



Summary Sum of sqrs df Mean square F p (same) 

Between groups 230641 3 76880,3 67,91 0,00 

Within groups 104156 92 1132,13 Permutation p (n=99999) 

Total 334797 95 0,00   

Components of variance (only for random effects): 
  

Var(group) 3156,17 Var(error): 1132,13 ICC: 0,735996 

Omega-2 0,6765 

Levene´s test for homogeneity 
of variance, from means 

p (same): 0,00 
   

Levene´s test, from medians p (same): 0,00 
   

Welch F test in the case of unequal variances: F=75,51, df=46,57, p=6,568E-18 

 
Summary Sum of sqrs df Mean square F p (same) 

Between groups 245986 15 16399,1 14,77 0,00 

Within groups 88810,4 80 1110,13 Permutation p (n=99999) 

Total 334797 95 0,00   

Components of variance (only for random effects) 
  

Var(group) 2548,16 Var(error): 1110,13 ICC: 0,696544 

Omega 2 0,6827     

Levene´s test for homogeneity 
of variance, from means p (same) 0,00    

Levene´s test, from medians p (same) 0,00    

Welch F test in the case of unequal variances: F=24,44, df=29,38, p=1,387E-12 

 

 
Summary Sum of sqrs df Mean square F p (same) 

Between groups 270775 7 38682,2 53,17 0,00 

Within groups 64021,8 88 727,52 Permutation p (n=99999) 

Total: 334797 95 0,00   

Components of variance (only for random effects) 

Var(group) 3162,89 Var (error) 727,52 ICC 0,812996 

Omega 2 0,7918     

Levene´s test for homogeneity of 
variance, from means p (same) 0,00    

Levene´s test, from medians p (same) 0,00    

Welch F test in the case of unequal variances: F=55,52, df=37,16, p=9,48E-18 

 



 

 



et al.
(Zhang et al.

(Han et al.

 
et al.

(Falahudin et al.

2018)

rates et al.

(Claessens et 
al.

et 
al.

Li et al.
(2020) reported that the presence of an aquaculture 

Zhu et al.

et 
al., 2020)
products (Espiritu et al.,



N.D. Takarina et al.

et al

et al.

et al

et 
al.

treatment (Luo et al. et al.  

in the sediment at the sampling site compared to 

(Manalu et al.

CONCLUSION

 

Sample Ancol Muara Baru Muara Angke Muara Karang 
1 2 3 4 5 6 7 8 9 10 11 12 

Surface water PE PE PE PE PE PE PE PP PP PE PE PE 
Sediment PP PP PS PP PE PE PE PP PP PE PS PP 
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MATERIALS AND METHODS

 

Country Subjects References Cyclist Infrastructure 
Denmark Cycling-related injuries - Andersen  (2018) 
United Kingdom Health benefits - Bourne  (2018) 
Australia Factors on speed - Boufous  (2018) 

Germany Behaviors under the 
influence of alcohol - Huemer (2018) 

New Zealand Effects of training on 
children's cycling skills - Mandic  (2018) 

Thailand Features to support tourists 
for cycling - Singsaktrakul and Muneenam (2019) 

Australia Exposure to particulate 
matters - Shrestha  (2020) 

Switzerland Risk and discomfort - Castells-Graells  (2020) 
Thailand Stakeholder involvement Quality of a bicycle lane Ratanaburi et al. (2021) 

: 

Fig 1



Carbon footprint and cost analysis of a bicycle lane

illustrated in 

suggested in 
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Percentage of frequency for using 
bicycles 

Fraction of vehicle users 
not using bicycles

Motorcycle Gasoline car Pickup truck
Number Number Number

Usual 343,649,990 160,554,265 191,156,425 
95-100 (97.5) 0.025 429,562 120,416 143,367 
72.5-95 (85) 0.15 4,639,275 722,494 1,720,408 
50-72.5 (60) 0.4 21,993,599 8,991,039 18,351,017 
0-49 (25) 0.75 64,434,373 30,103,925 35,841,830 
Never (0) 1 154,642,496 88,304,846 80,285,699 
Vehicles remaining on the road 246,139,305 128,242,719 136,342,320 
Vehicles reduced after installing 
the bicycle lane  97,510,685 32,311,546 54,814,105 

Fig 2
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Economic modeling and regression method
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RESULTS AND DISCUSSION
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management as it aims to

grouped . 
that samples in Maluku have the highest income per 

 and 

stated in 
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Province West Java Jakarta Jambi West 
Sumatera Maluku East Java Total 

Income per capita (IDR)        
Mean 96,852 146,842 156,402 156,564 255,424 125,317 156,903 
S.D. 37,804 60,924 88,833 106,482 185,680 31,752 104,109 
Frequency 27 95 88 97 59 100 466 
Expenditure per Capita 
(IDR)        

Mean 119,630 102,737 103,385 100,673 178,571 102,172 116,857 
S.D. 70,791 43,958 51,291 38,916 123,483 34,054 72,049 
Frequency 27 95 96 99 91 99 507 
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parameters fo
regression result is stated in 

 long 
 increases the likelihood 

 

 

1999

et al., 2016

(  of 

 regarding the 

Gunderson et al., 
2000

 
 

Alessa et al., 
2003

als  k

 
 (1) (2) (3) 
 Estimation1 Estimation 2 Estimation 3 

Variables Probability of 
littering 

Probability of 
littering 

Probability of 
littering 

Education Level (Years) 0.0252 0.0332* 0.0189 
 (0.0183) (0.0190) (0.0184) 
Expenditure per Capita/day (United States Dollar (USD)) -0.0283** -0.0294* -0.0468*** 
 (0.0139) (0.0174) (0.0159) 
Educated enough to keep clean the environment (1= Yes) 0.1151*** 0.1097*** 0.1269*** 
 (0.0180) (0.0177) (0.0202) 
Self-initiative of keep clean (1 = Yes, I have) 0.1421*** 0.1372*** 0.1732*** 
 (0.0225) (0.0224) (0.0287) 
Good Habit (not to litter since childhood; 1=Yes) 0.2891*** 0.2638*** 0.3040*** 
 (0.0632) (0.0582) (0.0665) 
Trash Bin Unavailability (1 = not available)   3.056*** 
   (0.8000) 
Income per Capita/day (USD)  -0.00453  
  (0.0121)  
Constant 1.509*** 1.671*** 1.426*** 
 (0.245) (0.258) (0.253) 
Pseudo R-Square 0.4259 0.4343 0.4349 
Observations 1,996 1,820 1,996 

Standard errors (S.D.) in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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 (Ruliana et al., 
2019

nt in 
Alhassan 

et al., 2020
Saphores et 

al., 2006 gement is 
important in improving 

 
 

 et al., 2016
 

 

igh level of 

( et al., 2019

(

 It is 

 

  

is formed due to personal interests and pro-social 

richer and more literate households tend to use 
Kumara and 

 
studies have stated that one of the determinants of 

 
No Variables Summary point 

1 Education 

a. As a determinant of environmental awareness 
b. Increased responsibility behavior  
c. Influencing the implementation of pro-environmental behavior 
d. More educated people are more likely to recycle 
e. Improving household waste management decisions 

2 Environmental Caring 

a. A clean and healthy lifestyle that encourages waste littering in its 
proper place. 
b. A sense of comfort motivates initiatives to practice waste separation 
behavior. 
c. Varying levels of sensitivity to nature as a result of social norms, 
prevalent social norms, infrastructure, and regulations 

3 Good Habits 

a. Higher levels of income and education are also associated with strong 
environmental management practices. 
b. Increasing personal awareness of pro-environmental behavior as a 
resource for maintaining cleanliness. 

4 Economic Factors 

a. The education campaign provided affects not only behavior change, 
which will indirectly increase income through recycling behavior.  
b. Households with higher incomes and spending habits lead more clean 
and healthy lives. 
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Models* Equations Reference 
Proximate analysis:   
LHV =45B-6W Traditional Eq. JNMSWF, 1991 
LHV =44.75B-5.85W+21.2 Bento’s Eq. JNMSWF, 1991 

Ultimate analysis:   
LHV = 81C + 342.5(H-O/8) + 22.5S - 6(9H+W) Dulong's Eq. Wilson, 1977 
LHV = 81(C-3xO/8) + 57x3xO/8 + 345(H-O/16) + 25S - 6(9H+W) Steuer's Eq. Wilson, 1977 
LHV = 81 (C-3xO/4) + 342.5H + 22.5S + 57x3xO/4 - 6(9H+W) Scheurer-Kestner's Eq. Wilson, 1977 
* LHV = Low heating value (Kcal/Kg); B = Combustible volatile matter (%); W = Moisture content (wt %); C = Carbon content (wt %); H = Hydrogen content  
(wt %); S = Sulfur content (wt %); O = Oxygen content (wt %), JNMSWF: Japan National Municipal Solid Waste Foundation. 
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Region1 Paper Woods Rubber and  
leather Plastic Food waste Other Non-flammable  

MENA 13 1 2 12 58 8 6  
South Asia 10 1 2 8 57 15 7  
East Asia and Pacific 15 2 1 12 53 12 5.6  
Europe and Central Asia 18.6 1.6 1 11.5 36 21 11  
Sub-Saharan Africa 10 1 - 8.6 43 30 8  
Latin America and the Caribbean 13 1 1 12 52 15 7  
North America 28 5.6 9 12 28 3.6 13.8  
Global 17 2 2 12 44 14 9  
Current study2 12.4 3.3 0.1 5 58.7 16.5 4  
1 All the data is according to the World Bank report (Kaza  2018) 
2 The data are the average of seven consecutive days sampling  
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compared in  and 5

0C in a furnace for 

in 
t-test (

 n\Statistical items\Ref 
Proximate analysis 

(wt%)

 

Ultimate analysis based on elemental analyzer 
(wt%) 

MCw OMd Ad pH C H O N S Ad C/N 

1 73 89.6 10.4 6.15 43.1 7.8 38.05 1.53 0.8 8.72 28.17 
2 70.3 81.6 18.4 6.42 41.27 7.08 35.01 2.34 1 13.3 17.64 
3 68 84.4 15.6 6.21 42.35 7.2 36.89 1.38 0.8 11.38 30.69 
4 72.8 82.6 17.4 6.44 45.6 6.85 31.7 2.1 0.75 13 21.71 
5 71.2 75.5 24.5 7.02 34.59 6.9 37.55 1.96 0.7 18.3 17.65 
6 70.7 82.2 17.8 6.75 47.49 7.3 29.85 2.43 1.12 11.81 19.54 
7 74.3 77.9 22.1 6.43 38.94 6.95 37.15 1.96 0.9 14.1 19.87 

Ave 71.5 81.97 18.02 6.49 41.91 7.15 35.17 1.96 0.87 12.94 22.18 

SD 2.09 4.53 4.53 0.30 4.27 0.33 3.19 0.39 0.14 2.94 5.20 

SE 0.79 1.71 1.71 0.11 1.61 0.12 1.21 0.15 0.05 1.11 1.96 

CV% 2.92 5.53 25.13 4.68 10.18 4.58 9.08 19.86 16.04 22.68 23.42 

Kiely, 1997 70 83.3 16.7 - - - - - - - - 

Pichtel, 2005 - - - - 48 6.4 37.6 2.6 0.4 5 18.46 
*n: Sample’s number; Ref: Reference; w: Wet basis; d: Dry basis; N: Number of samples; Ave: Average; SD: Standard deviation; SE: Standard error; CV: 
Coefficient of variation. 

 
Component Methods 1 2 3 4 5 6 7 Ave 

Ash CHONS analyzer 8.72 13.3 11.38 13 18.3 11.81 14.1 12.94 
Furnace 10.4 18.4 15.6 17.4 24.5 17.8 22.1 18.03 

N CHONS analyzer 1.53 2.34 1.38 2.1 1.96 2.43 1.96 1.95 
Kjeldahl 1.68 1.835 1.7 1.648 1.742 1.98 1.918 1.78 

S CHONS analyzer 0.8 1 0.8 0.75 0.7 1.08 0.9 0.86 
Ashing/IC 0.65 0.9 0.71 0.67 0.65 0.92 0.82 0.76 

 *
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to  

et al. (2021) reported that the 

 

t-test 
Ash N S 

CHONS analyzer Furnace CHONS analyzer Kjeldahl CHONS analyzer Ashing/IC 
Number of samples 7 7 7 7 7 7 
Mean 12.9443 18.0286 1.9571 1.7861 0.86 0.76 
SD 2.93619 4.53016 0.38862 0.1272 0.14 0.12 
SE  1.10977 1.71224 0.14688 0.04808 0.05 0.04 
%CV 22.68 25.13 19.86 7.12 14.85 14.38 
Sig.* - 0.423 0.071 - 0.728 - 
Sig. (2-tailed) - 0.028 0.29 - 0.165 - 

Significance

 
Component Methods 1 2 3 4 5 6 7 Ave 

C 
Elemental analyzer 43.1 41.27 42.35 45.6 34.59 47.49 38.94 41.91 
Walkley and Black 48.7 37.8 48 37 30.8 42 33.8 39.73 
Van Bemmelen 49.78 45.33 46.89 45.89 41.94 45.67 43.28 47.55 

Test of homogeneity of variances  (VAR00001) 
Levene statistic df1+ df2 Sig. 
3.774 2 18 0.043 
ANOVA (VAR00001) 
 Sum of Squares df Mean square F Sig. 
Among groups 227.957 2 113.978 4.763 0.022 
Within groups 430.696 18 23.928   
Total 658.652 20    
Multiple comparisons (Dependent variable: (VAR00001) Games-Howell   

(I) Method (J) Method Mean Difference 
(I-J) SE Sig. 

Elemental analyzer Walkley and Black 2.17714 3.04439 0.760 
Van Bemmelen -5.64143* 1.89361 0.034 

Walkley and Black Elemental analyzer -2.17714 3.04439 0.760 
Van Bemmelen -7.81857 2.76681 0.054 

Van Bemmelen Elemental Analyzer 5.64143* 1.89361 0.034 
Walkley and Black 7.81857 2.76681 0.054 

+ df: Degrees of freedom. 
* The mean difference is significant at the 0.05 level. 

 

 and 
s
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et al, 2005)
(Lü 

et al., 2018)
et al., 

2021)

 et al. (2020)

2005

from the reference et al  

 

et al
et al.

 
Zhou et al  
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et al
Chen 

et al. (2019) reported C H  O N  S1 the 
 Zhou et al

 reported C O N18 S1 as the chemical 

Sample No. 

Model based on lab scale 
analysis 

Models based on 
ultimate analysis 

Models based on proximate 
analysis 

Bomb 
calorimeter 

Dulong's 
equation 

Steuer's 
equation 

Scheurer-Kestner's 
equation 

Traditional 
equation 

Bento’s 
equation 

1 11.75 15.45 17.49 19.40 15.03 15.07 
2 13.07 14.59 16.47 18.22 13.59 13.64 
3 14.11 14.80 16.77 18.63 14.18 14.22 
4 11.15 16.28 17.99 19.57 13.72 13.77 
5 12.93 11.60 13.60 15.50 12.42 12.48 
6 14.74 17.88 19.50 20.98 13.70 13.75 
7 15.96 13.15 15.14 17.00 12.80 12.85 

Ave. 13.38 14.82 16.71 18.47 13.64 13.68 
Reference - 15.53 17.53 19.44 13.89 13.97 

 et al

 

N Based on elemental analyzer Based on the most accurate method Reference 

1 C143.8 H1501.9 O697.5 N4.38 S1 C162.5 H1501.9 O697.5 N4.8 S1 

C
320.43 H

2566.07 O
1227.72 N

14.88 S
1  

2 C110.2 H1059.9 O491.9 N5.36 S1 C100.9 H1059.9 O491.9 N4.2 S1 

3 C141.3 H1222.9 O565.68 N3.95 S1 C160.2 H1222.9 O565.68 N4.8 S1 

4 C162.3 H1549 O720.5 N6.41 S1 C131.7 H1549 O720.5 N5 S1 

5 C131.9 H1559 O736.7 N6.4 S1 C117.5 H1559 O736.7 N5.7 S1 

6 C117.4 H1002.9 O453.46 N5.15 S1 C103.8 H1002.9 O453.46 N4.42 S1 

7 C115.5 H1378.5 O655 N5 S1 C117.9 H1378.5 O655 N4.9 S1 

Ave. C129.9 H1286.2 O598.2 N5.2 S1 C125.8 H1286.2 O598.2 N4.7 S1 

  et al., 1993)



(C H O N  S1

H O N
S1

ANOVA
Ad

Materials
Ave
C
CHONS

and Sulfur
C/N
CV
d
df Degrees of freedom
Eq.
EPA
FAO
F

H
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HHV 
IC
IPCC

Change

Kcal/kg Kilocalories per kilogram
kJ/kg
LHV

Moisture content

Middle East and North Africa
n
N Nitrogen
O
OC

pH
P-Value
Ref. Reference
rpm Round per minute
S Sulfur
SD
SE Standard error
Sig
TKN
TOC

w
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BACKGROUND AND OBJECTIVES: Safeguarding water resources became a major concern in 
many parts of the world as it aims to provide safe and healthy water for humans. Water quality 
monitoring is a popular tool in ensuring water quality is safe and within the allowable limits 

METHODS: 

FINDINGS: Results of the study presents the water quality against the ten water quality criteria. 
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INTRODUCTION

et al., 2011) 

soils (Adamu et al., et.al., 

et al
et al

Said et al
et al

et al., 
2016)

content (Decena et al., 2018

Gorme et 
al

Philippines revealed that the mean midstream and 

Maglangit et al

et al

Department of Natural Resources-Environmental 

Regmi and 
et al

Wu et al

Chillan River ( et al

the river channel (Neri et al

(

Standards of 2016 (

Department of Environment and Natural Resources 
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2016

MATERIALS AND METHODS
Study area 

 

 
Stations Description  
Station 1:  
Labangan Poblacion  located in mangrove areas with riverbanks riprapped with nearby salt farm. The station is characterized 

by clear water during the dry season and muddy water during the wet season while the river bed is 
covered with pebble stones. Under the Type A climatic conditions, average temperature in the site is 
27.96ºC with rainfall amount 113.23 mm. Most of the land cover is agricultural use and generally 
residential and commercial areas.  

Station 2: 
 San Roque 
 

station is the Pandurucan Bridge with river water characterized by scattered garbage in the river banks 
and surrounding mangrove. The water is typically greenish to brownish and a foul smell can be observed. 
The river bed is covered with muddy clay. The station is also covered of Type A climate conditions with 
average temperature of 28.29ºC and accumulated rainfall amount during the study period of 3,634.90 
mm. Most of the land cover surrounding the station is categorized as highly dense residential, residential 
and commercial areas.  

Station 3:  
Market area  
 

waste 
on the riversides, snail shells in the river banks with greenish to brownish water. A foul smell can also be 
observed. The river bed is also covered with muddy clay. The station is generally surrounded by 
residential areas and commercial establishments. The rainfall pattern is the same as Station 2 with an 
average temperature of 28.32ºC.

Station 4: Downstream-
outlet  
 

 5, San Jose, Occidental Mindoro. The station 
point is characterized by residential houses with garbage (diapers and plastics); a mass of soil that 
separates the river and the sea. There are swimming children can be seen, and the river bed is covered 
with a sandy bottom. The water is bluish during sunny weather. The station is considered as the outlet 
of the river since it faces an opening to Mindoro Strait. Average temperature in the station is 28.42ºC. 
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in Provincial Environmental and Natural Resource 

Environmental analysis 

Water quality index (WQI)

 2 2 2
1 2 3F F F  

Water Quality Index 100  
1.732

 (1)

 
1 percentage of variables that do not meet the objectives F

 

2 percentage of individual tests  that do not meet the objectives F

 
3 amount by which the objectives  are not meet F
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RESULTS AND DISCUSSION

commercial areas are found along the coast of Aroma 

toilets (

 
Rank WQI value Description 

Excellent 95-100 Water quality is protected with a virtual absence of threat or impairment, conditions very 
close to natural or pristine level 

Very Good 89-94 Water quality is protected with a slight present of threat or impairment, conditions very 
close to natural or pristine level 

Good 80-88 Water quality is protected with only a minor degree of threat or impairment; conditions 
rarely depart from natural or desirable levels 

Fair 65-79 Water quality is protected but occasionally threatened or impaired; conditions sometimes 
depart from natural or desirable levels 

Marginal 45-64 Water quality frequently threatened or impaired; conditions often depart from natural or 
desirable levels 

Poor 0-44 Water quality is almost always threatened or impaired; conditions usually depart from 
natural or desirable levels 

: )
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of the total household have provision for complete 

Water supply and water use 
Physical-chemical and E. coli results 

2020 

Water temperature is one of the most important 
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Physical-chemical parameters  Wet season Dry season 
1 2 3 4 1 2 3 4 

Temperature ( ) 27.87 28.53 29.49 30.61 29.64 32.04 33.3 33.8 
pH (units)  7.29 7.57 7.49 7.89 7.44 7.41 7.34 7.42 
Dissolved oxygen (mg/L) 6.39 3.92 3.35 3.61 6.35 2.82 2.88 3.34 
Total dissolved oxygen (mg/L)   1311 1291 1355 1417 1386 1544 1562 1596 
Total suspended solids (mg/L) 28.93 37.43 38.22 38.86 25.63 41.00 41.88 43.46 
Phosphate (mg/L) 0.70 2.74 3.07 3.50 0.822 3.58 3.7 4.04 
Oil and grease (mg/L) 1.22 2.56 2.72 3.17 1.36 2.94 2.94 4.14 
Nitrate (mg/L) 0.44 2.58 2.86 3.11 0.53 3.39 3.47 3.26 
Chloride (mg/L) 585.71 623.57 632.14 662.86 744.00 760.00 728.00 714.00 
E. coli (MPN/100 mL) 234.71 414.86 442.86 306.57 201.80 242.20 265.4 222.00 
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 (

 (Khan et al., 2006

(Moslem et al., 2013

Wright et al
Chloride is a measure of sodium and potassium 
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Ram et al
et al

the surrounding environment
strategies

 
Stations Computed WQI Rank Description 

Station 1 60.06366 Marginal Water quality is frequently threatened or impaired; conditions 
often depart from natural or desirable levels. 

Station 2 35.20767 Poor 
Water quality is almost always threatened or impaired; 
conditions usually depart from natural or desirable levels. 

Station 3 30.64781 Poor 
Station 4 30.17662 Poor 
Average 39.023945 Poor  
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INTRODUCTION
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2017; Zhang et al., 2017

 

Giunta et al. (2019) and Giunta (2020) 

et al., 2017

 



other studies on the need for increased research in 

Heidari et al., 2015
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Overview of the study area
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Ahn et al., 2009

Heidari and Marr (2015)
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Emissions rate g / h Engine power hp *      

gEmissions factor * load factor  
hp h

                      (1)               

          
  /Emissions rate / /  

Power kW
Emissionrate g hg kW h                                        

                                            (2)

(Pilusa et al., 2012

3gCO 3.591 x1 0  x CO ppm
kW / h

                                                                                                      

 

 
                                                                   (a) 

 

                                                                                (b) (b)
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3gNOx 6.636 x1 0  NOx ppm
kW / h

     
      
        (4)

2 2
gCO  63.470 x CO  vol %

kW / h

    
      
        (5)

greenhouse gases (CO2

et al., 2020)

et al.

NER (20 movement of 

tools and entering the body at the feet, the seat or 

RESULTS AND DISCUSSION 

Air (diesel exhaust) emissions

2
NOX

and . 

 

Equipment Rated power 
(kW) 

Engine 
power (hp) 

Emission factor (g/hp-h) Load 
factor CO2 CO NOX HC PM 

Excavator 68.8 92 10.21 0.43 0.26 0.57 0.67 1 
Roller 80.5 108 10.21 0.43 0.26 0.57 0.67 1 
Jumping compactor 4.8 6.5 10.21 0.43 0.26 0.57 0.67 1 
Grader 111.9 150 10.21 0.43 0.26 0.57 0.67 1 
Concrete mixer 4.1 5.5 10.21 0.43 0.26 0.57 0.67 1 

Wheel loader 31 42 10.21 0.43 0.26 0.57 0.67 1 
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On 

did not meet the OSHA limit of 50 ppm ( ) 
) in 

) as seen 
in 2

2 

pollutants (  

et al. (2018

PM10 and PM

CO2
84.10%

CO
3.54% NOx

2.14%

HC
4.70%

PM
5.52%

Excavator , 
22.8%

Roller , 
26.7%Jumping 

compact
or, 1.6%

Grader , 
37.1%

Concrete 
mixer , 
1.4%

Wheel 
loader , 
10.4%

to the emissions
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2015

(2009

 Equipment (Make) 
Emission rate (g/kW/h Concentration  

Rated power 
kW CO2 CO NOX HC PM NOx 

(ppm) CO (ppm) CO2 

(vol %) 

Excavator (JCB 
backhoe site 
master) 

68.8 13.653 0.575 0.348 0.762 0.896 52.392 160.123 0.215 

Roller (Dynapac CA 
301) 80.5 13.698 0.577 0.349 0.765 0.899 52.565 160.65 0.216 

Jumping compactor 4.8 13.826 0.582 0.352 0.772 0.907 53.057 162.153 0.218 
Grader (CAT 140G) 111.9 13.686 0.576 0.349 0.764 0.898 52.52 160.514 0.216 
Concrete mixer (BC-
260-4 Honda GX 
160) 

4.1 13.696 0.577 0.349 0.765 0.899 52.559 160.632 0.216 

Wheel loader (CAT 
903D Compact) 31 13.833 0.583 0.352 0.772 0.908 53.083 162.234 0.216 

 
 
 
 
 
 
 
 
 
 
 
 

(a)                              (b)

13.500 13.700 13.900

Excavator
Roller

Jumping compactor
Grader

Concrete mixer
Wheel loader

0.750 0.770 0.790

Excavator

Roller

Jumping compactor

Grader

Concrete mixer

Wheel loader
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Equipment 

Sound level  decibel (dB) 
March 2019 April 2019 Mean 

sound 
level (dB) 27th 28th 29th 1st 2nd 3rd 4th 5th 8th 9th 

Excavator 69.43 80.07 84.63 68.30 79.63 66.53 83.20 77.73 71.83 80.00 76.14 
Roller 84.50 98.40 89.30 75.70 89.03 97.67 96.17 93.03 88.30 96.53 90.86 
Jumping compactor 80.67 87.50 85.03 69.47 87.60 87.53 84.57 87.83 80.77 78.90 82.99 
Grader 78.43 73.80 67.83 69.10 77.73 68.13 77.90 78.23 77.70 74.90 74.38 
Concrete mixer 83.40 86.20 84.07 72.47 85.37 87.30 85.93 85.20 87.33 72.73 83.00 
Wheel loader 68.10 69.70 59.23 59.47 68.20 68.13 68.17 69.63 70.33 69.80 67.08 

Equipment Mean vibration levels 
Frequency (Hz) Velocity (mm/S) 

Excavator 47 13 
Roller 120 20 
Jumping compactor 60 16 
Grader 48 12 
Concrete mixer 52 14 
Wheel loader 35 10 
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INTRODUCTION 

(Leili et al., 2008)
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  Acute 

10  et al., 2012)

(Anderson et al., 2012)
(Ruckerl et 

al., 2011)   

According to Heger and Sarraf studies (2018)  

natural and anthropogenic sources such as pollen 
 et al., 

(Van Der Meulen 

of open storage piles and open areas 
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Lashgari 
 

from digging and loading equipment in a surface 
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Ako et al., (2014)
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the Gaussian models are easier to use 
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Dust emissions from sand and gravel product plants

 

Emission factors are considered as one of the crucial 

air pollutant emission rate from non-stack sources as 

E A EF 1 ER /100                               (1)

10

10
2

Empty weight
(ton) 

Full weight
(ton) 

Average daily traffic 
[#/day] Vehicle class Vehicle Unpaved 

road Paved road 

4 
4 

3.330 
3.650 
6.530 
6.530 
8.930 
8.930 

9.1 

7 
7 
6 

7.5 
20 
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28 
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Activities Empirical equations unit Eq. Reference 
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storage piles 

 

 

 

kg/ton (2) US EPA, 2006a 

Paved roads 
 

 
 

g/VKT (3) US EPA, 2011 

Unpaved roads 
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presented in 

Sampling and analysis

loading  
 

  

dispersion of pollutants 

Ci / t U Ci / x i / y Ky Ci / y

 i / z Kz Ci / z  C1 
                                                       (10)

 or 

Crushed stone processing operations 
Emission factor 

(kg/ton material throughput)
2.5PM 10PM TSP

Truck unloading-fragmented stone 2.25E-06 8.0E-06 1.5E-5
Aggregate scalping screen 0.0018 0.0043 0.0125
Crushing 0.0012 0.0012 0.0023
Fines crushing 0.0029 0.0075 0.0195
Screening 0.0018 0.0043 0.0125
Fines screening 0.0225 0.036 0.15
Conveyor transfer points 2.25E-04 5.5E-4 0.0015
Truck loading 1.5E-05 5.0E-5 9.8E-5



(Cimorelli 

processor of the model integrates the meteorological 

Meteorological data
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Dust emissions from sand and gravel product plants

Emission rate

 
 

2004)

RESULTS AND DISCUSSION 

10 

Land-useWinterAutumnSummerSpringSurface characteristics
Urban0.350.180.160.14

Albedo coefficient Cultivated Land0.60.180.20.14
Desert Shrubland0.450.280.280.3
Urban1.5221

Bowen ratio Cultivated Land1.50.70.50.3
Desert Shrubland6643
Urban1111

Surface roughness Cultivated Land0.010.050.20.03
Desert Shrubland0.150.30.30.3

 



Meteorology

 illustrates that 

 

 

Pollutants 

Crushed stone 
processing 
operations 

Stockpile 
handling 

Unpaved 
road Paved road Open area wind 

erosion 
Total 

emissions 

ton/y ton/y ton/y ton/y ton/y ton/y 
PM2.5 38.32 0.345 29.377 70.594 3.84 142.476 
PM10 71.237 2.289 295.191 291.789 25.56 686.066 
TSP  216.54 4.481 999.292 1520.128 51.12 2791.561 

10 
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INTRODUCTION
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(  2020

Leisner  2020

 2015

Hegerl  
2019

Poore  2018

Polson  2013

material (Fidelis  2019

Ravindran 

et 
 2015

 
2019

the equipment required and the smoothing out of 

certain pre-treatment and post-treatment measures 

Kumar  2009

important returns (  2013
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 and various 

 

 2015

Singh et 
 2012

. 
S. cerevisiae

 
Name of 
the fruit Fruit by product Principle Method of extraction Reference 

Apple Pomace Phenolic 
compounds Supercritical fluid extraction Ferrentino et al., 2018 

Mango Peels 
Carotenoids, 
phenolics and 
flavonoids 

Supercritical CO2 extraction followed by 
pressurized ethanol from the residue of the stage 

Garcia-Mendoza et al., 
2015 

Orange Peels 
Essential oil, 
polyphenols and 
pectin 

Ultrasound and microwave extraction Boukroufa et al., 2015 

Orange  Peels Ferulic acid Solid liquid extraction by deep eutectic solvents Ozturk et al., 2018 

Grape 
Grape marc, 
skin, pomace, 
seeds 

Polyphenols 

Supercritical fluid extraction; ultrasound-assisted 
extraction; microwave extraction; pulsed electric 
fields processing; enzyme-aided extraction; high 
voltage electrical discharges 

Kelly et al., 2019 

 

Microbial 
lipids

Microbial 
Protein

CarotenoidsPrebiotic 
glucans

Propionic 
Acid

Fig 1
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2020

(Jagtap  2019

 
2020

Javed  2019

generates various high value products using various 
 2020

Ong  
2018

Pourkarimi et 
 2021

Matharu  

(  2018

to the conclusion that more research is needed 

out in Kalasalingam School of Agriculture and 

Agricultural residues

(

and other materials are found in these deposits and 

Sadh  2018
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 depicts 

value-added natural compounds (Rudra  
2015

 

Industrial 
waste 

Chemical omposition % (w/w) 
References Cellulose Hemicellulose Lignin Ash (%) Total solids 

(%) 

Rice straw 39.2 23.5 36.1 12.4 98.62 El-Tayeb et al., 2012 

Wheat straw 32.9 24.0 8.9 6.7 95.6 Nigam et al., 2009 and 
Martin et al., 2012 

Barley straw 33.8 21.9 13.8 11 - Nigam et al., 2009 

Corn stalks 61.2 19.3 6.9 10.8 97.78 El-Tayeb et al., 2012 

Cotton stalks 58.5 14.4 21.5 9.98 - Nigam et al., 2009 
Sunflower 
stalks 42.1 29.7 13.4 11.17 - Motte et al., 2013 

 
Fruit Industrial 
waste 

Chemical composition % (w/w) References 
Cellulose Hemicellulose Lignin Ash (%) Total solids (%) 

Potato peel 
waste 2.2% - - 7.7% - Weshahy and Rao, 2012 

Orange peel 9.21% 10.5% 0.84% 3.5% - Rivas et al., 2008 
Pineapple peel 18.11 - 1.37 - 93.6 Paepatung et al., 2009 

Name of the 
oil cake 

Dry 
matter Crude protein Crude fibre Ash Calcium Phosphorus References 

MOC 89.8 38.5 3.5 9.9 0.05 1.11 Kuo et al., 1967 
PKC 90.8 18.6 37 4.5 0.31 0.85 Owusu et al., 1970 

GOC 92.6 49.5 5.3 4.5 0.11 0.74 Kuo et al., 1967 

OOC 85.2 6.3 40.0 4.2 – - Maymone et al., 1961 
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(POME) pollutes the environment during palm oil 

recovered from palm tree fruits (Bala  2014)

Bhargav  2008

 2003
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Sadh  2018

 compiled a 
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Yong 2021
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Zepka  2008

Kadim  2015 Yunus  2015 
developed  and  

Aphanothece 
microscopca nageli 

cell protein (Zepka  2008

cerevisiae

sources (Aruna 2017

 
2021) Haloferax lucentensis

and 42°C temperature (Mg  2021

Guan et 
 2021 Bacillus

Saleh  
2020

Microorganisms Solid supports References 

Bacteria 

Pseudomonas spp. BUP6 GOC, COC, SOC, and CSC Faisal et al., 2014 

Amycolatopsis mediterranean MTCC 14 GOC and COC Vastrad and Neelagund 2011 

Xanthomonas campestries MTCC 2286 Potato peel Vidhyalakshmi et al., 2012 

Fungi 

Aspergillus niger Wheat bran, rice bran, black gram 
bran, GOC, and COC Suganthi et al., 2011 

Streptomyces spp Streptomyces spp Ezejiofor et al., 2012 

Rhizopus arrhizus and Mucor subtillissimus Soybeans, caorncob cassava peel, 
wheat bran, and citrus pulp Nascimento et al., 2015 

Aspergillus terreus Palm oil cake Rahman et al., 2016 
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and removing core mixes and proteins from food 

Sadh  2018

into sugar components in the starch processing 

Duhan  

Avci  2013

and Ricke 2012

materials (  
 2009 

from diverse agricultural stores of various agriculture 

Paepatung  
2009 

solms and 

Mondal  2012 

S. 
cerevisiae

S.No. Substrate Enzymes Microorganisms Reference 
1 Groundnut oil cake (GOC) Lipase C. rugosa Rekha et al., 2012 
2 Coconut oil cake -Amylase A. oryzae Ramachandran et al., 2004 
3 Fruits peel waste Invertase A. niger Mehta and Duhan 2014 
4 Orange peel -Amylase A. niger Sindiri et al., 2013 
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 2007
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Pleissner  2013

CO2 Kehili 
 2018 

 2017 

engineered materials (Yang  2020

CONCLUSION
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