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Introduction
The term “Co-composting” refers to simultaneous 
composting, in which various types of waste, animal 
manure, sewage sludge (SS), and agricultural waste are 
simultaneously converted into compost (1). Sewage sludge 
is a semi-solid material that is produced in wastewater 
treatment plants (WWTPs) by biological activity or the 
separation of solids from chemical precipitation effluents, 
which is a crucial by-product of the wastewater treatment 
process (2,3). Since SS contains a high concentration of 
organic materials and some nutrients (e.g., nitrogen, 
phosphorous, potassium, and trace elements), it can 
be applied as a fertilizer or soil conditioner to boost 
the growth of crops (4). Given its high humidity and 
low C/N content, WWTPs sludge cannot be used for 

producing compost. In contrast, co-composting can 
be developed with recyclable components including 
dewatered municipal solid waste (MSW), livestock or 
crop residue, and industrial waste (5,6). The Code of 
Federal Regulations (CFR) and standards established 
by the United States Environmental Protection Agency 
(USEPA) for the utilization and disposal of SS have been 
compiled (7).

Sewage sludge is classified into two classes, A and B, 
depending on microbiological traits, according to the 
USEPA standards. Each class has been approved for 
a particular use in the soil. The traits of class A include 
intestinal virus density of less than 1 PFU/4g.DS-1, parasite 
egg density of less than 1 Ova/4g.DS-1, salmonella density 
of less than 3 MPN/4g.DS-1, and fecal coliform density 
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Abstract
Background: This study aimed to explore the feasibility of producing compost fertilizer through 
co-composting solid waste materials and dewatered sludge from the domestic wastewater treatment 
plant (WWTP) at Gole-Gohar Mining and Industrial Company, employing the windrow method with 
various treatments.
Methods: In this experimental study, three windrow piles were established, each with a volume of 0.3 
m3 and weight ratios of 1:2 (food waste:dewatered sludge) and 1:4 (garden waste:dewatered sludge), 
along with a control group without sewage sludge (SS) modification. The parameters influencing the 
compost production process, including temperature, moisture content, volatile solids, pH, electrical 
conductivity (EC), organic carbon, organic matter, C/N ratio, heavy metals, density, alkalinity, 
phosphorus content, microbial load, cations and anions were examined. 
Results: The results showed that the concentrations of heavy metals and pH levels in all three compost 
piles fell within acceptable ranges. EC values fluctuated between 2 and 6 mS/cm across all piles. The 
C/N ratio decreased, with the pile containing sewage treatment plant sludge and food waste achieving 
the optimal range of 15-25. The germination index (GI) for lettuce, cress, and mung bean seeds was 
higher than the standard in all three piles. The produced compost was classified as Class A in terms of 
microbial load.
Conclusion: Overall, the physicochemical parameters of the produced composts met standard limits. 
According to the results, compost-containing food waste emerged as the most suitable for agricultural use.
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of less than 1000 MPN/g.DS-1. Class B SS is exclusively 
intended for land restoration, while class A SS has no 
limitations on its reuse or disposal (8,9).

Unregulated dumping and inadequate control of 
solid waste result in unpleasant odors, fostering the 
proliferation of flies, mice, cockroaches and other insects, 
as well as the unchecked growth of stray cats and dogs 
(10). This underscores the crucial need for proper storage, 
correct collection methods, and appropriate disposal of 
these materials (11). To protect the environment, preserve 
public health, the economy, science, engineering, and 
aesthetics while also taking other environmental factors 
into account, waste management is a set of rules about 
the production, storage, collection, transportation, 
processing, and disposal of waste in conformity with 
existing laws (12).

One of the key techniques for waste management is 
composting (13). Urban development is hampered by 
the daily increase in the amount of SS and MSW in urban 
areas, which has turned into a major societal concern. 
Along with population and economic growth and the 
pressing need to safeguard the environment, the approach 
to managing solid organic waste has shifted from 
treatment and landfilling to employing environmentally 
friendly resources (13,14). The existence of strategies for 
the efficient reuse of this kind of solid waste and impact 
minimization is crucial (13,15).

In a rural area of Shanghai, China, Xu et al studied 
the changes in heavy metal concentrations during the 
simultaneous composting of rural organic solid waste 
(rural SS, kitchen waste, and plant stems). As a result, the 
concentrations of heavy metals Zn, Pb, Hg, Cu, and As 
increased, while those of heavy metals Ni and Cr decreased 
(16). In a pilot study, Dzulkurnain et al investigated 
the co-composting of landscaping waste and Indian 
city SS. They found that after 15 days, coliforms and 
Escherichia coli were eradicated during the thermophilic 
phase, indicating that the compost was safe for use in the 
natural environment (17). In the composting process of 
the dewatered sludge of the municipal sewage treatment 
plant in Rafsanjan county, Jafariniya Parizi et al employed 
dates and pistachio wastes for the first time. After 60 days, 
the quality of the date waste reactor was greater than that 
of the pistachio waste reactor. However, compared to the 
date reactor, the pistachio waste reactor was less harmful 
(18).

Currently, there are several environmental issues as 
a result of improper management of WWTP sludge 
disposal in developing nations, such as Iran. One of the 
best approaches in this situation is composting, which can 
increase the fertility of agricultural lands in the mining 
and industrial area of Gole-Gohar Mining and Industrial 
Company and prevent the overuse of chemical fertilizers 
in addition to preventing pollution of soil, air, and surface 
and ground water sources. The concept of a circular 

economy refers to the reuse and recycling of resources as 
much as possible. These types of initiatives help reduce 
costs and create new income streams through the sale 
of compost or other products derived from waste. It is 
one of the most well-known industrial mining centers 
in the Middle East, producing a lot of waste and effluent 
that has to be properly managed. Consequently, this 
research aimed for the first time to benefit the nation’s 
large mines and industries by looking into the possibility 
of co-composting, or making compost fertilizer, out of 
solid waste and dewatered sludge from the Gole-Gohar 
Mining and Industrial Company domestic WWTP 
using a windrow method and various treatments. It is 
also suggested that natural catalytic materials such as 
eggshells, sawdust, and plant extracts be used, as they 
can affect the acceleration of the composting process and 
reduce the compost production period. This research can 
help promote and facilitate the acceptance of these ideas 
within the scientific and industrial communities. 

Materials and Methods
The materials used in this experiment include xylose 
lysine deoxycholate (XLD), Lactose Broth (LB), and E. coli 
Broth (EC). It is from the German brand Merck, which 
was used for microbiological cultivation.

Pilot design
Located 55 km from the Sirjan-Neiriz road, the Gol-e 
Gohar iron ore mine hosted research facilities within 
Site No. 1’s greenhouse. Here, three concrete chambers 
measuring 2 m in length, 1 m in width, and 0.8 m in 
height were established to facilitate experimentation 
(Figure 1). A compressed plastic substructure was 
employed to manage leachate production effectively. To 
conduct this study, sludge from the domestic WWTP 
of the Gole-Gohar Mining and Industrial Company was 
used as a sample. This selection was made due to the 
high capacity of this complex for sludge production, as 
well as the presence of organic materials and nutrients in 
this sludge. Treated sludge is one of the potential sources 
for compost production and soil quality improvement 
to initiate the research, windrows were constructed 
utilizing different waste materials. A food waste-sludge 
(FS) windrow was formed with a ratio of 1:2 (food 
waste to dewatered sludge), while a garden waste-sludge 
(GS) windrow was created at a ratio of 1:4 (green space 
waste to dewatered sludge). In contrast, the SS windrow 
remained unmodified. Each windrow reached a volume 
of 0.3 m3 (Figure 2). To optimize the C/N ratio and serve 
as a bulking agent, wheat stubble straw was incorporated. 
Over 32 days, the constructed windrows underwent 
periodic covering to facilitate mixing and aeration, 
effectively reducing moisture levels. Additionally, manual 
cleaning of the windrows was conducted every week to 
ensure proper maintenance.
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Sampling 
The required sludge was sourced from the sludge dryers 
at the sewage domestic WWTP of the industrial and 
mining complex, while additional inputs included food 
waste from local restaurants and garden waste comprising 
shredded tree leaves. During the fall of 2022, samples were 
systematically collected from depths of 0.1, 0.25, and 0.5 
m of the piles, with a frequency of three days per week. 
These samples were then combined individually to create 
composite samples, each representing the desired quality. 
Subsequently, each composite sample was divided into 
two portions including one portion promptly frozen at 20 
℃, while the other portion was air-dried, sieved through 
a 0.25 mm mesh, and stored for subsequent analysis (19).

This experimental study spanned 32 days during 
the fall season. Daily measurements of temperature, 
moisture content, pH, and electrical conductivity (EC) 
were accurately recorded throughout the study period. 
The temperature of all three piles was measured in 
the early hours of the day using a pen thermometer at 
three different points (20). To initiate the experimental 
procedure, 10 g of the sample were carefully weighed and 
placed into a beaker, and the volume was adjusted to 100 
mL. Subsequently, the mixture was stirred vigorously for 

3 min using a TAT-5003, Iran magnetic stirrer at high 
speed, followed by filtration through a strainer. pH and 
EC measurements were conducted using a portable multi-
parameter device (model HQ30D, USA). For moisture 
content determination, another 10-g portion of the sample 
was subjected to drying at 105 ℃ for 24 hours (21,22). After 
cooling in a desiccator, the sample was re-weighed, and 
the difference in weight provided the moisture content. 
The total solids content of the compost was determined 
by daily drying of samples at a temperature range of 103 
to 105 ℃. Subsequently, the mineral and volatile solids 
were obtained by placing the dried compost samples in 
an oven set to 550℃ after initial weighing. Furthermore, 
the density of the sample was determined using a density 
reading device (Pycnometer Accupyc 111340, Germany), 
contributing to a comprehensive characterization of the 
compost material (21). 

Sterile containers were used for biological tests 
and to prevent the change of samples, they were kept 
at a temperature between 0 and 4°C until they were 
transferred to the laboratory. The biological parameters 
included fecal coliform, salmonella, and helminth ova. 
Microbial parameters were measured weekly by MPN 
standard method )9221 E( (21,23-25). Microbial culture 

Figure 1. Map of the geographical location of Gole-Gohar Mining and Industrial Company

Figure 2. Experimental pilots used in the study, A: windrow containing food waste and sewage treatment plant sludge, B: windrow containing garden waste 
and sewage treatment plant sludge, and C: windrow containing sewage treatment plant sludge

(A) (B) (C)
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was conducted using XLD culture medium, lactose broth, 
and EC Broth obtained from Merck, Germany. The results 
were quantified as the Most Probable Number (MPN) 
per g of dry matter (8,23,26,27). Weekly measurements 
of nitrogen, carbon, alkalinity, and organic matter 
were also performed. Nitrate and sulfate levels were 
determined using a spectrophotometer (UV/Vis-EU2200, 
Iran). Furthermore, heavy metal concentrations were 
determined after digestion, with readings obtained using 
an ICP-MASS device from Perkin Elmer, USA (21).

Germination and growth
To assess the quality of the produced fertilizer, the 
germination index (GI) of seeds from lettuce (Lactuca 
Sativa), cress (Lepidium Sativum), mung bean (Vigna 
Radiata), and radish (Raphanus sativus) was utilized. 
The GI was determined by preparing a suspension of 
compost extract dissolved in water (1 g of fresh sample 
in 20 mL of distilled water). Subsequently, 5 mL of the 
resulting solution was added to sterile plates fitted with 
a filter at the bottom, and 30 seeds of each plant species 
were planted in each plate. The plates were then kept in 
darkness at a temperature of 25 ℃. After 24 hours, the 
number of sprouts and root growth were observed and 
recorded for 72 hours. This experiment was repeated 
three times for reliability. The GI was calculated using Eq. 
1 (7,22,28,29):

( ) ( )CHSg  %Sg1 RI  compost  %Sg2  RSS  water 100 = × ÷ × ×   (Eq. 1)

CHSg = Germination index 

where Sg1 and Sg2 are the number of seeds germinated 
in the compost extracts and distilled water, respectively. 
RI and RSS are the length of rootlets in compost and 
distilled water, respectively.

Results
The temperature dynamics within the compost piles 
yielded noteworthy insights (Figure 3). In the SS pile, 
temperatures exhibited an initial rise, peaking around 
the 13th day before gradually declining. Similarly, in the 
FS pile, an initial increase in temperature was observed, 
followed by a decrease after approximately 9 days. 
Conversely, in the GS pile, temperature initially ascended, 
then began to decline after 5 days. 

The moisture percentage measurements depicted in 
Figure 4 reveal distinct trends among the compost piles. 
Initially, pile SS exhibited the highest moisture content, 
peaking at 69%, followed by pile FS at 55%, and pile GS 
at 51%. 

The pH measurements, as illustrated in Figure 5, exhibit 
a consistent pattern across all three windrows. Initially, 
the windrow containing food waste and domestic WWTP 
sludge displayed acidity, gradually reaching standard pH 

levels by the 32nd day. 
The results of EC measurements, as depicted in Figure 6, 

indicate a close similarity in values among all three piles, 
ranging between 2 and 5 mS/cm. 

The findings from the assessment of physical and 
chemical parameters throughout the composting process 
are presented in Table 1.

The results of element measurements in the three 
compost piles at the beginning and end of the compost 
preparation process are provided in Table 2. 

The results of the microbial load analysis are provided 
in Table 3.

The results of the measurement of the germination 
index are presented in Table 4.

Discussion
According to Figure 3, this observed temperature 
decrease during the composting process can be attributed 
to the enhanced porosity of the GS pile compared to the 
others, coupled with a reduction in moisture content due 
to moisture adsorption by the garden waste component. 
Conversely, the temperature increase witnessed in the SS 
and FS piles may be linked to higher levels of humidity. 
The presence of abundant food waste, along with the 
naturally higher moisture content of SS at the onset 
of the process, fosters heightened microbial activity, 
consequently elevating compost temperatures (4). The 
compost pile containing food waste treatment exhibited 
notably higher temperatures compared to the other piles. 
Within the first week, the temperature soared to 60 ℃. 
Subsequently, the compost containing SS reached this 
temperature in the second week, while the compost treated 
with garden waste reached a slightly lower temperature 
of 55 ℃ during the same period. This discrepancy in 
temperature can be attributed to the higher porosity of 
the compost pile in the garden waste treatment pile. It 
is worth noting that achieving temperatures exceeding 
55℃ for at least 4 hours is crucial for ensuring adequate 
hygiene and the elimination of disease-causing pathogens 
in compost materials. Encouragingly, all three compost 
piles examined in this study successfully reached and 
maintained temperatures above this threshold, indicating 
the effective removal of dangerous pathogens from the 
produced composts (30).

According to Figure 4, the composting process, 
moisture content is important for the transfer of soluble 
nutrients required for the physiological and metabolic 
activities of microorganisms, and it depends on the 
specific physical and chemical properties as well as the 
biological characteristics of the materials being composted 
(25). The addition of bulking materials led to a reduction 
in moisture levels, with the decrease in moisture content 
being less pronounced in the pile containing food waste 
compared to the pile containing garden waste. This 
discrepancy can be attributed to the presence of vegetables 
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and fruits in the food waste, which inherently possess 
higher moisture content. These findings align closely with 
the study conducted by Grgas et al, indicating a consistent 
trend in moisture changes across all compost mixtures. 
Specifically, an increasing trend in moisture content was 
observed during the first month, followed by a subsequent 
decrease in the following months (30).

The pH measurements, as illustrated in Figure 5, 
exhibit a consistent pattern across all three windrows. 
This transition can be attributed to the biological 
decomposition of acidic materials and the mineralization 
of organic nitrogen facilitated by microbial activities 
(4,31). Extreme pH levels, whether excessively high or low, 

pose significant risks to microbial survival. In this study, 
observations revealed that the compost containing sewage 
treatment plant sludge and food waste exhibited acidity 
during the initial stages of activity. This phenomenon can 
be attributed to the lack of oxygen in the deeper layers 
of the compost pile, coupled with high temperatures 
and rapid microbial activity, resulting in the production 
of organic acids and a subsequent decrease in pH levels. 
These findings closely mirror the trends observed in the 
study conducted by Okoh et al (32). 

Numerous studies have highlighted an initial increase 
in EC levels during the early stages of the composting 
process. This elevation can be attributed to the microbial 

Figure 3. Temperature changes during the sewage sludge composting process with different treatments (SS: Sewage sludge, FS: Food waste and sewage 
sludge, GS: Garden waste and sewage sludge)

Figure 4. Humidity changes during the composting process of sewage sludge with different treatments (SS: Sewage sludge, FS: Food waste and sewage 
sludge, GS: Garden waste and sewage sludge)
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degradation of organic materials, leading to the release of 
mineral salts such as phosphates and ammonium ions. 
Conversely, instances of EC reduction may be linked 
to the evaporation of ammonia and the precipitation 
of mineral salts (4,33). Furthermore, the absence of EC 
observed in the pile GS compared to the other piles may 
indicate a lower moisture content (Figure 6). This aligns 
with the findings from the study conducted by Kebibeche 
et al, which also demonstrated a notable increase in EC 
levels until the 31st day for compost containing SS and 
wheat straw (4).

According to the findings presented in Table 1, the 
density levels for piles FS and GS exhibited a decrease 
in the fourth week, followed by an increase in 50 weeks. 
However, the density results for pile SS showed fluctuations 
throughout the observation period. Furthermore, the 
alkalinity levels decreased consistently across all three 

piles over the 32-day period, which may be attributed to 
the reduction in carbonates and bicarbonates (34).

The sodium content decreased in all three piles during 
the composting process. While the amounts of calcium and 
magnesium decreased in piles SS and FS, they increased in 
pile GS. Moreover, the sulfate and nitrate levels increased 
in all three piles over the 32-day duration. The increase 
in nitrate levels during composting can be attributed to 
the supply of oxygen during pile turning, which promotes 
nitrate formation through nitrification (33). The study by 
Şevik et al demonstrated that the concentration of nitrate-
nitrogen increased in both the first and second groups of 
compost (35).

The C/N ratio is a critical parameter for assessing 
compost quality, which decreased over the 5-week 
observation period. Initially, the C/N ratio in the GS pile 
was 12.29, decreasing to 10.02, while in the FS pile, it 

Figure 5. pH changes during the composting process of sewage sludge with different treatments (SS: Sewage sludge, FS: Food waste and sewage sludge, 
GS: Garden waste and sewage sludge)

Figure 6. EC changes during the sewage sludge composting process with different treatments (SS: Sewage sludge, FS: Food waste and sewage sludge, 
GS: Garden waste and sewage sludge)
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decreased from 27.10 to 17.96, falling within the optimal 
range of 15-25 for compost C/N ratios. According to 
compost standards, the FS pile achieved the best C/N ratio 
and falls into the first class, followed by the GS pile, which 
falls into the second class. The decline in the C/N ratio 
signifies the transformation of unsaturated structures into 
saturated structures, thereby enhancing aromatic density 
and the degree of humidification (23,36). The study by 
Grgas et al similarly showed a decrease in the C/N ratio 
across all three piles comprising SS + GW + FW, SS + GW, 
and SS + FW (30). The nitrogen percentage in both GS 
and SS piles exhibited a declining trend over the five 
weeks. This increase in Total Kjeldahl Nitrogen (TKN) 
can be attributed to a concentration effect resulting from 
weight loss associated with the mineralization of organic 
nitrogenous compounds (4). The increase in nitrate levels 
in piles containing sludge from WWTPs and food waste 
can be attributed to the addition of kitchen food scraps to 
the sludge (37). Other reasons for the increase in nitrate 
during composting include the supply of oxygen during 
the turning of the piles, which leads to the formation of 
nitrate through nitrification (38). In the study by Wang 
et al, sheep manure was composted with three treatments 
involving mushroom litter, corn stalks, and garden litter 
for 49 days. The findings indicated that all additives led 
to reductions in total nitrogen and ammonium nitrogen 
levels. Significant losses of nitrogen may occur due to 
the evaporation and denitrification of ammonia (39). 
Moreover, the organic carbon percentage decreased 
in all three piles over 32 days. The gradual decrease in 
total carbon throughout decomposition indicates that 
the decomposed components are readily mineralized by 
existing microorganisms, which utilize these compounds 

as an energy source. As a result, the final product becomes 
enriched in stable compounds (34). Jafariniya Parizi et 
al also observed a decrease in the percentage of organic 
carbon in composts containing pistachio dehulling waste 
with urban sewage sludge (PW + SS) and date-palm straw 
with urban sewage sludge (PS + SS), which decreased from 
69 to 15 and 78 to 48, respectively (18).

The organic matter in food waste reached 50% 
and showed an increase, which places it in Class A to 
Washington standards. However, it is greater than the 
minimum standard in Iran, which is 35%, the obtained 
values were consistent with the results of the study by 
Aghili et al (23). The total organic matter content in GS, SS 
piles decreased over 5 weeks, indicating the mineralization 
of biodegradable materials during composting (40). The 
results of the study by Zhang et al corroborate this trend, 
as they observed a continuous decrease in organic matter 
across all compost types in their study (31).

According to the findings presented in Table 2, the 
predominant heavy metals across all three compost piles 
were Zn, Sr, V, and Mn. Conversely, heavy metals such as 
Ag, Be, Bi, Cs, Dy, Er, Eu, Hg, Ho, In, Lu, Sb, Sc, Ta, Tb, 
Te, Tl, and Tm remained consistently below one for all 
three piles both at the beginning and end of the process, 
with no significant changes observed during composting. 
The fluctuations in heavy metal concentrations can 
be attributed to the concentration and mass reduction 
effects that occur during composting (41). Golbaz et al 
researched compost composed of SS, wood chips, and 
sawdust, revealing minimal levels of heavy metals such 
as cadmium (Cd), chromium (Cr), and lead (Pb) in the 
samples. These results indicate positive indicators for the 
composting process and the quality of the final product 

Table 1. Changes occurred in physicochemical parameters during the composting process

Parameter
Compost containing food waste 

and sewage sludge
Compost containing garden 
waste and sewage sludge

Compost containing sewage 
sludge Standard value

Day 1 Day32 Day 1 Day32 Day 1 Day 32

Alkalinity 25.3  < 1 23 1.1 6.9  < 1 -

Na (mg/kg) 0.9 0.7 0.5 0.6 0.7 0.6 -

Mg (mg/kg) 1.5 1.3 0.9 1.6 1.9 1.7 -

Ca (mg/kg) 1.9 1.9 2.7 2.5 2.9 2.6 -

SO4
2- (mg/kg) 192 358 35.5 125 153 192 -

NO3
- (mg/kg) 127 1265 23 123 82.4 484 -

Volatile Solids (mg/L) 78 78 78 77.5 78 78 -

C/N 27.1 18 12.3 10 6.7 4.5 Class A: 15-20
Class B: 10-15

Nitrogen % (SD) 1.8 (0.45) 1.6 (0.14) 3.3 (0.66) 2.6 (0.46) 5.3 (0.18) 4 (0.75) Class A: 1.25-1.66
Class B: 1.0-1.5

Carbon % (SD) 49.6 (0.95) 28.2 (1.47) 40.3 (2.2) 26.3 (0.54) 35.4 (1.2) 18.4 (0.4) Class A: Min 25%
Class B: Min 15%

Organic matter (%) 28.9 50.7 72.6 47.4 63.8 33.1 Class A: Min 35%
Class B: Min 25%

P (mg/L) 0.6 0.5 0.3 0.6 0.9 0.7 Class A: 1-3.8
Class B: 0.3-3.8

Density (g/cm3) 1.9 2 2 1.7 2.3 2.2 -

Standard value: Standard 10716 (acceptable limits for compost categories 1 and 2), the EPA standard.
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Table 2. The elements concentration in three compost piles at the beginning and end of the composting process (mg/L)

Entry Element SS1 SS2 FS1 FS2 GS1 GS2 Standard value

1 Ag  < 1  < 1  < 1  < 1  < 1  < 1 -

2 Al 1.3 1.3 1 1 1.1 1.2 -

3 As 7 6.3 6.5 5 6.4 4.6 Max: 10

4 Ba 119.6 88 87.3 81.9 251 91.7 -

5 Be  < 1  < 1  < 1  < 1  < 1  < 1 -

6 Bi 1.1  < 1 20.7  < 1  < 1  < 1 -

7 Ca 2.9 2.6 1.9 1.9  < 1 2.4 -

8 Cd 4.9  < 1 3.9  < 1  < 1  < 1 Max: 10

9 Se 10.5 5.7 7.3 3.5 8.3 6.1 -

10 Co 25.9 14.4 35.1 14.6 15.5 12.6 Max: 25

11 Cr 60.9 67 51.4 50 33.8 60.8 Max: 150

12 Cs  < 1  < 1  < 1  < 1  < 1  < 1 -

13 Cu 93.5 108.5 76.4 74.4 52.6 97.1 Max: 650

14 Dy  < 1  < 1  < 1  < 1  < 1  < 1 -

15 Er  < 1  < 1  < 1  < 1  < 1  < 1 -

16 Eu  < 1  < 1  < 1  < 1  < 1  < 1 -

17 Fe 18.1 23.9 14.6 20.7 8.5 22.5 -

18 Ga 17.6 11.7 13.1 9.4 6.7 10.4 -

19 Gd 1.2  < 1  < 1  < 1 1.1  < 1 -

20 Hf  < 1  < 1  < 1  < 1  < 1  < 1 -

21 Hg  < 1  < 1  < 1  < 1  < 1  < 1 Max: 5

22 Ho  < 1  < 1  < 1  < 1  < 1  < 1 -

23 In  < 1  < 1  < 1  < 1  < 1  < 1 -

24 K 0.4 0.3 0.6 0.4 0.4 0.3 -

25 La 16.5 5.07 12.5 4.1 16.1 5.4 -

26 Li 6.1  < 1 4.7  < 1 4.7  < 1 -

27 Lu  < 1  < 1  < 1  < 1  < 1  < 1 -

28 Mg 1.9 1.7 1.5 1.3 0.88 1.63 -

29 Mn 254.9 215.9 188.4 167.1 200.4 199.2 -

30 Mo 6 4 4.9 2.8 3.2 4.6 Max: 5

31 Na 0.7 0.6 0.8 0.7 0.5 0.6 -

32 Nb 2.6 2.5 2.6 1.7 2.7 2 -

33 Nd 22.6 3.8 17.5 3.2 19.3 4 -

34 Ni 73.6 22 58 23.6 30.6 31.4 Max: 120

35 P 0.9 0.7 0.6 0.5 0.3 0.6 -

36 Pb 19.2 1 20.2 5 12.7 8.8 Max: 200

37 Pr 15.8  < 1 11.2  < 1 6.8  < 1 -

38 Rb 17.5 5.9 14 5.2 12 6 -

39 S 2.2 2.3 1.8 1.6 1.1 2.1 -

40 Sb  < 1  < 1  < 1  < 1  < 1  < 1 -

41 Sc  < 1  < 1  < 1  < 1  < 1  < 1 -

42 Sm 6.4  < 1  < 1  < 1  < 1  < 1 -

43 Sn 33.7 17.4 16.2 6.8 13 14.2 -

44 Sr 347 246 207 171.8 329 227.7 -

45 Ta  < 1  < 1  < 1  < 1  < 1  < 1 -

46 Tb  < 1  < 1  < 1  < 1  < 1  < 1 -

47 Te  < 1  < 1  < 1  < 1  < 1  < 1 -
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(42). Similarly, Podgaiskyte and Vaitiekūnas evaluated 
cadmium levels in compost derived from municipal 
SS, and found that the concentration of cadmium in 
the final compost was 20 ± 3.6 mg/kg dry sludge, well 
below the maximum allowable concentration (39 mg/
kg dry sludge) for compost sludge market use (43). The 
reuse predominantly affects the concentration of heavy 
metals in soil and agricultural products. Given that the 
consumption of vegetables is on the rise in societies today, 
it is essential to control the food materials consumed by 
humans (44). 

The microbial load analysis results are presented in 
Table 3, detailing the measurements of total coliform, 
fecal coliform, and salmonella for all three compost piles. 
Throughout the 5-week sampling period, no evidence of 
Salmonella presence was observed in any of the samples 
containing sewage treatment plant sludge, whether 
combined with food waste or garden waste. Furthermore, 
the fecal coliform levels decreased across all piles after 32 

days. While the total coliform levels decreased in the piles 
containing sewage treatment plant sludge combined with 
food waste and SS combined with garden waste over 32 
days, an increase was noted in the SS pile. The elevated 
temperature (50 °C) experienced during composting 
expedites the process and contributes to partial 
pasteurization of the compost, facilitated by the vigorous 
activity of microorganisms. This elevated temperature 
effectively reduces the pathogenic load, resulting in 
the decline of many pathogens within the composting 
material (45). The formation of soil aggregates is primarily 
driven by microbial activities. Microbial communities 
significantly influence the dynamics of water and 
nutrients by creating microbial habitats (23,37).

The GI results are presented in Table 4, according to 
EPA standard 10716, the GI for Class B (minimum 70%) 
is considered. The seeds of mung bean and lettuce had the 
highest germination indices, while radish seeds had the 
lowest GI. According to the results, the GI for radish does 

Table 2. Continued.

Entry Element SS1 SS2 FS1 FS2 GS1 GS2 Standard value

48 Th  < 1 1.8  < 1 1.6  < 1.9 -

49 Ti  < 1  < 1  < 1  < 1  < 1  < 1 -

50 Tl  < 1  < 1  < 1  < 1  < 1  < 1 -

51 Tm  < 1  < 1  < 1  < 1  < 1  < 1 -

52 U 6.7 3 5.5 2.3 2.6 2.9 -

53 V 224.3 180.2 163.7 143.9 87.2 167.2 -

54 W 20.6 19.9 41.7 34.3 65.8 19.3 -

55 Y 4 4.1 3.3 3.1 3.4 3.8 -

56 Yb 3.3 4.3 2.4 3.4 1.4 4 -

57 Zn 440.3 369.8 354.5 254.4 200.6 341.6 Max: 1300

58 Zr 13.6 16.9 10.4 11.8 7.8 14.6 -

SS1, SS2: Windrow containing sewage sludge at the beginning and end of the composting process.
FS1, FS2: Windrow containing food waste and sewage sludge at the beginning and end of the composting process.
GS1, GS2: Windrow containing garden waste and sewage sludge at the beginning and end of the composting process.
Standard value: EPA standard 10716 specifies the acceptable limits for class A and B composts.

Table 3. Microbial load analysis results (MPN index)

Parameter
Compost containing food waste 

and sewage sludge
Compost containing garden waste 

and sewage sludge
Compost containing sewage 

sludge Standard value
Week 1 Week 5 Week 1 Week 5 Week 1 Week 5

Total coliform 439 27.1 36.6 43.8 271.3 439 Class A: < 1000
Class B: < 2 × 106

Fecal coliform 383 31.2 31.2 31.2 383 136.3 Class A: < 1000
Class B: < 2 × 106

Salmonella 0 0 0 0 0 0  < 3 MPN

Parasite egg - - - - - 1 < Ova/4g.DS-1

Standard value: EPA standard 10716 specifies the acceptable limits for class A and B composts.

Table 4. Germination index results*[%]

Treatment type Lettuce Cress Mung bean Radish Standard value

Compost containing sewage sludge 156.62 37.23 174 29.61 Min: 70%

Compost containing garden waste and sewage sludge 295.18 138.66 289.5 120.5 Min: 70%

Compost containing food waste and sewage sludge 159.03 178.32 261.9 62.19 Min: 70%
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not fall within either Class A or B; however, the highest GI 
for radish was obtained in the compost of the wastewater 
treatment sludge and food waste (FS) at a rate of 62.19%. 
Germination, being a pivotal stage in plant growth, 
involves a series of biochemical reactions facilitated by 
various enzymes. The diverse absorption and metabolic 
patterns, as well as the level of tolerance among different 
plant species, likely contribute to the observed disparities 
in seed germination responses to the compost extract 
treatments (46). Tiquia and Tam reported that a GI 
higher than 80% at the end of the experiment indicates 
the absence of phytotoxicity in the compost product (47).

Conclusion
According to the regulations set forth by the USEPA, SS 
is categorized into two classes, A and B, based on their 
microbial characteristics, with each class designated for 
specific ground use. The microbial analysis conducted in 
this study indicated that all three piles of sewage treatment 
plant sludge (SS), garden waste and sewage treatment 
plant sludge (GS), and food waste and sewage treatment 
plant sludge (FS), fell within the standard range and were 
classified as Class A. According to the guidelines outlined 
by the World Health Organization (WHO), EPA and the 
national standards of Iran, and based on the findings of this 
research, the produced composts met the standard limits 
for parameters such as heavy metals, pH, temperature, 
humidity, anions and cations, alkalinity, density, and 
microbial content. However, upon consideration of the 
C/N ratio and GI, compost containing food waste emerged 
as the superior compost in terms of physical and chemical 
quality, suitable for agricultural applications. After 32 
days of composting, the compost derived from food waste 
and domestic WWTP sludge exhibited a brown color 
and lacked any unpleasant odor, indicating its readiness 
for use. It is worth noting that while compost containing 
garden waste also met the standard criteria both physically 
and chemically, it may require additional time to reach 
ideal conditions due to the presence of wood lignin, which 
undergoes a longer decomposition process. The results of 
this study demonstrate the high potential of the sewage 
treatment plant sludge from the Gole-Gohar Mining and 
Industrial Company as a valuable resource for compost 
production and soil quality improvement. The presence of 
organic materials and nutrients in this sludge is a suitable 
option for replacing chemical fertilizers. Utilizing treated 
sludge can not only aid in effective waste management 
but also improve environmental cycles and reduce soil 
pollution. Therefore, it is recommended that this process 
be considered as part of sustainable agriculture strategies 
and environmental protection efforts in industrial and 
mining areas. Thus, it can also serve as a practical guide 
for other industrial and mining complexes in the optimal 
use of treated sludge as a sustainable and environmentally 
friendly resource.

To achieve sustainable and environmentally friendly 
resources in the future, it is suggested to conduct studies 
on the following: investigating the environmental 
impacts and assessing the process of preparing compost 
fertilizer, creating space for large-scale compost fertilizer 
production for waste management, using produced 
compost to monitor plant growth, assessing the feasibility 
of using green waste for compost preparation, measuring 
the amount of lipase enzyme, and understanding the role 
of lipase in the joint composting process of food waste 
and WWTP sludge.

Overall, the physicochemical parameters of the 
produced composts met standard limits. However, 
considering the C/N ratio and GI, compost-containing 
food waste emerged as the most suitable for agricultural 
use.
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