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Abstract

Slaughterhouse and wet market wastes are pollutants that have been always neglected by society. According to the Food and
Agriculture Organization of the United Nations, more than three billion and nineteen million livestock were consumed world-
wide in 2018, which reflects the vast amount and the broad spectrum of the biowastes generated. Slaughterhouse biowastes are a
significant volume of biohazards that poses a high risk of contamination to the environment, an outbreak of diseases, and insecure
food safety. This work comprehensively reviewed existing biowaste disposal practices and revealed the limitations of techno-
logical advancements to eradicate the threat of possible harmful infectious agents from these wastes. Policies, including strict
supervision and uniform minimum hygienic regulations at all raw food processing factories, should therefore be tightened to
ensure the protection of the food supply. The vast quantity of biowastes also offers a zero-waste potential for a circular economy,
but the incorporation of biowaste recycling, including composting, anaerobic digestion, and thermal treatment, nevertheless

remains challenging.
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Introduction

Inedible animal body parts that represent 45% of slaughtered
animals, which include the tissues, blood, blood vessels,
feathers, and bones, are major constituents of slaughterhouse
and wet market wastes that are ultimately sent for disposal or
recycling (Franke-Whittle and Insam 2013). The disposal of
these substantial amounts of wastes is challenging for the
meat, aquatic, and poultry industries due to several legal
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restraints and ever-rising processing costs associated with dis-
posal. Unsafe and improper disposal of such wastes can lead
to tremendous ecological troubles. Table 1 shows the physi-
cochemical properties of biowastes generated in slaughter-
houses and wet markets globally. The contents of slaughter-
house and wet market biowastes, such as moisture, organic
carbon solids, and elements such as potassium, are potentially
reservoirs for microbial diseases (Mensah-Attipoe and
Toyinbo 2019).
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Table 1 Physicochemical

properties of slaughterhouse and Physicochemical Slaughterhouse Wet market

wet market biowastes (NR properties

indicates non-reported) Sengupta Gendebien et al. Tweib et al. Lobhri et al. Lou et al.

(2004) (2001) (2011) (2016) (2015)
Moisture 69.45% NR 60% 22.3% 75.5 +6.4%
Total solids 30.55% 10-180 g/m’ 51048 kg/ m®>  25.9% 347+23
kg/m®
Volatile solids 87.95% 10-107 g/m’ NR 87.2% NR
Fixed solids 12.05% NR NR NR NR
Organic carbon 23.32% NR 45.16% 12.8% 352+0.7%
Total nitrogen 2.71% NR 1.4% 1.5% 20+0.1%
Phosphorus 4.19 mg/g NR 110970.826 NR NR
ppb

Potassium 6.9 mg/g NR NR NR NR
Organic nitrogen NR 2-18 g/m’ NR NR NR
Ammonia nitrogen NR 0.6-2.2 g/m® NR NR NR
pH NR NR 6.2 NR 5.69 £0.01

In addition, the improper disposal of slaughterhouse
biowastes (SH-biowastes) has caused harmful algal blooms
in surface water (Arvanitoyannis and Kassaveti 2008) and
the contamination of groundwater from antibiotics from the
poultry production (Alam et al. 2019), therefore raising safety
concerns. However, the implementation of proper waste man-
agement has been limited by legal restraints, cost affordability,
and available technologies. To date, several regulations for
SH-biowaste treatment in minimizing pathogen transmission
have been enforced, such as manure composting regulations
by the Environmental Protection Agency (EPA)(Erickson
et al. 2014), SH-biowaste thermal treatment regulations by
the Canadian Food Inspection Agency (CFIA)(Adhikari
et al. 2018), and pathogen disease transmission and ethical
regulation (Regulation (EC) No 1774/2002) by the European
Union (Russ and Meyer-Pittroff2004). With the recent SARS-
associated coronavirus (SARS-CoV) outbreak from a wet
market, the proper management of wet markets, including
most slaughterhouses, is being put under the spotlight.
Hence, more transparent management is demanded.
Although burial and burning are the most common disposal
methods of animal wastes in underdeveloped countries (Anon
2002), the developed countries do not allow similar ap-
proaches. For example, the European Union controls the
dumping by incineration through licensed waste collectors
(NABC 2004). The use of modern incineration plants as the
standard practice to manage SH-biowastes in most developed
countries is favorable, as this method effectively kills all mi-
crobes (Alnahas et al. 2020). The biowaste composition from
slaughterhouses and wet markets might be different from one
region to another due to the population’s location, lifestyle,
and food consumption (Lohri et al. 2016). Differences in
biowaste composition should be considered when

implementing efficient treatment techniques. Hence, integrat-
ed recycling technologies for slaughterhouse and wet market
waste management are essential for the safe disposal of
wastes and the removal of various infectious agents.

This review therefore highlights the current technology
gaps in waste management practices based on the sources of
SH-biowaste components and the implications on the ecosys-
tem and human health. Proper implementation of waste man-
agement can reduce environmental and health issues, while
introducing new business opportunities that will ultimately
benefit economic growth.

Slaughterhouse and wet market wastes

Biowastes generated from the food industry (slaughterhouses
and wet markets) are from a broad spectrum and are derived
from different stages of food processing, and the wastes are
classified into solid wastes and wastewater (Ho and Chu 2019;
Ratnawati and Trihadiningrum 2014). SH-biowastes contain a
high proportion of organic materials, but these are not suitable
for human consumption. The typical body composition of
different edible animals is presented in Table 2. Hot carcass
is the body of an animal after the removal of internal organs.
Generally, 49-76% of hot carcass is generated from cattle,
38-47% from sheep and goats, 44—48% from pigs, and 37—
40% from broilers (Shija et al. 2013).

In small slaughterhouses in developing countries, the dress-
ing of carcasses, the removal of hides, and evisceration are
performed on the floor, which is also the location for cutting
the edible portion of the slaughtered animals (Fearon et al.
2014). Slaughter and evisceration are performed in a simple
process. The abattoirs’ wastewater and solid wastes are
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Table2  Typical body compositions of calf, sheep, goat, pig, broiler chicken and duck (NR indicates non-reported)

Animal Component Weight (kg) Percentage (%) Reference
Mean +SE
Calf Body (18 months) 414.50+20.5 100 Oh et al. (2008)
Hot carcass 250.70+8.62 60.38
Boneless meat 173.74+3.53 41.90
Trimmed carcass fat 24.76+4.67 5.98
Sheep Body (14 to 24 months) 22.2940.55 100 Shija et al. (2013)
Hot carcass 9.43+0.03 42.30
Gastrointestinal tract 3.53+0.10 15.84
Head 1.59+0.04 7.90
Skin 1.66+0.05 8.23
Feet 0.52+0.02 2.61
Internal organs 0.94+0.03 4.70
Kidneys 0.07+0.01 0.35
Internal fats 0.07+0.03 0.36
Testicles 0.23+0.02 1.16
Tail 0.59+0.04 2.91
Total non-carcass 7.76+0.17 38.58
Goat Body (14 to 24 months) 20.50+0.55 100 Diarra et al. (2015)
Hot carcass 9.68+0.03 47.20
Gastrointestinal tract 3.09+0.10 15.10
Head 1.27+0.04 6.83
Skin 1.39+0.05 7.44
Feet 0.56+0.02 3.02
Internal organs 0.97+0.03 5.24
Kidneys 0.08+0.01 0.44
Internal fats 0.11+0.03 0.59
Testicles 0.09+0.02 1.02
Tail 0.02+0.04 0.10
Total non-carcass 6.68+0.17 35.84
Pig Body NR 100 Goldstrand (1992)
Carcass meat NR 52
Bones NR 17
Organ NR 7
Skin and attached fats NR 6
Blood NR 3
Fatty tissues NR 3
Horns, huff, feet, and skull NR 6
Abdominal and intestinal contents NR 6
Broiler chicken Body (42 days) 2.19 100 Diarra et al. (2015)
Dressing 1.79 81.52
Carcass cut-up parts 0.894 40.83
Liver weight 0.046 2.12
Pancreas 0.004 0.18
Gizzard weight 0.027 1.25
Heart 0.011 0.52
Small intestine 0.012 0.55
Abdominal fat pad 0.0007 0.30
Duck Body (7 weeks) 3.42+1.02 100 Wawro et al. (2004)
Carcass 2.43+0.76 71
Giblets 0.16+0.05 4.6
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Table 2 (continued)

Animal Component Weight (kg) Percentage (%) Reference
Mean +SE
Abdominal fat 0.07+0.03 2
Total meat 1.189+0.382 35

directly disposed into water bodies and lands adjacent to the
abattoirs, creating pollution problems (Fearon et al. 2014).
This is due to inadequate waste management and treatment
facilities.

In contrast, modern abattoirs in developed countries are
found in enclosed buildings with specific process lines for
different types of slaughtered animals. The abattoirs are
well-established with waste management processes for sepa-
rating blood, screening of solids, and trapping of grease,
which are aided with a conveyor line system (Woodard,
Curran, Inc 2006). Blood is collected for stockfeed or fertilizer
production. In waste treatment plants, bulk animal carcass
incinerators are used to render animal wastes into ashes that
can be used as fertilizers. Solid wastes, such as hides, hairs,
intestines, and hooves, are screened and sorted for animal feed
or disposal. Large amounts of water are used for the cleaning
process, which results in effluents that contain solidified
lipids. In advanced wastewater processing plants, grease, oil,
fat, floating and suspended solids, and settling materials that
rise to the surface of the water are removed regularly using
mechanical pre-treatment systems, such as the micro strainer,
rotary drum fine screener, and screw conveyor (for example,
the Huber technology from Germany). Wastewater from the
abattoirs is processed using a full automation system and fur-
ther treated before being discharged into municipal sewers. In
modern abattoirs, all animal wastes are recycled, while ensur-
ing minimum effects to the environment.

The wastewater produced by the meat processing industry
has increased tremendously in recent years (Aleksic et al.
2020). According to the Food and Agriculture Organization
(FAO) of the United Nations (FAO 2021), the demand for
broiler chicken and meat is growing faster than any other meat
type. Other types of poultry, such as duck, turkey, guinea
fowl, pigeon, and geese, are far less consumed, which is 1.2
billion per year (FAO 2021). The number of chickens
slaughtered, at approximately 24.5 billion per year, surpasses
those of pigs and cattle (Fig. 1). Moreover, the amount of
water required by processing poultry is an average of 15 L
per bird, which could add up to a few hundred billion liters of
wastewater each year (Matsumura and Mierzwa 2008).
Effluents from meat processing are recognized as harmful
and threatening due to the complex composition of fibers,
proteins, fats, high organic contents, pathogens, and veteri-
nary pharmaceuticals (Bustillo-Lecompte and Mehrvar

2017; Chang et al. 2010). The chemical contents of wastewa-
ter from slaughterhouses are almost similar to municipal sew-
age (Damaceno et al. 2019). These induce algal blooms that
limit oxygen supply for the aquatic life and cause microbio-
logical contaminations of water bodies. Hence, the implica-
tions of the astonishing volume and wide range of SH-
biowastes disposed into the ecological system from slaughter-
houses and wet markets should not be disregarded (Fig. 2).

The major biowastes from marine products are from fish,
representing 76 million tons, mostly from wholesalers and the
seafood processing industry that processed canned and frozen
fish (Ching-Velasquez et al. 2020). Majority of seafood are
processed in shore-based processing facilities near the ports.
During the processing of demersal fish, for instance, the vis-
cera, frame, skin, fin, and head are usually discarded as waste
(Ravanipour et al. 2021). The waste products of shellfish are
shells and viscera. The inedible portions of some demersal
species and shellfish, as outlined in Table 3, are usually
discarded. However, aquatic wastes are considered valuable
by-products that are recyclable as fertilizers, animal feed, di-
etetic products, natural colorings, biodiesel, and enzymes
(Arvanitoyannis and Kassaveti 2008). In addition, every thou-
sand kg of fish production during skinning and canning gen-
erated 15 to 17 liters of wastewater (Arvanitoyannis and
Kassaveti 2008), and these effluents consist of feces, antibi-
otics, fish feed, and components that are rich in protein and
can be post-processed to be used as animal feed or
manure. However, effluents from the fish processing
industry are often released directly into the shallow
coastal water, leaving impacts on the aquatic environ-
ment (Arvanitoyannis and Ladas 2008).

Ecological and health implications

Wet market and slaughterhouse facilities are usually located
near water bodies, and therefore, untreated or partially treated
effluents of these facilities commonly ended up in the water
bodies (Fig. 2). SH-biowastes generated from slaughterhouses
contain a high level of organic compounds, which could lead
to rapid oxygen consumption by microorganisms, resulting in
an anoxia condition in water bodies (Adeyemo 2002). Hence,
the anaerobic stage causes an insufficient amount of dissolved
oxygen for aquatic life and plants. Consequently, the high
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Fig. 1 Animal production by
country, 2018 (Food and
Agriculture Organization United
Nation, http://www.fao.org/
faostat/en/, 2018)

@ Springer

(a)

(b)

(c)

(d)

(e)

Cattle

Goat

Pig

Chicken

Head

<=29558

<=467318
W <=1996358
W <=7520274
m > 7520274

Head

<=13861

<=309992
I <=2208000
W <=8683835
M > 8683835

Head

<=13262

<=114131
1 <=970668
B <=8749589
W > 8749589

Head

<=10500

<=100581
W <=798732
B <=12604441
W > 12604441

1000 head

<=800

<=9196
W <=25829
W <=323125
W > 323125


http://www.fao.org/faostat/en/
http://www.fao.org/faostat/en/

Environ Sci Pollut Res (2023) 30:71780-71793

71785

Slaughterhouse and
wet market

Oow

v
3’..(‘ gg—%

L)

Wide spectrum of
biowaste

Habitat for rodent
animals and flies

Consumption of
contaminated food

Contaminated
food returns to
the food chain §5¢

Microbial
pathogens
derived from
animal and
plant waste in
stagnant water

Nitrate, detergent,
surfactant, Arsenic,
antibiotics and
bioactive compounds

River in anaerobic
condition

‘R g G

g
) ..’.ﬁ
B )
PPt Deficiency of oxygen

for aquatic life and
plants

Fig. 2 SH-biowaste contaminations from slaughterhouses and wet markets and the effects on ecological system and human food chain

level of biochemical oxygen demand (BOD) tends to increase
the concentrations of nitrates and ammonia in water bodies,
which causes an increase in uncontrollable algae blooms.

In addition to organic wastes, the extensive use of arsenic
in the poultry industry has raised ecological concerns
(Hileman 2007; Lee et al. 2010). The application of arsenic
is to increase the weight of poultry, prevent germs or parasites,
and enhance the skin color of the poultry. But it has been
reported that arsenic found in water bodies gives ad-
verse effects on plants’ growth, causes accumulation of
microbe, and is closely related to cancer and skin dis-
eases (Adesiyan et al. 2018).

Another biohazard from slaughterhouses and wet markets
is the discharged antibiotics, resulting from the massive usage
for diseases control and animal growth promoter (Maizatul
et al. 2017). The most common antibiotics associated with
slaughterhouse and wet market wastes are doxycycline, chlor-
tetracycline, and sulfadiazine (Savin et al. 2020). Discharging
antibiotic compounds directly into rivers or leachate directly
impacts the living organisms in the water bodies and
eventually harm aquatic life, leading to increased distri-
bution of antibiotic-resistant bacteria in the environment
(Maizatul et al. 2017).

@ Springer



71786

Environ Sci Pollut Res (2023) 30:71780-71793

Table 3 Inedible portions of fish

and shellfish as wastes (Michaela Type Species Inedible portion (%) Inedible parts
Archer 2001)
Fish Catfish 65% Viscera, frame, skin, fin, and head
Demersal (general) 57%
Haddock 57%
Hake 50%
Lemon sole 58%
Ling 52%
Plaice 65%
Redfish 70%
Whiting 62%
Shellfish Crab 68% Shell and viscera
Lobster 56%
Nephrops 76%
Shrimp 65%
Crustacea 60%
Oyster 61%
Cockle 86%
Winkle 77%
Scallop 86%
Mussel 86%
Whelk 58%
Mollusc 80%

The wastewater from slaughterhouses and wet markets also
contains several toxic materials, such as nitrate, deter-
gents, surfactants, and chloric anions, which are classi-
fied as emerging contaminants (Latiffi et al. 2021). Both
cationic and anionic surfactants are used in slaughter-
houses for cleaning and disinfection purposes but are
associated with increased total nitrogen and phosphorus
concentrations in wastewater (Apandi 2020). All these
factors cause the wastewater to become susceptible to
the risk of infectious pathogens. Based on the
bibliometric analysis for 500 published papers
downloaded from the Scopus database using the key-
words of “transmission” AND “slaughterhouse” OR
“wet market” AND “pathogens” AND “water’ OR
“food”, it was noted that the most common pathogenic
bacteria associated with slaughterhouse and wet market
wastewater include Salmonella spp., Listeria sp., E. coli,
Shigella sp., and Staphylococcus sp. (Fig. 3).

Some common pathogenic bacteria in slaughterhouse and
wet market wastes with infection potential have been identi-
fied and classified by the World Health Organization. These
bacteria can be appropriately eliminated using sanitary
methods, such as the filtration method and garbage pails. In
some tropical countries, high cases of cholera, typhoid, malar-
ia, dengue fever, and dysentery have been reported due to the
increasing number of flies and mosquitoes found in the waste-
water of slaughterhouses (Maizatul et al. 2017).

@ Springer

Disease transmission and control

Zoonotic transmission in slaughterhouses or wet markets is a
threat to both the food industry and human health (Garcia et al.
2019; Guo et al. 2019). Campylobacter spp., Salmonella spp.,
Yersinia spp., Shiga toxin-producingEscherichia coli (STEC),
Hepeatitis E virus (HEV) from pigs, avian influenza virus, and
other viruses are common pathogens detected in slaughter-
houses (Maria 2014). With the recent outbreak of zoonotic
diseases emerging from wet markets, such as SARS-
associated coronavirus (SARS-CoV)(Mizumoto et al. 2020),
this puts slaughterhouses and wet markets under the utmost
attention. Hence, the public is concerned with the appropriate
waste management and safe disposal regulations for disease
prevention. Zoonotic transmission represents 60% of human
pathogens from wildlife and livestock (Rahman et al. 2020).
Workers in slaughterhouses are a high-risk group to become
infected but have less knowledge of the threats of disease
transmission (Fredriksson-Ahomaa 2014). A polluted envi-
ronment at slaughterhouses due to the growth of microbes in
the drainage is a big issue (Ketchell 2017). Investments in
basic protective equipment, such as masks, gloves, and gog-
gles to prevent direct contact with any discharges from ani-
mals, are lacking in many slaughterhouses (Department of
Veterinary Services Malaysia 2018). Many abattoirs in rural
areas have deplorable infrastructures, such as without proper
rooftops and suitable water supply facilities, and animal flesh
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Fig. 3 Interactions between SH-biowastes from slaughterhouses and wet markets, and most common bacterial strains in wastes as well as most common

antibiotics used

being processed on the floor (Cook et al. 2017). Additionally,
even sick animals are processed by some slaughterhouses to
increase profit. Adonu et al. (2017) reported that several dis-
eases could spread through sick animals and cause severe
health issues for workers who are in direct contact with the
animals in the slaughterhouses. This occurred because 70% of
slaughterhouses are not properly controlled and inspected
(Ketchell 2017).

Some slaughterhouses are combined with wet markets to
reduce cost and offer fresh meat sources directly to the cus-
tomers. These wet markets host vast types of wildlife, poultry,
and even seafood, some of them together in stacked cages.
Different types of animals are slaughtered at the same place,
which escalates the chances of disease transmission (Steven
2020). SAR-CoV2 is an example of novel coronavirus trans-
mission detected in the sewage pipeline of such joint wet
markets (Medema et al. 2020). Therefore, in order to increase
the knowledge to avoid another pandemic outbreak from meat
reservoirs, refining the Meat Control Act (2012) integrated
with the “One Health” policy demands immediate attention
(Zheng et al. 2019). “One Health” is a program under the
World Health Organization (WHO) to design and implement
policies, programs, and legislation involving human and ani-
mal health in relation to public health, such as preventing a
disease outbreak (Martin et al. 2017). The arrangement of

mixed-animal slaughtering in the same slaughterhouse should
be banned to avoid cross-contamination of microbes from
different livestock to cut the potential of zoonotic
transmission.

In addition, enhanced multi-sectional collaboration and da-
ta sharing between WHO partners and the Centers for Disease
Control and Prevention (CDC) on public health are envisaged
to ensure refinements in the prediction of viral emergence,
disease severity, and reduction of disease transmission
(Eisenstein 2018).

Techniques for effective slaughterhouse
SH-biowaste recycling

The current biowaste segregation processes associated with
the segregation of liquid and solid wastes are known as feed-
stock technologies. Segregation processes are key for reduc-
ing the health risk of slaughterhouse and wet market wastes
and minimizing the survivability of infectious agents, where
the solids in wastewater contribute effectively to the coloniza-
tion of microbes. After segregation, the solid wastes from
slaughterhouses and wet markets are collected and stored in
a refuse room not exceeding 24 h to minimize the growth of
fungi and bacteria (Noman et al. 2016). The solid wastes
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separated during different processes are skin trimmings, meat
trimmings, dung, and rumens. Biowaste management technol-
ogies have evolved greatly from simple processes to the most
efficient and high-end processes, which can be classified into
four (4) categories, which are direct use of the biowastes gen-
erated, biological processes, physical-chemical processes, and
thermo-chemical processes (Lohri et al. 2016). Currently, bi-
ological and thermo-chemical processes have gained tremen-
dous attention from industries because these processes could
recycle large amounts of biowastes in a short period of time.
This paper will further discuss how biological and thermo-
chemical processes are used as biowaste recycling
technologies.

Biological processes are the conversion of biowastes by
living organisms and require less energy consumption.
Anaerobic digestion and composting are among the well-
known biowaste recycling methods for waste management.
In well-developed and modernized slaughterhouses, high-
loading anaerobic reactors are used to treat effluents from
slaughterhouses using high-rate anaerobic systems (Baker
et al. 2020). There are two typical types of anaerobic reactors’
feeding modes, which are batch reactor and continuous reac-
tor. The simplest type of reactor is the batch reactor with
agitation and heating, or a cooling process under a closed
system. On the other hand, a continuous reactor is an open
system that allows adding and removing materials or by-prod-
ucts. This type of reactor is well equipped with agitation to
provide proper mixing of reactants.

These anaerobic reactors can be operated according to the
reactors’ temperature conditions, which are mesophilic and
thermophilic anaerobic digestion conditions. Mesophilic an-
aerobic digestion involves bacteria/microbes primarily present
at ambient temperatures ranging between 20 and 45 °C. On
the other hand, thermophilic anaerobic digestion involves
bacteria/microbes that can tolerate high temperatures in the
range of 49 to 70°C. The optimum performance of the system
depends on the biological aspects of the anaerobic digestion
ecosystem (Franke-Whittle and Insam 2013).

The anaerobic digestion technology is being used to utilize
the biowastes and simultaneously produce methane as an al-
ternative energy source (Yoon et al. 2014; Sari et al. 2016).
The technology has several advantages, such as reducing car-
bon dioxide emissions, odors, and pathogenic disease
transmission. This technology can save land spaces and are
applicable to different types of wastes including solid or liquid
wastes. Budiyono et al. (2011) reported that 48.89% of the
biogas yielded is methane, 47.87% is CO,, and 2.43% is am-
monia during the anaerobic digestion of lipid, carbohydrate,
and fatty acid contents at certain temperatures.

The composting technique, on the other hand, is a common
method to treat different wastes, such as manure, litter, and
feathers from slaughtering activities, and recycle them into
valuable bio-products(Salminen and Rintala 2002)(Fig. 4).

@ Springer

Table 4 presents information on the composting processes of
wastes from slaughterhouses and wet markets along with their
end product’s (compost) characteristics. Large-scale poultry
slaughterhouse wastes are mixed in different ratios with
bulking agents, such as cardboards, agricultural waste, or sew-
age waste (Asses et al. 2019). Although there are concerns
regarding the pathogens available in the compost and its
possible infectious disease transmission, Asses et al. (2019)
confirmed that the resultant compost is rich in effective mi-
crobial communities, while harmful pathogens such as
Streptococci and Escherichia coli are not detected at the end
of the process. Lou et al. (2015) also reported the reduction of
pathogenic microorganisms in SH-biowaste compost, while
the nutrients converted out of the compost can enhance soil
fertility. The main products of composting processes are fully
mineralized materials, such as CO,, H,O, NH,", stabilized
organic matters heavily populated with competitive microbial
biomasses, and ash. Based on the facility’s requirements and
energy consumption, the composting treatment can have a
higher impact as compared with other treatments because
composting may reduce the weight and volume of slaughter-
house and wet market biowastes dumped into landfills and
reduce pathogenic microorganisms in the soil, and the nutrient
conversion from the wastes can enhance soil properties.

Table 4 shows that separated biowastes, such as cow ma-
nure, have lower physical impurities compared with mixed
biowastes (animal feedstock). Thus, mixed biowastes are sub-
ject to present higher environmental problems than separated
biowastes depending on their characteristics. The physico-
chemical biowaste characteristics can be assessed through
the American Public Health Association’s (APHA) standard
method for determining total nitrogen (TN), total phosphorus
(TP), total organic carbon (TOC), total dissolved solids
(TDS), and carbon-to-nitrogen ratio (C/N) (Table 1).
Different characteristics of biowaste require different types
of treatment necessary to deactivate pathogens and avoid dis-
ease outbreaks and environmental problems that are harmful
to both humans and animals. The potential risks of infectivity
associated with pathogen-contaminated biowaste tissues and
prions have been comprehensively discussed in a previous
study (Adhikari et al. 2018).

Thermo-chemical processes for biowaste recycling are
widely used and include pyrolysis, liquefaction, incineration,
and gasification. Thermal-chemical treatments are processes
in which heat is applied to sanitize SH-biowastes, and the
primary function of thermal treatments is to convert SH-
biowastes into usable end products with a stable state and to
reduce the final disposal of SH-biowastes in landfills (Staron
et al. 2017). Thermal-chemical treatments are highly recom-
mended by the Canadian Food Inspection Agency (CFIA) for
the deactivation of available pathogens in SH-biowastes.
Pyrolysis is conducted at high temperatures in low oxygen,
while gasification is a thermal treatment technique that uses
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partial air. The emergence of pyrolysis, which works at high
temperatures (>500°C) in low or absence of oxygen, proposes
a great potential in energy recovery. Incineration is the most
effective method among all treatments, as it will kill all infec-
tious agents that may present risks to human health and the
environment (Tweib et al. 2011). Nevertheless, the downsides
of the incineration method are the relatively slow process,
higher cost, and stringent waste code criteria and capacity that
the process is conducted in one facility (Sengupta 2004). The
pyrolysis technique often produces greenhouse gases, such as
carbon monoxide and nitrogen. Comparatively, incineration
produces carbon dioxide (CO,), oxygen (O,), nitrogen (N,),
water, slag, and ash (Igalavithana et al. 2020).

Gasification is one of the thermal treatment techniques for
partial oxidation at operating temperatures of 800 to 900°C.
Gasification produces composite gas or syngas primarily com-
prising carbon monoxide, hydrogen, methane, and carbon di-
oxide, including catalysts. The technology is widely used in
slaughterhouse and wet market biowaste treatments, and it
releases minimum gases into the atmosphere (Gusiatin et al.
2020). The gases generated from gasification are utilized as
sources of energy for heating, transportation, and electrical
power (Fig. 4).

The gasification process may release or absorb heat to the
surroundings, depending on the system’s design, the charac-
teristics of the gas, and the calorific values and production of
the by-products. The major benefit of the gasification of
slaughterhouse and wet market biowastes is that the gas
generated from gasification can be used directly to fuel a gas
turbine system, thus improving the gasification thermal

efficiency of the plant. Moreover, Gusiatin et al. (2020) re-
ported that poultry ash, as the by-product of the gasification
process, can remove toxic heavy metals, such as cadmium
(Cd), from the wastewater. However, the main disadvantage
of the gasification process is the higher initial capital invest-
ment for the construction and assembly of the thermal treat-
ment equipment (Sari et al. 2016). This technique is associated
with high upfront capital for the construction of complex
equipment and infrastructure and with high plant maintenance
and operation costs. In addition, this technique is restricted to
small-scale waste loads, and thus large-scale applications re-
quire more complex treatment plants. Competent operators are
needed to operate the plant continuously at an optimum con-
dition, and additional energy is required (fuel and electricity).

Advanced biowaste recycling techniques are ideal for
waste management, as these will reduce the threats to the
public (spread of diseases, foul odors, and olfactory nuisance)
and also the environment (air pollution and water and ground-
water pollution). Additionally, biowaste recycling processes
have evolved greatly due to the increasing demand for
biowaste by-products and also due to limited landfills. The
development of biowaste by-products can shift the economic
paradigm toward a circular economy, which focuses on the
recovery of resources and turning them back into valuable by-
products for commercialization. Thus, biowaste recycling
technologies provide future opportunities for economic
growth, as the technologies can act as a driving force for
biowaste management business development. The recovery
of nutrient sources, such as phosphorus and nitrogen, from
biowaste recycling is a good opportunity for waste-to-wealth

Biowaste from Recycling Techniques Bioproducts derived
slaughterhouse and wet from recycling End-product
market
Biological * Sc:!ld ?;d 17
Animal and plant method |q'u'|
biowaste ® Composting fertilizer Biofertilizer
S
@ @ Jb 000
Anaerobic ] [\
digestion I Biogas W
* Methane
Biofuel
e @
0@“ Qj Thermal Activated
: treatment carbon
Blood, bones, hair,
hide, visceral organs, » e Incineration
carcass, seeds and ® Pyrolysis . Bioelectricity
tt it Liquid fuel
rotten plan * Gasification

Fig. 4 Bio-products and renewable energy generated from SH-biowastes from slaughterhouses and wet markets using different recycling techniques
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product development and thus provides financial stability for
biowaste businesses (Lohri et al. 2016). The market demand
for biowaste recycling technologies will rise, as demand in-
creases for waste products, such as stockfeed and fertilizers
from animal biowastes, and also bio-energy as an alternative
source of energy (Lohri et al. 2016).

Conclusion

With the rapid increase of the food production industry, health
risk aspects associated with slaughterhouses and wet markets
should not be neglected. Biowastes produced from slaughter-
houses and wet markets are of a broad spectrum and these are
the growing grounds for infectious disease. Different vari-
ances in slaughterhouse biowaste composition require proper
sorting and segregation for efficient waste management and
selection of efficient treatment methods. Developed countries
have been applying automation in processing and recycling
large-scale biowastes from slaughterhouses. This is in huge
contrast with the processes in the slaughterhouses of underde-
veloped countries, in which the slaughtering is performed in
an under-privileged setup, with direct disposal of animal
wastes into the land and water bodies. Therefore, the rotting
of' biowastes on land promotes environmental depletion, along
with the growth of infectious diseases. Moreover, the accu-
mulation of these biowastes in water bodies increases the con-
tent of nitrates and ammonia, inducing uncontrollable ecolog-
ical problems, such as algae bloom. Land and river contami-
nations become more dreadful when pathogens and veterinary
pharmaceutical chemicals are disposed through biowastes
from slaughterhouses into water bodies.

Among various biowaste management techniques, biolog-
ical and thermo-chemical processes have gained great consid-
eration from industries due to the large recycling capacity and
the short processing time. Moreover, the thermo-chemical
technique produces gases that are sources for regenerating
energy for heating, transportation, and electrical power.
Additionally, the high organic contents of wastes from slaugh-
terhouses and wet markets offer a lot of promising benefits for
commercial purposes in the future, such as being used as fer-
tilizers. Hence, biowaste recycling technologies provide
future opportunities for biowaste management business
development.
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