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ABSTRACT
Cattle; . . . . o .
Foot and mouth disease (FMD) is a severe, highly contagious viral disease of livestock that
Ethiopia; has a significant economic impact. A cross-sectional study was conducted from September
2019 to June2020 in three selected districts of Sidama region, Southern Ethiopia with the
Farmers perception; objectives of determining the sero-prevalence of cattle against foot and mouth disease virus
(FMDV), identifying potential risk factors and assessing farmers’ perception on vaccination
FMD,; against FMD. Purposive and systematic random sampling techniques were employed to
] select the districts and study animals, respectively. A total of 510 cattle were tested for
Sero-prevalence; FMDV antibodies using 3ABC-ELISA. The overall cattle and herd level sero-prevalence
Vaccination were 15.5% and 24.7%, respectively. Among the considered risk factors, age of the animal,

herd size and season were significantly associated with the sero-positivity of FMDV
(P<0.05). Out of 120 farmers interviewed 84.2% had never vaccinated their cattle against
FMDV. Inaccessibility (83.7%) and unaffordable cost (72.1%) of the vaccine were
mentioned as leading causes for the low vaccination practice in the current study areas.
Majority of the respondents (68.3%) don’t perceive vaccinating cattle against FMDYV as one
of the preventive measures. In districts with lower perception of farmers on vaccinating their
cattle against FMDV, higher sero-prevalence of the disease were recorded. The present
serological and questionnaire survey indicated that the presence of FMD sero-positive
animals in the current study areas. Therefore, an integrated strategy for disease control has
to be designed and implemented which could include enhancing farmers’ perception about
use of vaccination in preventing FMD and government provision of vaccines at affordable
cost to the farmers.

Research article

INTRODUCTION cattle, 30.7 million sheep and 30.2 million goats

were found in the country (CSA, 2017). The
Ethiopia is one of the countries that possess a livestock sector contributes about 40% of the
huge number of livestock populations in the agricultural Gross Domestic Product (GDP) and
Africa continent estimated to be 56.5 million nearly 20% of total GDP, and 20% of national
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foreign exchange earnings in 2017 (World Bank,
2017).Within the cattle population, FMD occurs
endemically resulting in several outbreaks every
year (Ayelet et al., 2012). The causative agent,
FMD virus (FMDV), has seven recognized
serotypes (O, A, C, SAT 1, SAT 2, SAT 3 and
Asia 1), with discrete immunologic, antigenic
and genetic properties. They also differ in
distribution across the globe (FAO, 2007).

Five of the seven serotypes of FMD (O, A, C,
SAT 2, SAT 1) were identified in Ethiopia
(Rufael et al., 2008; Ayelet et al., 2009;
Negusssie et al., 2010). Serotype C was not
identified after 1983; however, a serotype C-
specific antibody in cattle was reported (Rufael
et al., 2008). Morbidity has been reported to
reach as high as 100% in susceptible animal
populations but it is rarely fatal except in young
animals (Kahn and Scottline, 2005). Infected
animals show a spectrum of responses to FMD
ranging from unapparent infection to severe
disease and death (OIE, 2008).

Foot and mouth disease is endemic with high
prevalence in Africa, the Middle East, and Asia
and is also present in parts of South America
(Rweyemamu and Astudillo, 2002). The disease
is endemic in Ethiopia and remains largely
uncontrolled due to the absence of prophylactic
vaccination except for a few dairy herds
containing imported breeds (Sahle,
2004;Megersa et al., 2009). Serological surveys
reported a sero-prevalence that ranges from 5%
to 72.1% at the animal level in different parts of
the country (Bayissa et al., 2011, Sulayeman et
al., 2018; Shazali et al., 2021).

In terms of livestock exports from Africa, FMD
is often perceived as a major hindrance to
international trade (Thomson et al., 2004). In
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part, this perception is based on the assumption
that disease freedom is required before export is
possible, and has resulted in costly and an
elaborated FMD control measures such as
disease-free zones in Southern Africa and
elsewhere (Bruckner, 2004). Commodity based
approaches can provide an acceptable level of
risk for exported livestock or livestock products
according to international standards(Thomson et
al., 2004), but in the case of FMD, they still
require an understanding of FMD status in cattle
entering the market chain.

Recommended control measures for FMD
include animal movement restrictions, a
vaccination programme, animal quarantine,
environmental sanitary controls, outbreak
investigation, serological surveillance and
slaughtering of sick animals (Chaosuancharoen,
2012). However, it is a global problem since the
result of the increasing movement of human and
livestock and livestock products (Perry, 2007).
This is mainly due to lack of vaccination, free
livestock movement among different regions in
the countries and across international borders, the
existence of multiple FMD virus serotypes, and
involvement of wildlife (Sahle, 2004; Rufael et
al., 2008).

Studies undertaken in Ethiopia revealed that the
disease is still endemic and occurs in different
parts of the country (Sulayeman et al., 2018;
Shazali et al., 2021). There is neither a
nationwide control strategy nor a legislation for
making FMD notifiable to the veterinary
authorities or for animal movement restrictions
to be imposed. Therefore, livestock is at risk from
endemic strains as well as from antigenic variants
prevailing in neighboring countries (Sahle,
2004). There is a difference in the epidemiology
and economic impacts of FMD in the livestock
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production systems (Jemberu et al., 2014) in
different parts of the country. Unidentified
farmers’ perceptions about risk of the disease,
lack of pragmatic vaccination schemes and
presence of unrestricted animal movement
regardless of certification are the major reasons
that could intensify the distribution of FMD
alongside the cattle market chain.

Despite this fact, there is no published
information regarding the status of FMD and
farmers’ perceptions and practices on
vaccinating their cattle against the disease in
Sidama region. Therefore, this study was aimed
to generate current information on the sero-
prevalence status of FMD and predisposing risk
factors and assesses farmers’ perception on
vaccination against FMDV in selected districts of
Sidama region, Southern Ethiopia.
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MATERIALS AND METHODS

Description of the study area

The study was carried out in three purposively
selected districts of Sidama region, namely
Hawassa zuria, Boricha and Wondo Genet.
Sidama region is located northeast of Lake
Abaya at an altitude of 1500 to 2500 m.a.s.l. The
region has geographic coordinates of latitude,
north,5’ 45"to 6’ 45" and longitude, east, 38’ to
39'. Mean annual rainfall of this area varies
between 1200 mm and 1599 mm, with 15°C-
19.9°C average annual temperature (CSA, 2015)
(Figure 1).
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Figure 1: Map showing the study areas



Study design and sampling strategy

A cross-sectional study design was implemented
for sero-prevalence study of antibodies against
FMDV in the study areas. Hawassa Zuria,
Boricha and Wondo Genet districts were selected
purposively  based on their transport
accessibility, geographical location and presence
of large cattle population. From each district 30%
of kebeles (the smallest administrative units in
Ethiopia) were selected using simple random
sampling. From each kebeles, 20% of privately
owned herds were randomly selected. From each
herd, the study animals (cattle) were then
selected using simple random sampling method
to achieve the required sample size. The alleged
potential risk factors for the occurrence of the
disease such as age, breed, sex, districts, herd size
and composition, season, vaccination history and
management were also recorded.

Sampled animals were categorized based on their
breed (local and cross), sex (female and male),
herd composition (cattle only and cattle mixed
with small ruminants), vaccination history
(previously vaccinated and non-vaccinated) and
management types (intensive and semi-
intensive). Ages (young, adult and old) were
categorized based on their dental eruption status
(Berecha et al., 2011) and herd sizes where also
classified as large farms size, with more than 50
animals, medium (20 to 50 animals) and small (<
20 animals) (Edao et al., 2018).

Study animal population

Local and cross breeds of cattle kept under
intensive and semi-intensive system were
included. According to Pace and Wakeman
(2003), the age groups of cattle were categorized
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as (<3.5years) Young, (3.5years-5.5years) Adult
and (> 5.5years) Old.

Sample size determination

The sample size required for the study was
calculated based on the following formula
(Thrusfield, 2005).

n= Z*Pexp (1- Pexp)
d2
Where, n=required sample size, Z= statistic for level
of confidence = 1.96, Pexp = expected prevalence,
95% confidence level and d?> = absolute desired
precision of 0.05.

Accordingly, based on the above formula and
9.5% expected prevalence (Megersa et al., 2009),
the sample size computed for animal level
prevalence was 132. To increase the precision,
calculated sample size was made four fold to 528,
but due to shortage of sample collection materials
only 510 cattle were considered. This number
was allocated proportionally to the respective
districts based on the total cattle population in
each districts.

Serum sample collection

From each cattle, about 10 ml of blood sample
was collected from the jugular vein and kept
overnight on a table at room temperature. Then
serum was aspirated with pasture pipette and
transferred into cryovial and transported to
Hawassa University Veterinary microbiology
laboratory for storage at —20 °C. All the sera
were transported with an ice box containing ice
packs to the National animal health diagnostic
and investigation center (NAHDIC) for
serological test.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8464255/#vms3574-bib-0046

Serological diagnostic tests

Sera collected from bovine species was tested by
FMDV 3ABC-Ab ELISA (ID Screen®) for the
detection of antibody to poly protein called
3ABC which is a useful indicator of FMD virus
infection regardless of the serotype involved
(Haas, 1997; Mackay et al., 1998). Antibody to
3ABC (nonstructural protein) is found only in
virus infected cattles but not in vaccinated
animals (De Diego et al., 1997).

Briefly, the test was carried out stepwise as per
the manufacturer’s manual. First, all reagents
were kept at room temperature and homogenized
by vortex. The test was carried out in 96 well
micro plates. Then 50ul of dilution buffer18 were
added in to each well, 30ul of positive control
were added in to wells Al and B1, and the same
volume of negative control were also added to
wells C1 and D1, the rest wells were filled by
30ul of test sera. Then incubated at 37°C for 2
hours, after incubation the wells were emptied
with washing 5 times with 300ul of wash solution
along with paying great attention to avoid drying
of wells between washing. After washing 100ul
of the conjugate I’X were added in to each wells
and incubated for 30 min at 21°C. The wells were
then emptied and washed 5 times with 300ul of
wash solution, then 100ul of the substrate solution
was added in to each wells and incubated at 21°C
for 15 minutes in the dark. After adding a 100ul
of Stop Solution to each well, the optical density
(OD) reading was noted using a photometer at
wavelength of 450 nm within 2 hours after the
addition of the stop solution.

Questionnaire survey

Data concerning farmers’ perception towards
vaccinating their cattle was collected by using a
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semi-structured pre-tested questionnaire. It was
administered by interviewing individuals
selected by systematic random sampling. Before
the interview, the objective of the survey was
properly explained and verbal consent was
obtained from the respondents. The interviews
were conducted in local languages (Sidaamu
Afoo or Amharic). A total of 120 farmers, 40
farmers from each three districts were
interviewed for the questionnaire survey.

Data management and statistical analysis

Data generated from the laboratory
investigations and survey was recorded and
coded using a Microsoft excel spread sheet
(Microsoft Corporation) and analyzed using
STATA version 13.0 for Windows (Stata Corp.
College Station, TX, USA). The association
between dependent and independent variables
was analyzed at individual cattle level by using
univariable and multivariable logistic regression.
Multivariable logistic model was used for
variables with a p-value < 0.05 on univariable
analysis model. Further selection of variables in
the final model was based on stepwise backward
elimination procedure. Accordingly, Odds ratio
(OR) was used to assess the strength of
association between the putative risk factors and
sero-positivity of the disease.

RESULTS

FMD sero-prevalence and risk factors

Based on the total 510 sampled cattle, overall
sero-prevalence of FMD was 15.5% and 24.7%
at the individual animals and herd levels,
respectively.  Comparatively  higher  sero-
prevalence (32.4%) was recorded in Hawassa



zuria district (p=0.02; OR=2.67%; 95%CI=1.14-
5.33) (Table 1).
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Table 1: Individual cattle level and herd level sero-prevalence of FMD

Districts Farmers associations Individual cattle Herds
Tested Positive (%) Tested Positive (%)
HawassaZuria Labu-koromo 68 9(13.2) 27 8(29.6)
Udo-wotate 65 16(24.6) 22 7(31.8)
Galo-argisa 64 12(18.7) 22 8(36.4)
Sub total 197 37(18.8) 71 23(32.4)
Boricha Konser-fulasa 50 16(32) 31 11(35.5)
Fulasa-aldada 48 5(10.4) 24 5(20.8)
Hanja-chefa 52 7(13.5) 36 7(19.4)
Aldada-dela 58 5(8.6) 27 3(11.1)
Sub total 208 33(15.8) 118 26(22)
Wondo Genet Watara-gachama 56 5(8.9) 13 2(15.4)
Abayye 49 4(8.2) 20 4(20)
Sub total 105 9(8.6) 33 6(18.2)
Total 510 79(15.5) 222 55(24.7)

Risk factors

Breed of the cattle, sex, age, districts, herd
composition and size, season, vaccination history

and management types were the major exposure
or predictor variables considered to predict the
response of the outcome variable.

Table 2:Logistic regression analysis of FMD and its putative risk factors for sero-positivity of cattle.

Risk Category No Prevalence  Univariable Multivariable
factors examined
No (%) OR  95%ClI P- OR 95% ClI P-
positive value value
Districts Wondo genet 105 9(8.6) Ref. - - - - -
Hawassa zuria 197 37(18.8) 267 114-533 0.02 063 0.37-5.23 0.63
Boricha 208 33(15.8) 201 0.92-437 0.04 138 0.16 —2.48 0.51
Age Young 58 3(5.2) Ref. - - - - -
Adult 67 5(7.5) 147 033-6.47 0.03 1.38 0.31-6.23 0.67
Old 385 71(18.4) 414 126-136 0.02 3.60 1.04-12.47 0.04
Herd size Small 262 31(11.8) Ref. - - - - -
Medium 229 46(20.1) 187 0.14-307 001 218 1.27-3.76 0.005
Large 19 2(10.5) 087 0.19-397 046 1.03 0.21-5.03 0.97
Managt. Intensive 78 6(7.7) Ref. - - - - -
type Semi- 432 73(16.9) 244 1.02-582 004 265  0.34-2097 0.35
intensive
Season Wet 38 14(36.8) Ref. - - - - -
Dry 472 65(13.7) 0.27 0.13-0.56 0.000 0.18 0.07-0.42 0.000

OR= odds ratio; Cl= confidence interval

Most of the documented variables revealed a
high degree of association with FMDYV infection
or sero-positivity. The final multivariable
logistic regression model (Table 2) revealed that

age, herd size and season were significantly
associated with the sero-prevalence of the
disease (P<0.05). Old cattle were 3.6 times at a
higher risk of FMD than young cattle.



Farmers’ perception and practices related to
FMD

Out of 120 respondents 64(53.3%) and 56
(46.7%) of them responded that their production
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is dairy cattle and mixed production type (Table
3). Bovine pasteurellosis, blackleg, lumpy skin
disease, anthrax and FMD were listed in order of
vaccination practice by the respondents (Figure
2).

100.00% - 94.20% 90.00%

90.00% -
80.00% -
70.00% -
60.00% -
50.00% -
40.00% -
30.00% -
20.00% -
10.00%
0.00% T T

Vaccinating animals against the
diseases

84%

60.80%

15.80%

Bovine Black leg
pasteurellosis disease

Lumpy skin
disease disease

Anthrax FMD

Figure 2: List of diseases and farmers practice to vaccinate their cattle against different animal

disease.

Among the major cause for low vaccination
practices against FMD in the study area,
inaccessibility and unaffordable cost of the
vaccine were mentioned by 83.7% (36/43) and

72.1% of the respondents, respectively.
Moreover, 68.3% (82/120) of the farmers
interviewed don’t perceive vaccination as a
preventive measure for the disease (Table 4).

Table 4: Farmer’s perception on vaccinating their cattle

Variables Response Frequency (%)

Dairy cattle production type Yes 64(53.3)
Mixed production type Yes 56(46.7)
Vaccinated their cattle against disease Yes 120(100)
Perceive as vaccination is better than treatment Yes 104(86.7)
Perceive vaccination as preventive measure against FMD Yes 38 (31.7)
Vaccinated their cattle against FMD Yes 19(15.8)
FMD is a common disease Yes 77(64.2)
Pervious occurrence of FMD in the farm Yes 66(55%)
Information about FMD Yes 108(90)
Information about FMD vaccination Yes 43(35.8)




Sero-prevalence study of FMD

Overall sero-prevalence of FMD recorded in this
study (15.5%)was in agreement with the previous
findings 0f15.4% (Mohamoud et al., 2011) and
14.05% (Zerabruk et al., 2014)from Jijiga zone
and Tigray respectively. In contrast, it is higher
than previous reports made from different parts
of Ethiopia which range from 4.8% - 12.08%
(Negussie et al., 2011; Abunna et al., 2013;
Beyene et al., 2015; Gelana et al., 2016; Belina
etal., 2016).

Compared to the present finding relatively higher
sero-prevalence in bovine was reported as,
24.22%, 38.9% and 21.4% from central Ethiopia
(Sulayeman et al., 2018), Borena (Melkamsew,
2018) and West Ethiopia (Desissa et al., 2014)
respectively. Similarly, higher sero-prevalence
of the disease was also reported from the
neighboring countries of Africa, 52.5% in Kenya
(Kibore et al., 2013), 61% in Uganda (Miaron et
al., 2004) and 72.62% in Nigeria (Lazarus et al.,
2012). These differences in the prevalence of the
disease among the studies could be partly
explained by the variation in agro-ecology;
epidemiology of the disease and variations in the
production or herding systems, vaccination
coverage against FMD vaccine, immune status,
interaction with cattle with other animals like
small ruminants and management type of
different study areas.

Cattle managed semi-intensively were shown
higher sero-prevalence than those kept under
intensive management. Similarly, higher sero-
prevalence was previously recorded in cattle kept
under semi-intensive managements (Bedru,
2006). Free movement of animals for watering
point and grazing areas, and relatively larger herd
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holding capacity were the possible causes for the
disease prevalence difference in different
management system. This is supported by the
work of previous studies report that the
movement of animals in search of feeds from one
area to another and interaction of small ruminants
is a significant risk factor for the occurrence of
FMD (Gelaye et al., 2005;Fevre et al., 2006;
Habiela et al., 2010).

In the current study, sero-prevalence of FMD
was significantly higher in old animals than in
young groups. Similar findings were also
previously reported from central Ethiopia
(Sulayeman et al., 2018) and Awbere and Babille
districts of Jijiga zone (Mohamoud et al., 2011).
Aged caatle are more probably to have been
exposed to FMDV during their lifetime and have
developed immunity to the virus. Additionally,
old animals are driven freely in grazing and
watering points where infection could increase
by contact (Jenbere et al., 2011).

Higher sero-prevalence was recorded during the
dry seasons, which might be associated with herd
movement to grazing area after crops were
collected. This finding is supported by previous
study as dry season increase the risk of FMD
occurrence (Sarker et al., 2011)and also
described as FMD is a seasonal disease mostly
seen during the dry season (Jibat et al., 2013).
Because during the dry season, cattle may
experience physiological stress due to the factors
such as high temperatures, low humidity, and
limited availability of fresh forage and water.
This can deteriorate their immune response,
making them more susceptible to FMD infection
and increasing the sero-prevalence.

Nearly 87% of the respondents’ perceived
vaccination is better than treatment, but only
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15.8% of them had vaccinated animals against
the disease. Similarly Megersa et al (2009)
reported that vaccine as prophylactic measures
against FMD was accepted by most farmers, but
very few of them regularly vaccinate their
animals. On other hand, some farmers did not
consider vaccination of FMD as significant
prevention methods due to self-limiting disease
and low mortality among affected animals. In a
district, Wondo genet, where farmers perceive
and practice vaccine as a preventive measure,
lower FMD sero-prevalence was recorded than
the other districts.

The study further revealed that 90% of
respondents had information about FMD in the
selected districts. Similarly 92.5% awareness
level was also previously reported from Bale
zone (Misgana et al., 2013). From the
respondents only15.8% vaccinate their cattle
against FMD. Lower vaccination practice against
FMD was also reported from Nigeria (Olabode et
al., 2014). However, comparable higher
vaccination practices against the disease were
reported from Tanzania (Miaron et al., 2004,
Moenga et al.,, 2013). Inaccessibility and
unaffordable cost of the vaccine were mentioned
as a leading cause for the low vaccination
practice in the current study areas. Moenga et al.
(2013) and Soko et al. (2018) were also stated
that aforementioned causes were the major
reason for lower vaccination practices of the
farmers.

Most of the respondents from the selected
districts had experienced FMD outbreak in their
farm at least once before the interview. In line
with this investigation previous work reported
that FMD is endemic, widely distributed and
frequently noted in different farming systems and
agro-ecological zones of the country (Asfaw and
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Sintaro, 2000; Sahle, 2004; Leforban, 2005).
Despite this fact 82(68.3%) of the farmers
interviewed don’t perceive vaccination as
preventive measure for the disease. In line with
this finding most livestock owners don’t perceive
vaccinating animals against FMDas one of the
important preventive measures (Moenga et al.,
2013; Soko et al., 2018).

CONCLUSIONS & RECOMMENDATIONS

The present serological study indicates that the
presence of FMD sero-positive animals in the
current study areas. Semi-structured
questionnaire based surveys indicated that
farmers’ awareness about FMD vaccine is very
low. Even some farmers’ having awareness on
FMD vaccine, their perception on vaccinating
cattle against FMD is significantly low due to
inaccessibility and unaffordability of the vaccine.
The current research work explored the complex
epidemiological situation of FMD and farmer’s
perception on vaccine against the disease; thus
needs more detailed investigation for vaccine-
based control methods and improved veterinary
extension services.
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Health care waste; Hazardous wastes from Hospitals could pose threat to the health of healthcare workers, the
General Waste; general public and the environment unless managed properly. The study aimed to appraise
Hazardous Waste; the healthcare waste (HCW) composition, generation rate and the prevailing management
HCW Management; practices in two Hospitals (a Private and a Government owned) of Shashemene Town,
Solid Waste Generation Ethiopia. A cross-sectional study involving Direct Observation, Key Informant Interview,

Questionnaire survey and Weighting Scale was conducted to evaluate the current HCW
management practices and to quantify the HCW generation rate. Data was analyzed using
SPSS version 20. The mean generation rates of HCW were 45.2 + 5.8kg day-1 (0.20kg
bed-1day-1) and 20 + 2.4 kg day-1 (0.19kg bed-1day-1) from Government Hospital
(GH) and Private Hospital (PH), respectively. Of the total solid waste generated, over half
(GH: 53.3%; PH: 57.1%) constituted general waste (GW), and the remaining (GH: 46.7%;
PH: 42.9%) comprised hazardous waste (HW), which exceeded the WHO threshold
(10-25%) intimates the lack of poor waste segregation. There were significant variations
between the hospital wards regarding GW (GH: x2 = 31; P < 0.001; PH:x2 = 13; P <
0.01), HW (GH: x2 = 25; P < 0.001; PH: x2 = 10; P < 0.01), and total HCW (GH: x2 = 46;
P < 0.01; PH: x2 = 22; P < 0.01). Besides, significant differences were observed between
the mean total HCW (x2 = 9.016;P < 0.01), GW (x2 = 9.8; P < 0.01) and the HW (X2 =
5.011, P < 0.05) of the hospitals. Segregation of wastes and pre-treatment of infectious
wastes were not properly practiced, and single chamber incinerators was the most utilized
treatment method indicating poor management of the HCW. The study establishes that the
little attention is given to medical waste management which primarily proceeds from a
lack of due implementation of the nationa healthcare wastes management
guideline/directive at the healthcare facility level. If the poor healthcare solid waste
management is not properly addressed at the study hospitals, human (healthcare workers,
waste handlers, patients, and nearby community) and environmental health risk will be
within the bounds of possibility.

Research article

INTRODUCTION complex institutions which generate a broad

range of hazardous waste materids in the
Healthcare activities are means of protecting course of healthcare activities (Farzadkia et
hedlth, curing patients, and saving lives al., 2009). Hedthcare waste is a maor
(Debere et al., 2013). Hospitals are among the problem in most developing countries of the

world due to its growing and endless
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generation coupled with poor management
(Abd El-Salam, 2010). Hedthcare waste
contains a large component (75-90%) of non-
risk or general healthcare waste, comparable
to Municipa Solid Waste (MSW) and a
smaller component (10-25%) of hazardous
waste may pose a variety of health risks
(WHO, 2014).

The process of collecting, storing,
transporting, treating and disposing waste
material is known as waste management (Al-
Khatib and Sato, 2009). Improper waste
management in which the infectious waste is
mixed with the general waste can lead to the
entire bulk of the wastes becoming potentially
infectious. It is well known that inappropriate
hospital waste management is pressing both
health hazards and environmenta pollution,
facing many healthcare centers of this
developing world (Bdour et al., 2007).
Diseases like Cholera, Dysentery, Skin
Infection, and Infectious Hepatitis can spread
epidemic way due to the mismanagement of
hospital solid waste (Coker et al., 2009).
Therefore, it is urgent to determine
appropriate methods for the safe management
of hospital solid waste.

Uncontrolled combustion of medical waste
accounted for 26% of the annual total Dioxins
|/ Furans release in 2003 in Ethiopia (EEPA,
2006). Recently, considerable gap exists with
regard to the assessment of healthcare solid
waste management practices in Ethiopia
Unfortunately, relevant information on this
important aspect of healthcare management is
inadequate and research on the public health
implications of inadequate management of
healthcare solid wastes are few in number and
limited in scope (Habtetsion et al., 2009).
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Ethiopia is signatory to the Stockholm
Convention on Persistent Organic
Pollutants (POPs), which is a global

convention with the am of eiminating
some of the most long-lived anthropogenic
pollutants (UNEP, 2009). While studies
illustrate the solid waste menace in the
Ethiopian towns and cities, the data on health
care solid waste remains in huge paucity both
at regional and national level. The present
study, therefore, attempted to determine the
healthcare solid waste composition, generation
rate as well as evauate its management
systems in two selected hospitals of
Shashemene town, Oromiaregion

MATERIALSAND METHODS
Description of the Study Area

Shashemene town is the capita of
Shashemene Woreda (District) in West Arsi
Zone of Oromia Regional state, Ethiopia. It
lies on the Trans-African highway of Cairo-
Cape Town, about 250 km from the capital of
Addis Ababa. The town is located at Latitude
of 7° 12' North and a Longitude of 38° 36'
East. In Shashemene Woreda, there are
Teaching and Referral (Shashemene Referral
Hospital), and Private (Feya General Hospital)
Hospitals providing services for more than
122,046 people. Shashemene Referrd
Hospital has a total of 240 beds with an
average patient’s flow of 282 patients/day
providing Cafeteria, Emergency, General
Medicine, Family Planning, Laboratory,
Leprosy, TB and Malnutrition, Epilepsy and
Psychiatry, Ophthalmic, Pediatrics, Surgical,
Pharmacy, and Inpatient Services. Feya
General Hospital is private owned hospital
and the hospital is engaged in providing
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diagnostic and medical treatment in addition
to providing other routine services, such as
Out-Patient, Laboratory Services, Pharmacy
Services, Emergency, Delivery, Family
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Planning, and Voluntary Counseling and
Testing services etc. The Feya Generd
Hospital accommodates a total of 150 beds
with average patients/flow of 98 patients/day.
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Figure. 1 Geographical map of Ethiopia and Oromia region showing map of the study area

(Shashemene town)

The Study Design

It entailed a hospital-based cross-sectiondl
study to evaluate the waste generation rate and
its management system in the two hospitals of
Shashemene town. The study was conducted
in three phases (3 weeks of study). During the
first week, a trial collection exercise was
conducted before initiation of the regular
collection program. The purpose of the first
phase (i.e., first week of the study) was to
identify the man waste types and
characteristics, learn the skills of determining
the respective quantities generated from the
different departments/Case Teams and plan
the daily collection and segregation of waste

during the study period. The center of the 2™
phase of study was the management of
hospital solid waste while the nub of the 3
phase was determining the amount of waste
generated. In the latter two phases (phase 2
and 3), waste collection and measurement
took place for seven consecutive working
days. The proposed indicator for the
evaluation of hospitals waste management was
a daily generated amount of healthcare waste
to one bed (genera waste per bed per day and
hazardous waste per bed per day).

Deter mination of Sample Size

A dratified random sampling method was
used to select the required categories of health
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professionals. A random sample is one in
which every element in the population has an
equa and independent chance of beng
selected from the sample (Crowther and
Lancaster, 2009). The total population size
(N) of the two Hospitals was 130, which
comprise 75 nursing staffs, 33 medical staffs,
and 22 other health and support staffs. This
was pooled from government hospital (with
18 medical staff, 50 nursing staff and 12 other
health staff) and private hospital (15 medical
staff, 25 nursing staffs and 10 other hedth
staff).

The sample size (n) was determined using the
Slovin Formulalj—‘\‘:,ﬂ_:

where n = Number of samples, N = Total
population and E = Error tolerance (level).

Accordingly, the sample size required for the
study was calculated to be 98respondents from
both hospitals. When fractionated based on
proportional allocation, the sample size is
constituted of 25medical staffs (15 from
Government, and 10 from Private), 56 nursing
staffs (35 from Government, and 21 from
Private), and 17other health staffs (10 from
Government, and 7 from Private).

Data Collection

The method adopted for this study follows the
procedure used by Longe and Williams
(2006). Accordingly, data collection tools
involved questionnaire survey, site visitation
(personal observation) and Key Informant
Interview. The key informants were
purposively selected and includes heath care
directors, experts and policy developers in the
zone. Both the key informant interview and
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the Direct Observations were conducted by
principal investigators while the
questionnaires were administered subsequent
to the trandation (from English) to the local
language of the study area (Afan Oromo). The
site visit was conducted by using checklist to
review the segregation, handling, collection
and storage practices at the various case teams
of the study hospitals.

Plastic polyethylene bags and labeled color
coded waste containers were used for
collection of solid waste from ward,
laboratory and departments of the hospitals.
The solid waste was manualy separated
(following appropriate safety precautions) into
two categories such as Hazardous and Non-
Hazardous as designated in WHO guideline
(WHO, 1999). Electronic balance, calculator
and recording forms were used for solid waste
measurement and recording. Waste generation
per day was determined by taking the fraction
of the Total Waste produced over the study
duration by the length of the study period (7
days) in kg day™. The solid waste generation
can be computed by dividing the total weight
of waste (in kg) generated per day with the
number of beds in the hospita (i.e., the vacant
beds were not considered) expressed as
kg/bed/day or dividing the total weight of
waste (in kg) generated per day with number
of inpatients attended daily in the hospital
expressed as kg/patient/day (Kagonji and
Manyele, 2011). Likewise, Alagha et al.
(2018) stated that a universal indicator of
Medical Waste (MW) generation is the weight
of Healthcare Waste generated per bed per day
(kg bed™ day™) for a given medica facility.
Accordingly, waste generation per (occupied)
bed per day was calculated as given below:
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Wi = [MW weight (kg)]/[(day) x (Bed)]
where Wy, is defined as the total weight
of MW (in kg) generated per occupied bed
per day.

Data Analysis

The data was entered into spread sheet of
Microsoft Excel and exported to Statistical
Package for Social Sciences (SPSS version
20) for analysis. For testing the Bi-Variate
association  between Hazardous Waste
generated, Patient Flow, and Occupied Beds
in study Hospitals, Spearman’s Rank
Correlation (rs) was computed following
Gerad et al. (2004). Healthcare Waste (HCW)
generation rate and categories of HCW among
the different Case Teams in each Hospital
were compared using Kruskal-Wallis-test as
indicated in Gerad et al. (2004). Data from
Key Informant Interviews and Direct
Observation were analyzed by theme and the
content analysis was made manually, by
sorting the organized information according to
thematic similarities and differences. P-value
and rs was reported to present the extent of
strength in terms of significant variation and
association between two variables, in that
order. In al the analysis, level of significance
was set at P< 0.05.

RESULTSAND DISCUSSION

Healthcare Solid Waste Management
Practice

Healthcare Solid Waste Segregation

In general, there is poor segregation of
hazardous solid wastes even though the
hospitals employ separate receptacles/bins.
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Besides, as reported by Katusiime (2018),
Non-Hazardous Wastes (NHWSs)/General
Wastes (GWs) were often mixed with
infectious wastes in the Government Hospital
(GH). Notwithstanding this, both hospitals
employed specific/separate bins for the
collection of infectious wastes, and sharp
wastes were collected in puncture proof safety
boxes. Conversely, the hospital solid waste
segregation practiced in Private Hospital (PH)
was relatively better than the same for the GH.
In similar vein, lack of proper HCW
segregation in Ethiopia was reported by
Tesfahun (2015), Hayleeyesus and Cherinet
(2016), Meleko and Adane (2018), and Yazie
et al. (2019). In Urban Referra Hospital in
Uganda, Katusiime (2018) also reported that
though waste was generally discarded in large
waste bins and sharps in separate sharps
containers, the notion of waste segregation
was non-existent. On the other hand, as with
Tesfahun (2015), the reuse and recycling
practice of the NHWs were almost absent in
both hospitals; in the GH, however, it was
observed that there was some reuse of drug
containers (e.g., cans, plastic and bottles)
without any precautions. Similarly, Meleko
and Adane (2018) found that there were no
any observed activities performed by health
professionals or other staff to reuse or recycle
materials.

In the PH, headthcare solid wastes were
merely segregated into infectious, sharps and
pathologica wastes whereas in GH the
segregation was amost absent except the
segregation of sharp waste using the safety
box. On the other hand, placentas and blood
stained cotton pads were kept in separate
containers in PH. In the GH, in contrast,
anatomical wastes are collected with wound
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dressings, placentas and blood/fluid-stained
pads in a receptacle outside the wards (Figure.
2d). On the other hand, the use of waste
containers with a color code and labelling at
the point of generation was implemented in
both hospitals. However, it was observed in
GH that some receptacles with different color-
codes were observed and, hence a color code-
label mismatch was practiced (e.g., Blue and
Green plastic bins were employed for
Infectious Wastes and Non-Infectious Wastes,
respectively) (Figure. 3). Yazieet al. (2019) in
their review of studies conducted on Ethiopian
Hospitals indicated that there was no use of

(a) (b)
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proper color-coded bins for waste segregation.
This may result in hazardous wastes not only
being disposed inappropriately, but aso with
members of the community gaining access to
such wastes. Similar non-compliance had been
reported in primary healthcare centers
assessments conducted in several developing
countries such as Laos, Turkey, Mongolia,
among others (Yong et al., 2009; Sanida et al.,
2010). Consequently, as to Katusiime (2018),
this will inevitably increase health risks to
health workers, waste disposal workers, and
the public. generation.

() (d)

Figure 2. Waste collection and stor age systems near the beds (a and b), in corridors(c), outside
wards (d) in the Government Hospital, Shashemene, Ethiopia

NON INFECTIOUS
WASTE

Figure 3. Caseswherethere were Color Code-L abel Mismatchesin the Government Hospital

On the other hand, only 25% of the
respondents from GH acknowledged that the
wastes were segregated at the point of

generation while 50% of the study participants
from PH expressed recognition of the practice
of segregation a the place of generation
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(Table 1). Waste is segregated depending on
the quantity, composition, and the disposa
method of the waste stream (Shareefdeen,
2012). The present finding was similar with a
finding obtained in Addis Ababa (Ethiopia)
where amost all of assessed hospitals reported
that there was no segregation of wastes and,

(a)

Healthcare Solid Waste Collection, | nterim-
Storage and Transport

The arrangements of hospital solid waste
collections and storages adjacent to the bed, in
the corridor, and outside the wards are
presented in Figures 2 and 4. In GH, solid
waste generated was usually deposited into the
small open plastic bins and open drug cartons
close to the bedside, which ultimately produce
unhygienic condition near the bed (Figures 2a
and b). Conversdly, in PH, the solid waste
generated in similar location is collected in
partially closed receptacles/bins placed away
from each bed (Figure 4aand b).

All wards of the GH use substandard dustbins
storages, such as trash bags, plastic buckets
and drug cartons (that can be easily damaged)
to store HCW temporarily in open for about
12-24 hours (Figure 2). In Government
Hospitals, Tayework (2016) reported that all
hospital solid wastes were temporarily stored
in open and substandard dust bins for about
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had no separate bins for the collection
infectious waste (Debere et al., 2013). As to
WHO (2014), segregation of solid wastes
should be performed by the producer of the
waste as close as possible to its place of
generation.

(d)
Figure 4. Waste collection and storage systems near the beds (a and b), outside the bed rooms
(i.e., in corridors) (c), outsidethewards (d) in the Private Hospital, Shashemene, Ethiopia

unlimited time. The data presented in Table 1
shows that 75% of the respondents from GH
indicated that the wastes were collected once
per day. Conversely, in PH, colored plastic
bins were placed in the designated place
(Figure 4a) in each room while leak-proof
containers made from stainless steel were
placed outside the rooms (Figure 4d). Besides,
in PH, healthcare waste was collected on daily
basis by cleaning personnel and transported to
the on-site handling area. As to the
information displayed in the Table 1, 40% and
60% of the respondents from PH laid out that
the wastes were collected once and twice a
day, in that order. In all studied heathcare
facilities, Hayleeyesus and Cherinet (2016)
reported that HCW is collected on a daily
basis by cleaning personnel and transported to
an on-site handling area. On the other hand, in
both hospitals, only Pathological and Sharp
Wastes were collected, stored and transported
in closed plastic buckets/containers within an
hour. On the contrary to other Hazardous
Wastes (HWS) like potentially infectious and
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sharp wastes were collected in puncture-proof
containers (Safety Boxes) in both hospitals
(Figures 2 and 3a). As to WHO (2014),
collection times should be fixed and
appropriate to the quantity of waste produced
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in each area of the healthcare facility and
recommends that collection should be carried
out daily for most wastes, with collection
timed to match the pattern of waste generation
during the day.

Table 1. Participants’ response on the waste collection, treatment and disposal practicesat the

surveyed hospitals

Question Response Hospital
Government Private
Do you segregate waste at the point of Yes 3(25%) 5(50%)
generation? No 7(58.3%) 4(40%)
I don’t know 2(16.7%) 1(10%)
Do you use gloves, boots, masks & capswhen Yes 3(25%) 4(40%)
handling HCW? No 9(75%) 6(60%)
On-site handling (patient’s bed to storage Once per day 7(58.3%) 5(50%)
place) Twice per day 1(8.4%) 3(30%)
Irregular 4(33.3%) 2(20%)
On-site handling (storage place to fina Once per day 9(75%) 4(40%)
disposal) Twice per day 1(8.3%) 6(60%)
Irregular 2(16.7%) 0(0%)
Bags were filled with more than % (75%) Yes 7(58.3%) 6(60%)
No 3(25%) 4(40%)
I don’t know 2(16.7%) 0(0%)
Thefilled bags were closed tightly before Yes 6(50%) 5(50%)
transferred No 2(16.7%) 2(20%)
I don’t know 4(33.3%) 3(30%)
Thefilled bags were replaced with empty one  Yes 5(41.7%) 7(70%)
at the same time of discharge No 7(58.3%) 3(30%)
Vesseal used for the transport of asharp waste  Yes 8(66.7%) 2(20%)
was perforated No 4(33.3%) 8(80%)
Waste treatment method used Incineration 9(75%) 6(60%)
Open burning 2(16.7%) 2(20%)
Burial 1(8.3%) 2(20%)
Do you treat hazardous HCW differently from Yes 5(41.7%) 7(70%)
general waste? No 3(25%) 2(20%)
I don’t know 4(33.3%) 1(10%)

From PH and GH involved in the present
study, only 40% and 25% of the respondents,

respectively, indicated that waste bags and
sharp containers were filled to % full (Table
1). Waste bags and sharps containers should
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be filled to no more than three quarters full
and once this level is reached, they should be
sealed ready for collection (WHO, 2014). On
the other hand, 70% and 41.7% of the
participants from PH and GH, respectively,
made known that the filled bags were replaced
with empty one during waste collection (Table
1). Replacement bags or containers should be
obtainable at each waste-collection location so
that full ones can immediately be replaced
(WHO, 2014).

As with Tesfahun (2015), Tayework (2016)
and Meleko and Adane (2018), both hospitals
lack of proper and purpose-built waste storage
rooms,; however, there was a temporary waste
storage room for pharmaceutical wastes in the
PH. Conversdly, similar to the findings
reported by Meleko and Adane (2018), both
hospitals employ interim waste storage
(plastic bucket) outside the wards, wastes
were stored for 24-36 and 12-24 hours in the
GH (Figure 2d) and PH (Figure 4d) Hospitals,
respectively. Debere et al. (2013) observed
that hospital solid wastes were stored in
temporary storage area from 2 weeks up to
one month before final disposal.

On the other hand, in both hospitals, the
Janitors handle the HWs without wearing
Personal Protective Equipment (PPE) and
empty (discard) the smaller containers into the
larger ones which are placed in the corridors
and outside the door. Accordingly, 75% and
60% of the respondents from GH and PH, in
that order, revealed that the waste handlers did
not employ PPE while managing of the
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wastes. In a similar study by Meleko and
Adane (2018), only about 24% of the waste
collectors/waste handlers had worn glove and
boots during waste collection and
transportation of heathcare wastes. In their
study on the East and West Kumbo health
districts of Cameroon, Dzekashu et al. (2017)
found that the use of PPE like Gloves (100%)
were the most common practice by waste
handlers, followed by Aprons (85.2%) and
Boots (55.6%).

In GH, HWs and NHWSs were mixed outside
each room (Figure 2d), and transported to
incineration area using wheeled
trolleyshandcart (Figure 5a), waste bags
(carrying the same by their hands, on their
shoulders, or using pushcarts) (Figures 5a and
b). Although the transport of HCWs in the PH
was comparatively better and principally
involved wheeled trolleys/carts (Figure. 5c
and d), the same appeared not to be
appropriately sized according to the volumes
of waste generated at a health-care facility.
Moreover, during the transport of the solid
wastes from the interim storage receptacles to
the treatment area within the hospital premises
could entail the possibility of infectious waste
droppings on the walkways (Figure 5).
Awodele et al. (2016) indicated that wheel
barrows and trolleys comprised the major
means of evacuating the waste whereas
Dzekashu et al. (2017) observed that
transportation of medical waste was virtualy
(96.7%) executed by lifting, and only 3.3% of
the hedth facilities employed trolleys for
transporting wastes.0.05).
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Healthcare Solid Waste Treatment and
Disposal Practice

In both hospitals, waste storage and
transporting plastic buckets were not treated
with disinfectants as suggested by WHO
(2014). Besides, as with Tesfahun (2015),
none of the hospitals practiced pre-treatment
of highly infectious waste. However, the
Laboratory Department of the PH treated
infectious waste (including Cultures and
Stocks, Sharps, materials contaminated with
Blood, etc.) by autoclave machine.
Conversely, 41.7% and 70% of the
respondents from GH and PH, respectively,
maintained the belief that HWs should be
treated differently from GWs (Table 1). The
existing methods employed to treat solid
wastes by both hospitals, in their order of
importance, were Incineration (brick-made to
burn sharp wastes), Open Burning, and Burial
(Table 1). As a rule, the choice of treatment
system involves consideration of waste
characteristics, technology capabilities and
requirements, environmental and safety
factors, and costs — many of which depend on
local conditions (WHO, 2014).
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(d)
Figure 5. Healthcare solid waste transport in the Government (a, b) and Private (c, d)
Hospitals

In GH, there was construction of new
incinerator for treatment at the time of study
because the former one became out of use due
to unavailability of gas connection, old and
filled with ash (Figure 6a). Consequently, the
partialy burned hedthcare solid waste was
further burnt and disposed of in an open pit
within the GH (Figure 6b and c). In the PH,
conversely, the incinerator was not only
properly  functioning as depicted by
incomplete burning of waste (Figure 7a and
b), but also was located close by the
residential area of the medical staff within the
hospital premises. Consequently, apart from
failure to significantly reduce the volume of
treated waste, incinerators of both hospitals
generated a plume of smoke to ther
immediate environments. The use of low
combustion single-chamber incinerators for
the treatment of healthcare waste was against
the Stockholm Convection on Persistent
Organic Pollutants (POPs) (UNEP, 2009)
since such incinerators release air pollutants to
the environment (Diaz et al., 2005).

On the other hand, both hospitals had an open
hand dug pit in their backyard that was used
for the open burning and direct dumping of
GWs. While the GH had an open placental pit
for disposal of pathologica and anatomical
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waste generated from the delivery and
operation rooms (Figure. 6d), the PH

employed one closed placental pit (Figure. 7c)
and two closed ash pits. As with the case
reported by Meleko and Adane (2018), HCWs
in both hospitals were not disposed of in
appropriate sealed and labeled containers.
Such malpractices were also reported in Jos
Metropolis, Nigeria (Ndidi et al., 2009).
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Generaly, each component of HCW
management practices in both surveyed
hospitals did not conform to the Ethiopian
National Hedthcare Waste Management
Guideline. Such poor HCW management were
also reported in similar studies conducted in
Nigeria (Di Bella et al., 2012), South Africa
(Nemathaga et al., 2008), and Iran (De Titto et
al., 2012).

@ ' ] (b)

© (d)

Figure 6. Solid waste treatment methods: (a) I ncineration, (b and c) open burning at waste
dump siteand (d) Anatomical, Pathological and Placental burial pitsin the Gover nment

Hospital of Shashemenetown.

(b)

Figure 7. Solid waste treatment methods: Incineration (a and b), and (c) Anatomical,
Pathological and Placental pit employed in the Private Hospital

Waste Generation and Characterization

The total weight of HCW generated in GH
and PH in Shashemene town were 316.5

kgweek™' and 140 kg week™, respectively.
Conversdly, an average total of 452 =
5.8kgday *(0.20kg bed*day™) of HCW was
generated from GH whereas only below half
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as much (20 + 24kg day™ or 0.19g
bed‘day™) of the same was produced from
PH (Tables 2, 3, and 4). Although the above
generation rate was somehow comparable to
0.164 kg bed™day™ reported by Meleko and
Adane (2018), the same was lower than a
result obtained in Ethiopia (1.5kgbedday™:
Tesfahun, 2015), Bangladesh
(1.24kgbedday™: Hassan et al., 2008), Egypt
(1.03kgbed*day™: Shouman et al., 2013) and
France (3.3kgbed*day™: Windfeld and
Brooks, 2015). Variations in waste generation
hinges on the type or level of hedthcare
facility (WHO, 1999; Bdour et al., 2007;
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Haylamicheal et a., 2011; WHO, 2014),
hospital  specidizations (WHO, 1999),
location (Rural or Urban) (WHO, 2014),
established waste management methods,
proportion of reusable items employed in
healthcare facilities (WHO, 1999; Bdour et
al., 2007; Haylamicheal et al., 2011), level of
activity (number of occupied beds, number of
patients per day, and/or number of staff), type
of department, temporal variations (e.g.
weekday versus weekend, seasonal), and level
of infrastructure development of the country
(Bdour et al., 2007; Haylamichedl et al., 2011,
WHO, 2014).

Table 2. Distribution and healthcar e solid waste gener ation rates by point source and typein

Government Hospital of Shashemene

Non- Hazar dous Waste Total Efer Tc(ir;tlage Average
Hazardous | (Kgweek™) Hospital . Daily
Government Hospital .
Hospital Waste Waste Waste (%) Hospital
(Kg W Phw | sw* | paw | (Kg Waste (Kg
week ™) Week™) Day™)
OPD 30.3 59 14 0.6 7.0 57.8 18 8.3
Surgical 279 47 3.9 15 38 12 54
Pediatrics 204 7.3 35 4.7 8.1 44 14 6.3
Obs/Gyn. 16.5 9 9 52 10.2 49.9 16 7.1
Medica 27.6 10.5 24 16 31 452 14 6.5
Laboratory 15.9 55 8.9 27 |91 42.1 13 6.0
Emergency 30 4.2 3.2 21 39.5 13 5.7
Total (Kgweek™) | 168 471 | 417 | 195 | 396 | 3165 100
Mean+ SD (Kg 6.7+ 6.0+ |28+ |57%
Day‘l) 24.1%+6.3 23 4.8 17 3.9 452+5.8 | - 452+58
% wt. by Type 53.3 14.8 132 |62 |125 100

= Infectious Waste; PhW: Pharmaceutical Waste; SW: Sharp Waste; Paw: Pathol oglcal Waste
*Includes Needles, Blades, Lancet Needles, Syringes, and Scalpel Blades

Of the total waste generated in GH, 53.3%
(24.1 + 6.3 kg day 1 or 0.1 kg bed *day™) was
GW while 46.7% (21.1 +3.2 kg day™

0.091kg bed™*day™) was HW (Tables 2 and
4). Equally, of the total waste generated in PH,

571% (114 + 2 kg day™® or 0.11 kg
bed*day™) was GW whereas 42.9% (8.6 +
1.3 kg day™ or 0.079 kg bed™*day™) was HW
(Tables 3 and 4). A little over half of the total
HCW generated from the study hospitals (GH:
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53.3%; PH: 57.1%) constituted GW. Meleko
and Adane (2018) reported that 0.091 kg /bed/
day (55.5%) was GW and the remaining 0.073
kg/bed/day (44.5%) was HW. Likewise, in
similar studies conducted in Ethiopia, Azage
and Kumie (2010), Debere et al. (2013), and
Hayleeyesus and Cherinete (2016) the GW
accounted for the 52, 58.69, and 65.1% of the
total HCW. Moreover, the result of the present
study is comparable with a results obtained
from healthcare facilities in Ethiopia where
48% (Azage and Kumie, 2010), 41.31%
(Debere et al., 2013), and 42.1% (Meleko and
Adane, 2018) of HCW were HW. Conversely,
the present finding was much bigger than a
result identified in Sudan where only 20% of
the total HCW generated was HW (Ahmed et
al., 2014).

On the other hand, between 75% and 90%of
the waste produced by health-care providers
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are actualy NHWs or GWs, and the
remaining 10-25% is HWs in nature (WHO,
2014). It is apparent that the proportions
accounted by HWs from the present study
were higher than the same reported by the
WHO (2014). Yazie et al. (2019) pointed out
that the fractions of HW generated from
healthcare facilities were intolerably high with
a range stretching from 21-70% of the total
solid waste. As indicated by Hayleeyesus and
Cherinete (2016), the higher proportion of
HWs in the present study (as well as in most
healthcare facilities in Ethiopia) could be
ascribed to the lack of segregation of waste at
the point of generation. In a study done on
private and government hospitals, Debere et
al. (2013) found that the HW and non-HWs
were mixed in the hospital’s temporary
storage areas.

Table 3. Distribution and healthcare solid waste generation rates by point source and typein

Private Hospital of Shashemene

Non- Hazardous Waste Total Per centage Avgr age
Private Hazardous | (Kgweek™) Hospital of Total Da|ly_
Hospital Waste Waste Hospna(l) Hospital

(Kg W PhW | SW* | Paw | Waste (%) | waste (Kg

week™) (Kg Week™) Day™)
OPD 115 05 4.1 15 3.0 20.6 14 2.9
Surgical 121 23 25 25 2.2 21.6 15 31
Pediatrics 133 31 24 0.8 3.2 22.8 17 33
ObstetricsGyn. 119 20 0.7 16 4.1 20.3 15 2.9
Medical 8.2 1.9 4.2 22 15 18 13 2.6
Laboratory 9.4 43 2.0 157 11 2.2
Emergency 13.6 12 4.6 0.4 12 21 15 3.0
Total (Kgweek™) | 80 153 | 185 |11 152 | 140 100
(';/'ai‘?[‘) £SDKe 14400 22% |20% | 20F | 225 | 0104 2024
% wt. by Type 57.1 109 |132 |79 |109 | 100

IW = Infectious Waste; PhW: Pharmaceutical Waste; SWV: Sharp Waste; Paw: Pathological Waste
*Includes Needles, Blades, Lancet Needles, Syringes, and Scalpel Blades.
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The types of hazardous wastes generated from
the study hospitals were infectious,
pharmaceutical, pathological, and sharps. In
both hospitals, the infectious [GH: 14.8%; PH:
10.9%] and pharmaceutical [GH: 13.2%; PH:
13.2%] wastes dominate the HWs category
while sharp wastes [GH: 6.2%; PH: 7.9%)]
contribute for the lowest fractions to the total
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as well as to the selfsame category in either
hospital (Tables 2 and 3). In a similar vein,
Hayleeyesus and Cherinete (2016) found that
infectious waste (21.1% of the total HCW)
dominated the HW fraction while the sharp
waste contributed the least (1.5%) to the total
solid waste from the healthcare facilities.

Table 4. Average daily healthcare solid waste generation by types of wastesin Shashemene

hospitals
Type of Hospital
Types of Waste Government Private
KgDay™ KgBed™ Day™ KgDay™ KgBed™ Day™

Generd Waste 24.1 0.1 114 0.11

Infectious Waste 6.7 0.03 2.2 0.02
Pharmaceuticals 5.9 0.025 2.6 0.024

Sharps 2.8 0.012 1.6 0.015
Pathological Wastes 5.7 0.024 2.2 0.02

Total HCSW 45.2 0.20 20 0.19

HCSW stands for Healthcare Solid Waste

In the GH (Table 2) the highest percentage of
the total HCW was generated from OPD (18%)
followed by ObstetricsGynecology (16%)
while the lowest proportion of total waste was
generated from Surgical Ward (12%). On the
other hand, the Pediatric Ward (17%) followed
by Obstetrics/Gynecology, Emergency, and
Surgical wards (15% each) contributed for the

As to the data presented in Table 5, there were
significant differences in the different wards of
the Government Hospital with respect to
general waste (x* = 31; P <0.001), hazardous
waste (x* = 25; P <0.001), and total healthcare
waste (x> = 46; P <0.01). Likewise, significant
variations were observed in the Private
Hospital wards regarding the genera waste

highest fractions of total waste generated from
PH whereas the waste proceeding from the
Laboratory (11%) was the lowest proportion of
the total HCW (Table 3). Meleko and Adane
(2018) reported that the largest portions of total
waste were contributed by Gynecological Ward
followed by Medica Ward while the lowest
proportion was generated in Office.

(x°= 13; P <0.01), hazardous waste (x> = 10; P
<0.01), and total healthcare waste (x> = 22; P
<0.01). Similarly, Meleko and Adane (2018)
reported that there were significant variations
among the different wards in relation to genera
waste (x2=41.815;P< 0.01), hazardous waste
(x2=44.324;P<0.01), and total healthcare waste
(X2 = 44.604;P< 0.01).
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Table 5. Comparison of mean generation rate of healthcare solid waste and categories of
HCSW by departments within the government and private hospitals using Kruskal Wallis

H test
Type of Hospital

Wards Government Private

GW HW THCW GW HW THCW
OPD 30.3 275 57.8 115 9.1 20.6
Surgica 27.9 10.1 38 12.1 9.5 21.6
Pediatrics 204 23.6 44 13.3 9.5 22.8
Obs/Gyn. 16.5 334 49.9 119 8.4 20.3
Medical 27.6 17.6 45.2 8.2 9.8 18
Laboratory 15.9 26.2 42.1 94 6.3 15.7
Emergency 30 9.5 39.5 13.6 74 21
Chi-Square 31 25 46 13 10 22
P-Value 0.0001 0.0001 0.001 0.001 0.001 0.001
GW: General wastee HCW: Healthcare Waste;, HW: Hazardous Waste; Obs/Gyn:

Obstetrics/Gynecology; OPD: Outpatient Department

According to Table 6, there were significant
differences between the mean total HCW (x2 =
9.016;P< 0.01), general waste (x2 = 9.8;P<
0.01) and the hazardous waste (x2 = 5.011;P<
0.05) of the study hospitals. Similar to the

findings of the present study, Debere et al.
(2013) reported that there was dtatisticaly
significant difference for total amount of HCW
(x2 = 30.65;P< 0.001),HW (x2 = 20.431;P <
0.01) and NHW (x2 = 29.011;P< 0.001) among
the surveyed hospitals.

Table 6. Comparison of healthcare waste generation rates and categories of HCW using
Kruskal-Wallistest among the surveyed hospitals

. Mean Rank
Typeof Hospital Total HCW* GW** HW***
Government 10.86 11.00 10.00
Private 4.14 4.00 5.00
Chi-square 9.016 9.800 5.011
P- Value 0.003 0.002 0.025

* Healthcare Waste, ** General Waste, *** Hazardous Waste

The Spearman’s rank correlation coefficient
(r9) (Table 7) showed that there was a positive
linear relationship between number of patients
and quantities of hazardous waste generation
rates in both PH (r = 0.954, P< 0.05) and GH
(r = 0.847, P< 0.01). Similarly, there was
positive correlation coefficients among HW
generation rates and occupied beds in both PH

(r = 0.964, P< 0.05) and GH (r = 0.821, P<
0.001) (Table 7). Moreover, positive
associations were observed between patient
flow and occupied beds in PH (r = 0.991, P<
0.01) and GH (r = 0.955, P< 0.05). In their
study on HCWs, Tadesse and Kumie (2014)
found that there was a positive linear
relationship between number of patients and
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the HCWs generated in al government
facilities studied. Conversely, Issam et al.
(2009), Haylamicheal et al. (2011), and

East Afr. ]. Biophys. Comput. Sci. (2023), Vol. 4, No. 2, 13-30

Komilis et al. (2011) reported that there was a
positive correlation between the total HCW
generation rates and the number of beds.

Table 7. Spearman’s Correlation Matrix (rg) between Hazar dous Wastes (HW) generated,
Patient Flow and Occupied Bedsin Private and Gover nment Hospitals

Government Hospital HW Patient Flow Occupied Beds
Spearman’s rho HW 1.00 0.954 % 0.964 5 5
Patient Flow 1.00 0.955+4x
Occupied Beds 1.00
Private Hospital HW Patient Flow Occupied Beds
Spearman’s rho HW 1.00 0.847x 0.821x
Patient Flow 1.00 0.9911x
Occupied Beds 1.00

*, x%, and sxx represent P < 0.05, P < 0.01, and P < 0.001, in that order

CONCLUSION

Although the HCW generations rates were
relatively low, the standard HCW segregation
was lacking in both hospitals. Consequently,
except the sharp materials, all other HCWs
were mixed with the GWs (mainly in GH),
and hence, the proportion of HWs generated
in the study hospitas surpassed the
corresponding threshold measure indicated by
the WHO. Besides, the waste collectors
handle the HCWs without employing PPE,
exposing themselves to potential health risk.
Both hospitals principally treated HCW using
low combustion single-chamber incinerators
which could potentially contribute to the
release of huge amounts of air pollutants to
the environment.

As the HCW management in both hospitals
was poor, sufficient resource allocation,
periodic training, and strict supervision and
proper implementation of HCW management

is pivotal. Additionally, heath care facilitiesin
Oromia region, should acquaint HCW
management guideline for standardized waste
categorization and safer handling. Besides, the
key stakeholders of the region involving heath
care directors, experts and policy developers
should join hands in structuring the HCW
management system in a way that appraises
human and environmental health. For this,
further researches need to be conducted in
health care facilities of the region and the
wider nation with consideration of human
health risk assessment.
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ABSTRACT

The present study aimed at developing all-male Nile tilapia using 17a-methyl testosterone
(170-MT) aong with its growth and feed utilization performances. Three days old Nile
tilapia fry were stocked in plastic jars with 5 L capacity installed in four fiber glass tanks.
The fry were fed with 0, 30, 60, and 100 mg MT/kg diets for 30 days. Later, the fry were
shifted to hapas installed in a pond and then, reared for four months separately. The fish
were fed with the control diet. The results showed that the highest male population
(93.6%) was observed in the fish treated with a 60 mg MT/kg diet, while the lowest
(82.6%) was observed in the fish treated with a 30 mg MT/kg diet. The results also
showed that the fish fed with a 60 mg MT/kg diet had significantly higher mean body
weight (24.1+£1.40 g), specific growth rate (2.5+0.10%), feed conversion ratio (1.3+0.10),
and protein efficiency ratio (0.63+0.11) than the untreated fish treated (control) group. In
conclusion, a 60 mg MT/kg diet can be considered as an optimal and economically viable
dose for Nile tilapia sex reversa aong with its optimum growth and feed utilization
performances.

Mono-sex production;
Hapa,
Niletilapia

Research article

INTRODUCTION

Among severa cultivable fish species, tilapia
has been identified as the second most important
aquaculture fish species in the world,
particularly in the tropical and sub-tropical
countries next to carp (El-Sayed, 2006; Dagne et
al., 2013). It is aso considered as one of the
most important traded fish in the world (Kyule
et al., 2014; Magbanua and Ragaza, 2022).
Farmed tilapia production increased
significantly from 383,654 tons in the 1990s to

*Corresponding author:

Email: kassayebalkew@gmail.com, +251 936211992

4,514,615 tons of production in 2020 (FAO,
2022). Basicaly, for optima production
performance of the semi-intensive fish culture,
high quality fish feed are the most preferred due
to their good paatability and digestibility
required for body maintenance, growth,
reproduction and health (Howlader et al., 2023).

Although Nile tilapia has such good
characteristics, its precocious and prolific
reproduction and early sexual maturation of
female has become one of the main challenges
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for considering this species for commercial
aquaculture (Chakraborty and Benerjee, 2012,
Munguti et al., 2014). This resulted in the
reduction of growth rate at the onset of sexual
maturation and the production of alarge number
of fry/fingerlings (Munguti et al., 2014).
Considering the differential growth patterns of
males and females, al-mae Nile tilapia
production has been given better consideration
as males are capable of showing a better growth
raie and food conversion efficiency
(Chakraborty and Banerjee, 2012). It is in this
context, production of all-male populations of
Nile tilapia is vital for increasing fish
production under low management practices
(El-Sayed, 2006). Among the various
techniques employed, hormonal sex-reversal has
been considered as an effective method
(Ferdous and Ali, 2011; Jamila et al., 2017).
Even though it is the most important method,
reports of different authors are not consistent
(Wahby and Shalaby, 2010; Celik et al., 2011,
Lakshmi, 2015). Celik et al. (2011) reported that
the efficiency of such a method can be affected
by different environments, feeding rates, and
feeding management, and overal production
management. Hence, the evaluation of such
method in a specific production environment is
crucia. Thus, the main objective of this study
was to find out an optimum dose of 17a-methyl
testosterone on the proportion of Nile tilapia
mal e population aong with growth performance
and feed utilization efficiency of Nile tilapia
under a semi-intensive production system.

MATERIALSAND METHODS

Experimental setup

The experiment was carried out at Ziway
Fishery and Other Aquatic Life Research
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Centre, Ziway. The research Centre is situated
at 163 km Southeast direction of Addis Ababa,
the capital city of Ethiopia. It is located at 7°52'
to 8°8' N latitude and 38°40' to 38°56' E
longitude, at an altitude of 1636 m above sea
level. For this study, indoor and outdoor
experimental setups were used. For the indoor
experiment, four fibre glass tanks each with a
size of 2000 ML were prepared. Within each
tank, three plastic circular shape jars with 5 L
capacity were installed for hormone-treated feed
trial experiments. For the outdoor experiment,
12 hapas with 1.5 m x 2 m x 1 m size were
installed in a concrete pond. Before installation
of the hapas, the pond was dried for one week
and then, refilled with water at depth of 90 cm.

Source of experimental fish and feed
formulation

Sexually matured Nile tilapia broodstock that
measured 200 to 250 g body weight were
selected from the holding tank of the Ziway
research centre and immediately transferred into
hapaswith1.5mx 2mx 1 msizeinstaledina
pond at a stocking density of 4 fish/hapas with a
sex ratio of 1 mae to 3 females for mating
(ref.). From these hapas, newly hatched Nile
tilapia fry were collected and transferred in
plastic bottles having 5 L water holding capacity
for feed trial experiments. The experiment was
conducted in triplicates with four treatments
(i.e., 0, 30, 60, and 100 mg MT/kg of diets).

Fish diet was formulated by mixing 43% of
fishmeal, 36% of Niger cake, 10% of wheat
bran, 7% of white corn flour, 2% of vitamins
and mineral premix, and 2% of sunflower ail,
having 38% of crude protein. Later, the mixed
ingredients was divided into four groups, in
which the first one was not treated with 17a-
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methyl testosterone (0 mg MT/kg of diets) was
used as a control diet, while the remaining three
groups were treated with 30, 60 and 100 mg MT
dissolved in 95% ethanol per kilogram diet and
were used as tested diets. The control diet was
also mixed with the same amount of ethanol
without hormone. Then, the diets were dried at
room temperature for 24 hours and were stored
in arefrigerator (Celik et al., 2011).

Indoor and outdoor experiments

Immediately after hatching, 300 newly hatched
fry collected from the hapas were transferred
into 12 plastic bottles installed in 4 fiberglass
rearing tanks for three days of acclimatization.
Later, after hatching 240 fry, 20 fry per plastic
bottle, with an average body weight of 0.05 g
were distributed in 12 plastic bottles having 5 L
water holding capacity installed in four
fiberglass rearing tanks in triplicates and reared
for one month. To facilitate water circulation,
the bottles were provided with small holes
which were less than the size of the fry. The fry
were, then, fed four times at 8:00, 12:00 and
16:00 and 18:00 hours a day with 0 mg MT, 30
mg MT, 60 mg MT and 100 mg MT/kg diets
having 38% crude protein for 30 days at 20% of
their body weight (Shamsuddin et al. (2012).
Early morning, uneaten food and faecal matter
were removed daily using siphoning. Oxygen
was provided to each tank using aerators. After
30 days of treatment, total body weight of the all
fry were measured and then transferred and
stocked in hapas withasizeof 1.5 mx2mx 1
m instaled in the grow-out pond at an average
stocking density of 18 fish per hapa and reared
for four months. During this time, the fish were
fed three times at 9:00, 13:00 and 17:00 hours a
day with a control diet at 10% of their body
weight (Mugo-Bundi (2013). The overdl
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research procedure was approved by the
research committee of Hawassa University and
thus, all applicable international and national
guidelines for the care of animals and use of
animals were followed by the authors.

Data collection and sex deter mination

Every 15 days (2 weeks) of interval, individual
body weight and body length of hormone-
treated fish stocked in plastic bottles were
recorded early morning. The mortality of the fry
was recorded daily. Similarly, every 15 days of
interval, individual body weight and body
length of the experimental fish stocked in hapa
were recorded. At the end of the experiment (on
week 16, i.e. harvesting week), the final body
weight and body length of all the fish were
recorded. In addition, the sex of each fish was
identified based on external and internal
observation of the sex organs of the fish. lodion
solution as dye was used to differentiating the
sex of the fish when the secondary sexual
characters were found difficult to differentiate.
Ten fish per treatment were dissected and the
morphology of the gonads was examined and
recorded. Water quality parameters such as
water temperature, pH, dissolved oxygen,
conductivity, and total dissolved solid were
measured using Potable Multi-Parameter Kit.

Following final body weight and length
measurements, calculation of growth parameters
were performed using the following formula
described by Eyo et al. (2013).

|. Calculation of growth and feed utilization
efficiency:
0 Body weight gain (BWG) = Fina body
weight (FBW) — Initial body weight (IBW)
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o Daly growth rae (DGR) = Weight
gain/Number of experimental days
0 Specific growth rate (SGR % per day) =
((LNFBW- LnIBW)/ Number of days) *100
I1. Calculation of feed utilization efficiency:
v" Food conversion ratio (FCR) = Amount of
dry food intake/Weight gain
v' Protein efficiency ratio (PER) = Weight
gain/amount of crude protein
I1l. Calculation of survival rate, condition
factors and fish yield (put Ref. for each
formula):
v' Survival rate (SR%) = Number of harvested
fisn/Number of stocked fish *100
v" Condition factor (CF) = Fina body weight/
(Length3) x 100
v Tota production = (No. of fish harvested x
FBW/Area of rearing place) x10000 m2 x
production cycle

Statistical analysis

Based on the data recorded and calculated
values basic statistics were computed using
SPSS 20 version after the data were tested for
normality and equal variance. The dtatistical
significance among growth parameters and sex
ratio of fish fed with different test diets were
computed using one-way ANOVA (Analysis of
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Variance) in the SPSS. Significance was
assigned at a 5% level of probability. For
between mean treatments significant variation,
was performed using Tukey HSD standardized
range test a = 0.05 level of significance as
described according to El Greisy and El-Gamal
(2012).

RESULTS
Indoor growth and survival rate of Fry

The mean body length and weight of fry at
stocking and after 30 days of hormone treatment
of al groups are presented in Table 1. The
initial mean body length and body weight of fry
were the same (1.3 cm and 0.05 g). After one
month of rearing, the length of fry ranged from
3.3+0.12 cm (30 mg MT/kg diet) to 3.7+0.30
cm (60 mg MT/kg diet) while the mean body
weight of the fry ranged from 0.81+0.18 g (60
mg MT/kg diet) to 0.84+0.13 g (control diet).
Additionally, the surviva rate of the fish in
different treatments was high, ranging from
88.2£2.1 to 92.2+1.6%. In all cases, there was
no significant (P > 0.05) difference in survival
rates among the treatments (Table 1).

Table 1: Mean body size parameters with standard error (Mean + SE) of fry at stoking and after
30 days of oral administration with different doses of 17a-methyl testosterone (17a-MT).

Treatments

Parameters OmgMT/kg 30mgMT/kg 60mgMT/kg 100mg

diet diet diet MT/kg diet
Initial body length (cm) 1.3+0.37 1.3+0.37 1.3+0.37 1.3+0.37
Initial body length (g) 0.05+0.02 0.05+0.02 0.05+0.02 0.05+0.02
Body length (cm) after 30 days of treatment 3.4+0.20° 3.3+0.12° 3.7+0.30° 3.4+0.20°
Body weight (g) after 30 days of treatment 0.84+0.13% 0.82+0.20% 0.81+0.18% 0.82+0.15%
Survival rate (SR%0) 90.2+1.4° 90.2+1.2% 92.2+1.6° 88.2+2.1%

Note: Values with the same letter across arow are not significantly different (P > 0.05)
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Effectsof MT on sex ration

The sex ratio of Nile tilapia fed with hormone-
treated diets is presented in Table 2. The gonad
differentiation of fish fed with the MT-treated
diets gave a higher male proportion than fish fed
with the control diet. The maximum mae
population (93.6%) was observed for the fish
fed with a 60 mg MT/kg diet followed by a 100
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mg MT/kg diet (86.7%), while the lowest male
population was observed for the fish fed with
the control diet (54.3%). The results showed
that the fish fed with a 60 mg MT/kg diet
produced significantly (P < 0.05) higher mae
population than the other groups while the fish
fed with the control diet produced the least
significant.

Table 2: Percentage of male population of Niletilapia produced after oral administration with

different doses of 17a-methyl testosterone (170-MT).

Doseof MT Mae% Pvalue
0 mg MT/kg (control) diet 54.3° 0.35

30 mg MT/kg diet 82.6° <0.001
60 mg MT/kg diet 93.6° <0.001
100 mg MT/kg diet 86.7° 0.005

Note: Values with the same letter across column are not significantly different (P > 0.05)

Outdoor growth performance

The different growth parameters such as mean
body weight gain, daily growth rate, and
specific growth rate, and feed utilization
efficiency such as feed conversion ratio and
protein efficiency ratio of Nile tilapia fed with
different doses of M T-treated diets are presented
in Table 3. The results showed that the highest
mean body weight (24.1+1.4 g) and body
weight gain (24.0+1.2 g) were recorded in the
fish fed with 60 mg MT/kg diet followed by 100
mg MT/kg diet (19.1+0.8 g and 19.0+0.2 g),
while the lowest (14.3t1.8 g) and 14.2+0.1 Q)
was observed for the fish fed with a control diet,
respectively. Similarly, the highest mean body

length (11.1+1.2 cm) was observed for the fish
fed with 60 mg MT/kg diet, followed by
10.2+1.2 cm mean body length of fish fed
with100 mg MT/kg diet, while the lowest
(9.1£0.79 cm) was observed for the fish fed
with control diet (Table 3). The results also
showed that the fish fed with hormone treated
diets had significantly (P < 0.05) higher find
mean body weight, in which the fish fed with 60
mg MT/kg diet had significantly (P < 0.05)
higher fina mean body weight, and mean
weight gain than at least from the fish fed with
the control diet. Figure 1 also showed the
growth trend of body weight of the fish, in
which fish body weight increased steadily for
the first six weeks, and then, the rate of growth
dlightly increased.
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Table 3: Mean growth parameters with standard error (Mean + SE) of Nile tilapia treated with
different doses of 17a-methyl testosterone (170-MT).

P Treatments
arameters OmgMT/kgdiet 30 mg MT/kg diet 60 mg MT/kg diet 100 mg MT/kg diet

Initial body length (cm/fish) 1.3+0.37% 1.3+0.37% 1.3+0.37% 1.3+0.37%

Initial body weight (g/fish) 0.05+0.02° 0.05+0.02° 0.05+0.02° 0.05+0.02°

Final body length (crmy/fish) 9.1+0.79° 9.6+1.03 11.1+1.19* 10.2+1.17%

Final body weight (g/fish) 14.3+1.84° 18.3+2.46° 24.1+1.38° 19.1 +0.79°

Body weight gain (g/fish) 14.2+0.02° 18.2+0.02° 24.0+0.21° 19.0+0.21°

Daily growth rate (g/fisn/day) ~ 0.12+0.01° 0.15+0.01® 0.200.1° 0.18+0.01®
Specific growth rate (%/fish/day) 2.2+0.2° 2.3+0.01%* 2.5+0.1° 2.4+0.1%®

Note: Values with the same letter across rows are not significantly different (P> 0.05)
weight, and mean weight gain than at least from

the fish fed with the control diet. Figure 1 also
showed the growth trend of body weight of the
fish, in which fish body weight increased
steadily for the first six weeks, and then, the rate
of growth dlightly increased.

The results aso showed that the fish fed with
hormone treated diets had significantly (P <
0.05) higher final mean body weight, in which
the fish fed with 60 mg MT/kg diet had
significantly (P < 0.05) higher final mean body

Pt
W

——OmpMT/ kg feed

20
F0mMeMT/ ke feed
T —&— 60mg MT/kg feed
£ 15
o 100mg MT/kg feed
=
@
=
Z 10
=]
&0
5
0

WO W2 W wWo wWa W10 Wiz wWili4 Wile

Figure 1. The trend of mean weight of different group of Nile tilapia reared in hapa installed in pond,
where WO to W16 are rearing times in weeks at two weeks interval, WO is for initial week, i.e. week zero,
while W16- week sixteen, i.e. harvesting week
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Similarly, the results revealed that the highest
mean daily growth rate (0.20+0.1 g/day) and
gpecific growth rate (2.5+0.01%/day) were
recorded for the fish fed with 60 mg MT/kg
treated diet than the other groups of fish fed
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ws

significantly different (P < 0.05) at least from
the lowest mean daily growth rate (0.12+0.01
g/day) and specific growth rate (2.2+0.02%/day)
of the fish fed with the control diet. The trend of
daily growth rate and specific growth rate
fluctuated as the rearing period increased
(Figures 2 and 3).
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Figure 3. The trend of specific growth rate of different group of Nile tilapia reared in hapa
installed in pond, where W2 to W16 arerearing timesin weeks, in which fish sampling wars taken
at two weeksinterval, W2 wasthe first sampling timesin which fish were sampled after two weeks
rearing, while W16- week sixteen, i.e. harvesting week.
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Feed utilization efficiency and condition
factor and weight-length relationship

The mean values of feed utilization efficiency
parameters and condition factors of Nile tilapia
fed with a control diet and MT-treated diets are
presented in Table 4. The food conversion ratio
(FCR) of different fish fed with different levels
of MT ranged from 1.3+0.1 to 2.3+0.1, while
from 0.37+0.1 to 0.63t0.11 for protein
efficiency ratio (PER). The best FCR and PER
were obtained for the fish fed with a 60 mg
MT/kg diet and were significantly (P < 0.05)

East Afr. ]. Biophys. Comput. Sci. (2023), Vol. 4, No. 2, 31-42

different a least from the fish fed with the
control diet.

The condition factor of Nile tilapia fed with
control, 30 mg MT, 60 mg MT and 100 mg
MT/kg diets were similar and ranged from
1.8+0.12 to 2.1+0.17. According to cube law,
the ‘b’ values for all groups of fish are in a good
condition. The ‘b’ values ranged from 2.8+0.16
to 2.9+0.14.The results showed that both Futon
condition factor and weight-length relationship
parameters were no sSignificant differences
among groups (Table 4).

Table 4. Mean feed utilization efficiency, condition factor, survival and total production with
standard error (Mean + SE) of Nile tilapia treated with different doses of 17a-methyl testosterone

(170-MT)
P ot Treatments
arameters OmgMT/kgdiet 30 mg MT/kg diet 60 mg MT/kg diet 100 mg MT/kg diet
Food conversion ratio 2.3+0.1° 1.8+0.3° 1.3+0.12° 1.8+0.13"
Protein efficiency ratio 0.37+0.1° 0.48+0.12* 0.63+0.11% 0.50+0.20°
Fulton condition factor 1.9+0.13% 2.1+0.17% 1.8+0.14% 1.8+0.12%
Weight-length relationship 2.8+0.16% 2.9+0.21% 2.9+0.18% 2.9+0.14%
Survival rate (SR%) 100+0.00° 100+0.00° 97.9+0.12% 100+0.00
Total production (TP kg/haly)  2574.3+52.12 3294.6+42.6" 4338.7+73.2° 3438.2+63.6°

Note: Values with the same letter across row are not significantly different (P > 0.05)

Survival rate of fish and fish production

The survival rate and total production of all the
Nile tilapia groups are presented in Table 4. The
survival rates of different Nile tilapia groups
were similar, ranging from 97.9+1.2% to
100+£0.0%, while the total productions of
different groups ranged between 2574.3+52.1
kg/year/ha and 4338.7+73.2 kg/year/ha. The fish
fed with a 60 mg MT/kg diet had significantly
higher total production at least from the fish-fed
with the control diet. The results revealed that as
the amount of MT dose increased from 60 mg

MT/kg to 100 mg MT/kg diet the tota fish
production decreased (Table 4).

Water quality parameters

The different water quality parameters (pH,
temperature, dissolved oxygen, total dissolved
solid and conductivity) recorded during the
experimental periods for both indoor and
outdoor experiments are presented in Table 5.
The results of the indoor experiment showed
that the different water parameters across
treatments were similar. The values of
temperature ranged from 24.0+0.3 °C to
24.4+0.5 °C, pH ranged from 7.6x0.4 to 7.8+0.6
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and dissolved oxygen from 3.6+0.3 mg/l to
3.8£0.7 mg/l. The values of total dissolved
solids and conductivity aso ranged from
448.6+3.4 mg/l to 451.1+3.2 mg/l and from
592.4+2.6 ps/cm to 594.9+2.7  ps/cm,
respectively. However, none of the water quality
parameters were significantly different among

East Afr. ]. Biophys. Comput. Sci. (2023), Vol. 4, No. 2, 31-42

results showed that the mean values of all water
quality parameters recorded during the
experimental period were optimal (28.5+1.1 °C
for temperature, 8.7£2.0 for pH, 8.7+x1.3 mg/l
for dissolved oxygen, 543.3+3.5 mg/l for total
dissolved solid and 721.4+5.27 ps/cm for
conductivity).

the treatments. For outdoor experiments, the

Table5: Mean values of different water quality parameterswith standard error (Mean * SE)
recorded during indoor and outdoor experiments.

Indoor experiment Outdoor experiment

. Treatments
Water quality parameters

0mg 30 mg 60 mg 100 mg

MT/kgdiet MT/kgdiet MT/kgdiet  MT/kg diet
Temperature (°C) 24.4+0.5° 24.3+0.4° 24.3+0.4° 24.0+0.3° 28.5+1.1
pH 7.7+0.3% 7.7+0.4% 7.8+0.6% 7.6£0.4°% 8.7+2.0
Dissolved oxygen (mg/l) 3.6x0.3% 3.6x0.8% 3.8+0.5% 3.8+0.7% 8.7+1.3
Total dissolved solid (mg/l) ~ 450.7+#3.9%  448.6+4.7°  451.1+4.1% 449.6+5.2° 543.3+3.5
Conductivity (us/cm) 593.6+3.4° 594.9+27° 592.4+2.6% 593.9+3.7° 721.4+5.2

Note: Values with the same letter across raw are not significantly different (P > 0.05).\

DISCUSSION AND CONCLUSIONS

This study demonstrates that the application of 17a
methyl testosterone at 30, 60, and 100 mg per kg
diets produced a higher male population and growth
performance than fish fed with untreated diet.
Among the hormone-treated diets, the fish fed with
60 mg MT/kg diet produced a significantly higher
mal e population and body growth (P < 0.05) than the
other groups. Thisresult agreed well with the reports
of El-Greisy and Gama (2012) who reported a
significantly higher male population using 60 mg
MT/kg diet than 40 and 80 mg MT/kg diets. This
result aso coincides well with the results of Celik et
al. (2011) and Shamsuddin et al. (2012) who
reported 93.7% and 95% male population, using 60
mg MT/kg diet treated for 28 and 21 days,
respectively. A similar result was reported by
Ferdous and Ali (2011) who observed a maximum
(94.3%) male population using a 60 mg MT/kg diet.
These results are in line with the findings reported

by Marjani et al. (2009) in which higher growth
performance of fish was obtained after hormone
treatment.

The present results aso showed a higher male
population (93.6%) for 60 mg MT/kg diet than the
report of Abdul (2007) (89%) and Asad et al. (2010)
(68%) for the same MT doses. On the other hand,
the results of the present study showed a relatively
lower male population as compared with 99-100%
for fish treated with 60 mg MT/kg diet (Vera—Cruz
and Mair, 1994; Smith and Phelps, 2001). Such
differences could be due to differences in
management practices. As also indicated by
Lakshmi (2015) and Sourav (2016) such differences
in male population could be due to factors such as
the level of hormone in the diet, feeding and feeding
frequency, water quality parameters, treatment
duration, size at which the fry is selected for
experimentation and stocking density.
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Different doses of MT resulted in the different
growth rates of Nile tilapia in which fish group
treated with a 60 mg MT/kg diet showed
significantly higher mean body weight, body weight
gain, daily growth rate, and specific growth rate of
Nile tilapia than the other groups. This result is in
agreement with the report of Pechsiri and
Y akupitiyage (2005) and Opiyo et al. (2014), who
observed optimal growth performance of fish when
treated with 60 mg MT/kg diet. Also, the results of
the present study showed that the fish treated with
MT treated diets had significantly higher feed
utilization efficiencies than fish treated with control
diet. Statistically, the fish fed with a 60 mg MT/kg
diet had the best feed utilization efficiency in terms
of feed conversion ratio and protein efficiency ratio.
This implies that 60 mg MT/kg diet promotes better
growth performance, better feed utilization in fish as
also reported by Mugo-Bundi (2013).

The sdignificant growth performance and feed
utilization efficiency of fish fed with MT/kg diets
agreed well with the findings of Howerton et al.
(1992) and Varadarg et al. (1994) who reported a
higher growth rate in O. mossambicus fed with MT
treated diet than the fish fed untreated diet. The
present results also indicated that the fish treated
with 60 mg MT/kg diet for 30 days showed
maximum growth performance and feed utilization
efficiency than the other groups, and further increase
or decrease of hormone dose do not have much
influence on growth and feed utilization efficiency
in fishes as it seems optimal dose. This result also
coincides with the work of Lakshmi (2015) who
reported faster growth and better feed utilization of
Nile tilapia when treated with a 60 mg MT/kg diet.
El-Greisy and El-Gamal (2012) also reported higher
growth and feed utilization efficiency in fish treated
with 60 mg MT/kg diet than 40 and 80 mg MT/kg
diets. This implies that a 60 mg MT/kg diet is an
optimum dose of MT hormone for optimal
production of male population, better growth and
feed utilization efficiency and can be considered as
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an optimal dose for Nile tilapia sex-reversal under
the current production management.

On the other hand, the condition factor of all groups
of Nile tilapia were similar implying that condition
factors were not influenced by MT doses. As stated
by Ayode (2011), the fish from al the treatments
showed isometric growth, implies that al the groups
were in good condition.. The present work aso
revealed that Nile tilapia followed the cube law
completely in all groups of fish in which their values
were close to the theoretical value (b = 3). The
length-weight relationship was found to be in a
linear form conforming to the general formula
expressing the relationship between the length and
weight of fishes. This could be due to the fact that
the length-weight relationship of fish varies
depending upon the condition of life in the aguatic
environment (Ighwel et al., 2011), but it is an
important tool that gives information on the growth
pattern of animals. In conclusion, 60 mg MT/kg diet
can be considered as an optimal dose for Nile tilapia
sex reversal aong with its optimum growth and feed
utilization performances.
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KEYWORDS: ABSTRACT

Multi-Objective Programming; The aim this study is presenting the solution methodology of multi-
Triangular Fuzzy Number; objective fuzzy transportation problem with fuzzy decision vari-
Fuzzy Transportation Problem; . . . .
Fuzzy Decision Variables: ables, where all the input parameters and decisions variables of the
Ranking Function; programming problems are assumed to be triangular fuzzy num-
Fuzzy Programming Method. ber and triangular fuzzy decision variables respectively. More-
over the objectives under considerations are minimization of cost
of transportation and minimization of shipping time under fuzzy
environment. The fuzziness of the objective functions and the
fuzzy constraints of the programming problem are defuzzified us-
ing the ranking function and the equality property between two
fuzzy numbers, respectively. The consequent crisp multi-objective
fuzzy transportation problem is tackled by employing fuzzy math-
ematical programming approach. Finally fuzzy decision is made
after solving the resultant mathematical programming problem us-
ing LINGO(Schrage and LINDO Systems| (1997))) software. Illus-
trative numerical example is presented in support of the proposed
methodology.

Research article

the transportation of a product man-
ufactured at different plants (supply origins)
to a number of different warehouses (demand

INTRODUCTION

Transportation problem(TP) is a particular
class of linear programming, which is associ-
ated with day-to-day activities in our real life
and mainly deals with logistics. It helps in
solving problems on distribution and trans-
portation of resources from one place to an-
other. The goods are transported from a set
of sources (e.g., factory) to a set of desti-
nations (e.g., warehouse) to meet the spe-
cificr equirements, ‘Das et al. (jlb16) Ihother
words, transportation problems deal with

*Corresponding author:
Email: admasut@hu.edu.et

destinations). Transportation problems were
well known as a basic network problem in its
classical category. The formulation and dis-
cussion of transportation model was intro-

duced by ‘Hitchcock‘ ‘(1941)‘.

Classical TP models and techniques have
been effectively applied to problems with a
well-defined or accurately known parameters
for many years. The coefficient parameters
of the majority of TP models are considered
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to be single real number which is accurately
known. However, such assumptions are not
suitable for dealing with a number of issues
that occur in real life because many of the
parameters are imprecise and vague as a re-
sult of both natural and anthropogenic ef-
fects. This motivates to formulate the
TP models in uncertain environment.
One of the uncertain environments is fuzzy
environ-ment. Moreover in most of the
literatures, authors assumed the decision
parameters as fuzzy numbers while the
decision variables as crisp ones. Since the
variables are crisp, the solution obtained as
the crisp, which is a real number. The
solution is exact value in the fuzzy
programming problems with fuzzy
parameters. The fuzzy aspect of the decision
is partly lost in this case so, it is reasonable
and important to consider fuzzy mathemat-
ical programming problem with fuzzy deci-
sion variables. Fuzzy transportation prob-
lems involving fuzzy decision variables are
considered in this study. ‘Kaur and Kumaﬂ
studied a special type of fuzzy TP by
assuming that a decision maker is uncertain
about the precise values of transportation
cost only, where the transportation cost is
represented by generalized trapezoidal fuzzy
numbers. In their proposed work all the sup-
ply and demand of products are crisp pa-
rameters that means there is no uncertainty
about the supply and demand of the prod-
uct. According to the explanation of
mar and Kaur [(2011), there may be factors
which imposes the occurrences of fuzziness
in TP. Some of these are, the decision maker
has not enough information about the unit
transportation cost of transportation opera-
tion and thus the transportation cost uncer-
tain, there may be some sort of vagueness
with respect to the demand of a newly intro-
duced product to the market and there exists
uncertainty about the product availability at
a source or supplier because of time factor.
Many authors introduced tools to solve TP.
Since transportation problem (TP) is spe-
cial case of linear programming (LP) prob-
lem, one straightforward approach is to ap-
ply the existing LP techniques to the fuzzy
TP. These techniques are discussed by many
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researchers namely; tBuckley{ ‘(1988)
Buckley [(1990), Mitlif (2016),
Ebrahimnejad (2013), Ebrahimnejad [(2015)
etc. However, some these techniques only
give crisp solutions, which represent a
compromise in terms of fuzzy data.

Y

I

The traditional view on TP is mainly con-
cerned with distributing any homogeneous
product from a group of supply centers,
called sources, to any group of receiving cen-
ters, called destinations, in such a way as
to minimize the single objective total trans-
portation cost, where the transportation cost
per unit product is constant regardless of
the amount transported, but most of the
time in real-life situation, the TPs are not
designed as single objective function. The
TP that deals with multiple-objective func-
tions is called a multi-objective transporta-
tion problem (MOTP). The MOTP is a
special type of multi-objective linear pro-
gramming problem in which objective func-
tions conflict with each other. Further-
more, objective functions are frequently in
conflict, thus there is no one best (global
optimum) solution, but rather a group of
equally good (non-dominated) alternatives
known as pareto optimal (PO) solutions.
In the framework of multi-objective pro-
gramming problems, numerous scholars from
a wide variety of academic disciplines dis-
cussed their work. Recently, multi-objective
problems have been proposed by researchers
such as Sayyah et all (2019); Sahih et al,
(2021); Sosa and Dhodiya (2021); Geshni-
ani et al. (2020), and others. Researchers
namely; Acharya et al| (2014) and
\et_al.[ (2016) introduced MOT problem in
stochastic environment. ‘Chakraborty andl
Chakraborty (2010) discussed cost-time min-
imization TP, where the demand, supply and
transportation cost per unit of the quantities
are fuzzy. Nomani et al, [(2017) introduced
a weighted goal programming to solve multi-
objective transportation problems with crisp
parameters. They used weighted approach
based on goal programming to obtain com-
promise solutions. Roy et al. (2018) pro-
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posed multi-objective transportation prob-
lem (MOTP) under intuitionistic fuzzy en-
vironment. They have assumed transporta-
tion cost, the supply and the demand param-
eters as a intuitionistic fuzzy numbers.
proposed a solution approach
for obtaining compromise optimal solution
of fully fuzzy(all the parameters and deci-
sion variables are fuzzy) multi-objective solid
transportation problems. In their proposed
problem they used ranking function for the
defuzzification of fuzzy objective function
and the property of equality between fuzzy
numbers for the defuzzification of fuzzy con-
straints. [El Sayed and Abo-Sinna (2021)
Moges et al. \(2023)‘; Malik and Guptal ‘(2022);
Niksirat (2022), etc. are the works done un-
der fuzzy environment.

As is mentioned above (Paragraph 2), in
most of the literature, authors regarded the
decision variables as being crisp while the de-
cision parameters are assumed to be fuzzy.
This assumptions leads to crisp decisions
which is illogical. A fuzzy decision multi-
objective fully fuzzy transportation prob-
lem proposed in this study. Ranking func-
tion and equality between two triangular
fuzzy numbers are employed for defuzzifica-
tion purpose and finally the equivalent crisp
multi-objective model is solved fuzzy pro-
gramming method.

The paper is organized as follows: following
the introduction, basic preliminaries are pre-
sented in Sect. 2. The mathematical model
of multi-objective fuzzy TP is presented in
Sect. 3. Solution procedures are provided
in 4. Numerical examples are provided in
support of the proposed method in Sect. 5.
Finally, Conclusion is provided in Sect. 6
followed by supportive references.

Y

BASIC PRELIMINARIES

Definition: [Roy et al/(2018)]: A tri-angular
fuzzy number a is denoted by (a?, a, a°),
where aP, a, a® are real numbers. The
membership function (uz(z)) of @ is given
below:
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0, r <af
xz—aP P
pa(z) = { g @ STZa
a ao—a:7 a S T S aO
a”—a
0, otherwise

Note: The point 'a’ is the core value of tri-

angular fuzzy number A, where pala) =1
a? and a° are the lower and upper bounds

of support of triangular fuzzy number A re-
spectively.

Definition : [Roy et al (2018)]: Let @ = (a?,
a, a®) and b = (b”, b, b°) be two triangular
fuzzy numbers ,then

(i) (a?,a,a®)® (P, b,0°) = (aP +aP, a+b,a®+
b°)

(ii) k(a?, a,a’) = (ka?, ka, ka®), k >0

(iii) (a?,a,a®) ® (0P, b,b0°) = (aPbP, ab,ab?, if
a? > 0and b >0

Definition : [Ebrahimnejad (2017)]: Let a =
(aP, a, a°) and b = (b, b, b°) be two tri-

angular fuzzy numbers ,then
(i) a =biff a® = P, a=b and a® =0°
(i) a = (a?,a,a°) > 0 iff a? > 0

Definition :Ebrahimnejad (M

Fuzzy TP is said to be balanced transporta-
tion problem when total supply from all the
sources is equal to the total demand in all
destinations.

. [Kumar et al (2011)]: A

ranking function is a function R:F(R) — R,
where F(R) is a set of fuzzy numbers defined
on set of real numbers, which maps each
fuzzy number into the real line, where a nat-
ural order exists. Let a = (a”, a,a®) be a tri-

angular fuzzy number, then R(a) = 2"+%+2®

Definition

Definition : [Hasan et al.  [(2015)]:
Multi-Objective ~ Optimization  Problem
(MOOP) involves more than one objective
function that are to be minimized or maxi-
mized. Answer of MOOP is the set of solu-
tions that define t he b est t radeoff between
competing objectives. The following is gen-
eral mathematical Form of MOOP:
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max /min  Z,,(z),m=1,2,3,...,M (2.1)

st. gi(z)>0,j=1,2,...,J (22

hi(z) >0,k =1,2,..,K (2.3)

ala; <2V (2.4)
MATHEMATICAL MODEL

The mathematical model for MOFTP with fuzzy decision variables is represented as:

min : Z;, ~ ZZ ciy)P iy, wa, (ck) xy), ke {1,2.. K} (3.1)

i=1 j=1
subject to
Z(mﬁ’j,mij,xfj) ~ (al)a;,a),i € {1,2,3,...,m} (3.2)
j=1
> (@l iy af) ~ (2, 0;,09),5 € {1,2,3, .., n} (3.3)
i=1
Ty = 0,i€{1,2,3,...m};j € {1,2,3,...,n} (3.4)
where,

i. the fuzzy total availability and fuzzy . . .
total demand are assumed to be Crisp equivalent of multi-

equal(balanced fuzzy transportation objective fuzzy transporta-
problem), ‘m’ is total number of sup- tion problem

ply points and 'n’ is total number of

destination points,

Since FMP model from to can-
not be solved directly, so ranking function
and the property of equality between the
fuzzy numbers are respectively applied on

iii. b (bp b;, 1) is the fuzzy requirement the fuzzy objective functions and fuzzy con-

of the c]o’mjmodity at j™ destination straints models of MOFTP. The resultant
crisp equivalent is obtained as:

and assumed to be triangular fuzzy
number,

ii. a;=(al,a;,af) is the fuzzy availability

of the commodity at i origin and as-
sumed to be triangular fuzzy number,

- . min : 7, = — +2¢xl+cg,’fg;3’k;:1,
iv. ¢;=(cy,¢;ij,¢%7) is the fuzzy cost coef- Py ;;(( g i) )
ficient involved with fuzzy variables in (3.5)
the objective function from it origin to subject to
5" destination, which is also assumed

to be triangular fuzzy number, " » .
Zzij =aj,i€{1,2,3,...m}; (3.6
V. Ti=(x7;, Tij, T j=1
that should be transported from ‘" ori- "
gin to j destination and assumed to inj —aic{1,2,3,..,m} (3.7)
be triangular fuzzy decision variables. ,

) is the fuzzy quantity
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Zl’?j =aj,i€{1,2,3,....,m} (3.8)
j=1
doal =t je{1,2,3,..n} (39
=1
Y wy=bje{l,23 . ,n} (3.10)
=1

foj =07,7€{1,2,3,...,n}  (3.11)
=1

afi—xy; > 0,0 € {1,2,3,...,m},j € {1,2,3, ..

(3.12)
l’ij—a:fj >0,i€{1,2,3,....m},j€{1,2,3, ...
(3.13)
vy >0,1€4{1,2,3,..,m},j € {1,2,3,....,n}
(3.14)

Solution procedure

Now we use the fuzzy programming pro-
gramming technique to solve the crisp multi-
objective programming problem of @ to
The solution procedures based on the
fuzzy programming method is detailed be-
low.

Step 1: Find the ideal solutions z!, 22, ..., z*

by picking one objective function at a
time and leaving the other objective
functions.

Step 2: Construct a pay-matrix with the
help of individual best solutions found
by the above step. Using table (1] es-
timate the bounds of z; (k=1,2,3...,K)
from the Payoff matrix.

Step 3: For every objective function zj
(k=1,2,3...,K), we formulate member-
ship function using any one of the fol-
lowing techniques of maximization or
minimization:
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Table 1: Payoff matrix

21 () z(z) . . . zg(z)

s 2 (D) @™y o 2k (a)
2@ | 2@ n@®) L 2k (2®)

Step 4

Case 1: Membership function is formulated
in the case of maximization problem as:

0, if 2, < by
o (@) = § s, i 1 < 2 < b
1, if 2z > uby,

where (b, denotes the worst lower
bound of z, and ub; denotes the best
upper bound of z

Case 2: For minimization problem the mem-
bership function is formulated as:

0, if 2, > ub,
e () = ;‘é’:_ﬁ%, if 1b;, < 2z, < ub,,
1, if 2, < by,

Where ub, denotes the worst upper
bound of z and (b, denotes best lower
bound of z.

Case 1: Apply the augmented variable, A
with max-min operator to formulate
a crisp single objective mixed integer
programming problem as:

max : A (3.15)
subject to

po () >N, E=1,2,..K  (3.16)
> ali=ali€{1,2,3,..,m} (3.17)
j=1
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>z =aii€{1,2,3,...m} (3.18) S oaf =107 € {1,230} (3.34)

j=1 i=1

" ry—xi; > 0,0 € {1,2,3..m};j € {1,2,3..n}
D af=afi€{1,2,3,..,m} (3.19) (3.35)

7=1 zij—wy; > 0,1 € {1,2,3..m};j € {1,2,3..n}
m (3.36)

D ab =15 €{1,2,3,...n} (3.20) 20, > 0,i € {1,2,3..m};j € {1,2,3..n}

i=1 (3.37)

Em 0<A<1 (3.38)
zi; =0bj,7€{1,2,3,....,n} (3.21)
i=1

m Step 5 At the end, the equivalent single ob-

Zx;?j =0%,j€ {1,2,3,....,n} (3.22) jective MP model is solved by using

i1 appropriate techniques or existing soft-

20— > 0,0 € {1,2,3 m},j € {1,2,3 n} ware. The obtained PO solutions sub-
0J 1] = Y 9 Sy Ty ey ) ) Sy Ty ey

)

(3.23) stituted back to original fuzzy objec-
vy—al > 0,6 € {1,2,3,...m},j € {1,2,3,..,n} tive function, as the result we can find
v (3.24) fuzzy optimal values of each fuzzy ob-
xfj >0,i€{1,2,3,...,m},j€{1,2,3,....n} jective functions.
(3.25)
0<A<1 (3.26)

Numerical example

In this part, application numerical example
is solved using the provided approach, and
the conclusions drawn from the results are
discussed in further detail.
A firm has two sources O ;and O yand three
min : \ (3.27) destinations Dy ,D, and D3. The fuzzy sup-
ply of the commodity from O; and O, are
subject to (75, 95, 125) and (45, 65, 95), respectively.
Request of fuzzy demanded product at D,
po () <A\ ke{l,2,3,..K} (3.28) ,Dy and D3 are (35, 45, 55), (25, 35, 45)
. and (60, 80, 110), respectively. The com-
foj — i {1,2,3..m} (3.29) pany wants to detfermine the fuzzy quan-
= tity of the commodity that should be trans-
ported from each origin to each destination

inj — i€ {1,2,3..m} (3.30) so that the total fuzzy transportation cost is
J=1

Case 2: Apply the augmented variable, A
with min-max operator to formulate
a crisp single objective mixed integer
programming problem as:

minimum with minimum transfer time. For
i=1,2, j=1,2,3., let the fuzzy transportation
n
. t for unit quantity of the commodity from
. =al, 1€ {1,2,3..m 3.31 oS _ L ~
; n=ahied bo331) i source to j™ destinations be ¢; , the
fuzzy transportation time is also considered
m T ~ .
PP i 123 3.39 as t;; and T;; represents the allocations(or
2;% 57 €41,2,3..n} (3.32) amounts), which is non negative triangular
1=
o fuzzy real variable. The theoretical data on
Z zi; = b, j € {1,2,3..n}  (3.33) fuzzy_ cost' of jcrans'portatlon an fuzzy deliv-
— ery time, is given in the table 2 below.
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Table 2: Fuzzy transportation cost per
unit(in Rupees) and fuzzy transportation
time per unit(in minute)

D1 D2 D3
Z1,(01) | (15,25,35) | (55, 65,85) | (85,95,105)
&2;(03) | (65,75,85) | (30,90,110) | (30,40,50)
1;(01) | (4,6,8) | (6,810) | (7.9,11)
1 (02) | (3,5,7) G.7.9) | (11,13,15)
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From the table [2l mathematical model for MOFTP with fuzzy decision variables becomes:

min : % ~ (15,25,35) ® &1, ® (55, 65,85) @ F15 ® (85,95, 105) ® F13 @ (65,75, 85) ® Fg1

&(65,75,85) ® o @ (80,90, 110) @ Fap @ (30,40, 50) @ Fos

(3.39)

min : Zp & (4, 6, 8) ® T11 D (6, 8, 10) ® T19 B (7, 9, 11) ® T13 P (3, 5, 7) ® Ty D (5, 7, 9) ® Too

(11,13, 15) @ Fog

Subject to

T11 ® T12 ® T13 ~ (75,95, 125)
Fo1 © Fag ® Fay ~ (45, 65, 95)
Fio ® a1 = (35,45, 65)
Fro B dan ~ (25,35, 45)
Fra & Fa3 ~ (60,80,110)
T11,T12,T13 = 0

To1, Tog, Tz = 0

defuzzification is done using the concept
discussed in the subsection 3.1 Then the
case of evaluation of membership
functions for the minimization (Max-min op-
erator) is applied on the crisp MOTP along

(3.40)

with all the procedures discussed above. The
fuzzy programming method is applied on the
aforementioned crisp equivalent MOTP to
find the ideal solutions as detailed below

1.(1) = ('Tzljlﬂ L1, x(ﬁa x11?2a T12, x?Qa x]l)37 T3, xfl)?n xgl» Ta1, 33317 '1712727 X292, '77323:]2)37 T3, '7’33):
(35,35,55,10,10,10,30,50,60,0,10,10,15,25,35,30,30,50)

@

— p o p o p o p o p o D o \__
= (33117 T11, L1175 Ty9, T12, L9, T13, L13, L135 Lo1, L21, Loy, Log, T22, Tog, Loz, T23, $23)—

(0,10,30,25,35,35,50,50,60,35,35,35,0,0,10,10,30,50)

At the corresponding ideal points the val-
ues of crisp objective functions are obtained
and given as: z;=10737.5, z,=1440.

After constructing a pay-of matrix [2 the
bounds of the two objective functions are
given by:

10737.5 < 2 (z) < 11825

1440 < z9(x) < 1465.

The the single objective crisp problem is ob-

tained by formulating membership function.

Thus the programming problem becomes:
max : A

(3.48)
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subject to 29, + 29, = 65 (3.59)
21 + 1387.5) < 11825 (3.49) alfy +aby =25 (3.60)
2o + 25\ < 1465 (3.50) T12 + Tap = 35 (3.61)

o +aly+aly =7 (3.51) Tl + a5y = 45 (3.62)
Tu Tt =95 (3.52) oYy + 155 = 60 (3.63)
oYy + afy + a3 =125 (3.53) 13 + T3 = 80 (3.64)
Thy + Thy + Thy = 45 (3.54) iy + a5 = 110 (3.65)
To1 + Tog + oz = 65 (3.55) i — i 2 0 (3.66)
91 + X9y + 93 = 95 (3.56) iy — x> 0 (3.67)
ohy +ah =35 (3.57) w2 0 (3.68)

z11 + 191 = 45 (3.58) 0<A<1 (3.69)

By employing the LINGO software, the resultant equivalent crisp programming problem
— is solved. The PO solutions and the agumated variable A\ obtained are given
consecutively as: x*=(31.66375,41.66375,61.66375,0,3.336248,3.33666248,43.33675,50,60,
3.336248 ,3.336248 ,3.336248 ,25,31.66375,41.66375,16.66375,30,50), A=0.6668124. The com-
promising fuzzy objective functions values are 2;=(6875.31, 10341.77, 16075.04) and Z,=(748.32,
1355.13, 2335).

Figurative description of fuzzy optimal triangular cost and triangular transfer time are detailed
in the figure below.

flay (2]

1

6875.31 10341.77 HBaEa0

Figure 1: Minimum fuzzy transportation cost
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748.32

1355.13 2335

Figure 2: Minimum fuzzy transfer time

DISCUSSION

The defuzzified crisp MOTP is solved by
fuzzy programming method. Using Max-min
operator, the resultant single objective crisp
integer MP problem is coded into LINGO
optimization package version 19.0 software
and fuzzy PO solutions are obtained. The
minimum total fuzzy cost of transportation
and the minimum fuzzy transfer time are ob-
tained and interpreted as follows:

Fuzzy transportation cost and fuzzy transfer
time z;=(6875.31, 10341.77, 16075.04) and
Z,=(748.32, 1355.13, 2335) respectively are
calculated by back substitutions of PO solu-
tions into fuzzy objective functions of
the the programming problem.

It is found that the least amounts of min-
imum total transportation cost and trans-
fer time are 6875.31 and 748.32 units re-
spectively. The the most possible amounts
of minimum total transportation cost and
transfer time are 10341.77 and 1355.13 units
respectively. Furthermore, the greatest
amounts of minimum total transportation
cost and total transfer time are 16075.04 and
2335 units respectively.

CONCLUSION

The classical transportation problem (TP)
is primarily concerned with distributing any
homogeneous product from a group of sup-
ply centers, known as sources, to any group
of receiving centers, known as destinations,
in such a way that the single objective to-
tal transportation cost is minimized, where
all parameters are crisp (precisely defined).
However, in many circumstances, the deci-
sion maker lacks precise knowledge of the
TP parameters. and the nature of the TPs
are not designed as single objective func-
tion. If the nature of the information is vague
and the decision maker objectives preference
are conflicting, t he c orresponding program-
ming problem is fuzzy multi-objective pro-
gramming problem, and thus fuzzy MOTP
arises. In this paper, we have discussed a
solution approach for solving TP, with more
than one objective function by considering
the presence of vagueness in the real life data
of transportation problems, where all the pa-
rameters and decision variables are consid-
ered as triangular fuzzy numbers. Initially,
the fuzzy objective functions are defuzzified
by applying the ranking function for trian-
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gular fuzzy numbers on each individual ob-
jective function. The equality constraints in-
volved in the multi-objective TP model with
fuzzy parameters are converted to their crisp
equivalent by using the property of equality
among the fuzzy numbers. Finally fuzzy pro-
gramming approach is used to find the com-
promise solution of the crisp multi-objective
programming problem. Optimization solver,
LINGO Schrage and LINDO Systems (1997),
is used to solve one application example by
proposed method and solutions and find-
ings are discussed in detail. As the fuzzy
technique is often employed to model many
real-world situations, including supply chain
modeling, information theory problems, in-
ventory operations problems etc., the sug-
gested method may eventually be extended
to address such optimization problems.
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In vitro condition

Microplastics have been reported by many literatures as contaminants of environmental
water bodies and are ingested by aquatic organisms due to their small sizes. Knowing the
effects of microplastics to fresh water fish which are kept in ponds helps in managing fish
keeping practice. The objective of research was to determine the toxicity of microplastics
to Nile tilapia (Oreochromis niloticus). The Experiment was done in 80 fish samples.
Microplastics which were prepared for the batch experiment were introduced in the
aquarium followed with observation for 21 days. The digestion of fish gills and intestines
involved 10 mL of 10% (w/v) KOH solution and incubation at 65°C for 24 hours.
Engulfed microplastics were determined using stereo microscope and At-IR
spectrophotometer for confirmation. Engulfed microplastics were observed to be in mean
range of 3.37 x 10%4.04 x 10° to 2.32 x 10° + 3.57 x 10° particleskg in gills and 4.68 x
Research article 10* + 3.02 x 10* t04.40 x 10* + 5.34 x 10* particles’kg in intestines. The observed
responses were loss of equilibrium for 35% of fish, abnormal swimming for 49% of fish,
abnormal ventilator behavior for 59% of fish, abnormal appearance for 39% of fish and
average growth weight increase in control experiment fish was 6.10+2.62 g compared to
1.7 £ 3.62 g intest fish. There was no mortality of Nile tilapia. The responses of fish to the
presence of microplastics in aquarium indicated that microplastics had adverse effects to
Nile tilapia (Oreochromis niloticus). More researches have to be done on fish
physiological changes caused by microplastics.

INTRODUCTION to 80% of plastic contaminants originate from

anthropological activities (Mvowiec, 2017).
Plastics are produced in large amount for Plastic wastes in environments occur in
different applications, but have been different sizes, the smallest forms are called
accompanied with waste deposition in urban microplastics (Sadri and Thompson, 2014;
areas (Moore, 2008; Zhang, 2017). About 70 Thakur et al., 2022). When large proportions
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of plastic wastes are mismanaged, they enter
the environments where they evolve into
microplastics via progressive fragmentation
through the process of bio-degradation, photo-
degradation, thermo-oxidative degradation or
mechano-chemical degradation (Mvowiec,
2017; Guilhermino, 2021).

Microplastics have been found in marine biota
because of their presence in ecosystems
(Mistri, 2022). Animals exposed to
microplastics under laboratory setting have
shown severa adverse effects like histological
aterations, lesions in the gastrointestinal tract,
intestinal inflammation, neurotoxicity,
oxidative stress, damage, immuno-regulation,
feeding behavioral change, and developmental
aterations (Jovanovic, 2017). Oxidative stress
and inflammation are caused by generated
reactive oxygen species (ROS)
(Subaramaniyam et al. 2023;Y ao et al., 2023).

In  urban areas, there are various
anthropogenic  activities which lead to
microplastic accumulation in water bodies in
which fish are found living (Khan et al., 2018;
Mayoma et al., 2020). Fish can be easly
stressed due to exposure to toxic substancesin
water (Reverter, 2018). The reported clinical
signs by literatures on fish responses to
abnormal water conditions have not been well
documented on fresh water fish commonly
known as Nile tilapia (Oreochromis niloticus)
once exposed to microplastics. Fish keeping is
highly encouraged and takes place in ponds in
various tropical regions in Africa where
Tanzania is among of them. With knowledge
that fresh water ponds are susceptible to
microplastic pollution in urban regions,
therefore there was need of finding out how
far the microplastic exposure to fresh water
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fish, especialy Nile tilapia could have effect.
The research was conducted to find out how
fish commonly known as Nile tilapia were
affected by microplastics and to evaluate their
effects by in vitro observation in laboratory.

MATERIALSAND METHODS
Materials

An Aguarium was made of glass (30 cm x 30
cm x 60 cm), with a capacity of 40 L. Two
aerators, two air and water filters, awire mesh
covering, and an aquarium fish net from the
fish equipment business shop were used to
support the aquarium. A  l|aboratory
thermometer and a multimeter for pH, water
conductivity and Total dissolved solids (TDS)
were obtained from the laboratory. Plastic
buckets, (each 20 L), and a sieve were bought
from the domestic shops. Fish feeds were
bought from the animal feed shops. Stereo
microscope, hand lens, and 100 mL beakers
were supplied by the laboratory. Potassium
hydroxide (Analar compound) and Standard
microplastics: Polyethylene (PE),
polypropylene (PP), polyvinyl chloride
(PVC), nylon 6, 6 and polyethylene
terephthalate (PET) were supplied by Precur
Chem and Equipment Ltd, Tanzania.

Samples of fish for toxicological study

Samples of Nile tilapia for microplastic
toxicological study were collected from
Kibaha Fish Farming Ponds in Coast Region,
Tanzania. The selection of this freshwater fish
was based on the fact that it is commonly kept
in most fish farmers in tropical regions due to
the ability of withstanding extreme conditions
like high temperature, change of pH or
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changes of total dissolved solids. The fish
have also ability to survive during transport
and the period of caring and observation.
Small fish aged two months old (length 12
mm-14 mm and/ or weight 30 g-50 g) were
captured and collected using nets. The fish
were captured during the sunset and were kept
in ponds within nets until early morning
before sunrise where they were collected in
two buckets of (20 L) each containing 10 fish.
Fish in one bucket was used for test
experiment while in another bucket was for
the control experiment. All the experiments
involving fish samples were performed in
batches of 20 fish and a total of 4 batch
samples were collected. About 4 L of water
from the pond was added in each fish bucket
for maintaining fish medium.

Preparation and aquarium maintenance

The test and control aquaria were set near the
window where sun rays did not struck
directly. Two aerators for each aquarium were
connected to the filters, and then placed in the
aguarium using aguarium fish net. Clean tap
water was half-filled n each aguarium one day
before fish introduction. The water in the
aquarium was left overnight in order to
dechlorinate. In the next day, aeration was
performed to increase the amount of oxygen
and filtration was done for half an hour to
remove some suspended solids. Thereafter,
room temperature, pH, conductivity and total
dissolved solids (TDS) of the water in the
aguaria and the buckets (from the fish ponds)
were measured. Each fish was weighed to
obtain initial weight (w1) and length (1) prior
to placing in the aguarium. The fish were
placed in the separate aguaria then were left to
acclimatize for 20 min. Then water from fish
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farm ponds in the buckets was mixed with de-
chlorinated aguarium tap water which was
already in the aguarium in order to fill the left
space. The purpose of retaining the pond
water was to keep the association bacteria
(symbiosis) used by fish in their life. Lastly,
each aguarium was covered with wire mesh in
order to ensure fish safety. The fish in both
aquaria were starved for one day, then fed
with ground fish feed pellets 10% (w/w). The
fish were left to acclimatize for nine days
before feeding with microplastics. The fish
life was maintained by continuous aeration of
the aguarium water, and measuring pH, water,
room temperature, conductivity and TDS. The
nitrate levels were controlled by dilution with
25% of clean water after every two days. The
gravel was set as aguarium bed in order to trap
suspended solids and feces. The feces were
removed after every two days by siphoning.

Exposure of Niletilapiato microplastics

Microplastics with size of 30 um for PVC,
and 1000 um for PET, 2000 um for PE, 2000
pum for PP and 600 um nylon 6,6 were mixed
together in a 250 mL beaker followed with
mixing with water to form a suspension. The
microplastics were prepared in different
concentration dose for exposure to fish; 2.7 x
107, 9.0 x 10°, 1.3 x 10° and 6.7 x 10
particlesm®. The prepared micro plastic
suspension was introduced in the test
aquarium on the tenth day. The aguarium
contained fish of average weight 40 g. Then
the observation was performed for 21 days
according to the Organization for Economic
Co-operation and Development (OECD,
2019). The behaviours (responses) of fish in
the test aquarium were compared with the fish
in the control aquarium. The toxic effects of
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micro plastics on fish were observed by noting
and recording the number of individuals
affected using some established clinical signs
(Table 1) as stipulated in the OECD (2019).
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Furthermore, the physical characteristics of
the aquarium media (pH and conductivity),
weight of fish, and concentration of
microplastics were observed.

Table 1. Clinical signsused in observation of responses of Niletilapia to microplastics exposure

Observation

Clinical Sign

Loss of Equilibrium

Abnormal swimming behavior

Abnormal ventilator
(Respiratory) function

Abnormal skin pigmentation

Appearance and Behaviour
Abnormalities

Abnormal horizontal orientation

Abnormal vertical orientation

Loss of buoyance control (floating at surface or sinking to the bottom)
Hypo activity (Decrease in spontaneous activity)

Hyperactivity (Increase in spontaneous activity)

Corkscrew swimming (Rotation around long axis, erratic movement)
Abnormal surface distribution (abnormal depth selection, close to water
air interface

Abnorma bottom distribution/behaviour abnormal depth selection,
bottom of tank)

Over-reactive to stimulus (flight, or avoidance response to: visual, tactile
touch) or vibration stimulus

Loss of schooling/shoaling behaviour (individual fish show, loss of
aggregation and social interaction)

Dense schooling/shoaling behaviour (increase in clumped association of
fish)

Hyperventilation (increase in frequency of opercula ventilator
movements with possible open mouth and extended opercul a)
Hypoventilation (decreased frequency of opercula ventilator movements).
Coughing (fast reflex expansion of mouth and opercula not at water
surface-assume to clear ventilator channels)

Gulping (mouth movements at water surface resulting in intake of water
and air)

Head shaking (rapid lateral head movements)

Darkened (malefic markings)

Lightened (weak pigmentation)

Mottled (discoloration)

Oedema (abnormal swelling due to accumulation of fluids)

Haemorrhage (sub-mucus bleeding)

Faecal (anal) casts (string of faeces hanging from anus or on tank floor)

Source: OECD (2019).

Analysis of engulfed microplastics

After 21 days, all

fish from test and

incubation at 65°C for 24 hours. Later,
distilled water was added to dilute the unused
KOH before filtration. The particles on the
filter paper were washed thoroughly with
water during filtration. A stereo microscope

experiment aquaria were weighed for fina
length and weight, and then were dissected to
collect intestinal parts and gills. The gills and
intestines were separately digested using 10%
KOH solution (10% (w/v) following with

(10 x magnifications) was used to count the
microplastics which was performed first by
placing al microplastics in the petri-dish
which had four partitions prepared by lines of
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pen-ink. Secondly, the petri-dish was placed
on the microscope stage for visualization and
counting of microplastics in all petri-dish
compartments (Masura et al., 2015). Further
confirmation of the microplastics was done
using Attenuated Fourier Transform Infrared
Spectrophotometer  instrument  (At-FT-IR,
Bruker, Massachusetts, USA).

Data analysis

Excel descriptive statistics in analysis Tool Pak
was used to analyse row data for mean, range
and standard deviation of microplastics
engulfed by Nile tilapia. Pearson correlation
was used to determine the relationship
between microplastics which were engulfed
and responses of Nile tilapia. Student t-test (n
= 20)was used to determine the significant
difference of effects of engulfed microplastics
on Nile tilapia and significant difference in
growth among the microplastic fed fish (tested
fish) and fish which were not fed with
microplastics (non-tested fish).

RESULTS

Water temperature, pH, total dissolved
solids (TDS) and electric conductivity

Water temperature, electric conductivity, pH
and total dissolved solids were monitored as
part of water quality assurance for fish growth
in both test and control experiments.
Ammonia content in aquarium which was
caused by defecation and food remains was
controlled by diluting water and siphoning out
after every two days of experiments. Dilution
and siphoning were also means of regulation
of pH, TDS and conductivity. The room
temperature was controlled by air circulation
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using fans and opening windows. The room
temperature therefore, ranged from 24.8 to
27°C and water temperature ranged from
24.00 to 26.00 °C. The temperature range was
within the water quality requirement for fish
farming, which is 24°C to 30°C (Ezeanya et
al., 2015). The water conductivity (mean *
standard deviation) in tested fish had changed
by 62% (465 +117.15 ps/cm) from the pond
water conductivity (7501254 ps/cm), the pH
had changed by 0.9% (6.8 £ 0.4) from the
pond pH (6.7 £ 0.2) and TDS had changed by
63.9% (236.5 +32.4 ppm) from the pond TDS
(370.0 = 127.3 ppm). The water conductivity
in non-tested fish had changed by 64% (480 +
80.1 ps/cm) the pond water measurements
were 750£254 ps/cm (electric conductivity),
pH had changed by 0.9% (6.8 £ 0.2) from the
pond pH, 6.7 £ 0.2, and total dissolved solids
had changed by 72% (269.75 £104.85 ppm)
from the pond TDS, 370.0 + 127.3 ppm. There
was no significant difference between water
conductivity (t-test, p = 0.7, df = 40), total
dissolved solids (t-test, p = 0.09, df = 40), and
pH (t-test, p = 0.05, df = 40) in test and
control experiments. The recommended pH
range for fish growth is 6-9, electric
conductivity is 100-2000 ps/cm (Ezeanya et
al., 2015) while total dissolved solids is 500
ppm-1500 mg/L (Scannell and Jacobs, 2001).

Microplastic abundance and wet weight
change of Niletilapia

Microplastics were found in both intestines
and gills of the tested fish in great abundance.
Polyvinyl chloride microplastics were the
most abundant because of the size (30 um)
which was smaller than other microplastic
sizes. Other microplastics with size 600 um to
2000 um were not determined in both gills
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and intestines. The microplastic
concentrations in intestines were in
concentration range of 4.68 x 10° + 3.02 x
10°particles’kg to 4.40 x 10*+534 x 10*
particles’/kg (mean + standard deviation) and
in gills with concentration range of 3.37 x 10°
+ 4.04 x 10°particles’kg to 2.32 x 10° + 3.57 x
10° particles/kg (Table 3).

The wet weight concentration (mean =+
standard deviation) increase for test fish was
1.7+ 0.66-3.66+0.74g and for non-test fish
was 5.2 + 1.85-6.54 + 2.11 g. The results
indicated that the non-test fish had great
increase in wet weight compared to test fish
(Table 2) adthough the statistical comparison
(ONE way-ANOVA) indicated that there was
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no significant difference in growth changes
(df =79, p = 0.9) between test fish and non-
test fish. The change in growth length was
high in non-test fish. There was significant
difference (p<0.05, p = 0.00, t-test) in the
effects of microplastics among test fish, aso
there was medium correlation (r = 0.3, p =
0.00) between microplastic effects on fish
weight changes. The change in growth weight
of test fish gave scattered cycles which were
underlying straight line to show linear
relationship between the two variables. The
relationship between growth weight change
and microplastics did not depend on
concentration of microplastics, which means
even low concentration could affect negatively
the fish growth (Figure 1).

3 R*=00112

6000

particles/kg

Figure 1. Relationship between (a) Growth change in weight and microplastic concentration
(b) Growth length change and microplastic concentration

The change in growth length of test fish had a
range of 0.1 + 0.06 to 1.21 + 1.16 cm (mean *
standard deviation) compared to the non-test
which had range of 0.62+0.12 to 1.7+1.0 cm
(Table 2). The mean length growth change in
test fish was smaller compared to non-tested
fish because of some fish which had fin rot
which resulted to loss of tails. The results

indicated that there was small correlation (r=
0.1, p = 0.00) between microplastic effects on
fish length changes. The change in growth
length of tested fish gave scattered cycles
which were underlying straight line to show
linear relationship between the two variables.
The relationship between growth length
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change and microplastics did not depend on concentration of microplastics.

Table 2. Engulfed microplastics in gills and intestines and fed microplastics and Comparison of mean
changein fish weight (g), changein fish length (cm) between tested and non-tested fish in relation to the
engulfed MPs (particleskg)

Engulfed microplastics (mean + standard deviation) in gills and intestines together with fed microplastics

Exp Exposed P¥m’ Gills, Particles’kg Intestines

1 2.7x 10’ 3.37 x 10 %+4.04x10° 4.68 x 10°+3.02 x 10°
2 9.0 x10’ 9.95 x 10%+9.70 x 10? 5.50 x 10°+9.31 x 10°
3 1.3x 10° 1.79 x 10°£1.88 x 10° 4.40x 10*+5.34 x 10*
4 6.7 x 10° 2.32x 103,57 x 10° 1.08 x 10*1.00 x 10*

Comparison of (mean tstandard deviation) change in fish weight (g), change in fish length (cm) between
tested and non-tested fish in relation to the (mean tstandard deviation) engulfed microplastics
(particles/kg)

Exp Change weight Changein Length Engulfed particles
Tested fish Non-Test fish Tested fish Non-Test fish

1 1.75 +0.66 5.2+1.88 0.46+0.42 0.65+0.34 5.03x10°+3.07x10°

2 3.66 +0.74 6.54+2.11 0.6+0.18 0.62+0.12 3.58x10%9.94x10°

3 2.53+2.9 6.52 +2.32 1.21+1.16 0.8£0.5 4.59x10%*#5.36x10*

4 1.7 £3.62 6.10 +2.62 0.1+0.06 1.7+1.0 2.33x10"+3.85x10"

Mean  2.41+0.92 6.09+0.54 0.57+0.49 0.95+0.53 1.94x10*+1.71x10*

Biological Effects of Microplastics on Nile indicated loss of equilibrium were 4+£1 fish

tilapia (mean + standard deviation), abnormal
swimming behavior were 4+2 fish, abnormal

The microplastic effect was found in the ventilatory function were 6 = 4 fish and

fourth day from the test initiation. The fish abnormal external appearance were 3+2 fish

which were tested with microplastics and (Table 3).

Table 3. The number (mean + standard deviation) of Nile tilapia which had positive responses on
micr oplastic exposur e and the observed clinical signs.

Observation Abnormal clinical sign Number of fish
Loss of Equilibrium Horizontal Orientation 4+2
vertical orientation 4+2
Loss of buoyancy control 4+2
Swimming Behavior Hypo activity 4+4
Hyperactivity 514
Surface distribution 6+4
Bottom distribution 214
Dense schooling 8x1
Ventilatory/Respiration Function Hyperventilation 9+2
Hypoventilation 1+2
Irregular ventilation 612
Gulping 9+4
Abnormal skin pigmentation Lightened 1+2
External Appearance Excess mucus secretion 5+6
Faecal casts (anal) 1+£1
Finrot 3+4
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Some tested fish with difficulty in ventilation
by gulping behaviour and selection of space
aggregated in one space near the aguarium
wall, and some fish had fin rot compared to
the non-tested fish without microplastics.
However, results did not involve any mortality
cases of fish because they were not observed
in experiments. The No Observable Effect
Concentration (NOEL) was assumed to
correspond to the highest concentration tested
which was 4.40 x 10* particles’kg similar to
the report by Hasselerharm (2022).
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Evaluation of microplastic toxicity on Nile
tilapia

The percentage of fish which had abnormal
external appearance was high, followed by
abnormal swimming behaviour, abnormal
ventilatory function and lastly loss of
equilibrium (Figure 2).

Abnormal Appearance [N
Abnormal Appearance IR

Abnormal Appearance  [NNENENEGGEE—

Abnormal Appearance H

Btcl Bic2 Btc3 Btcd Btcl Btc2 Bitc3 Btcd Btcl Bitc?2 Btc3 Btcd Bitcl Bic2 Bic3 Bicd
Responses of Fish

Key: Btcisfor butch number

Figure 2. Percentage of Fish with their responseto Microplastics

The loss of equilibrium was determined by
observing fish which had shown clinical signs,
namely abnormal horizontal orientation,
abnorma vertical orientation and loss of
buoyance which was in 35% of fish. The
percentage of fish which had shown loss of
equilibrium gave scattered cycles which were
underlying straight line to show linear

relationship between the two variables. The
relation to engulfed microplastics had a large
negative correlation coefficient, r = -0.7, p =
0.14. Therefore, there was a large relationship
between percentage of fish which had loss of
equilibrium and the engulfed microplastics
(Figure 3).

61



80
-]

70
=-0.0003x+ 63.625

60

50 ®
40
30

20

% Fish with Abnormal Ventilation
% Fish with Loss of Equilibrium

10000 20000 30000 40000 50000
Particles/kg

90

y=0.0012x+ 25441

80 R2=0.9235

70
60
50
40

30

% Fish with Abnormal Swimming

20

%% Fishwith abnormal appearancs

0 10000 20000 30000 40000 50000

Particles’kg

Figure 3. Relationship between fish with
microplastics

The abnormal swimming in fish was observed
in 48.1% of fish. The clinical signs which
were observed in fish for abnormal swimming
were. Hypo activity, abnorma bottom
distribution and dense schooling or shoaling.
The percentage of fish which had abnormal
swimming indicated relationship  with
engulfed microplastics (Figure 3), where the
clustered cycles were close to the straight line.
The correlation coefficient, r = 0.9, p = 0.14
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abnormal appearance and concentration of engulfed

indicated presence of large reationship
between the percentage of fish with abnormal
swimming and engulfed microplastics.

Abnormal ventilation in test fish was observed
in 58.8% of fish. The clinical signs for
abnormal ventilation observation were: hyper
ventilation and  hypoventilation.  The
percentage of fish which had abnorma
ventilation indicated a relationship with
number of engulfed microplastics (Figure 3)
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where the clustered cycles were close to the
straight line. The correlation coefficient, r = -
04, p = 0.13 indicated the presence of
medium correlation between percentage of
fish with abnormal ventilation and engulfed
microplastics.

East Afr. ]. Biophys. Comput. Sci. (2023), Vol. 4, No. 2, 54-68

epiderma part. The clustered cycles were
close to the straight line to show close
relationship between percentage of fish with
abnormal appearance  and engulfed
microplastics (Figure 3). The correlation
coefficient, r = -0.17, p=0.13 indicated small
relationship between percentage fish with

Abnormal appearance of test fish was not abnorma appearance and engulfed
observed in 38.5%. The clinical signs were; microplastics.
oedema, fin rot, and excessive mucus on
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Figure 4. Responses of fish to microplastic exposurein four different experiments

The responses of fish on exposure to
microplastics was monitored daily and
results indicated that the percentage of
tested fish which had positive responses
started within day 3 to day 5 from the
day microplastics were introduced, then
increased to the maximum in 10 days

(Figure 4). Among the fish which were
exposed to microplastics, 72.5% of
them had small weight and 75% had
smaller length growth compared to fish
which were not exposed to
microplastics. The observation was
made for daily increase of wet weight
in both tested fish and non-tested fish.
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The daily wet weight increase in tested
fish was low compared to the non-
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tested fish (Figure 5).
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Figure 5. Change in Wet Weight of Oreochromis niloticus with days for tested fish and non-tested fish

in two different experiments.

DISCUSSION

The temperature conditions which were used
in keeping fish for study were in the normal
range which is required for fish farming and
did not differ much from the temperature
17.7°C to 27.7°C used by Chaudhary and
Sharma (2018) in the experiment for tilapiain
fish tank. Water electric conductivity, total
dissolved solids, and pH were within the limit
of water quality requirements where pH is 6.0-
9.0 for freshwater fish, TDS upper limit is
1500 ppm, athough the one that causes effect
is 5000-10,000 ppm (Scannel and Jacobs,
2001). One report by Chaudhary and Sharma
(2018) for fresh water fish kept in the tank,
indicated that water was kept alkaline with pH
range of 8.3-8.50 in both control and test
tanks and the water electric conductivity was
1730us/cm-1980 ps/cm, the conditions which
were different from what used in this study

but both were within the limits of freshwater
fish growth. In this study, it was found that
microplastics concentrated in gills and
intestines the scenario which indicates that the
test fish in aguarium could not manage
eliminating particles of microplastics during
taking in water through gills, and eating food.
Events like these have been reported also in
other studies for microplastics in marine biota
because of presence in ecosystems (Thompson
et al., 2009).

The responses of Nile tilapia on exposure to
microplastics in this study have been reported
as fish stress caused by toxic contaminants of
water in many literatures (Coyle, 2004;
Davidson et al., 2011; Reverter, 2018;
Sridhar, 2021). Cocci et al. (2022) reported
that microplastic occurrence in fish was found
to be correlated with antioxidant enzymes
(catalase and superoxide dismutase) and
cytokinases (interleukin 1 (3, 10 and
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interferon) levels, causing reactive oxygen
species (ROS) generation and immune cell
infiltration in the gut. Moreover the study by
Alimba and Faggio (2019) indicated that
microplastic presence in marine vertebrates
produces oxidative stress in proteins, lipids
and deoxyribonucleic Acid (DNA) by altering
the antioxidant defuse mechanisms, i.e
enzyme catalase (CAT), superoxide dismutase
(SOD), glutathione-s-transferase  (GST),
glutathione peroxidase (GP) and reduced
glutathione (GSH) genes at the catalytic and
transcriptional levels. They regulate the gene
expression that controls oxidative stress by
acting as pro-oxidant stimuli activating
antioxidant gene expression through nuclear
factor erythroid 2-related factor 2(N,f2)-
dependent mechanism. The clinical signs like
abnorma swimming which was observed in
Nile tilapia in this study has been reported
also by Wright et al. (2020) who had observed
that the polyvinyl chloride which were
exposed to brown trout had reduced
swimming activity and there was change in
their circadian rhythms. Furthermore, the
report by Tang et al. (2018) indicated that
microplastic exposure in sea bream heads
atered the INK (c-Jun N-terminal kinase) and
ERK (extracellular signal-regulated kinase)
signalling pathways which are involved in the
detoxification process of fish. Even other
abnormal behaviours observed in Nile tilapia
in this study might be attributed to the similar
situation as Yao et al. (2023) reported for the
exposed high concentration of polystyrene
microplastics in golden pompano (Trachinotus
ovatus) which had caused oxidative damage
and up-regulation of genes (GrPn78, X6p-1,
and EIf-20), resulting in endoplasmic
reticulum stress (ERS) and severe oxidative

East Afr. ]. Biophys. Comput. Sci. (2023), Vol. 4, No. 2, 54-68

stress which raised the BAX/BcL-2 ratios and
induced death. More studies report similar
cases of microplastic exposure effects
although they do not mension directly the
clinica signs which have been considered in
our observation in Nile tilapia but the
oxidative stress must be the reason. For
instance; the study by Cao et al. (2023)
reported the effects of polyethylene
microplastics in carp and found that they
elevated the expression of P53, NF-KB, P6S,
1KKa, 1KKI@R, caspase-3 genes in the gills.
Also the extended exposure to polystyrene
microplastics in coach juveniles
(Paramisgurnus dabbyanus) was studied by
Wang et al. (2022) and found to inhibit the
expression of keep 1-Nrf2 signalling pathway
genes inducing aptosis by upgrading proteins
(P53, gadd 45 ba and caspase 3b) expressions,
aso were found to up-regulate TNF-a and
PTGS2A which are gene markers in the
inflammatory mechanism in zebra fish
(Umamaheswari et al., 2021). Lastly, the
study by Chen et al. (2021) on tilapia had
found that polyethylene microplastics caused
oxidative stress in the liver by damaging cell
membrane increasing lipid peroxidation
(PLO) levels, in the brain, dorsal muscles and
gills, higher brain activity where 32% of the
fish had microplastics in the dorsal muscle
(Barbozaet al., 2020). In addition poor quality
of water that was contributed by presence of
microplastic contamination might have lead
also to diseases that rise from bacteria and
fungi. Because fouling organisms like fungi
and bacteria can easily attach to microplastics
causing them to be agents of diseases (Dekiff
et al., 2014). Furthermore, responses indicated
by clinical signs in this study have also been
observed in other studies for effects of toxin
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contamination where 30% to 35% of
individual fish responded positively for
example some had frequent surface movement
with gulping of air (ISam et al., 2021), the
abnormal alterations were associated with
physiological responses which were inductive
of stress.

CONCLUSION AND RECOMMENDATION

The test fish engulfed microplastics which
were found in intestines and gills. The
engulfed microplastics resulted to stress in
Nile tilapia which was observed from different
responses according to clinical signs and the
lag in proper growth. There were no mortality
of Niletilapia but the responses to presence of
microplastics in aguarium indicated that
microplastics had adverse effects to Nile
tilapia. The evauation of toxicity of
microplastics to Nile tilapia indicated that fish
in  contaminated ponds have high
susceptibility to the effect of microplastics
which might lead to death if the conditions
have not been controlled. Although there have
been reports on the effects of microplastics as
a cause of oxidative stress to fish, more
studies need to be done to give clear
description for some observations like fin rot
and abnorma mucus secretion responses
which might be associated to microplastic
harbouring microorganism in large amount.
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