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OVID-19 pandemic has severely affected the food supply throughout the world. 

Pandemics affect the economy of nations badly but a number of countries were 

facing food insecurity even before COVID-19 pandemic. In this paper yearly data of 

food security is collected from the year 2015 to 2020 to inspect the consequences of poverty 

and COVID-19 pandemic through spatial regression analysis. The analysis shows that the 

food insecurity index has increased up to 33.5% by the year 2020 due to prevailing COVID- 

19 pandemic. The Asian residents which are already living in developing countries have 

faced higher food insecurity between the years 2015 and 2018. The spatial regression analysis 

babbled that the discriminations like race, religion and creed doesn’t play any significant role 

in poverty and food insecurity.  The primary factor of food insecurity is poverty. The 

poverty affected strongly during the years 2015 and 2018, the condition was worsened by the 

arrival of COVID-19 pandemic in 2020.  

Keywords 

Food Insecurity, Demographic, Spatial, COVID-19, Poverty 

Introduction 

Pakistan’s social and living standards state that food insecurity is a lack of access to 

adequate food required to maintain a healthy lifestyle [1].  Food security levels are distributed 

into four levels, high, marginal, low and very low. High level of food security indicates 

adequate delivery of food in a society. In marginal food security, the society faces problems 

in accessing food, though the quantity, quality or variety of food is not reduced substantially. 

C 
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Quality and variety of food is reduced in low level of food security while the consuming 

patterns of members of a family are disrupted in very low level of food security  due to lack 

of food resources and money [2].  

In Pakistan, food insecurity affected 16.4 out of 100 houses with marginal to low 

food insecurity in the years 2018 and 2019 [3].  This number was higher than the previous 

years. Nearly 11.8 % of Pakistani population faced food insecurity by the year 2017, this 

population lacked adequate food required for a healthy life [4].  The food insecurity was low 

in the year 2016 that was nearly 12.3 % [5,6,7].  The food security was above 4.9 % but it 

reduced to 4.5 % by the year 2016 [8]. High inflation rate, increasing unemployment, poverty 

and lack of adequate quantity of food has complicated the issue of eradication of food 

insecurity in Pakistan [9]. Food insecurity is source of multiple issues including birth 

deficiencies, anxiety, depression, anemia and malnutrition. According to latest research, food 

insecure families are at higher risk of having anemia, asthma and other malfunctions 

including poor growth [10]. These families are at 2 to 3 times higher risk of having 

malnutrition children [11].  

Pakistan being underdeveloped and the sixth highly populated country, has 

moderately high levels of undernourishment and food insecurity. Nearly 15 % population 

including women and children consume barely acceptable quantities of food per day [12].  

Although, Pakistan is self-dependent for the production of wheat but the level of hunger and 

malnutrition is extremely high in the country. One of the major reasons of food insecurity is 

poverty. Nearly 18.4 % population of Pakistan is of elders who lies among non-productive 

members of society [13]. Children share 35 % of the population of country. [14, 15].  

Nearly 54 % families of Pakistan lie below poverty line and struggle to get adequate 

food on daily basis [16]. Rate of food insecurity is 11.2 % higher in south as compared to the 

northern west region i.e., Punjab where the food insecurity is 9.6 % [17,18].  Further policies 

were made by the government of Pakistan to address the issue of food insecurity. 

Government introduced a food security policy in 2018 for the first time in Pakistan. This 

program was introduced to attenuate hunger and poverty and to encourage the sustainable 

food production [19].  

Several other efforts are being made including the Food for Peace (FFP) program 

through which US has provided an aid of nearly 2 million dollars to fight acute malnutrition 

prevailing in Pakistan [20]. UNICEF is an organization working in Pakistan since 1948 for 

the welfare of children providing the basic amenities including nutrition, sanitation and 

general hygiene [21]. UNICEF is supporting government of Pakistan to ensure health and 

nourishment of children in Pakistan. In 2018, the FFP program donated 21 million dollars to 

UNICEF to eradicate food insecurity, malnutrition and health issues of the country [22].   

The natural disasters are also considered the root cause of food insecurity. Livelihood of 

millions of people was affected in 2019 due to drought as a consequence of floods and heavy 
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rain falls. Over one million people in seven districts of Pakistan were severely affected by 

drought which resulted in high food insecurity.  Nearly 40 % population has encountered 

multidimensional poverty while 25 % lies below this line. About 38% children in Pakistan 

are suffering from malnutrition and stunt growth [23].  

COVID-19 pandemic has severely affected the economy and food accessibility to 

nearly 210 countries with approximately 1.5 million deaths globally [24, 25]. The pandemic 

brought a global crisis of food, infrastructure and economy. The unemployment rate was 

also increased in this pandemic due to lockdowns and social distancing.  In Pakistan this 

pandemic has affected livelihoods of nearly 7.15 million people [26].  

This study reveals that the food security is related to employment and inflation rate 

of a society. The study also suggests that the disable children are more vulnerable to food 

insecurity as compared to healthy children. Poverty strongly impacts the circulation of food 

in different households in varying quantity .   

Materials and method 

The annual, demographic and regional effects of pandemic on poverty and food 

insecurity is studied through spatial regression model. In this paper theoretical and empirical 

data is used for measuring the effects of COVID-19 for the years 2018 and 2020.  

Theoretical Model 

The model is derived from the household’s utility maximization and defined as:  

u=f(x), subjecttoincome (I) constraint(1) 

such that I=px⋅X . Where, px is the price of the bundle of food consumed; and I, the 

income. 

[U(X)=f(x)=PxX(2) 

For a unit cost, 

Px=1(3) 

Inserting (3) into (2) gives: 

U(X)=X(I)(4) 

du=dxdxdx(I)(5) 

x=f(I)(6) 

Since the primary goal of the study is to examine the effects of poverty on food security, we 

assumed poverty (z) as a proxy of income.  

  x=f(z,r,b,w) (7) 

Equation (7), is a yearly model applied to a spatial regression technique to examine the 

regional, demographic, and poverty effects on food security in Pakistan, 

Data Construction and Source, and Estimation Procedures 

The data of food insecurity for the years 2018 and 2020 was collected from various 

open sources e.g, statistics bureau. It provided adequate information regarding different 

levels of food in security in different households. It also provides information regarding 
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unemployment and economic variations of a country. The annual data regarding poverty, 

unemployment and economic changes was estimated through R software.  

Results and Discussions 

The study reveals that in Pakistan food insecurity affected 16.4 out of 100 houses 

with marginal to low food insecurity in the years 2018 and 2019. Food insecurity was 

reduced up to 10% in 2018. In 2015, there were nearly 44.58 million food insecure 

households which decreased to 39.92 million in the year 2018. The rate of food insecurity 

decreased due to intervention of several government programs that were introduced to 

reduce poverty. However, after the prevalence of COVID-19 pandemic the rate of food 

insecurity increased up to 53.29 million which was nearly 33%.  

According to IPC Acute Food Insecurity analysis, Sindh and Baluchistan are the 

highest food insecure provinces of Pakistan. This survey revealed that nearly 26% 

population of these two provinces have suffered with high food insecurity levels in the year 

2019 due high food prices, lockdowns and natural disasters including rainfall, floods and 

drought etc. Figure 1 is showing yearly statistics about the effects of COVID 19 pandemic 

on different provinces of Pakistan.  

 
Figure 1.Food insecurity trend in Pakistan. 

The results show that nearly 40% of Pakistani families are encountering moderate to 

high food insecurity levels. Inspite of being self-dependent in staple foods, the country is 

facing food insecurity from a couple of years. Nearly a quarter population of Pakistan lies 

below the poverty line and about 20 % population of Pakistan is malnourished including 

45% children which are under the  age of 5 according to the datasets of UN World Food 

Program (WFP). In the year 2019, there were nearly 1.3 million people suffering from 
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extremely high levels of acute food insecurity. Table 1 presents the yearly regression analyses 

of the regional distribution of food insecurity persons.  

Table 1. Regression analyses of food insecurity by year. 

 Dependent variable: Food Insecurity 

Years 2015 2016 2017 2018 2020 

Sr. No (1) (2) (3) (4) (5) 

Poverty 0.212*** 0.581*** 0.579*** 0.467*** 1.204* 

 (0.062) (0.081) (0.084) (0.086) (0.608) 

Sindh −0.030 0.048 0.001 0.025 −0.410 

 (0.076) (0.058) (0.059) (0.060) (0.425) 

Baluchistan 0.065 0.060 0.112* 0.100 −0.002 

 (0.080) (0.059) (0.059) (0.063) (0.428) 

Punjab 0.278*** 0.194*** 0.153** 0.148** −0.762* 

 (0.078) (0.061) (0.064) (0.064) (0.433) 

Constant −0.426 −0.355 −0.487 −0.365 6.071*** 

 (0.413) (0.318) (0.322) (0.345) (2.210) 

Observations 51 51 51 51 51 

R2 0.979 0.987 0.987 0.986 0.314 

Adjusted R2 0.976 0.985 0.985 0.984 0.220 

Residual Std. Error 

(df = 44) 
0.171 0.131 0.133 0.135 0.957 

F Statistic (df = 6; 44) 335.852*** 561.839*** 544.553*** 528.710*** 3.357*** 

Note: *p < 0.1; **p < 0.05; ***p < 0.01. 

The prevalence of COVID- 19 has created high food insecurity and hit the economy 

of Pakistan hardly. According to Pakistan Bureau of Statistics (PBS), 20% rural and 9.2% of 

urban population of Pakistan was facing severe food insecurity in the year 2019. According 

to world food program, half million population in Sindh and Baluchistan was in an 

emergency situation in 2019.  The country faced nearly 5.1 billion dollar economic loss in the 

years 2018 and 2019. The inflation rate of country was about 8.2% in the year 2018 which 

increased up to 5% additional in next few months.  This study suggest that natural disasters 

effects the food supply badly and these include drought, heavy rain falls and floods and 

pandemics like COVID-19.  During Pandemic the lockdowns increased unemployment as a 

consequence of which the poverty and food insecurity enhanced in the country was 

increased from moderate to high level  
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Abstract 
The increasing threats of plastics to the natural environment encouraged the 

production of bio-plastics from renewable biomass resources. The premium quality of 
bio-plastics are mainly produced by treating starch with glycerol.  Plastics are basically 

non-biodegradable synthetic or semi synthetic products. This study aims at analyzing 
the degradation patterns of bio-plastics. The bio-plastics are ecologically less toxic than 

the synthetic plastic materials. The bio-plastics can degrade in several environmental 
conditions including aquatic environment, compost and soil. The bioplastic materials 

are buried in composite soil or loam sand to analyze degradation activity by taking 
photographic data and measuring the weight. Effect of weather conditions on the 

degradation activity was analyzed by recording different weather conditions including 
temperature, humidity, rainfall sunshine intensity and duration of sunlight. The 

comparative results portrayed the degradation activity of bio-plastics which was 
accomplished through hydrophilic enzymes. The initial regenerating material absorbs 

moisture of soil after saturation and the weight was increased up to 87%. The weight of 
bio-plastics reduced steadily after the initiation of decomposition. Invasion of soil 

microorganisms enhance the degradation activity. The environmental features including 
rainfall, humidity and sunlight intensity also affects the disintegration of bioplastics. 

The increased intensity of sunshine increased the microbial activity of soil which in turn 
increased the rate of degradation of bio-plastics.  

Keywords 
Bioplastic, Degradability and Purified Glycerol. 
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1. Introduction 
Plastics are widely used commercial products made of synthetic and semi 

synthetic raw materials. Plastics are non-bio-degradable or take centuries to degrade 
under natural climatic conditions [1]. These are light, versatile, moisture resistance, 

tough and cost efficient which are commercially used for packaging, textiles and in 
electronic devices all over the world. Plastics are considered non-biodegradable because 

it disintegrates in a period beyond human time frame [2].  The petroleum-based plastics 
have several drastic effects on environment and one of them is destruction of natural 

beauty of landscape [3].  Persistence of plastics in soil alters the structure of soil and 
destroys the biota of soil. Littering of plastics in water bodies are a major cause of death 

of aquatic organisms including zooplanktons, mammals, fish, amphibians and birds 
depending upon water for fee. Ingestion of any plastic material can cause death of 

organisms for instance, fish, turtles, whales and birds [4, 5, 6]. The plastics are the most 
hazardous materials for food chain, and can block drainage channels and sewerage lines 

if these are not properly disposed off causing breeding of mosquitoes and other vectors 
in ground which can spread diseases. Thus, this blockage aggravates the chance of 

floods and cause problems related to waste management [7].    
Thus, due to increasing environmental hazards there is a dire need of renewable 

or degradable packaging materials. One great effort to decrease the life span of 
petroleum based plastics was to blend these with natural polymers for instance starch. 

This blending converted the petroleum plastics into bio-plastics. Other polymers 
including lignin, protein resins and cellulose has also been used to develop bio-plastics 

[8]. Lipids and animal fats are also used to produce bio-plastics. Particularly the major 
carbohydrate used for manufacturing bioplastics is obtained from cereals and plant 

tubers. Starch is abundant and cost efficient naturally but plasticizing increases its 
mechanical properties including flexibility [9]. Glycerol is used as a plasticizing agent for 

the breakdown of hydrogen bonds formed between the monomers of starch granules 
constituting a polymer. Bioplastics including starch blends with biodegradable 

polyesters like Polylactic acid (PLA), Polycaprolactone & Ecoflex and Thermal plastic 
starch (TPS) which are high quality bio-plastics manufactured by starch [10]. Glycerol is 

produced along biodiesel as a byproduct, its direct disposal is hazardous for the natural 
environment but it has multiple applications in pharmaceutical, polymers, food and 

cosmetic industry after purification.  Using glycerol plasticizer is quite beneficial as it 
manufactures less pollutant and environment friendly bio-plastics. The bioplastics are 

introduced as an alternative to non-renewable petroleum based plastics due to their 
ability to decompose in shorter time as compared to petroleum based plastics. 

Bioplastics decompose through microbial activity of soil. In soil , microorganisms 
produce enzymes under optimal conditions to degrade bioplastics [11].  

Different factors affecting the decomposition activity of bioplastics including 
pretreatment, microorganisms and characteristics of polymer. The general 

characteristics of polymers include molecular weight, mobility, and nature of 
plasticizers, tactility and crystallinity.   The decomposition activity usually takes place in 

optimal conditions including humid conditions because hydrophilic enzymes usually 
occur in moist environment. In soil, various organisms including bacteria, fungi or 

worms secrete amylase enzyme in external environment which breaks down starch [12]. 
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This enzyme degrades the insoluble starch materials to soluble products which are 
usually absorbed by microbial cells, these products include maltose and glucose. During 

decomposition, the large polymers are degraded into monomers by breaking hydrogen 
bonds through enzymes, thus viscosity is reduced and the product is liquefied [13]. 

Different saccharides are formed in a process known as scarification following the 
breakage of bonds. The microbial activity of soil is increased in the presence of water, 

oxygen, temperature and light intensity.  
Thus the bioplastics readily degrade in presence of water. The bioplastics are usually  

coated on paper bags to increase the stability of paper bags and to retain oil and 
moisture [14, 15, 16].  

This study aims at investigation of sequential 
decomposition/degradation/disintegration of bioplastics at various environmental 

conditions.   

2. Materials and Methods 

Study area 

This research was done in coastal agricultural region of Karachi during the year 

2020. The temperature of this region is high and overall climate is humid. Cassava roots 
are harvested in the fields to obtain starch [18].  

Material and method 
 Starch is used to manufacture bioplastics using glycerol as plasticizing agent and 

bioplastics are hydrolyzed using acetic acid or hydrochloric acid. Peels of cassava roots 
are rich in starch. To obtain starch cassava, roots were treated with 0.1 M NaCl to 

extract the peel using a warring blender. The homogenate was strained through a 
muslin cloth.  The homogenate was dried in oven for 24 hours at 60˚C. Starch was 

plasticized with glycerol, while glycerol is of two types i.e, Analytical Grade (AG) 
obtained from local area and purified glycerol obtained from vegetable oil [19].  

Reagents 
Various reagents were used along glycerol; these reagents include Acetic acid, 

Nacl, HCl and AG glycerol. For plasticization, 450ml distilled water was added into 35g 
starch in order to form a mixture to which 0.1M acetic acid (15g) and 10ml of glycerol 

was added. This mixture was then heated for 45 minutes at 120˚C in a 850ml beaker. 
This mixture was then poured into a tray after cooling. The mixture was spread on tray 

with the help of rod. The tray was again heated for 18 hours at 60˚C. The dried mixture 
was termed as bioplastics which cut into smaller pieces for laboratorial use [20, 21].  

Burying of bioplastics 
Before burying bioplastics, the initial weights of pieces was measured. The 

effect of decomposition was measured by taking photographs and measuring weight of 
buried bioplastics weekly. In laboratory, bioplastics were decomposed with three 

methods; in first method, bioplastics were submerged in 100ml of distilled water and 
poured in a 250 ml beaker at room temperature. In second method, the bioplastics were 

buried in soil nearly 3 inches deep. In this soil almost 6ml of water was added weekly to 
retain the moisture level [22, 23].  In the third method bioplastics were observed under 

natural environment. Then these bioplastics were covered with polyester and buried in 
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30cm deep soil.  Effects of changing weather conditions including rainfall, temperature 
and humidity are also recorded.  

Table 1: Reagents used in Bioplastic Samples 

Samples Starch (g) Water (ml) Acid  Glycerol 

Bioplastic 1 35 450 HCL Analytical 

Grade (AG) 

Bioplastic 2 35 450 HCL purified 
glycerol 

Bioplastic 3 35 450 Acetic acid purified 

glycerol 

3. Results 

The disintegration period of three bioplastics is given in the Table 2. The 

physical appearance of bioplastics changed when decomposition started. The thickness 
of bioplastics increased due to absorption of water which darkened the color of 

bioplastics. Following this, the bioplastics degraded into smaller components until these 
were completely disintegrated. The disintegration enables the microorganisms to attach 

to bioplastic components and digest starch.  By the fifth week of decomposition, the 
bioplastics were disintegrated to very small brittle components.   

Change in Bioplastic Weight 

Weight of buried bioplastics changed by the time. The general trend of 
decomposition involve increase in weight, further variations in bioplastics due to soil 

organisms and decrease in weight following the complete disintegration of bioplastics. 
The initial increase in weight is due to absorption of water in bioplastics by hydrophilic 

enzyme to start disintegration. As starch is hydrophilic, therefore its weight varies 
according to the moisture content of soil which in turn depends upon different 

environmental conditions including rain. After moisture absorption, the microorganism 
in soil completely degrade the bioplastics. Moisture content plays a significant role in 

the disintegration of bioplastics as the starch itself and enzyme is hydrophilic as well as 
microbial activity of soil also require moisture. The weight of bioplastics decrease when 

microorganisms decompose the bioplastics after three weeks.  The first bioplastics were 
digested by worms; the second one was ingested by termites while the third bioplastics 

were disintegrated by fungi, all these bioplastics were completely broken down within 
10 weeks. There was no significant variation in weight of bioplastics hydrolyzed with 

local glycerol or acetic acid unlike those who were hydrolyzed with HCL.  
Table 2: weekly physical changes in weights of bioplastics under the influence natural 

environment. 

Change in 

weight 

Week 1 Week 2 Week 3 Week 4 Week 5 

Bioplastic 

1 

8.03g 11.57 g 12.19g 12.5g 7.06 

Bioplastic 8.03g 18.74g 19.05g 17.06g 16.89g 
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2 

Bioplastic 

3 

8.03g 9.09g 10.94g 9.14g 5.48g 

 

Figure 1. Change in Bioplastic weight over five weeks of degradation period.  
The HCL is strong acid which requires massive moisture content to disintegrate into 

water and free ions which possibly causes the weight of bioplastics to vary greatly.  

Effect of Weather on Bioplastic Degradation 
During ten weeks of decomposition, the following weather conditions were recorded; 

average temperature was from 20˚C to 43˚C, sunshine hours ranged from 0.0 - 12 hrs, 
average rainfall ranged from 0.0 to 43 mm and relative humidity ranged from 61.5% to 

84.5%.  Rainfall is closely related to the variations in weight of bioplastics as the rainfall 
increases the content of water in soil and facilitates the disintegration of bioplastics. For 

the first bioplastics, temperature play significant role in variation of weight while 
sunshine hours has positive correlation only with the third bioplastics. While relative 

humidity had an inverse relation with weight of bioplastics.  

Rainfall & Sunshine Hours Contribution to Degradation 
The decomposition of bioplastics started with low rainfall volumes i.e, 2.3mm. During 

first two weeks the weight of bioplastics increased with decreasing rainfall volume. 
After two weeks, the weight of bioplastics drastically increased when the rainfall 

volume increased up to 0.05mm.  After four weeks, the weight started decreasing due 
to decreasing rainfall and precipitation rate. Rainfall increases the moisture content of 

soil which facilitates degradation of bioplastics. Thus rainfall provides optimal 
conditions for the disintegration of bioplastics through hydrophilic enzymes.  

The rate of weight loss was reduced during 4th to 7th week when rainfall level decreased 
significantly. After the decomposition of larger components, the smaller components 

created high volume to surface ratio for moisture absorption.  
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  The sunshine affects the microbial activity of soil, facilitates the biological activity and 
breakdown of biological molecules. The weight of bioplastics increases by the reduction 

of sunshine.  Moderate sunshine expedites the breakdown of bioplastics in soil 
facilitating the hydrophilic enzymes resulting in an increased decomposition of 

bioplastics.  

  

Laboratory Degradation Trend for Bioplastics in Water 

The weight of bioplastics soaked in water increased during first three weeks. The 
weight of bioplastics declined from 4th to 8th week during which the substrate was 

completely dissolved and disintegrated.  
Table 3: Weekly physical changes in weights of bioplastics when the substrate is 

completely dissolved.  

Change in 

weight 

Week 5 Week 6 Week 7 Week 8 Week 9 

Bioplastic 

1 

7.06g 6.28g 5.09g 4.95g 4.06 

Bioplastic 

2 

16.89g 12.74g 11.05g 10.06g 8.89g 

Bioplastic 

3 

5.48g 5.09g 4.94g 3.95g 3.18g 

 

Figure 2: Change in Bioplastic weight from five weeks of degradation period.  
The third type of bioplastics were hydrolyzed with acetic acid and decomposed in a 

shorter time as compared to first two bioplastics. The bioplastics soaked in distilled 
water had no significant differences.   
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The laboratory experiments of bioplastics indicated that pure glycerol based bioplastics 
take less time in decomposition. These experiments suggest that hydrolyzing agents and 

purity of glycerol affects the rate of decomposition of bioplastics in any medium.  

4. Discussion 

Plastics made by renewable plant based materials are termed as bioplastics. These 
plastics can be obtained from natural resources as well as can be synthesized chemically 

in laboratories. One of the major biological molecules used for the production of 
bioplastics is starch. Bioplastics have advantage over petroleum based plastics that they 

can degrade in shorter time as compared to the petroleum based bioplastics. The 
pattern of degradation is necessary to understand the time and factors required for the 

decomposition of plastics and to have an insight of materials used to manufacture 
plastics with desirable rate of decomposition.  The process of decomposition initiates 

with the hydrolysis of bioplastics and followed by the breakdown of polymers into 
monomers which are absorbed by microorganisms. Microbial activity of soil is carried 

out with the help of soil organisms including worms, bacteria, worms and fungi. The 
decomposition process is facilitated by the soil organisms which may or may not be 

visible to the human eye. The microbial activity starts in the second week following the 
increase in weight of substrate and then the weight decreases by microbial activity.  

Natural process of decomposition is more effective in comparison to the enzymatic 
decomposition. Different types of soil comprises of different composition and 

microbes to facilitate decomposition.  The rate of decomposition is doubled in moist 
and porous soil which hosts greater number of microbes. The rate of degradation of 

first bioplastics is high and its assimilation period is short. The microorganisms also 
decrease when the substrate becomes dehydrated. Reduction of rainfall decreases the 

moisture content of soil and rate of decomposition is also reduced.   
The mechanical properties of bioplastics also contribute to the rate of decomposition. 

The degradation rate of bioplastics is lower with high tensile strength. However, the 
decomposition rate in water was same for bioplastics with varying mechanical strength.  

5. Conclusion 

Petroleum based plastics are hazardous for natural environment due to their long 
degradation period. Thus, fast decomposing material such as starch should be used as 

raw material for manufacturing of bioplastics. Starch being hydrophilic, decomposes 
faster in aqueous medium as compared to soil. The bioplastics can also decompose 

within few weeks in well moist healthy soil with multiple microorganisms. Bioplastics 
manufactured from starch produced from cassava peel plasticized with glycerol can be 

decomposed completely within ten weeks under microbial activity of soil. Different 
environmental factors also affect the degradation activity of bioplastics.  
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_________  

here are regular conflicts between the traditionally divided software organization 
i.e. dev and ops teams during the software development process for delivering 

the software to the end-user. DevOps overcome these conflicts by automating the 
processes between the development and operations team in such a way that they can 
build, test, and release the software successfully and efficiently to the end-user. Globally, 
more and more organizations are adopting DevOps. As Pakistan’s software industry is 
progressively growing while DevOps is a relatively new concept, there is a need for 
DevOps awareness and understanding towards its adoption and practices. This paper 
evaluated DevOps awareness and identified the practices adopted in Pakistan’s software 
organizations and suggested generic guidelines for DevOps transition. A questionnaire-
based survey is conducted to collect data and various DevOps sub-activities being 
practiced. The survey analysis and results depicted that Pakistan’s Software Industry is 
making efforts towards the adoption of DevOps but due to lack of its awareness, most 
of the DevOps practices are not fully adopted yet. According to the DevOps evolution 
model, only one-eighth of Pakistan’s software organizations are at the self-service stage, 
while the rest of them are still struggling at the normalization and standardization stage. 
Keywords: DevOps; development and IT operations; agile; continuous integration and 
continuous deployment. 
INTRODUCTION 

Globally, the need for software-intensive products is highly increasing, day by 
day. Software products that are reliable, smart, secure, useful, and scalable at all times 
during operational use. Pakistan’s software industry is also growing impressively over the 
past years[1]. Challenges emerge with such growth in the software industry due to the 
organizational teams involving in software delivery. Conventionally, software 
organizations are mainly divided into development and IT operations teams[2]. Due to 
their different roles and responsibilities, conflicts among them occur frequently. 
Operations tend towards more stable and secure delivery of software and imply that 

T 
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developers do not make changes frequently, on the other hand, developers are more 
interested in delivering new changes and features to end-users speedily[3]. Such conflicts 
can delay the software delivery[4] and make the two groups unaware of each other’s 
problems hence developing stress on work and communication barriers between them. 
To overcome this problem and bridge the gaps between them is where DevOps comes 
in, by adjusting the approaches shared for the entire development process. 

DevOps is the fusion of words; development (that includes programmers, 
testers, and quality assurance analysts) and operations (that includes network technicians, 
sysadmins, and DBAs)[5]. To resolve the critical problems during software development 
DevOps involves such patterns that improve communication and collaboration among 
the dev and ops teams. Those critical problems include the fear of frequent changes and 
making the deployment risky. DevOps reduces the gap between the dev and ops teams, 
ensuring the detection of issues earlier and providing proper steps to address them in 
software delivery process[6]. Collaboration among everyone participating in delivering 
software is a key DevOps tenant[7]. Due to DevOps development, globally, many 
organizations start to implement DevOps during their development phase. The puppets 
lab[8]–[16] conducted surveys reporting the immense increase in respondents that are 
part of DevOps or having started DevOps efforts in their organizations. 

Background – DevOps is founded on the idea of frequent agile development[17] 
changes and deployment cycles. Previously, DevOps had no academic literature but now 
over the past few years, studies and surveys are conducted globally to discuss DevOps in 
terms of adoption, benefits, and challenges. 

The puppets lab formulated a DevOps evolution model[18] based on the results 
and analysis of their surveys. Following are the five stages mentioned in the model, based 
on the practices adopted by successful organizations in the journey of DevOps. 

Stage 1 – Normalization: Teams adopting agile methods and properly implementing 
version control to be ready for continuous integration and deployment[18]. 

Stage 2 – Standardization: Dev and Ops teams are working together towards the same 
goal in a way to make sure the complexity of processes is reduced, enabling early 
collaboration opportunities[18]. 

Stage 3 – Expansion: At this point, any previously created discrepancies are removed, as 
the foundation is built for DevOps. The dev team works on the same level as the ops 
deployed version of the software. Also, the team member can work without wasting time 
on work approval from outside the team[18]. 

Stage 4 – Automated infrastructure delivery: The automation of code deployment helps 
organizations to lessen the conflicts among dev and ops teams. So, when things like 
security configurations, system configurations, and provisioning are automated, the 
DevOps team can deliver faster and is better set up for future self-service[18]. 

Stage 5 – Self-service: The capabilities of this stage are already created and defined in 
the previous stage, but they are further realized and more resources are made available in 
the fifth stage. It gives the application developers the authority to deploy testing 
environments on their own and success metrics are visible to the team[18]. 
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In this global race, further usage of conventional practices may result in loss of 
business at a minimum, more stress between the teams, inefficiency to deliver the 
software product continuously on time, and hence collapse of the industry as a worst-
case scenario. Researches and surveys are being conducted globally for DevOps 
regarding adoption, practices, challenges, and benefits, providing evidence that DevOps 
delivers value and statistics verify fundamental capabilities and techniques that help 
organizations to improve their software development and deployment[19]. Pakistan’s 
software industry, despite its rapid growth, there is no such account of DevOps literature 
about the level of DevOps awareness or readiness for the adoption of these practices. 
Organizations are unwilling in changing their conventional techniques due to lack of 
such awareness and academic studies and without proper awareness, people are afraid to 
change their ways because it may cause them a negative impact without knowledge. 

The purpose of this study is to analyze the DevOps awareness in Pakistan’s 
software industry, its related practices implemented, and provide the generic guidelines 
for organizations. So, the researchers and practitioners can understand the importance of 
DevOps and adoption through this study. 

Material and Methods. 
A questionnaire-based survey methodology is used for this study for collecting 

quantitative data regarding the state of DevOps awareness, adoption, and 
implementation across Pakistan’s software industry. After thorough literature review and 
data collection, the questionnaire design is formulated which consists of questions 
regarding the software development processes currently practiced by the organizations 
i.e. about development methods, version control, code integration and deployment 
processes, about the software teams, and overall employees’ satisfaction regarding the 
work and workplace environment. 

Figure 1 shows the overall research methodology of this study. The survey form 
(using online ‘Google Forms’) is distributed via different platforms as LinkedIn 
connections, email, through professional connections, coworkers, and colleagues 
currently working, in order to get maximum responses. Out of more than 500 
practitioners being approached, only 191 responded back as a survey response. The data 
collected is then validated and processed in a form to be analyzed for generating results 
and recommendations. 
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Figure 1. Research methodology. 
For this study, a questionnaire-based survey is conducted across Pakistan’s 

software industry. The survey questions are formulated in a way that respondents can 
easily understand and responds to the best of their knowledge. Survey questions are 
categorized under the following sections: 
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Generic – Basic questions about respondents as email, organization, and designation at 
work. 
Company Size – Software organizations vary in different sizes depending upon the 
number of employees and their respective project needs. Company size plays a key role 
when it comes to adopting and improving DevOps, by evaluating the DevOps adoption 
in more or less to happen on its own or needs deliberate steps to implement it. Survey 
question includes; what is the number of employees in your organization? 
DevOps – Survey question includes; rate your level of knowledge about DevOps. This 
information will help in determining the other following survey questions that what 
practices are followed by the organizations belonging to the respondents whether or not 
having DevOps knowledge. 

Agile Methodology – Agile and DevOps involve different teams and departments, 
having different approaches for the development of software[20]. They are not mutually 
exclusive as DevOps is a culture, focusing more on continuous integration and 
deployment along with collaboration and sharing between all teams that are involved in 
the development and operation of the software. While agile is on the development side 
maintaining productivity and rapid releases of changes or new features. Even though, 
agile and DevOps are relatively different with respective goals, when they are used 
together in any organization, provides more reliable and efficient results[20]. Survey 
question includes: 

1. Does your organization employ Agile development? 
2. Which Agile development methodologies have been employed by your organization? 

Working Environment – Working environment of any software organization can be 
identified by knowing the type of teams/groups, the team’s collaborations, and sharing 
of the tools, discoveries, and lessons among all team members. Survey question includes: 

1. Does your organization have separate teams/groups for development, operations, quality 
assurance, etc.? 

2. Is there any regular collaboration between your Development and Operation groups? 
3. How well does your organization share? 

Employee Work Satisfaction – Employee work satisfaction is all about the employee 
working in a comfortable environment that is stress-free and relaxed, and doing work 
that’s challenging and meaningful, and empowered to practice the skills and findings. 
Employee work satisfaction also highly correlates with DevOps practices and culture. 
Survey question includes: 

1. Overall organizational environment? 
2. Organizational working process? 

Version Control – Version control is managed by software tools that help the software 
team to maintain track of changes to source code over time. One of the ways to 
successful DevOps teams is version control, reducing development time, and increasing 
the rate of successful deployments[21]. It helps software teams to collaborate more 
rapidly as required by today’s frequently shifting IT environment. According to [10] 
version control is one of the top 5 tools used to support DevOps initiatives. Survey 
question includes: 
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1. Is version control practiced? 
2. Do you use Git or any other tool for version control? 
3. How often do you use Git (or the other tool) for version control? 

Continuous Integration & Continuous Deployment (CI/CD) – Version Control is a 
prerequisite for continuous integration and continuous deployment i.e. everything 
required to reproduce the production environment must be checked into version 
control. 

Continuous integration makes developers merge more often their changes back 
to the main branch. These changes or updates are validated by creating a build, 
eliminating the integration challenges that can happen when changes are merged into the 
release branch on release time. Survey question includes: 

1. Do you integrate code continuously? 
2. How often do you merge all the changes into a shared control repository? 

Continuous deployment is a step further from continuous integration. With 
continuous deployment, all the changes or updates are released to the end-user bypassing 
all the stages of the production pipeline. It eliminates the stress on team members so that 
developers can focus on building software, not on release stress, and they can see their 
work go live within minutes after they've finished working on it. Survey question 
includes: 

1. Do you deploy the code manually? 
2. Do you deploy the code automatically? 

Results and Discussions.   
The survey conducted involves IT professionals and practitioners belonging to 

different companies and groups/teams across Pakistan’s software industry. A total of 
191 responses are collected, and the respondents belong to the following different 
categorizations, as shown in Figure 2. 

 
Figure 2. Survey Respondents Categorization. 

Table 1 shows the overall summary of all the responses collected. It is observed that: 

1. 68% of respondents belong to medium to large-scale companies. 
2. 42% of respondents have good enough knowledge about DevOps. 
3. 84% of respondents do practice agile in their organizations. 
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4. 35% of respondents do have separate Ops teams in their organizations, and only 
13% of them do collaborate and share regularly. 

5. 67% of respondents are satisfied by their working environment and working 
processes. 

6. 32% of respondents fully practice version control at all times for all projects, and 
57% of them partially practice version control. 

7. 15% of respondents do automatic CI/CD, and 32% of them do both automatic 
and manual CI/CD. 

Table 1. Survey Responses Summary 

Survey Topics Categories Total 
Responses 

Company Size Small-scale 22% 
Medium-scale 35% 

Large-scale 33% 
Large Enterprises 9% 

Uncertain 1% 

DevOps Knowledge Good enough knowledge 42% 
Not enough knowledge 58% 

Agile Methodology Do practice agile 84% 
Do not practice agile 16% 

Working Environment No Ops Teams, Collaboration & Sharing 
Insignificant 

65% 

Dev & Ops Teams with Collaboration & 
Sharing 

13% 

Dev & Ops Teams with No Collaboration 
& Sharing 

9% 

Dev & Ops Teams with Indeterminate 
Collaboration & Sharing 

13% 

Employee Work 
Satisfaction 

Satisfied 67% 
Dissatisfied 18% 

Indeterminate 15% 

Version Control Yes, do practice (fully) 32% 
Yes, do practice (partially) 57% 

Do not practice 2% 
Indeterminate 9% 

CI/CD Automated 15% 
Manual 2% 

Both (Automated & Manual) 32% 
Indeterminate 51% 

According to Table 1, the survey response for ‘DevOps Knowledge’ indicates 
that approximately more than half of respondents do not have enough DevOps 
knowledge. Respondents may be working along the practices of DevOps in their 
organization but due to no awareness, the respondent may not know about it and the 
other way around. To observe and analyze the data for both types of respondents, we 
divide overall responses data into 2 groups as shown in Figure 3. It is important to 
observe and analyze the 2 groups (Group A & B) separately to have better insight for 
DevOps awareness and their respective organization software development patterns. 
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Figure 3. Group A & B. 

Figure 4 shows that the majority of respondents (Group A ~ 63% while Group 
B ~ 71%) belong to medium to large-scale companies, it is better to adopt DevOps 
practices much earlier. Small and medium-scale companies can adopt DevOps much 
faster than large-scale companies if provided with the resources and are likely to adopt 
cultural change. For large-scale companies, it is a must to start adopting DevOps 
practices in sub-pilot base projects if the old projects are reluctant to adopt change. 
Because large-scale companies are having more employees and teams that need to 
collaborate and they must be on one page to deliver successful software without any 
hindrances. 

 

Figure 4. Company Size Comparison of Group A & B. 

Figure 5 shows that the majority of respondents’ organizations are implementing 
agile (Group A ~ 94% while Group B ~ 77%). Implementing agile means more rapid 
changes in work and delivery to customers. Which is of great value only on the dev side. 
Doing planning with the dev and ops team has more chances of knowledge sharing and 
collaboration, which reduces the gap between the dev and ops team. The ops team gets a 
better idea of the logic and the end deliverable, and suggests a solution to the dev on 
which both teams agree to work. Agile with adopted DevOps makes it much more 
beneficial for organizations. 
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Figure 5. Agile Methodology Comparison of Group A & B. 
Figure 6 shows that approx. one-third of the organizations have separate ops 

teams with limited collaboration and sharing among the teams (Group A ~ 17% while 
Group B ~ 8%). Organizations having only a dev team doing all the work with no-ops 
teams are more likely to exist in small-scale companies where resources are scarce. Hence 
there is no debate about the conflicts of dev and ops teams. But it makes a huge burden 
and pressure on one team if they are doing things the manual way. The statistical figures 
show that the organizations having ops teams also seems to have limited collaboration 
and sharing among them (which is a drawback as communication gap). 

 

Figure 6. Working Environment Comparison of Group A & B. 

Figure 7 shows that the majority of group A respondents (Group A ~ 83%) are 
satisfied by their organizational working processes, which reflects the fact that the 
practices adopted by their organizations are making them feel stress-free of the conflicts 
and they focus more on work rather than fixing and handling conflicts among the teams. 
Group B approx. half the respondents (Group B ~ 54%) are satisfied while the 
remaining half of them are dissatisfied or indeterminate about their organizational 
working processes and environment which is a straight fact for time to change the 
manual processes into continuous and automatic processes. 
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Figure 7. Employee Work Satisfaction Comparison of Group A & B. 
Figure 8 shows that the majority of respondent’s organizations are practicing 

version control either fully (Group A ~ 37% while Group B ~ 28%) or partially (Group 
A ~ 54% while Group B ~ 59%), that is the most common and basic step towards the 
DevOps journey. It is a must to have 100% full version control being adopted for all the 
projects in all organizations, for fast code shipment and integration. 

 

Figure 8. Version Control Comparison of Group A & B. 

Figure 9 shows relatively low statistics for automated CI/CD for both groups as 
organizations practicing CI/CD either fully (Group A ~ 22% while Group B ~ 9%) or 
partially1 (Group A ~ 31% while Group B ~ 34%). Version control is linked with 
CI/CD as it provides the master repository for continuous integration and leads to 
continuous deployment. The organization must focus more on after version control to 
CI/CD to increase deployment rate and reduce manual resource effort. 

 
1 Practicing automated CI/CD only for some projects not for all. 
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Figure 9. CI/CD Comparison of Group A & B. 

Based on the above discussion, it is observed that Group A is on right track2 towards the 
DevOps journey, and Group B is struggling at the initial stages of the DevOps journey. 
Even though group A is better than group B but the statistics show similarity between 
them (to some extend), clearly indicating the lack of DevOps awareness among group B. 
According to ‘DevOps Evolution Model’: 

A. Group A – only 17% of organizations are at the self-service stage of the DevOps 
evolution model. The rest of them are still struggling at normalization to 
standardization.  

B. Group B – only 8% of the organizations are at the expansion stage of the 
DevOps evolution model. The rest of them are still struggling at normalization 
to standardization.  

Overall generic guidelines for all Pakistan’s software organizations are: 

I. To adopt 100% version control as it is the backbone for dev and ops, their first 
step towards the DevOps journey should be version control, as its the code that 
will be deployed to the server by the ops team and it will be hard to rollback 
without version control, plus both teams can work on same code when there is 
version control. 

II. Without CI/CD the DevOps life cycle is incomplete, it’s easy for a company to 
do CI/CD as they are already in the managed lifecycle. Automating continuous 
deployments provides several benefits that directly contribute to high 
performance. The more reliable, secure, automated CI/CD leads to a happy dev 
environment and it is only possible when the Ops team taking care of operation 
and the dev team only doing the code without worrying about anything else. 

Conclusion.  

In this study, we analyzed the state of DevOps awareness across Pakistan’s 
software Industry and the relative practices being adopted. DevOps is rarely an exposed 
concept to university and small to medium-scale companies. The division of data into 
two groups3 also shows that both the groups are adopting the same practices4 but the 

 
2Although DevOps practices are not fully adopted yet. 
3 based on the DevOps awareness 
4 To some extend like version control, automated continuous integration, and continuous deployments. 
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only difference is that they do not have the proper awareness of this concept. In this 
study, we analyzed the state of DevOps awareness across Pakistan’s Software Industry 
and the relative practices being adopted. According to [18], only 13% of the 
organizations are at the self-service stage of the DevOps evolution model while the rest 
of them are still struggling from the stage 1 (Normalization) to stage 2 (Standardization). 
Only 15% of them adopted DevOps practices including separate experts for handling 
the DevOps tools and practices across the dev and ops teams. 32% of them are partially 
adopting DevOps depending upon projects while the rest of 53% belong to the manual 
or the indeterminate state of DevOps indicates that they are still not adopting DevOps 
or not sure of practices adopted by their organizations, that is why collaboration and 
sharing among teams are important. 

Based on observation and discussions with IT practitioners, we agree that people 
are getting aware and trying to follow up with the DevOps trends but there is still a lot 
of confusion about the concept ‘DevOps’ due to lack of awareness. The statistics also 
show that if provided with proper knowledge of DevOps and the readiness of 
organizations to adopt the changes, it can boost Pakistan’s software industry in a much 
better and faster way. 

In the future work, we will extend the study to the evolution of DevOps across 
Pakistan’s software industry over the years and see the implications, benefits, and 
challenges involved in the DevOps journey. 
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n earthquake of September 24, 2013 with a magnitude of 7.7Mw destroyed 
extensive region of Awaran district located in province Baluchistan in southern 
Pakistan, the earthquake was nearly 10km deep below the surface of earth. This 

convulsion brought a havoc in the inaccessible and remote regions and victimized nearly 
810 families. This tremor destroyed the non-engineered human structure within 100 km 
of the earthquake which caused tremendous loss of human lives. In this paper Digital 
elevation model (DEM) was utilized to study active deformation and mapped the 
isobase, relative relief, drainag density incision and vertical dissections which indicates 
that Awaran Fault sinisterly active in NNE-SSW direction and the deformations were 
highlighted. The high value of drainage density was observed on northern east and in the 
central region of southern west region of Awaran district. The drainage density is 
elevated by accelerated erosion in surrounding region. DEM and remote sensing tools 
proved efficient to study the region efficiently.  
Keywords: Awaran Earthquake, Surface dynamic maps, SRTM DEM, Awaran Fault, 
Isobase Map.  
Introduction 

Earthquakes have been a cause of tremendous loss of property and lives multiple 
times in Pakistan [1]. It is because Pakistan is located in a seismically active region of the 
world.  Various regions of Pakistan are at high risk of earthquakes. Earthquakes can 
either be too low can go unnoticed or too high to wreck the entire city [2]. Pakistan has 
experienced several tremors at various regions ranging from a magnitude of 7.3 to 7.8 in 
the northern and southern regions due to dynamic faults [3,4,5]. In these regions nearly 
half of the community survives with a threat of earthquakes [6].  

Nearly 90% of earth’s seismic activity takes place when two or more active 
tectonic plate pass slides or collides with each other within close belts [7,8,9]. The 
Tibetan pleatues and the Himalayan mountain ranges were formed because of collision 
of Indian and Eurasian Plate nearly 50 million years ago [10]. Chaman Fault is a major 
seismically active fault that runs along Pakistan and Afghanistan in nearly 850 km [11]. 
Pakistan geologically comprises of Europe-Asian and Indian plates [12].   

These geological plates have been divided through faults into left and lateral 

A 
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strike slip faults. Along the Chaman fault the Indo-Australian fault slips towards north 
[13]. Due to this elementary transform, the boundary of such plates are called as 
transpersonal boundary. Due to the collision of Indian plate with the Europe-Asian plate 
the, Chaman fault comprises of compressional elements [14].  

The Indian plate joins with Europeasian plate in a counter clockwise spinning 
motion and the rate of joining decreases western region of India [15]. These plates are 
separated on the western side due to change in river profile with Chaman fault zone. The 
Chaman faults consists of 160-325 km wide belt and it is connected to other faults [16]. 
This belt is dramatically extended to the marginal line in western boarder of Indian- 
Europe and Asian plates [17, 18, 19].  

Chaman fault is the left side strike slip fault which changes to transgressive side 
in the Europe-Asian and Indian plates. Makran fault located in the southern side of 
Chaman fault shorten these plates [20, 21, 22]. Indian and Europeasian plates move at 
the rate of 26mm per year while these faults move at the rate of 5-8mm per year. The 
earthquakes show distortion in the seismic regions [23, 24, 25].  

The aim of this study was to utilize Remote Sensing techniques to analyse surface 
deformation through remotely sensed datasets and the deformations were maked with 
maps  the regions having high drainage density, surface deformation and incision leasing 
to severe tremors which can destroy human engineered structures and can lead to loss of 
hundreds to thousands of lives. 
STUDY AREA 

Awaran is a city located in Baluchistan, a province in Pakistan. This city is also 
serving as a tehsil headquarter. Before 1981, the city was a sub division of district 
Khuzdar. Awaran was proclaimed as a district on November 1992. This district 
comprises of two tehsils which include Awaran and Mashkae [26]. The study area is 
mapped in Figure 1. 

 
Figure 1: The regional tectonics structures mapped in the context of continental plates of 

India -Eurasian plate. 
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The district consists of an unpopulated sub tehsil JhalJhao. The district is 
expanded in a region of nearly 29510 km2. The district lies between northern latitudes of 
25° 26 and 27° 28 and at eastern longitude of 64° 08 and 66° 10.  
MATERIALS AND METHODS 
Data Acquisition and Processing 
In this paper the SRTM DEM and Vector data is utilized to map Awaran district.  
Digital Elevation Model ( DEM ) 

The Earths elevation can be represented digitally by DEM. The DEM is 
represents topographic variations in hight vertically. This model accurately displays the 
topography of plains. The following softwares accurately represents the data and portray 
results in an effective manner [27, 28, 29, 30].  
Software Used 
Following Softwares are used in this research to attain accurate results.  

Table.1 List of Softwares which has been used for this thesis. 

S.No Name of software Purpose of usage 

1. Arc GIS Digitizing, 

2. ENVI (4.7) Mosaicing, Classification, importing of shades of hill,  for 
Importing and Exporting(.img to .geotiff), AOIs 
Truncation 

3. MATLAB 7.6.0.324 
(R2008a) 

The Stream Staller order, to Extract geomorphic Indices 
and DEM Processing 

4. River Tools IDL 2.4 river network analysis of river as well as D8 algorithm  
5.  Google Earth 7.1 Areas Identification 
6.  Coral Draw  Graph fix up 

Hypsometric Integral (HI) 
Hypsometry is globally known for the measurement of geographical features of 

the surface of earth. The hypsometric terms are used to assess elevations and depths of 
various structures of earth. It is also used to compare various drainage basins without 
using any dimension. The specificity of this method is to describe landscape elevations 
or area of drainage basins. Figure 2 shows the variations in Hypsometrical Integral and 
shows the elevation and drop of drainage areas [31, 32, 33, 34]. 

 
Figure.2:  (a) The Elevation Drop and Hypsometric Integral’s variation (b) The 
watersheds are divided in minor chunks in order to evaluate the variation of local 
Hypsometrical Integral. 
Following equation can be used to determine the value of Hypsometric Integral, 
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The value of HI ranges from 0 to 1 and the Hypsometric curves show the HI value, the 
convex shape indicates high HI value whcih indicates the uplift tendency and young 
active tectonic [35, 36, 37].  
RESULT AND DISCUSSION 
The Analysis of Drainage Density 

The value of drainage density is high on NNE side near Sheerin Aab, Taftan and 
Mastun. The drainage density can have higher values in the central region of SSW of 
GidarSurab Road and NeemraghKand. The erosion accelerated in surrounding 
conditions can elevate the drainage density. 

 
Figure 3: The Drainage density map of zone of awaran’s screen shorts using 
Matlabhaving window size 1km and 2 km. 

The regions having defrosted vegetation has high drainage density due to low 
rate of absorption of water by cover basins and well organized channel system. Eroded 
lands have a greater chance of floods and high drainage density due to high runoff.  

 
Figure 4: The description of map about the Drainage density of the zone of awaran’s 
screen shorts using Matlab having window size 3km and 4 km. 

Thus the drainage density and erosion goes side by side, increase in any of these 
factors increases the vulnerability of these regions to natural disasters. Figure 3 and 4 
shows the hotspots of high drainage density in Awaran region using maps obtained 
through Matlab at different windows.  



                             International Journal of Innovations in Science & Technology 

November 2021| Vol 3|issue 3                                                                     Page |120 

 

The NWW side of NeemraghKand has low value of drainage density. Lower 
values of drainage density means lower risk of floods. As the drainage density increases 
the surface deformation and surface roughness is also increases which increases the risk 
of natural disasters in seismically active regions. The hotspots are shown in Figure 5 
which illustrates the isobase map of study site obtained through Matlab. 

 
Figure 5: The Isobase level map Screen Shorts of of Awaran zone using Matlab.  

 
Figure 6: The description of map of relative relief’s about Awaran region having window 

size 1 km and 2 km by using Matlab. 
Bed rocks of Krastic regions have high fluvial deposits, thus the floors of valley 

are highly weathered and lower height and flood volume. Figure 6 and 7 shows the 
incision mapped in the study area using Matlab. Incision has been mapped using DEM.  
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Figure 7. The description of map about Relative relief’s Screen Shorts of region of 
Awaran of size of window that is 3 km and 4 km by using Matlab 

The high deposition of fluvial materials in the stream bed leads to the vertical 
incision of streams which deepens the floors of networked streams leading to cutting 
down and increased surface roughness in stream networks.  

 
Figure. 8: Description of map of Topographic surface roughness Screen Shorts of zone 

of Awaran with size of the window 1 km and 2 km by using Matlab. 
The regions with low fluvial deposits and high erosion indicates more 

topographic surface roughness and surface deformation. Figure 8 and 9 shows the 
vertical dissection map of study site.  
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Figure 9: The Topographic surface roughness map Screen Shorts of Awaran zone having 
window size 3 km and 4 km by using Matlab. 
The Hypsometric Analysis 

The significant information 
regarding geomorphic indices can be 
obtained through Hack stream length 
gradient index and Hypsometry. These 
methods can provide significant data 
regarding slanting, regional uplift and 
local topographic uplift which may 
cause surface deformation.  

Hypsometry is a method widely 
used for the assessment of lithological 
features, intensity and strength of active 
tectonics and the effect of climate on 
geomorphology. It also illustrates 
different elevations present in drainage 
basin. DEM can be used to determine 
the value of HC and HI through 
geographical information system.  

The HI and HC values have 
been used multiple times to investigate, 
intensity and potency of tectonic 
activism and elevations at drainage 
basins.  However the HI values have 
some conflicts. HI values are significantly dependent on geometry and elevation of basin 
and upon the drainage area of basin.  

Figure 10: Hypsometric curves (HC) for different basins of order 6 
The parameters which can disturb the topography of any region can be analyzed 

significantly utilizing Hack stream length gradient index and Hypsometry. Hypsometric 
analysis is an initial geomorphic indices which can provide vital information regarding 
relative uplift, regional uplift and local topographical uplift. It is widely used to analyze 
the intensity of active tectonics and their impact on geomorphologic parameters.  
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Hypsometry illustrates different elevations in the river basins. The HC and HI 
values are analyzed utilizing digital elevation model. The HI value is highly dependent on 
basin elevation, basin geometry and drainage areas. Figure 10 illustrates HC values for 
different basins. Instead of basins, the grid values are used to calculate HI values. In 
Pakistan, the most seismically active zone is Baluchistan, which has HI value up to order 
4.  The severe history of earthquakes lies in the lower region of Arabian Sea Syntaxes, it 
is a region where Indian and Europe-Asian plates collide.  The tectonic activity can be 
determined using different features of Hypsometric Integral which are freely available on 
the website. SRTM and DEM with a spatial resolution of 90m is used in this study. 

Earthquakes occur usually as a result of strike slip of faults. The western regions 
of Pakistan are experiencing left lateral strike slip along Chaman fault at higher velocity 
as compared to other regions of country. Destructive tremors are often related to strike 
slip faults. Chaman fault runs in the western region of Pakistan which is seismically 
active fault. Baluchistan is considered the most vulnerable province because of 
seismically active Chaman fault which comprises of Indian and Europe Asian plates that 
move at the rate of 26 mm per year. The collusion of these plates causes destructive 
earthquakes. In September 24, 2013 the earthquake hit Awaran with a magnitude of 7.7 
M as a consequence of lateral strike slip at shallow depths. It killed nearly 60 thousand 
people and destroyed the human engineered structures in the region. The tectonic 
geomorphology of Awaran district makes it highly vulnerable for natural disasters most 
prominently the earthquakes. The tectonic geomorphology of Awaran district is 
dependent on several parameters including drainage density, erosion and incision etc. 
 Conclusion: 

The earthquake in the Awaran region had a magnitude of 7.7 Mw which added 
to the seismic activity along the subduction zone in the Chaman fault and Makran zone 
and also enhanced the neo tectonic activity in South east and northern region. This 
incident activated various other faults. These tectonic activities can be analyzed using 
remotely sensed techniques which are helpful in generating maps and analyze surface 
deformation precisely.   
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eavy metals are chemical elements that are poisonous and toxic comprising of both 
necessary and unnecessary trace metals. All aquatic organisms require very low 
amount of these metals yet in case where these values exceed to certain range, 

threshold harmful effects are levied upon the ecosystem. The aim of this study was to 
estimate the bioaccumulation of heavy and trace metals (Cr, Mn, Ni, Fe, Pb, Cu, Cd, Zn) in 
fish using Atomic Absorption Spectrophotometer (AAS). Samples of fish were procured 
from Ghizer and Astore districts of Gilgit-Baltistan region of Pakistan. The concentration of 
Cr, Pb, Cu and Cd were almost same and depicted low tendency of bioaccumulation as per 
WHO guidelines. The fish from Ghizer was having high concentration of Zn and Fe in 
intestine. While the concentration of Fe in muscles and intestine from the Astore species 
was slightly high. The highest concentration of Ni (10.09 ppm) was found in liver tissues of 
rainbow trout, while the lowest concentration (6.74 ppm) was in the fins of fish from Astore. 
In case of Cr, the highest concentration (3.8 ppm) was found in liver from both sampling 
sites, but the lowest concentration (0.24 ppm) was in the muscles of Ghizer Rainbow trout. 
The highest concentration of cu (6.09 ppm) was in the muscles of fish from Astore, but the 
lowest concentration (2.32 ppm) was found in many organs of fish from both study sites. 
Although the concentration of Zn, Mn and Fe were within the limits, however, the highest 
concentration of Pb (0.79 ppm) was in the muscles and the highest concentration of Cd 
(0.38 ppm) was in the skin of Ghizer rainbow trout. Concentration of Lead exceeded the 
limits of FAO/WHO in every organ of fish in both study areas, while all the other metals 
were in the maximum limits. 

H 
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INTRODUCTION 
Heavy metals are chemical elements that are poisonous and toxic comprising of both 

necessary and unnecessary trace metals. All aquatic organisms require very low amount of 
these metals yet in case where these values exceed to certain range, threshold harmful effects 
are levied upon the ecosystem [1]. The presence of heavy metals in the tissue of fishes 
indicate that the aquatic environment is polluted which has been considered a major threat 
to the aquatic organisms [2].In the last few decades, the rapid development of industry and 
agriculture has resulted increased heavy metal pollution which is significant environmental 
hazard for invertebrates, fishes and humans [3]. 

Fishes are the loftiest consumers in the aquatic food web and their body collects 

large quantity of heavy metals [2]. Heavy metals being highly persistent and potentially toxic 

for living organisms, have a particular significance in eco-toxicology [1]. Heavy metals are 

the well-known pollutants of aquatic environment, and these are accumulated in different 

tissues of aquatic organisms. Fishes are the most vulnerable aquatic animals of 

environmental pollution. Therefore, it is necessary to prevent water bodies from 

accumulating water pollutants. Fishes act as bio-indicators of heavy metal pollution in 

aquatic environment [4] that are found at high trophic level and are essential source of food 

[5]. Moreover, fishes are the most important source of protein as well as other essential 

nutrients for balanced nutrition. 

Gilgit Baltistan has enormous freshwater resources. Its rivers, streams and freshwater 

lakes have a wide range of native and exotic fish species. Twenty different species of 

freshwater fish are found in the cold waters of GB including 17 native, three exotic and four 

are endemic species in GB region [6].The exotic species include Rainbow trout. In this 

region, freshwater resources are the main sources to accomplish major necessities of 

biodiversity which include glaciers, springs, rivers, ponds and lakes [7]. In GB, fish species 

are not in large number owing to high water turbidity, speed, low water temperature and low 

benthic productivity [8].  

Major threats for fish in this region are human activities including logging, pesticide 

use, road construction and diversion of water to irrigation channels [9, 10].The status of 

heavy metals and contamination in aquatic ecosystems is currently a significant source of 

concern, because they become poisonous if they exceed permissible limits. Metals enter the 

aquatic system primarily by air deposition, natural weathering, and anthropogenic activities 

such as industrial effluents, domestic sewage, and mining waste disposal [11, 12]. 

Deposition of industrial wastes in rivers, lakes and ultimately into ocean is a 

significant cause of pollution in aquatic ecosystem. Heavy metal accumulation by aquatic 

biota can damage tissues which can have adverse consequences in both aquatic organisms as 

well as in humans [13]. Exposure of aquatic life to the significant amount of heavy metals 

may result in reduced growth and development, reduction of survival chances of fishes and 

can disturb the level of oxygen in aquatic system.  
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 Consumption of heavy metals by humans through fishes and other sources may have 

severe health issues. These metals prove toxic and damage human organs. Effects of toxic 

heavy metals include nervous disorders, birth defects, gastrointestinal infections, kidney 

infections, skin lesion, immune system dysfunction and cancer.  The physical symptoms of 

heavy metal assimilation include nausea, abdominal pain, diarrhea, vomiting, chills, weakness 

and shortness of breath [12, 13].  

Furthermore, histopathological changes in various fish tissues are used as indicators 

of the effects of anthropogenic contaminants and as a reflection of the ecosystem’s health 

[14]. As a result, there is a growing interest in using fish as biological indicators to assess the 

integrity and quality of the aquatic environment [15]. 

The aim of this study is to estimate the concentration of different heavy metals 

accumulated in different organs of fishes studied in this research. The estimated 

concentrations are compared with standard values of heavy metals given by WHO and FAO 

at which aquatic organisms can survive without any health hazard.  

Material and Methods 

Study Site.  

 This study was conducted in two districts of Gilgit-Baltistan namely Ghizer and 

Astore during October 2018 where bio-accumulation of heavy metals in the tissues of 

rainbow trout was determined. Concentration of heavy metals in Ghizer’s rainbow trout was 

compared to Astore.  

 District Ghizer is located in the Hindukash region of Pakistan in the North part of 

Gilgit-Baltistan, between latitude 36o N to 37oN and longitude 73oE to 74oE having total area 

of 12042 km2 with the estimated elevation above sea level is 3661 meters. The region is 

divided into four tehsils i.e. Gupis, Iskoman, punial and Yasin [16]. Iskoman valley is the 

beautiful and scenic valley of this district which is located at the distance of 140 km from 

Gilgit capital city and 65 km from Gahkuch. The valley is gifted with natural beauty in the 

form of alpine meadows, massive glaciers and perennial streams with high mountain valley 

surrounded by snow caped peaks at the altitude from 7000 to 12000 ft in the Hindukush and 

Karakorum Ranges while the highest peak near Ishkoman is Shiniki peak that can be visible 

from Ishkoman Valley. 

 District Astore is one of the famous places in Gilgit-Baltistan region, which is 

located in the North of Pakistan. It is located at a distance of 60 km in the Southeast of 

Gilgit and about 484 km far from Islamabad the capital city of Pakistan. Total area of this 

district is about 7221 km2 and the total population of this area is 100400.This district is 

divided into two tehsils i.e. Astore and Shounter. The people of the area depend upon 

agriculture and livestock farming for their livelihood while they also earn money from 

seasonal activities. The climatic conditions of the area vary from season to season i.e.in 

summer season the temperature is not very hot and the overall area has moderate climate, 

whereas the winters are very cold with heavy snow fall in the region. 
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Figure1. Map of study area 

Sampling of Fish.  
The fish samples were taken from different fish farms located in the districts. Twenty 

samples were taken from the districts. Fish were captured from the fresh water of study sites 
using a hand net with the help of local fisherman. The height and location of study sites were 
recorded with the help of digital GPS. For further analysis, samples were brought to the 
research laboratory, Department of Environmental Sciences, Karakoram International 
University, Gilgit. 
Laboratory Treatment and Analysis of Fish Samples 

Digestion.  

Before the analysis of samples, body weight and length of each fish sample were 

measured with the help of weighing balance. The samples were dissected, and different 

organs of fish (muscles, intestine, fins, gills, liver, and skin) were separated in the labeled 

plastic crucibles. Samples were washed thoroughly with distilled water. All the samples were 

air dried for 24 hours at 10oC temperature in the oven then ground with the help of grinder 

machine. The fish samples were digested by the method used Podolski [17].This involves 

digestion of 10g part of ground samples with 10mL HNO3 and 2mL HClO4 and was heated 

for one hour on a hot plate until all material was dissolved. After complete digestion, the 

residue was dissolved and diluted with 0.2%V/V HNO3 to 100mL with distilled water. 

Digested samples were filtered using whatsman filter paper (size). Digestate was stored in a 

pre-cleaned polyethylene vials until further analysis. 

Preparation of stock solution.  

Standards of Zn, Cu, Fe, Mn, Pb, Ni, Cd and Cr were obtained from the Department 

of Agriculture & Food Technology laboratory and concentration was made as1000 ppm. 

Before analysis of fish samples for heavy metals, 100 ppm stock solution was prepared 

from1000 ppm solution. 

Sample Analysis.  

Heavy metals in all the digested samples were analyzed at the Hi-tech Laboratory of 

the Department of Agriculture & Food Technology, Karakoram International University, 
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Gilgit, using Atomic Absorption Spectrophotometer (Varian AA55). Prior to analysis, the 

instrument was calibrated using standard solutions already prepared in the Laboratory of the 

Department of Chemistry. The absorption wavelength of the selected heavy metals Zn, Cd, 

Mn, Pb, Cr, Fe & Ni were noted and results were presented as mean values. The information 

assimilated for statistical analysis of data was carried out using MS excel in tabulated form 

afterward transferred to MS word used to evaluate the concentration of heavy metals in the 

various body organs of fish. 

Result and discussion.  

Concentration of Heavy Metals in Body Organs of Rainbow Trout Fish. This study 

showed significant variation of concentration of heavy metals (Cu, Fe,Cr,Cd,Mn,Zn,Ni, Pb) 

in liver, gills, muscles, intestine, fins and skin of trout fish collected from the areas of Ghizer 

and Astore. Mean concentration of Zn, Fe, Cr, Cu, Cd, Ni, Pb and Mn in Astore’s fish 

tissues were in the following range of 7.45-10.09 ppm, 0.26-0.38 ppm, 2.32-6.09 ppm, 2-5 

ppm, 0-1ppm,1-6 ppm,0.42-0.62 ppm and 0.25-0.30 ppm, respectively. Figure 2 illustrates 

the mean concentration of several metals in different organs of fishes studied in two 

different areas i.e, Astore and Ghizer. The order of heavy metal concentration in the 

Astore’s fish samples decreased in the sequence for gills as Mn > Cd > Cr > Pb > Fe > Zn 

> Cu >Ni,for the Muscles as Mn > Cr > Cd > Pb > Zn > Fe > Cu >Ni, for the liver asMn 

> Cd > Cr > Pb >Zn > Fe > Cu > Ni, for the intestines as Cd > Cr > Pb > Mn >Zn > Cu 

> Fe> Ni, for the skin as Mn >Cd > Cr >Pb >Fe > Cu > Zn > Ni, for the Fins as Cd > Cr 

> Pb > Mn > Zn > Cu > Fe >Ni. While the average concentration of heavy metals in the 

samples, caught from Ghizer were in the range of 6.74-10 ppm, 0.24-0.65 ppm, 2.32-5.25 

ppm, 1-12 ppm, 0-1ppm, 1-14ppm, 0.45-0.79 ppm and 0.29-0.38 ppm. Furthermore, the 

trend of distribution of heavy metals in the Ghizer, fish samples reduced in the sequence for 

the gills as Mn > Cd > Cr > Pb >Fe > Cu > Zn >Ni, for the muscles as Cr > Cd > Pb > 

Mn > Fe > Zn > Cu > Ni, for the liver as Mn > Cd > Cr > Pb > Zn > Cu > Fe > Ni, for 

the intestines as Cr > Cd > Pb > Mn > Cu Ni > Zn > Fe, for the skin as Mn > Cr > Cd > 

Pb > Fe > Cu > Zn > Ni, for the fins as Cd > Pb > Cr > Mn > Cu > Fe > Zn > Ni. 

 

 

 

 

 

 

 

Figure 2. Concentration of heavy and trace metals from Astore and Ghizer regions 
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The current study revealed the concentration of heavy metals in the different organs 

of rainbow trout from Astore and Ghizer. The determination of heavy metal concentration 

in the tissues of fish is a good indicator of pollution status in aquatic environment [18]. The 

result of this research indicated that all the heavy metals were found in little amount, except 

Pb which was detected in higher amount in all the parts and tissues of fish procured from 

both the sampling sites. 

Comparison of Heavy Metal Concentration in Various Organs of Rainbow Trout.  

 Nickel is also an important element and found in soil, air, water and biosphere. This 

element is essential for living organism, when it is in small amount, but the high amount of 

nickel is dangerous for human and can cause chronic lung cancer, respiratory failure, nose 

cancer, asthma, birth defects, and cause many other diseases [19].The sources of nickel 

emission include  mining effluents, domestic effluents, industrial effluents, leaching of heavy 

metals from solid waste dump and garbage [20].The results of this study investigated that the 

mean highest concentration on Nickle was found in the liver and skin from both sampling 

sites (Figure 2a). The highest concentration in liver was (10.09-9.91 ppm), while in skin the 

concentration was (10-9.95 ppm) from both sampling sites, While the lowest concentration 

was in the fins (6.74 ppm) of Ghizer rainbow trout. The sequence of distribution of metals 

in different organs of rainbow trout from both sampling sites were Liver >Skin > Gills 

>Intestine > Muscle > Fins, although the concentration of Nickle was within the limit of 

FAO/WHO [21]. Figure 3 shows the mean concentration of copper in different organs of 

fishes.  

Chromium is highly toxic for fish when it enters the body of fish its body surface is 

covered with mucus, which harms gill epithelium and sudden death is occurred due to 

suffocation. The traces of chromium in various organs of Rainbow trout from both sites 

varied from 0.65 to 0.24 ppm (Figure 2b). It was detected that the amount of chromium in 

different organs was varied from one organ to another from both the Districts. The highest 

and lowest concentration of Cr was detected in the fins (0.65 ppm) and muscles (0.24 ppm) 

of Ghizer rainbow trout fish, however the concentration of Cr in all the organs of fishes 

from both sites were within the limit of FAO/WHO. Uwem et al [22] conducted a study on 

fresh water fishes in Nigeria, they investigated that the maximum and minimum 

concentration of Cr that varied from 0.35 μgg-1 to 0.03 μgg-1 in different fresh water fish 

species. 

Table 1.Comparison of heavy metal concentration in different organs of Brown trout from 
district Astore and Ghizer 

Metal 

Astore Brown Trout Ghizer Brown Trout WHO/ 
FAO 

(ppm) 

Gil
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Cr 0.2 0.4 0.2 0.2 0.3 
0.4
0 

0.4
5 

0.3 0.2 0.4 0.2 0.4 1 

Cu 2.4 2.4 2.3 2.5 2.4 2.4 2.3 2.3 3.6 2.3 2.2 
2.4
2 

2 

Zn 2 1 1 2 5 2 7 1 3 12 3 5 NA 
Mn 0 0 0 1 0 1 0 1 0 1 0 1 5.5 
Fe 1 5 2 6 2 3 1 1 8 14 1 4 43 

Pb 
0.4
9 

0.47 0.49 0.39 0.48 
0.4
8 

0.3
9 

3.72 0.49 0.54 0.52 
0.4
7 

1 

Cd 0.3 0.2 0.3 0.3 0.3 0.2 0.3 0.4 0.35 0.3 0.3 0.2 0.2 

Copper is an indispensable element and play avital role in enzyme activity and other 
cell components having an important role in the formation of hemoglobin [23]. But the 
abundance of copper in human body is lethal and cause health hazards to human as well as 
animals. Excessive intake of Cu will be source of food poisoning, nausea, acute stomach pain 
diarrhea and fever. The National Council Research Center has computed that up to 1.5-3.0 
mg daily intake of copper would be safe and adequate [24]. While the current study 
investigated that the highest concentration of copper was in muscle tissues (6.09 ppm) in the 
Astore rainbow trout, while in Ghizer rainbow trout the highest concentration of Cu was in 
Liver (5.25 ppm) (Figure 2c). Liver is the largest organ for the accumulation of heavy metal 
whereas all the tissues contain the maximum level of copper from both the study areas. The 
accumulation of copper among the fish tissues was determined in both sites in the 
decreasing order of Muscle > Liver > Intestine > Fins > Skin > Gills. The permissible limit 
for cu set by FAO/WHO is (30 ppm), so the concentration of copper in this study was 
within the permissible limit. 

 
Figure 3: Concentration of copper in different organs of fishes in ppm.  

Zinc is also an essential metal and required in a small quantity for a body to perform  
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a normal metabolic function. When the concentration of Zinc is in excess it is harmful for 

living organisms as well as fish [25]. However, the data of the current study determined that 

the maximum concentration was present in intestine (12 ppm) of Ghizer rainbow trout 

(Figure 2d). While the lowest concentration was in the different organs of fish (1ppm) from 

both the study areas. The accumulation pattern was in order of Intestine > Gills > Fins > 

Skin > Liver > Muscles. Concentration of Zinc in the present study was found lower than 

the permissible limit reported by FAO/WHO. 

Manganese is an essential metal and its low level is necessary for human, when it is 

found in excess amount it can induce oxidative stress and toxic effect in aquatic organism 

[26]. In this study, the concentration of Mn was not detected in many organs from both 

districts, while some organs contain a little amount of Mn in intestines, fins and muscles 

from both areas and the concentration were within the limit of FAO/WHO (Figure 2e). 

According to [22], concentration of Mn in freshwater fish was below the standard limit of 

0.7μgg-1 reported by Charbonneau [27]. 

Iron is the fourth plentiful component in the earth’s atmosphere. In water, it is 

present in the form of ferrous or ferric state [28]. It is assumed as one of the essential metals 

due to its biochemical and physiological role in hemoglobin synthesis and as cofactor of 

many enzymes [29]. However, high amount of Fe in living organism can increase the level of 

Fe [30]. The maximum concentration of iron in the current study were (14 ppm) in the 

intestine of Ghizer rainbow trout, while the lowest concentration was in various organs of 

fish from both study sites of current study (Figure 2f). The standards set by FAO/WHO are 

43 ppm and the results of the current study fall within this limit. So, the current study 

revealed that lead (Pb) is the only element that exceeds the standards set by FAO/WHO. 

Lead is one of the non-essential elements for living organism and can cause 

neurotoxicity in human being. The result of the current study revealed that the highest mean 

concentration of Pb was 0.79 ppm, which was found in the muscles of Ghizer rainbow trout 

fish, while the lowest concentration was in the gill (0.42 ppm) of Astore Rainbow trout 

(Figure 2g). From both sampling sites the order of Pb accumulation was, muscle > liver 

>intestine > Skin >fins>gills. WHO suggested that the dietary Pb should not exceed 0.3 

μg/g and a recommended limit of 450 μg of Pb per day for adults [31].The concentration of 

Pb were high in all the organs according to permissible level of FAO/WHO limit (0.3 ppm). 

Figure 4 shows the concentration of Lead in different organs of fishes in ppm. 
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Figure 4: Concentration of lead in different organs of fish in ppm.  

Cadmium is the poisonous and non-essential element in food and natural water and 

mostly this metal is accumulated in the liver and kidney of fishes [32] and is considered lethal 

and cause chronic lung diseases, kidney damages, high blood pressure and destruction in the 

formation of red blood cells etc. This study investigated the highest concentration of Cd 

(0.38 ppm) in the skin of Ghizer Rainbow trout, while the minimum concentration was in 

the intestine (0.25 ppm) of Astore trout (Figure 2h).However, all the organs of both the 

sampling sites have maximum level of cadmium which was within the permissible limit of 

WHO/FAO (0.5ppm). 

Concentration of Heavy Metals in Body Organs of Brown Trout Fish.  

Heavy metals in fresh water that is used by brown trout (Salmo trutta fairo) in District Ghizer 

and Astore were assessed. Amount of heavy metals in different parts of Astore trout are 

summarized in Table 1.Heavy Metal Concentration Comparison in Various Organs of 

Brown Trout. Heavy metals are formed from both natural and manmade activities [33].In 

aquatic environment, contamination of heavy metals come out through agricultural 

discharges, weathering of rocks, municipal discharge, industrial waste etc. [34]. Amount of 

heavy metals in various organs of Brown Trout is as under: 

Nickel is a crucial metal that is present in air, soil and water, also occur in biosphere. 

Nickel is released into atmosphere through natural cycles and anthropogenic practices. 

Nickle is accessible in natural environment and it is also released by industries. In the current 

study, the amount of nickel is maximum in the gills (10.22 ppm) followed by intestine (10 

ppm), liver (9.9 ppm), muscles (9.8 ppm), skin (8.8 ppm) and fins (7.6 ppm). Pollutants can 

also be discharged into the environment by coal and oil-fired power plants [35].  Ni forms 

complexes with ligands in atmosphere turning into a heavy metal. Whereas, in most 
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organisms nickel is an important component if it is in small quantity. While when its quantity 

is increased, it becomes poisonous [36]. Nickel can also cause respiratory issues declared by 

medicinal institution [37].The concentration of Ni falls below the permissible limits of 

WHO/FAO (80ppm) in all organs of Brown Trout. 

Chromium is also a necessary nutrient metal, which is essential for carbohydrates 

metabolism [38]. Cr enters aquatic environment through different methods like (mining, 

textiles, metal finishing leather tanneries pharmaceutical industries etc. WHO [39] Reported 

Lead in close water reservoirs has been as a result of poor treatment of industrial and other 

effluents, where it is generally present at harmful levels for fish. [40]. Hexavalent chromium 

and Oxidation state trivalent chromium are stable forms of Cr. Hexavalent chromium has an 

ability to cross cell membrane and considered to be more poisonous [7].The chromium in all 

the organs of Brown Trout is found below the set standards of WHO/FAO (1 ppm). 

Copper being key constitution of metabolic enzymes, is a vital trace metal for cellular 

metabolism in organisms [41]. On the other hand, it can be very harmful when it is in high 

amount and go above the maximum level [42]. Copper Sulphate is used in recreational and 

commercial ponds to control growth of phytoplankton and filamentous algae and diseases of 

fish [43].  In the current research, gill and some other tissues of fish copper was detected. 

Copper is also found below the WHO/FAO (3ppm) guidelines in all organs of Trout Fish. 

Zinc is a rich trace metal and is essential heavy metal even if it is present in very low amount 

in living organism. It is involved in nucleic acid synthesis and present in each cell of the 

body. It is also involved in many other functions like neurotransmission, immune system and 

in medicines the Zn its compounds are widely used [44]. Figure 5 illustrates the 

concentration of zinc in different organs of fishes in ppm. The concentration of Zinc was 

lower than the permissible limit set by WHO/FAO. Common sources of Zn include 

galvanized ironwork, zinc chloride used in plumbing and use of Zn containing paints [45]. 

 
Figure 5: Concentration of Zinc in different organs of fishes in ppm.  
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Mn can be consumed through water and food resources. Mn does not enter into the 

skin, and it does not get mixed into the air. As a result, swimming and showering in Mn-

containing water does not contribute to increase the exposure. High contact to Mn has been 

linked with toxicity to the nervous system and syndrome producing. Mn can also be the 

cause of other diseases like cancer, and it also damage the reproductive system. As compared 

to the elder, younger children absorb more Mn. So, it is important for children and pregnant 

women to drink clean water. One of the big problems of water resources is water pollution. 

Infected rivers have broad impacts; a little manure/chemical fall can have an uneven effect 

on animals as well as people through harvesting and storage of rainwater in water tanks, 

runoff may be reduced. The concentration of Mn also falls below the standard set by WHO 

(5.5 ppm). 

Iron is common part of mining and industrial effluents that is released into fresh 

water. Liver and gonads show the highest concentration of iron while the heart, muscle and 

liver show the low concentration [46]. In recent times [47], it is found that the mark organ 

for iron is the fish liver.  Feasible method for iron poisoning is physical blockage of gill 

through accumulation of metals. For the reason that the surface of fish gill tends to be 

alkaline, respiration is slow down when gills are cover by mucus [48]. Figure 6 illustrates the 

concentration of iron in different organs of fish in ppm. The high concentration of Fe can 

cause serious effect on fish by blocking and reducing its gills which spoil the respiratory 

system consequently it causes sudden death. 

 
Figure 6: Concentration of iron in different organs of fishes in ppm. 

 The increased content of iron compound has a significant impact on fish. Fe was 

found below the permissible limits of WHO/FAO (43ppm) in the body parts of Trout Fish. 

Concentration of iron in organs of fish is below the WHO permissible limit (4ppm).Lead is a 

constant and naturally occurring heavy metal. The concentration of lead in environment is 

increased by anthropogenic activities like (Pb-based paint, manufacturing of mining etc) [49]. 

Pb may emitted in water through industrial effluents and discharges, when lead dust falls out, 
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through precipitation, through pesticides which contain lead, runoff or through waste water 

of municipal [50]. 

 The amount of lead is mostly dependent on its absorption into the natural organic 

matters, into the sediments, on the hardness, alkalinity and pH of water. Aquatic organisms 

bio-accumulate Pb from water and diet, even though there is proof that Pb deposition is 

originated from polluted water as compared to food. In gills, kidneys, liver and digestive 

tract lead is accumulated [51] while the concentration of lead in fish organs is below the 

WHO permissible limit. While the muscles exceed WHO limit. 

Cadmium is nonessential trace metal which occurs naturally. Environmental distress 

is increased when Cd affinity to bio-accumulate in living organisms up to a dangerous level 

[52]. During 20 century Cd manufacture, Cd use and emission have increased to the 

environment considerably, due to industries for example (uses of plastic stabilizers and 

batteries etc.) and pollution of aquatic life. The contamination of water is also occurred due 

to the use of fertilizers, pesticides, sewage mud in land, agricultural chemicals which contain 

cadmium [53, 54]. As a non-degradable increasing impurity, Cadmium is considered capable 

of changing water trophic levels for centuries. In freshwater fishes, about 75% heavy metals 

are accumulated in gills, kidney and liver, and also accumulate in hearts and other organs 

then cause changes in liver, gills and kidney. Figure 7 illustrates concentration of cadmium in 

different organs of fish in ppm. The cadmium in the body organs of Trout Fish exceeded 

the standards set by WHO/FAO (0.2 ppm). 

 
Figure 7: Concentration of cadmium in different organs of fish in ppm. 

Conclusion 
This study concludes that some heavy metals were accumulated in a few organs of 
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metals. Concentration of nickel is high in all the organs of Brown Trout from both the 
sampling areas. Fe and Zn was found higher in the intestine of fish from Ghizer than those 
from Astore. The concentration of Pb (3.72ppm), Cd (0.37ppm), Cu (2.35 ppm) were 
exceeded the standard limit set by WHO/FAO.While the concentration of Cu is exceeded 
from WHO limit (2ppm) in all organs of Brown trout from both sampling areas. This 
research clearly showed the significant buildup of metals in organs of fish. Consumption of 
heavy metal contaminated fish should be monitored and avoided to refrain from adversative 
health effects. Overall contamination of  heavy metals was due to natural process but there 
were certain anthropogenic causes of  contamination such as open use of  water resources for 
washing purpose, domestic use and addition of  sewage water directly in water resources 
without proper treatment etc. The concentration of  Lead (Pb) dominated all the studied 
metals and has exceeded the permissible value of FAO and WHO in all organs of fish from 
both areas of sampling, while all the metals in the various body organs of Astore and Ghizer 
fishes were within permissible values prescribed by FAO/WHO. 
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