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ABSTRACT
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Background: Bioaccumulation of metals in vegetables is known to harm human health. Food
contamination by heavy metals has been a major public health concern since the consumption of such
foods can cause deleterious effects. The study aimed to measure and compare levels of heavy metals in
lettuce sold in selected supermarkets and open markets in Accra Metropolis and their implication on
human health.

Objectives: The specific objectives of the study were to measure and compare concentrations of heavy
metals in lettuce from markets and supermarkets in Accra Metropolis, compare concentrations of heavy
metals with FAO/WHO standards and assess the potential human health risks associated with
consuming lettuce with the measured heavy metal concentrations.

Methods: This was an analytical cross-sectional study conducted in Accra Metropolis. A total of 16
samples of lettuce (approximately 15kg) from two varieties (Eden and Great lakes) were selected for
heavy metals analysis where two samples of each of the two varigEies were randomly selected across

four markets namely the s’ (Madina and Kaneshie

Markets). All analyses e conducted using IBM

Statistical Package for
Results: The study indi s in open-market lettuce
samples than in super zinc in lettuce leaves as
compared to Cadmiu and manganese having
concentrations exceedin
Conclusion: Out of the upermarkets the findings
revealed that Risk leve mans indicates that the

concentrations of Ph, Cu, @ nits, however, Mn, Zn, and

Fe were found to @eﬂs of conce

potential health risk to consﬁking various reference guides/sta Even though almost all the
) =

TEGn‘et!;: AOCET AMUS T'—

heavy metal levels detected in this study w: e WHO permissible limits, the essential

limit and poses a

metals detected had a relatively higher concentration. Therefore, vegetables sampled from the selected
supermarkets and open markets in Accra are not hazardously contaminated by heavy metals and are

largely safe for consumption.
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CHAPTER ONE

INTRODUCTION
1.1 Background of the Study
Vegetables are important for optimum human health and well-being. Among the quality
assurance practices to ensure the integrity of vegetables, heavy metal contamination is an
important factor (Wang et al. 2005). There is a growing interest in the safety of vegetables
concerning the risk of heavy metals pollution in the environment (Abubakari and
Mahunu, 2007).
Elements with comparatively elevated densities that are toxic in little quantities are considered

heavy metals (Huseen et al, 2019), Typical examples of heavy metals are Arsenic, Zinc, Lead,

Copper, Manganese, C etals are accumulated

in the tissues of living excreted. In principle,
the fundamental impo zinc (Zn), manganese
(Mn), and iron (Fe) ca ging and balancing the
appropriate working stantial deficits might
compromise the imm
Extremely high amo ese insufficiency, for
example, impairs ferti 5), whereas pathologic
phenomena such as irc  linked to the ingestion
of excessive trace m
ways and find th?ir J' an tissue via channels suchﬁ S

through the skin (H\L/rﬁhaﬁgvdgg EEGAETJT H&E@mﬁ-
These metal elements are not biologically degradable, possess extensive half-lives, and an
increase in many human organs, causing adverse side effects (Jarup, 2003; Sathawara et al.,

2004; Singh et al., 2010; Nabulo et al., 2011). Toxic metals can disrupt essential biochemical

12
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functions within the kidney, liver, cardiovascular, neurological, and bone systems, resulting in
chronic inflammatory disease and cancer (WHO 1992; Jarup 2003).

Cadmium, copper, arsenic, chromium, lead, zinc, cobalt, and nickel are among the toxic metals
most commonly discovered in vegetables. Several of them are micronutrients when consumed
in minute amounts, but constitute a substantial risk to human health when consumed in high
concentrations or for extended periods (Sharma et al., 2009).

It is not arguable that pollution by heavy metals from agricultural chemicals like pesticides has
cumulative impacts on the living components of the soil and consequently humans through
consumptive pathways (Opaluwa et al., 2012; Wilson et al, 2007). Heavy metals from

agricultural chemicals are transferred to humans through the food chain which is responsible

for a series of health i
Among the harmful 5 are lung cancer, renal
dysfunction, osteopor: ion in body tissue can
impact the central ne * promotor of medical
conditions like epileps are estimated to suffer
from these substances
As a result, continuou ils and crops is critical
to comprehend the co lution threats to health.

Heavy metal studies wi

importance. Heav tél tar as b 1onstrated to have
serious environm.(%f ”h consequences in less devel P 7 : sufch as Zimbabwe,
Zambia, and Nigejﬁéf (Mapaﬁﬁgtéﬁﬁ_!)é ﬂjﬁ@ﬁh@ﬁbﬁ%gaéoof Eriyamremu etal.,
2005).

Studies have investigated heavy metals in various food items (Odai et al., 2008; Bempah et al,

2011; Larbie et al., 2014), however, the literature is not comprehensive on the topic. Despite

13
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the limitations of these investigations, the information on heavy metal build-up in vegetables
is nevertheless relevant in terms of human health. Moreover, there are records of uncontrolled
application of high doses of agrochemicals in farms both local and international, that supply
vegetables to our markets both the open markets (an open place where goods and services are
sold especially foodstuffs) and supermarkets (enclosed areas where food and services are sold)
in Accra and other parts of the country.

Whilst open markets are exposed to aerosols, human activities, and vehicular emissions due to
the nature of the markets, the same cannot be said of the supermarkets posing the question of
whether there is a difference in goods and services, (vegetables specifically lettuce in this case)

offered on these two markets. It is against this odd that this study sought to investigate heavy

metal concentrations open markets and
supermarkets, and its
1.2 Problem Stateme
People's eating habits rowing interest in the
nutritional benefits of getables are important
for human nutrition a t molecules including
dietary fiber, vitami tochemicals (phenolic
compounds, flavonoic non-nutrient molecules

diminish chronic illnes:

(Pennington et al.
| ﬂ"a. o I |
However, the significant M Ag =TT Eﬂ@(ﬁ&ﬂﬁﬂﬁ‘ﬁmw from vegetables is the

indiscriminate use of agrochemicals during their cultivation (Barau et al., 2018).

n cancers, and obesity

Contamination of vegetables not only reduces the wholesomeness of the vegetables and their

14
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associated benefits but poses a significant threat to food security, economic livelihood, and
human health.

There are differences in maximum limits or allowable levels of heavy metals in the edible parts
of plants such as vegetables. However, both national and international regulations on food
quality have been in favor of lowering the maximum allowable levels of heavy metals in food
materials due to the increased risk of human contamination (Barau et al., 2018; Sharma et al.,
2009). Meanwhile, not much attention has been focused on the international and national
regulations of food quality when it comes to vegetables consumed in developing countries.
There are records of discriminate and uncontrollable application of high doses of

agrochemicals in farms both local and international, that supply vegetables to supermarkets in

Accra and other parts e, coupled with a weak

supervisory and moni ountry.
The newness of the re nation levels of heavy
metals in lettuce that ets in the city of Accra
for consumption and t s study sought to do a
comparative analysis | uces i.e., supermarkets
and open markets, and consumption.
1.3 Research Objecti
To assess contaminatio ected supermarkets and
open markets in Ac
The specific objecti o

1. Measure and comparﬁiﬁmﬁmm%%ﬁuce from markets and

supermarkets in Accra Metropolis.

2. Compare concentrations of heavy metals in lettuce with FAO/WHO standards.

15
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3. Assess the potential human health risks associated with consuming lettuce with the

measured heavy metal concentrations.

1.4 Research Questions
To achieve the objective of this study, several questions have been set. These are;
1. Does lettuce from the open market have higher concentrations of heavy metals than
those from the supermarket?
2. How do the levels of heavy metals in the lettuce compare with FAO/ WHO
recommended limits?

3. What are the potential health risks of consuming lettuce with the measured heavy

metals concent
1.5 Conceptional Fra

According to (Creswe is a visual or written

product, one that “expl ain things to be studied

the key factors, conce mong them”. The term

“conceptual framewo es the actual ideas and

beliefs that the researc hese are written down

or not (Creswell & Plz eptual framework as a

hypothesized model i ationship between the

ent variable also
I

S of the dependent

dependent and inde

known as the expla jable as the presumed cause o

variable, while a dependenf@aﬁ%mﬁmﬁﬂ&w&m the researcher wishes to
explain. The goal of the conceptual framework is to categorize and describe concepts relevant
to the study and map relationships among them. Such a framework helps the researcher to

define the concept, map the research terrain or conceptual scope, systematize relations among

16
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concepts, and identify gaps in literature (Castles et al., 2014). The conceptual framework of
the study was based on key concepts of the study and literature review. The conceptual
framework was then used to analyze the results of the research.

Figure 1.1 is a conceptual framework, which illustrated how heavy and essential metals when
accumulated can affect humans.

Figure 2.3 Conceptual framework of heavy and essential metals

Environmental factors
» Industrial
s Agricultural

Figure 1: Source: Author's construction (2022)

17
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The conceptual framework has five components. The first components list heavy metals and
essential metals, the second talks about the accumulation of toxic heavy metals and essential
metals in vegetables, and the third and four components illustrated the environmental factors
and the exposure of vegetables at the markets and supermarkets. The last component of the
conceptual framework points out the effects of contaminated vegetables on humans. These
various components of the conceptual framework illustrate how heavy and essential metals
when accumulated can affect humans. The framework was guided by the literature, theories,
and earlier conceptual framework that attempted to relate pinpoint sources of heavy and
essential metals in humans.

Humans are exposed to contaminated vegetables from our farms. Both anthropogenic and

natural processes relez avy metals in the soils

and the use of pesticid egetables. When these
vegetables are consu hey : a e effects ans.

1.6 Justification
Heavy metals discharg particulate matter and
sink into the soil (Hed( ial in providing people
in developing nations s, minerals, and fiber.
Owing to the depe trients, heavy metal

concentrations in the 5 a result, it is critical to

monitor the concentration of|
2013; Zhou et al. %iﬁﬂet
Again, there is a growing .%EEGH*&HEEE;Q&H&E& evels of heavy metals in

vegetables from supermarkets and open markets in Ghana see (Affum et al., 2020; Ametepey

/ are safe (Naser,

et al., 2018; Amoah et al., 1998) Therefore, the outcome of this study will be valuable in

18
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influencing policy formulation, public health education, and strategic actions to prevent high

levels of heavy metals in vegetables in the country.

19
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CHAPTER TWO

LITERATURE REVIEW
2.1. Introduction
Lettuce (Lactuca sativa L.) is a good source of antioxidants, Vitamins A, and C, and
anticarcinogenic phytonutrients. It also contains dietary fiber, carbs, protein, and a little fat. In
tropical markets farms, such as Ghana, early maturing iceberg-type lettuce with three notable
varieties (Eden, Trinity, and Great Lakes) is commonly cultivated. The productivity and quality
of these lettuces are affected by growth, yield, and fertilizers.
For cultivating vegetable crops, both commercial and subsistence farming in Ghana have relied

mostly on the usage of chemical fertilizers (Lampkin, 1990). This is because they are readily

assimilated and consu
2.2 Vegetable Consu
With an upsurge in dfulness of the health

benefits of consuming n growth (Lente et al.,

2014). Cultivation of e country and this is a

result of the country’s ally, the increase in this
sector is also attributec e \Volta River and Lake
Volta (Lente et al., 20

Chilies, onions, tomatc

in the country. Ghanaian
States and the El% . Fresh veggies are in hlgh and; stly for traditional

household markets and supe%rr%ame&mmga 1S predlcted to be at 50.1

kg/person/per year (roughly 137.3 g/person/day) (Azupogo et al., 2018). This is low as

g the most often grown

ted by the United

compared to the recommendation of the World Health Organization (WHO), that consuming

20
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about 4009 of vegetables a day will help prevent chronic diseases such as obesity, diabetes,
and heart disease (World Health Organization, 2010).

Urbanization in major cities in Ghana has reduced the available farmland for vegetable
cultivation, for, instance, Accra and Tamale recorded a 36%-50% decline in urban vegetable
farming between 2006 to 2014 (Drechsel et al., 2014). The pathogenic load of water used for
urban irrigation and uncontrolled use of pesticides has also resulted in the decline in vegetable
production and export in Ghana, as some of these vegetables are rejected by importing
countries due to the presence of some organisms that are harmful (Gonzalez et al., 2014). This
shortfall in vegetables has resulted in the importation of vegetables by supermarkets in Ghana

where both locally cultivated vegetables are sold alongside imported ones. For instance, it is

estimated Ghana's img 019. As a result, about

5,300 street food selle locally produced and
imported vegetables
2.3 Heavy Metals

According to Huseen ed density that is toxic
in little quantity is co lude arsenic (As), lead
(Pb), mercury (Hg), ca ore. These metals are
vital to maintaining t concentrations (Huseen
etal., 2019).

Whenever heavy m _quicker than they

should be broker! : ( lized) or eliminated (Huseen 1 ; : . E:ven though some
of these metals are. impor{gﬁtrﬁﬁtﬁ_@tﬁeﬂaﬁga_%lgﬁ-of fhem cause metabolic
interference and mutagenesis in living organisms. Heavy metal toxins have a wide range of
effects on living creatures, ranging from decreased fitness to interference with reproduction,

which can lead to cancer and death (Huseen et al., 2019; Vhahangwele et al., 2018).

21
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2.3.1 Sources of Heavy Metals

Heavy metals are known environmental pollutants with adverse health effects, and their
production and emission globally have been on the increase. Numerous studies indicate
splitting heavy metal sources into two categories: natural and man-made sources. Natural
sources comprise sedimentary rocks, volcanic eruptions, soil formation, and rock weathering.
Industry, agriculture, mining, and home effluents are examples of anthropogenic sources
(Roozbahaniry, 2015).

2.4 Natural processes

Heavy metals can be found in a variety of natural sources, each with its own set of

environmental circumstances. VVolcanic eruptions, sea-salt sprays, forest fires, rock weathering,

biogenic sources, and en it comes to heavy

metals' natural source revalent. They contain
higher levels of heavy determination of heavy
metals in these rocks the ecosystem in the
surrounding (Sharma, Is can also be found in
the form of hydrox Silicates, and organic
compounds.

2.4.1 Anthropogenic
Anthropogenic activit of the environment by

heavy metals. Thes al_mining activities

(galamsey operat‘ion ) J' of effluents, smelteries, agrig 1
dumping of domestic was e.‘ﬂrﬁﬁﬁﬁ W@EE@@%{)

batteries, and paints are examples of waste products. The number of heavy metals discovered

s, and inappropriate
1

nic waste (e-waste), spent

at disposal sites and, invariably, in the environment increases as a result of trash (Bortey-Sam

etal., 2015).

22
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Because of the sluggish leaching of heavy metals into the acidic environment, they may wind

up in water bodies and soils, polluting our fish and plants in the long term (Monferran et al.,

2016).

Agriculture
&
Forestry

Industrial
processes

Fossil fuel

Figure 1: Anthr?p

e ™

2.5 Lead

Another known metal is Lead; found in the earth’s crust and released in small amounts into the

environment (Juberg, 2000). Lead is non-biodegradable and can maintain a high level of

23
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toxicity over time if accumulated in the environment (Flora et al., 2012; Huseen & Mohammed,
2019). Lead can be found in “batteries, petrol additives, rolled and extruded products, alloys,
pigments and compounds, cable sheathing, shot, and ammunition” (Gupta, 2013). Lead can
also originate from the environment through both natural and human-induced sources.

Humans can be exposed to Pb through drinking water, food such as vegetables, air, soil, and
dust from old paint. Its ingestion in living beings can cause the tubular structures of the kidneys
to malfunction, leading to chronic renal illness. Immense consequences on the reproductive
health of humans, for instance, women may get miscarriages, stillbirths, and even sterility, and
men can also display signs of reduced semen quality when they are poisoned by Pb (Juberg et

al., 2000). Furthermore, shell-burst lead ammunition could well be a supplementary source of

lead in human-eating hunting animals, this

happens, exposure to fects on human health

(Jarzynska & & Falan

2.5.11ron

About 5g of iron can b the human body. Iron

occurs in the oxidatio ic compounds become
soluble in biofluids a sed to oxygen (Saad et
al., 2016). Iron balanc nes react to a variety of
stimuli, including hypo:

The iron balance in ietary absorption of

- |
iron in the duodenuf: T y of hereditary abnormaliti eople and animals,

leading to various iron Tiobally Iagﬁﬁécﬁ Hmmtm&kén-about the proteins involved
in iron absorption and regulation of iron homeostasis in recent years (Saad et al., 2016; Zoroddu
et al., 2019). Despite iron is important for survival, it can sometimes be hazardous if there is

too much of it. Iron has the potential to affect the gastrointestinal system. Iron poisoning causes

24
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nausea, vomiting, diarrhea, and stomach pain. Over time, iron can build up in the organs,
causing serious liver or brain disorders (Zoroddu et al., 2019).

2.4.2 Copper

Approximately 100 mg of it is present in our body. Copper is one of the essential d-metals and
the third most abundant (Saad et al., 2016). The daily recommended intake of copper is around
a few milligrams. Copper can be found in several foods such as meats, mushrooms, nuts, and
more (Saad et al., 2016). Cu (Il) and Cu (I) have the highest oxidation values in living
organisms (Saad et al., 2016). Several key enzymes in oxidation reactions, such as cytochrome
c oxidase, ascorbate oxidase, and superoxide dismutase, require copper as a cofactor. Copper

is often used in biological systems for electron flow in complement to its catalytic activity.

Azurin and plastocya on transport (Zoroddu
etal., 2019).

Copper is necessary, ce it can displace less
aggressive metal ions \ various sites of action
(Saad et al., 2016). Hi ects such as vomiting,
diarrhea, stomach cra ects & Family, 2000).
2.4.3 Cadmium
Cadmium is categoriz t is commonly present

in the environment at | santly augmented levels

in environmental media applica - h larger distances
%f |
by air transfer fro e of secretion. It is abundan'g J atures particularly

mollusks, and crustacearts WEE@HrEﬁ@EW&%%m vegetables cereals, and

starchy roots (Huseen et al., 2019). Humans can be exposed to cadmium through improper

recycling of electronic and electrical trash (e-waste), as well as toys, jewelry, and plastics

25
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containing the metal. Contaminated food, active and passive cigarette smoke inhalation and
inhalation by personnel in several sectors are the main causes of population exposure.

Exposure of humans to cadmium exerts toxic can have effects on the kidneys as well as the
skeletal and respiratory systems. Other indicators that could be utilized to identify cadmium
accumulation in the body's organs include blood and urine. As a result, both blood and urine
can be used to determine the amount of cadmium in the body. Cadmium's lethality is
exacerbated by its bioaccumulative properties (Cui et al., 2005; Monferran et al., 2016).
According to several scholars, when cadmium remains in its basic state within the environment
for an extended period, its concentrations in humans can indeed exceed the allowed limits.

Cadmium has a life span ranging from 10 to thirty years. (Rudy, 2009).

According to (Ihedioh ion occurrences above

acceptable parameter h life but could have a
poisonous effect on h ingestion is consistent
and sufficient.

2.5 Exposure and effi
It is established in the bad “(Ali et al., 2019).
Therefore, heavy mete nding on the dose and
length of exposure. S d metalloids (As, etc.)
may be toxic even at . Essential heavy metals

on the other hand ar toxic outside certain

]
ity of heavy metals include the

method of exposujrﬂé,-age,r geﬁﬁgtr &n—!ﬂ ﬁ m&&qg-wéll 2 the chemical species

of the heavy metals (Sun, Y., Zhou, Q., Xie, X., & Liu, 2010). The scrutinizing and

limits or threshold ¢ ' s. Factors that affect the toxj

investigation of heavy metal absorptions in the environment are needed for pollution valuation

and control. This will help offer valuable data about circulation, principal sources, and the

26
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outcome of these elements in the environment and their bioaccumulation in the food chain
(Barau et al., 2018).

Health effects accompany the exposure to heavy metals such as Cd, Pb, and Hg, and exhaust
the main antioxidants of cells by infecting the characteristic antioxidant defenses of cells which
can result in a condition called “oxidative stress”. Higher concentrations of toxic heavy metals
such as Cr, Cd, and Pb, have been found in patients with cancer and diabetes (Ahmed et al.,
2021; Ali et al., 2019; Barau et al., 2018).

2.6 Vegetable Farms and Market Conditions

Urban vegetable farming in Ghana dates back to the colonial era when vegetables were grown

in gardens around the castles and forts along Ghana’s Gold Coast (La Anyane, 1963).

Additionally, accordi d War, agriculture was

stimulated in all parts ¢ he Gold Coast. During
post-independence G ry, as part of a national
agenda (Operation Fé and supported urban
agriculture to meet the
In the late 1990s, the d Iture postulated urban
farming with transfo ies received its own
Agricultural Directora though urban farming
was encouraged for the with a lot of challenges,
for instance, they . With all these

challenges, backyar ) vestiges as a well-accepted a

in the middle-income group‘&rt&é&ﬂ?ﬁ@@%

unally, particularly
1
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2.6.1 Accra Urban Farming

The Greater Accra region seems to have reached a saturation point as it has shown coherent
regressions in the almanac growth of its urban population from 6.1% in 1960 to 3.5% in 2010
(GSS 2012). About 60% of Accra’s population lives in informal settlements in the center of
the city while the middle and upper classes prefer its periphery. Natural drainage systems in
Accra include several streams, ponds, and lagoons. About 60% of the city's urban area drains
into the Odaw River which passes the Korle Lagoon before flowing into the sea (Danso et al.,
2014). The wastewater and solid waste that Odaw receives constitute a major environmental

disaster as shown in figure 2.2.

Figure 2.2 Odaw River in Accra

«t

Source: Danso etal.-(2014)

)

Irrigated urban vegetabl pro ction takes place on more th six large sites within Accra
| INTEGR| pRocERAMUS I
central. In 2005 about 47 hectares 0 tﬁi Eﬂ%% vegetable farms and with seasonal

variation, about 251 hectares were under mixed cereal-vegetable systems. it is estimated that

about 60% of these vegetable farmers in the city produce exotic crops such as lettuce, cabbage,

spring onions, and cauliflowers, and 40% indigenous local or traditional vegetables such as
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tomatoes, okoro, ayoyo (Corchorus sp.), garden eggs (aubergine) and hot pepper (Amoah et
al., 1998).

The most common water source is raw large or diluted wastewater that is channeled into
shallow reservoirs (dug-outs), while other farmers also use pipe-borne water, stream water, or
water from treatment ponds. In most of these sites, mutual agreements were formalized with
the local authorities and institutions for farming in the areas as a way of maintaining the lands

and preventing any nonagricultural encroachment.

Figure 2.3 Parts of the Dzorwulu site

[y
e

o —

s |

INTEGRI PROCEDAM
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CHAPTER THREE

METHODOLOGY
3.1 Study Design
The study was an analytical cross-sectional, intending to determine the quantities of trace
metals in lettuce from Accra's "open markets" and supermarkets. An open site or region where

products and services are sold and given is referred to as an "open market."

3.2 Description of the study sites
The study was conducted in the grocery sections of two major supermarkets (Palace Mall and

Melcom Plus) and two ‘open markets’ (Madina and Kaneshie Markets) in the Accra Metropolis

as shown in Figures 3
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Figure 3: selected study sites
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These markets were selected because they served a high number of shoppers from diverse
socio-demographic backgrounds. Additionally, these markets made vegetables available all

year round for shoppers.

3.3. Sampling technique

This study examined metal concentrations in leafy vegetable; lettuce. Lettuce was selected
because it is commonly cultivated and most widely consumed in Ghana among the exotic leafy
vegetables (Drechsel et al., 2014). Exotic leafy vegetables seem to be more popular,
particularly among urban inhabitants, even though indigenous leafy vegetables are mostly

cheaper and even more nutritious (Darkwa, 2014).

A total of 16 samples (Eden and Great lakes)

[Fig. 5 & 6] were sele ch of the two varieties
were randomly select kaged in well-labeled

zip-lock bags and tra Sis.
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Figure ure 6 (B)

The varieties of lettuce and Figure 6 represents

Great Lakes.

The sampling prepara ‘ n ‘ d in this study. In the
laboratory, samples frg d carefully rinsed with
deionized water to re ve been attached to the

plants. They were then dr e dried samples of each

—

variety of lettuce from fzed and sieve esh size of 2 mm

to obtain sample finer lettuce particles/for ﬁﬁ{\_fﬁﬁ@lﬁ}.@m&lﬁe arkets.

3.5 Sample Analysis

3.5.1 Heavy Metal Analysis of vegetable Samples
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One kilogram of the sample was homogenized thoroughly with a laboratory blender and
sampled into a well-labeled sample cup. Five milliliters of Nitric acid and 3ml of hydrogen
peroxide were added into each sample and covered tightly. The samples were then arranged in
the microwave digester with a temperature of 170°C, a pressure of 50 bar, and 1000 energy.
After the sample was cooled for 20 minutes and was poured into their well-labeled centrifuge
tubes with deionized water to the 25ml mark. The digestion thus ended in 45 minutes on the
tube which led to the analysis using VARIAN AA 240FS-Atomic Absorption Spectrometer

under recommended instrument parameters (British-Adopted European Standard., 2003).

s .%ﬁ' - o q -

=

_INTEGRI PROCEDAM

33



University of Ghana http://ugspace.ug.edu.gh

¢ 9. Volumetric flask

3.5.2 Statistical Anal
All analyses were conc olutions (version 26.0)

(https://www.ibm.co

3.5.2.1 Comparing co at| nea ettuce a arkets
To compare the cong riptive statistics (e.g.,

means, standard devia re used to compare the

' jons of heavy metals in Iettu_cg / , I—:IO standards
To compare the concentr ti‘l#fI IMTHH@E&S%% hEAO/ WHO standards,
descriptive statistics (e.g., means, standard devi;sltions). T-tests and Analysis of variance
(ANOVA) were used to compare the concentration of heavy metals across sites with

FAO/WHO standards.
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3.5.2.3 Potential human health risk assessment of metals in lettuce

The estimated Average Daily Intake (ADI) per meal size of lettuce was determined based on
Eq. (1) where Clet is the heavy metal concentration in lettuce (mg/kg, on a constant weight
basis), let the daily average consumption of lettuce (kg/day) and BW is the body weight of the
exposed individual (kg) (Zhuang et al., 2009). The technique of the European Food Safety
Authority was chosen, which is based on the assessment of dangerous ingestion limits
represented in terms of actual meals (EFSA, 2016).

All consumption limits and risk factors were calculated assuming for adults (> 18 years old), a
meal size of 0.182 kg/day and for children (6 years old), a meal size of 0.118 kg/day (Nabulo

etal., 2011). The BW. i a ; 8 years old), 30 kg (7-

13 years), and 15 kg d dosage (Intake Rate)

was presumed to be e had no impact on the
pollutants, according t

Equation 1:

Clet X IRjet
BW

ADI =

3.6.1. Allowable dail critical limit)

Equation 2:

CRIlim :M@,

> > > c

) INTEGRI PRGCEDAMUS

Where CRIlim is the maximum safe daily consumption rate of lettuce (kg day), RfD is the

reference dose for each trace metal (mg kg-1 day), BW is the average consumer body weight
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(in kg), 60kg for adults and 30kg for children and C is the concentration of the chemical in the

edible portion of lettuce (mg kg-1).

3.7 Target Hazard Quotient (THQ)

The target hazard quotient (THQ) [Equation 3] is defined as the ratio of toxic element exposure
to the reference dose (which is the greatest dose at which no adverse health effects are expected)
[Johann et al., 2017]. There is a reference dosage for each trace element being evaluated. The
THQ determines whether or not the hazardous material poses a non-carcinogenic health risk.

If the THQ is less than or equal to 1, no non-carcinogenic health impacts are expected.

However, if the THQ ealth consequences. A

THQ of more than risk of harmful non-
carcinogenic health c estimated based on the

risk-based concentrati ed by the United States

Environmental Protec

Equation 3:

Where Epy is the @Ten exX[ e events per year
of exposure (ranging fro@a i
o H

for people who eat lettuce once a week)

]! Ed |s£exposure duration (70 years for adults and
6 years for children), Fj is the vegetable ingestion rate in grams per day for the respective

vegetable type (lettuce), 0.182g for adults and 0.118g for children, C is the trace element
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concentration in mg/kg per day, BWa is the reference body weight of 60 kg for adults and 30

kg for children, and ATn is the averaged exposure time [equal to EF ED]. (365 days * 70)

3.7.2 Hazard Index (HI)

A Quotient defined by USEPA (1989), which is the entire sum of all Hazard Quotients, was
used to calculate the Hazard Index (HI), which is the potential danger of heavy metals to health
owing to more than one heavy metal. This is given as;

Equation 4:

HI = SHQ = HQCd + HQPb + HQFe + HQCu + HQMn + HQZn

The hazard index posits that the amount of the negative effect is proportional to the total

number of metal exp

3.8 Ethical Consider

The research will be ical Review Board for

endorsement before ation and well-versed

permission will be so e study areas.

~— 1 INTEGR] PROCEDAMUS |
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CHAPTER FOUR
RESULTS

4.1 Descriptive Statistics
This section presents the descriptive statistics (mean and standard deviation) of selected heavy
metals in lettuce sampled from the open markets and the supermarkets as well as the different
varieties sampled from the markets.
4.1.1. Comparing concentrations of heavy metals in lettuce across markets
Results from Table 4.1 below show the concentration of Iron, Zinc, and Manganese from the
various markets sampled for the study. From the results on the concentration of iron, Kaneshie

Market (18.02 + 5.83) and Madina Market (14.00 + 2.92) had the highest concentrations. Palace

Mall recorded the low the Kaneshie market

recorded the highest zi elcom Plus recording
the least zinc concent lettuce was highest at

the Madina market at ¢ all, and Melcom Plus

in descending order w
There was a statistica
Lambda = 0.006; part [a s 7 ' 7 one on of metals in lettuce
from the markets and
From Table 4.2, it can
the Madina market and Pala ot and Palace and Melcom
t and Palace, and

) eI‘cMEﬁ!Hir EEWE%W%& dlfference in manganese

concentration between Madina market and both Palace mall and Melcom Plus but no difference

Plus. Zinc concen
|

q“—:
Kaneshie market and

between Kaneshie market and any of the supermarkets.
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Table 4.1. Heavy metal concentration in lettuce across sites

Metal Site/Market Name Mean Std. Deviation
Iron (Fe) Palace Mall 4.70 1.03
Melcom Plus 7.24 2.48
Madina Market 14.00 2.92
Kaneshie Market 18.02 5.83
Zinc (Zn) Palace Mall 2.01 0.51
Melcom Plus 0.50 0.58
Madina Market 0.65 0.06
Kaneshie Market 2.09 0.85
Manganese (Mn) 0.95
0.16
2.65
2.14

Note: The metals' con , and Manganese. This

was because Lead, Cz )ncentrations in all the

open markets as well 0 standard deviations.

Table 4.2. :
Metal P ‘ o Confidence
i — i
1 INTEGR| PROCEDAMUS 1oy
Lower Upper
Bound Bound
Iron (Fe) Madina Market Palace Mall 0.013* 1.900 16.710
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Melcom Plus 0.078 -0.645 14.165

Kaneshie Market ~ Palace Mall 0.0001* 5.920 20.730

Melcom Plus 0.005* 3.375 18.185

Zinc (Zn) Madina Market Palace Mall 0.026* -2.561 -0.149
Melcom Plus 0.982 -1.057 1.356

Kaneshie Market  Palace Mall 0.997 -1.126 1.286

Melcom Plus 0.010* 0.378 2.790

Manganese  Madina Market Palace Mall 0.016* 0.836 8.264
(Mn) Melcom Plus 0.005* 1.631 9.059
Kaneshie Market  Palace Mall 0.768 -2.499 4.929

5.724

* The concentration i

4.2 Tukey HSD Test oncentration between

Open Markets and S

The results presented in Great Lakes across

the open markets as re was no statistically

in Great Lakes from any

Table 4. | — A ‘
INTEGRI PROCEDAMUS.
Dependen  Open Market Supermarket.  p-value 95% Confidence
t Variable Interval
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Lower Upper

Bound Bound

Iron (Fe) Madina Market Palace Mall .687 -5.365 11.837
Melcom Plus .962 -7.206 9.997

Kaneshie Market Palace Mall .809 -6.016 11.185

Melcom Plus .994 -7.857 9.346

Zinc (Zn) Madina Market Palace Mall .584 -9.012 3.541
Melcom Plus 949 -7.408 5.145

Kaneshie Market Palace Mall 944 -5.107 7.446

Melcom Plus 573 -3.504 9.043

Manganese 7.893
(Mn) 4.170
10.027

6.304

tration between

INTEGR; FHmEﬁME |

The results presented in Table 5 revealed that there is a ‘statistically significant concentration
of Manganese in the Eden variety of lettuce from the Madina market than in both Palace mall
and Melcom Plus (p<0.05).

Table 5.
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Metals Open Markets Supermarket  p-value 95% Confidence
S Interval
Lower Upper
Bound Bound
Iron (Fe) Madina Market Palace Mall 989  -13.48191 10.93591
Melcom Plus 999  -11.70466 12.71316
Kaneshie Market ~ Palace Mall 998  -11.53791 12.87991
Melcom Plus 932 -9.76066 14.65716
Zinc (Zn) Madina Market Palace Mall 595 -3.29301 8.24301
Melcom Plus 975 -6.56751 4.96851
9.54101
6.26651
Manganese 6.96551
(Mn) 7.83226
3.80451
4.67126
*. The mean differenc
4.4 Levels of Concentr AO/WHO Limit

This research obj ificant difference

in metals in Iettuq:e for thi [ aS agalnst the FAONVHO r ded Iinjits. This analysis

was done in two parts The TfErsg' HairtF CB(QE.EP eigraphlcaliirébresentation of the
concentration of metals in the lettuce as against the FAO/WHO limits. This was shown in
Figure 4.1. The second section contains the results of the one-sample t-test at a 0.05 level of
significance to determine whether there was a statistically significant difference in the mean
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concentration of metals in the lettuce and the FAO/WHO limits. The concentration of each of
the metals in the lettuce was compared to the FAO/WHO limit the concentration of each other

metals. The results are presented in the figure below:

y \

COPPER (CU) [0l 0.04

I S e \
IRON (FE)
| \ \ | \ | | \

CADMIUM (CD)

LEAD (PB)

.

Figure 20: tration‘in Jce ( /WHO Limits

Note: Each metal has

4.5 Comparing levels o e limits

From Table 6 bel
|

the concentration of Lea OmE@H'FtiﬁﬁEjﬁféErm

limit (0.0035). Since the p-value is less than the 0.05 Ievel of significance, there is a statistically

significant difference (decrease) in Lead concentration in lettuce from the study sites and the

concentration of Lead according to FAO/WHO limits. In the same vein, the negative t-value (t
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(16) = -388.849, df (15), p = 0.000) indicates that the concentration of copper (0.001) in the
lettuce from the study sites is less than the FAO/WHO limit (0.04). Since the p-value is less
than the 0.05 level of significance, there is a statistically significant difference (decrease) in
copper concentration in lettuce from the study sites and the concentration of copper according
to FAO/WHO limits. In contrast, the positive t-value (t (16) = 5.08, df (15), p = 0.000) indicates
that the concentration of Cadmium (0.001) in the lettuce from the study sites is higher than the
FAO/WHO limit (0.0003). Since the p-value is less than the 0.05 level of significance, there is
a statistically significant difference (increase) in Cadmium concentration in lettuce from the

study sites and the concentration of Cadmium according to FAO/WHO limits. Additionally,

the positive t-value (t (16) = 6.518, df (15), p = 0.000) indicates that the concentration of Iron

(10.99) in the lettuce f limit (0.7). Since the

p-value is less than th significant difference

(increase) in Iron con 2 concentration of Iron
according to FAO/W 398, df (15), p = 0.001)
indicates that the conc dy sites is higher than
the FAO/WHO limit ( of significance, there is
a statistically significa lettuce from the study
sites and the concentra Ily, the positive t-value
(t(16) = 4.718, df(15), Manganese (3.25) in the
lettuce from the stud the p-value is less
than the 0.05 Iev_el ce, there is a statistically signi t ere:nce (increase) in

Cadmium concen;r-aﬁon in Iéﬁgmﬂmm%%cemraﬁoﬁ%f Lead according

to FAO/WHO limits.

44



University of Ghana http://ugspace.ug.edu.gh

Table 6.
Metals FAO/WH p-
MM MP PM KM @) T Df value
Concentra
tion Limit
0.001  0.001 0.001 0.001 0.0035 -26.667 15 0.000
Lead (Pb)
Copper 0.001 0.001 0.001 0.001 0.04 -388.849 15 0.000
(Cu)
Cadmium
(Cd) 0.001 15 0.000
Iron (Fe) 14.00 15 0.000
Zinc (Zn) 0.65 15 0.001
Manganes  6.56 15 0.000

e (Mn)

Source: Fieldwork (20

Note: Df = Degre
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4.6 Potential Health Risks of Consuming Lettuce with the Measured Metals
Concentrations

Table 7: Estimated Health Risk for lettuce from Open markets

Heavy Metals ADULTS CHILDREN
Clet X IRlet
AD] = ———
BW
ZINC 0.004 0.005

COPPER

LEAD

CADMIUM

MANGANESE

IRON

Table 8: Estimated

Heavy Metals

ZINC

COPPER

LEAD
CADMIUM
MANGANESE 17.554 0.006

IRON 0.063 0.023
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The RfD is an estimate of a contaminant's daily consumption over a lifetime that is unlikely to
induce harmful health consequences (USEPA, 2000). The USEPA's regional screening
threshold produced RfD values of 0.003 for Cd, 0.004 for Cu, 0.14 for Mn, 0.7 for Fe, 0.0035

for Pb, and 0.3 for Zn (mg kgl dayl) (USEPA, 2015).
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Table 9: Allowable Daily Consumption Rate (mg kg1)

Sample Site Variety Metals and Concentrations CRiim
Maximum allowable CRiim for metals. Adults and Children
Cd Pb Fe Zn Cu Mn
Lettuce Cd Pb Fe Zn Cu Mh A C A C A C A C A C A C
PM GL 0.001 0.001 559 245 0.001 118 18 9 210 105 751 376 735 3.6/ 2400 1200 7.12 3.56
PM E 0.001 0.001 3.8 553 1154 577 2400 1200 2.97 1.48
MP GL 0.001 0.001 16.53 2.24 18 9 2400 1200 1.97 0.99
MP E 0.001 0.001 11.47 413 18000 9000 2400 1200 0.95 0.47
MM GL 0.001 0.001 9.39 1.27 30 15 2400 1200 7.85 3.93
MM E 0.001 0.001 5.09 1.83 25.71 12.86 2400 1200 6.22 3.11
KM GL 0.001 0.001 12.97 1.62 6.38 3.19 2400 1200 1.66 0.83
KM E 0.001 0.001 23.07 091 1333 6.67 2400 1200 6.13 3.07

=3

— Wrecamrocesins.
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Table 4 shows the estimated daily intake of metals per meal size (EDI) for adults and children
who consume lettuce leaves (edible portions). The following are the average EDI values of
metals consumed by adults and children from lettuce consumption: Cu N Cd N Pb = Cu N Cd
N Pb Cu N Cd N Pb. Pb Cu Cd for both adults and children, EDI levels were lower than those
recommended by the joint FAO/WHO Expert Committee on Food Additives (JECFA, 2009),

however for Fe, Zn, and Mn, the value was greater than the tolerated intake (T1in g kgl day1).
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Table 10: Target Hazard Quotient and Hazard Index. “C” represents

Specie Exposure Target Hazard Quotient (THQ) Hazard Index
(Lettuce) time (d) (HI)
Zn Cu Pb Cd Mn Fe
Lettuce A C A C A C A C A C A C A C
1 0.003 0.004 0.00002 0.00003 0.00022 0.0003 0.0025 0.0033 0.018 0.023 0.012 0.015 0.0355 0.046
7 0.023 0.030 0.0001 0.123 0.160 0.083 0.108 0.249 0.323
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CHAPTER FIVE
5.0. DISCUSSION
This study aimed to assess and compare the heavy metal (Zinc, Copper, Lead, Manganese,
Cadmium, and Iron) concentrations in Lettuce from both supermarkets and open markets. This
chapter discusses the findings of this study concerning the study objectives and in light of the

extant literature.

5.1. Concentrations of heavy metals in lettuce from markets and supermarkets in Accra
Metropolis.

The open markets recorded higher concentrations of heavy metals in lettuce. This may be due

to the nature of the ma rkets were not exposed

to the ambient enviro ambient environment.
Waste materials such s into the atmosphere

(Bortey-Sam et al., 20 arkets. Another reason

for the difference ma ected to before display

and then consumptio om farms that practice
safe farming practices s brought without any
form or level of scruti may be more likely to
use clean water in wat markets may resort to
using any available

from nearby waste

e,

X 'Eal.; 2016). . -
INTEGRI PROCEDAMUS

5.2. Comparison of heavy metal concentrations in lettuce with FAO/WHO standards
The second objective of the study sought to determine whether heavy metal concentrations in

lettuce were within the FAO/WHO limits (0.3mg/kg for Zinc (Zn), 0.003mg/kg for Cadmium
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(Cd), 0.0035mg/kg for Lead (Pb), 0.04mg/kg for Copper (Cu), 0.7mg/kg for Iron (Fe) and
0.14mg/kg for Manganese (Mn) (FAO/WHO., 2015), for safe consumption. Results from the
study showed that lettuce from all locations had lower levels of lead, copper, and cadmium (Pb,
Cu, Cd) concentrations. Iron (Fe), Zinc (Zn), and Manganese (Mn) were however relatively
higher in lettuce from both supermarkets and Open Markets. Iron recorded the highest

concentration followed by manganese and zinc respectively.

5.3. Human health risks associated with consuming lettuce with the measured heavy
metal concentrations.

One of the most important health risk assessment tools is estimating the metal contaminant's

estimated daily intake f exposure, as well as

the body weight of th contamination to one's
health is proportional nly inhalation. For Cd,
Pb, and Cu, the EDI reference ranges. The
EDI for Fe, Zn, and mit for tolerable daily
consumption. The HQ ettuce, and the findings
are displayed in the T, consumers are thought
to be safe; however, i exposed customers are
deemed to be in danger, were all less than one,
indicating that mod : ing of th hazards.from these metals. If

the HI value of any ' jtical metal in lettuce is less thiafgh

L philidingad-
unlikely to suffer any negati{/’e"IEEﬁ'ﬁﬁsEﬁEHEEEDﬁ'lfﬂuts-- :
Results obtained from fieldwork as represented in Table 4.9 showed Iron, zinc, and manganese

having concentrations not exceeding the threshold (0.70 mg kgl- Fe, 0.30mg kgl -Zn, 0.14mg

kgl -Mn) as stated by FAO/WHO (USAID., 2015). Measurements showed Iron to have
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concentrations of 14.00ug/kg, 7.24ug/kg, 4.70ug/kg, 18.02ug/kg for Madina Market, Melcom
Plus, Palace mall, and Kaneshie Market respectively. Zinc had concentrations of 0.65ug/kg,
0.50ug/kg, 2.01ug/kg, 2.09ug/kg for samples from Madina market, Melcom plus, Palace Mall,
and Kaneshie Market respectively. Manganese concentrations of 6.56ug/kg, 1.21pg/kg,
2.01ug/kg, 3.22ug/kg, for the Madina market, Melcom plus, Palace Mall, and Kaneshie market
respectively. Results generally suggest that iron, zinc, and manganese are present in lettuce in
such amounts that are detrimental to human health. The study also showed that Cadmium,
Lead, and Copper are barely present in lettuce hence posing minimum to no risk to consumers,
and are wholesome for consumption. This observation was consistent with findings by

Sobukola et al. (2010) and Ametepey et al. (2018) who also found reported levels of heavy

metals in leafy veg wable limits. Lettuce

consumers in Accra nc, and manganese in
lettuce purchased h were above the
permissible/allowable et al., 2013; Kananke

et al., 2014; Kumar et
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS
The following conclusions were drawn from the research;
Risk level analysis associated with the use of Lettuce by humans indicates that the
concentrations of Pb, Cu, and Cd found in them were below permissible limits, however, Mn,
Zn, and Fe were found to have levels of concentration that were below the permissible limit
and does not pose a potential health risk to consumers using various reference guides/standards.
Even though almost all the heavy metal levels detected in this study were far below the WHO
permissible limits, the essential metals detected had a relatively higher concentration. The HQ

for consumers of lettuce in Accra for Cd, Pb, Zn, Fe, Mn and Cu were less than 1 as well as

HI, meaning the expo health consequences if
consumed moderately.
Therefore, a continue se heavy and essential
metals should be enfo
this Lettuce from both cra metropolis.
RECOMMENDATI( 7
To broaden the scope Owing suggestions are
made:

Heavy metal levels opolis were below the

permissible limits and Zn).found were above

permissible Iimigs. - k consumers' health against r
o O i
frequent monitoring prograr#s”frs:‘e—lw ﬂﬂmmu

in other regions.

es, continuous and
}

es should be implemented

Lettuce is necessary to provide the body with vital nutrients, and they are usually eaten raw. It

is therefore recommended that Government agencies such as the FDA, GSA, and other public
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health agencies should conduct periodic analyses of vegetables sold on the markets to ascertain
the safety of Lettuce being sold in the country and educate the public on the effects of prolonged
exposure to heavy metals.

Produce (Lettuce) sold in the open markets should be covered with plain plastic to reduce the
amount of contamination due to vehicular and human activities.

It is also recommended that further research can be done to track the supply chain of Lettuce
to determine the actual sources of heavy metals in Lettuce by considering the location of

production, mode of transportation, and mode of storage.
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