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Abstract

Lead (Pb) contamination in the vicinity of lead mines and smelters affects both humans and
animals. Chronic exposure to Pb via dietary intake of animal products such as milk from
contaminated areas poses a health risk to consumers. Therefore, the aim of the current study was
to evaluate the human health risk impact of Pb exposure through consumption of cow milk as
well as to assess the seasonal variations of Pb concentrations in cow milk and blood of lactating
cows in Kabwe, which has a long history of lead-zinc mine in Zambia. The cow milk and blood
samples were collected from traditional smallholder, emerging smallholder and medium-sized
dairy farms located in Kang’omba, Mukobeko, Mpima, Munga, and Kafulamase of Kabwe
during the wet and dry seasons. The Pb metal concentrations were determined using Graphite
Atomic Absorption Spectrophotometer (GFAAS) after samples were acid digested in a
microwave-optimized system. Cow milk and blood lead levels (BLLs) showed seasonal
significant differences at p = 0.05 using Dunn’s Multiple Comparison Test (DMCT, p < 0.05).
The mean Pb metal level obtained in cow milk during the wet season ranged from 0.98 (+ 0.30)
to0 2.32 (= 1.87) pg/kg while in the dry season the mean concentrations varied from 0.50 (x 0.24)
to 4.24 (= 2.24) pg/kg. Similarly, the mean blood Pb concentrations ranged from 3.84 (x 3.22) to
21.8 (+ 15.9) pg/kg in the wet season while in the dry season the mean ranged from 0.55 (£ 0.24)
to 23.8 (£ 18.6) pg/kg. Of all the cow's blood samples analysed, 27% and 60% in Kang’omba
and Munga respectively, exceeded the baseline value of 20 pg/kg. A higher concentration
percentage of 37% in Kang’omba was recorded in the dry season while in Munga it remained
unchanged at 60% in the wet season. Notably, the factors that influenced different Pb
concentration patterns were the season, distance, and location of the farms from the Pb—Zn mine.
The overall mean Pb concentration, chronic daily intake (CDIs), target hazard quotients (THQs),
and incremental lifetime cancer risk (ILCR) results obtained were all below the maximum
permissible limits of 20 g/kg, 3 and 12.5 g/kg-BW/day (for children and adults), 1 and 1.0 x 10°
“to 1.0 x 10° recommended by FAO/WHO, the joint FAO/WHO, FDA and USEPA
respectively. In conclusion, although the study showed that Pb was present in all Kabwe studied
regions, the health risk effects of Pb exposure associated with the consumption of milk in both

adults and children were insignificant.
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CHAPTER 1

1.0 INTRODUCTION

1.1 Background of the study

Rapid industrialization, urbanization, and various other anthropological activities are the main
causes of wide dispersion of heavy metals in the environment (Islam et al., 2018). Environmental
contamination can also occur from natural or geological sources which include metal-bearing
rocks and volcanic eruptions (Ali et al., 2019). In recent years, the pollution of heavy metals has
become a serious problem in the vicinity of mining sites and this has attracted increasing
attention (Derakhshesh and Rahimi, 2012). Their accumulation and persistence in the human
food chain is recognized as a public health hazard worldwide (Yabe, et al., 2013). Heavy metal
pollutants have become a threat to animal life due to their toxic effects and consequently have

led to a strain on the livelihood and health of people (Kasozi et al., 2018).

Among the heavy metals, lead (Pb) is one of the most abundant environmental pollutants that is
often implicated in human and animal poisoning (Derakhshesh and Rahimi, 2012). Lead
poisoning with varying degrees of toxicities has been reported in animals around polluted sites
(Swarup et al., 2005). The potential source of Pb exposure in cattle is often the forage produced
on agricultural surface or grazing on pastures contaminated by emissions from smelters (Zadnik,
2010). The emissions of toxic heavy metals such as Pb can also contaminate agricultural soils,
food crops, surface and ground water, and these pose health risks to the population through
different pathways (Tong et al., 2000). Exposure to Pb is a global public health issue that
recently has been recognized as a potential problem in many developing countries. According to
World Health Organization (WHO, 2010), some countries recognize that they have a childhood
lead-poisoning problem in relation to certain exposure sources, but have not yet implemented

assessment and exposure prevention programs.

Milk is considered to be an important component of human diet due to its positive influence that
it has on human health (Muhib et al., 2016). Typically, milk is known to be a good source of
proteins, fats, vitamins supplements and major minerals, and because of its unique nutritional

composition, milk is considered a nearly complete food (Muhib et al., 2016). In many traditions,

1



milk is a basic food in the human diet, both in its unprocessed form and as various dairy products
(Licata et al., 2004). However, despite milk being part of the human diet, reports of
contamination with Pb from various sources are well documented (Swarup et al., 2005; Pilarczyk
et al., 2013; Bischoff et al., 2014). Mostly, animals that are reared in the vicinity of Pb-Zn
smelting units excrete high levels of Pb in the milk (Swarup et al., 2005). Incidentally, children
are the most vulnerable to Pb exposure due to their high milk consumption rates (Ismail et al.,
2017). Thus, Pb residues in milk are of particular concern (Derakhshesh and Rahimi, 2012).
Since milk and dairy products form a large part of human diet, especially in early childhood,
consumption of heavy metal contaminated milk and its products therefore, could lead to high
proportionate intake of trace and toxic elements (Suturovi¢ et al., 2014). Data indicate that
children who are exposed to toxic metals from an early age, progressively accumulate the metals
in different organs, developing a high possibility of having metal toxicosis when they become
older (Gonzalez et al., 2017). According to (WHO, 2010), Pb exposure in children is associated
with neurobehavioral disorders at blood Pb levels (BLLs) of 5 pg/dl and even lower; this is

because children’s nervous system is still in developmental stages (UWE, 2013).

Although, consumption of Pb contaminated milk is unlikely to cause clinical Pb poisoning in
people, subclinical exposure has been associated with intellectual and cognitive deficits in
children and has also been associated with spontaneous abortion and stillbirth in women (Sharpe
& Livesey, 2006). In adult men, chronic (long-term) exposure to Pb has been found to reduce
their fertility (Wani et al., 2015). Because milk is largely consumed by children who are more
susceptible to toxic metal exposure risks (Gonzalez et al., 2017), it’s now under strict regulatory
attention. In this present study, the human risk assessment via milk consumption pathway is of
particular interest. Therefore, the current study aims were to: (i) quantify the Pb concentration in
cow milk; (ii) determine the total BLLs in lactating animals; (iii) determine variations of Pb
concentrations in the blood and milk of cows across different seasons; (iv) evaluate the human
health risk exposure to Pb associated with the consumption of cow milk produced in the vicinity
of the Pb-Zn mining town of Kabwe, Zambia.



1.2 Problem statement

Lead is a pervasive environmental pollutant with potential public health hazard as a contaminant
of food of animal origin (Swarup et al., 2005). According to literature, the natural exposure of
lactating cows to the environmental toxicants, influences trace mineral composition of milk and
significantly affects the milk quality and nutritional values (Patra et al., 2008). Of particular
concerns are the Pb residues in milk because it is largely consumed by infants and children
(Derakhshesh and Rhimi, 2012). Since milk consumers are at a great health risk from Pb
exposure in milk especially infants and children, regular monitoring and evaluation of cow milk

IS necessary.

Numerous studies that have been conducted in Kabwe focused on Pb levels in soil (Tembo et
al., 2006; Nakayama et al., 2011; lkenaka et al., 2010). The existing data reveal that Pb pollution
in Kabwe was extensive (Tembo et al., 2006; Ikenaka et al., 2012), approximately covering the
radius of 20 kilometres from the point source (Tembo et al., 2006). In extreme cases, the Pb
levels exceeding the threshold of 1,000 mg/kg in the soil are reported to have been detected
(Tembo et al., 2006). Recently, high levels of Pb and other heavy metals such as Cadmium (Cd),
Copper (Cu) and Zinc (Zn) have been detected in livestock particularly in free-range chickens
(YYabe et al., 2013) and in cattle (YYabe et al., 2011). Interestingly, the concentrations of Pb
obtained in the edible tissues exceeded the benchmark levels of 500 pg/kg wet weight in chicken
and cattle liver, offal and kidneys for human consumption (Yabe et al., 2011). However, the
resultant health risk to human consumers in the aforementioned studies, were not established.
Additionally, cow milk, which presumably has been consumed for an immeasurable time could
probably be one of the sources of childhood Pb poisoning to Kabwe residents. Similarly, Pb
content in cow milk and its potential health risk to human consumers have not been determined.

For this reason, it is therefore, necessary to evaluate cow milk produced in Kabwe for food safety
purposes with regard to human risk exposure to Pb, assess the prominence of Pb status in the
farms proximal to the old Pb-Zinc mine where milk is produced for the establishment of critical

data which may be vital for regulation and management of metal pollution in the region.



1.3 Justification

Lead contamination in Kabwe is extensive, covering a radius of approximately 20 kilometres
(Tembo et al., 2006). Lead can enter the food chain through plant uptake from a contaminated
environment (Nachiyunde et al., 2013). Animals accumulate heavy metals such as Pb in their

tissues and ultimately get excreted in milk (Younus et al., 2016).

Elevated BLLs in cattle reared in Kabwe have been detected ranging from 90.6 + 67.6 mg/kg dry
weight (lkenaka et al., 2012). In addition, a study by Yabe et al. (2011) indicated high Pb
concentrations in cattle offal including kidney and liver, suggesting that cattle reared near the Pb-

Zn mine in Kabwe were highly exposed to Pb from the polluted environment.

Despite alarming levels of Pb concentrations found in edible tissues of cattle reared in the region,
cow milk has not been investigated, and health risk assessment on ingestion of cow milk has not
been evaluated. Therefore, the current study will be of great importance for toxicological and

environmental purposes to both humans and cattle in Kabwe region.

1.4 Significance of the study

Milk is an important source of essential nutrients in the diet, especially for infants and children.
However, heavy metal contamination of the environmental can result in excretion of toxic metals
in exposed cows including Pb in milk. This can pose a public health hazard, particularly in

infants who have higher consumption rates of milk compared to adults (Chandrakar et al., 2018).

In Kabwe town of Zambia, high levels of Pb and other metals have been reported in the liver and
kidneys from cattle reared in the vicinity of the lead-zinc mine (Yabe et al., 2011). However,
concentrations of Pb in milk from cattle in Kabwe and potential health risks to human consumers
have not been determined. Since Pb contamination in milk from cows reared in Kabwe has not
been determined, there is high likelihood that children may have been exposed to Pb in cow milk
from an early age. Therefore, evaluation of the cow milk in Kabwe is necessary.



1.5 Research questions
1. How elevated are the levels of Pb in the milk and blood of the cows reared near the Pb-
Zn mine in Kabwe?
2. Does the exposure of Pb through consumption of cow milk in people in Kabwe exceed

the public health safety benchmarks?

1.6 The research study objectives
1.6.1 The general study objective
To evaluate Pb levels in cow milk, blood, and the health risk impact of Pb on humans

through consumption of cow milk in Kabwe, Zambia.

1.6.2 Specific objectives
Q) To determine the Pb levels in cow milk and blood in the vicinity of the Pb-Zn mine in
Kabwe
(i)  To determine the seasonal variations of Pb concentrations in cow milk and blood in
the sampled animals.
(ili)  To evaluate the health risks associated with the consumption of milk produced in

Kabwe region.

1.7 Scope of the study

The research is a field-based study that was conducted in peri-urban areas of Kabwe. The
samples were obtained from traditional smallholder, emerging smallholder, and medium-sized
dairy farmers who reared local breed, mixed-breed or dairy animals for milk production on free-

range practices.



CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Introduction

Natural and human activities, such as industrial, agricultural and domestic wastes greatly
contribute to environmental pollution, which causes adverse effects to human and animal health.
Environmental pollutants have consequently continued to be a world concern and one of the
great challenges faced by the global society. Pollution is identified as the largest environmental
cause of disease and premature death in the world today (Mathee et al., 2018). In dairy cattle, Pb
exposure is associated with economic losses due to mortality and treatment costs, but with
production animals, there is also a risk to the human food chain (Bischoff et al., 2014).

Due to human activity, levels of Pb are reported to have increased in the environment by more
than a thousand fold over the last three centuries (Wang et al., 2019). Particularly in Africa,
metal pollution has recently been reported to have reached unprecedented levels in the past
decade. This phenomenon has now become a major health risk to the continent causing human
exposure to toxic metals. In this regard, soil was pinpointed to be the key medium of exposure to
pollution (Mathee et al., 2018).

Lead is a naturally occurring heavy metal present in the earth’s crust (Wang et al., 2019). It is
one of the global environmental pollutants that is mainly prevalent in industrial regions and
animals that are in proximity to such areas are easily exposed to Pb pollution. Lead is considered
as one of the most hazardous and cumulative environmental pollutants that affect all biological
systems through exposure to air, water and food sources (Assi et al., 2016). Because of its
cumulative and toxic nature in the human food chain, it is recognized as a public health hazard
(Yabe et al., 2013).

Continuous transfer of Pb occurs between air, water, and soil by natural chemical and physical
processes such as weathering, runoff and precipitation, dry deposition of dust and stream/river
flow. Soil and sediments appear to be important sinks for Pb according to the Agency for Toxic

Substances and Disease Registry (ATSDR, 2007). Atmospheric deposition generally is the main
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source of Pb found in the soils not impacted by other non-air sources such as dust from
deteriorating leaded paints (ATSDR, 2007). Although Pb is a natural environmental contaminant,
its use in the past especially in water pipes, paint and petrol increased its presence as reported by
the European Food Safety Authority (EFSA) (EFSA, 2012). Industrial exposure significantly,
accounts for a common route of exposure for adults while ingestion is the most common route of
exposure in children (Masindi & Muedi, 2018). Due to its toxic nature, childhood poisoning has

now become a public health concern worldwide (Yabe et al., 2015).

Lead is a toxic and possible carcinogenic element (Miclean et al., 2019). As one of the heavy
metals, Pb accumulates in tissues of dairy animals and ultimately gets excreted in milk because
of its non-biodegradable and persistent in nature (Abah et al., 2017). Milk is a basic food in the
human diet, both in its natural form and other different dairy products (Licata et al., 2004). Thus,
consumption of Pb contaminated milk is reported to be the most dangerous aspect (Pilarczyk et
al., 2013) since it is consumed regularly (Wiley, 2017). According to Abah (2017), consumption
of milk from cattle reared in polluted sites leads to chronic (prolonged) exposure to toxic metals
which results in human health risks.

Lead is as a systemic neurotoxic metal that has been linked to visual deterioration, central and
peripheral nervous system disorders, renal dysfunction and hypertensive cardiovascular disease
according to the University of West England (UWE, 2013). Children are more vulnerable to Pb
exposure mainly because they are more at risk of ingesting environmental Pb through normal
mouthing behaviours, and their absorption rate in the gastrointestinal tract is higher than in adults
(UWE, 2013). Additionally, their developing nervous system is thought to be immature such that
it is far more vulnerable to the toxic effects of Pb than the mature brain. Unfortunately,
epidemiological studies indicate that exposure to Pb during the early stages of children’s
development is linked to a drop in intelligence. Further, studies suggest that the intelligence
quotient (IQ) is reduced by at least 1-3 for each 10 pg/dl (microgram per decilitre) elevation of
blood Pb concentration (UWE, 2013).

Cow milk consumption was recently introduced in Zambia as one of the routine school feeding

programs among many children from grade 1-9 (Tesliuc et al., 2013). As in other traditions



reported elsewhere (Gonzalez et al., 2017), milk in Zambia is one of the common dietary food
supplements that is routinely consumed by many families with urban dwellers consuming four
times higher than the rural households (Neven et al., 2017). Urbanization, rising income levels
and other related lifestyle changes contribute to the increasing demand on milk in Zambia. On
the other hand, milk supplies in Zambia were observed to be on the upsurge trends (Neven et al.,
2017). Because young children, infants, pregnant women, elderly, and immunecompromised
people who are the primary groups at risk for milk safety problems, regular monitoring, and
evaluation of toxic heavy metals such as Pb in cow milk is necessary (Girma et al., 2014).

2.2 Lead contamination in the environment: sources and exposure pathways

Lead in the environment can result from multiple sources (UWE, 2013). Some of the most
important sources of metal contamination are the natural environment, chemical and
metallurgical industries (Akoto et al., 2017). For example, metal concentrations have been found
to be proportionately high close to towns, signifying their characteristic urban/industrial origins
(Akoto et al., 2017). The sink for Pb is the soil and sediments from which plants and animals
may bio-concentrate Pb deposited in the environment (ATSDR, 2007). Thus, the metal present
in the soil-plant system can easily be transferred to the food chain and ultimately constitute a risk

factor for humans, animals, plants and the entire modern ecosystem (Chandrakar et al., 2018).

Anthropogenic factors such as mining and smelting, battery manufacturing, recycling of waste
batteries, burning coal, and use of leaded petrol, leaded paints and Pb piping have primarily
contributed to the high levels of Pb in the environment (Wang et al., 2019). Due to adverse
effects associated with high levels of Pb, excessive occupational exposure is now strictly
controlled (Assi et al., 2016). However, food is still the major source of human exposure to Pb
(EFSA, 2012) accounting for over 90 % compared to other exposure pathways such as

inhalation and dermal contact (Loutfy et al., 2006).

2.3 Lead contamination in milk

Lead and other trace elements have been detected in cow milk. Such contaminants, are not
natural part of the milk, but they are excreted into milk from the animal body (Tunegova et al.,
2016).



Lead levels, resulting from the natural exposure of lactating cows to the environmental toxicants,
influences trace mineral composition of milk and significantly affects the milk quality and
nutritional values (Patra et al., 2008). Apart from seasonal variations in different weather
conditions, herbage growth has been identified to have a significant effect on the bioavailability
of metals from which the grazers were exposed (Roggeman et al., 2013). Most frequently, the
prevalence of metal contaminants in milk above the maximum residual limits (MRLs) have been
reported to be common in developing countries mainly due to the unhygienic conditions of the
processing technologies, contaminated feed and contaminated water for the animals as well as
unawareness of personnel involved in dairy business (Chandrakar et al., 2018). Comparatively,
data shows that raw milk produced in Europe and North America has been found to have low
content of macro and micro minerals while other regions such as Brazil, Croatia, Egypt, Mexico,
Nigeria, Palestine, Romania, Serbia, and Turkey, the values exceed bench mark levels
(Zwierzchowski & Ametaj, 2018).

Metal concentration variations in milk are influenced by its excretion from the mammary gland
such as breed of the animal, season of the year, feeding and factors related to animal handling by
humans (Ikiri¢ et al., 2003).  Since milk is an important food received from animal origin,
transfer of toxic elements to human food chain is a concrete danger (Chandrakar et al., 2018),
therefore, it is necessary to obtain it from healthy animals that are free from environmental
contamination (Soares et al.,, 2010). Thus, with increasing environmental pollution,
implementation of priority safety regulatory measures in addressing safety milk concerns for

public health is essential (Girma et al., 2014).

2.4 Lead toxicity in cattle

Lead exposure is a common cause of heavy metal toxicity in cattle and may cause economic loss
in beef and dairy herds. Lead poisoning particularly in animals can be found from numerous
sources that may be linked to the contamination of feed, soil from industrial pollution and
agricultural practices (Assi et al., 2016). Toxicity can occur in cattle after ingestion of toxic
amount of lead from a variety of sources such as auto batteries, discarded crankcase oil, paint,

solder, greases, oil well pipes, asphalt, and roofing material (Galey et al., 1990). Because of



differences in the dose of Pb consumed, Pb poisoning in cattle may be acute or subacute
(Checkley et al., 2002).

The absorption, distribution, storage, and elimination of Pb in animals depend on several factors,
which include the chemical form of Pb, species, age and physiologic state of the animal,
nutrition, and rate of ingestion (Aslani et al., 2012). Once absorbed from the gastrointestinal
tract, Pb is initially distributed to soft tissues, kidneys, and liver, by the blood (Aslani et al.,
2012). The absorbed Pb is then finally excreted in the bile, urine as well as mobilized in milk in
lactating animals (Aslani et al., 2012). Galey (1990) asserts that Pb has a relatively short half-life
of 1-2 months in blood and soft tissues. As a result of the short half-life, there is rapid
elimination of Pb via the kidneys and lactation and redistribution of Pb to the bone (Galey et al.,
1990).

Chronic Pb poisoning in cattle is normally caused by ingestion of low amounts of lead-
contaminated fodder over extended periods, and general signs that often result in loss of appetite
and weight, reproduction abnormalities, anaemia, osteoporosis, and immunosuppression
characterize its consequence (Zadnik, 2010). Chronically Pb affected cattle may charge around,
press their heads against a wall, and later they develop ataxia. Mostly, their symptoms relate to
neurotoxicity (Zadnik, 2010). Pb exposure in dairy cattle is associated with economic losses due
to mortality and treatment costs, but with production animals, there is also a risk to the human
food chain (Bischoff et al., 2014).

2.5 Toxic effects of lead exposure on humans

The effects of Pb exposure are a health concern for humans, particularly during early childhood
(WHO, 2010). Although, cow milk is considered as the major source of nutrition recommended
for children (Gonzalez et al., 2017), evidence of Pb excretion in milk in the vicinity of highly
polluted areas increases the health risks due to natural exposure to the lactating cows (Swarup et
al., 2005; Patra et al., 2008). The toxic effects of Pb exposure extend from acute, clinically
obvious, symptomatic poisoning at elevated levels of exposure down to subclinical (but still
severe) effects at lower levels (WHO, 2010).
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Lead accumulates in the body, primarily in the skeleton. At extreme exposure, Pb attacks the
central nervous system to cause coma, convulsions and even death. At lower levels of exposure
that cause no obvious symptoms, and that previously were considered safe, Pb is now known to
cause multiple injuries across various body systems (WHO, 2010).

An epidemiological study by Popovic et al. (2005) on the impact of occupational exposure
levels of Pb in women indicated that the blood Pb concentrations remain elevated in women long
after the cessation of occupational exposure. Further, the study particularly indicated that the
endogenous exposure relation found for postmenopausal exposed females was consistent with
the data on their counterpart male smelter workers, whereas the relationship established for
premenopausal females was significantly lower. Literature reveals that endogenous exposure
levels of Pb was more evident during periods or conditions associated with increased bone
resorption; for example pregnancy and lactation periods as well as during menopausal transitions
(Nie et al. 2009). Because of such differences related to endogenous exposure factors, sex is
considered to be an important aspect that plays a significant role in metabolism of Pb, therefore,
data from males on Pb effects may not be appropriate for use on females (Popovic et al., 2005).

2.5.1 Health effects of lead on men

Lead toxicity in men result in reduced performance and damage to the sperm producing organs
(Younus et al., 2016) causing decreased sperm count, including other alterations that occur in the
volume of sperm when BLLs exceed 40 pg/dL (Wani et al., 2015). Also, Pb exposure in adults
causes anaemia, hypertension, renal damage and immunotoxicity (WHO, 2010).

2.5.2 Health effects of lead on women.

Lead is reported to be an important paediatric environmental health problem in both developed
and undeveloped countries despite remarkable successes that have been scored in combating the
key sources and exposure pathways in recent years (Liu et al., 2014). Once Pb is absorbed into
the body, it is stored for a long time in mineralizing tissues such as teeth and bones (ATSDR,
2017). And the stored Pb however, may be released into the blood stream again particularly in
times of calcium deficit which is often experienced during pregnancy, lactation, osteoporosis
(WHO, 2010; ATSDR, 2017).
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In pregnant women, Pb is reported to have the ability to cross the placental and blood-brain
barrier and induce neurotoxicity to the developing foetus (Liu et al., 2014). The nature,
magnitude and persistence of the adverse effects on human health resulting from low-level
exposure to environmental Pb, particularly in early childhood causes cognitive development
deficits (Tong et al., 2000). Documented evidence reveals that, the health impact of lead in
pregnant women causes numerous cases of premature births and small/underdeveloped infants
(Blacksmith, 2007). On comparison terms, literature indicates that there is an increased threat of
hypertension risks in postmenopausal women than in premenopausal women associated with
high BLLs (ATSDR, 2007). On the other hand, BLLs above 3 pg/dL in girls are associated with
delayed attainment of menarche (onset of menstruation) and pubertal development (breast and
pubic hair) (Schoeters et al., 2008).

2.5.3 Health effects of lead on children

Children have a greater potential for adverse effects of Pb exposure compared to adults because
their intake per unity body weight is higher and they are subject to more ingestion of dust (WHO,
2010). Moreover, children have high gastrointestinal absorption rate up to 50% of ingested Pb
compared with 10% in adults (WHO, 2010).

Studies indicate that Pb toxicity has devastating effects on neurodevelopment in children related
to mental retardation and lowering of 1Q. Further, toxic effects of Pb in children ultimately result
in poor school performance, lower tertiary education attainment, behavioural disorders and poor
lifetime earnings (Lidsky and Schneider, 2003). Interestingly, adverse effects of exposure to Pb
in children occur even at BLLs <5 ug /dL (WHO, 2010) that once were thought to be a "safe
level”, which is now known to be associated with decreased 1Q in children, cause behavioural
difficulties and learning problems (WHO, 2010). Unfortunately, childhood neurological effects
resulting from Pb exposure, relates to attention and deficit hyperactivity disorder (ADHD),
which persist into adulthood (ATSDR, 2017).
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2.6 Factors influencing lead toxicity

Intake of milk has been identified as one of the many ways by which Pb released into the
environment can become available for human exposure (Swarup et al., 2005; Bischoff et al.,
2014). The most important metal exposure routes for grazers is their food (Roggeman et al.,
2013). Metal toxicity depends on several factors such as the route of exposure, age and sex of
the exposed person, and level of consumption, state of the metal, duration of exposure, frequency
of intake, absorption rate mechanism or extraction efficiency (Tunegova et al., 2016; Chandrakar
et al., 2018). According to the European Food Safety Authority (EFSA, 2012), chronic toxicity
of Pb metal due to its long half-life, is of the most concern when considering the potential risk to
humans. As a highly persistent metal in the environment (Wani, et al., 2015) Pb toxicity induced

by excessive levels in the environment is well known (Tunegova et al., 2016).

2.7 Biomonitoring of lead exposure

The use of biomarkers is widespread in biological monitoring of susceptible populations (Mafiay
et al., 2011) because they suggest the occurrence of toxicological events much earlier than the
emergence of those effects that can be evaluated (Alimonti & Mattei, 2008). Several biomarkers
exist for monitoring exposure to Pb (ATSDR, 2007) and have been reviewed by several authors
(Sakai, 2000; Barbosa et al., 2005; Alimonti & Mattei, 2008). Biomonitoring for exposure to Pb
reflects an individual’s current body burden, which is a function of recent and/or past exposure
(Barbosa et al., 2005). Apart from Pb concentration in whole blood, other biological markers of
exposure used in environmental studies include urine, faeces, hair and other tissues etc.
(Alimonti & Mattei, 2008). Accordingly, the appropriate choice and measurement of biomarkers

of Pb exposure is important for health care management purposes (Barbosa et al., 2005).

2.7.1 Biomarkers of exposure

Biomarker of exposure, used in biomonitoring studies, may be an exogenous compound or its
metabolite such as a metal or a metal compound inside the body, an interactive product between
the compound (or metabolite) and an endogenous component, or another event related to the
exposure (Alimonti & Mattei, 2008). Biomarkers of exposure may be used to identify exposed
individuals or groups, quantify their exposure, assess their health risks, or to assist in diagnosis
of diseases(Alimonti & Mattei, 2008).
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2.7.2 Biomarkers of effect

Biomarkers of effect are referred to as reversible biochemical and functional alterations than can
be measured in a target tissue of the organism. Typically, a biomarker of effect by definition may
be an endogenous component, or a measure of the functional capacity, or some other marker of
the state or balance of the body or organ system, as affected by the exposure of the agent. For
example, the urinary excretion of proteins with a small molecular weight, e.g., albumin, may be

used as a biomarker indicative of early kidney damage (Alimonti & Mattei, 2008).

2.7.3 Lead residues in milk

Several studies have shown that cow milk is a good biological matrix that could be used in non-
invasive procedure as a biomarker matrix for evaluating Pb exposure risks to both animal and
human health (Koyashiki, et al., 2010). On the other hand, residual concentrations of metals in
milk could be an important “direct indicator” of the hygienic status of the milk as well as an
“indirect indicator” of the degree of the environmental pollution in which the milk is produced

(Licata et al., 2004).

2.7.4 Blood lead

Blood Pb is regarded as the most reliable index of exposure to Pb (Sakai, 2000) because it is
reflective of the recent metal exposure (Mafay et al., 2011). Lead levels in the blood of exposed
cattle provide a reliable indicator of the lead-contaminated environment. In normal ruminants,
the whole BLLs are usually below the range of 50-250 pg/kg, and for the poisoned animals the
Pb levels are usually above 350.0 pg/kg and deaths begin at 1000 pg/kg according to Zadnik
(2010). Although blood or tissue samples are analysed for Pb diagnosis of animals in clinical
cases, routine screening for Pb is not done in asymptomatic animals for evidence of exposure
(Checkley et al., 2002). However, asymptomatic animals may accumulate sufficient Pb in their
tissues and thus unsuitable for human consumption. Therefore, routine screening in cattle reared

in contaminated environments should be considered (Checkley et al., 2002).

2.8 Milk production levels in Zambia
The total milk production in Zambia is estimated to be over 253 million litres per year (Mumba

et al., 2013). For example, milk production from 15 districts was estimated at 57,5521,087 litres
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per annum out of which 3,633,272 litres go into the formal sector through established milk
collection centres (MCCs). And Kabwe was one of the milk-producing districts in the country

with an estimated production of 1,610,700 litres per year (Mumba et al., 2013).

2.9 Milk consumption: Implications for human health and nutritional value

Worldwide, milk consumption in recent years has increased, especially in developing countries
and it is now considered to be a significant dietary supplement for a high proportion of the global
population (Handford et al., 2016). The variations in milk production and consumption levels
between urban and rural areas that have been reported from different regions were attributed to

historical differences and cultural preferences (Handford et al., 2016).

Consumption of raw milk is characteristic of many populations. Typically, as a representation of
popular customs, raw milk is used to make special and traditional products (Barreto et al., 2019).
Cow milk is considered to be one of the foods of the greatest nutritional value that is
recommended by the Food and Agriculture Organization (FAO) of the United Nations and the
United Nations Educational, Scientific and Cultural Organization (UNESCO) (Gonzalez et al.,
2017). In its natural form, milk has high food value comprising of a wide variety of nutrients that
are essential for growth and maintenance of the human body and also, many communities

depend on milk for their source of protein supplement (Gonzalez et al., 2017).

Routinely, cow milk is now consumed by many children across the world, and it has recently
been promoted as one of the common components of the school feeding programs (Wiley, 2017).
For example, ‘milk for schools’ program was launched in Zambia in 2011 with multiple
objectives among school going children from grade 1-9. Apart from increasing school attendance
and nutritional value, the program was also designed to provide a new market share to the local

milk producers for their products (Tesliuc et al., 2013).

Intake of milk has been identified as one of the modes by which Pb released into the
environment can become available for human exposure (Swarup et al., 2005; Bischoff et al.,
2014). Since intake of heavy metals such as Pb through milk consumption is a food safety

problem, it is therefore necessary to estimate the potential risk to the health of the population
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(Lara-Severino et al., 2019). Barreto et al. (2019) asserts that milk per capita consumption levels
have increased almost two folds since early 1960s. Unfortunately, there is no recommended
tolerable intake level as there is no evidence of thresholds for a number of critical health effects.
Data suggest that, with the capita milk consumption range of 30 to 150 kg/person/year, milk
could be an important vector in terms of consumer exposure to contaminants (Barreto et al.,
2019). Mumba et al. (2013) reported that the average per capita consumption of milk in sub-
Saharan Africa was about 36 litres with Kenya being the highest at about 100 litres. Further, the
report indicated that the per capita milk consumption in Zambia averaged between 16.5 to 19.4
litres, against the 200 litres recommended by WHO (Kawambwa et al., 2014). Because milk
and milk based products were widely consumed in human diet especially in early childhood, they

could contribute a large fraction of the intake of trace and toxic elements (Suturovi¢ et al., 2014).

2.10 Legal framework for human health safety on lead exposure

Lead is one of the heavy metal pollution that is now emerging as a matter of concern at local,
regional and global scales (Chandrakar et al., 2018), therefore, a number of regulatory agencies
have established permissible limits to control its levels in milk (Ismail et al., 2017; Chandrakar
et al., 2018). To ensure the safety of milk for human consumption, codex food standard, which is
a FAO/WHO Codex Alimentarius Commission set 20 pg/kg as the maximum residual limit
(MRL) for Pb (FAO/WHO , 2011) while the maximum permissible limit for milk established by
EFSA of the European Union Commission is 100.0 pg/kg (EFSA, 2012; Chandrakar et al.,
2018). The U.S. on the other hand, the U.S. Food and Drug Administration (FDA) recommends
interim reference levels of 3 and 12.5 pg/kg for children and adults (women of childbearing age)
(Flannery et al., 2020), respectively, which correspond to the blood lead level (BLL) of 0.5
pg/kg for a general population. In developing countries where monitoring and remediation
measures are relatively poor or completely absent, toxic metal levels in milk could pose a serious
threat to human health (Ismail et al., 2017).

2.11 Health risk assessment
Food consumption has been identified as the major exposure pathway of heavy metals in humans
(EFSA, 2012). Since the intake of heavy metals through food consumption is considered to be a

food safety problem that severely impacts the health of consumers, the information about food
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intake and heavy metal concentrations in food products are required to estimate the potential
health risk of the population (Lara-severino et al., 2019). The health risk assessment of each
heavy metal such as Pb or metalloid is usually based on quantification of the risk level and is
expressed in terms of a carcinogenic or non-carcinogenic health risk (Bortey-Sam et al., 2015;
Mubhib et al., 2016; Ismail et al., 2017; Kasozi et al., 2018).

2.12 Knowledge gap

Lead contamination in Kabwe has so far been reported mostly in soil and recently in biological
samples involving humans and animals. Despite high levels of Pb previously established in
different sample matrices, dietary Pb exposure and its associated risk impact have not been
evaluated. As a matter of public safety, particularly for children and adults, the current study
was conducted seasonally to investigate the Pb concentrations in cow milk; assess the human
health risk of Pb exposure associated with the intake of cow milk from free-range cattle reared

around the Pb-Zn mine in Kabwe.
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CHAPTER 3

3.0 RESEARCH METHODOLOGY

3.1 Study design

The study was a cross sectional in design that was conducted between 2018 and 2021. A
convenient sampling technique was used to increase the likelihood of selecting healthy cows
from the traditional smallholder, emerging smallholder and medium-sized farms composed of
mixed breed and dairy animals. Appendix 5 was used as a criterion for selecting healthy cows for
sampling. With particular interest to monitor seasonal variations of Pb concentrations in milk and
blood samples, a follow-up design study from the selected subjects was carried out during the
wet and dry seasons.

3.2 Study site

The study was conducted around the mining area in Kabwe district in Central Province and in
Chongwe district (reference site), which is a non-mining area of Lusaka province. Kabwe is
situated at approximately 14°27°S and 28°26°E. The study sites included a cluster of farms
situated around Kabwe town from five zones namely, Kang’omba, Munga, Mukobeko, Mpima,
Kafulamase and, in Chongwe (Kanakantapa farm block) situated approximately 131 kilometres
away from the pollution source in Kabwe. Sampling locations were accurately marked using a

global positioning system (GPS).
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3.3 Cow milk and blood samples
3.3.1 Sample size determination

The sample size of the population was determined according to the formula described by
Fosgate, (2009) as presented in equation 1 as follows:

__ Z?P(1-P)
=—F

Equation (1)
Where,

n = required sample size,

Z = 1.96 (confidence level at 95%), the standard distribution corresponding to a significant value
of a.=0.05,

p = prevalence rate of the Pb pollution set at 50%,

d = level of precision at 5% (standard value of 0.05).

Sample size, n = (1.96)% x 0.5 x (1-0.5)/ (0.05)?

=(3.84x0.5x0.5x)/0.25

=384
Therefore, the required sample size was 384.
Although n = 384 was the required estimated sample size, only 233 (60.6%) milk and 246
(64.1%) blood samples were collected from Kabwe including the reference site in Chongwe both
in wet (February/March) and dry (October) seasons. The number of targeted samples was lower
than the actual number of samples collected because of the lower number of the lactating animal

populations reared on free-range practices in the selected regions.

3.3.2 Sampling strategy and sample distribution

The study targeted five (5) farm areas within a radius of 25 kilometres from the Pb-Zn mine in
each sampling zone for equal distribution of samples. Farms having a size greater than or equal
to five (5) lactating cows were registered for sampling. If the farm had more than five but less

than ten (10) lactating cows (5>10), all the available lactating cows were considered as study
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subjects as long as they meet the inclusion or exclusion criteria (appendix 5). However, in a case
where lactating cows exceeded 10, the extra number of subjects was calculated based on the 10
per cent fraction of the total herd to cow ratio, following a random selection criteria. To cater for
the non-responsive, loss of animals due to theft or death and diminished lactation, a 10 %

proportion of the lactating population was considered. Figure 3.1 below shows the sampling

areas.
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Figure 3.1: Map showing the sampling areas in Kabwe
(Modified from https://en.wikipedia.org/wiki/Central_Province, _Zambia)

3.4. Sampling frame

3.4.1 Inclusion criteria

The study included free-range cows that were healthy and not on medication with an estimated
period of not less than at least 7 months of lactation with high likelihood of repeated sampling in

wet and dry seasons.
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3.4.2 Exclusion criteria

The study excluded cows that had colostrum milk (at least not less than 6 weeks of lactation),
animals on medication, and those that were reared for less than 30 days on the respective farms
for uniformity purposes since the half-life of Pb concentration in the animal blood is 30 days. In
addition, cows from independent units (commercial farms) were excluded from the study. Both

inclusion and exclusion criteria were based on appendix 5.

3.5 Sample collection

3.5.1 Physical examination of cows

Prior to sample collection, all lactating cows were screened for any clinical conditions by the
local veterinarian and the selection was done with the help of the farmer as described by Bischoff
et al. (2014) following the procedure outlined in appendix 5. The selected cows were then
isolated and restrained in a cattle crush pen to ensure safety procedures were observed during

sampling.

3.5.2 Collection of milk and blood samples

Milk sampling was performed during routine morning milking (Gonzalez et al., 2017) from
healthy cows according to the methods described by (Belete et al., 2014). Briefly, the udder of
each cow was washed before manually expressing about 10 ml of milk directly into the sterile 15
ml polypropylene tubes (SuperClear® Labcon, USA). Also, approximately 6 ml of blood were
collected via venepuncture of the jugular or tail vein from the milk sampled cows using syringes
and heparinized tubes containing (5000 unit/5ml of heparin) by an authorized veterinarian as per
the method of (Patra et al., 2008). After collection, the samples (milk and blood) were instantly
homogenized by inverting the tubes several times and temporarily stored in separate cooler
boxes with ice packs before transportation for storage at -20°C (Defy, South Africa) until

analysis, at the University of Zambia.
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3.6 Instrumentation

3.6.1 Graphite furnace atomic absorption spectrophotometer instrumentation conditions

The experimental approach for the metal determination were performed using graphite furnace
atomic absorption spectrophotometer (GFAAS), ((Z-2010; Hitachi High-Technologies)
equipped with graphite furnace according to a technique described by Yabe et al., 2013.

Table 3.1: Graphite furnace atomic absorption spectrophotometer (GFAAS) operating

conditions for the analysis of milk and blood

Analytical GFAAS operating conditions

Parameter Furnace temperature Program
Lamp current 75V Stage Temperature (Degrees) Time (Sec)
Wavelength 283.3nm Start End Ramp Hold
Slit 1.3nm 1 Dry 80 40
Cuvette Pyro Tube HR |2 Ash 600 600 20
Carrier gas (Ar) 30 mL/min 3 Atomize 2400 2400 5
Injection volume 20 pL 4 Clean 2700 2700 4

PMT Voltage 298 V

Time constant 0.1s

Single Mode BKG correction
Calc. Mode Peak height

Graphite furnace atomic absorption spectrophotometer (GFAAS) has good detection limits for a
majority of elements, with a small sample size of 20 pl for analysis and minimum requirements
for sample preparation. And in many applications, GFAAS has demonstrated acceptable level of
high precision and accuracy (Khalid et al., 2016). Because of its proficiency, GFAAS has been
used for metals measurements at low concentration levels after reducing the interference
problems by various techniques (Sherman and Muehlhoff, 2007). According to the
manufacturer’s guide, the use of the Pyro Tube HR cuvette in GFAAS analysis offers great
advantage compared to other types of cuvettes for similar analytical work due to its ultrahigh
density graphite coating that provides optimum sample measurement. To enhance the analysis of
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Pb concentrations which are generally low in milk (Chen et al., 2008), the furnace temperature
program was optimized to provide matrix decomposition without loss of analyse as described in

the manufacture’s guide. The furnace program is given in Table 3.1.

3.6.2 Microwave conditions

The microwave closed-vessel system (Berghof MSW-3+, Eningen, Germany) offers high
reliability coupled with ease of operation and extremely low operating costs as described in the
manufacturer’s manual. According to Ataro et al. (2008), the advantage of this procedure is that
it consumes minimum amounts of reagents and the digestion time is short. It also gives clarity of
the digest’s absence of the undigested milk sample, simplicity and low heating temperatures
(Belete et al., 2014).

The Berghof MSW-3+ closed-vessel microwave system was used to digest the milk and blood
samples as per modified method described by Toyomaki et al. (2020). The optimized microwave
digestion system under automated temperature and pressure-control conditions for milk and
blood were set for 31 minutes according to the manufacturer’s program as shown in Table 3.2

below.

set according to the manufacturer’s program as shown in Table 3.2 below.

Table 3.2: Microwave operating conditions for milk and blood

Digestion operating conditions

Step Ramp (min) Time (min) Temperature (°C)
1 5 5 160

2 1 10 190

3 1 10 75

3.7 Quality control and methodology validation

3.7.1 Quality control

Quiality control was performed using a method blank in every 10 samples prepared alongside the

samples. Blank replicates were measured directly and their intensities were used to correct
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background sample reading intensities whenever they were significant according to Ataro et al.
(2008) and Salazar-Flores et al. (2019). Further, constant memory stability of the GFAAS
equipment during analysis was checked by replicate measurement of Pb standard concentration

in every 10 samples measured.

3.7.2 Calibration curve

The standard solution of Pb metal was prepared at six different concentrations as described by
Mubhib et al. (2016) with slight modification. Calibration curves were constructed from a stock
solution of 1000 mg/L of Pb by diluting the intermediate standard solution with double distilled
water. The standard calibration curve of Pb was established using the linear regression analysis
of the standard solutions against absorbance values. Each standard solution was measured in

duplicate.

3.7.3 Limit of detection and limits of quantification

The limits of detection (LOD) and limits of quantification (LOQ) was calculated from the
calibration curve according to the following mathematical equations 2 and 3 previously used by
de Oliveira et al. (2017):

3SD Equation (2)
LOD = —
m
10SD Equation (3)

LOQ =

Where,
SD = the standard deviation of 10 consecutive measurement of blank solution

m = slope of analytical curve.
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3.7.4 Method validation and accuracy

Method validation and accuracy was performed using DOLT-5 (dogfish liver, National Research

Council of Canada) certified reference material.

3.8 Sample preparation, digestion and metal determination

3.8.1 Reagents

The ultrapure double distilled water from a Milli-Q-Element system (Millipore, Milford, MA,
USA) was used throughout to prepare of all solutions as described in the method by Yabe et al.
(2013). The stock solutions of metals (1000 mg/L) was obtained by dissolving appropriate metal
salts (Merck, Darmstadt, Germany) as per the method of Ataro et al. (2008). Concentrated metal
nitric acid (69 %), HNOs and hydrogen peroxide (30 %), H.O> were metal-free grade. Before
use, metal-free polythene laboratory ware was soaked overnight in 2 % (v/v) dilute nitric acid,
pre-washed and thoroughly rinsed with ultrapure double distilled water from a MiliQ-Element

System.

3.8.2 Milk and blood sample digestion

The digested milk and blood sample preparation was carried out as per the methods described by
(Muhib et al., 2016; Yabe et al. 2013) with slight modifications. The frozen milk samples were
removed from -20°C freezer and let to stand for thawing overnight at 4 °C. After the attainment
of constant room temperature and homogenization with a vortex, 1 ml of the milk sample were
transferred to the digestion vessel (Berghof DAP-60K, Eningen, Germany) and acid digested in a
mixture of 5 ml of 30 % HNO3z and 1 ml of 30 % H2O,. Similarly, blood samples were
equilibrated to room conditions, homogenized by inverting the tubes several times followed by
the measurement and transfer of 0.3 ml of sample to the digestion vessels to which subsequently,
HNO3/H20> (5:1) mixture was added. The mineralization program was performed in a closed
optimized microwave digestion system (Berghof MWS-3+, Eningen, Germany) as indicated
Table 3.2. After mineralization and cooling of vessels for about 20 minutes, the contents were
quantitatively transferred to the polypropylene tubes (SuperClear® Labcon, USA) and the volume

was adjusted to 10 ml with milli-Q double distilled water. To ensure homogeneity, the contents
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were thoroughly mixed by inverting the tube ten times. Similarly, blank samples were also

prepared alongside the milk and blood samples maintaining uniform digestion parameters.

3.8.3 Lead metal determination in milk and blood

Pb metal concentration in the digested milk and blood digested samples were measured directly
by a GFAAS equipped with a Zeeman graphite furnace according to the manufacturer’s analysis
manual. Graphite flameless atomic absorption spectrophotometer method required the use of a
matrix modifier of 0.5% ammonium hydrogen sulphate (NHsH2PO.) (Nakagyo-Ku Kyoto,
Japan) concomitantly with the samples. The auto sampler programmed to inject 20 pl of sample
per time performed this automatically. Sample solutions were nebulized followed by the
introduction of double distilled and de-ionized water for at least 1 minute, to rinse the sampling
system to avoid contamination of other solutions. Measurement of Pb concentrations in samples

was determined in duplicate.

3.9. Human health risk assessment

3.9.1 Risk assessment

The risk assessment process involves standard steps prescribed by the United States
Environmental Protection Agency (USEPA), which has previously been used by other authors
(Muhib et al., 2016; Liang et al., 2017; Miclean et al., 2019). In the current study, the risk

assessment encompassed:

3.9.2. Hazard identification

The hazard identification is the first step in the risk assessment process that defines the hazard
and nature of harm to the exposed populations (USEPA, 2010). In this study, Pb was identified
essentially as a potential hazard (contaminant) that affects the residents of Kabwe in close
proximity to the Pb-Zn mine (Blacksmith, 2007).

3.9.3. Exposure assessment

In the current study, the exposure assessment was based on chronic daily intake (CDI). The CDI

is a value related to the metal concentration in milk that is associated with its daily consumption
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and the bodyweight of the consumer (Pb) in milk (Miclean et al., 2019); in this case, CDI
values were determined according to the equation (1) (Muhib et al., 2016; Miclean et al., 2019)

shown below in equation 4.

Cm x D (daily intake of milk)
CDI = BW Equation (4)

Where,
CDI = estimated chronic daily intake of Pb (ug/kg -1 BW day-1)
Cm = mean concentration of Pb in milk (ug/kg);
D = average consumption intake of milk per person (pg/day);

BW = average body weight (kg) of an individual (children or adults).

3.9.4. Dose-response assessment

The dose-response assessment is a quantitative relationship that indicates a degree of
contaminant toxicity to exposed species (USEPA, 2010). In the current study, the oral reference
dose value of 4.00 pg/kg/day for Pb was used (Miclean et al., 2019).

3.9.5. Risk characterization

The risk characterization is the final stage of the health risk assessment in which all the
information gathered in the previous three stages of evaluating the risk associated with ingestion
of food is incorporated (USEPA, 2010). In the current study, risk characterization process

involved the analysis of carcinogenic and non-carcinogenic risk assessment.

3.9.5.1. Incremental lifetime cancer risk

The Incremental Lifetime Cancer Risk (ILCR), which represents the probability of developing
cancer during a 70-year lifetime continuous exposure, is as a measure of adverse health effect of
metal exposure (Zhang et al., 2019). The potential cancerous effects due to Pb exposure in adults
and children through consumption (ingestion) of milk was evaluated by using ILCR equation 5
(USEPA, 2010) as follows;
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ILCR = CDI X CSF Equation (5)

Where,
ILCR =incremental life carcinogenic risk
CDI = chronic daily intake averaged (ug/kg/day)
CSF = cancer slope factor (ug/kg/day); The CSF for Pb is 8.5 pg /kg/day, a known value
that estimates the upper-bound probability of an individual developing cancer as a result

of a lifetime of exposure through an ingestion route (Miclean et al., 2019).

3.9.5.2. Non-carcinogenic risk effects

Non-carcinogenic risks were evaluated by comparing an exposure level (dose) over a specified
period (e.g., lifetime), with a reference dose derived for a similar exposure period based on target
hazard quotients (Liang et al., 2017). The non-carcinogenic risk is characterized in terms of the
target hazard quotient (THQ), which has been recognized as a useful parameter for the
evaluation of risks associated with the consumption of metal contaminated food. Thus, the
potential non-cancer risks for exposure to Pb via consumption of cow milk is assessed by
comparison of CDI from the oral exposure route with the chronic dose (RfD) to find the THQ

value (USEPA, 2010), which in this study it was calculated using equation (6) as follows:

THQ = %X 1073 Equation (6)
Where,

CDI = chronic daily intake average (g/kg/day)

RfD = oral reference dose (ug/kg/day) which is 3.5 x 107 for Pb

THQ>1 assumes that there may be a concern for potential non-carcinogenic cancer risks. In a

case where THQ<L1, it means that the hazard is unlikely to cause adverse health effects for the

exposed populations (Liang et al., 2017).The exponential 107 is the conversion factor.
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3.10 Data analysis

Descriptive statistical analysis of the data was performed using GraphPad Prism software (Prism
7 for Windows; Version 5.02, GraphPad Software, Inc., CA, USA). The data obtained were
presented as sample number (n); mean value *+ standard deviation (SD); coefficient to of
variation; range (Min-Max); median of Pb levels in milk and blood; percentiles of 25% and 75%
measured at 95% confidence level (CL). Prior to analyses, data were examined for normality of
distribution by the Kolmogorov-Smirnov normality test. The test performed showed the
departure of data from normality. In order to ascertain if there were significant variations at p <
0.05 for Pb in each sampled site in relation to milk and blood, data were subjected to Kruskal-
Wallis Test followed by Dunn’s Multiple Comparison Test (DMCT) to differentiate the means.
Correlation relationships of Pb concentration in milk and blood in different selected sites in each

season were determined using Pearson’s correlation analysis.
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CHAPTER 4

4.0 RESULTS

4.1 Quality assurance data

In the current study, the GFAAS method for Pb analysis included measurement of analytical
parameters such as linear range, coefficient of correlation, LOD and LOQ. The LOD value was
initially calculated by multiplying 3 times standard deviation (SD) for 10 replications of the
blank while the LOQ was calculated by multiplying 10 times SD of the slope/intercept. Replicate
analysis of DOLT-5 certified reference material used to validate the method gave good accuracy
and recovery rate of 93.1-119.8% at 0.999 coefficient of determination (Figure 4. 1 and Table
4.1) below show the methodology performance results.

0.16 - y = 0.061x + 0.0038
R2 = 0.9992

Absorbance

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Concetration (ug/kg)

Figure 4.1: Calibration curve of lead on DOLT-5 analysis
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Table 4.1: Analytical performances of lead

Parameter Value
Certified value (ng/kg) 0.005
Measured Value (ug/kg) 0.006
Standard Error (SE) 0.002
Standard Deviation (SD) 0.007
Limit of detection (LOD = pg/kg) 0.026
Limit of quantitation (LOQ = pg/kg) 0.079
Slope (Sensitivity) 0.061
Intercept 0.004
Limit of decision (ug/kg) 0.013
Linearity (working range, pg/kg) 0.020
Mean recovery rate (X = SD, n=8), % 111.0
Correlation coefficient 0.999

4.2 Samples of milk and blood collected from each site per season

Two sample types from each lactating cow, blood and milk, were collected for
investigation. Table 4.3 below shows the number of the samples collected from Kabwe and
Chongwe, the control site for analysis.

Table 4.2: The number of the blood and milk samples collected from Kabwe and Chongwe in
each season

Kabwe Chongwe
SIN | Sample type study group reference group Total
Wet season | Dry season | Wet season | Dry season
1 Milk 101 114 9 9 233
2 Blood 113 115 9 9 246
Total 2 214 229 18 18 479
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4.2.1 Milk lead levels

Table 4.3 presents descriptive statistics of the cow milk data for Kang'omba, Kafulamase,
Mpima, Mukobeko, Munga and Chongwe. The highest mean Pb concentration detected in milk
was from Munga area in the dry season followed by Kang’omba in the same season. However,
the lowest mean Pb concentrations measured in milk in the dry season were found in Mukobeko

followed by Mpima region.

Table 4.3: Summary of the descriptive statistics of the cow milk Pb levels showing number (n),
mean lead concentration (ug/kg-wt. /wt.), range (min-max), standard deviation (SD ), standard
error, (S.E), percentiles, Median, lower and upper bound 95% confidence level (Cl)

Region Kang'omba Kafulamase Mpima Mukobeko Munga Chongwe
Season Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry  Wet Dry
Number (n) 22 34 16 19 28 26 29 30 5 5 9 9

Minimum 050 0.70 059 006 020 041 010 0.09 0.78 1.76 0.30 0.40
25% Percentile0.90 136 0.78 059 062 0.61 059 030 081236 0.35 0.50
Median 145 185 089 101 113 081 069 050 1.08 405 0.50 0.60
75% Percentile3.04 366 116 125 174 099 189 066 354 6.23 0.64 0.69
Maximum 690 966 180 108 276 170 277 115 3.707.70 0.89 0.81

Mean 232 293 098 172 120 084 111 050 1.96 424 0.52 0.60

Std. Deviation 1.87 243 030 258 067 032 074 024 146224 0.19 0.13
Std. Error 040 042 008 059 013 006 0.14 0.04 0.651.00 0.06 0.04

Lower 95% Cl1 1.49 208 081 047 094 071 083 041 015146 0.37 049
Upper 95% C1 3.15 3.78 114 296 146 097 139 059 3.76 7.02 0.66 0.70

On the contrary, Kang’omba in the wet season had highest Pb levels in milk compared to Munga
followed by Kafulamase (Table 4.3 and Figure 4.2). Further, Mpima and Mukobeko regions had
higher mean Pb concentrations in the wet season than in the dry season, a pattern that was

different from the other study sites as illustrated in Figure 4.2 below.

The general trend of the mean Pb concentrations in milk during the wet season followed the
decreasing order of Kang’omba>Munga>Mpima>Mukobeko>Kafulamase>Chongwe while in
the dry season the trend followed the order of
Munga>Kang’omba>Kafulamase>Mpima>Chongwe>

Mukobeko as illustrated in Figure 4.3.

32



The mean Pb concentrations measured in milk samples in the dry season were higher than the

samples in the wet season, especially in farms closer to the mine.
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Figure 4.2: Mean Pb concentration in cow milk (pg/kg-wt. /wt.) per region and per season.

Based on the results of the current study, Pb was present in all sampled sites including Chongwe
(reference site). The study revealed that Chongwe, the reference site, had the least Pb results and
correspondingly, the interval Pb concentration was remarkably minimal (Table 4.3 and Figure
4.4).

4.2.2 Blood lead levels

Mean BLLs from all sampled sites are presented in Table 4.4. Data for Pb in cow blood are
presented as mean Pb concentration (ug/kg-wt. /wt.), range (Min-Max, standard deviation (SD
1), standard error, (S.E), percentiles, median, lower and upper bound 95 % confidence level
(CI). The results in Table 4.4 indicate that the highest mean concentration of Pb was recorded

in Kang’omba, in the dry season followed by Munga in the wet season while the least was found
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in Mpima in the dry season. Interestingly, it was observed that the BLLs in Chongwe (reference
site) were slightly higher than the Pb levels found in Kafulamase and Mpima regions in the dry

season. Data descriptive summary of the Pb in cow blood is presented in Table 4.4 below.

Table 4.4: Summary of the descriptive statistics of the cow blood Pb levels showing number (n),
mean lead concentration (pg/kg-wt. /wt.), range (min-max), standard deviation (SD ), standard
error, (S.E), percentiles, median, lower and upper bound 95 confidence level (ClI).

Region Kang'omba Kafulamase Mpima Mukobeko Munga Chongwe
Season Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Number (n) 34 35 16 18 28 25 28 30 5 5 9 9

Minimum 188 6.51 120 0.05 100 014 219 062 589 17.0 0.47 1.00
25% Percentile 7.26  13.2 183 029 247 035 405 390 6.62 176 161 1.96
Median 123 184 323 148 390 054 6.04 434 211211 241 241
75% Percentile23.6 269 4.09 424 691 0.72 849 590 372261 3.38 3.35
Maximum 93.7 781 148 9./6 178 115 256 313 433274 391 3.64

Mean 211 238 384 259 494 055 6.93 549 218 21.7 244 257

Std. Deviation 21.6 186 3.22 289 354 024 449 510 159 438 1.11 0.88
Std. Error 3.70 315 080 068 067 005 085 093 711196 0.37 0.29

Lower 95% CI 135 174 213 115 357 045 519 359 201 163 159 1.89
Upper 95% Cl 28.6 30.2 556 4.03 6.32 065 8.669 7.39 415271 329 3.25

Further analysis of the mean Pb content in blood and milk samples as shown in Figure 4.3,
Graphical data (Figure 4.3) show a similar Pb concentrations pattern in Mpima, and Mukobeko
in which case, the Pb content in each sample type was higher in the wet season than in the dry
season. On the contrary, the mean BLLs in Kang’omba were observed to be higher in the dry
season than in the wet season. Strangely, the mean BLLs in Mpima during the dry season were
found to be lower than the mean Pb concentrations measured in the blood samples from the
reference site in Chongwe during the sesame season (Figure 4.3). However, Pb concentrations
measured from Chongwe (reference site) indicate that Pb content in milk was slightly higher in
the wet season than in the dry season. The mean Pb concentration changes found in both blood

and milk in the present study are presented in Figures 4.3 (a) and (b) below.

34



® Wet season
® Dry season

30.0 T

25.0

20.0

15.0

10.0

5.0

Blood Pb Concentration (ug/kg)

0.0

(@) (b)

Figure 4.3: Comparison of the mean Pb concentrations (ug/kg-wt. /wt.) (a) in cow blood and (b)
in milk per region per season.

A statistical summary of the comparisons of the mean Pb concentrations in cow blood and milk
Pb in each region and per season are shown in Figure 4.4. The graphical information also shows
that the mean Pb concentrations in Kang’omba and Munga exceeded the baseline level of 20
pa/kg (Figure 4.4).
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Figure 4.4: Statistical summary of the comparisons of the mean Pb concentrations in cow blood
and milk Pb in each region and per season

In the present study, all the blood Pb samples analysed from Mpima and Kafulamase were below
20 pg/kg both during the wet and dry seasons. The blood Pb in 9 (27%), 13 (37%) samples in
Kang’omba and 5 (60%) samples in Munga were found to exceed 20 pg/kg. In Mukobeko, only
1 blood sample in each season exceeded the benchmark level of 20 pg/kg, translating into 0.04
and 0.03 % in wet and dry season, respectively. Figure 4.5 below shows the percentage
distribution of the blood Pb samples above the minimum baseline of 20 pg/kg in each site per

season.
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Figure 4.5: Percentages of blood Pb samples above the baseline level of 20 pg/kg in each season
per region.

Figure 4.5 above indicate that cows in the two regions that recorded the highest BLLS in
Kang'omba seemed to have more cows exposed to high Pb concentrations in the dry season
compared to the wet season, while in Munga the concentrations were also found to be high but

uniform across seasons.

4.2.3 Cluster comparison analysis of Pb concentrations in cow blood pg/kg per site in each
season

A comparison of lead concentrations across different sites indicates that most of the animals
were within the range of 0-20 pg/kg although a few cases particularly in Kang’omba ranged
from 20- 97.3 pg/kg in the wet and dry seasons (Figure 4.6) and (Figure 4.7). Similarly, Munga
and Mukobeko regions recorded BLLs above the baseline of 20.2 to 78.1 pg/kg in the dry
season. Cluster comparison analyses of the Pb concentrations are given in Figure 4.6 for the wet
season and Figure 4.7 for the dry season.
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Figure 4.6: Clustered blood Pb concentration (pug/kg) comparisons per site (KN; Kang’omba,
KF; Kafulamase, MP; Mpima, MK; Mukobeko, MU; Munga, CH; Chongwe) in wet season
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Figure 4.7: Clustered blood Pb concentration (ug/kg) comparisons per site (KN; Kang’omba,
KF; Kafulamase, MP; Mpima, MK: Mukobeko, MU; Munga, CH; Chongwe) in dry season
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4.3 Seasonal variations of Pb concentrations (ug/kg) in milk and Blood

The descriptive results of the seasonal variation of Pb concentration are presented in the whisker
boxplots shown as Figure 4.8. The results indicate that the variability of Pb concentrations in
both milk and blood were observed to be higher in the wet season than in the dry season (Figure
4.8). However, the interquartile range for both milk and blood in the dry season was observed to
be higher during the dry compared to the wet season. The outlook of the Pb concentrations in the
milk and blood is presented in Figure 4.8 below with significant differences per season (p < 0.05,

DMCT).

Lead concentration in cow blood and milk per season
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Figure 4.8: Seasonal variation of Pb concentrations (ug/kg) in cow milk and blood; paired letters

‘a, b and ¢’ represent significantly different (p < 0.05, DMCT).

A summary of results of box and whisker plot results illustrated above in Figure 4.8 are

descriptively presented in Table 4.5 below.
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Table 4.5: Descriptive statistics of the seasonal Pb concentration (ug/kg) variations in blood and
milk per season

Blood Pb Milk Pb Blood Pb Milk Pb

Wet season Wet season Dry season Dry season
Minimum 0.47 0.10 0.05 0.06
25% Percentile 3.11 0.60 0.86 0.59
Median 5.83 0.89 4.32 0.81
75% Percentile 10.1 1.78 13.5 1.59
Maximum 93.7 6.90 78.1 10.8
Mean 10.3 1.36 9.75 1.79
Std. Deviation 14.3 1.16 14.2 2.01
Std. Error 1.31 0.11 1.29 0.18
Lower 95% Cl of mean  7.76 1.13 7.20 1.23
Upper 95% Cl of mean  12.9 1.57 12.3 1.95

According to the results in Table 4.5, the results show that the 75% percentile of the blood
samples recorded in the wet season had 10.1ug/kg of Pb concentration while in the dry season it
was 13.5 pg/kg. However, the concentration of Pb in milk in the wet season was higher than in
the dry season. Notably, 75% percentile of the milk samples had 1.78 pg/kg in the wet season
compared to the dry season in which the results showed a slight decrease to about 1.59
Ma/kg. The results of correlations in terms of r squared (RSQ) and r squared p-values (RSQ p-
values) are presented in Table 4.6.

Table 4.6: Spearman RSQ correlation and RSQ p-values (in brackets) between milk and blood
per season

Milk Pb  Blood Pb Milk Pb Blood Pb

Wet season Wet season Dry season Dry season

Milk Pb - Wet season  1.00

Blood Pb - Wet season 0.07 1.00
Milk Pb - Dry season ~ 0.12 0.35(9.01x 10°) 1.00
Blood Pb - Dry season  0.057 0.55 (5.31 x 10'*Y) 0.50 (6.50 x 10%°) 1.00

¢ In brackets are p-values indicating significance difference (P<0.05, DMCT)
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The results in Table 4. 6 show that there was a positive association (p< 0.05, DMCT) between Pb
in blood and milk in the dry season while in the wet season, the correlation was not significant
(p>0.05, DMCT).

4.4 Human health risk assessment of Pb through consumption of cow milk from Kabwe
The human health risk assessment based on the determination of the CDI, THQ, and ILCR of Pb

exposure through consumption of cow milk are presented in Tables 4.7, 4.8 and 4.9 are below.

4.3.1 Chronic daily intake of metal assessment

Table 4.7 shows the summary of the calculated CDI levels in both children and adults obtained
for each season based on the average concentrations found in cow milk. In comparison with
provisional tolerable daily intake set by FAO/WHO (JEFCA, 2010), the CDI values (Table 4.7)
in children ranged from 5.10 x 107~ 4.98 x 10°® while in adults, results ranged from 1.75 x 107'-
1.49 x 10°® were below the permissible limits.

Table 4.7: Chronic daily intake (CDI) (ug/kg/day) of lead through consumption of milk in
children and adults

Wet season CDI CDI (ug/kg/day) Dry season CDI (ug/kg/day)
Region Children Adult Children Adult
Kang’omba 3.77 x 10°® 6.66 x 107 4,98 x 10°® 8.79 x 10”7
Kafulamase 8.33 x 10/ 3.43 x 10”7 1.46 x 10 6.02 x 10/
Mpima 1.02 x 10 4.20 x 10”7 1.02 x 10 4.20 x 10”7
Mukobeko 9.44 x 10°' 3.89 x 10 4.25x 107 1.75 x 107
Munga 1.67 x 10°° 6.86 x 10 3.60 x 10° 1.48 x 10°°
Average 8.24 x 10° 2.50 x 10° 1.15 x 10° 3.56 x 10°

e 3and 12.5 pg/kg-BW/day is recommended CDI for children and adults (Flannery et al.,
2020)

The results in Table 4.7 show that the average CDI value in children both in the wet season and
dry indicate higher values than in adults (8.24 x 10° > 2.50 x 10® and 1.15 x 10®° > 3.56 x 10®)
for the same period, respectively. The general trend showed that the results in the dry season had

a high chronic exposure effect in both the children and adults. Further, results indicate that
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chronic exposure risk of Pb to children compared to adults in both the wet and dry seasons was

three times higher than in adults (Figure 4.9).
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Figure 4.9: Analysis of the chronic daily intake (CDI) for children and adults per season

4.3.2 Non-cancer risk assessment

The calculated potential adverse effects results based on the THQ parameter from Pb in cow
milk are presented in Table 4. 8. The average THQ values in children from wet to dry season
were higher than in adults ranging from 2.36 x 102 to 3.28 x 10 while in adults values were
seen to vary from 7.15 x 10 to 1.02 x 107 respectively.

Table 4.8: Target hazard quotient (THQ) of Pb through consumption of cow milk in children
and adults

Wet season THQ Dry season THQ

Region Children Adult Children Adult

Kang’omba 1.08 x 107 1.90 x 10* 1.42 x 103 2.51 x 10%
Kafulamase 2.38 x 10* 9.80 x 10° 418 x 10* 1.72 x 10
Mpima 2.91 x 10* 1.20 x 10* 2.91 x10* 1.20 x 10
Mukobeko 2.70 x 10* 1.11 x 10* 1.21 x 10 5.00 x 10°
Munga 4,76 x 10™ 1.96 x 10* 1.03 x 10 4.24 x 10*
Average 2.36 x 1073 7.15 x 10* 3.28 x 103 1.02 x 10

e THQ < 1 means that the sampled milk was safe for consumption (USEPA, 2010)
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Further, the results in Table 4.8 show that 1.42 x 10 was the highest THQ value calculated in
children for the milk samples collected during the dry season in Kang’omba, whereas, the
highest value of 4.24 x 10 in adults was associated with the Munga region in the same period.
All the values were < 1 indicating that the hazard exposure risk of Pb to humans via milk

consumption was negligible.

Moreover, Figure 4.10 demonstrates that the average THQ was higher in children compared to

adults. The dry season indicates higher average THQs in both children and adults.
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Figure 4.10: Average target hazard quotient (THQ) of Pb through consumption of cow milk in
children and adults

4.3.3 Cancer risk assessment

Table 4.9 shows the cancer risk assessment results based on the ILCR calculations. The average
ILCR values in children in both the wet season and dry ranged from 7.01 x 10 to 9.76 x 108
while in adults ranged from 2.13 x 10 to 3.03 x 108
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Table 4.9: Incremental lifetime cancer risk (ILCR) of lead through consumption of cow milk in

children and adults

Wets season ILCR Dry season ILCR

Region Children Adult Children Adult

Kang’omba 3.21 x 10 5.66 x 10° 423 x10% 7.47 x 10°
Kafulamase 7.08 x 10° 2.92 x 10° 1.24 x 108 5.12 x 10°
Mpima 8.67 x 10° 3.57 x 10° 8.67 x 10° 3.57 x 10°
Mukobeko 8.02 x 10° 3.30 x 10° 3.61x10° 1.49 x 10°
Munga 1.42 x 108 5.83 x 10° 3.06 x 108 1.26 x 108
Average 7.01 x 108 2.13x 10 9.76 x 108 3.03 x 10

e 10°to 10* is the ILCR acceptable (safe) reference range (USEPA, 2010)

The graphical information below in Figure 4.11 clearly illustrates that both children and adults

were appreciably more prone to increased cancer risk effects in the dry season than in the wet

season.
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Figure 4.11: Average potential incremental life cancer risk (ILCR) due to consumption of cow

milk in children and adults
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As observed in Figures 4.9, 4.10 and 4.11 for the chronic daily intake, target hazard risk and the
ILCR assessments respectively, results showed a similar trend with regard to the exposure risk

level being higher in children compared to adults.
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CHAPTER 5

5. DISCUSSION
5.1. Lead concentrations in cow milk and blood

5.1.1 Lead concentrations in cow milk per region in each season

The study analysed mean concentrations of Pb in milk from the studied areas in Kabwe and the
reference site in Chongwe. The mean milk Pb concentrations in the wet season ranged from 0.98
+ 0.30 to 2.32 + 1.87 pg/kg while in the dry season the mean concentrations varied from 0.50 +
0.24 to 4.24 + 2.24 ug/kg. The presence of Pb in cow milk samples suggest that the farms in the
studied areas around the Pb-Zn mine in Kabwe were contaminated with Pb. However, the mean
concentrations detected were below the Codex Alimentarius permissible level of 20 pg/kg of Pb
set for human consumption in cow milk by FAO/WHO (2011). Additionally, the mean Pb
concentrations did not exceed the maximum permissible limit for milk established by the
European Union Commission of 100 pg/kg (EFSA, 2012).

In contrast, authorsin Romania (Miclean et al.,, 2019), India(Kumar, 2019),
Iran (Sobhanardakani, 2018) and Kazakhstan (Sarsembayeva et al., 2020) reported higher Pb
concentration levels of 24 + 15 pg/kg , 32.83 + 20.80 pg/kg, and 11.6 + 10 pg/kg in cow milk,
respectively. Additionally, higher Pb concentration levels than those found in the current study
have been reported in previous studies on cow milk by Elsaim and Ali (2018) in Sudan (below
detectable limit) but within the range that was found in China (3.6 + 2.3 pg/kg) by Wang et
al. (2019).

Generally, the mean Pb metal content in cow milk in the current study (Table 4.3) was observed
to be in the decreasing order of Kang’omba>Munga>Mpima>Mukobeko>Kafulamase during
the wet season while in the dry season the mean content of Pb in milk was found to be in the
decreased order of Munga> Kang’omba> Kafulamase> Mpima> Mukobeko. The highest Pb
concentration in milk near the mine was observed in the dry season in Munga while the lowest
Pb amount was recorded in the dry season Mukobeko, a place located further away from the

point source (Figure 4.2). The low mean concentration in Mukobeko was attributed to low
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environmental pollution because of extended distance from the Pb-Zn mine. It was observed that
during the wet season, animals usually did not roam far away from their resident farmlands for
pasture and water. Most often however, animals in dry season walked long distances in search
of grass and water, increasing the probability of their Pb exposure through inhalation of

contaminated dust depending on the distance and location of the farm from the Pb-Zn mine.

5.1.2 Lead concentrations in cow blood per region in each season

Lead poisoning is reported to be common in farm ruminants (Waldner et al., 2002). Blood is the
most frequently used sample for monitoring the Pb status in cattle because it is a good indicator
of recent Pb exposure (Rumbeiha et al., 2001). High incidences of Pb ingestion in cattle are
associated with their natural curiosity and their habits of licking and indiscriminate eating
(Sharpe and Livesey, 2006). Recently, Pb poisoning is both a food safety issue and an important
cause of economic loss in beef and dairy herds (Waldner et al., 2002). According to Yakub and
Igbal, 2010, the half-life of Pb is approximately 30 days in which blood Pb is expected to return
to background levels in asymptomatic animals. Thus, animals that are reared in Pb polluted
environment should be screened for lead poisoning before they are slaughtered for the market for

food safety reasons.

Mean Pb concentrations in the current study decreased in the order of Munga > Kang'omba >
Mukobeko > Mpima > Kafulamase in the wet season while in the dry season the order was
Kang'omba > Munga > Mukobeko > Kafulamase > Mpima. Contaminated pasture close to the
mine in the dry period and the particulate matter influenced by the south-easterly winds could
have caused high Pb levels in Kang’omba. The observed Pb concentrations in Kafulamase could
be attributed to the effluents from the mine site and discharge of the municipal contaminated
waste causing the elevation of Pb concentrations in the stream and other surface water drinking
points for cows. Also, the stream overflows during the rainy season could have caused increased

pollution of the pasture in the area.

Most of the animals in the current study recorded BLLs ranging between 0-10 pg/kg. On the
other hand, the Mukobeko region had the highest number with over 25 cows recording

between 0-10 pug/kg blood concentrations. Generally, most of the regions had a few animals

47



exceeding the range of 10-15 pg/kg blood lead concentrations both in the wet and dry seasons.
According to the literature, the Pb concentration baseline levels range from 20-60 pg/kg
(Roggeman et al., 2013). Of all the samples analysed, no blood Pb concentrations exceeded the
toxicosis value of 350 pg/kg for cattle (Checkley et al., 2002). Data in (Figure 4.5) show that
27% and 37% of blood Pb samples in Kang’omba in the wet and dry seasons, respectively
exceeded 20 pg/kg of concentration while in Munga 60% were found to be above this value in
the same seasons. Mukobeko had the least percentages of cows recording 0.04 and 0.03 % (1

cow each season), above 20 pg/kg baseline level in both the wet and dry seasons.

Previously, the occurrence of Pb in cattle was detected in the peripheral blood from Kabwe and
Lusaka although the levels established in Kabwe were remarkably greater than those found in
Lusaka, the control area (lkenaka et al., 2012). According to Ikenaka et al. (2012), the average
Pb concentration in cattle blood from the Kabwe area was 90600 + 67600 pg/kg weight, which is

much higher than the mean average value found in the current study.

Despite being a non-mining area, Pb was detected in Chongwe (reference site) ranging
from 0.47-3.91 £+ 1.11 pg/kg. Further, the source of the Pb found in Chongwe was unknown.
These results obtained in Chongwe in the present study are in line with the results found by Yabe
et al. (2012), in which they established the presence of Pb measuring 61.0 pg/kg in cattle offal in
agricultural areas of Lusaka province. The presence of Pb in the food chain resulting from
environmental pollution (Elatrash and Atoweir, 2014) is an important food safety issue (de

Oliveira, 2017), thus investigation of the source of Pb in Chongwe is necessary.

5.1.3 Lead concentration levels in cow milk and blood

Numerous studies have documented the analysis of Pb in both cow milk and blood. Several
authors have found that Pb in blood is higher than in milk (Patra et al., 2008). Aslani et al. (2012)
found high Pb levels in the blood than in milk samples varying from 250-590 and 60-290 ug/kg
in a herd of Holsten cattle (n = 9) that was affected by Pb poisoning associated with residuals of
battery recycling. Also, values of 80 + 40 pg/kg and 360 + 40 pg/kg of blood and milk Pb
respectively, were found earlier in a study by Oskarsson et al. (1992) in Sweden after animals

were accidentally exposed to Pb. Moreover, Tahir et al. (2017) reported Pb concentration
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variations in blood ranging from 1382 to 2979 pg/kg and 300-800 ug/kg in milk samples that
were collected quarterly from the cows for a period of one year. In the present investigation of
Pb concentrations in blood and milk, the results were consistent with the literature (Aslani et al.,
2012; Tahir et al., 2017).

Similarly, in human milk, the median Pb concentration in Mexico was found to be 300.0 pg/kg,
varying from 1000.0 to 8000.0 pg/kg while the median of Pb in blood was 27,000 pg/kg varying
from 10000 to 55000 pg/kg (Koyashiki et al., 2010). Recently, Toyomaki et al. (2021), found a
different scenario in lactating mothers in Kabwe, as the mean Pb concentration in blood (113
pa/kg) was lower than the concentration in breastmilk (5.3 pg/kg). Further, Toyomaki et al.,
2021 reported that breastmilk could be one of the sources of Pb exposure in infants in Kabwe
because the levels established in milk were higher than the WHO recommended range of 20-50
po/kg. Compared to the Pb concentrations in human milk which were found to exceed the
permissible levels (Toyomaki et al., 2021), Pb concentrations in the present study were below the
WHO safe limits destined for human consumption in cow milk. Although the levels of Pb in the
present study could be low, chronic exposure to low concentrations of Pb may cause adverse

health effects in children.

Previously in animal studies, Yabe et al. (2011) reported that cattle reared on the farms in the
vicinity of the Pb-Zn mine in Kabwe accumulated high levels of toxic metals such as Pb and Cd.
The findings by Yabe et al. (2011) were consistent with the earlier report by Tembo et al. (2006)
that revealed elevated concentrations of Pb and Cd in soil samples from the farms near the Pb-Zn
mine. Moreover, Yabe et al. (2011) established using the cluster analysis method that the Pb

contamination in animal tissues was undoubtedly from the point source, the Pb-Zn mine.

Descriptive data for blood Pb analysis for the current study show that although the Kafulamse
region was remote on the eastern side of the Pb-Zn mine, the mean blood Pb concentration
measured in the dry season was higher than the mean Pb level found in Mpima, despite it being
closer to the pollution source. The concentrations variations could be attributed to the source of
drinking water for the animals in the dry season in Mpima from the boreholes in contrast to dam

and the shallow water wells in Munga and Kang’omba. Additionally, Munga and Kang’omba are
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located in the western and southern parts of the mine, respectively, which are mostly affected by
the contaminated dust emanating from the mine. Munga and Kang’omba are subject to high
environmental Pb pollution due to the proximity to the mine compared to other studied regions in
Kabwe. As for the Kafulamase region, animals largely depended on the water downstream that

also flows from the Pb-Zn mine drainage upstream.

According to the EPA (1989), surface water bodies are normally subject to contamination from
many sources such as pesticide runoff, storm water, waste water discharges, acid mine drainage,
etc. Differential hydrology induces variable heavy metal speciation and mobility in Pb-Zn mine
tailings (Kovacs et al., 2006). Moreover, according to the Kabwe Municipal Council Report, of
2021, it is stated that Kabwe is situated east of the main watershed; thus, the influence of
hydrological factors in the distribution of Pb from the tailings ponds in the neighbouring
communities cannot be doubted. The larger eastern part of the surface water in Kabwe drains
towards the east while the smaller western part flows towards the Lukanga swamps (Kabwe
Municipal Council, 2021). Therefore, the present study has demonstrated that Kafulamase,
which is a region situated far away from the point source of pollution compared to the other
sampled sites has a high potential impact of Pb contaminant on livestock mostly during the dry

season because it sits along with the drainage system.

Tembo et al. (2006) previously reported that both distance and direction from the source of
pollution are significant factors affecting Pb accumulation with regard to the dust dispersal in the
environment. In the subsequent studies, other authors confirmed a similar concentration Pb
pattern. For example, Yabe et al. (2020) in a study on human BLLs indicated that Pb exposure
differences in Kabwe were attributed to distance and direction from the mine, with younger
children at the highest risk.

Similarly, a study by Toyomaki et al. (2020), demonstrated that Pb concentrations in the dogs
significantly decreased with increasing distance between the mine and the location of the dogs.
Also, Doya et al. (2020) confirmed that Pb concentrations in lizards (Trachylepis Wahlberg)
living in bare fields were higher than expected based on distance from the contaminant source.
Recently, Kataba et al. (2021) analysed Pb in the crown incisors of Pb-exposed wild rats (Rattus

rattus) from residential sites within varying distances from an abandoned lead-zinc mine.
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Accordingly, the Pb-Teeth accumulation data in wild rats were found to decrease with increased
distance away from the Pb—Zn mine Kataba et al. (2021). Mainly, the prevailing winds in Kabwe
are easterly, southeasterly, and northeasterly (Tembo et al., 2006). In the current study, the farms
that are in proximity to the mine namely, Kang’omba and Munga areas showed high mean levels
of Pb with 23.8 + 18.6 and 21.8 + 15.9 pg/kg in the blood, respectively. Interestingly, the Pb
concentration patterns in the milk and blood were observed to be consistent with those
previously found by other authors, suggesting that distance and the direction of the wind were
significant factors in influencing Pb pollution levels from the point source to the nearby farms. In
addition, animals grazing in pastures bordering highways have higher background Pb
concentrations resulting from the accumulated Pb in the environment where leaded gasoline was

previously used (Checkley et al., 2002).

Studies have shown that elevated temperatures, solar radiation, humidity, and anthropogenic
pollution seasonally result in increased acidification (low pH) in air, water and soil. Because of
increased bioavailability and mobility of Pb due to environmental acidification, Pb exposure in
humans, animals, and plants may significantly be high (Levin et al., 2020). Besides heavy metals
such as Pb residues, increases during the summer season due to water evaporation leaves behind
relatively higher concentrations (Aslam et al., 2011). The high mean Pb levels detected in milk
and blood from exposed cows in the dry season could probably be due to the high intake of high

Pb concentrations in water due to seasonal factors mentioned above.

Animals grazing in the contaminated pasture have elevated BLLs and consequentially, excrete
high levels of Pb in milk (Ogundiran et al., 2012). In general, the presence of Pb in all the
sampled sites is indicative of the extent of exposure of Pb contaminant in the food-producing

animal

5.2 Seasonal Pb concentration variations in cow milk and blood in each season

The study revealed that Pb concentrations in milk were significantly lower than in the
blood. Further, it was observed that the mean Pb concentrations in the milk were appreciably
higher in the dry season compared to the results obtained in the wet season. Similarly, although

the Pb concentrations in the cow blood showed higher variability in the wet season (0.47-93.7
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pa/kg) than in the dry season (0.05-78.1 pg/kg), the interquartile range of the Pb concentrations
were higher in the dry season than in the wet season. A further scrutiny of data showed that the
75 per cent percentile of the blood samples recorded 10.1pg/kg of Pb concentration in the wet
season while in the dry season it was 13.5 pg/kg. Hence, this phenomenon indicates that more
cows were exposed to Pb in the dry season compared to the wet season. Thus, the results in
present study confirm that the concentration variations of Pb in milk and blood were affected by
seasonal changes. It is also known that blood Pb reflects recent exposure with a half-life of
approximately 30 days (Yakub and Igbal, 2010) while Pb in milk is influenced by several factors
including the physiology of the mammary gland (Kumar, 2019) and lactation stage (Oskarsson et
al., 1992). According to the studies by Oskarsson et al. (1992), Pb levels in milk decreased
rapidly after delivery, a clear confirmation that Pb levels in colostrum are higher than in the
subsequent milk.

5.3 Correlation between blood and milk in each season

A correlation between milk and blood Pb content was observed (Table 4.6). A closer look at the
data shows that there were significant differences (P<0.05, DMCT) in the Pb levels in blood and
milk of the lactating cows. Most evident, the significant differences were seen between the milk
Pb in dry season and blood Pb in dry season; milk Pb in dry season and blood Pb in wet season;
blood Pb in dry season and blood Pb in wet season. Although the association was positive, the
study results showed a relatively weak dependence of milk Pb concentration level on blood Pb
concentration. However, data showed that the higher the blood Pb concentration the higher the
Pb level excreted in the milk. On the other hand, there was no significant difference observed for
the Pb in cow milk in the wet and dry seasons. Since the results were non-significantly different,
it indicates that the change of the dry season to wet season or vice versa had no effect on the Pb
concentration in milk despite the Pb in blood sample concentrations being significantly
different.
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5.4 Human health risk assessment of lead exposure through milk consumption

Data on Pb concentrations in lactating cows are important for evaluating the extent of the metal
pollutant on cattle, as well as the potential risk posed to humans from consumption of the milk

from Pb exposed animals.

5.4.1 Chronic daily intake of metal

Chronic daily intake of Pb in cow milk represents the lifetime average daily dose of exposure to
a chemical (Kasozi et al., 2018) in this case Pb. Chronic Pb poisoning arises from prolonged
exposure to lower doses of Pb metal in the environment (Sharpe and Livesey, 2006). Ingestion
accounts for a larger percentage (> 90 %) of the exposure effects compared to inhalation and
dermal contact exposure pathways (Loutfy et al., 2006). Due to the scarcity of updated data on
the consumption rates of milk in Zambia, the calculated results in the present study were based
on the average daily intake values of 21 and 17 g/day/person in children and adults, respectively.
Accordingly, the consumption intake limits and risk levels were calculated on the assumption of
body weights of 10 kg for children and 70 kg for adults (Haakonde et al., 2021; Zambia, Milk
Consumption 1992-2007—Knoema.Com, n.d). The average chronic exposure levels obtained in
the present study indicate that children had higher exposure levels than adults. Because children
are at a greater risk of chronic Pb exposure and poisoning than adults due to their higher CDI
levels in relation to their lower body weight (Abedi et al., 2020; Sharpe & Livesey, 2006), milk
should be evaluated regularly for food safety reasons. On the other hand, it was observed CDI
trends regionally showed a decreasing order of Kang’omba > Munga > Kafulamase > Mpima >

Chongwe > Mukobeko in the dry season.

According to the published information (JEFCA, 2010), there is no established tolerable Pb
intake, for which Pb cannot cause adverse effects. Despite this alarming revelation, the U.S.
Food and Drug Administration (FDA) recommends interim reference levels of 3 and 12.5 pg/day
for children and adults (women of childbearing age), respectively which correspond to the BLL
of 0.5 pg/dL for a general population (Flannery et al., 2020). Exposure levels in the present
study did not exceed the interim reference benchmarks recommended by FDA (Flannery et al.,
2020). On the contrary, Salah et al. (2013) and Meshref et al. (2014) reported higher CDI values
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of 158.5 and 1.7 x 10 pg/kg/day respectively, compared to the levels found in the present
study. Moreover, much higher values several folds higher than the findings of the current study
ranging from 0.069-0.946 in both children and adult milk consumers were reported by Ismail et
al. (2017). However, Muhib et al. (2016) and Norouzirad et al. (2018) reported CDI values of 5.4
x 108, and 3.4 x 107 similar to the results of the current study.

Although the chronic Pb exposure levels found were lower than is recommended by the FDA in
cow milk, Pb contamination in milk could probably pose a potential health risk due to other
complimentary dietary and non-dietary factors to the consumers.

5.4.2 Non-cancer risk assessment

Non-cancer risk assessment, expressed as THQ, is one of the methods that has previously been
used by numerous authors to estimate lifetime exposure to Pb metal through the milk
diet (Kasozi et al., 2018; Zhang et al., 2019; Abedi et al., 2020; Haakonde et al., 2021; Salazar-
Flores et al., 2019) using equation 2. THQ < 1 is an indicative safe limit to non-carcinogenic risk
effects (USEPA, 2010). The THQ values of Pb in all sampled sites per season varied from 1.08 x
103 to 4.76 x 107 in children and 5.00 x 10 to 1.11 x 10 in adults in the wet season. On the
other hand, the values ranged from 1.21 x 10 to 1.42 x 10 and 5.00 x 10 to 4.24 x 10 in the
dry season for children and adults respectively. The findings in the present study were lower
than the results reported in Iran by Abedi et al. (2020) ranging from 0.009 to 0.032, and those
found in Mexico by Gonzalez et al. (2017) between 0.039 to 0.059. Similarly, higher THQ
values than the values obtained in the current study were reported in Europe ranging from 7.0 x
102 to 4.9 x 10 (Miclean et al., 2019). Although these values from the reported regions were
slightly higher than findings in the current study, they were also found within the safe limit of
THQ>1. However, in Uganda, Kasozi et al. (2018) recorded far much higher values in children

and adults ranging from 6.2648 and 2.116 respectively.

Although the THQ for children and adults were less than 1 in the current study, it was observed
that the THQs in children in the dry season were higher than in the wet season compared to
adults, implying a higher impact of non-carcinogenic effect in children than in adults. Therefore,

investigated Pb contamination in cow milk and its health risk impact on humans through
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consumption of milk in Kabwe suggest that the non-cancer risk effects of Pb exposure in both in

both children and adult populations were negligible.

5.4.3 Carcinogenic risk assessment

The ILCRs caused by the ingestion of Pb in cow milk obtained in the present study for both
children and adults on average ranged from 7.01 x 108% 9.76 x 10°® and 2.13 x 10®t0 3.03 x 10°
8 respectively. Comparatively, the ILCR results obtained in the study were far lower than the
results reported by Kasozi et al. (2018) in Uganda as 8.37 x 10 and 2.83 x 10**in children and
adults, respectively. In addition, Abedi et al. (2020) in Iran reported higher values of ILCR
ranging from 1.89 x 102 to 2.45 x 10° and 2.96 x 10 to 3.85 x 10, respectively compared to
the results in the current study. Incremental lifetime cancer values are deemed significant if they
exceed the USEPA acceptable risk range of 1.0 x 10° to 1.0 x 10 (1 in 1,000,000 to 1 in
10,000) (Proshad et al., 2019).

The ILCR results in the present study were far lower than the reference range given by the
international standards, implying that carcinogenic risk effects in the Kabwe residents were
insignificant. It is worth noting that milk produced in Kabwe is delivered to the milking
collection centre in Mpima area where it is mixed with other milk from other farms from distant
places in the district. The present study revealed that milk samples measured from individual
cows and between farms showed high Pb variability. However, any possible contaminants in the
milk from individual cows are not likely to increase the concentration in the final volume
appreciably (Bertha, 2007). Thus, milk from the surrounding farms in Kabwe could even be safer
to consume after it has been mixed with other milk supplies from other farms in non-lead

exposed areas after processing.

Although the findings presented in this study indicate that consumption of cow milk did not
constitute a health hazard to consumers in the residents of Kabwe, the results should be
considered with caution because the study was subject to a few limitations. These limitations
included a sampling study that was conveniently restricted to cattle reared on free-range
practices, excluding the animals confined in the commercial farms with different Pb exposure
factors. In addition, the study encountered a challenge with non-commercial farmers who only

reared small herds of mixed-breed cattle. For example, a small number of the animal population
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in the Munga region incidentally determined the sample size, which ultimately had a bearing
effect on the statistical data analysis. Further, the study did not take into account the similarities
in milk yield, age and lactation stage of the sampled subjects (Pilarczyk et al., 2013). Moreover,
a shorter lactation period among traditional cow breeds compared to dairy cows (Neven et al.
2006), as well as the outbreak of foot and mouth disease during the sampling period, made the

follow-up sampling study design a great challenge.
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CHAPTER 6

6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The study results indicate that Pb metal was present in cow milk and blood samples from all
studied sites. The Pb levels in the samples analysed showed different concentration patterns
according to season, distance, and location of the farms from the Pb-Zn mine within the
perimeter distance of 25 kilometres. Further, the findings evidently showed that the regions that
were located along the wind flow direction particularly, on the southern part of the mine in
Kang'omba area and Munga on the west exhibited high Pb concentration levels. As such, about
37% of samples from cows in Kang'omba and 60% in Munga exceeded the baseline level of
20 pg/kg of Pb concentration in cows. Moreover, the change of season from dry to wet season
induced significant differences in milk and BLLs, with blood samples generally showing

remarkably higher Pb content compared to milk samples in all the studied regions.

Although Pb was detected in all selected regions in our present study in Kabwe,
the concentrations measured in cow milk were below the safety standard threshold of 20 pg/kg
set by Codex Alimentarius Commission for human consumption. Further, due to low Pb
concentrations found in cow milk, the health risk assessment of Pb based on the CDI, THQ, and
ILCR parameters indicated that adverse health effects of Pb exposure in milk were not likely to
be significant. However, although the detected Pb concentrations in cow milk were remarkably
low, sites influenced by discharge from the mine through either wind or drainage water, had high
levels of Pb compared to the sites that were not affected by such factors. Therefore, the
prolonged intake of the milk may probably cause adverse health effects to humans, especially

children whose exposure levels were found to be appreciably higher than in adults in the study.

6.2 Recommendations

The average consumption rates of milk used in tandem with the body weights of the children and
adults in the current study were literature-based values, therefore, a field broad-based

questionnaire survey is recommended to estimate accurate average values of intake rates of cow
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milk in the studied regions. Although the established Pb levels in cow milk from Kabwe were
remarkably low to constitute a health hazard to consumers, regular monitoring and evaluation are

necessary because Pb even in low-dose exposure can cause adverse health effects to humans.

Considering that Pb is an accumulative and persistent metal and that its threshold at which it
cannot cause health complications has not been identified especially for children’s health, risk
assessment from time to time is recommended. Furthermore, evaluation of a wide range of
other heavy metals of toxicological interest in cow milk in in future studies e.g., Cd, is necessary

for the determination of the combined toxic metal effects in the residents of Kabwe.

Finally, for food safety reasons, the presence of Pb in a non-mining area of Chongwe, which in
the present study was mapped as a reference site, should further be investigated since its source
inthe cow milk and blood samples analysed was unknown. Since Pb has a wide natural
availability and use, it would be prudent to further study factors that affect its solubility and

bioavailability in both animals and humans.
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Appendices

Appendix 1: Geographical sampling locations

Sampling Area

Sample ID

Latitude

Longitude

S/N  Region
1 Kabwe
3 Kabwe
2 Kabwe
4 Kabwe
5 Kabwe
6 Kabwe
7 Kabwe
8 Kabwe
9 Kabwe
10 Kabwe
11 Kabwe
12 Kabwe
13 Kabwe
14 Kabwe
15 Kabwe
16 Kabwe
17 Kabwe
18 Kabwe
19 Kabwe
20 Kabwe
21 Kabwe
22 Chongwe
23 Chongwe
24 Chongwe

Kang'omba
Kang'omba
Kang'omba
Kang'omba
Kang'omba
Mpima
Mpima
Mpima
Mpima
Mpima
Kafulamase
Kafulamase
Kafulamase
Mukobeko
Mukobeko
Mukobeko
Mukobeko
Munga
Munga
Munga
Munga
Kanakantapa
Kanakantapa
Kanakantapa

Ns<X<CHv0DD$OTOZZIMNX“C -"TIOMOW®

N
N

14° 29' 25.73"S
14° 29' 45.20"S
14° 27' 55.48"S
14° 28' 44.40"S
14° 28' 39.22"S
14° 22'09.73"S
14° 22" 26.40"S
14° 22" 48.22"S
14° 22" 58.08"S
14° 33' 35.96"S
14° 33' 35.96"S
14° 33' 35.10"S
14° 33' 39.60"S
14° 23' 36.20"S
14° 23'27.92"S
14° 23'17.88"S
14° 23' 37.46"S
14° 26' 57.16"S
14° 26' 57.30"S
14° 27" 33.66"S
14° 23' 36.85"S
15° 14' 33.01"S
15° 14' 38.62"S
15° 15'40.88"S

28° 23' 23.93"E
28° 23' 21.37"E
28° 24' 27.83"E
28° 24' 54.99"E
28° 24' 05.72"E
28° 34' 04.15"E
28° 33'32.40"E
28° 33'45.93"E
28° 30' 25.85"E
28° 30' 21.85"E
28° 30' 36.50"E
28° 31' 21.86"E
28° 30' 08.96"E
28° 24'45.47"E
28° 24' 56.63"E
28° 24' 56.63"E
28° 24'51.41"E
28° 22' 21.14"E
28°22'20.42"E
28° 20' 58.23"E
28°24'18.18"E
28° 37' 43.01"E
28° 37'41.44"E
28° 37' 06.72"E
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Appendix 2: Participant Information Sheet

THE UNIVERSITY OF ZAMBIA
SCHOOL OF VETERINARY MEDICINE
DEPARTMENT OF BIOMEDICAL SCIENCES

Informed Consent Form for:

Name of Principle Investigator: Golden Zyambo
Name of the Organization: University of Zambia
Name of Sponsor: KAMAPA/JICA Project and UNZA

This letter is an invitation to consider participating in a study that | am conducting as part of my
Master’s degree in Toxicology at the University of Zambia under the supervision of Dr. John
Yabe. | would like to provide you with more information about this study and your involvement
would entail if you decide to take part.

Cow milk is a very important source of food value because it contains essential minerals and
vitamins that are required by the body for the growth, development, and long-term health of
infants and children. It is also recommended for the aged and the sick for the revitalization of
their health conditions. The nutrition of the milk, however, is altered by the presence of the
heavy metal pollutants in the food chain of animals that graze freely on open fields near the
contaminated mining areas and smelters. Among the heavy metals, Pb is the most frequently
evaluated heavy metal due to its high persistence in the environment and its highly toxic effect
on both humans and animals. It is important to acknowledge that the diagnosis of lead in non-
symptomatic poisoned animals is often omitted. This is because the diagnostic procedures
involved are costly and the equipment used in the determination of the heavy metal
concentrations is sophisticated. In addition, for animals that may show signs of being unwell due
to undiagnosed lead-related conditions, farmers are unable to correctly give the right treatment.
Additionally, lack of knowledge about the Pb levels in production animals is a major source of
concern because milk contaminated with Pb for example may have an adverse effect on the

consumers. Although lead studies have become an important phenomenon in Kabwe, the amount
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of lead in cow milk has not been evaluated; also, the human health risks associated with the

consumption of the milk produced in the region have not been determined.

The purpose of this study, therefore, is to evaluate the levels of Pb seasonally in lactating cows
reared by smallholder farmers located in the surrounding areas of Kabwe town. The primary aim
of the study is to assess the quality of milk for human consumption for health risks associated
with lead contamination.

The focus of the study will be in five regions of Kabwe namely, Kang’omba, Kafulamse,
Mpima, Mukobeko, and Munga while Chongwe district, will be considered as a reference

sampling area.

Numerous studies indicate that Pb levels in lactating cows can easily be monitored using milk
while the total Pb burden in animals can be evaluated using blood as a biomarker. Lead can also
be released in urine and stool in animals that may be exposed to it and because such samples can

easily be collected, lead pollution can easily be quantified and monitored.

To meet the objectives of the study, the following samples from your farm would be required to
be collected:

1. 10 ml of milk
2. 6 ml of blood
3. 10 ml of urine
4. 50 g stool
5. 50 g Soil

6. 50 ml of water
In addition, for mapping and easy identification location purposes, the Global Position System
(GPS) numbers will be recorded for your farm. The sampling cycles in the selected farms will be
conducted in October, February, and June. Your participation in this study is voluntary and you
can terminate your involvement at any time.
Your participation in the study will help bridge up the knowledge gap in Pb pollution studies
especially in human health assessment, which is key to this research. All the information you

will provide is considered completely confidential. Your name will not appear in any thesis or
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report resulting from this study, however, with your permission anonymous quotations may be
used. According to research ethics, the data collected in this study will be kept for 2 years in a
lockable cabinet or on a password-protected computer, and then confidentially destroyed or
deleted. Only researchers associated with this project will have access to the data with personal

access details.

In this study, you will not be given any incentive due to its academic nature. However, you will
be given a final report with recommendations as a form of gratitude for your time and
involvement. Before the collection of data and samples, you will be asked to sign a consent form

confirming that you understand the information presented in this information sheet.

If you have any questions regarding this study or would like to have additional information to
assist you in deciding on participation, please call me on +260 97 887872. Alternatively, you can
email me on goldzgambo@gmail.com or you can also contact my supervisor, Dr. John Yabe on
+260973258703 or email him on mjyabe@yahoo.co.uk.

I would like to assure you that this study has been reviewed and received ethics clearance
through the Directorate of Research and Graduate Studies (DRGS) at the University of Zambia.
If you have any reservations or concerns resulting from your participation in this study, please
contact the office of the DRGS on +260 — 211-290258/293937.

Golden Zyambo (Principal Investigator)
Master’s Candidate

Department of Biomedical Sciences
School of Veterinary Medicine
University of Zambia

Cell N. +260 0977887278/WhatsApp line: +260977887278

E-mail: goldzgambo@gmail.com
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Appendix 3: Certificate of Informed Owner Consent

Lead contamination and human health risk assessment through consumption of cow milk

in Kabwe, Zambia

1.  Purpose of the project: The current study was designed to assess the human health risks
associated with the consumption of cow milk as one of the high potential sources of exposure to
lead (Pb). Smallholder farmers living around the peri-urban areas of Kabwe town will be the key
focus of the study. Farmers selected to participate in this study will be asked to provide lactating
cows for seasonal sampling during October — November, February — March, and June - July
months. The cow milk will be analysed only for Pb levels. Blood, urine, and stool will also be
collected alongside the milk samples for Pb concentration comparison purposes. Additional to
these samples for Pb) analysis, soil and water samples will be collected from each farm. The
residual concentration of Pb that will be determined in cow milk will serve as an important direct
indicator of the hygienic status of the milk, as well as an indirect indicator of the extent of
environmental Pb pollution in which the milk is produced. This is because animals that graze

freely on open fields are considered as bio-indicators of environmental pollution.

2.  Eligibility for participation: The cow must have calved down after two weeks or more
and just a possibility of an extended lactation period of 8 months for the planned sampling cycles

to be achieved.

3.  Expected duration of participation: It is expected that 15 minutes will be required to
physically examine the cows by the veterinary doctor/veterinary assistants and to provide the
details of each selected animal as well as the details of the farm owner. An additional 1 hour 15
minutes will be required to collect samples from at least 10 animals.

4.  Description of Procedure: Approximately 10 ml of cow milk (2 teaspoons) will manually
be expressed directly into the sterile 15 ml tube and about 6 ml of blood will be obtained from a
jugular/tail vein using a needle and heparinized vacutainers from each randomly selected animal.
5. Possible discomforts and risks: The collection of blood from a jugular or tail vein can Pb

to transient pain, swelling, bruising, or in rare cases, infection.
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6. Possible benefits of study: There are no direct benefits to participating cows or

owners except that the study will provide the lead diagnosis in few representatives sampled
animals which often not is done by farmers even the farm (s) may be located in a highly
contaminated area due to high costs of metal analysis.

7.  Confidentiality records/data: Research records will be kept confidential to the extent
possible. No disclosure of information shall be made that would identify you, your animals, or
farm when reporting or publishing the data arising from this study unless you provide written
authorization to do so.

8.  Voluntary nature of participation: Your participation in this study is voluntary. Even
after you sign this consent document, you may decide to stop further participation in the study at
any time without any penalty. Data and specimen that may have been collected after the
termination of your participation will remain in the study.

9.  Documentation of the consent: One copy of this document will be kept together with
research records of this study, also you be given a copy to keep.

10. Contact: To obtain further information regarding this study contact:

Golden Zyambo
Phone: +260 97 7887278/ +260 96 8652075

Physical Address: Plot M/D3 Handsworth Court Lusaka Zambia

Print Name of Owner/agent:

Signature of Owner/agent: Date:
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Appendix 4: Informed Owner Consent

Lead contamination and human health risk assessment through consumption of cow milk

in Kabwe, Zambia

(name),of

(address)

(City/place)

, hereby consent to the participation of the following cows in the study cited above. I certify that

| am the legal owner (or agent of the owner) and | am responsible for the under-listed animals. I

have accurately read (or it has accurately been read for me), received a copy, and understood

the informed Owner Consent Form. | have had the opportunity to ask questions about the study

and any question | have asked has been answered to my satisfaction.

Animal Details

SIN Name of animal

Breed

Age cow

Age of calf

Name of Owner/Agent taking consent:

Signature of Owner/Agent taking consent:

Date:
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Appendix 5: Statement by the researcher/ person taking consent

| have accurately read out the information sheet to the potential participant, and to the best of my
ability made sure the participant understands.

I confirm that the participant was allowed to ask questions about the study, and all the questions
asked by the participant have been answered correctly and to the best of my ability. | confirm
that the individual has not been coerced into giving consent, and the consent has been given

freely and voluntarily.

A copy of this information Consent Form has been provided to the participant.
Name of Researcher (Person taking consent):

Signature of Researcher/ person taking consent:
Date:
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Appendix 6: Physical examination of cows included in the study — visual assessment and
record

Part A: Preliminary information

No | Description Remark/Record

Introduce the appraisal team

Take precautionary biosafety measures

Identify the respondent (s)

Confirm eligibility (lactating cows/free-range)

Provide purpose of study/information

Identify livestock breeds kept

Identify husbandry systems

Drinking water locations (using GPS)

©O©| O N o O | W N -

Grazing sites

Part B: Physical Examination of cows — Veterinarian Key

No. | Parameter - Yes | No

Have no injury or lame

Have low or lowered ears

Have foam around their nose or mouth

Grind their teeth frequently

Have abscesses on their body or in their mouths

Weak hind limbs

Have signs of weakness

Isolated or rejected by the rest of the herd

O©| O N| o o1 | W N| B~

Are the eyes bright, clean and alert

[EN
o

Breathing laboured, loud, wheezy, sneezy, whistling, or squeaky.

[EEY
[EEN

General body condition

[EEN
N

Hair coat condition
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13 | Normal joints in their legs and shoulders

14 | Have perineum (no diarrhoea or blood in stool)

15 | Feces (normal, watery, melena, constipated, mucus/fibrin or other)

16 | Have no symptoms of mastitis (udders not hot, swollen, tough, or painful etc.)

N.B: Animals selected for sampling were constrained in a crush pen for physical examination
Other findings:

Name

Veterinarian

of

Table S 1 adapted from:

Terrs and Reynolds, 2020. https://veteriankey.com/ruminant-history-physical-

1. Jerry Bertoldo, 2015. https://docplayer.net/storage/63/50084955/50084955.pdf
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UNIVERSITY OF ZAMBIA
BIOMEDICAL RESEARCHETHICS COMMITTEE

Telephone- +260 9779215304 Ridgeway Campus
Teleprams: UHZA LUSAKA P.0. Bax 30110
Telex: UNZALU Z4 24370 Lusaka, Zambia
Fam: = 260-1-250753 E-mail- uorarecj@unza zm
Federal Assurance No. FWAMQ33E IRE00113]1 of IDRGM000TTS
20 Dctober 2021

Your REF. No. 1903-2021

Mr. Golden Fyambao,
University of Zambia,

Deparment of Biomedical Sciences,
Lusaka

Diear Mr. Zyambo,

RE: HUMAN HEALTH RISK ASSESSMENT OF LEAD EXPOSURE THROUGH
CONSUAMPTION OF COW?S MILE IN KEABWE, ZAMEIA (REF. NO. 1903-2021)

The above-mentioned research proposal was presented to the Biomedical Fessarch Ethics Committes on
T October, 2021. The proposal is approved. The approval is besed on the following doommsnts that wesns
submitied for review:

a) Study proposal

b) Cmestionnaires
(4] Participant Consent Form
AFFROVAL NUMBER : REF. 1903-2021

This number shonld be nsed on all correspondence, consent forms and documents as appropriate.
AFPFROVAL DATE - 19" October 2021
= TY¥FE OF AFFROVAL  : Standard
» EXPIRATION DATE OF APPROVAL  : 13" October 2022
After thiz date this project may only contimme upon renewal. For purposes of renewal, a progress
repart on 3 standard form obtainable from the UMZABEEC Offices should be submitted one month
before the expiration date for continuing review.

+« SERIOUS ADVERSE EVENT REEPORTING: All SAF: and any other serions challenses/problems
having to do with participant welfare, participant safety and study infegrity onast be reported to
UNZABREC within 3 working days using standard formms obtzinsble from UNZABRREC.

+  MODIFICATTIONS: Pries UMNZABREC approval usins standard forms obtainable from the
UNZABEEC Offices is required before implementing any changes in the Protocol (mcluding changss in
the consent dequments).

+« TERMINATION OF STUDY: On tenminsfion of a study, 2 report has to be submitted to the
UNZABREC using standard forms obtzinsble from the UNZABREC Offices.
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= MNHEA: You are advised to obtain finzl study clesrance and approval to conduct research in Zambia
fromn the Mabdonal Health Besearch Awthority (WHEA) before commencing the research project

=  QUESTIONS: Plesse contact the UNZABREC on Telephone Mo, +2608977925304 of by e-mail oa
HNTATSC (0SS 7.

« OTHER: Please be rerminded to send i copies of your research Sndingsresults for our records. Yom are
also required fo submdi electrondc copies of your publications in peer-teviewsd journals that may
emangps from this sudy. Use the online portal: unza rhinne net for firther subrmissions.

Yours sincerely,

Sody Mweanya Muonsaka, BSc | BMSc., PhDd
CHAIRFERSOMN

Tel: +260977925304
E-mail- s mumeaks ghinzs zm
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NATIONAL HEALTH RESEARCH AUTHORITY
FPaediatric Centre of Excellence, University Teachinz Hospital, P.O. Box 30075, LUSAKA
Chalala Office Lot No. 18961/AL Odff Kasama Road, P.O. Box 375, LUSAKA

Tell: +260211 250309 | Emal: zphgzec@nhraorezn | e plizorzzm
Ref No: NHRAM00004/15/11/2021 Date: 15% November, 2021
The Prinecipal Investigator,

Folden Zvambao,
University of Zambia,
Lusaka, Zambia.

Dear Golden Zvamba,

Re: Request for Authority to Conduct Research

The MNational Health Fesearch Authonty 1z 1n receipt of vour request for authernty to conduct
research titled “HUMAN HEALTH ERISK ASSESSMENT OF LEAD EXPOSTRE
THROUGH CONSUMPTION OF COW'S MILK IN KABWE, ZAMBIA.”®

T wish to inform vou that following subossion of vour request to the Authority, our review of
the same and mm view of the ethacal clearance, this study has been APPROVED on condition
that:

1. The melevant Provincial and Distict Medical Officers where the study 1z being
conducted are fully appraised:;
2. Progress updates are provided to NHEA quarterly from the date of commencement
of the study;
3. The final study report 15 cleared by the MHEA before any publicaton or
dissemmation within or cutside the country;
4. Afierclearance for publication or dissemmation by the WHEA  the final study report
15 shared wath all relevant Provineial and Distnet Dhrectors of Health where the
study was being conducted, University leadership, and all key respondents.
Yours smearaly, _H“:.
Prof. Godfrey Biemba
Dhrector/CEQ
National Health Rezearch Authority

84



Fs; Tncnaind Jewmd of
e o devamata] R savrel

arial Pallic Ffaolth

[MbPy

Arbicle

Human Health Risk Assessment from Lead Exposure through

Consumption of Raw Cow Milk from Free-Range Cattle Reared
in the Vicinity of a Lead-Zinc Mine in Kabwe

Golden Fyambo ¥ Jobu Yabe %75 Kazmpues Muzendu 17, Ethel M lcasndae i *, Kennedy Chosngs |,
Andrey Kataba ' I:.rmﬂul:m-.-up" Al Lizzasmbi %, Shouta M M Makayama 2 Hokute Makata 70

aand Mayumi Libibeka >*

chmdk For
g

bt I aitikaa, Co el |2
Mebasarnda, K ;b oo s, 22
CTamgss Ko Ralabe, A Tome irpm,
B Dimsarsts . Malayosns 55l G
Mmicads Lol al Gl |l Kk
s d froam leml b pommate
Erwinmaphs s g ol Bare D s
REIE { i P B Calhe Bl
i e ¥ warafy of o leed-dse o
Ealw s imr. | Inmron P T bic
i X2, 15 &F. hopec’’

s w1 KR g L PIREF

Al Rl Dury] B Dl

Beartteak 1 Bl by 2
Bgpepieedt 11 prd HEE
Foirbalv-t 0 Acpad G

Fabiiders Bt MU doys ieatial
widirrpeed b ek ol cbise i
reariaded tmm aml imllols vl 2T
i

Cigryingghl & 2R by de sceds
Larmmre I Eweed  Swidee el
Thee atiche s o st morss ailai
e R g e ]
il i ol S e Cidnd s
Arudeatss {0 B larvee (ldye 7
[ e T T
Ay

! Srtael o Vovirstrary Mo dicinn, The Linseoseity of Yambe, PO S 3098, Lisslos 10000, Zamnibia;
gk ol oo (0 ] ke vl sho. rom (M o ol lomabew isileros oo (ML
kel choongeiiahon e (KD | srdew ketshelgraai loom L)
shes e wy serad FlgrreailL oo (5 RLRLIM |
Y |ty of Toe ieclegry: Dispaertewernt of Frrebronee il Veferinsny Scienos, Facu By of Velesirary B dici
Holdeaido Lty K 18 Mishi 4, Efs-en, Sepperes SUHE1E, foparg holoric na ke blwtned hokode s
¥ Sedwsed of Vostrary bodicinn, Unteoeiey of Namibis, PO Bexe 13007, Wirsbon ke b0, Narmibs
L Gontral Proetnen Wrinrireesy OB, 5 Paniing Steet, Kabws PO Box S008%, Zambi;
e kchurer in el oo (K ) el srmbrflgenail com 6 L)

P Cormeporeiera: sipsheillyshon o ok (Y | s bresd holerial ec jp (ML

ol B 481-11-A-shas (ML)

Abstract Lisid PR} conberamation in e e nenmeent affiocss ot Broenrs e animalks. Chnonie
e i Ph via dictiny stike of dnimal products soch as milk fnom Somiminiied dncis possss @
health rede fo corseenen; Swedon, B possent stody imvestigaind Phocontiereation in cowe milk and
its bl rod Erpdt on brasrdins througth conseneSon of milk om cabthe noaned inthe praximigy of a
Ph—m mire = Kilbwre, Fambe. Fasl milk sienglhos wen colleSed from doms fnom ey oenks (KML
Fafularns: (KFL Mpera (P, Mubobeies (ME) @nd Moy (MM} frming asas. Ph delceminetan
v purrfiermd wsing Criphike Flarme A bserpliom A omic Sprctrmibaobrmibry [CRAASE Cow milk PR
kewicks sharsand dlifizmeni Ccondenirabion paSers sotomnling bo sesson, desbance, dnd lacition of e fems
Friam S Ph-n mimae. Thee aerill sasan Ph b b weene siegead RE0-220 s B sl 050-4.24 0 kg in
ther vt aned Ay sedsors, eapectvely. The mean P oomoemtnirtion, chrmonet daily itk (CT08S), tergpet
hezand quassenss (THOR] anad monsmenia] Bl e nskl (TLCR) nowalis chtained v all within
the permnssebic Fnibs of 20 gk 3 and 125 g e BWY &, <1 ad 10 4 gl "‘_.n:rpﬁ'li-u-ulf In
evrriusion, althoogh Phws deiecied in eralk from cows nzansd i Eibwee, the healtho rsk offeocts of Ph
e pun acdied with the comsumption of milk in both ddults dnd childeen wes eghobbe

Eaywroredis: Fusran Faalth redi; milk; kead; oo saity; ingestion

L Introduction

Laad () is i beriic: aned provssaike i ke rimik [1] that sesalts froen snadtiphe
simapiis @ the emviconient [2] B of ite weidkssprsad wee, Pl has cousnd iockensive
sy ircsnaenbal contamination and health problens sy parts of the world [3] Lose-
jfuiﬁ.\\rufﬂ'lrm.l:ﬂr_.l'mﬂm luﬁhwiﬂumﬂmﬁm}ﬂmwhm
B vchildien [ by ardmals, grasing on contamanated %
i ot ol e et somuroes af Pl conteant i anisnal o |5] Tn o posad andnabs, malk
crenibannisabiom with Pb is coosed by the evenedion of the metal fnto mdalle [5-5%] Nomssoos
druthors bove snported nalk contasination with Pl [6,510-15]

Primesily, the Eood chain i sabpact b Pl contasamnetion threuph ploed wptole o o
crmitamdnaked envinment [156], whene enimals seroomdate Phoin their Gsanses and ecceebe
it i nille |17 Enﬂmumﬂil:hcuﬁﬁrrm]ﬁ.ﬂ;m] ﬁuﬁ:ﬁiﬂmhitmﬁm b ]

ke | fhston. B Pubiic i 2007 19, &7 hmpsy' el oy 10 00y e S0l
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bwdu&hhwﬁhhbothmmmﬂs; On the other hand,
otal resadues in onilk coald be an smportent “ dasct indicator” of an “indinadt indscatod” of
mwmahmmmmd«wmmnuwm
envisonoental contamination and wasonal varations, chmatc coaditions, lctation period
of cows, health conditicrs, and snsmal enncal feed composition have buen identiSed to
have & sapraficant ¢ fect on the variability of the oioeral content in fine cow alk (111
Milk is neppardied as natund’s single most complete food [19] Ttis e most valuable asd
negpudardy conseanwed food that is bt known for its good composation of major minegals,
pmhtaudvm[m}bamfoodm&nh:md-&.a-mdbo&m
foren and & varioas dairy products [11] Sovae o6l is langely comanmwd
ainfants and children, Pb nesidues in milk ane of conerm 21
duldmby wiheneeven low-bvel exposan incarly mmpm‘: kvorweny I{)“; M
mwmmhmnmmwum&um
anenaa, hyperienséon, nonal dansage, imsunotodiaty, ete [5) Chronie exposan to Pb
is also assocated with spontarous abortions and stllbvirth in women [13] & well a6

infertility inowen [23)
I-Lghhdsolmmmdhnmd bmmwmxﬁw&nuxhum
ing and srwltiog, battery recycling of waste battesivs, and coul [24)

In Kabwe, the capital of Zambia's Central Paowvinos, extensive Pb pollution in the rearby
tow ushigee casend by emisscons fram a Pb-Zin oine and sowelion has buen acpoetind [25,26])
As a sl high Pb conoentrations have baen detected in animals, inchodang livestock and
dogs [26-32). En addition, high kavels of Pb concentrations in hamnars, especially childaen,
have bewn s poeted [35] Dispite thae crummenous fepocts aboat Pb contamunation in Kabwe,
daetary Pb exposune and its associated rishs have not buen evaluated. To addose this
koow ledgge gap, the curment study was conducted toc (1) quantify the Pb concentraticos
in milk from catthe scaned arcund the Pb-Zn mine in Kalnee; (2) v estiate the seasonal
variations of Pb conaentrations i cow malk (3) asarss the bealth sk impact of ex posu 1o
Pb theough cow milk consamgption by the local sesidents of Kabwe.

2 Methods aad Makerials
21 laﬁudlk&ﬂyhﬂ.dMDd'

The cunent stady wess conducted using udnus..
Mmhpmdhmmmhhnwwnm rOvine wes
swehected as stady sites; Changwe town 3 Lusaka Provine: Zambia was inchuded as a
peferenae sl (& non-maning asea). The geograpbacal location of Kabwe @ 14827 S and
25°26" E, about 150 km sorth of Lusaloy, the capital city of Zambia; Ohongwe i Jocated at
14777 S and 28726 E, 45 ko east of Lusaka

The focas of the study was on Bve fegices of Kabwe maindy with a tanget selection of
fusns coenposed of traditional seallholder mik produce s, comengng farms of sonall
MWW,M&MMMMWMWMMM
(MK} and Munga (MN) (Figuae 1) Choogpwe (ON) town in the Kanakantaps ancs, as it 3
& oh- g ane, was consadened & neferenae zone for consparative pusposes with the
samgples from Kabwe The sampling locations were nxarked using the Global Positioning
Systemn (GPS) (Tabde ST). The sampliog 2onmes wene chosen based on the high dependence
on tradtional of ouix-baced cattlhe caned usang e practices by Saromers for both beef
NMMMAQMbMddlmP&dMlGMML
of eilk per yeac Farms having a head size grvater than of egual 1o Bve Lactating cows were
negistese d for sampling, If the fase had more than Bve but e than ten lctating cows
(5> 10), &ll the availabi Lactating cows wene consedened as study subjects, as long & they
ot the selection criteria (Tabke S2 howeves, in a cree where lactating cows exoard 10, the
extra prumber of sabjects was calodated based an the 10 penaent fraction of the total head 1o
cow fatic, following random sdection critesia
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Figure L GPS map (modified from Googhe My Maps) show ing sampling locsts 1 St P 7

mire in five ngpoes of Kebwee (Kang cmmba o~ 56; Mpima, n ~ 54; Kafulamese, n = 15; Makobe s,
n =59 Munga, n= 10}

22 Mik Sewpling

Cow milk samplng was conducted beh 2018 and 2021 dusing the wet and diy
wamors. Gererally wasors are divided into two distinctive halves, o doy half froen May
to Otobwr and @ wet half from November to Aprl The coldest month is July with
mperatuses o the range of 3.6-120 °C while the hottest month is October, with fem-
P ratuns avesaging 27.7-365 “C On averape, anmaal rainfall renges from 700 o in the
extreae soutiovest 1o 1400 s in the nonth and i 1001 s cn avenage [35) Toevaluake
sweasonnl varations of Pb @ the malk of the study participants, semphes wene colkected
in a follow -ap desgn stady @ Rebrosry/ Mardh (wet season) and October (dry season).
Semples wene collectied during momang routine malkiog {36] fram healthy cow s acconding
to the standard ewthods [5738]. Before sample collction, the adder of vach cow was
wasdwd wsang dastilled water and about 10 ml was ox prsasd manually dinectly into stesile
15 el poly propyhene tubes SuperClear® Laboon, Petaluma, CA, USA ) After collection, the
i a cooker bov with e packs befoar tramportation for storage at —20 °C at the Usaversaty
of Zasabia, School of Wtk rinagy Medicow, Lusala, Zambia untd analysis
23 Sawple Preparation and Micowere Acd Digestom

For the parpasation of all solutions, double dastilled water from o MalE-Q Elenwnt
sysdens (18 M -cm, Millipon™, Milfoed, MA, USA) was used. Metal free polyp! herw
viak (Kanto wemical Ca, Inc, Tokyo, lw)wuw-nﬂﬂahm
(Kanta Chemnical Co, Inc, Tobyo, Japan) for 24 h and rirsed thosoaghly with Milli-Q
double distilled water befoar use. The aulk samphes were thiwed at rocm tempaeratus
and x by vortex. Appoovimately 1 g of milk was accunsely weighed in a
MMMMPMWWLMWMM
wxtraction in a dosed mscrow ave digestion sysbeo | Speed Wave@ENTRY, Essngpen,
Germany) as described by Toyoenaks of &l [ZT7] v enetal extraction was conducted
usdang & closed, optimasd mictowave digestion system under sutomated Semperatune and

Wusimmsgmm.uimaMSdeMﬁuk

acid (69% HNO; pure, HLAR™, Kanto Chwsnical Co, Inc, Tokya, Japan) and 1 ml of
I hydropen peroside (Kanto Che snical Ca Inc, Tokyo, Japan) The dige sted samplhes
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wachi Ehin cooknd for M) e and tracsferaed ante 15 ml skeibe pobe poogy bow tokws Te
emuie homuognenssty, ithe conlents wene thanoughldy miwed by snvertiog the tube for by min
Sisnilorly, bloak sanples ware abeo parposed ol ongride the il samsples be nusnkan e
wnifermity of diggestion paremebers.

24 Led Dederprimpbon m Mk

L analysis in enilk w Fanrman-cornachad

sedplion epectrophotomstny [G.E.AS} Hﬂ-ﬂmﬂﬂmﬁm
Corporation, Tokpo }npm:npff-dunm;rqmphihfmwdﬁﬂhnh&tur-
dﬂ::ih-dby'l'nb--inl[ﬁ:’].[nh‘ﬁ- oo thaead of Py analysis, o matrie snodier of
il 8 iy S sl fale M) (Malkagy o Ku, Kyoto, lapan) was wsad
b i i e ook e flnct acoondiog to the mamdfocheres’s guide. Conecmitanthy, the

drubo-prrcggrasumn somnpler par e sgectnd 20 Rl of sompbe aced Bhe nodabier for enalyais
T opsrrabion comnditiens of the GFAAS ane as given in Table 54

1% (ality A souranoe

Thee F'b asnadysis by the GFAAS e thesd imcluded lisssar raogge, oo Beient of cornedlatsan
Lt of bt (1O ainad legnite of gaantieation {LOC) analytical paraosdens. Th
LOD vahee was caleulated by gohyiang 3t standand deviatica (S0 for 14
cabioes of the blank, whike the was cabeulited by snedtiplying 10 tisws SO of the

£ {Table 54y of blank e weas faeasernd dines
o T T.T.T.mhmw from the sample pemition (9], Method valy
dation amd accurecy weene acvanding o Yabe ot all [26] vt TOLT-5S (Do
v, Malioinal Faasch of Casneed g, (e, (0, Canada) E-Fl-ulr.uu!.-md
CEOLT-S e e renine i berial inadicabed the sovureey snd fecovesy rake of 93111920 (elativ e
sbaudand dew iaticen, BESDY == 5% The confidencs i the snbegrity of daba was incnessnd by

duplicate tusssanement of i g g ) arckoned on o svallipodnt coliration
mpﬁpﬁnﬂ&mmw of Pt (Himseas, eli, L i) stk 3
18 Date Amolyss

Dhesecri priver statietical sna by sis of the dabo ws performnd weiog Ceaphdad e wofbeane
wmruwmxmmmammhwﬁnmﬁmmmm
-:ph'ﬂh'rpuu'-ﬁ-mmplﬁnﬁd n—mtph-rmmu'rn—mmvihflﬂ}:l:)—
mmmh&rwdﬁh&kmmmmm“dﬂwﬂ
exaamnivmnd for nosmality of distribabon by Kelmogorow -Smisov normality best The best
prertarmmnd whimesnd the departan: of dabas froen socmsalitg. T stabalize e varias, w
transefarmed the data by @ base 10 kegarithen Stalistical compariaon analy s s perfonomend
b hetermnine the diffennmans @ the mwan cnasniraticens of Pb in e milk somples oollectnd
in B vt and diy seascens snd oo diflerend seonphad regions weing amalysis of vasiance
(APIONA ) and Tubey s mmltipl compariaon et scspectivedly. Al sipniGicant differaroes
ol el ab g L0S
217 Probafdlistic Health Righ A scecomem ! of L ead o BT

Toevahube the Phexpoan thamagh ingeation of contasinatand oo il in e local
Muam‘,hmmt.awmmmwmml
tasppet hrard guotients (THOS), and sneneassental letime comeer risk (TLCR) pasomssiers
azcand mhﬁhupﬂmwhmmmm“mw
Agrey M
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271 Chronie Dadly bnbo e

T O & avalue relatid bo the owtal concentration in milk, the deily consamption of
malll, aned thae by s ﬁdhwwh&mmwawm;
it bhss cmer, P The m“hmmﬁ“hﬁqﬂmﬂb[ﬂ}

1 = (T = D)/ EW i

wehsene (T i the estisnabind cheeede daily intabe of Pb (kg 1 1Y day 1 Ca, aan
H-mwhﬁm[pﬁjfﬂdaﬂy-ﬂihh[pﬁf&y;hﬂma-hwhﬂy
waright (k) Charisng e the scarcity of wpdaked data o the consusplion rabes of milk =
Larnbia, e average daily wntabie of milk i childnon asd adults & 71 and T g dayf peersen
fier becechy et aof 100 g aed 70 b, resparctively [4142), weene maed for the caleudabions @
tree: prowsscnt sbudhe
272 Rik Chorackerization

Trurﬂ:dwmm:ul}ﬁnﬁqqmmmﬂu' i il s e riak -
st Wi gt ooty i oo dumed aen Bnpeairient for idendifying the health rrak effocts
it Pruanan wid providiing sisk evidies for deciiio- aking

Mon-Carcinoppen: Ridk

Mesn-carcinoppere risk s evaluabnd by cmnparing an exposnene bvel (dose) over a
apurcibind petiiod, such as o Bletine, with a oo dose deeivind for o spalar epos i
preriod |43

Tt peimaewpensic fiak i charmoerszad in terms of THCE webich bas been neoog nized
s @ vl parseder for theevahabion of riks sesocisted with e consamption of sl
wonitasnisabiod food. Thuas, the pobantial non-carcinoagpenic fake for thi o posane te P via
it plico of come il s s by compariso of CTH fom the ol opoae toube
writhy thae chercenic: dose (BTN to fnd the THO v aber described by the IFSERA [40] s followeic

THO = (CTH /R = 103 (2]

wehene THO) 2 wnithess, (0 s the chonic daily in.l:nl:-wu‘*- [mﬁ.i'kg.i'd.l].':;ud.mh
mgg by’ ey Thee coeal nefenenar dise far Phis 35 w0 1077 THED 2 1 ssenreess that Bere may
b @ conincsera fod poteantiall duocascincgpianic faaka. L a cose w b TEIO < 1, it o Hat
tha buazinrd i wodibir by b e advine hualth efiects fog the eposed populations [£3]

Cascincgenic risk nefiers b the sncremental probability of an indiidual developi
ity kil of carer o Bl lime: Bantiuses of exposue to cafcinaogens [43] In the corsent
study, corciogenic riska we e caleulibad s the inensswental probability of an ndividaal
v ebapang concer over o lifetise 0s @ seaalt of aposan o P sccanding bo the livsar
squaticn [3449,44] as folbowc

Carcinogenis risk = COL « C5F 3]

wehire CTH s thee daily cheonde inbake; C5E coner dops &ﬂ-:[nﬁgjwb}'r L According
e Ehae LPSERA [400], Bhee accsrpbable safe sisk ranpges Broan 10 o 1

3 Besulls and [Neigsibon
AL Led Conem rations im Cow M

The overall sumamarized comenbrations of Phanalyzed in cow malk samphos from the
budied mrgios ane presenbad in Tabde 1. The mesn Pl kvels debechad in oo malk varsed in
thar mcruyge of (LG0-2 32 pge Ml i b wet sy vl 050 240 e by i Bhwe oy cssmion. Thae
Jomararst i Warlvse mevoenind v in bbbl whh:upwﬁl}-ﬂmﬂn:]qqhﬂ.}'hnw
i Vialoe than the kevel Ehat was seconded i Ch .-.-,H.'- sl Amdmlﬁ_
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to the reults, Munga had the highest swen Pb conoentration. Table 1 below shows the
descriptive fesults obtaaned i the study

Tabke 1. Summasy of mein keed contentrations (m/ ypwt /wi ]

Standard -
. No of Sampies Mean Min-Max
Season Region Devistion
Farma in) (=) (SD+) (ug'kg)
Kar{ gomba 5 b5 232 1.87 5-a90
Wet Kafulemia 3 16 098 s 053150
- e Mpims S o 120 067 02275
Mubobu ke S = L1 0r4 n1e-277
Mu=gi 3 5 1.96 145 (178270
Chomgrm: a 9 060 019 083466
Average 136 08s 005490
Kar' gomba K M 293 28 070-9.66
Kafulemia: 3 19 172 258 005108
Drey Mpima 5 26 nss nx né1-r7
- on Mukobu ke s X0 os0 024 0m-115
Muzgs 3 5 424 P 176.7.70
Chosgrwe: a 9 03] 1 L4081
Average 170 132 0Ds- 228

The variation of swan Pb concentration nenelts in cow milk obtained showed sig-
nificant diffesenoss among the samphed segions when campaned with Tubey's multiphs
comparison test set at 005 (p< AL05) Data in Fguse 2 dhow the graphical vasiaticns of
awean Pb conantrations obtasned in sach sempled negion.

B Uy scmes a
| R

ML Py Conceniration (g hg)

sfanbBbBERELEESESS

Kaeg'ambs  Kafslamume Mgbns Makebeks Manga Cheogwe

Figure 2 The vieriascn of muen Ph contentrabion soults i cow el (pg/hg-wt /wi ) por noggon and
puersstson. The lowe s Gow: Rt - sprsent sagraficant difse 1 the sampled xgions
using Tubey s multiple Comparnson st wet ot 005 (p< 0LS)

Thee guesseral taend of the ewan Pb conoentralions @ milk during the wet sason followed
the decneaing onder of Kangconba > Musga > Mpaoa > Mukobeko > Kafulaoae > Ohongows,
whike in the dey season, the taend follow ed the ander of Manga > Kaog'omba > Kafulasase
> Mpima > Changwe > Mukobeko s ilhastrated i Figare 3 The awan Pb conaentrations
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] in malk sasnples in the dry seseon weae higher than the samples in the wet wsson,
ssgpurcially i Brrene clier o the i

L
Ll E B v masen
EC] a [ ST

Sk Fi Coimeasratiog §jg kel
in

.. li! ;i i-i- Ii il

kang' emba  Balalamas Hpria Nlikah ka Whanga [ T

Figure 3 A summary of P condengrations (g’ yg) inocow milk dnabeaed from daflosend ses per
szdsce in th reseny arcd [King'embi, n= 56; Mpimi, n = 5; Eabclamise, o= 35 Mukobcko, no= 58
Meamga = W} dmed = @ nememining dsa of Chomgre (mfonnoe sl no= 10 Data ame prssenbed in
e ared whisher plike Eras marked joros the s Sraeahe the medides; bax limils g peewesd 55th
inud TS¢h pamenbk s ends of the widsher shae mindmum and saximem vahees of Ph oneniseSons
micwaned. The lower-Cise: kethem @5 wepossent sgeahicint Jafienenioes amorg b sampled mgions
using Tubiy"s mulbple Gompdnsen sk [P« L05) Asbensh (7] oaine mfonene o

Buasarad (o e ienalbs of thae crsfitent study, Phowis pieseet in el semnpled b, sneludang
g {ae fetenoe sile]) Thmmdﬁhﬂt&-&mxﬂhmphﬂ farmns afeamd
mw}dﬂ.humhﬁh#nimmm&amwmﬂummnd}'

il M%uhkhmﬂh}dhhdﬁmdhﬂwpﬂ% e
inferval Fis cemnentration ws nemarkably menienal (Fnoe 31 The mill Pl conoentrations
i thae mivring o o of ol shirwid Bighses variability cospadnd b ithae s mdnsng i

CL.“E:'nmEﬂ the Enadings indicate that the spatial destbrintion patiern of the b con-
tasnisabion in b cow milk e ked cormeponded with the wimd
e o he et te ot s f the P i, ot xepie, Moge o6
tha it aevd K canba o the soutbrsesl wene subpect h:hﬁﬁ:- praallabicn bunt i oof
thacir ety and geograpbacal locabion bo the Pbfn mire ot Bkely explanaticn
fo o o i bind. P oo b o i B Bty s ctipsind s dobhner sibiss i Hhwe oy sarisins
mubrdwhﬂhmﬁhdutmdmhnﬂuhdlmwpndudm-ﬂm
serfaors of cabilke grassng on doniliemeiabend by efnissiore fonm sosdbers [S]

Ohit e otheer b, thee Fhmmhmtimmﬁummﬂ.ﬂlwhwm
thuer ey s in B boobedon (L5 inl]-amrdl:-v ll'ﬂ
J'ut;l'-nnl]:"bmntﬂlimﬂu pﬁ.llkﬁ:l dur-nﬂ_ Ihu-nn.n- s o v e sk En.fulnmu.;
@ sarnplivg; location that was furthes on th southessbern side of the Pb-Zn nane. Studics
meveal that Lerge amsmunts of taliongs and wodewaber prodoaed 0 the sisnig oo
acceund bar high meetal contamiation in the anpenvironaent [43] Mosthy, rear
thw sl b [R5, hwrse i e o caednd aptaki of P thoeugh contominated fodideg which
sabvisr quannitly Sesalts insenbanoed eoose tion of Pl scsiduss inmalk [12) Moscover, studies
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wd.-uhlhjmmh:.nhwh]dﬂp-mﬂnwﬁ dupmidu.hnwthi.hﬂ
affecting agficulbaral Eelds ad water Bodies |2] Thias, intake of P contamanatid waber
mlmh%mwﬁdmmdm\;hmmuﬂh

i with the appicciably bagh P content s milk obseavad from the Eafulasae
teggieces, 1% b awra froims thee mose The overall nealts i the pitcaont svestipation ahnaed
MﬁhuhmaiwuﬂkmhmmwufﬂuhﬂhwﬂutmhunW
poevicuashy fron Vi o ouibii Tk 21

Tabke I Lead kewels inove milk from vanous coesnires i nedenk fee yeess 215-H21)

car Soarx af Mllk M lt':;d Mean iupkp Rangs Bcfcmno
b iral Farsbim Farrtres rnarr B mining s fras} GRS 4 L L Promaersz wmandy
i 1} irma 1 AAS 116 + San - 1]
i 1} Farms @ FOA-AAS 1o - 1]
Ay ! marh nE KPS 1k E I - ]
Ay Srrmalll cwr=in frres ] GRS 2 =150 b 1]
e Mt e ks o CROHS I2EA 4 XD Lz p-ERm |-[i-.l|
e Farmm ] MAS E W] - 1=
nchowivial snd y
e i Fararn 11e GRS ST ] M-z =4
e Dhstrirt: 11 AAS TodE + 152 SE3-TM 1]
s Farma = ERARS el K] P Ll
o Farma 1] AAS =i e | -l =3
o Dhairy wheopes 18 AAS T E SR izl LL]
Soh-maxin ol mceeial el
sl Moo raslpiu 40 CROHS ML [T 2]
Fearain e e

ani i d'l':-':"lll = = BAAS a0z + e - 2=
k-l s Bursl s 1 PR 158+ 5ds niot-add s
s Dty shops snd g = GRS o+ 32 i 1]

Cioonpaned o bhe establishend vahoes in e prescnt study, other suthors in Rosasea [1]
Lrudia [55], Lrasm [49]. and Kazalthetan |46] seoaly noportod higher Pb conoentrations of
240 + VR0 g g, 205 £ 070 pe o, 3253 = 30 B0 ps/ g, aend 1006 & 000 ! H;E:
tvedy I ooetbudes, values obla it e coarment study weene fesnarkably ba
s Diproatind. by Flasinn and AL [H0] & Swdan but withan the fonge that was fieamnd
ien Chana (360 + 230 pg/kgd by Wang et al (2] Altheagh Pb was detected i all
Boabre s i i o piisent shady, the cotenbrations B oy cine il weene Balow the
200 g sabety standand threshold st by Codes Alisentacios Commiseios [55], amnd
00 g by, o bk vahus establichnd by e Eusopesn Focd Safety Autharity of the
Ensrorpean Uledin (ELT (57
A1 Sepmomal Varietioms of Lend Concentration Trends i M ik

The gemeral tnends of Pb concentrations obsevad @ sach megion ane pressnied in

dadl buelimar

T study ehsenaned varied Pb comoenbralicen el ineach sesen, despile the anismals

|:|:|].I'|.I e cagee i s e Fusr ex ., 2t K
mdhyﬁiﬁwmﬁm‘ﬂﬂkﬂhm Mmﬂmuﬁhhwm
ware briggheer thasn s thee vt ssascn. Sinsilady, the results cblaired 0 Kafolamass in the
painad senple ssalyned sdicsle smarkable high Phocnlient in the milk in the dey seaen
:ﬁ:ﬂdhﬂhmﬂdﬂm&dmﬂhwtmm&uwmﬁumm

i Mukobsko and Mpama wese sisilar but diffencnt from te patiemn cbeerved in
Emﬁ'mﬁ[ﬂ@m,mﬂﬂm&tfhﬂhmﬁw,h&wﬂmﬂmmﬂ,mpﬁ:
analyzed dienanrd an irsegualer Pb patiern, althoagh the conoairalions saomed to osllabe
weithim ithe s mageibode inesch o
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Figune 4. Fh concentration ends Bnpained cow =k sarmphes colkesind in She wat sl dry i &
i) gy ool ) Fla Sl ; (o} Mukobe buo; () Mpime sgions. fesserisk on f@]" i (FF macaies
unpaned milk samples, e, milk siermkes colleeied froen defienenk wberied sobpcss = Munga and
Choegrme egeons durmg thee wet e dey seiseons. The ktkens on griph (a—d) gt identiby
mumibszs oof paied siemplos froes B e individual oo, while the numibsens om graph (e and (67
nipessee sampks idenbfy numbees i unpissnd sienglics fnom difcornt eresrals of B siemes bl

Thee diffesrnee b aesors eveked cormiderable P concentrabion varialions eithsr
hhmhtﬁhhmmﬂﬁhﬂfumdﬁmnﬁhﬂ Factars
smch as the boealbon and distence of the farmes from e PhZn mine could have alse
conuiribuked bo e observed P covenbration Bucbuabions The lisrabane ddaae I.’ﬁtlh-
g of by ¥ gl combamanation in cone milk is o covsbent bt diflers
hdpﬂmrwtﬂ,.mvwhlmﬂhmmuhruﬂdgﬁhﬁrd I.n-ﬂ'..ll.ﬂ.,..hﬂ
il bieed [S] Sine the paccnt study focusend on catthe with maoed bveds meased can
b paningge prractlioes, vagiabality of Po neddues nomalk o diflcnent sngios e sexpncbal
3.3 Henlth Righ A sseoommi

Health riak is defined o the Bhelihood of hermnfol e fecbs on beman bealbh s o sl
af e iredumsstal polhabion [43] Thes, e posuss asssssannt s the process of mesaring of
wtionalivg the intensity, faequency, and dusation of o exgposane bo an avvirnssstal
et | 35] B poiute asssaient sraalbe cam b wend b evahabe risks fo haman health |24)
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Fasulttrg froamn such an evahabion peoces in the cwrnent stody, the summarized dota o
poeenibed in Tabkes 35 bielow.

Tabke 3. Chroenic dinly istake (00 of kad thoxogh consumption of malk for e pesidend childnn
and sdalks of K

e Dhray Season T kg ay)
Reggiom Childeén Aduli Chil deém A dult
Kl jguomiba AT M-S f6h = 107 408 . 108 27 107
Koafalamioe LR 143w 0T Ld& = 107" &0% s W
Mpima L s 104 400 = 107 LB = 104 420« 10-F
Bl ok 4 10 ARG 107 FECPS -
Wunga L w10 d 86w 10 LA . 10" L4H » 104
Chomggre: * 00 . 10T 210 = 107 FETES T L9 10-F
—— 79w A0 27w WY 119 w 1078 174 w 10

" i i e =i

Tabk 4 Tanget hie] quotiens (THD of kad theough cossenption of o milk fin childaen and
aulolt] o B nesichemis of Kibwe

Wit Seasion Dy Sason
THQ THQ

Region Childeen Al el do Adult
Elien jyuemiba LitH 102 100 = 104 L& 003 251w 10
Kafalarm: 2 10t 080 = 10T 4180t L7z W0t
Mpima 250 5 w0t 130 = 340 1074 L0 w oY
Befurhacis s 290 . 104 110 = 14 L% = 104 S0« 105
Munga 476 . 1Y 1086 1Y LIS =« 10% FET I
Chomyees = Lk = 104 GO0 = 105 L4 104 S0 W05
Average LL 7w w A4l w103 LI w0 A0¥

" racdicwan i ronecn stin.

Tabke & [resrmerniad hkii=e ciever risk (JUCR] of ki throagh comsumpbion of dowe milk (inchdidan
arud akaks)oin e melemis of Kb

Wit Seasin Dy Sason
[LCR ILCE

Ragiim Childein Achall Childeim Aduli
i jinmba A3 W LT A% 0t 747 = 10T
Kafalarm: T 107 20 = 107 L4 100 512w W07
Mpima B w0 A T T | A =« W?
Murhsiar B . 1077 490 = 10T LT P L40 o 107
Munga L2 . 109 B8« 107 06 . 108 L6 o 3-8
[hirgoeu PRy 1% " 268t L5% = 107
Average a3 w10 E 281 w b 101w 10T 118 w 10— E

331 Cheonie Daaly Intabie of Lead Metal in Milk

Tabke 3 bederwe chowes the sammsary of the T valwes calealabd basad on B aver-
e concenirations found i ome malk analyeed from eadh megpioa. [ wese
cofipainnd with provisienal takenahke daihy snbabe o et by the ot BOOGWHO Expent
Comsitter cn Focd Additives (JECEA) [60] The fesalts ablaned in te present study
sbicrwed conspasatively bagh COH for chal dnen thaen For adulbe; b oo, in both coses, the
vl waene all withan the permissible hmits. The CO sesalts establishind in e pacaen
sty pangped froen 530 o 107 to 498 « 10 in chdldinen, while i adalbs, 8 roengend brom
178 0 207 b LAET 30 10 % B ewrr, thae briggbuesat OO vl (498 o 10 %) wim mcooded
Fest chaldbrn 2 bhee ol sodphics that e colkactid i tha Eadg canba segion duwdang the
d.'l}':lﬂ:-u‘.'l,.w]‘ﬂm ﬂ:nrh«ﬂl‘.-l:.url_l?!l:(ju ’]iﬂ.-li:;u;dw.nuhtiiﬂiﬂ:iﬂﬂﬂ"ﬂril:hd
v ol d froms the Mukobeko m..;‘:nii::ﬁthu-mn.hrpdiud (Tabdke T
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T s raagge TN msaclits ion chibdaeon Euih in Sae v sssecen anad diry inadicaie higheer v aluss
than i adialis w0t 27w W0 T and 119 x 1075 2 378 w0 D07 fior ther s peers
nﬂgn. hiw el hﬂmﬂ]iﬁnmhh»huﬁlnﬂuﬁuh-daﬂ g ey

[21} Accordog to the present sroalls, e obaerved CIN brends it besth
achiilal reey o] sl v e foued in e deceasiog ooder of Bag oobe s Munga o Kafolsmnece
2 Mlipaaae Chovggene = Mubkobeko 2 in thie diy season.

T £ wahees e sbabliahed in the passent study wese bowair than the vahees fzamnd
im Afriea by Salak et al 1] adnd Meshaef of ol [52) of 1585 and 170 = Jir *Fﬁjkﬁl'::‘}:.

i b auithioses 6] im Eupo alr of 80 x 1
mﬁ %, which was several MP.EJ'J-;.I'-: Mﬁmm&ﬁuwﬂ abuady.
O tha cotrary, T values of 540 = 107 sl 340 5 105 thalt e snilar b e curnent
study wese peporied i Asia by Mahib et al |2 and Nesouzicad et al |$1], acspaectively.
b the ooty i, bervias] of al |53 et Vithwis i e af L0ES b
ﬂ.'ﬂémbﬁdimﬂm:dn!ullmikww highae .

Fesoed imnibake bums bien idenibliand h:hﬂhmaiuimﬁ-ﬂfhmunn:pumhﬁ_.
althecmaprh, foor chaldnes, ingeaticn of sol and dust can abeo be an mpartent conbrabutos |56
hmﬂmdmdnupmhlmmhwu%wdmwﬂnmpﬂm-ﬁ
sach ai sbalaticn and dersnal contoct [6] Comsnguently, @ a poeoal pogrdatics, the
marst probable rovle of exposan that kads o devaied blood P kevels is sngesticn [3)-
Childmen ase ab a paraker gisk of dhronic Pb o asnad provisecrnisng than adulis due b
thair b r O comuplind wriths by besdy weight [1.65) Theere is veo establishid toberable
Piv antake for which Pb careol couse adverss effects [B0]; hemaver the US Food amd
Dhvugg Administration (FOMA) saccmermende interim sefetence kevels of 3 and 125 p.H.i'd.n].-
fior chibdnen avd adults (women of dhaldbearing iR wly. This cornes
tha bescrdl biiad bl (BLL) of (L5 pape L. Bara e |B6 ) Amalysic In
mhwwlm,bmwmmdmthwv&ﬁﬂﬁmmm&wﬂ
lirwse e Hhuzeni M il v fecliemenase: be-nohmnarks necomsme-nakad by FIN

Althenagh the bner kevels wete fousnad to be bl the fecomenended sk evel by the
FIOA incoer mnilk foom Kabwe:, pnhdl.ulhﬂnnu}' probably e dus bo dactasy ud:'um—
adirtary contribaating facters that may ma thr Py e prosioaie effects in thae ;
Wt szt o ph:mu'dn-riﬂ_d m-ﬂ.mmﬁbmdmnﬂ:udlul:pm!u:hﬁ-
recaivaineioked [£1] for the food salely and guality sapects of i conmss.

3232 Evahaation of Men-Canoer Bisk A serssament for the Kol Pognalatiosn
T calealatind potentiol adverss sifects for the cument shady associabod with noe-
cascincgen Pl in cow milk are pacsented i Table 4 The sstisation of the maotnomen
ielal [44]
LCarget THCY i o msethaod deve! ithir LS e iemtumsti] povvbenction agency (EFA)
hﬂuudwmh}r:fmwﬁﬁdpmm&mﬁulpﬂﬂuMMHhﬂ
w[ﬂ}uupmﬂm&'mm The average THO valuss @n
Bt i e weirt s aend dry weese highser than i adualts (775 x
hi[1} "l.n-l! o 10y and 10 o 1007 te 241 = 1077, meoprectively. As shown in Tablke 4,
L4z = 10 wras thae higgharst THO vk caleulabed i child e G the ralk senplos collecknd
i thee Karng"ootmsbia neggionn i thee ey sesion, wehsemas the highest valos of 424 x 1077 i@
ascdualts vz cakoalaked @ the aralyred sonphos from the Mg nogion i e o s
Comsiderang the THO vaher of b than e os mon haeardoas bo Bhe corsetnes |36, and
i alll thwe THO v aduses cobtaimend & the curment sbudy weee comisbent weith this benchmard,
o of coe ek i the sasnpled e ghons was cormidenad wie from noo-cancer
riske el dhas fo P exposmse. Dhar fadings with o sisnilar enatria wilh the results
n.-p..ih-dmAubyAh&ﬂd[Eﬂjm&mlmmum:mﬂfmﬂmhm
Ao rica by Goesalez ot all [35] in Mavico {[LEY Lo 0052
Simakasty, fealts i thee pissind s bady el consisbent wath B Gndigg: & ported o A
12 1077 b 98 o 1077 [2051) b, 20 Fuariopss, the THIO vathars seporied mgped from
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L3 x 107 te7d = 107 [FE.6367) Although thew values from the
MMIMMﬂ-hﬂdT}HaLMmMHﬂMhEﬁ#mH&
cwrend shae Lo Upgand, B ef ol |44] abe founad far ormch begher vahans in childgen and
achalts, forpang B & 2048 1o 2114, e pctively. comnpaned b our slte
333 Fvahaation of Cascanogenie Risk A wscaent for the Katres Pognalatica

Thee conoer rak asssneemend was evaluatand as TR, and the resulbs are mdbobead
in Table 5

Thae IDCHE:s camied by the ioggestion of b in cow malk cbbamed i the pacacnt study
far bath childnen and adulte cn average ronged from 743 x 1007 o L01 = 1007 and
230 10Tt 308 5 107, respective by Cher ILCH seialts obtagned in e study indicake
thist By weitie fuf lonwer thas thee Sesalts feported by Kasees o al [3] o Ugeinda as
087 o 10 arad 0263 3 10 i chiil drem and adults, mspretively. Fuorther Abed ot al. [55)
i Ly snposriind brghue values of TLCR than Gdicgs o the curent « iy chilidsen amd
achulty, rasnging oo 182 10 ¥ b 2.4% w0 10T amed 2 965 5 10 'lnlﬂ.ﬁh;ﬂfl:l "'_.ruiI:u-u.'I:h'd;.'.

Fuor safety neasons, inenemental Bletime coner risks rasgiog from 10 « 1005 ke
Ly w10 “n.-n-:u.'-FuhIr [E8) B the corsend shudy, both o e weet and dry seasons,
thae TLCH sl b wene emirliggilhhe and far lower than the nefenenoe range given. The ILCE
vidhuss, themiborn, magpestiod tat oo gilk from Kabwe did ool poss copcshogpenis fishe t
b courmusnri; Dine ey, bl i pose b metals sack ae P and ther comgple b

the dipgrative tesois oomsaderad o be B word-cose somsario | 1] because

of thiis commlabive debe e ticos effeoct on noaen bealth [$5] thenefose, segpalar sssrsment
of thirir distary e posune kvebs ond inspact fo busnens s essential

Althunagh the crrnend study e lis indicaled that consmmplion of cow malk sl
husbder fnprmistyy cotiumaities did et coftitule o bealth haeasd o cofmutie s sxonliog te
thee Cordhios: A lissen b Comanission st standasd |56], e study had Boatabions. Limits-
e wwchadind @ sanall i i thee M wdwbanuullminm?apuhh;
wehiich ol hawre o oy B statistieal enahyes of date. Monover, a shorter khota-
M.PrmemtﬁMhmdmbmwdhdﬁw cotr, e wll ies he et b
af bt anad mnouith dsease dureng e sampling peiced, made the follie-up sspling shady
adeiggen an gereank ehalbenge

A Coe] s besiis

Tlhse bk cof coorwe gl froim: Foe-sange catthe @0 thee ebudind nogacns sedicatind that tha:
ik et hosalth eeffoncts weiene not lkaely bo be spgnaficant, based oo the CD1, TH, and ILCE
paramse s enraiudind due b bew Pboe posane in milke. The curment sbady ales meveakal
thuat b chayge of season did mod cose: o sigificant diflenena in s Pl conaentrativds,
i Babws; howovet, st P & accusmelative amd oo cowse adve e health effects te
hearmanis evienn in bow-dissr i possane, & palar ssssmeent i oy for quantifying the
rishin Considerang, ol the Mdhjmq&pﬁhﬂﬂﬁkmh
hblluﬁl}'ﬁ!-ﬂpﬁﬁﬁulr ibﬁcﬁﬂ paalicinaing sarvey is pecomsnended to determioe
the covsumplion bavels of cme ﬂll]knﬂll‘.ﬂld.‘.ﬂﬁ'ﬁ'wl.‘ﬁ. Furtherencae, evaloation
of o charack ristie wide range of tovie heawvy metale should ales be considennd For the

dsetermination of socurabe combied bovic fnetal e effects that enay be atssiabnd
writhy e cossnumsptian of cone milk, including cbber di sineri susch as vapgelabbe crogs
o iy Bhr oo amras

Fn.rtl'-.:.pmtl'-l'u.ﬁl'u.vuﬂuli}' of mhhhurhﬂim[:ﬁdhlﬁ,ﬂmmplm
fiar ey froen the Kobwee Phefn mamne, further seasonal evaluation of P conoenbralions
i arvive] dinkidig wabef (o Various soafaes sodh s ponds/ da, wells, oo, ol
riviers, ivshading seil and fodder from the andividual farms, is stvongly fasommended
Supplmsniry Mekriske The folliwmg supporting mdormben can be dosrnluled at btips

#f wermmad prcomy artichk OO e eph THELTET Y &1, Tkl 51: Sampling lesiSors in the shuly
ani of Fabew and Chengere [mefenence sibel, Tahk 52 Micnesave openating condibzons for milk
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