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Abstract

The mushrooms are highly regarded as one of the most nutritious foods
across the globe but also recognized bio-accumulators of heavy metals. The
nature and level of industrial activities are continually changing and affecting
the environment adversely. The mushrooms are not an exception and may
inevitably have heavy metal contaminations. In this vein, this study aimed to
determine heavy metal (Cu, Ni, Co, Zn, Pb, and Cd) uptake levels in wild edi-
ble mushrooms from the sites with different economic activities. The wild
mushrooms considered for this study included Tente (Amanita Zambiana),
Ichikolowa (Termitomyces Titaniscus), and Kabansa (Lactarius Tataniscus).
The analysis of heavy metal concentration was carried out using atomic ab-
sorption spectrometry (AAS). For the selected mushrooms, concentration
ranges (mg-kg™" total dry weight (dw)) of 46.90 - 141.80 for Cu, 0.10 - 6.60 for
Cd, 1.10 - 2.00 for Pb, 19.00 - 38.90 for Zn, 1.00 - 3.40 for Ni, and 44.80 -
79.70 for Co were obtained. However, for the respective soil samples, concen-
tration ranges (mg-kg™'-dw) of 51.00 - 279.40 for Cu, 1.00 - 99.50 for Cd, 8.00
- 10.00 for Pb, 22.80 - 209.10 for Zn, 9.00 - 33.70 for Ni, and 60.00 - 111.90 for
Co were obtained. To a certain degree, the concentrations reflected the im-
pact of diversity in the surrounding activities. This study discovered that for
the selected mushrooms, the contamination level of cadmium, cobalt, nickel,
and copper exceeded the World Health Organization (WHO)/FAO (Food
and Agriculture Organization) recommended limits. Although some minor
aberrations from the prescribed limits were also observed in the case of cop-
per and nickel. Further, the data established that the heavy metal concentra-
tions in respective soils are not the sole determinant of concentrations in
mushrooms. Thus, these findings merit attention as, in some cases, the extent
of contamination has exceeded the WHO permissible limit, and it may pose a
health risk to consumers.
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1. Introduction

Perhaps never before, there has been as much thrust for healthy foods. In this
vein, mushrooms are one of the few best selects. These are incredibly healthy
food laden with nutritious dietary constituents but minimal calorie [1] [2] [3].
They are richly packed with a range of amino acids and vitamins, and also, have
an abundance of proteins and fibers [4]. Remarkably, these edible fungi contain
fat, which is predominantly composed of unsaturated fatty acids [5] [6]. Moreo-
ver, many of them have significant medicinal properties [7] [8].

However, mushrooms are infamous for accumulating heavy metals [9]. Many
of the heavy metals are toxic to human health. For example, lead and cadmium
have reportedly no health benefits to humans [10] [11]. A substantial fraction of
inhaled or ingested lead is absorbed by the human system and primarily disse-
minated among blood and soft tissues subsequently [12]. Lead and cadmium are
known to be amongst the most toxic metals. They adversely impact human
health through neurotoxic and carcinogenic functions [13] [14] [15] [16] [17].
Further, Cadmium has also been reported to have an adverse effect on several
vital human organs [14].

As far as cobalt is concerned, it is essential biochemically and also part of vi-
tamin B-12. However, some studies have reported adverse cardiovascular effects
caused by cobalt toxicity [18] [19]. For robust health, an adequate amount of
zinc is critically essential. In effect, deficiencies in zinc may cause many diseases
[20]. However, instances of acute and chronic zinc poisoning pertaining to the
cellular system have also been reported [21].

Nickel happens to be yet another health-unfriendly metal. The exposure to
nickel-polluted environments causes a range of pathological problems such as
lungs and nasal cancers [22]. In the past, nickel was even branded as “Allergen of
the Year” [23]. Copper is considered essential for good health, and it has also
been reported that its intakes up to 6 - 7 mg-Cu-day ' are not linked with adverse
effects on human health [24]. However, exposer to excessive levels may have ad-
verse effects. In this context, a case is citable, where a severe liver disease was
developed due to excessive intake of Cu [25].

The mushrooms are consumed worldwide, and Zambia is not an exception. It
is common for the rural populace in tropical Africa to use edible and medicinal
mushrooms for their survival and trade [26]. It is noteworthy that mushrooms
have an interesting capability to fragment organic materials considerably and
bio-accumulate heavy metals. They can be an instrument to estimate the degree
of pollution [27]. However, the review paper [28] shows that it is difficult to sin-
gle out any one mushroom species as an indicator of pollution level.
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In this context, therefore, it becomes relevant to investigate the concentrations
of heavy metals and how their uptake varies with the diversity of human activi-
ties in the surroundings. Another reason this study considered Ni, Cd, Co, Zn,
Cu, and Pb is because these metals, by and large, characterize a dependable guide
of contamination indicators [27]. Further, some of these metals are significantly
essential for living organisms, while some of them, such as cadmium and lead,
are significantly toxic even in small amounts [29].

Because of fascinating attributes of mushrooms and their various preparations
clubbed with well-established mushroom delicacies in many cultures of the
world, quite a good number of investigations on heavy metal pollution in wild
mushrooms have already been carried out [30] [31] [32] [33] [34]. Zambia is a
tropical country with a long rainy season and endowed with the right conditions
for the growth of almost all kinds of mushrooms. Thus, Zambia has a vast po-
tential for producing mushrooms. Indeed, edible mushrooms constitute an im-
portant component of the Zambian diet.

Today, the agricultural and industrial products are not limited to national
boundaries and are consumed globally, and hence any contaminated product
may have global implications. Further some of the heavy metals have adverse ef-
fects on human health. Moreover, Zambian studies on heavy metal contamina-
tion of mushrooms are inadequate and insufficient. Because of the above rea-
sons, this study aimed to investigate the extent of heavy metal contamination in
commonly consumed edible mushrooms and deviation from WHO recom-
mended limits. Further, it also aimed to investigate if there was any correlation
between the diversity of human activities on the contamination levels of metals

in the mushrooms.

2. Materials and Methods
2.1. Sample Sites and Sample Size

The mushroom samples were collected from two randomly selected sites in clean
polyethylene bags. The criteria used for the selection of sites based on the varia-
tion in human activities. The sampling site comprised Forests in Solwezi (lati-
tude: —12°2499°S, longitude: 26°000.00 E) in North Western Province and
Mpongwe (latitude: 13°3032.9°S, longitude: 28°918.14 'E) in Copperbelt prov-
ince of Zambia. Solwezi is known for the intensive mining industry, while agri-
culture is a mainstay in Mpongwe. There were three species of mushrooms con-
sidered for this study. They include Amanita zambiana, Lactarius titaniscus, and
Termitomyces titaniscus; all of them belong to amanitaceae family. The simple
random sampling technique was used to select the different species of mu-
shrooms from particular sites. Five samples of each species of mushrooms were
collected every month from the respective sites. The samples were collected for
three consecutive months (December, January, and February). Thus a total of
fifteen samples were collected for each species.

From each sampling site of mushrooms, 0.2 Kg of soil samples from a depth
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of 0.2 m from the surface were collected in clean polyethylene bags and labeled
carefully. The soil samples were collected simultaneously with that of mu-
shrooms. Thus, a total of 15 soil samples were also collected corresponding to
each mushroom. All the mushroom samples considered in this study were edible

wild mushrooms grown naturally.

2.2. Sample Digestion and Analysis

After collection, each mushroom sample was individually cleaned with double
distilled water. The flower parts of the mushroom samples for each species were
cut into smaller pieces with a clean knife and placed in a labeled glass container.
These samples were then oven-dried at 105°C overnight. The respective dried
mushroom samples were thoroughly blended into the powdered form using a
commercial blender.

All the chemicals and standards used in this study were analytical grade and
procured from Inorganic Ventures (Christiansburg, VA 24073, USA). A 1.0 g
sample of Powdered mushroom was added to a beaker containing 15 mL mix-
ture of HNO, (70%), H,SO, (70%) and HCIO, (65%) in a proportion of 5:1:1 and
digested at 80°C following the reported method [35] until the solution became
transparent [36]. Subsequently, the solution was cooled down to room tempera-
ture and filtered through a Whatman No.42 filter paper. The filtrate was then
diluted to 50 mL with double distilled water. The digestion of soil samples were
also carried out following the same procedure as dried mushroom powders.

The concentration determination of lead, nickel, cobalt, cadmium, copper,
and zinc in the diluted filtrate for mushroom and respective soil samples was
carried out using an atomic absorption spectrophotometer (PerkinElmer Inc.
-AAnalyst 200) and specific lamp for respective metal. The analysis was carried
out at the Mining and Geological Laboratory at the Copperbelt University.

The necessary measures were taken to ascertain the correctness of the results.
In this vein, therefore, repetitive analysis of samples was carried out against the
reference standards procured from Inorganic Ventures (Christiansburg, VA
24073, USA) for all the heavy metals considered in this study.

3. Results and Discussion
3.1. Results

The results of the mean concentration of heavy metals (Cu, Cd, Pb, Zn, Ni, and
Co) in the samples of mushrooms from two study sites are stipulated in tables
below in mg-kg™" dry weight (dw). For all the mushroom samples, results were
compared with FAO/WHO standard limits.

3.1.1. Mean Heavy Metal Concentration in Edible Mushroom Samples
from Mpongwe

The heavy metal concentration analysis in mushroom samples from the

Mpongwe area is stipulated in Table 1 below.
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Table 1. Mean heavy metal concentrations in wild edible mushrooms from Mpongwe
area expressed in mg-kg™' dry weight.

Heavy Amal'u'ta Ter{m'to.my ces L'acta'n'us FAO/WHO Standards for
Metal zambiana titaniscus titaniscus Mushroom
(AMZ) (TET) (LAT)

Cu 118.5 £ 5.56 91.4 +0.35 46.9 £ 0.76 73

Cd 0.13 +0.00 6.63 +0.03 4.27 £ 0.10 0.3

Pb 1.33+0.99 1.52 £0.39 1.96 + 0.11 2.0

Zn 29.18 +5.87 18.98 + 1.62 38.88 +3.03 40

Ni 3.36 + 1.45 1.25+0.35 2.22£1.33 1.5

Co 56.88 £ 1.33 44.80 £ 0.62 76.52 £ 0.34 50

3.1.2. Mean Heavy Metal Concentration in Edible Mushroom Samples
from Solwezi

The heavy metal concentrations obtained in mushroom samples from Solwezi

area are stipulated in Table 2 below.

3.1.3. Mean Heavy Metal Concentrations in Soil Samples Collected froms
from Solwezi and Mpongwe

The heavy metal concentrations obtained in soils samples from Mpongwe and
solwezi are stipulated Table 3 below.

3.2. Discussion of Results

The comparison between the heavy metal concentration in mushrooms and the
corresponding soil samples do not show direct proportionality. For example,
TET mushroom (Table 2) and corresponding soil sample (Table 3) from Solwe-
zi have highest Cu concentration but AMZ from Solwezi (Table 2) does not
have with lowest Cu concentration while the corresponding soil has the lowest
Cu concentration (Table 3). Several other aberrations are observed with corre-
lating the concentrations in mushrooms (Table 1 and Table 2) and respective
soil samples. In a nutshell, there is no proportional relationship between the
heavy metal concentration in the mushroom and corresponding soil.

The concentrations of Cu, Co, and Cd for mushroom samples from both
Mpongwe (Table 1) and Solwezi (Table 2) were found to be higher than the
WHO recommended limits. Notably, the extent of cadmium contamination in
TET and LAT from both the sites has been significantly high and merits to be
underlined. It warrants attention because cadmium reportedly affects many hu-
man organs [14]. However, the extent of Cd concentration in Mpongwe samples
is much greater as compared to those from Solwezi. Intense agricultural activi-
ties characterize the Mpongwe site, and the higher concentration of Cd may be
attributed to the extensive use of nitrogenous fertilizers. In this context, it has
been reported [37] that nitrogen fertilizers increase Cd concentrations in soil.
Although a mushroom species, namely Agaricus macrosporus have been re-
ported [38] to have a much higher concentration of Cd in a study from Spain.

Further, the Cd concentrations in soil samples in Mpongwe (Table 3) are not

DOI: 10.4236/jep.2020.111001

5 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.111001

I. S. Singh, C. Nyau

Table 2. Mean heavy metal concentrations in edible mushroom from Solwezi area ex-
pressed in mg-kg™' dry weight.

Heavy Amal'u'ta Tetfnittfmyces L'acta'rius FAO/WHO for
Metals zambiana titaniscus titaniscus Mushroom
(AMZ) (TET) (LAT)

Cu 113.03 +5.75 141.78 £ 0.76 79.98 +£0.35 73

Cd 0.12 +£0.00 2.11£0.11 3.67 £0.03 0.3

Pb 1.26 £ 0.99 0.64 £0.11 1.12 £ 0.39 2.0

Zn 33.74 £5.87 21.80 £3.03 31.18 £ 1.62 40

Ni 1.02 £1.23 1.38 £1.33 1.12 £0.35 1.5

Co 79.68 +1.03 64.68 + 1.53 49.80 + 0.62 50

Mean heavy metal concentrations in Soils samples collected from Mpongwe and Solwezi.

Table 3. Mean heavy metal concentrations in Soils samples collected from Mpongwe area
and Solwezi road area in mg-kg™ dry weight.

From Solwezi road Area From Mpongwe area
Heavy metal

AMZ LAT TET AMZ LAT TET
Cu 50.99 89.86 279.39 99.19 101.86 112.39
Cd 33.97 11.46 99.48 0.97 1.76 9.48
Pb 9.59 9.03 9.98 9.19 8.03 9.28
Zn 79.78 22.80 209.15 32.09 23.20 41.15
Ni 11.00 33.70 9.08 10.89 33.73 11.08
Co 59.98 101.86 78.07 91.98 111.86 87.07

higher than those in Solwezi soil samples (Table 3). These results further rein-
force that the metal concentrations in mushrooms are not consistently depen-
dent on the corresponding soil sample concentrations.

The Cu content (Table 1 and Table 2) is much higher than the reported range
of 21.1 to 40 ug/g [39]. Some other workers have also reported similar results
[32] [40]. Further, the Solwezi sample has the highest Cu concentration. The
higher Cu concentration may be ascribed to the intensive copper mining in Sol-
wezi. The concentration of Co (Table 1 and Table 2) is much higher as com-
pared to some of the reported ranges of 0.28 - 1.32 ug/g [41] and 0.15 - 6.03 pg/g
[42]. The higher concentration of Co may be attributed to extensive mining ac-
tivities in Copperbelt and Western provinces of Zambia.

The Ni concentrations were found to be within the WHO recommended lim-
its in all the samples from Solwezi (Table 2), but they exceeded in AMZ and
LAT samples from Mpongwe (Table 1). A range of 1.19 - 54.12 pg/g concentra-
tion has been reported [43]. The higher concentrations of Ni can be due to the
agricultural activities in Mpongwe. It has been reported that fertilizer can be one
of the significant sources of Ni into soils [44].

The Pb and Zn concentrations in all the mushroom samples from both
Mpongwe (Table 1) and Solwezi (Table 2) were found to be within the WHO
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prescribed limits. These results fall within some other Pb concentration ranges
of 0.40 - 2.80 ug/g [45], 0.75 - 7.77 ug/g [41] and 0.67 - 4.43 pg/g [32] as reported
earlier. In the same vein, The Zn concentrations obtained in this study fall with-
in the earlier reported Zn concentrations ranges of 40.3 - 64.4 pg/g [46] and 29.3
- 158 pg/g [42].

The findings of the study strongly support the fact that the heavy metal con-
centrations differ significantly with the species of mushrooms in the same sam-
pling areas. For example, Cu concentrations in AMZ, TET, and LAT from Sol-
wezi (Table 2) are 113.03 + 5.75, 141.78 + 0.76, 79.98 + 0.35 mg-kg™'-dw, respec-
tively. Similarly, Cu concentrations in AMZ, TET, and LAT from Mpongwe
(Table 1) are 118.5 * 5.56, 91.4 + 0.35, and 46.9 * 0.76 mg-kg '-dw, respectively.
Such patterns are also observed with other metals as pictorially depicted in Fig-
ure 1 and Figure 2. The Cd concentrations in AMZ from both the sites are
much lower and, in fact, below the WHO limits. Thus, AMZ may be considered
to have the lowest tendency for bioaccumulation of cadmium. These facts also
strongly reinforce the fact that different species of mushrooms have a signifi-
cantly different tendency for bioaccumulation of metals. It has been reported
[47] that the biosorption efficiency of P. eous for heavy metals is significantly
variable.

Generally, Cu concentrations are quite high (Figure 1 and Figure 2) as com-
pared to many reported studies. The higher Cu Concentration can be attributed
to the higher copper content in the soil in Zambia, which has vast Copper re-
sources and is a country with intensive copper mining activities. The other vari-
ations in heavy metal concentrations for different samples may be due to the
difference in geological location and because of the free drained soils and waste
due to mining activities.

Although Pb and Zn are within the permissible range set by WHO, the higher
concentrations of Cu, Ni, Co, and Cd are a matter of concern. The most worri-

some is the higher concentrations of Cd as it is highly toxic even in trace

Realative heavy metal concentrations in different
mushroom species

Heavy metal concentrations
D
o

40 II
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0 - I _

Zn

Cu cd Pb
Heavy metals
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B Amanita ® Termitomyces Lactarius

Figure 1. The heavy metal concentration (mgkg '-dry-weight) in edible
mushrooms from the Mpongwe smpling site.
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The relative concentration of heavy metal in
differen mushroom species
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Figure 2. The heavy metal concentration (mg-kg '-dry-weight) in edible
mushrooms from the Solwezi smpling site.

amounts [48] [49] [50]. Moreover, the agricultural products have access to glob-
al markets these days and may affect consumers across the globe. Therefore, it is
essential to embark on measures to reduce bioavailable Cd to mitigate the prob-
lem. The alleviation measures may include the control of biosorption and bio-
available heavy metals in mushroom growing soils by reducing agricultural ferti-

lizers and mining activities in the surroundings.

4. Conclusion

In conclusion, the concentrations of Cu, Cd, Co, and Ni in selected mushroom
species were higher than the WHO recommended limits, while Pb and Zn con-
centrations were below the WHO set limits. The higher than acceptable concen-
trations are a matter of serious concern. The higher cadmium concentration may
have a devastating health hazard. Therefore, corrective measures are warranted
to reduce the contamination level to WHO suggested limits. The data of this
study show that there is no consistent proportionality relationship between the
heavy metal concentrations in a mushroom and corresponding soil sample. The
findings are significant as they are reflective of the true picture of heavy metal
contamination levels in some mushroom species and health implications to
consumers. The study also entails the possible correlation between heavy metal
concentration and type of economic activities such as farming and mining. Fur-
ther, it may help consumers to select relatively safe species. This study strongly
establishes the fact that different mushroom species have different biosorption

efficiency for particular heavy metals.
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