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This study investigated the concentrations of the heavy metals, Fe, Zn, Cu, Mn and Co in a raw and processed (boiled
and fried) Rhynchophorus phoenicis larvae. The concentrations of the metals were measured using Thermal-Elemental
Atomic Absorption Spectrophotometer (FAAS) S4-710-a6 model. The concentrations (mg/kg dry weight bases) of Fe,
Zn, Cu, Mn and Co in raw, boiled and fried samples were; raw (10.23+0.08), (15.06+0.09), (5.19+0.01), (2.75+0.05)
(1.75+0.12), boiled (7.24+0.19), (9.50+0.07), (4.11+0.09), (1.85+0.07), (2.00+0.00), and fried (6.25+0.06) (5.36+0.11),
(3.31+0.04), (1.47+0.09), (2.88+0.07); respectively. The results showed a decreased order of Zn>Fe>Cu>Mn>Co in
the raw sample, while the boiled and fried samples were in the order of Zn>Fe>Cu>Co>Mn. Generally, the observed
trends were that the processing (boiling and frying) reduces the concentration of the metals except for Co where the
highest concentration was found in the fried sample. The results of the non-carcinogenetic risk assessment were less
than 1, which signifies no health concern at the moment. However, considering the toxicity and bioaccumulative nature
of these metals, the frying practice is advocated, since it caused a significant decreased in most of the metals studied.
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Introduction

Heavy metals are metals and metalloids with relatively high densities
greater than 5g/cm3 [1]. These include lead, mercury, nickel,
manganese, cobalt, arsenic, cadmium, iron, copper, zinc, chromium
etc. These toxic chemicals are released into the environment
indiscriminately, either from point sources such as industrial and
municipal discharges as well as non-point sources like agricultural
runoff, weathering of rocks, volcanic activity, and atmospheric
deposition. Once released into the ecosystem, they persists,
bioaccumulate and biomagnify within the food chain because of their
non-biodegradability properties [2]. The heavy metals investigated
in this study are; Fe, Zu, Cu, Mn and Co. Available literatures
reveal that these metals are nutritionally essential to maintain the
metabolism of the human body and other biological organisms. But,
higher concentrations causes toxic effects such as reduced growth
and development, major organs disorder (liver, lung, kidney, etc)
and nervous system damage, and in extreme cases death [3,4]. While
some heavy metals such as Pb, Hg, As, have no known biological
roles or beneficial effects in organisms, rather, their bioaccumulation
over time causes health effects [5].

The consciousness and interest about the protection of the masses
from unavoidable pollutants, exposure to heavy metals and other

contaminants, and their toxic effects on human health had increased
the strategies and methodologies for detecting their presence in
the environment and edible biota and how their impact can be
limited [6-10]. However, these studies fail to consider the processed
forms of these edible biota which human can be exposed via direct
consumption. Therefore, this study is very significant because it has
unveiled the suitable method of processing Rhynchophorus phoenicis
larvae in order to avoid health risk in future.

Rhynchophorus phoenicis commonly known as African palm weevil
is a species of beetles that belong to the family of curculionide.
The larvae of this beetle is cherished as food in many African
communities, Nigeria in particular [11]. They contain high quality
proteins, minerals and vitamins, low saturated fats, and are cheap
sources of animal protein to many household in rural communities
[12]. In Nigeria’s Niger Delta region States such as Bayelsa, Rivers,
Delta, Edo and Akwa Ibom, these edible larvae can be seen hawked
by vendors along expressways, markets and streets [13]. Despite the
importance associated with these edible insects, they may contain
heavy metals via bioaccumulation and biomagnification due to
the habitat (trunk of palm trees), and this may pose health risks
to consumers [14]. The processed methods such as boiling and
frying are the common practices among local consumers. They are
either prepared separately or with particular delicacies in place of
meat or fish, and these common processing methods may affect the
concentrations of the metals [12,13]. Therefore, the aim of this study
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was to investigate the effects of processing on the concentrations of
some selected heavy metals such as Iron, Zinc, Copper, Manganese
and Cobalt in Rhynchophorus phoenicis larvae.

Materials and Method

Study Area

Amassoma is one of the communities in Southern Ijaw Local
Government Area of Bayelsa State, Nigeria (Niger Delta Region). It
is located at Bayelsa Central geo-political zone and it’s approximately
30km away from the state capital, Yenagoa. Amassoma is situated at
4.97° North latitude, 6.11° East longitude, and 79 metres elevation
above the sea level. Two third of the land is surrounded by water.
Amassoma is the host community of the Niger Delta University. The
major occupations of the people includes; farming, fishing, logging,
local gin brewing and palm wine tapping [15].

Sample Collection, preparation and Heavy Metal Analysis
African palm weevil (Rhynchophorus phoenicis) larvae were bought
from local farmers in Adule-Ama clan of Amassoma. These larvae
were handpicked by the farmers from a fallen rotten palm tree. They
were put into a plastic container and convey to the central research
laboratory at the Niger Delta University, Wilberforce Island, Bayelsa
State, Nigeria, and kept in the refrigerator.

Raw samples were washed properly with clean water and rinsed with
distilled water. Then it was separated into three different containers
with ten (10) Rhynchophorus phoenicis larvae in each container
labeled raw, boiled and fried respectively. The sample labeled boiled
was put into aluminum pot containing 200ml of distilled water.
Thereafter, 5 g of table salt (iodized NaCl), 5 g of pepper and 5 g of
maggi was added to a desired taste and the mixture was allowed to
boil for 30mins. The labelled fried sample was then put into a frying
pan containing 100ml of water and it was left to boil to dryness, and
the oil of the larvae was used to stir fry it. All samples were then
placed in the oven at a temperature of 105°C to a constant weight
ground and sieved to obtain uniform particle size.

Approximately 1g of each sample (raw, boiled and fried) was
digested with 15ml of Agua regia solution containing 3:1 (v/v)
of Conc. HCI/HNO,, and Sml perchloric acid (HCIO,) was also
added. The mixtures were place on a hot plate and heated gently
in a fume cupboard until the samples completely dissolved. The
digests were allow to cool and Sml of distilled water was added,
swirled and filtered into 100ml volumetric flask, and distilled water
was added to make up the mark. Heavy metals (Fe, Zn, Cu, Mn
and Co) concentrations were analyzed using thermo-Elemental
Atomic Absorption Spectrophotometer (FAAS-S4-71096 model).
All samples were analysed in triplicate.

Health Risk Assessment Models

The human exposure pathway of heavy metals through the
consumption of Rhynchophorus phoenicis larvae were evaluated
using United State Environmental Protection Agency (USEPA)
model [16-18]. These include the Estimated Daily (EDI) and Weekly
Intake (EWI), Target Hazard Quotient (THQ), Hazard Index (HI).

Estimated Daily (EDI) and Weekly Intake (EWI)

The EDI and EWI are the maximum amount of a contaminant or
toxicant in which a person can be exposed to per day/week over
a lifetime without any unacceptable risk of health effects, and is
expressed below:

MIgXMCp

EDIEWI (mng/1kg-bw/day/week) = o

Where; EDI/EWI are the daily/weekly intake of the metals, MIR
is the mass of the Rhynchophorus phoenicis larvae ingested per
day [18]. CM, is the concentrations of the metal in the larvae, BW,
is the body weight (60 kg for adult). The per capital consumption
of fish and meat in Nigeria annually, is averaged 9.0 kg which is
equivalent to 0.025 kg per day [19].

Target Hazard Quotient (THQ) and Hazard Index (HI)

The target hazard quotient (THQ) is the ratio between human
exposure to a toxicant or pollutant and the oral reference dose
(RfD). The THQ is used to express the risk of non-carcinogenic
effects, and is expressed as follows:

EFXEDXMIX MC
TH)G——————
RFD X BW X AT

Where; EF exposure frequency (365 days/year); ED exposure duration
(51.86year) which corresponds to the average life expectancy of a
Nigerian MC MI and BW are expressed in equation (1), AT is the
average exposure time for non-carcinogens (365/days/year X ED),
and RfD is the oral reference dose (this is an estimation of a daily
human exposure to pollutant or toxicant, including sensitive sub
group that are likely to be without an appreciable risk of deleterious
effect during life time) [20]. The RfD (mg/kg/day/week) of the heavy
metals used in this study were; Fe (0.7), Zn (0.3), Cu (0.04) Mn
(0.14), Co (0.043), and 10-3 is the unit conversion factor [7-10,20].

X103, .. )

Hazard Index (HI) is the arithmetic sum of the individual THQ of the
metals in Rhynchophorus phoenicis larvae, which can be expressed
mathematically as follows:

HI=XTHQ....... 3)

Where; i is distinct heavy metals tested. Therefore, in this study
HI=THQ, + THQ, + THQ., + THQ,, +HO,.

The acceptable risk distribution for non-carcinogens effect is 1 or
equal to the RfD. Ratio less than 1, signifies non-obvious risk (i.e
HI is either < 1), where HI > 1 indicates reason for health concern
[16-18].

Results and Discussion

The concentrations of the heavy metals (Fe, Zn, Cu, Mn and Co) in
raw, boiled and fried Rhynchophorus phoenicis larvae and standard
permissible limits of FAO/WHO and TAEA are presented in Table
1, and their comparison are shown in figure 1 below:
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Table 1: The Mean concentrations (Mg/kg day weight of Fe, Zn, Cu, Mn and Co in raw, boiled and from sample of Rhynchophorus

Phoenicis larvae with permissible limits of FAO/WHO and TAEA

Samples Statistics Heavy Metals (Mg/kg)
Fe Zn Cu Mn Co
Raw Range 10.31-10.15 | 15.16-15.00 5.9-5.21 2.69-2.81 1.61-1.83
Mean + Std 10.23+0.08 | 15.06 + 0.09 5.19+0.01 2.75+0.05 1.75+0.12
Std. error 0.05 0.05 0.01 0.03 0.07
Boiled Range 7.04-7.40 9.46-9.53 4.05-4.21 1.79-1.93 2.00-2.01
Mean + Std 7.24+0.19 9.50 +0.07 4.11+0.09 1.85+0.07 2.00+0.00
Std. error 0.11 0.02 0.05 0.04 0.00
Fried Range 6.19-6.31 5.26-5.48 3.29-3.35 1.38-1.57 2.82-2.96
Mean + Std 6.25+0.06 5.36+011 3.31+0.04 1.47+0.09 2.88+0.07
Std. error 0.03 0.06 0.02 0.06 0.04
WHO/FAO (*'#22) 1985/2003 2.00 50.00 20.00 0.40 0.3
LAEA®Y 146.00 67.10 3.28 3.52 0.023

WHO: World Health Organization, FAO: Food and Agriculture Organization

TIAEA: International Atomic Energy Agency
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Figure 1: Concentrations (mg/kg) of Fe, Zn, Cu, Mn and Co in
raw, boiled and fried samples of R. phoenicis in comparison with
permissible limits of FAO/WHO and TAEA.

As indicated in table 1, the concentrations of the metals; Fe, Zn,
Cu, Mn and Co in R. phoenicis larvae for the raw sample were:
10.23 + 0.08 mg/kg, 15.06 + 0.09 mg/kg, 5.19 + 0.01 mg/kg, 2.75
+ 0.05 mg/kg and 1.75 + 0.12 mg/kg respectively. Thus, the mean
values for the metals of the raw are in the decreasing order of Zn>
Fe> Cu> Mn>Co. The mean and standard deviation (mean + std)
of the boiled sample for Fe, Zn, Cu, Mn and Co were: 7.24 + 0.19
mg/kg, 9.50 + 0.07 mg/kg, 4.11 + 0.09 mg/kg, 1.85 + 0.07, and
2.00 + 000, and the fried sample were 6.25 + 0.00 6 mg/kg, 5.36
+ 0.11 mg/kg, 3.31 + 0.04 mg/kg, 1.47 + 0.09 mg/kg, and 2.88 +
0.07mg/kg. Thus the mean values of the metals are in the order of
Fe>Zn>Cu>Co>Mn respectively.

The results of this study shows that Rhynchophorus phoenicis
larvae accumulated more of Zn Fe and Cu compared to Mn and
Co with a significant difference (P<0.05). The observed difference
in the bioaccumulation of Zn, Fe and Cu can be attributed to the
bioavalability as well as the possible key roles they play as essential
elements in biological organism. A similar observation was reported
by Markmanuel and Horsfall, Osakwe et al, and Ijeomah et al,

[8,9,21]. Their study revealed that the non-vertebrates fauna species
have strong affinity for Fe, Zn and Cu because, they are part of
important physiological components in enzymes and proteins that
help in cells replacement and activation of low immune systems.

The effects of processing was also investigated in this study. The
results shows that, boiling and frying which are the most common
cooking methods practiced by many consumers and vendors of
Rhynchophorus phoenicis larvae reduces the concentrations of the
metals, Fe, Zn, Cu, Mn except for Co that the concentration increase
with no significant difference (P>0.05). Thus for Fe, Zn, Cu and Mn,
the observed decrease were in the order of raw>boiled>fried sample,
while, Co concentration was in the order of fried>boiled>raw. Okareh
and Funmi, also reported a decrease in heavy metals concentration
with respect to processing [22]. Their study revealed that the lost
of metal contents may be attributed to the ability of the fish flesh to
act as a permeable membrane most especially under the influence
of heat. This permeability may result in appreciable movement of
fish water and oil with heavy metals, away from the fresh layer
into the surrounding cooking medium. Also, variation between
metal concentrations of raw and cooked fish has been reported. For
example, Ersoy, observed that microwave heating of African catfish
caused a decrease in Cr content but has no effect on Pb concentration
while, frying resulted in a decreased Zn concentration and elevated
Cu concentration and baking caused a decrease in Pb concentration
of sea bass while fry caused an increase in the concentration of As
[23,24]. Francisca et al, also observed that common culinary practice
such as boiling, frying and grilling increases concentrations of Cd,
Cu, Mn, Ni, Hg, and decreases the concentrations of Fe, Cr and Pb
in the fish species studied [25]. The possible explanation offered to
the observed variation in metal concentrations in the studied fish
samples were attributed to the size of the fish, and the inter play
between the oil uptake and water loss during frying and grilling
processes as well as metal evaporation during these processes.

The concentrations of all the metals, Fe, Zn, Cu, Mn and Co were
also compared to standard permissible limits of FAO/WHO and
TIAEA. The results indicates that Zn and Cu values were all lower
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than the permissible limits of FAO/WHO, and Fe, Mn and Co
where above the limits. While, the concentrations of Fe, Zn, Cu,
and Mn were below permissible limits of IAEA except for Co.
Considering the bioaccumulative nature of heavy metals and their
toxic effects moderate intake of Rhynchophorus phoenicis larvae
is recommended.

Estimation of Dietary Intake, THQ and HI

The human health risk assessment models which was proposed by
USEPA for provisional daily/weekly intake target hazard quotient
and hazard index (non-carcinogens) were employed for this study
and the results obtained are presented in table 2 and 3 respectively
[16-18].

Table 2: Estimated Dietary Intake (mg/kg-bw/day/week) for the
injestion 0.025 mg/kg-bw of raw, boiled and fried Rhynchophorus
Pphoenicis larvae

Heavy Sample
el Raw Boiled Fried

EDI EWI EDI EWI EDI EWI
Fe 0.004 0.028 0.003 0.021 0.002 0.014
Zn 0.006 0.042 0.004 0.028 0.002 0.014
Cu 0.002 0.014 0.001 0.007 0.001 0.007
Mn 0.001 0.007 0.000 0.000 0.000 0.000
Co 0.000 0.000 0.000 0.000 0.001 0.007

Table 3: Estimated THQ, HI and % HI of Fe, Zn, Cu, Mn
and Co in the raw, boiled and fried samples of Rhynchophorus
Phoenicis larvae

Raw Boiled Fried

THQ % HI | THQ % HI THQ % HI
Fe 6.09E-% 5.675 | 431E- | 497 | 3.72E-% 4.65
Zn 2.09E % 19.46 | 1.32E-% 15.21 7.44E-% 9.303
Cu 5.41E-% 50.29 | 4.28E-% | 49.35 | 3.45E- | 43.09
Mn 8.18E-% 7.61 | 551E-% | 6.35 | 4.35E-% 5.46
Co 1.82E-% 16.97 | 2.09E-* | 24.13 | 3.00E-* | 37.49
¥ THQ=HI 1.10E-% 8.70E-% 8.00E-%

The estimated daily intake (EDI) and estimated weekly intake (EWI)
for Fe, Zn, Cu, Mn and Co in raw, boiled and fried ample were in
the decreasing of Zn>Fe>Cu>Mn>Co for raw. These values were
lower than the provisional daily and weekly intake, of these heavy
metals set by WHO/FAO in food products [26-28].

The target hazard quotient (THQ) help to evaluate the non-
carcinogenic effects pose by the metals to consumers of
Rhynchophorus phoenicis larvae and the combined effect was
express as HI. The interpretation of HI is binary, which implies
that *=THQ = HI < 1 for safe limit while, when HI is greater than
1, it signifies that the exposed population is not safe. However, the
results obtained from this study indicates that, all HI values of the
three samples raw, fried and boiled R. phoenicis larvae are below the
safe limits of HI <I. Therefore, there is no health concern resulting
from the consumption of this larvae at the moment. This study is
in agreement with the finding of Francisca et al, but lower that the
values reported by Kalogeropoulos et al., and Markmanuel and
Hosfall in fish and shell fish species [9,10,25,29,30].

Conclusion

The effects of processing such as boiling and frying were investigated
in this study. The results shows a reduction in all metals concentration
except for Co where, an increased in concentration was observed.
Generally the observed decrease in metal concentration was in
the order of raw > boiled > fried for Fe, Zn, Cu and Mn. While
Co concentration was in the order of fried > boiled > raw with no
significant difference (P>0.05.) The values of Zn and Co were lower
than the permissible limits of WHO/FAO while, Fe, Co and Mn
were higher than the limits. Also the concentration of all the metals
were lower than the permissible limits of IAEA except for Co. The
daily/weekly intake were all within the safe limits, furthermore, the
results of the THQ and HI values are less than 1, which indicates
no health concern at the moment.
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