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Abbreviations: WF, weight of feather; WL, weight of 
liver; WC, weight of carcass; WS, weight of skin; WH, weight of 
heart; HgCF, mercury concentration in feather; HgCC, mercury 
concentration in carcass; HgCL, mercury concentration in liver; 
HgCS, mercury concentration in skin

Introduction
Mercury contamination in wild birds has long been recognized as 

a serious predicament in terms of pollution. Emission of mercury is 
still being observed1–3 in order to reduce the rate of environmental 
pollution. Birds can be exposed externally, by physical contact, 
and internally, by consumption of contaminated feed.4 Mercury 
can be bioaccumulated and biomagnified in the ecosystems leading 
to wildlife being exposed to it, and this may harm birds and even 
lead to population declines5 in most cases. The tendency of mercury 
to accumulate in bird species depends on the intake and the rate of 
elimination from the body.6 Basically, transportation of mercury in 
birds occurs through the blood where the ions are generally bound 
to proteins. This contaminant is brought into contact with the organs 
and tissues of the bird and as a result they are accumulated at different 
degree in different organs and tissues of the bird7 but, it is a function 
of the duration of exposure.

The toxicity of mercury is due to its ability to cause, oxidative 
damage to living tissues. For example; it promotes lipid peroxidation, 
DNA damage, enzyme inactivation and the oxidation of protein 
sulfhydryl groups as reported by Kaoud.7 In addition, it stimulates 
lethargy and the disruption in the endocrine system as well as a change 
in mating and parenting behavior in wild birds.8–11 For over 20 years, 
wild birds have decline considerably in population.12 These declines 
have been largely attributed to changes in agricultural practices12,13 
and other anthropogenic activities. Agricultural practices involving 
the application of fertilizers and pesticides increases mercury 
concentration. Mercury concentrations in birds have been assessed 
by using various parts such as liver, kidney, tissues muscle, bone, 
fat, eggs, feathers and excrements.14,15 Black-headed orioles have a 
conservation status of least concern. It was selected for this research 
work because they are farmland dependent birds. Rice is not an 
aquatic plant, although it has been grown under flooded conditions for 
over 5000 years16 which is responsible for accumulation of mercury 
in rice. Apart from that, fungicides also play a vital role in mercury 
contamination in birds. Fungicides vary enormously in their potential 
for causing adverse effects in birds. The main objective of the study is 
to determine, weather the mercury concentration in the various organs 
of the birds differs with location and to determine the concentration of 
mercury in the environment utilized by some wild birds.
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Abstract

Analysis of mercury concentration in Black-headed oriole Oriolus brachyrhynchus was 
carried out using Atomic Absorption Spectrometry to determine the bioaccumulation level 
in the feather, liver heart, skin, carcass, nestling feather and egg so as to say which of these 
parts carried more contaminant. A total of 30 birds were trapped using mist net and 150 of 
these parts were obtained. A total of 9 eggs and 9 nestling were also collected from different 
nest in the study areas for investigation. Descriptive statistics were used to express mercury 
concentration mg/kg in the selected parts. Mercury concentration in the different organs of 
the bird caught in the three sample sites are as follows: feather has the highest mean values 
of 3.76±1.50mg/kg at Daudu, skin; 0.43±0.67mg/kg at Daudu, carcass; 7.05±1.65mg/kg at 
Buruku, egg; 0.11±0.02mg/kg at Daudu and nestling feather; 3.80±1.47mg/kg at Daudu. 
Mercury concentration in the heart from the three study sites was below detection limit 
of 0.001µg/l whereas mercury concentration in the liver does not differ significantly. A 
significant correlation (r2=0.810) existed between the feather and the carcass at (P˂0.01) 
and also (r2=-0.997) between carcass and liver at (P˂0.05). Mercury concentration has 
the highest mean value of 2.53±0.00mg/kg in maize at Daudu, and in rice; it was below 
detection limit, while guinea corn; 4.58±0.23mg/kg also at Daudu. The concentration in 
soil and water was highest at Daudu with a mean of 8.11mg/kg and 0.08mg/l respectively. 
However, mercury concentration in the bird species in the study areas has exceeded the 
permissible limit of WHO standard of 0.5mg/kg, and far above WHO permissible level for 
crop 0.02mg/kg and water 0.002mg/l which calls for concern, as cereals are the major feed 
consumed by some bird species in the study areas. This calls for continuous monitoring. 
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Materials and methods 

Study area

The study sites were located at Buruku on Latitude 7°27’35.6”N 
and Longitude 9°12’20.5”E in Buruku LGA, Daudu on Latitude 7° 
55’ 53.0” N and Longitude 8° 34’ 53.9” E in Guma LGA and Adega 
on Latitude 7° 01’47.4” N and Longitude 8°15’28.0”E in Obi LGA of 
Benue State.

Sampling technique 

Using selective sampling technique which is a non- probability 
sampling techniques based on personal choice without statistical 
bias.17 The study sites are not a conservation area and the local people 
are predominantly peasant farmers. A total of 28 hectares of farmland 
area was selected in each of these study sites. The 28ha sampling 
plot is further divided into four sampling units of 7ha, where bird 
capturing activities took place and ethical permit was obtained from 
Department of Forest protection and Management Ministry of Water 
resources and Environment in Makurdi, Benue State Nigeria. A mist 
net was set in each sampling unit and the net was checked after every 
2-3 hours to search for a catch. Three replicates of nestling feathers 
and eggs collected from the tree species used as breeding ground by 
birds were stored in plastic sampling bottles. Ten birds was trapped 
using mist net at the various locations. The birds were slaughtered and 
weighed before they were defeathered, the feathers were dried in an 
oven and kept in polyethene bags and sealed tightly. The defeathered 
birds are dissected to remove the skin, heart and liver which were kept 
in a polyethene bags and stored in a dessicator for mercury analysis. 
Three replicates of rice, maize and guinea corn were also collected 
directly from different farmland as component of biological pathway 
for mercury contamination in some wild birds. Three replicates of 
water and soil samples were equally collected from the study areas 
for mercury concentration investigation as component of biological 
pathway.

Sample cleaning 

The feather samples collected were cut into about 0.3cm using a 
stainless steel scissors and first rinsed in ethanol, then washed three 
times in distilled water and then finally washed again in ethanol in 
accordance to the recommendation of International Atomic Energy 
Agency.18 These was placed in crucibles and dried in an oven at 
75°C±5°C for 25 minutes. About 0.2mg of treated feather sample was 
weighed and stored in an inert plastic container of 10cm3 capacity, 
corked tightly and kept for mercury analysis using a Flame Atomic 
Absorption Spectrometry.

The skin, heart, liver and the carcass after the vital parts are removed 
were dried in an oven equipped with circulation system at 60°C for 
48h, and homogenized using a porcelain mortar. Approximately 
0.2mg of dry sample was treated with 7ml of concentrated nitric 
acid and heated for 20min in the microwave oven, as described by 
Edison & Egwumah.19,20 The resultant solution was transferred into a 
100ml volumetric flask and made up to volume with distil water. The 
solution was stored at 4°C in polyethylene bottles until mercury was 
analyzed, using a Flame Atomic Absorption Spectrometry. The same 
procedure and quality control described by Egwumah20 was followed 
for rice, maize, guinea corn, water and soil collected and digested 
for this study. A Flame Atomic Absorption Spectrometry (AAS), 
with detection limit of 0.001mg/L for mercury made by Biotech 
Engineering Management Co. Ltd. (UK) Model: Phoenix 986 was 
used.

Experimental design and data analysis

Using Randomized Complete Block Design (RCBD) the data was 
analyzed, where locations represented the blocks and the bird species 
the treatment. Pearson correlation was use to test the correlation 
between weight of organs and mercury concentrations in organs 
(P˂0.05). One way ANOVA was used to determine, weather mercury 
concentration in different parts of the bird differs with location. 
Summary statistics of mercury concentration (mg/kg) in cereal was 
express in mean values with their respective standard deviations, 
minimum and maximum values.

Results
A total of 168 organs were obtained from Black headed oriole trapped 

from different location in Benue State for mercury concentration. 
Table 1 shows the summary statistics of mercury concentration in 
selected organs of expressed in samples (N), mean values with their 
respective standard deviations. There was a significant difference in 
mercury concentration in feathers of birds collected from the 3 study 
locations, F (2,27)=54.66, P˂0.01, n2

p=0.80. Post hoc testing revealed 
significant differences in mercury concentration in feathers with 
Daudu (Mean=3.76, SD=1.50) having higher mercury concentration 
in feathers whereas Buruku (Mean=0.13, SD=0.40) and Adega 
(Mean=0.12, SD=0.37) had a lower mercury concentration (Table 1). 
This shows that birds from Daudu had more mercury concentration 
in feathers.

Table 1 Summary of Mercury concentration (mg/kg) in selected organs of 
Black-headed orioles trapped from Benue State, Nigeria

Study locations

Organs N Buruku Daudu Adega

Feathers 30 0.13±0.40b 3.76±1.46a 0.12±0.37b

Liver 30 0.12±0.37 0.71±1.29 0

Heart 30 0.00±0.00 0.00±0.00 0

Skin 30 0.00±0.00b 0.43±0.67a 0.00±0.00b

Carcass 30 9.74±1.64b 7.05±1.52a 0.00±0.00c

Eggs 9 0.00±0.00b 0.11±0.02a 0.00±0.00b

Nestling feathers 9 0.00±0.00b 3.80±1.50a 0.00±0.00b

**Mean with different alphabet within the row differs significantly (P˂0.05).

There was no significant difference in mercury concentration 
in liver of birds trapped from the 3 study locations, F(2,27)=2.42, 
P˃0.05, n2

p= 0.15. Post hoc testing revealed no significant differences 
in mercury concentration in liver with Daudu (Mean=0.71, SD=1.30), 
Buruku (Mean=0.12, SD=0.37) and Adega (Mean=0.00, SD=0.00) 
having the same mercury concentration (Table 1). This shows that 
birds from Daudu, Buruku and Adega had equal mercury concentration 
in liver because the liver serves as storage organs for toxic substances. 
However, mercury concentration in the hearts was below detection 
limits in the 3 study locations (Table 1). There was a significant 
difference in mercury concentration in skin of birds trapped from the 
3 study locations, F (2,27)=4.49, P˂0.05, n2

p=0.25. Post hoc testing 
revealed significant differences in mercury concentration in skin with 
Daudu (Mean=0.43, SD=0.67) having a higher mercury concentration 
whereas Buruku (Mean=0.00, SD=0.00) and Adega (Mean=0.00, 
SD=0.00) had a lower mercury concentration (Table 1). This shows 
that birds from Daudu had more mercury concentration in skin. 
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There was a significant difference in mercury concentration in 
carcass of birds trapped from the 3 study locations, F (2,27)=151.84, 
P˂0.01, n2

p= 0.92. Post hoc testing revealed significant differences in 
mercury concentration in carcass with Daudu (Mean=7.05, SD=1.52) 
having a higher mercury concentration whereas Buruku (Mean=9.74, 
SD=1.64) had moderate concentration and Adega (Mean=0.00, 
SD=0.00) had a lower mercury concentration (Table 1). However, this 
finding indicates birds from Daudu had more mercury concentration 
in carcass. There was a significant difference in mercury concentration 
in eggs of birds collected from the 3 study locations, F (2,6)=78.77, 
P˂0.01, n2

p=0.96. Post hoc testing revealed significant differences in 
mercury concentration in eggs with Daudu (Mean=0.11, SD=0.02) 
having a higher mercury concentration whereas Buruku (Mean=0.00, 
SD=0.00) and Adega (Mean=0.00, SD=0.00) had a lower mercury 
concentration (Table 1). However, this finding indicates birds 
from Daudu had more mercury concentration in eggs. There was a 
significant difference in mercury concentration in nestling feathers 
of birds trapped from the 3 study locations, F (2,6)=19.96, P˂0.01, 
n2

p=0.87. Post hoc testing revealed significant differences in mercury 
concentration in nestling feathers with Daudu (Mean=3.80, SD=1.47) 
having a higher mercury concentration whereas Buruku (Mean=0.00, 
SD=0.00) and Adega (Mean=0.00, SD=0.00) had a lower mercury 
concentration (Table 1). However, this finding indicates birds from 
Daudu had more mercury concentration in nestling feathers (Table 1). 

However, Table 2 shows very high significant correlation 
(r2=0.810) between mercury concentration in the feather and mercury 
concentration in the carcass (P˂0.01) whereas a very high significant 
negative correlation (r2=-0.997) also existed between mercury 
concentration in the carcass and mercury concentration in the liver of 
the said species (P˂0.05) (Table 2). A total of 27 crop samples were 
collected from Buruku, Daudu and Adega in Benue State for mercury 
concentration investigation and its concentration in maize harvested 
directly from farmland in Buruku was below detection limit whereas 
mercury concentration in maize harvested from Daudu ranged from 
2.53-2.53mg/kg with a mean of 2.53±0.00mg/kg, but mercury 
concentration in maize harvested from Adega was below detection 
limit. Therefore, Daudu has the highest mercury concentration in 
maize (Table 3). Mercury concentration (mg/kg) in rice harvested 
directly from farmland in Buruku, Daudu and Adega were below 
detection limit using atomic absorption spectrophotometer (AAS). 
Mercury concentration (mg/kg) in guinea corn harvested directly 
from farmland in Buruku was below detection limit whereas mercury 
concentration in guinea corn harvested from Daudu ranged from 0.42-
4.74mg/kg with a mean of 4.58±0.23mg/kg, making it the highest 
mercury concentration in the guinea corn harvested from the study 
areas but mercury concentration in guinea corn harvested from Adega 
was below detection limit using atomic absorption spectrophotometer 
(AAS) (Table 3). 

Table 2 Correlation between wet weight of different organs and mercury concentrations in different organs

WF WC WL WS HgCF HgCC HgCL HgCS

WF

WC 0.54

WL -0.272 -0.104

WS -0.151 -0.348 0.593

HgCF 0.165 0.194 -0.043 -0.471

HgCC -0.194 -0.203 0.046 -0.378 0.810**

HgCL 0.915 0.878 -0.564 0.397 -0.56 -0.997*

Hg CS -0.572 0.302 -0.919 -0.977 0.92 0.115 -0.192

** = (P˂0.01); * = (P˂0.05)

Table 3 Summary statistics of mercury concentration (mg/kg) in crops harvested from the study locations

Locations N Mean±SD Minimum Maximum

Buruku

Maize 3 ** ** **

Rice Oryza Sativa 3 ** ** **

Guinea Corn 3 ** ** **

Daudu

Maize 3 2.53±0.00 2.53 2.53

Rice Oryza Sativa 3 ** ** **

Guinea Corn 3 4.58±0.23 0.42 4.74

Adega

Maize 3 ** ** **

Rice Oryza Sativa 3 ** ** **

Guinea Corn 3 ** ** **

** Not Detected.
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For my analysis, a total of nine soil samples and nine water samples 
were collected from different location in Benue State for mercury 
concentration investigation (Figure 1 & 2). Apart from that soil 
samples from Buruku ranged from below detection limit to 0.82mg/
kg, whereas Daudu has mercury concentration that ranged from 7.58-
8.53mg/kg and a samples from Adega were below detection limit 
(Figure 1). Water samples from Buruku range from below detection 
limit to 0.05mg/l, whereas mercury concentration in water samples 
collected from Daudu ranged from 0.06-0.09mg/l. Whereas water 
samples from Adega were below detection limit (Figure 2). Therefore, 
water samples from Daudu had the highest mercury concentration of 
0.09mg/l.

Figure 1 Mercury concentration in soil samples collected from different 
locations in Benue State.

Figure 2 Mercury concentration in water samples collected from different 
locations in Benue State.

Discussion
The distribution of mercury among the various organs is not 

uniform but to some extent it also accumulated in specific target 
organs such as the feathers, carcass, nestling feathers liver, skin 
and egg in a decreasing order. This research finding is in agreement 
with the report of21 who reported that feather as a distinct organ is 
known for accumulation of mercury especially during the period of 
feather growth. When molting is completed, the level of mercury 
concentration in the feather remains stable, even if the bird feeds on 
contaminated food. According to,22 mercury content in feathers may 
represents up to 93% of the accumulated body load of contaminant 
which is in agreement with mercury concentration recorded in this 
current work. This finding is also in agreement with the research 

work of23 who reported the largest average concentration of mercury 
in the feather. However, this work is at variance with the report 
of24 who reported a lower mercury concentration of 4.539mg/kg in 
an individual species of Eurasian Buzzard, found wounded after 
crash with high tension wire lines in Poland. It is also at variance 
with the research work reported by Falandysz25 who recorded higher 
mercury concentration with an arithmetic mean of 52.0±16.0mg/kg 
in White-tailed Sea Eagles from the Baltic South Coast in Poland. In 
addition, this current work is equally at variance with the work of3 
who reported a lower mercury concentration of 0.380±0.047mg/kg in 
feather of Greylag goose in Iran. In the same manner, a higher level of 
mercury in bird species were recorded compared to the report of26 who 
reported mercury concentration of 3.18±4.99mg/kg in Ural Owl from 
industrial vicinity of Tokyo in Japan which is more of a contaminated 
environment. Similarly, this work is also at variance with the report 
who reported a lower mercury concentration of 0.09mg/kg in domestic 
fowl in Egypt. The differences in mercury concentration recorded in 
this current work and those cited from literature is due to differences 
in species, foraging behaviour, location and nature of anthropogenic 
activities.27

The total recommended mercury concentration in animals by WHO 
is 0.5mg/kg,28 however the permissible limit in wild birds has been 
exceeded. The difference in mercury concentration in bird species 
is dependent on the interval of exposure, the quantity of ingested 
constituent, age of the bird species, foraging behaviour and as well 
as the foraging environment. This is in consonance with the findings 
of.29,30 Metal toxicity may be affected by the route and form of ingestion 
as well as the interaction between essential and toxic elements in the 
environment30,31 during ecological and foraging proceedings. This is in 
agreement with the research finding which demonstrated a significant 
correlation between mercury concentration in the carcass and mercury 
concentration in the feathers of Black headed oriole trapped from the 
study locations. This shows that mercury concentration in the feather 
may have accumulated directly from consumption of feed from the 
said environment because the concentration in crop plant collected 
from the environment has exceeded the permissible limit which is an 
indicator of pollution. It is striking that the variation in many cases 
is higher than the mean of the liver due to high standard deviation. 
Therefore, there was no significant difference but a substantial 
variation existed, making biological interpretation of the result 
obtained from the liver difficult. This current research work also 
recorded a higher mercury concentration in maize and guinea corn 
compared to the work of,32 who reported mercury concentration of 
0.127mg/kg in rice harvested directly from farmland in China and the 
result findings indicated the permissible limit in cereal crops has been 
exceeded.

This current research work recorded a lower mercury concentration 
in soil compared to the work of,32 who reported mercury concentration 
of 289mg/kg in contaminated soil in China. Soil conditions in general 
are conducive for the formation of inorganic compounds such as 
mercury chloride (HgCl), mercury hydroxide (HgOH) and inorganic 
mercury (II) compounds, which are capable of forming complexes 
with organic anions. This complex behaviour limits mobility of 
mercury in soil so that much of the mercury in soil usually sticks to 
bulk organic matter and they are easily subjected to surface runoff 
during excessive rainfall because they are only attached to suspended 
soil or humus. This could be responsible for presence of mercury in 
surface water from the study locations being a farmland with little 
vegetation cover. Apart from that, mercury can also be released by 
evaporation of mentholated mercury to the atmosphere from soils33 
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which may invariably be incorporated into surface water during 
rainfall because contaminants are basically not localized especially 
in scanty vegetation. Mercury concentrations in this study have 
exceeded the permissible contaminant level of 2mg/L set by the US 
Environmental Protection Agency for drinking-water.34 The likely 
factors responsible for presence of high mercury load recorded in 
birds of the study localities could be attributed to natural occurrence 
of mercury in soils and sediments, in addition annual flooding and 
agricultural activities through pesticide application, burning of refuse 
in dumpsite, and open defecation by travelers beside the road because 
metal accumulation could be added to the environment through fecal. 
It was also reported by WHO,34 that an experimental rat injected 
continuously 3 times weekly for up to a period of 8 months with doses 
of inorganic mercury ranging from 0.05 to 2.5mg/kg of body weight 
per injection (0.02-1.07mg/kg of body weight per day) developed 
renal damage and according to,35 the possible noticeable effects of 
mercury in birds are decreased egg weight, fertility, and hatchability. 
Increase in kidney lesions, brain lesions, skeletal deformities; reduced 
clutch size, poor hatchability, poor embryonic growth, behavioral 
change and neurologic signs of weakness and inadequate coordination 
in wild birds. 

Conclusion and recommendation
The bioaccumulation level of mercury in the study species coupled 

with the concentration in grains and water calls for concern because 
wild birds have decreased considerable in recent time. Therefore, 
analysis of lead, selenium and organochloride should be carried out to 
determine their accumulation in organs of wild birds since the study 
areas are agrarian communities.
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