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Spider webs were collected from industrial and residential areas in order to establish the level of 
suspended heavy metals in the atmosphere. The spider webs were treated with nitric acid and digested 
before analysis using atomic absorption spectrophotometer (AAS). The mean concentration value of 
some heavy metals were found to be significantly high at p < 0.05 in suspended particles in industrial 
areas namely, Lead (Pb) 0.53 ± 0.09 and Cadmium (Cd) 0.15 ± 0.05 µgg

-1
, respectively. The mean 

concentration values of Zinc (Zn), Nickel (Ni) and Copper (Cu) were not significantly different from 
industrial, residential and control sites. It was found that, the concentration of heavy metals decreases 
as the web samples were collected further away from the road. 
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INTRODUCTION 
 
Monitoring trace metals in street dust has provided a tool 
for estimating the degree of contamination, source and 
habitat of residential commercial and industrial areas. 
Industrial street dust and motor vehicle emissions are 
sources of airborne particulates in urban environment 
(Kowalczyk et al., 1982). The particles emitted by motor 
vehicles carry or contain heavy metals that may be toxic 
when present in excess of natural background levels 
(Gertler et al., 2000). The toxic properties of this airborne 
particulate may be due to the biochemical activity of 
metals attached to them (Smith and Aust, 1997). The 
ingredient present in domestic airborne aerosol plays a 
significant role in toxicological effects. Being sufficiently 
small and insoluble, these would get adequate time to 
penetrate the deepest area of lungs triggering asthma 
attacks and aggravate suffering (Smith and Aust, 1997). 
Webs of species of spider, Stiphidion facetum, were 
commonly found in both natural and built structures on 
trees, rocks, fallen logs, under bridges and wall of caves 
(Marples, 1976; Hickman, 1967). The web of this spider 
is a densely  woven  sheet  of  cribellate silk which hangs 
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like a hammock, attached to the substrate by supporting 
threads at several points around circumference. The 
spiders continually repair their webs but if badly damaged 
or removed, they build another web; thus, webs are 
renewable and may be useful for assessing temporal 
change. Zmudzki and Laskowski (2012) studied the 
biodiversity and structure of spider communities along a 
metal pollution gradient and concluded that spider’s 
community may be affected by heavy metals not only 
directly, but also by indirect effect of pollutants. 

The level of heavy metals in spider webs can be used 
for both quality control and also for determination of 
environmental contamination or pollution. Spider webs 
have been demonstrated as effective indicator of heavy 
metals attributed to particulate emission (Hose et al., 
2002). In most developing countries, monitoring pollution 
may be too expensive because of the economic situation. 
If the instrument for monitoring is available, handling and 
maintenance may pose a problem because the maker 
may not take into consideration the weather condition of 
the country. Therefore, there is a need to look for 
inexpensive way of monitoring trace metals in our 
environment. The aim of the present study is to assess 
the quality of air in industrial and residential environment 
using spider webs as an indicator. 
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MATERIALS AND METHODS 
 
Sampling area 

 
Ota city is the industrial nerve centers of Ogun State, lying between 
latitude 6° 42′ 0″ N and longitude 3° 13′ 47″ E. Three industrial 
areas were Idiroko road, Lagos-Abeokuta express way and Ijoko 
road, respectively. The residential areas consist of Ota, Sango and 
Ijoko, while the control sites consists of farmlands within Federal 
Polytechnic Ilaro, along Oja Odan road where no human 
settlements and industrial activities occur with the exception of few 
vehicular passage on the road. Ilaro is located on latitude 6° 42′ 0″ 
N and longitude 3° 13′ 47″ E. 

 
 
Sample collection 
 
Spider webs were collected from industrial and residential areas of 
Ota Ogun State, Southwest, Nigeria. These spider webs were 
collected during dry season (January/February, 2011). To ensure 
uniform and comparable age of the webs at each site, the webs 
were identified and harvested after 7 days (Xiaoli et al., 2006).  

 
 
Sample treatment 

 
The collected webs were washed with alcohol to remove greasy 
matter, air-dried, digested by treating 1 g of each web with 
concentrated nitric acid and boiled, re-dissolved and boiled for 6 h. 
Samples were re-suspended in nitric acid and 2.0 ml of 30% 
hydrogen peroxide. The residue was repeatedly re-suspended in 
nitric acid and heated at 120°C until digestion was complete.  

 
 
Sample analysis 

 
Quantitative determination of the trace metals was performed by an 
Atomic Absorption Spectrophotometer (AAS) (Bulk Scientific 

Model).  
 
 
Statistical analysis  

 
Data were analyzed using one way analysis of variance. 
 
 
RESULTS AND DISCUSSION 
 
Table 1 showed detailed results obtained from different 
locations. The highest mean Lead (Pb) concentration 
values of 0.44, 0.62, and 0.53 µgg

-1
 was recorded in 

industrial areas A, B and C, respectively. The mean Pb 
values of 0.06, 0.05, and 0.01 µgg

-1
 was recorded from 

residential areas D, E and F, respectively, while value of 
0.02 µgg

-1
 was recorded each for control sites G, H and I, 

respectively. Similarly, the mean Cadmium (Cd) 
concentration values of 0.11, 0.14, and 0.20 µgg

-1
 was 

recorded for industrial areas, while 0.04, 0.04, and 0.03 
µgg

-1
 was recorded from residential areas and  0.01 µgg

-1
 

each was recorded from the control sites. The mean 
values of Zinc (Zn) concentration from industrial areas 
are: 0.35, 0.18, and 0.18 µgg

-1
, respectively, while those 

from  residential  areas  are:  0.27,  0.18,  and  0.18 µgg
-1

,  

 
 
 
 
respectively. The mean Zn concentration values of 0.01 
µgg

-1
 each was recorded from the control sites. The 

mean values of Nickel (Ni) concentration from industrial 
areas are: 0.0.04, 0.02, and 0.01 µgg

-1
, respectively, 

while those from residential areas are 0.01, 0.01, and 
0.03 µgg

-1
, respectively. The mean Ni concentration 

values of 0.01 µgg
-1

 each was recorded from the control 
sites. The mean values of Copper (Cu) recorded from 
both industrial, residential and control sites are almost the 
same with the mean value of 0.01 µgg

-1
 recorded from all 

locations (Table 1).  
Table 2 showed the statistical analysis of results of 

metal samples analyzed from spider webs collected from 
industrial, residential and control sites. There was a 
significant difference in concentration of Pb and Cd from 
industrial and residential areas, whereas there was no 
significant difference in concentration of Zn, Ni and Cu 
from both industrial, residential and control sites. 
Similarly, Figures 1, 2 and 3 showed the variations of 
metal concentrations from various distances to the high 
way.  

The highest concentration of Pb, Cd, Zn, Ni and Cu are 
0.98, 0.42, 0.52, 0.05 and 0.03 µgg

-1
, respectively, as 

recorded from Locations A, C, A, A, and B which are all 
industrial locations (Table 1). This fact was further 
corroborated by the results of statistical analysis which 
showed that the concentrations of Pb was significantly 
higher in spider web samples collected from industrial 
areas with the mean value of 0.53 ± 0.09 µgg

-1
, while 

there was no significant difference in the mean values of 
Pb recorded from residential and control locations (Table 
2). Similarly, Cd concentration was significantly higher at 
P < 0.5 in industrial areas with the mean value of 0.15 ± 
0.05 µgg

-1
, whereas no significant difference in mean 

values was recorded from residential and control sites. 
However, for Zn, Ni and Cu, there was no significant 
difference. The values recorded for Pb may be due to 
industrial activities in the area but the fact that 
appreciable values are recorded in the residential and 
control sites simply indicates that Pb in suspended 
particles are ubiquitous showing how unsafe the air we 
breadth-in were. Accumulation of metals especially Pb, 
by spiders in these locations is likely to occur. Hendrickx 
et al. (2004), and Laskowski and Kammenga (2000) 
reported spider as one of the terrestrial invertebrates that 
accumulate the highest concentrations of many trace 
metals. When intoxicated with metals they exhibit strong 
physiological reactions due to the intoxication, for 
example, by having elevated levels of detoxifying 
enzymes which may lead to shifts in their energy budgets 
(Babczynska et al., 2006; Wilczek et al., 2003, 2004). 
Xiaoli et al. (2006) reported the mean concentration of Pb 
of 4.5 times greater from different locations and 
significantly high value at P < 0.05 in spider webs. 
However, particulate emissions from motor vehicle are a 
probable source (De Miguel et al., 1997; Sternbeck et al., 
2002).  With   the   removal   of   Pb   from    most    petrol 
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Table 1. Detailed results of concentration (µgg
-1

) of elements measured in spider webs collected from different 
industrial (A, B, C), residential (D, E, F) and control sites (G, H, I) (N = 27). 
 

Element A B C D E F G H I 

Pb          

1 0.98 0.92 0.73 0.09 0.08 0.02 0.03 0.02 0.03 

2 0.27 0.52 0.62 0.06 0.07 0.01 0.02 0.02 0.01 

3 0.08 0.42 0.25 0.02 0.01 0.01 0.01 0.01 0.01 

Mean 0.44 0.62 0.53 0.06 0.05 0.01 0.02 0.02 0.02 

          

Cd          

1 0.17 0.22 0.42 0.04 0.07 0.06 0.02 0.02 0.02 

2 0.13 0.12 0.11 0.05 0.02 0.02 0.01 0.01 0.01 

3 0.04 0.09 0.08 0.02 0.01 0.01 0.01 0.01 0.01 

Mean 0.11 0.14 0.20 0.04 0.03 0.03 0.01 0.01 0.01 

          

Zn          

1 0.52 0.37 0.31 0.37 0.22 0.12 0.02 0.02 0.02 

2 0.45 0.15 0.22 0.33 0.21 0.11 0.01 0.01 0.01 

3 0.07 0.03 0.01 0.12 0.1 0.01 0.01 0.01 0.01 

Mean 0.35 0.18 0.18 0.27 0.18 0.08 0.01 0.01 0.01 

          

Ni          

1 0.05 0.03 0.02 0.01 0.02 0.05 0.02 0.01 0.01 

2 0.04 0.02 0.01 0 0.01 0.02 0.01 0.01 0.01 

3 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Mean 0.04 0.02 0.01 0.01 0.01 0.03 0.01 0.01 0.01 

          

Cu          

1 0.02 0.03 0.02 0.02 0.01 0.01 0.02 0.01 0.01 

2 0.01 0.01 0.01 0.01 0 0.01 0 0.01 0.01 

3 0.01 0 0.01 0.01 0 0 0 0 0 

Mean 0.01 0.01 0.01 0.01 0.003 0.01 0.01 0.01 0.01 

 
 
 

Table 2. Distribution of concentration ±SD (µgg
-1

) of elements measured in spider webs collected from different 
industrial, residential and control sites (N = 27). 
 

Location Pb Cd Zn Ni Cu 

Industrial 0.53 ± 0.09
b
 0.15 ± 0.05

b
 0.24 ± 0.10

a
 0.02 ± 0.01

a
 0.01 ± 0.00

a
 

Residential 0.04 ± 0.03
a
 0.03 ± 0.01

a
 0.18 ± 0.10

a
 0.02 ± 0.01

a
 0.01 ± 0.00

a
 

Control 0.02 ± 0.00
a
 0.01 ± 0.00

a
 0.01 ± 0.00

a
 0.01 ± 0.00

a
 0.01 ± 0.00

a
 

 

Superscripts with the same letters down the column are not significantly different according to Duncan Multiple Range Test (P  
< 0.05). 

 
 
 
worldwide, combustion of fuels is now an insignificant 
source of Pb emissions, but may contribute Zn and Cd 
(Sternbeck et al., 2002). The source of Pb in Nigerian oil 
is likely due to emergence of illegal refineries which used 
outlawed methods [for example, tetra ethyl lead (TEL)] in 
the refining of crude oil and smuggling of their products 
into the Nigerian  market. Brake  linings are now the most 

common source of Pb in roadside environments, 
although re-suspension of Pb contaminated dusts remain 
an issue (De Miguel et al., 1997). Wear of brake linings is 
the principal sources of Cu, and the wear of tyres and 
motor oils are considered the primary sources of Zn 
(Sternbeck et al., 2002).  

Consider  the  distance  of  sample  location to the main  
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Figure 1. Variation of metal concentrations at 100 m from road. 
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Figure 2. Variation of metal concentrations at a distance of 200 
m from road. 
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Figure 3. Variation of metal concentrations at a distance of 300 

m from road. 
 
 
 

road where vehicular activities occur on a regular basis; 
Figures 1, 2, and 3 showed variation of elements under 
consideration and their various concentrations. At all the 
distances away from the main road, the order of 
concentration was Pb > Zn > Cd > Ni > Cu (Figures 1, 2, 
and 3). The concentration of Pb at 100, 200, and 300 m 
were, 0.34, 0.18, and 0.09 µgg

-1
, respectively, showing 

that proximity of the sample location to the very busy 
road  is  a  primary  factor.  Horse  et  al.  (2002) collected 

 
 
 
 
webs from reference sites that were more than 30 km 
from the nearest major road. Xiaoli et al. (2006) reported 
webs that contained 100 µg/g of Zn and 30 µg/g of Pb 
which are less than the concentration recorded in urban 
reference sites.  

These findings for Pb, Zn, and Cd are consistent with 
previous studies that have shown a decrease in metal 
concentrations with increasing distance from the road 
(Yassoglou et al., 1987). This may be explained by De 
Nevers (1999) who showed that about 40% of particulate 
emissions have diameters larger than 9 µm that because 
of their high gravitational settling velocity, settle quickly 
and are deposited within about 10 m from the road. About 
20% of the particles have diameter between 1 and 9 µm 
and are deposited about 40 m from the road. The 
remaining 40% of the particles have diameters less than 
1 µm and remain suspended in the atmosphere for a long 
time and may be carried far away from the road. Most Cu 
is associated with particles 1 to 10 µm in size (Lough et 
al., 2005) with a mean particle size of 6 µm (Sanders et 
al., 2003).  

The difference in concentration among the sites simply 
reflects differences in the ages of webs from each site. 
Effort was made to sample the webs of matured spiders 
in an attempt to make size and age ranges of webs from 
each site as comparable as possible. The significance of 
knowing the web age as used in the present study is that 
it provides a specific age of the web as webs accumulate 
heavy metal loads over a period of time, which gives 
webs a distinct advantage over conventional air sampling 
strategies (such as dynamometric tests) that only provide 
a snapshot of conditions. 
 
 
Conclusion 
 

In this study, we investigated concentration of metals in 
suspended particles in spider webs from industrial and 
residential areas. The concentration of metals in spider 
webs from the study area is not only caused by industrial 
activities but vehicular movement contributed largely to 
the values recorded. Effort should be intensified to 
monitor vehicular emission on a regular basis in order to 
ensure safe environment.  
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