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Three commonly consumed edible vegetables from two sites in Port 
Harcourt, Rivers State were studied to evaluate the concentrations of five 
heavy metals (Pb, Ni, Cu, Mn, Co) using the dry ashing and wet ashing 
(digestion) methods.  Results showed that most of the metals were lost using 
the dry ashing method resulting in very low values when compared to those 
obtained from wet ashing.  Co had values of 20.1 mg/kg to 40.2 mg/kg for 
dry ashing and 278 mg/kg to 393 mg/kg for wet ashing followed by Ni, 24.0 
mg/kg to 34.0 mg/kg for dry ashing and 138 mg/kg to 276 mg/kg for wet 
ashing.  Pb had values of 20.6 mg/kg to 47.2 mg/kg for dry ashing and 68.2 
mg/kg to 196 mg/kg for wet ashing and Mn had values of 18.8 mg/kg to 
116mg/kg for dry ashing and 63.1 mg/kg to 172mg/kg for wet ashing. For 
Cu, the values were 20.7 mg/kg to 35.1 mg/kg for dry ashing and 42.6mg/kg 
to 99.6 mg/kg for wet ashing.  Mn had high concentrations from both 
methods. Statistical analysis was carried out for both methods using the 
paired t-test. The result showed that the calculated t-value for each of the 
heavy metals was significantly higher than the critical value of  

. The result leads to the conclusion that the wet ashing 

method is better.  
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INTRODUCTION  
 
Dry and wet ashing procedures have been utilized over 
time as efficient methods with the latter being a better 
digestion method (Tuzen et al. (2004); Soylak et al. (2004) 
and  Guang et al. (2008)). 

Chemical preparation and analysis of metals contained in 
vegetables and crops require the decomposition of the 
samples.  The decomposition (mineralization) procedure is 
of great importance for obtaining desirable results (Tarley 
et al., 2004; Roychowdhury et al., 2003; Polkowska-
Motrenko et al., 2000).  Most commonly used instrument 
for heavy metal determination in vegetables that have been 
studied in Nigeria is the atomic absorption spectrometry 
(Akan et al., 2009; Sobukola et al., 2010; Orisakwe et al., 
2012; Otitoju, et al., 2012; Oti, et al., 2013; Kalagbor et al., 
2014).  This is due to its sensitivity, specificity, simplicity 

and precision (Skoog et al., 1996).  However, the precision 
and accuracy in the results obtained from this analytical 
procedure depend largely on the preparation of the 
samples. Wet ashing involves the digestion of samples using 
either one or a combination of acids such as HNO3, HCl, 
H2SO4, HClO4 and oxidizing agents.  However, many samples 
that contain refractory elements may and will resist 
treatment with the strongest acids or combination of acids. 
There are two types of wet ashing methods for metal 
analysis:  the mild digestion and vigorous digestion and 
these are USEPA approved methods. Dry ashing is a process 
where high temperatures are involved in the digestion of 
samples. At 500°C, water and other volatile materials are 
vaporized and organic substances are burnt off in the form 
of CO2, H2O and N2. Most  minerals  are  converted to oxides,  
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sulphates, phosphates, chlorides or silicates in the presence 
of oxygen of the air. Some minerals may be partially lost 
and this accounts for the low values obtained from the dry 
ashing procedure. In this study, both procedures are used 
for the three indigenous vegetables, bitter leaf (Vernonia 
amygdalina), scent leaf (Ocimum gratissimum) and 
waterleaf (Talium traingulare) to ascertain the better 
method for the quantification of the concentrations of Pb, 
Ni, Cu, Mn and Co. The levels of these metals are analyzed 
using AAS.The results were further subjected to paired t-
test.    
 
 
MATERIALS AND METHODS 
 
Samples: All the vegetable samples were collected from a 
farm in Port Harcourt city.  The samples were collected in 
duplicate, air-dried and ground into fine powder with a 
blender.  They were stored in plastic sample bottles for 
subsequent digestion and analysis using AAS. 
 
Sample digestion 
 
Dry ashing   
 
Equal amounts of 1g each of the samples were put into 
porcelain crucibles and placed inside the furnace.  The 
temperature was gradually increased from 250°C to 500°C 
in 1 hour and kept at this temperature.  The ashing lasted 
for 8 hours after which the samples were dissolved using 
5ml HNO3 (25% v/v).  The samples were heated for 1 hour 
to gently evaporate the acid and were then returned to the 
furnace and ashed until white ash was obtained.  5ml dilute 
HCl was added to each solution and brought to a gentle boil 
to dissolve the ash.  The resulting solution was filtered and 
made up to mark in 50ml volumetric flasks with deionized 
water. Care was taken in dilution and transfer of aliquots 
from one stage to another. 
 
Wet ashing  
 
The samples were weighed; 1g each, put in porcelain 
crucibles and transferred to the fume chamber.  12ml of the 
oxi-acidic mixture of HNO3 and HClO4 (4:1) was added and 
heated at 130°C until the white fumes dissipated.  The 
samples were cooled, filtered and made up to mark in a 
50ml volumetric flasks with deionized water. 
 
Statistical Methodology 
 
The method of paired t-test was used to determine if there 
is a significant difference in the concentration of heavy 
metals in edible vegetable when it is treated with the wet 
ashing method compared to the dry ashing method. From 

Tables 1 and 2, let  denote the mean of concentration for 

heavy metal i under the wet ashing method and  the 

mean  of  concentration  for   heavy  metal I  under  the   dry  

 
 
 
 
ashing method, where i= 1, - - - n. The result of this is 

presented in Tables 3 to 8. is the difference 

in the mean of concentration of heavy metals under the wet 
and dry ashing method. The mean of di is given by:   

   

and the variance is given by 

 
Under the assumption that the di’s are independent random 

samples from an N (   distribution we can test the null 

hypothesis  that the wet ashing method has the same 

effect on the concentration of heavy metals as the dry 
ashing method. We assume that the mean values of the 
concentration of heavy metals are equal both for the wet 
and dry ashing methods. This is tested against the 

alternative hypothesis that the mean concentrations are 

unequal. 

 

 
Using the t distribution with 5 degrees of freedom at 

0.05 significance level the critical values are  

 

The test statistic  

If the calculated t-value is less than the critical value of  

 or greater than the critical value of 

, (  we would 

reject the null hypothesis   because t has fallen into the 

rejection region. The alternative hypothesis will then be 

accepted showing that the two methods do not have the 

same effect on the concentration of heavy metals in edible 

vegetable. However, if the calculated t-value lies between -

2.5706 and 2.5706,  , we would accept 

that the two ashing methods have the same effect on the 

concentration of heavy metals in edible vegetable. 

For each heavy metal, the paired t-test was conducted to 

test the difference in concentration under the wet and dry 

ashing method. The data from Table 1 and 2 were used for 

these tests. 

 
RESULTS AND DISCUSSION         
 
The concentrations of the heavy metals analyzed for the 
three vegetables using the dry ashing procedure are 
presented in Table 1 and the results from the wet ashing 
procedure are presented in Table 2. Presented in Table 3  is  
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Table 1. Concentration of metals (mg/kg) from dry ashing  
 

Metals   Bitter leaf 
Site1        Site2 

Scent leaf 
Site1         Site2 

Water leaf 
Site1          Site2 

Pb    
 

SD 

25.6 
3.2 

29.4 
1.9 

20.6 
2.5 

39.2 
4.1 

34.9 
3.1 

47.2 
4.1 

Ni 
 

SD 

30.1 
3.5 

38.8 
3.2 

27.9 
1.9 

34.9 
2.5 

24.4 
1.9 

34.0 
2.5 

Cu 
 

SD 

20.7 
1.9 

25.3 
1.6 

21.6 
3.4 

35.1 
4.3 

21.6 
1.8 

35.1 
2.00 

Mn 
 

SD 

116 
7.1 

103 
7.2 

18.8 
1.5 

23.6 
3.00 

93.1 
6.5 

103 
8.1 

Co 
 

SD 

20.1 
2.1 

34.0 
2.6 

21.8 
2.3 

35.6 
3.1 

24.3 
1.8 

40.2 
3.5 

 
 

Table 2. Concentration of metals (mg/kg) from wet ashing  
 

Metals   Bitter leaf 
Site1 Site2 

Scent leaf 
Site1 Site2 

Water leaf 
Site1 Site2 

Pb 
 

SD 

68.2 
2.1 

152.0 
6.5 

83.2 
2.9 

185.0 
9.8 

77.7 
6.9 

196.0 
8.6 

Ni 
 

SD 

138 
10.5 

241.0 
13.1 

138.0 
6.00 

251.0 
9.8 

222.0 
10.7 

276.0 
18.6 

Cu 
 

SD 

42.6 
4.1 

46.1 
3.1 

43.6 
6.2 

94.7 
5.6  

44.9 
2.5 

99.6 
7.4 

Mn 
 

SD 

144.0 
7.2 

172.0 
5.2 

63.1 
4.11 

76.7 
8.1 

138.0 
7.10 

141.0 
9.2 

Co 
 

SD 

289.0 
11.22 

346.0 
8.2 

278.0 
5.6 

393 
7.0 

284.0 
6.1 

378.0 
7.8 

 
 

Table 3. Mean values of concentration of Pb (mg/kg) from wet and dry 
ashing method 

 

 Wet( ) Dry( ) 
di di2 

1 68.2 25.6 42.6 1814.76 
2 152.0 29.4 122.6 15030.76 
3 83.2 20.6 62.6 3918.76 
4 185.0 39.2 145.8 21257.64 
5 77.7 34.9 42.8 1831.84 
6 196.0 47.2 148.8 22141.44 
   565.2 65995.20 

 
 
 
the mean concentrations of Pb for the wet ashing and dry 
ashing methods. 
   
 
RESULTS 
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Table 4. Mean values of concentration of Ni (mg/kg) from wet and dry 
ashing method 

 

 Wet( )  Dry( ) 
di di2 

1 138.0 30.1 107.0 11642.41 
2 241.0 38.8 202.2 40884.84 
3 138.0 27.9 110.1 12122.01 
4 251.0 34.9 216.1 46699.21 
5 222.0 24.4 197.6 39045.76 
6 276.0 34.0 242.0 58564.00 
   1075.9 208958.23 

 
 

Table 5. Mean values of concentration of Cu (mg/kg) from wet and dry 
ashing method 

 

 Wet( ) Dry( ) 
    di         di2 

1 42.6     20.7 21.9 479.61 
2 46.1     25.3 20.8 432.64 
3 43.6    21.6 22.0 484.00 
4 94.7   35.1 59.6 3552.16 
5 44.9    21.6 23.3 542.89 
6 99.6    35.1 64.5 4160.25 

   212.1 9651.10 

 

 
 

 

 

 
 

 

 

 
The calculated value of t = 4.5679 is significantly higher 
than the critical value of 2.5706. So we reject the null 

hypothesis  and that the concentration of Pb in edible 

vegetable is not the same under dry and wet ashing method 
but that the concentration of Pb is higher when treated with 
the wet ashing method than when treated with the dry 
ashing method. Table 4 below shows the concentration of 
Ni from the wet ashing and dry ashing methods. 
 

 

 

 
                     

 

 

 

 

 

 

 

 

 
The calculated value of t = 7.755 is significantly higher than 
the critical value of 2.5706. So we reject the null hypothesis 

 and accept the alternative hypothesis that the 

concentration of Ni is higher when treated with the wet 
ashing method. Table 5 below shows the concentration of 
Cu from the wet ashing and dry ashing methods. 
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Table 6. Mean values of concentration of Mn (mg/kg) from wet and dry 
ashing method 

 

 
Wet( ) Dry( ) Di di2 

1 144.0 116.0 28.0 784.00 
2 172.0 103.0 69.0 4761.00 
3 63.1 18.8 44.3 1962.49 
4 76.7 23.6 53.1 2819.61 
5 138.0 93.1 44.9 2016.01 
6 141.0 103.0 38.0 1444.00 
   277.3 13787.11 

 
 
 
    

 

 

 

 

 

 

 

 

 
The calculated value of t = 4.1715 is significantly higher 
than the critical value of 2.5706. So we reject the null 

hypothesis  and accept the alternative hypothesis 

that the concentration of Cu in edible vegetable is higher 

when treated with the wet ashing method than when it is 
treated with the dry ashing method. Table 6 below shows 
the concentration of Mn from the wet ashing and dry ashing 
methods. 
 

 

 

 
                     

 

 

 

 

 

 

 

 

 
The calculated value of t = 8.121 is significantly higher than 
the critical value of 2.5706. Hence, we reject the null 

hypothesis , and accept the alternative hypothesis . 

We therefore conclude that the concentration of Mn in 
edible vegetable is higher when treated with the wet ashing 
method than when it is treated with the dry ashing method. 
Table 7 below shows the concentration of Co from the wet 
ashing and dry ashing methods. 
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Table 7. Mean values of concentration of Co (mg/kg) from wet and dry 
ashing method 

 

 Wet( ) Dry( ) 
di di2 

1 289.0 20.1 268.9 72307.21 
2 346.0 34.0 312.0 97344.00 
3 278.0 21.8 256.2 65638.44 
4 393.0 35.6 357.4 127734.76 
5 284.0 24.3 259.7 67444.09 
6 378.0 40.2 337.8 114108.84 
   1792.0 544577.84 

 
 

Table 8. Summary of t-values for the heavy metals 
 

Metal tcal 
Pb 4.5679 
Ni 7.755 
Cu 4.1715 
Mn 8.121 
Co 16.886 

 
 
 
The calculated value of t = 16.886 is significantly higher 
than the critical value of 2.5706. Hence, we reject the null 

hypothesis , and accept the alternative hypothesis . 

We therefore conclude that the concentration of Co in 
edible vegetable is higher when treated with the wet ashing 
method than when it is treated with the dry ashing method. 
Presented in Table 8 below is the summary of t-values 
(calculated) for the five metals used for the study. 
 
 
Discussion 
 
The results obtained from the wet digestion for Pb from 
bitterleaf were high (68.2mg/Kg to 152mg/kg) compared 
to the results from dry ashing (20.6mg/Kg and 47.2mg/kg). 
High concentrations were recorded for Ni from wet 
digestion. These values were 138 mg/kg to 276 mg/kg. 
From dry ashing the results were 24.4 mg/kg to 38.8mg/kg. 
Cu concentrations were the lowest when compared to the 
other metals in this study. The results from the wet ashing 
were from 42.6 mg/kg to 99.6mg/kg. Dry ashing results 
were much lower than those obtained from wet ashing. The 
values ranged from 20.7 mg/kg to 35.1mg/kg. Results of 
Mn concentrations show that there is not much difference 
between the two procedures. Concentrations from the wet 
ashing method were from 63.1mg/kg to 172mg/kg and the 
dry ashing was from 18.8 mg/kg to 116mg/kg. Though the 
concentration differences were appreciable compared to 
the results from the other metals, values from wet digestion 
are still higher than those from dry ashing. The highest 
results obtained from the wet ashing in this study were 
from the Co metal, 278 mg/kg to 393mg/kg. These results 
are more than ten times higher than those obtained from 
dry ashing (20.1mg/kg to 40.2mg/kg). The mean values of 

metal concentrations of the edible vegetables under each 
ashing method were used for statistical analysis. The 
calculated value of each metal is significantly higher than 
the critical value. This shows that the wet ashing procedure 
is a better sample digestion method than dry ashing. The 
degree of difference between the two methods was higher 
for Co (1.886), followed by Mn (8.121), Ni (7.755), Pb 
(4.568) then Cu (4.172). This is in agreement with the 
findings by Tuzen et al. 2004, Soylak et al. 2004, Guang et al. 
2008). 
 
 
Conclusion 
 
From the results obtained and the statistical evaluation of 
the data, the wet ashing (digestion) method gives better 
results than the dry ashing method. This is most obvious in 
the analysis for Co and more obvious in Ni, Pb, and Cu. The 
wet ashing procedure gave quantitative concentrations of 
all the five metals investigated. 
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