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The aim of this study was to assess the performance of selected destruction methods for the determi- 
nation of heavy metals (Cd, Cu, Pb and Zn) in woodlouse (Oniscus asellus). A vigorous total analysis 
involving microwave destruction with HF, HCl and HN03 (method 1) was used as a reference 
method. Consistently low values for the dry ashing method may indicate incomplete dissolution of 
the elements and/or losses through volatilisation. Method 3 (concentrated HNO,) that frequently is 
used in literature. produced erroneous values for Cd, Cu and Pb. Results were consistent with the 
microwave digestion, provided H202 was used during digestion (method 4, HNOfl202). Method 5 
(HNO,/HCIO,, one destruction step) yielded low recoveries when only one destruction step was 
applied. Applying two destruction steps (method 6) resulted in values consistent with the microwave 
method, but was at the expense of reproducibility and rendered the method more lengthy and labori- 
ous. Because of the very good performance combined with speed and simplicity, destruction with 
HN03/H202 (method 4) emerged as the most convenient method. 

Keywords: Heavy metals; woodlouse; invertebrates; analytical method 

INTRODUCTION 

Some arthropods are known to be very active heavy metal accumulators [1-31. 
They may therefore play an important role in the transfer of these elements from 
soil or sediment substrates into the food chain. Also of interest is that they could 
be useful indicators for metal pollution r41. For these reasons, there is currently a 
great interest for the analytical determination of heavy metals in arthropods. 

* Corresponding Author: Fax: +32-9-264 62 32; E-mail: Fi1ip.Tackerug.ac.k 
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Matrix destruction for the determination of heavy metals in arthropods is usu- 
ally accomplished using wet destruction methods. In related literature, details of 
the procedures followed for analysis are rarely given or referred to. Most proce- 
dures adopted involve a wet digestion using nitric acid, alone [5761, or in combi- 
nation with perchloric acid ['**I or hydrogen peroxide['l. It appears to be no 
papers published where the performance of analytical methods applied for heavy 
metal analysis of arthropods is compared. The aim of this study was to assess the 
performance of ashing and wet destruction methods for the determination of 
heavy metals (Cd, Cu, Pb and Zn) in woodlouse (Oniscus asellus). 

EXPERIMENTAL 

About 200 woodlice (Oniscus asellus) were collected in September 1998 by 
hand picking in the field. The sampled area was located in a forest of poplar trees 
in Bourgoyen-Ossemeersen, near Ghent, Belgium. Animals were collected in test 
tubes and frozen upon arrival in the lab [lo]. Animals were then dried at 70°C for 
48 hrs. The biologic material was thoroughly crushed using a mortar and a pestle, 
and subsequently mixed by coning and quartering to assure good homogeneity. 

Each time before a sample was taken, the sample bottle was thoroughly 
shaken. To mimic the situation where individual animals are analysed, aliquots 
between 20 - 30 mg were weighed to the nearest 0.01 mg on a Mettler Toledo 
AT 21 Comparator (Ninicon, Switzerland) analytical balance. This weight is 
within the range for a typical dried woodlouse. 

Destructions were replicated eight times except for methods 3 and 5.  When it 
was observed that these methods were inappropriate (see Results and Discussion), 
no further replicates were undertaken. Four of the replicates were re-analysed at 
different times in order to discriminate between variability associated with the 
destruction procedure and that associated with the analytical determination. 

Microwave destruction (method 1) 

Following is a US-EPA method for the determination of total metal contents in 
environmental matrices [ll]. Samples were weighted into 45 ml teflon destruc- 
tion bombs. Three ml65% HNO, and 1 ml37% HCl were added. The recipients 
were placed during 15 minutes in an ultrasonic bath to evacuate nitrous vapours. 
Closed bombs were then heated in a microwave, subsequently at 250 Watt during 
5 minutes, at 400 Watt during 5 minutes and at 600 Watt during 4 minutes. 
Recipients were then cooled and the destruate was filtered over a 0.45 pm mem- 
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brane filter in a 50 ml volumetric flask. The membrane filter with the solid resi- 
due was transferred again into the destruction vessel and 1 ml48% HF, 1 ml37% 
HCl and 1 ml 65% HNO, were added. This mixture was subjected to the same 
heating program and cooled. The solution was combined with the filtrate and 
diluted to 50 ml. 

Dry ashing (method 2) 

This method is adopted from a procedure commonly used for plant analysis 
r123131. Samples were weighed into porcelain crucibles. The crucibles had been 
washed in a laboratory dishwasher and were subsequently soaked in 5% 
ultrapure 65% HN03 and rinsed with deionised water. The samples were 
pre-ashed in a muffle furnace at a temperature of 250°C and subsequently ashed 
during 3 hours at 450°C. The crucible was transferred to a hot plate, 5 ml of 
6 m o m  HNO, was added and the mixture was evaporated to a low volume. The 
residual was dissolved in 5 ml of 3 m o m  HNO,, filtered (SSrS,  blue ribbon) and 
diluted to 50 ml. 

Wet destruction with HNOJ or HNOfl202  (methods 3 and 4) 

A method described by Marinussen and Van Der Zee (1997)r9] was used 
(method 4). Samples were weighed into 100 ml pyrex beakers and treated with 
5 ml ultra-pure 65% HNO,. The beaker was covered with a watch-glass and the 
suspension was heated up to 13OOC for 1 h. A total amount of 4 ml 20% H202 
was added in aliquots of 0.5 ml. After cooling, the solution was quantitatively 
transferred to a 50-ml volumetric flask and diluted to the mark. For the destruc- 
tion involving only HNO,, the same procedure was followed without addition of 
H202 (method 3). 

Wet destruction with HNOflC104 (methods 5 and 6) 

This method is adapted from that of van Straalen and van Wensemr7]. Digestion 
was performed in watch-glass-covered 100 ml pyrex beakers by means of 5 ml 
7: 1 mixture of ultra-pure 65% nitric acid and 70% perchloric acid. The suspen- 
sion was heated at 85OC and then at 16OoC, each during 45 minutes. The 
watch-glass was removed and the mixture was evaporated at 17Cj180"C until no 
more white fumes evolved. The method indicates that this destruction procedure 
should be repeated on the residue when it is observed that destruction is not com- 
plete, i.e., when the residue is not white. If destruction is evaluated to be com- 
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plete, the residue is dissolved in 0.1  m o m  H N 0 3 ,  heated during 30 minutes and 
diluted to 50 ml. Our samples were subjected to either one destruction (method 
5 )  or two destructions (method 6). 

Chemical analysis 

Flame atomic absorption (SpectrAA-10, Varian, Palo-Alto, CA) equipped with deu- 
terium background correction was used for the determination of Zn in the extracts. 
Cd, Cu and Pb were analysed by graphite furnace atomic absorption (SpectrAA-100, 
Varian, Palo-Alto, CA), equipped with Zeeman background correction. 

Standard reference materials for quality control of heavy metal analysis in 
arthropods are not currently available. Quality control was performed by analys- 
ing a reference plant material (ryegrass, CRM 281)[14]. These data allow for 
quality control (Table I), but do not allow to draw conclusions with respect to the 
analysis of metals in arthropods using these methods. Not only is the matrix dif- 
ferent, but metal levels are a factor 10 to 100 lower than in woodlouse. 

TABLE I Duplicate analyses in m a g  dry wt. of rye grass reference material (CRM 281[141) using 
destruction methods 2 (dry ashing), 4 (HNO$H,O,) and 5 (HN03lHC104, 1 destruction). 
Uncertainty intervals of certified values are 95% confidence intervals of the grand mean 

Method 2 Method 4 Method 5 Certified 

Cd 0.134/0.135 0.1 1 o/o. 120 0.062l0.075 0.12 i 0.11 

cu 8.7718.79 9.2918.99 6.22622 9.65 i 0.38 

Pb 2.4112.18 2.3812.92 1.5711.42 2.38 i O . l l  

Zn 29.6128.8 29.0128.3 3 1.9130.0 31.5 i 1.4 

Using method 5,  it was easily observed that one destruction step was insuffi- 
cient to achieve complete destruction. As a result, recoveries for Cd, Cu and Pb 
were incomplete, while Zn was quantitatively recovered (Table I). The two other 
methods, including dry ashing and destruction with HNO3/H2O2, yielded good 
recoveries for Cd, Pb and Zn, although the latter elements tended to show a neg- 
ative bias. Cu recovery was good for method 4 involving destruction with 
HNO3/H,O2, but slightly low for the ashing method. 

Statistical analysis 

The significance of differences between results of the microwave destruction and 
other methods was evaluated using the t-test for equality of means[15]. Equality 
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of variances between two groups was assumed unless the Levene’s test for equal- 
ity of variances was significant at the 5% level. 

To discriminate between variability due to the destruction and to the analytical 
measurement, analysis of variance with a nested design was Only 
methods that were considered appropriate (methods 1, 2,4 and 6) were included. 
The factor in the nested design were the different methods (4 levels) and repli- 
cate destructions (four levels). Residual variance is associated with variability in 
the analytical determination of metals in the extracts (2 replicates). This proce- 
dure allowed to discriminate between variabilities associated with the use of dif- 
ferent destruction methods, with the destruction procedure and heterogeneity of 
the sample, and with the analytical determination. 

RESULTS AND DISCUSSION 

Metal contents obtained using different destruction procedures were compared 
with the microwave destruction method (method 1) (Table 11). This is a vigorous 
destruction method proposed by US-EPA for the determination of total metal 
contents in a variety of matrices[”]. As it involves the use of hydrofluoric acid, it 
is capable of dissolving silicates as It can therefore be considered as a 
reference to check recoveries of other methods. In the following discussion, 
recoveries are defined with respect to the microwave destruction method. 

Differences with results from the microwave destruction methods were in 
many cases significant (Table 11). Overall, methods 4 (HN03/H202) and 6 
(HN03/HC104, two steps) compared best to the microwave destruction method. 
The other methods usually yielded significantly lower values. Occasionally, val- 
ues were systematically higher than the values obtained using microwave 
destruction. 

Dry ashing methods still are frequently applied for trace element analysis in 
biological matrices because of convenience. Although dry ashing generally takes 
a long time, it is attractive because operator involvement is low, large sample 
sizes can be employed, and, unless reagent addition is necessary, contamination 
due to reagents is Many sample can readily be ashed together in appro- 
priate muffle furnaces with little labour[’’]. 

With the exception of Zn, recoveries with respect to the microwave destruction 
method were consistently too low. Low recoveries can be due to incomplete dis- 
solution of the element from the ash. Besides, and in particular for Cd, volatilisa- 
tion of the element may occur during dry ashing and it is usually not possible to 
apply higher ashing temperatures than 450°C to avoid excessive losses of Cd[12]. 
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TABLE Ll Grand means (Avg in mgkg dw.), standard deviations (Std in mgkg dw.) and coefficients 
of variation (CV%) for the determination of Cd, Cu, Pb and Zn using different destruction procedures 
(method 1: Microwave destruction with HNO,MCl/HF; 2: dry ashing; 3: HNO,; 4: HN03/H202; 5 :  
HNO3/HCIO4, 1 destruction; 6: HNO3/Hc104,2 destructions) 

Merhod I 2 3 4 5 6 

Cd 

c u  

Pb 

Zn 

Avg 

Std 

CV% 

Avg 

Std 

CV% 

Avg 

Std 

CV% 

Avg 

Std 

CV% 

19.0 

1.6 

8.2% 

155 

8 

5.3% 

22.2 

2.1 

9.5% 

294 

13 

4.4% 

15.0 

2.3 

15.1% 
**. 

140 

5 

3.9% 
*** 

18.6 

3.2 

17.4% 

** 

284 

15 

5.3% 

- 

16.1 

1 .o 

6.3% 
*** 

167 

10 

5.8% 
*I 

14.7 

7.7 

52.7% 

* 
329 

31 

9.3% 

* 

17.9 

1.7 

9.6% 

- 

149 

8 

5.2% 

- 

22.7 

2.9 

12 8% 

- 

273 

18 

6.4% 
** 

21.9 

1.3 

5.8% 
*I 

98 

6 

6.6% 
*** 

13.7 

3.4 

24.5% 
*** 

289 

3 

1.1% 

- 

17.4 

3.2 

18.4% 

- 

152 

17 

11.0% 

- 

21.4 

2.7 

12.6% 

- 

282 

17 

6.0% 

- 

The significance of the +fference with the microwave destruction method (method 1) is designated 
with ns, not significant, : significant at the 5% level of confidence, **significant at the 1% level, *.* significant at the 0.1% level (t-test for equality of means) 

The method involving HN03 was performed without (method 3) and with 
addition of H202 (method 4). When no H202 was used, recovery of Pb amounted 
to only 66% of the amount recovered using microwave digestion. In contrast, 
values obtained for Cu and Zn were too high, approx. 110% of the microwave 
destruction method. The brown colour of the solutions suggested that destruction 
of organic matter was incomplete when no H202 was used. This may result in 
incomplete dissolution of elements such as Pb. High values may be related to 
interference during analytical determination. These observations are very impor- 
tant because many authors used HN03 destruction as a relatively fast and con- 
venient method to determine metals in biological matrices. Our results suggest 
that this method is inappropriate for the determination of Cd, Cu, Pb and Zn, at 
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least in arthropods and likely other biota. The simple modification of adding 
H 2 0 2  during digestion was effective and yielded good results for all elements 
except Zn, which was 7% lower than the result of the microwave destruction 
method. 

The method involving destruction with HN03/HC104was performed applying 
a single destruction (method 5) and applying two consecutive destructions 
(method 6). The method prescribes that a subsequent destruction of the residue 
of a destruction is to be carried out when it is judged by visual inspection that 
destruction is incomplete[71. This should be observed by the colour of the residue 
not being white. In our case, the colour of the residue remaining after one 
destruction was a very pale yellow, which was easily mistaken as indicating com- 
plete destruction. From the results, it became clear that destruction in fact had not 
been complete. Values for Cu and Pb were much lower than for the other meth- 
ods and Pb exhibited a much higher variability than that observed with the other 
methods (Table 11). Analyses were then repeated applying two consecutive 
destructions (method 6) and this approach yielded values consistent with the 
other methods. 

This experience illustrates the danger of relying an analytical procedure on a 
visual criterion. It would be advisable to adapt this method to prescribe two con- 
secutive destructions in all cases. With this modification, the method performed 
equally as the microwave destruction method, except for the higher variability 
between replicates. Another drawback is that the need for two consecutive 
destructions renders the method even more lengthy and labour intensive. 

Optimum reproducibility was in the range of 5 - 8%. For the weaker perform- 
ing methods, reproducibility was around 15% and for Pb using methods 3 and 5, 
reproducibility was very low, at 50 and 25%, respectively. These variation coeffi- 
cients involve variability associated with both the destruction and the analytical 
determination. 

Low recoveries of Pb in methods 3 and 5 were accompanied by a high variabil- 
ity between the individual measurements, probably mostly related to incomplete 
destruction of the organic matrix. Reproducibility may also be adversely affected 
for these methods that involve numerous manipulations. When comparing 
method 5 with method 6, it is observed that the extra destruction step involved in 
method 6 increased the variation coefficient from around 6% to more than 11 % 
for Cu and Cd, and from 1 % to 6% for Zn. 

Analysis of variance with nested design was used to partition the sum of 
squares into different sources of variability (Table In). Sources of variability 
were the use of different destruction methods, the destruction procedure and the 
analyhcal determination. Sample heterogeneity also may constitute a significant 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



156 FLIP M.G. TACK et al. 

source of variability, because small sample sizes between 20-30 mg were used. 
Methods 3 and 5 were not further considered. 

TABLE III Analysis of variance with nested design (DF degrees of freedom; SS: Sum of Squares; 
MS: mean Square, p: probability of F statistic; s2: estimated variance associated with factor; %CV 
estimated variation coefficient associated with factor) 

Source of variation (factor) DF SS MS P s2 %CV 

Cadmium 

Method 

Destructiodsample 

Analytical detn. 

Copper 

Method 

Destructiodsample 

Analytical detn. 

Lead 

Method 

Destructiodsample 

Analytical detn. 

Zinc 

Method 

Destructiodsample 

Analytical detn. 

3 

12 

16 

3 

12 

16 

3 

12 

16 

3 

12 

16 

104.5 

42.6 

14.8 

1031 

758 

509 

140.8 

98.5 

48.5 

1645 

4704 

683 

34.9 

3.5 

0.9 

343.5 

63.2 

31.8 

52.3 

7.6 

3.2 

548.3 

392.0 

42.7 

O.OO0 

0.007 

O.Oo0 

0.100 

O.OO0 

0.054 

O.OO0 

O.OO0 

4.19 

1.31 

0.92 

41.0 

15.7 

31.8 

6.26 

2.20 

3.20 

46.7 

174.6 

42.7 

11.7% 

6.6% 

5.5% 

4.3% 

0.0% 

3.8% 

12.6% 

7.5% 

9.0% 

2.4% 

4.6% 

2.3% 

Mean squares were used to estimate standard deviations associated with the 
different factors that determine variability['51. For example, the mean square 
associated with the outer level factor Method is an estimate of 2 + n s z  + bns:. 
Here, s2 represents residual variance, sb2 is the variance associated with the 
nested factor (replicate destruction in our case) and s: is the variance associated 
with the outer level factor. The parameters n and b represent the number of repli- 
cate determinations and the number of levels of the nested factors. The standard 
deviation is given by the square root of the variance and was used to calculate a 
coefficient of variation (CV%), which would give the reproducibility of the ana- 
lytical results if there were no other sources of variability (Table HI). 

For all elements except Zn, the most important contribution to the overall vari- 
ability of the analytical results was caused by differences between destruction 
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methods. This is mostly due to the differences between the ashing procedure and 
the other procedures. For Zn, replicate destructions/sample heterogeneity was the 
most important source of variability. 

The variation coefficients associated with analytical determination were at or 
below 5% for Cd, Cu and Zn (Table 111). This is acceptable for analytical deter- 
minations in biological matrices. It reflects that metal concentrations in the 
extracts were relatively high and well within the reach of flame atomic absorp- 
tion for Zn (0.10-0.13 mg/l) and graphite furnace atomic absorption for Cd (6- 
9 pg/l), Cu (50-70 pg/l). For Pb, that variation coefficient was larger, at 9%. This 
is in agreement with concentrations of Pb in the extracts, 6-9 pgA, being already 
in a lower range for determination with graphite furnace atomic absorption. Rel- 
atively low variation coefficients for the factor deshuctiodsample heterogeneity 
suggest that sample heterogeneity was not limiting, despite the low sample size. 
A thorough homogenisation of the sample was a prerequisite for the purpose of 
method testing. In practical field work, whole animals are usually analysed sepa- 
rately, an approach that avoids the problem of proper sample homogenisation. 

In conclusion, three of the tested methods were appropriate for the determina- 
tion of Cd, Cu, Pb and Zn in woodlouse. Of these, the method involving 
HNO3/H2O2 is by far the easiest and fastest to cany out in the laboratory. At the 
same time, it allows to obtain recoveries and reproducibilities comparable with 
the two other more laborious approaches. 

Ackno w Iedgements 
This work was supported by the Research Fund of Ghent University as part of 
the research programme “Transfer van zware metalen in terrestrische ecosyste- 
men: speciatie, bioaccumulatie en effecten op populatieniveau” (BOF 
01 110498). 

References 
S.P. Hopkin, Ecophysiology of metals in ternwrial invertebrates (Elsevier Applied Science, 
London, 1989). 
R. Dallinger, Strategies of metul detoxification in terrestrial invertebmres, R. Dallinger and 
P.S. Rainbow, editors. (Lewis Publishers, Boca Raton, FL, 1983). pp. 145-189. 
R. 0. Butovsky and N. M. van Straalen. Pedobiologia 39.481487 (1995). 
R. Dallinger. Oecologia 8 9 . 3 2 4 1  (1992). 
H. J. Read, M. H. Martin, J. M. V. Raper. Water; Air and Soil Pollurion 106, 1 7 4 2  (1998). 
W. B. Rabitsch. Environ. PoNut. 90, 249-257 (1995). 
N.M. van Straalen and J. van Wensem. Environ. Pollur. Series A 42,209-221 (1986). 
G.  Wilczek and P. Migula. Fresenius’J. Anal. Chem. 354,643-647 (1996). 
M. P. J. C. Marinussen and S. E. A. T. M. van der 5%. Soil Biology & Biochemistry 29, 641- 
647 (1997). 
S. ChW, M. Berkus, G. Alberti, H. R. Kohler. Biomerals 10,45-53 (1997). 
US-EPA, Method 3052 - Micmwave assisted acid digestion of siliceous and organically based 
materials, (US Government Printing Office (GPO). Washington, DC, 96). 20 pp. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



158 FLIP M.G. TACK er al. 

[12] F. M. G. Tack, S. P. Singh, M. G. Verloo. Agrochimica 41, 182-185 (1997). 
[13] E. Van Ranst, M. Verloo, A. Demeyer, J.M. Pauwels, Manual for rhe soil chemistry and fertility 

labomtory (International Training Centre for Post-Graduate Soil Scientists, Gent, Belgium, 
1999). 

[14] B. Gxiepink and H. Muntau, The certijcation of the conrenrs (massfracrionsts) of As, B, Cd Cu. 
Hg, Mn, Mo, Ni, Pb, Sb, Se and& in rye gruss - CRM 281, (Office for Official Publications of 
the European Communities. Luxembourg, 88). 93 pp. 

[15] G. W. Snedecor, Srarisrical methodr (Iowa State University Press, Ames, Iowa, 1962). 
[16] A. M. Ure, Merhods of analysis for heavy metals in soils, B. J. Alloway, editor. (Blackie and 

Son, Glasgow, 1990), pp. 40-73. 
I171 J.C. Van Loon, Selected methods of truce metal analysis: biological and environmenral sum- 

ples (John Wiley & Sons, New York, 1985). 
[ 181 J. Minczewski, J. Chwastowska, R. Dybczynski, Separarion and preconcentrarion methods in 

inorganic trace anulysis (Halsted Press, Chichester, 1982). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1


