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It is generally recognized that in order to achieve a
complete dissolution all metals within a sediment, some
combination of hydrofluoric acid (HF) with other acids
is required to release all metals from their silicate
structures. This is because silicates are resistant to
most mineral acids. Previous studies by Loring and
Rantala (1988) assessed laboratory variability in
determining total metal concentrations using
hydrofluoric acid (HF) and nitric acid (NA) dissolution
and extraction procedures. Studies on trace metal
concentrations in estuarine and coastal marine
sediments from the southeast US, and Florida in
particular, recognized the need for a HF digestion
(Windom et al. 1989). Schropp et al. (1990) used a HF
digestion method to determine 'natural' metal-to-
aluminum relationships for Florida sediments.

To meet the requirements of the federal Comprehensive
Environmental Response, Compensation and Liability Act
(CERCLA), USEPA has established the Contract Laboratory
Program (CLP) as an analytical standard. This method
employs a NA digestion for estuarine and marine
sediment metals analysis. However, since digestion
method techniques under the CLP program are different
than those used by Schropp et al. (1990), a comparison
of the methods was in order. The results of this
comparison could allow using the regression lines
provided by FDER (1988) or Schropp et al. (1990) on
sediments analyzed under the CLP for CERCLA. The
overall study objective was to determine if metal data
analyzed by a CLP NA digestion was comparable to metal
data produced by using a HF digestion method.

MATERIALS AND METHODS

Twenty-nine locations within Pensacola Bay and Bayou
Grande, Florida, were randomly selected for a
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comparative sediment digestion analysis. These
sampling locations were examined after selection to
ensure a variety of bottom types. This was done to
prevent one bottom type from dominating the study.
From December 1995 to February 1996, sediment samples
were collected using a stainless-steel Ekman grab (529
cm2 ). Two grab samples were collected from the top 5
to 6-cm and placed in a stainless-steel mixing bowl for
cornpositing. From this composite sample, pre-cleaned
containers were filled for immediate shipment to the
laboratory. Samples were stored and shipped on ice
within 24 hrs by a priority delivery service.

Each of the 29 samples were divided by the lab into two
aliquots to be analyzed by inductively coupled plasma
(ICP) emission spectroscopy. One aliquot would be
digested in accordance with the standard procedure
using NA, while the other would utilize a 50:50 mixture
of HF and NA (1:1). Both digestion methods use 1 g
(wet weight ± 0.50 g) of sediment weighed into an acid-
washed Teflon beaker. Under the CLP NA digestion, the
sample is allowed to reflux at 95°C with 10 mL of 1:l
nitric acid for 10 minutes without boiling. The
digestate was then allowed to cool and 30% hydrogen
peroxide added in 1 mL aliquots until no further
vigorous effervesce was noted. No more than 10 mL of
hydrogen peroxide was added at any time. Since these
samples were to be analyzed by ICP, hydrochloric acid
was added to the final acid-peroxide digestate.
Insoluble materials were then filtered through a
Whatman no.42 filter and brought to 100 mL volume by
adding ASTM Type II water.

The method was modified to include the HF by using 5 mL
of HF and 5 mL of NA (1:1) allowing the mixture to sit
at room temperature for eight to twelve hrs. Next
gentle heat (~ 70° C) was applied and the samples were
allowed to reflux for eight to twelve hrs. The higher
temperatures used in the CLP procedure would cause the
HF mixture to boil. It was believed that boiling the
acid mixture may affect the study results. At the end
of this period another 5 mL of each acid was added to
the samples. The samples were again refluxed for eight
to twelve hrs at ~ 70°C. As before, hydrochloric acid
was added to the digestate, filtered, and brought to
100 mL volume by adding ASTM Type II water.
Both types of digestates were analyzed for total metals
in accordance with the CLP inorganic statement of work
ILM03.0 for ICP. To meet the requirements of this
study, trace ICP emission spectroscopy was used to
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provide low level analysis modifying the interference
check sample to include low level arsenic and lead.

The individual metal analytical results were first
tested for relationships between the two digestion
procedures. To illustrate the relationship between the
HF and NA digestates, scatter plots were produced.
Each ordered pair (x,y) representing x = NA and y = HF
was plotted as a point; the similarity between the
different digestion methods is illustrated by their
closeness to the x = y line. If x is greater than y,
most of the data will fall below the line. When y
exceeds x, the data will lie largely above the x = y
line.

To test whether the HF digestion tended to produce
overall larger values than those produced by NA
digestion, the Mann-Whitney rank-sum test was employed
(Helsel and Hirsh, 1995). This non-parametric procedure
can assess whether two independent groups differ. This
non-parametric approach was used rather than a
parametric t-test based on the results of normality
testing. Although these distributions could be
transformed to approach normality, justification for
the use of a non-parametric versus a parametric test
was based on discussions by Blair and Higgins (1980).
They found that small deviations from a normal
distribution were not always detectable in normality
tests on small data sets, and that the use of non-
parametric methods, such as the Mann-Whitney rank-sum
test, exhibited large advantages in power over the t-
test.

Finally, data produced by both digestion methods were
plotted on regression lines found in FDER (1988) to
evaluate where each digestion distribution for each
metal occurred relative to the Schropp et al. (1990)
and FDER (1988) regression lines for 'clean' sediments.
It was hoped that differences in the digestion methods
might be clarified so that past and future CLP NA data
could be assessed with these regressions.

RESULTS AND DISCUSSION

Table 1 provides a comparison of descriptive statistics
produced from the two digestion procedures. Comparing
the mean and median results for HF to CLP NA digestion
revealed no apparent differences with the exception of
nickel. The distributions are likely not normal
suggested by the high standard deviations. Based on the
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Mann-Whitney Test, no statistical significant
difference was found between the two data sets.

Table 1. Descriptive Statistics for HF and NA Metals
Digestion Methods

N Mean Median St. SE Mann-
(mg/kg) (mg/kg) Dev. Mean Whitney a

Results

NOTE:
a No significant difference (α=0.05) between method

results indicated by +.
St.Dev. = standard deviation
SE = standard error

Scatter plots provided in Figure 1 exhibit a comparison
of the two methods relative to increasing metal
content. A general observation should be noted that
metal content appears to be directly proportional to
the variability observed. The data suggests nickel is
more effectively dissolved at greater concentrations by
the HF digestion method. It has been suggested that
this may be due to nickel remaining bound to the matrix
during the NA digestion. Cadmium also exhibited
extreme variability as concentrations increased. The
symmetrical nature of cadmium's scatter plot (Figure 1)
suggests the precision of the method may be the problem
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Figure 1.  Metal concentrations (mg/Kg) from nitric
(NA) and hydrofluoric (HF) digestion methods.
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Figure 2 Nitric (NA) and hydrofluoric acid (HF) digestion results
plotted on Florida (FDER, 1988) regression lines.
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Figure 2. Nitric (NA) and hydrofluoric acid (HF) digestion results
(Cont.) plotted on Florida (FDER, 1988) regression lines.
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and is not a function of the digestion technique used.
The primary differences between the digestion methods
were the HF addition, the length of reflux time, and
the digestion temperature. Despite these differences,
the aggressive HF digestion did not produce a
significant difference in metals being dissolved for
analysis.

The two data sets plotted on the FDER (1988) regression
lines suggests that individual HF results appear higher
than those produced by NA (Figure 2). This is likely
due to the longer digestion time and aggressive nature
of HF. Each metal has its own character of course,
some metals appear identical. These findings suggest
that ratios produced by the two methods are comparable.
The data produced by NA methods conservatively predict
anthropogenic metal contamination on the FDER
(1988)regression lines.
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