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Abstract

Cadmium, Co, Cu, Fe, Mn, Ni and Zn incorporated in the aragonitic skeletons of corals (Porites) were analyzed
by chelation ion chromatography (CIC). A 500-mg amount of bleached. oven-dried coral powder was dissolved in 1
ml of 14.4 M HNO, and buffered at pH 5.4 = 0.1 using 50 ml of 2 M ammonium acetate. A 30-g amount of sample
was concentrated on-line by pumping the solution through a Dionex MetPac CC-1 chelating concentrator column at
a rate of 3 ml/min, and the MetPac was rinsed with 2 M ammonium acetate to elute alkaline earth metals to waste.
The transition metals were eluted on a second concentrator column (Dionex TMC-1) using 2 M HNQ,, and the
TMC-1 was then converted to a salt form using 0.1 M NH,NO, and switched on-line with the analytical column,
the Dionex IonPac CS-5. The metals were then eluted from the separator column using 6 mM pyridine-2,6-
dicarboxylic acid~0.4 M NaOH: the pH of this eluent was 4.4. The separated metals were, after they had left the
column, complexed by 0.5 mM 4-(2-pyridylazo)resorcinol. and the absorbance was measured in a Dionex
ultraviolet—visible detector at 520 nm. The use of two separator columns in series improved the metal separation.
This is especially important for Ni and Co because coral samples typically contained an order of magnitude more
Zn than Ni or Co. With two columns in series. Ni. Co and Zn were baseline-separated even when a 30-g sample
containing 5 ppb Ni. § ppb Co and 100 ppb Zn was concentrated. The absolute sensitivity of the instrument was
approximately 10 ng Cd. Although Cd was successfully determined in several corals using CIC, most coral samples
contain on the order | ng/g Cd or less and. thus. the quantitative measurement of Cd in most corals by CIC would
require tens of grams of coral powder. Unfortunately. it is not possible to obtain such large quantities of coral
material from annual bands. The chelation system may be useful, however, to pre-concentrate coral digests for Cd
analyses using more sensitive methods of detection (e.g. graphite furnace atomic absorption spectrometry or
inductively coupled plasma mass spectrometry).

1. Introduction

Man-made pollution is an increasing problem
in tropical marine environments. Heavy loads of
sediments may be lethal to corals and lesser
quantities may inhibit coral growth, cause
changes in growth forms or alter the species
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composition of reef-building organisms [1]. The
fringing reef ecosystem of Mauritius (Indian
Occean) 1s degenerating because of coral diseases,
widespread eutrophication and algal growth in
some parts of the reef and degradation of
lagoons. An increase in the number of sea
urchins, a reduction in coral vitality and a
decrease in specimen variation can be observed
[2]. A geochemical study was undertaken using
the widespread recent scleractinian coral genus
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Porites to find possible reasons for reef degra-
dation.

Anthropogenic inputs of sewage could be
responsible for the degradation of the corals,
caused by nutrients or toxic heavy metals [3,4].
There are several possible sources of pollution
that could affect the coastal environment of
Mauritius, e.g., waste dump sites, sugar cane
industry and sewage from towns, hotels and
private houses on the beach. In addition there is
an industrial region in Port Louis Harbour.
Nutrients, pesticides and heavy metals may be
washed out during the rainy season and trans-
ported into the lagoon by rivers, canals and
ground water.

A wide range of trace metals have been
determined in the calcium carbonate (aragonite)
skeletons of reef-corals [5]. Pb and Cd in corals,
for example, are well known indicators of an-
thropogenic activity [6,7]. In contrast, Mn is an
indicator of detrital inputs [8,9]. There have
been reports of Pb measurements in acid digests
of coral skeletons directly, without preconcen-
trating the solutions, using anodic stripping vol-
tammetry [10]. However, in most cases, especial-
ly with respect to ultratrace metals such as Cd
and Pb, some kind of preconcentration step is
required before the coral digests can be ana-
lyzed. For example, St. John [11] concentrated
Cd, Co, Cu, Fe, Ni, Pb and Zn using ammonium
pyrrolidine dithiocarbamate (APDC) followed
by extraction into methyl isobutyl ketone
(MIBK). Other investigators [7-9,12] used a
very similar approach.

To evaluate the possible role of heavy metals
in degrading the reef ecosystem at Mauritius, an
effort was made to measure the concentrations
of Cd, Co, Cu, Fe. Mn, Ni and Zn in acid-
dissolved skeletons of massive colonial corals of
the genus Porites. The principle objective of this
report is to evaluate the chelation ion chroma-
tography (CIC) method for measuring these
metals in the aragonitic coral skeletons. The CIC
system combines an on-line chelation preconcen-
tration step with the analytical chromatography
for the simultaneous determination of these
metals [13,14].

2. Experimental
2.1. Sampling and preparation of corals

Massive, hermatypic, colonial coralla of the
scleractinian coral genus Porites LINK were used
in this study. Porites solida and Porites lutea,
both recent species, were chosen because of their
widespread occurrence in all parts and all depths
of the reef complex. Samples were taken in the
autumn of 1990 and the summer of 1991 from
the lagoon and the outer reef slope in relation to
various possible sources of pollution. Samples
from unaffected areas were taken as control
samples to determine background concentra-
tions.

After sampling, the corals were washed and
cleaned several times in water and a desinfec-
tant (Sagrotan) and dried in the sun. For
transport they were well wrapped in clean
paper. Longitudinal cuts of the central part
of the colonies were made parallel to the
growth of the coral using a rock cutting saw
(type Cutler-Hammer). These cuts were X-
rayed to examine growth rate and structure.
Parts of these coral slices were cut into small
pieces with a fretsaw. For each sample a new
saw blade was used to avoid metal contami-
nation by abrasion. After sawing, the
skeleton pieces were washed in 18 M{} deion-
ized water, blown dry with compressed air
and cleaned ultrasonically in PTFE beakers
containing deionized water. The corals were
bleached in 30% H,0, (Merck Suprapur) to
remove tissues and organic substances. Final-
ly, the corals were leached in deionized H,O
and dried at 90-105°C. Special care was
taken to use clean preparation procedures
and appropriate materials for labware [12,15].
All plastic ware was cleaned with soap and
hot water, rinsed in deionized water, put in a
10% HNO, bath (made from Merck Suprapur
HNO;) for several days and finally washed
four times with deionized water before use.
The clean coral pieces were powdered using
an agate mortar and pestle in a laminar air
flow cabinet and stored in clean plastic jars.
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2.2. Preparation of acid digests

Samples (500 mg) of oven-dried coral powder
were placed in clean, acid-washed PTFE bottles
and dissolved in 1 ml of 14.4 M HNO, (Merck
Suprapur). The solutions were buffered at pH
5.4 +0.1 using 52.5 g of 2 M ammonium acetate
to give a final volume of sample solution of 50
ml. All of the reagents used were trace-metal
grade (Merck Suprapur HNO,, CH,COOH,
NH,OH) and all solutions were made up in 18
MQ deionized water. Ammonium acetate was
made from Merck Suprapur CH,COOH and
NH,OH, and ammonium nitrate was made from
Merck Suprapur NH,OH and HNO,.

2.3. Chelation ion chromatography

CIC was performed using a Dionex 4500i IC
system. The recommended configuration, prepa-
ration, operation and applications of this system
are described in detail elsewhere [16]. We evalu-
ated two configurations: a single CS-5 separator
column and two CS-5 separator columns in series
to improve peak separation (see below).

Samples were concentrated on-line by pump-
ing the solution through a MetPac CC-1 chelat-
ing concentrator column. This column contains a
macroporous iminodiacetate chelating resin; the
capacity, selectivity and retention characteristics
of this column are described elsewhere [16]. The
sample solutions were pumped through this
column at a rate of 3 ml/min. The coefficient of
variation of the mass of solution concentrated by
the sample pump was approximately 1%. The
MetPac was then rinsed with high-purity 2 M
ammonium acetate to remove alkaline earth
metals (which were eluted to waste). The transi-
tion metals were then eluted to a second concen-
trator column (TMC-1) using 2 M Suprapur
HNO,. The TMC-1 contains a fully sulfonated
cation-exchange resin as interface between the
high-capacity chelation concentrator column
(MetPac CC-1) and the low-capacity analytical
column (IonPac CS-5). Before the TMC-1 could
be switched on-line with the analytical stream, it
had to be converted from the H™ form to the

NH, form; this was accomplished using 0.1 M
NH,NO, (pH 3.5). Following this step, the
TMC-1 was switched on-line with the analytical
column, the lonPac CS-5. The concentrated
metals were then eluted with 6 mM pyridine—
2,6-dicarboxylic acid (PDCA) in 0.4 M NaOH;
the pH of this eluent was 4.4. After the sepa-
rated metals left the column they were com-
plexed by 0.5 mM 4-(2-pyridylazo)resorcinol
(PAR), a metallochromic indicator. Absorbance
was measured in a Dionex UV-VIS detector at
520 nm.

3. Results
3.1. Metal analyses of corals

Single separator column

Using a single separator column, Fe, Cu, Zn
and Mn could be readily quantified by concen-
trating a 15-g digest (Fig. 1a). Using this ap-
proach, Ni could also be determined in most of
the samples. However, in some samples Ni was
below the limit of detection. Concentrating more
sample to increase the Ni signal did not solve this
problem because the Zn peak eventually over-
lapped that of Ni. A second disadvantage of this
arrangement was that Co could not be quantified
because it was masked by Zn (Fig. la). The
Zn-to-Co ratio in corals was typically 10:1 at
least; thus, Co could not be determined using a
single separator column, especially in contami-
nated samples containing elevated concentra-
tions of Zn. A third problem with this configura-
tion was that Cd could not clearly be separated
from Co [17]. Cadmium concentrations in these
materials were much lower than those of Co;
thus, it was not possible to measure Cd under
these conditions.

Two separator columns in series

Using two separator columns in series with the
same eluent improved the metal separation (Fig.
1b). The main advantage of using two columns
was the clear separation of Ni, Zn and Co. Coral
samples typically contain an order of magnitude
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Fig. 1. (a) 6 mM PDCA eluent with one CS-5 separator
column, 15 g of coral digest (sample No. 9005) concentrated.
Notice that Co appears as a shoulder on Zn. Concentrations
(ng/g) are as follows: 14.9 Fe. 2.8 Cu, 0.5 Ni, 12.1 Zn and
1.5 Mn. (b) 6 mM PDCA eluent with two CS-5 separator
columns in series, 30 g of coral digest (sample No. 9187)
concentrated. Notice that Co is now clearly separated from
Zn. Concentrations (ng/g) are as follows: 24.4 Fe, 21.8 Cu.
1.5 Ni, 19.5 Zn, 2.2 Co and 0.9 Mn.

more Zn than Ni or Co. While concentrating 15 g
of sample was sufficient for measuring Ni in
many samples. it was not for measuring Co. With
two columns in series. however. even when 30-g
samples were concentrated, Ni and Co were still
clearly separated from Zn (Fig. 1b). Nickel, Co.
and Zn were baseline-separated even when a
30-g sample containing 5 ng/g Ni. 5 ng/g Co and
100 ng/g Zn was concentrated. The principle
disadvantage of using two separator columns is
the increased time required per analysis.

Determination of Cd

Using two separator columns in series, Cd was
clearly separated from Co and Zn (Fig. 2a and
b). To identify a Cd peak readily. a peak area of
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Fig. 2. (a) Chromatogram of National Institute of Science
and Technology Standard Reference Material 1643c “Trace
Metals in Water”. Again, 6 mM PDCA ecluent was used with
two CS-5 separator columns in series, 30 g concentrated.
Note the Cd peak with a retention time of approximately 27
min. Concentrations (ng/g) are as follows: 16.2 Fe, 3.3 Cu,
9.9 Ni. 10.3 Zn, 3.3 Co, 1.7 Cd and 4.3 Mn. (b) Expanded
view of part of the chromatogram of an acid digest of a coral
sample (9127) showing a Cd peak (1.1 ng/g Cd); this
corresponds to 110 ng/g in the solid coral.

approximately 3000 counts-s (30 mAU -s) was
required. A plot of the absolute quantity of Cd
concentrated versus measured peak area (Fig. 3)
yielded the response function which could be
used to calculate the amount of Cd needed to
produce a peak of this size. The linear regression
equation indicates that 10 ng of Cd must be
concentrated in order to obtain a measurable
peak: this quantity of Cd is the absolute detec-
tion limit of the method. Thus, when a 30-g
digest (obtained by dissolving a 500-mg sample)
is concentrated, a minimum detection limit of
approximately 0.3 ng/g Cd can be achieved.
Using the CIC method described here, Cd was
measured in two coral samples. However, Cd
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Fig. 3. Measured area of Cd peaks as a function of absolute
quantity of Cd concentrated from water samples. For a Cd
peak to be readily identifiable. a peak area of approximately
3000 counts -s (30 mAU - s) is required. The linear regression
(y =263x + 261, r* = 0.9999) indicates that approximately 10
ng of Cd must be concentrated in order to obtain a peak area
of this magnitude: this quantity of Cd is the absolute
detection limit of the method.

was not detected in the majority of the corals. In
other words, it was not possible to determine the
‘background’ Cd concentrations in the corals.
While it may be possible to improve the detec-
tion limit by concentrating more sample, some
tens of grams of solid material would probably
be needed. Not only is it impossible to obtain
such large quantities of coral material from
annual bands, but concentrating such large quan-
tities of material would also concentrate Zn and
Co which might eventually mask the Cd peak.
The detection limit for Cd is, therefore, general-
ly inadequate for measuring Cd in coral samples
from annual bands. The chelation concentration
system may be useful. however, to preconcen-
trate coral digests and eliminate the matrix for
Cd analyses by graphite furnace atomic absorp-
tion spectrometry (GFAAS) or inductively cou-
pled plasma mass spectrometry (ICP-MS)
[18,19].

Effect of CaCO; matrix

In order to evaluate the effect of the CaCO,
matrix on the metal measurements, solid CaCO,
powder (Merck Suprapur) was used to prepare a

series of calibration standards. A 100-mg quanti-
ty of CaCO, was dissolved in 2 ml of HNO,.
Appropriate volumes of individual 1000-ppm
metal standards and 2 ml of HNO, were added
to ensure stability, and the standards were di-
luted to 50 ml. Prior to analysis, these standards
were buffered to pH 5.4 0.1 by adding 52.5 g
of 2 M ammonium acetate which diluted them to
100 ml.

The influence of the CaCO, matrix is seen in
the extreme example given in Fig. 4 which shows
a calibration curve for Mn in pure water com-
pared with Mn in a CaCO, background. The
effect of matrix suppression on measured peak
area for the other metals ranges from approxi-
mately 5 to 20%.

Determination of Pb

Using an eluent consisting of 4 mM PDCA,
0.4 M NaOH, 2 mM Na,SO, and 15 mM NaCl
(also pH 4.4), Pb was clearly separated from the
other peaks (Fig. 5). However, the CIC method
was not sufficiently sensitive to determine Pb at
the low concentrations present in these corals. If
unlimited amounts of sample material were
available, Pb could have been measured in the
coral digests by concentrating for a sufficiently
long time. However, as noted above, the amount
of material available from annual bands was
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Fig. 4. Measured area of Mn peaks as a function of Mn
concentration in solution. Solid squares correspond to Mn
concentrations in a water matrix, open squares to Mn
concentrations in a CaCO, matrix.
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Fig. 5. Chromatogram of trace metals in water. A 10-g
amount of solution containing 36 ng/g of each metal was
concentrated. Eluent used was 4 mM PDCA, 0.4 M NaOH,

2 mM Na,SO, and 15 mM NaCl (also pH 4.4). Note the Pb
peak at approximately 4 min.

limited. Again, the CIC method may be useful to
preconcentrate the coral digests and eliminate
the matrix for Pb analyses using more sensitive
detection methods (GFAAS or ICP-MS).

4. Conclusions

CIC was used for the simultaneous determi-
nation of Cd, Co, Cu, Fe, Mn, Ni and Zn in acid
digests of coral samples. With a single separator
column the method was suitable for the quantita-
tive measurement of Fe, Cu, Zn and Mn. The
use of two separator columns in series greatly
improved peak separation and allowed the quan-
titative determination of Ni and Co, in addition
to the other metals. Even in samples containing
Zn/Ni and Zn/Co ratios greater than 20 or
more, Ni and Co were clearly separated from
Zn. Although the method is relatively slow (10
min for concentrating the sample and almost 40
min for analytical chromatography), the sen-
sitivity is comparable to that of GFAAS for Cu,
Fe, and Zn and better than GFAAS for Co, Ni
and Mn.

For 30-g digests made up using 500-mg sam-

Chromatogr. A 706 (1995) 167-173

ples of coral powder, the detection limit for Cd
was approximately 0.3 ng/g. Using the CIC
method, however, Cd was measured only in two
samples. While it may be possible to measure
lower Cd concentrations by concentrating more
sample, some tens of grams of solid material
might be needed. It is not possible to obtain such
large quantities of coral material from annual
bands. The detection limit for Cd, therefore, is
generally inadequate for measuring Cd in such
samples. The chelation concentration system
may be useful, however, to preconcentrate coral
digests and eliminate the matrix for Cd analyses
by GFAAS or ICP-MS.
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