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Abstract

Nitrate, phosphate and sulphate incorporated in the aragonitic skeletons of corals (Porites) were analyzed by ion
chromatography (IC). All anion analyses were performed using a Dionex 4500i IC system with Dionex columns,
conductivity detector and computer interface. The anions were separated on an AS4A separator column behind an
AG4 guard column, and the background conductivity of the eluent was suppressed using an AMMSII membrane
suppressor. The suppressor was continually regenerated using an anion membrane suppressor regenerant cartridge
and H,SO,. The eluent used was 1.8 mM Na,CO,-1.7 mM NaHCO,. Bleached, oven-dried coral powder (200
mg) was dissolved in 0.5 ml of 30% HCl (Merck Suprapur) and diluted to 100 ml. Standards were also prepared in
HCl, and the linearity was excellent for each anion (r°>0.999) over the range 20-100 ng/g (ppb) for nitrate,
100-500 ng/g for phosphate and 0.5-12.0 wg/g (ppm) for sulphate. All samples and standards were passed through
a chloride-removal cartridge (Dionex OnGuard AG) prior to injection. This cartridge consisted of silver and its
sole purpose was to remove Cl~ which might otherwise overwhelm the separator column. Using a 250-u! injection
loop, the detection limits were approximately 5 ng/g for nitrate and 10 ng/g for phosphate. The analytical
procedure variability was 9% for nitrate, 2% for phosphate and 0.5% for sulphate. The concentrations of these
species in the corals varied from 0.2 to 18 ppm, 8 to 118 ppm and 560 to 590 ppm, respectively. Coral samples
taken from three coral heads at the Grande Riviére Noire Bay (slabs 1Ks, 5Ks, 6Ks) averaged 4.5 = 0.5 ppm nitrate
and 55 % 1 ppm phosphate. compared with 2.2 + 0.5 ppm nitrate and 16 = 1 ppm phosphate for the samples taken
further out in the lagoon (slabs 7Ks and 11Ks). Thus, the nitrate and phosphate concentrations clearly distinguish
between corals taken from the bay, which are closer to anthropogenic N and P inputs, from samples collected from
the lagoon, which are further from such N and P sources. To estimate the possible importance of organically bound
phosphorus, samples were also treated with H,O,. Following dissolution in HCl, 1 ml of 30% H,O, (Merck
Suprapur) was added., and the samples were heated at 50°C for 3 h. The instrument was calibrated using standards
prepared in HCI-H,O,. The phosphate concentrations measured in the samples dissolved in HCI-H,O, were up
to 100% higher than those dissolved in HCI alone, suggesting that organically bound phosphorus contributes
significantly to the total phosphorus concentrations of the corals.

1. Introduction Mauritius in the Indian Ocean is degenerating
because of algal growth, coral diseases and

The fringing reef ecosystem on the Island of degradation of lagoons. A reduction in coral
_ vitality and a decrease in specimen variation is
* Corresponding author. now well documented [1]. The ultimate cause of
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these problems may be the extensive eutrophica-
tion which arises from marine sewage disposal.

Anthropogenic inputs of sewage from towns,
hotels and private houses on the beach could be
responsible for the degradation of the corals
either because of nutrients, toxic heavy metals or
both [2,3]. These contaminants are transported
directly into the lagoon by rivers, canals and
groundwater, or may be washed out during the
rainy season [4]. Once they have reached the
reef ecosystem, there are a number of possible
mechanisms by which the corals may be affected
[5].

Phosphate is normally a trace constituent in
seawater (of the order of 10 ng/g or less in
uncontaminated waters), but elevated concen-
trations of this species can decrease calcification
rates (i.e. coral growth rates) by as much as 50%
[6]. Phosphate can also affect coral vitality in-
directly by stimulating the growth of nuisance
algae which reduce light intensity and promote
sediment accumulation [7]. Bacterial infection of
coral mucus may increase, causing localized
tissue death and allowing algal growth to become
established [8]. Thick algal mats have been
known to form and may smother all underlying
reef organisms [5].

To identify possible reasons for reef degra-
dation, a geochemical study was undertaken
using the widespread recent coral genus Porites.
One goal of the project was to measure nitrate
and phosphate concentrations in the coral
skeletons and to use these as indicators of
marine pollution. A second goal was to recon-
struct the chronology of these types of marine
pollution using the annual growth bands of the
corals.

Previous investigations have used a colorimet-
ric method (reaction with molybdenum blue) for
measuring phosphate in acid digests of coral
skeletons [9]. Because our interest included
nitrate, we sought to measure nitrate and phos-
phate simultaneously in acid digests of coral
skeletons using ion chromatography (IC). The
main purpose of the present report is to summa-
rize an evaluation of the IC method for measur-
ing nitrate and phosphate in corals.

2. Experimental
2.1. Preparation of coral samples

Individual samples (approximately 5-7 g) of
annual growth bands were removed from coral
head slabs using a jig saw. The samples were
placed in clean 100-ml polypropylene bottles,
rinsed three times and left for two days in 18 M(}
deionized water. Following this, the samples
were dried at 50°C. The bottles were then filled
with 30% H,O, (Merck Suprapur) and left for
three days in order to remove any organic
material from the sample surface. Next, the
samples were rinsed and soaked in deionized
water for another three days before drying at
50°C overnight. The dry samples were then
powdered with an agate mortar and pestle and
stored in small sample bottles.

2.2. Preparation of acid digests of coral
powders

Dissolution in hydrochloric acid

About 200 mg of the powdered samples were
weighed into 100-ml glass flasks. Samples were
weighed out in duplicate in order to allow
measurements both in HCl alone and in HCI-
H,O,. Samples were dissolved in 0.5 ml of 30%
HCI (Merck Suprapur). Dissolution was carried
out at room temperature for 3 h. The digests
were then diluted to 100 ml with deionized
water.

Dissolution in hydrochloric acid and hydrogen
peroxide

To evaluate the possible importance of or-
ganically bound phosphorus, the set of duplicate
samples was dissolved in HCl as described
above. In a second step, 1 ml of 30% H,O,
(Merck Suprapur) was added to destroy organic
matter. The samples treated with H,O, were
warmed in a water bath at 50°C for 3 h in order
to accelerate the oxidation process. Following
this, the solutions were heated to 90°C to de-
compose any unreacted H,O,. This ensured that
no further oxidation could take place. Trials



W. Shotyk et al. / J. Chromatogr. A 706 (1995) 209-213 211

were made with H,O, ranging from 1 to 5 ml,
but 1 ml was found to be optimal. These digests
were also diluted to 100 ml with deionized water.

2.3. Calibration of the ion chromatograph

Standards prepared in hydrochloric acid

Stock solutions were made up in 200 ml of
deionized water from 1000 mg/l nitrate, phos-
phate and sulphate standards (Merck). From the
stock solutions, the following working standards
were prepared: 20, 40, 60, 80 and 100 ng/g (ppb)
nitrate, 100, 200, 300, 400 and 500 ng/g phos-
phate and 0.5, 2.5, 5.0, 7.5 and 12.5 ug/g (ppm)
sulphate. Suprapur HCl was used in the stan-
dards at the same concentration as in the sam-
ples to reduce the error of the analysis (i.e.
matrix effect and/or blank values). The stan-
dards and samples were passed through a chlo-
ride-removal cartridge (Dionex OnGuard AG)
to eliminate Cl  prior to injection (Fig. 1). One
cartridge was used per sample. Previous studies
have shown that this cartridge has no significant
effect on the measurement of HPO; even at
concentrations of 20 ng/g [10]. The linearity of
the standards was excellent in each case (r2>
0.999).

Standards prepared in hydrochloric acid and
hydrogen peroxide

The contribution of H,O, to the blank values
was evaluated by preparing three anion working
standards in HCl and analyzing them with and
without the addition of H,O,. After calibrating
the IC system with standards made up only in
HCI, the same standards were analyzed in dupli-
cate after adding H,O,. Blanks containing only
HCI and H,0O, were also measured. After cor-
recting for blank values (phosphate in the blanks
was below the limit of detection), nitrate and
sulphate concentrations in the standards consist-
ing of HCI plus H,O, were 5-10% below the
concentrations in the standards containing only
HCI. At this time no explanation is given for this
difference.

Conductivity (uS)

Conductivity (US)

2 4 6 8
Retention Time (min)

Fig. 1. (a) Chromatogram showing nitrate (150 ng/g), phos-
phate (150 ng/g) and sulphate (7.5 ug/g) in a working
standard (HCI matrix), following injection through an AG
chloride-removal cartridge. (b) Chromatogram showing ni-
trate (67 ng/g), phosphate (449 ng/g) and sulphate (10.9
wg/g) in an HCI digest of a coral skeleton, following
injection through an AG chloride-removal cartridge.

2.4. Accuracy, precision and quality control

There is no calcite or aragonite standard
reference material certified for either nitrogen or
phosphorus. Thus, a quantitative evaluation of
the accuracy of the analyses was not possible.
Using blind standards after every sixth sample
injection, the analytical procedure variability was
estimated to be 9% for nitrate, 2% for phos-
phate and 0.5% for sulphate. The precision of
the analyses diminished in the order sulphate >
phosphate > nitrate because the concentrations
of the anions in the digests also decreased in that
order. Relative to the detection limits, the con-
centration ranges for these anions in the sample
digests were: nitrate, 1-2 X ; phosphate, 3-10 X ;
sulphate, 100 x . The precision of the nitrate
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analyses could probably be improved simply by
analyzing more concentrated solutions (e.g. by
diluting the digest to 25 ml instead of 100 ml).

3. Results
3.1. Nitrate

Dissolution in hydrochloric acid

Corals from the Grande Riviére Noire Bay
(slabs 1Ks, 5Ks, 6Ks) average 4.5+0.5 ppm
nitrate, compared with 2.2 + 0.5 ppm nitrate for
the samples taken from the lagoon (7Ks and
11Ks). Thus, the nitrate concentrations clearly
distinguish coral specimens taken, in the bay,
which are closer to anthropogenic N inputs
(primarily from fertilizers used in the sugar cane
industry and from livestock), from samples col-
lected in the lagoon, which are further from such
N sources.

Dissolution in hydrochloric acid and hydrogen
peroxide

The nitrate concentrations in the samples
dissolved in HCI versus those dissolved in HCI-
H,0, were not significantly different. It appears,
therefore, that organically bound nitrogen is not
a quantitatively significant N pool in the corals.

3.2. Phosphate

Dissolution in hydrochloric acid

Samples from the bay average 55+1 ppm
phosphate, compared with 16 + 1 ppm phosphate
for the samples taken from the lagoon. Again,
therefore, the measured phosphate concentra-
tions clearly distinguish coral specimens taken in
the bay, which are closer to anthropogenic P
inputs (primarily from municipal sewage inputs
and livestock), from samples collected in the
lagoon, which are further from such P sources.

Dissolution in hydrochloric acid and hydrogen
peroxide

Samples treated with HCI-H, O, yielded phos-
phate concentrations that were up to 100%
higher than the phosphate concentrations mea-

sured in HCI alone. With respect to core 11Ks
from the lagoon, however, in some cases there
was no significant difference between the two
treatments. In most cases, samples treated with
HCI-H,0, yielded phosphate concentrations
that were 50% higher than the phosphate con-
centrations measured in HCI alone.

The difference between these two kinds of
digests is attributed to organjically bound phos-
phorus, with the following cavear. It has recently
been shown that H,O, does not completely
destroy the organic compohents present in cal-
cium carbonate minerals. Full-strength Clorox
(5% NaOCl) is more effective, and more or less
completely destroys all types of organic materials
[11]. Until measurements of phosphate concen-
trations are also performed using samples treated
with NaOCl, the phosphate concentrations mea-
sured in HCI-H,O, should probably be inter-
preted as an estimate of the lower limit of
organically bound phosphorus in these samples.

3.3. Sulphate

The sulphate concentrations in the corals
ranged from 516 to 596 ppm, about twenty times
higher than phosphate. The much higher con-
centrations of sulphate refiect the relatively high
concentrations of sulphate in seawater (approxi-
mately 2700 mg/1). Despite the high background
concentrations of sulphate in seawater, speci-
mens collected from the bay show on average
significantly higher sulphate values in the HCI
digests (567 = 3 ppm) than those from the lagoon
(540 =3 ppm). This may be an indication of
anthropogenic sulphur inputs to the Grande
Riviere Noire Bay and warrants further study.

4. Conclusions

Nitrate, phosphate and sulphate in the
skeletons of the scleractinian coral Porites lutea
can be measured with sufficient sensitivity and
precision using IC. The samples are simply
dissolved in high-purity, concentrated HCl, di-
luted to volume, and passed through a chloride-
removal cartridge prior to injection. Nitrate and
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phosphate concentrations were found to be sig-
nificantly higher in the samples collected from
the Grande Riviere Noire Bay compared to the
lagoon. Thus, both nitrate and phosphate con-
centrations in the coral skeletons are useful
environmental indicators of reef eutrophication.
Despite the high background concentration of
sulphate in seawater, measured sulphate con-
centrations were also higher in the corals from
the Grande Riviere Noire Bay than from the
lagoon. Thus, even sulphate may also function as
an indicator of coastal marine pollution.

Adding H,O, to these digests significantly
increased the measured phosphate concentra-
tions in the majority of cases; in some samples,
the difference was as large as a factor of 2. The
difference in measured phosphate concentrations
between the HCl versus HCI-H,O, treatments
was attributed to organically bound phosphorus
which is incorporated within the skeletal fine
structure of the coral specimens. Further studies
are needed to determine how much of the total
concentration of organically bound phosphorus
was liberated by treatment with H,0,.
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