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Study of the Distribution of Methylmercury 
and Total Mercury in Grain Size Fractions of 
Freeze-Dried Estuarine Sediment Samples 
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A study of the total mercury and methylmercury 
distribution in esturine sediments is presented. 
Core sediments obtained in a polluted area were 
freeze-dried and sieved to obtain four fractions. 
Fraction 1, having grain size <0.30 mm; Fraction 
2, having grain size C0.30 mm; Fraction 3, with 
grain size <1 mm and Fraction 4, having particle 
size >1 mm. In all these fractions total mercury 
(Cold Vapor AAS) and methylmercury (Gas 
Chromatography with ECD detection) have been 
analyzed. As expected high concentrations of total 
mercury and small concentrations of methyl- 
mercury were obtained in Fractions 1 and 2 but 
were not detected in Fractions 3 and 4, although 
the study of the data obtained suggests that signifi- 
cant amounts of geochemical mercury remain in 
these fractions. Attempts have been made to corre- 
late data for both species when freeze dried sedi- 
ments and the raw wet samples were analyzed. 

Keywords: Capillary gas chromatography, mer- 
cury, methylmercury, core sediments, grain size, 
analysis 

INTRODUCTION 

Marine sediments on the coast near large indus- 
trial and urban areas are typically polluted by 
heavy metals, which may be present at amounts 
several times higher than their natural back- 
ground level.' In the biosphere, mercury and its 
compounds undergo many interconversions that 
could be induced by chemical, photochemical or 
biochemical processes. In soils, sediments and 
aquatic systems, microbial pathways are of great 
significance. In this sense, the formation of 
methylmercury by microorganisms is probably 

* Author to whom correspondence should be addressed. 

the most important biological process.' A dy- 
namic equilibrium exists between methylation 
and demethylation in aquatic systems and sedi- 
ments. The greatest potential for mercury methy- 
lation has been observed in surface sediments that 
are in contact with the overlying water phase; it 
decreases in sediment cores with depth.3 

Numerous authors have pointed out the 
importance of sediment characteristics as well as 
seasonal and other environmental conditions in 
mercury levels and mobility in polluted 
e~turaries.~ Also, much work has been carried out 
in order to standardize analytical operations in 
sediment? for a variety of heavy metals, including 
mercury. Most studies conclude that grain size is 
one of the most important factors in controlling 
the distribution of natural and anthropogenic 
trace metals in sediments.6 In most estuarine and 
coastal sediments, fractionation of the particles 
accounts for increasing heavy-metal concentra- 
tions with decreasing grain size, because of their 
association with fine-grained clay minerals and 
organic matter. As a result, it is very difficult to 
make direct comparisons of sedimentary trace- 
metal concentrations without some prior normal- 
ization for the grain size effect. The mud fraction 
(<63 pm) is accepted as the most convenient for 
these purposes for several reasons:'.' one is that 
natural and anthropogenic heavy-metal inorganic 
and organic carriers are present as, and/or asso- 
ciated with, clay and silt size particles and that 
this fraction is mostly equivalent in size to the 
material carried in, and deposited from, suspen- 
sion. 

However, little information is available about 
the binding of methylmercury to sediments. It is 
known that clays: humic acids" and sulfides" 
show high adsorption capacity for methylmer- 
cury. Some results have been obtained on frozen 
raw sediment  sample^,'^-'^ but clearly freeze-dried 
samples are much more convenient to store, any 
sedimentary reference material has to be pre- 
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Table 1 
lyzed 

Grain size distribution of the sediment samples ana- EXPERIMENTAL 

Average weight 
(YO of whole sample) 

Fraction (mm) Sediment Mud 

1 <0.060 1.2 k 0.5 31.5 f. 8.1 
2 <0.30 15.0% 10.3 46.9 2 5.3 
3 <1 44.3 f 10.8 0.15 k0.05 
4 >1 39.5k 18.1 0.06kO.09 

Grain diameter 

pared in this way and the decision has to be taken 
about the most convenient particle size. 
However, we have not been able to find refer- 
ences for studies on the distribution of methyl- 
mercury in grain fractions of freeze-dried sedi- 
ments. 

Here we present the results of a study on the 
distribution of total and methylmercury in several 
grain fractions of freeze-dried estuarine polluted 
sediments. 

r 

Sampling 

Sediment samples were taken in the estuary of 
Pontevedra, Spain, at 11 sampling locations near 
a chloralkali factory waste dump covering an area 
of about 0.3 km2 with the intention of obtaining 
samples with different pollution levels. 
Comparative samples of sediments were taken 
from the opposite margin of the estuary, assum- 
ing that this area was not polluted by mercury 
discharges. Sediment samples were collected in 
cores 50 cm long and 5 cm in diameter, and imme- 
diately frozen. Five mud samples taken from the 
deep channel of the estuary were also analyzed. 
Once in the laboratory, they were divided in two 
parts. One of these was maintained frozen and 
then analyzed as wet raw sediment. The other was 
freeze-dried and then sieved in order to obtain 
the fractions shown in Table 1. Values in this 
table correspond to the average weight of each 

1 

r 

1 

Figure 1 Chromatograms of (a) a standard solution of 20ngml-' methylmercury and (b) a toluene extract from a sediment 
sample (<0.060 mm). 
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5mlofHCi[cj 
20 mi of toluene 

Table2 Optimal CV A A  conditions for the determination of 
total mercury samples. 

the results with those obtained for the raw wet 

10 mi of HCI [d 
40 mi of toluene 

Reagent: 10% SnCI, in HCI 
Argon flow-rate 
Reaction time 

organic layer  

5 ml 
5-6 I min-' 
1 min sampling locations 

Geochemistry of the sediments at 

aqueous layer  

HCI concentration 1M Geochemical data of the estuarine sediments in 
the sampling locations were a~ai1able.l~ Clay and 
mud fractions of these sediments are basically 

fraction and the standard deviation of the 23 micaceous-kaolinitic including variable quanti- 
samples. These data were used to refer concentra- ties of 2 : 1 integrated (mica-vermiculite, 
tion values obtained in each fraction to the overall chlorite-vermiculite and hydroxyaluminic vermi- 
concentration in the sediment and compare culites) and gibbsite. 

(keep) 

1 .= g freezedrled sediment 1O.g Wet sediment 

25 ml of water 

2 mi of HgCi25W 2 mi of HgCl25% 

4 nl  o f  toluene 
shake 2 d n  
centr i fuge a t  t 2 D W  rpm) 
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DIGESTION 
OF SAMPLE 

I 

FILTRATION 
I OF SAMPLE 

Microwave o w n  

400w 2min 

Refrigerate 
-- 

Sample 

5 ml MillM water 

take 10 ml with a syringe 

Carrier filter S w h e x  of propilen 125 mm] 

MiiltP water 

I Diluting to 25 mi 

Figure 3 Digestion of filtration procedures. 

Apparatus 

Determination of methylmercury 
The analyses of toluene extracts were carried out 
using an HP Model 5890A gas chromatograph, 
equipped with a nickel-63 electron capture detec- 
tor. Data were acquired using an HP integrator 
Model 3396A. The chromatographic column used 
was an SGE (Australia) BP-1 (methylsilicone 
chemically bonded) fused silica 25 m in length and 
of 530 pm i.d. The column conditioning basically 
resembled the procedure proposed by O’Reilly,16 
except for the working temperature. According to 
our  experiment^,'^ if the treatment was carried 
out 25°C above the temperature used in sepa- 
ration, the conditions were more efficient, the 
system became cleaner faster and the effect of the 
treatment lasted longer. Chromatographic con- 
ditions have been published elsewhere.” 
Chromatographic and other experimental details 
can be found in Ref. 18, in this issue. 

All reagents used were of analytical-reagent 
grade and solvents were of spectroscopic or 
HPLC quality. The working solutions were pre- 
pared from a stock solution of 1 g I-’ mercury in 

Figure4 Proportion of each size fraction in the samples: (a) ; (b) 
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Figure 5 Comparisons of the concentrations extrapolated from Fractions I and 2: (a) total mercury; (b) methylmercury. 
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Figure 6 Correlation of normalized values with total values: (a) total mercury; (b) methylmercury. 
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Figure 7 Comparison of analysers of wet raw sediments with those of freeze-dried samples: (a) total mercury; (b) methylmer- 
cury. 

toluene (prepared from methylmercury chloride; 
Merck). These solutions were kept in the dark 
and refrigerated (4°C) when not in use. The 
column-treatment solution used was 1% mer- 
cury(I1) chloride (Merck) in toluene. 

Calibration curves were prepared at four levels 
in the range of 10-40 ng ml-' of methylmercury in 
toluene. Figure l(a) shows the chromatogram of a 
standard solution of 20 ng ml-' methylmercury 
and Fig. l(b) shows the chromatogram of a 
toluene extract from a sediment sample (frac- 
tion < 0.060 mm). Under the conditions estab- 
lished, the recovery of methylmercury from the 
sediments was 67%. Considering sample prep- 
aration stages and the method used, the reprodu- 
cibility of the procedure was acceptable (s.D. 
0.016). Under optimum chromatographic con- 
ditions, the detection limit found was 5 ng ml-' 
expressed as mercury." The performance of the 
determination technique was verified with 

DORM-1 Certified Reference Material (from the 
National Research Council of Canada). This veri- 
fication included the whole experimental pro- 
cedure in biological samples. However, this ven- 
fication was not possible for sediment analysis 
owing to the lack of Certified Reference materials 
for methylmercury. 

Determination of total mercury 
All measurements were made using a 
Perkin-Elmer model 5000 atomic absorption 
spectrophotometer, equipped with an electrode- 
less mercury discharge lamp (Perkin-Elmer) 
tuned at the 253.7nm line under background 
correction. The spectrometer was attached to a 
cold-vapor automatic device (Thermo Jarrell Ash 
Corp.; model ILAVA). The system was fully 
automated. Table 2 shows the optimum working 
conditions for the cold-vapor device. All the rea- 
gents used were of analytical or Suprapur (acids) 
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grade. Calibration curves were obtained daily by 
using standard solutions of mercury (5,7.5, 10, 15 
and 20 ng ml-' levels) in 1 M hydrochloric acid. 
The validation of the experimental procedure was 
carried out by means of PACS-1 Certified 
Reference Material (from the National Research 
Council of Canada). 

Procedure for the analysis of samples 
Determination of methylmercury 
Samples were prepared following the method 
proposed by Olson and Cooper.*' Methylmercury 
was extracted with toluene from each fraction of 
the sediment. Figure 2 depicts schematically the 
procedure used. 

Determination of total mercury 
Samples were digested with a mixture of nitric 
and sulfuric acids in microwave pressure pumps 
(Parr; 45ml). After cooling, the pumps were 
opened and the sample diluted with water and 
filtered through 5 ym pore-size Nylon membrane 
filters. Figure 3 shows the two phases of the 
procedure used. 

RESULTS AND DISCUSSION 

All the measurements were carried out at least in 
duplicate on the different fractions of the sieved 
sediments in order to study methylmercury and 
total mercury distributions. Results are expressed 
in all cases as mercury. Table 3 summarizes the 
results obtained. Figure 4 depicts the proportion 
of each size fraction in the samples. Data have 
been sorted in ascending order of percentage of 
Fraction 4. This means that sandy sediments 
appear on the right side of the graph. It can be 
seen that samples cover a wide range of particle 
size distribution, from those with a high propor- 
tion of very fine particles to those in Fraction 1 
representing a negligible proportion. According 
to these data, it has to be expected that samples 
having higher proportions of Fraction 1 show 
higher concentrations of mercury and, perhaps, 
methylmercury. As we will see later, this assump- 
tion is probably true for total mercury but not for 
methylmercury . 

In Table 3 it can be seen that in most cases 
mercury as well as methylmercury has been 
detected in Fractions 1 and 2. In no case did 
Fractions 3 or 4 give detectable amounts of mer- 

cury. For sediment samples where mercurial spe- 
cies were detected (samples from locations 11-28 
in Table 3), noticeable differences appear 
between the concentrations found in Fractions 1 
and 2. In fact, the concentration of mercury in 
Fraction 2 is on average about three times less 
than the concentration found in Fraction 1. In the 
case of methylmercury, the average ratio is about 
1 : 7 (concn in F1 divided by concn in F2 frac- 
tions). However, in this type of sample, when the 
relative percentages of each fraction over the 
total sediment are considered (see Table 1) it can 
be concluded that Fraction 2 contains three times 
more mercury (and about the same absolute 
quantity of methylmercury) than Fraction 1. 
Therefore, it is necessary to decide whether the 
values obtained on analyzing either of the two 
fractions can be used as a reliable estimate of the 
total content of mercury and/or methylmercury in 
the raw sediment sample. Obviously, one can 
consider the mercury contained in Fraction 1 or in 
Fraction 2 as a representative value of the mer- 
cury content of the whole sediment if the Fraction 
1 values were correlated with the Fraction 2 
values and, thus, with the total mercury content. 

Actual concentrations in Fractions 1 and 2 do 
not appear to be correlated (r=0.579 for total 
mercury and r =  0.572 for methylmercury). Figure 
5 shows a comparison of the concentrations in 
samples obtained by extrapolating the actual con- 
centrations in both Fractions 1 and 2, considering 
the relative proportions in each sample. Figure 
5(a) shows the results for total mercury while Fig. 
5(b) corresponds to methylmercury. In each 
graph the arrow represents the ideal values if both 
fractions extrapolate to the sample concentration. 
It is evident from these graphs that sample con- 
centrations evaluated from Fraction 2 lead to 
higher estimates than those obtained from 
Fraction 1. The conclusion is that none of these 
fractions gives a good estimate of the sample 
concentration. In fact, no  apparent correlation 
was obtained, even using normalized values of the 
data obtained from Fraction 1 or 2. The graphs in 
Fig. 6 show some attempts to correlate normal- 
ized values with the total mercury content of the 
samples. Only dividing the actual concentration 
found in Fraction 1 by its percentage in the 
sediment sample gave apparently correlated 
points. However, the small number of samples 
available does not allow one to obtain any reliable 
conclusion. 

Since no mercury was detected in Fractions 3 
and 4 for any sample, the sum of the extrapolated 
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values from Fractions 1 and 2 was considered the 
more realistic estimate of the overall pollution of 
the sediment samples. These values appear in 
columns 4 and 9 of Table 3, for total mercury and 
methylmercury respectively, referred to dry sam- 
ples, and in columns 5 and 10 once they are 
corrected for the water content of each sample. 

Furthermore, it is necessary to check if these 
estimates agree with the concentration values 
obtained in the analysis of wet raw sediment 
samples. The graphs in Fig. 7 depict the results of 
this comparison when the extrapolated values 
from Fractions 1 plus 2 were corrected for sample 
water content. With a few exceptions, higher 
results were obtained on analyzing wet raw sedi- 
ments. These results could be explained by losses 
in the freeze-drying process or by assuming that 
small amounts of mercury (and methylmercury, 
of course) remain in Fractions 3 and 4 beyond the 
detection limits of the applied procedures. This 
second explanation is probably more realistic. 
This means that wet raw sediment data appar- 
ently produce better estimates of sediment pollu- 
tion. However, because of the inherent heteroge- 
neity of the samples, one cannot expect 
reproducible values when analyzing wet raw sedi- 
ment samples. Moreover, this lack of reproduci- 
bility cannot be remedied, because two main 
factors can influence the results: first, the hetero- 
geneity of the material and thus, sampling errors 
on taking portions for the analysis; second, the 
possible heterogeneous distribution of the pollu- 
tant in the sediment core. 

In contrast, freeze-dried and sieved sediments 
are much more homogeneous materials, showing 
good variation coefficients when replicate 
analyses are carried out. 

An attempt was made to correlate the values 
obtained by extrapolating the sample concentra- 
tions from Fractions 1 and 2 (corrected for sample 
water content) with the values obtained when wet 
raw sediments were analyzed. In the case of total 
mercury some correlation appeared, as shown in 
Fig. 8. However, in the case of methylmercury no 
correlation existed. 

Finally, in Fig. 9 the correlation graph between 
the total mercury concentration in the samples vs 
the percentage of Fractions 1 and 2 is shown. 
Although the number of data does not allow a 
clear conclusion it is evident that a tendency 
appeared in the case of total mercury, whose 
concentration increases with increase of the 
percentage of small size particles in the samples. 
On the contrary no apparent pattern appeared in 

the case of methylmercury, considering either the 
extrapolated values from freeze-dried samples or 
the wet raw samples result. 
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