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Pour grain eize correction procedures were tested for their applicability for
.comparing concentrations of heavy metals and organic micropollutants (PCBs,
PAHa) in sediments. A simple and straightforward procedure proved best: wet
sieving of fresh sediment and isolating and analyeing the < 63 um grain size
fraction and expreseing the pollutant concentration as a proportion of the
fraction's dry weight. The total analytical errors, expressed as the variati-
on coefficient of the average concentrations, were- 3.8-7.6% for heavy metals,
12-24% for PCBs and 5.3~9.9% for PAHs.



In ucetion

Marine monitoring programmes are increasingly focussing on the concentrations
of micropollutants in bottom sediments instead of in water, because these
sediments incorporate water pollution over a number of years and are therefo-
re better suited for monitoring than water itself., It is wvital to make
accurate assesaments of pollutant concentrations, in order to determine
temporal or spatisl changes properly. However, a major drawback of using
sediments is the grain size effect. The coarse components that normally have
low levels of heavy metals and organic pollutants produce a downward shift of
the concentration in the total sample. Since sediments of different origin
vary in grein size composition, this shift is non-uniform between locations.
Therefore the contaminant levels of sediments of differant origin can only
be properly compared when the data have been corrected for this grain-size
effect., Various correction procedures have been presented in the literature
(de Groot et al., 1971; Férstner and Wittmann, 1979; Ackermann, 1980; Salo-
mons et al., 198l; de Groot, 1982; Schoer, 1982; Ackerman et al., 1983;
Hellmann, 19835 Salomons and Eijsink, 1983; Salomons and FKerdijk, 1983
Salomons and Firstner, 1984; Schnelder & Weiller, 1984). Almost all refer
exclusively to the analysis of heavy metals. As far as we know, this study is
the first to compare the performance of several grain size correction proce-
dures for both heavy metals and organic micropollutants.

In general, the grain size fractipnation methods mentioned in the literature
can be divided into two categories: techniques based on settling velocities
and techniques that use fine mesh to trap the sediment. The methods in the
first group have the drawback that the resulting grain size fractions are not
always well defined, since they are based on average demsities. The innovati-
ve technique of Schneider and Weiler (1984), who used a standardized settling
tube, has the serious disadvantage that only 100 mg dried sediment can be
treated at a time. In the second group sieving techniques using metal (stain-
less steel (Turketra and Ficole, 1987), brass (Prahle & Carpenter, 1983) or
nylon (Ackermann et al,, 19833 Turkstra and Fioole, 1987) mesh, with the aid
of water to accelerate the process, are most frequently used.

In this study, the performance of four different correction procedures (Table
1), was tested.

Materials and Methods

Sampling and chemical analysis.

In June and August 1987 samples were taken from three stations on the Balg-
zand tidal flat area in the western Dutch Wadden 8ea {(Fig. 1). Bight 2 kg
samples with a gradient in grain size composition were taken at starion A, At
stations B and C, 50 kg bulk samples were taken. Location B is muddier than
C. Six subsamples were drawn from B and C. All samples were etored at 4°C
until further treatment.

Specific grain size fractions (<1000, <63 and <20um) were separated by
sleving the sediments on a device consisting of specially designed Perspex
sieve holders, nylon mesh, vibrating platform, aspirator, and a flow through
beaker centrifuge (3000 rpm) coated with Teflon. Up to 1 kg wet weight of
sediment wae put in the uppermost sieve (usually the 1000 pm mesh). The
centrifuge, pump and vibrating platform were switched on and the sediment was
sieved with the aid of 500-1000 ml circulating water {milli-Q). The < 1000 pym
fraction could be collected after ca. 5-10 min., and the < 63 and < 20 ym
fractions after 40-50 minutes. The pertinent fractions were freeze-dried and
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Table I: Grain silze correction procedures tested in this study

Method Example compounds refarences#

1. Grain eize < 63 m m*, PaH 1-6
fractionation < 20 um M, PCB, PAH, HCB 3,7,8

2. Regreseion 50% < l6um HM 3,9-11

3. Organic carbon/ HCB, PCB, 0CS** 12
organic matter

4, Conservative Cs, Hf, Sc, Al M 2,13,14
elements ]

* M = Heavy Metals
**0CS= ceta-chloro-styrene

# 1: Ackermann et al. 1983; 2: Ackermann 1980} Forstner and Salomons 1980;
4t Hellmann 1983; 5: Li 198l; 6: Lohse 1588; 7: Marcominl et al. 1986;
8: Salomens and Kerdidk 1983; 9: Salomons and Eidjeink j9B83b; 10: Salo-
mons et al. 198l; 1ll: Schneider & Weiler 1984; 12: Schoer 1982; 13:
Stutterheim and Zevenboom 19883 14; Turkstra and Fioole 1987.

stored at room temperature until further treatment. The average recovery of
grain size fractions from the total sediment was 80 to 90, sandier sediments
having higher recoveries than muddier ones.

Grain size distributions of organic carbon and limestone-cleared sediments
were determined using a modified Sedigraph. Organic matter was determined
gravimetrically by loss-on-ignition (LOI, 45 min. at 600°C),

The freeze-dried sedimente were Soxhlet-extracted with hexane-~acetone (3:1).
The crude extract was cleaned up and the PCB and PAH fractions were fractio-
nated by adsorption chromatography using aluminum oxide and silica gel. PCBs
were determined with capillary gas-chromatography, using a laboratory stand-
ard of a mixture of PCB congeners for identification and quentification
(IUPAC numbers: 26, 28, 3L, 44, 52, 101, 118, 138, 153, 170 and 180). PAH
compounds were determined using high-performance liquid chromatography with
fluorescence detection. A laboratory standard of individual PAH was used for
identification and quantification (PAH compounds determined: acenaphtene
(ACN), flucranthene (FLU), phenantrene {PHE), pyrene (PYR}, benzo(a)anthrace-
ne (BaA), chrysene (CHR), benzo(e)- and benzo(a)pyrene (BeP and BaP), ben~
zo(b)~ and benzo(k)fluoranthene (BbF and BkF), benzo (g,h,i)perylene (BghiP)
and indeno(l,3,3-c,d)pyrene (INP)). Of the heavy metals, Cd, Cu, Zn end Pb
were determined using flame or furnace atomic absorption spectrometry with
high-pressure nitrie acid sample-destruction. Other metals were determined
using instrumental neutron aactivation analysis followed by gamma-ray spectro-
metry. In this study, As is treated as a metal,

Statistical analysis

If contaminant levels in a series of semples are plotted against the organic
mattar content, concentrations generally increase with increasing OM. Using a
grain size correction procedure, the regression curve (concentration vs, OM)
will level off, resulting in a horizontal line for the ideal correction
procedure. In this setudy, the performance of the procedures mentiomed in



Conc. (mg/kg DW)

—

Conc. {ugp/kp DW)
K

n

110 Y T ¥ T 20 u T T L T 1!0 T T T T 20. u T T T L3 1|0 T T L] T m
% Crganic Matlor % Organic Matter % Organic Matter

Figure 2: Concentrations of cadmium (A), PCB 138 (B) and BaP (C)
in varicus sediment fractions (w—W < 1000 pm, +*'*+ <63 um, 4---+
< 20 pm) versus the organic mattar content of the total sediment,
for eight cogenetic samples from locatiom A.
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Figure 3: Concentrations of PCB 138 (A) and BaP (B) versus the
percentage of the fraction smaller than 16 uym, for eight cogenetic
sediment samples from location A, (...= 95 % confidence interval}.




Table I ware evaluated with data from location A, using tests on homogeneity
of slopes to distinguish between regression lines. The results for locations
B and C give information about the total analytical error. In the event of
gimilar levelling off of regression lines, it was decided to ept for the
procedure combining smallest analytical error with practicability.

Basults and Discuasion

In this section, results for Cd, PCB 138 and BaP in samples from location A
are presented in more detail. Supplementary data on other compounds are
available on request.

In Figures 2a-2c, concentrations of Cd, PCB 138 and BaP in the three fracti-
ons isolated are plotted against the organic matter content of the total
sample (i.e. < 1000 ym fraction). It is clear that with increasing organie
matter countent, the general increase in concentration of the three compounds
in the < 1000 ym fraction lavels off in the finer-grained fractions. For As
(not shown), the levelling off is overdone (becomes a decline) in the case of
the <20 pm fraction.

Testing the homogeneity of the sleopes of the calculated regression 1lines
(concentration vs 2 organic matter) revealed that in all cases the <1000 um
fractions behaved differently from the finer fractioms (p<.00l1)., For Cd, Pb
and Zn, the levelling off of the regression lines by fractionation to 63 or
20 ym was the same (p<0.0l for Cd and Pb, and p<0.05 for Zn}, However, this
was not the case for As (p>.l). For all PCBs, the <1000 um fraction behaved
differently from the finer-grained fractions {p<.001) which behave statisti-
cally similar (p<.001). It 18 important to note that all congeners show a
similar behaviour between fractions. For all PAHs, with the exception of BeA
and BkF, there was uc difference in the behaviour of the twe finest fractions
(p<.05 for BaA and BkF, p>.! for all other PAHs), compared with the regressi-
on line of the < 1000 ym fractiom.

For heavy metals, the < 20 uym fraction for location B (muddy) gave the
smallest errors (average variation coefficient (V¢, n=6} of 4 metals: 6.1%
for <20 um and 7.6% for <63 um). For location C (eandy) the <63 um fraction
was the best (average VO: 6.9% for <20 and 3.82 for <63 um). The difference
in analytical errvors between muddier and sandier locations that was apparent
for heavy metals was simlilar for PCBa. Location B: average VC for 7 congeners
is 11.4% and 24% for the <20 um and <63 um fractions respectively, whereas
for location C VC is 11.3 and 12.1% for <20 um and <63 ym. The differences in
VC between locations are not significant for the < 20 um fraction {(p>.l), and
are significant for the < 63 pm fraction (p<.0l). For PAH, the average VC in
the < 20 pym and < pm fractions of location B eamples (all PAH, n=6) 1s 3.5%
and 9,9%3 for location ¢ it is 8.2 and 5,32, respectively; all VCs are
statistically different (p<.00l}).

Standardized concentrations of heavy metals and organic micropollutants can
also be determined by regression analysis of the relationship between concen-
tration and grain size composition {Table I: method 2). In Figures 3a and 3b
the concentrations of PCB 138 and BaP for location A samples (< 1000 um
fraction) are plotted mgainst the percentage of the fraction smaller than 16
pm in the total sample. For heavy metals, it was calculated that in all
cages the concentration at 50% <16 pm has higher total analytical error than
other methods (average VC = 8,0%). The eeme holds for PCBs (average VC =
12.3%) and PAHe (average VC = 9,6%).
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Figure 4: Organlic matter standardized concentrations of PCB 138
{A) and PYR (B) in various sediment fractions (m—u < 1000 um,
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the total sediment, for eight cogenetic samples from location A.

10

Cd/Cs Pb/Sc
x Orgaic Garbon '

0 T T y T T =T T
% Organic Carbon 20

20 0 10

10

Figura 5:; Concentrations of cadmium, standardized to Cse (A) and of
lead (B}, standardized to Sc, in various sediment fractions (m—a
1000 ym , +***+ < 63 um, ¢-~-¢ < 20 pym) versus the organic matter

content of the total sediment, for eight cogenetic samples from
location A.




It is interesting to compare the contaminant levels obtained by analysing
pertinent fractions, with the levels obtained from extrapolation (e.g. 100% <
53 or 16 um). Table II gives the extrapolated levels and the average concen-
trations in the < 63 uym and < 20 pm fractions.

Table II: Extrapolated contaminant concentrations at 100 X < 16 ym and 100X <
53 ym, compared with average concentrations in the < 20 (C-20 gm} and < 63 ;m
({C=63 um) £ractions. (C in mg.kg"1 for heavy metals, ug.kg™* for PAHs and
PCBa; dry weight).

Compound €{1002<16pm) C-20 pm C(1002<53 pm) - C-~63 m
Cd 1.58 1,92 1,39 1.35
Pb 82.1 93,7 69.6 68.2
Zn 253 279 225 217
As 27.2 26,1 23.5 21.4
PCB 28 2.91 2.33 2.43 3,00
PCB 138 6.01 4.60 5.04 4.19
PCB 180 3.24 2,72 2,75 2,47
BaP 145 22 123 85 -
IRP 168 144 142 104

The extrapolatad concentrations at 100% < 53 um are generally higher than the
levels in the < 63 um fraction. With the exception of Cd, Pb and Zn, the same
holds for extrapolating to 100 % < 16 um and the < 20 um fraction. However,
in all cases the extrapolated values are within the same order of magnitude
aa the values in the pertinent fractions, and, with the exception of BaP(20),
BaP(63) and INP(63), fall within each othar's range of x * o. It should be
noted that the extrapolated concentrations are calculated for organic carbon
and limestone-cleared sediment. Correction for OC will generally tesult in a
better correspondence between the extrapolated and measurad concentrations.

Standardizing the concentrations of organie micropollutants to the organic
matter content of the pertinemt fractions resulted in statistical similarity
of all fractioms (p>.l for tests on different behaviour) for all PCB conge-
ners and PAH compounds (with the exception of PYR: p<.005). As an example,
the results for PCB 138 and PYR are shown in Pigures 4a and 4b, respective-
ly, For all metals, standardization te Cs, Sc or Al removed the statistieal
differences between fractions, except for Pb/Sc and Ph/Al (p<.05). As an
example, relative concentrations of Cd/Ce and Pb/Sc are given in Figures 5a
and 5b, respectively. In general, it can be concluded that standardization to
Cs or Sc is appropriate to most heavy metals tested.

Standardization of PCB concentrations to Al was tested, and rajectads; for
congeners 101, 138, 153 and 180 there was still a difference between the <«
1000 pm fraction and the < 63 um and < 20 um fractions (p<.05), although in
all cases differences between the latter fractions were eliminated.
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Conclusions

From the results described above it can be concluded that, in general, grain
size correction by ilsolating and analysing the < 63 um fraction is appropria-
te for all compounde tested and, espacially in sandier samples, gives smaller
variation coefficients than other procedures, The "S0I < 16 um"™ procedure, in
which standardized conmcentrations are calculated by regression analysis, is
applicable in the sediments tested. Howaver, this is mainly because on a
tidal flat it is possible to sample a cogenetie gradient in which the < 16 um
fraction 1is very variable. In North Sea sediments, such a sampling procedure
is very likely to fail, partly because in sandy sediments the < 16 pm fracti-
on is less than 20% nearly everywhere (Klamer, unpublished results).

There are various reasons for not choosing standardizing micropollutant
levels to the organic matter or conservative element content of the sample.
First, such a procedure needs at least one extra analysis for each sample.
Second, concentrations of neither OM nor consarvative metals can be deter-
mined with absolute precision and therefore add to the total analytical
error. Third, since concentrations of micropollutante in the total sample are
generally lower than in a finer fraction, extra care has to be taken to avoid
contamination. Last, in some cases, concentrations in the total sample could
be below detection limits.

It has bhaen reported (Turkstra and Fiocole, 1987; Lohse, 1988) that in the
coarse-grained fraction of marine and fluviatile sediments, concentrations of
PCB and PAH are sometimes greater than in the fine-grained fractions. There-
fore, we estimated the EZPCB and PAH levels in the 63-1000 ym fraction of
location A samples by combining the rasults from PCB and PAH analysis of the
<1000 and <63 pum frections, and the grain size composition of the samples (as
2 >53 um). For 2PCB, it appesred that of the total content in the < 1000 um
fraction, less than l4% was contributed by the >63 and < 1000 um grain size
fractions. However, for individual PAR compounds, it was calculated that 1
to 637 (EPAH: 11-58%1) of the total content was present in this fraction. This
phenomenon is important for monitoring, but it should be recognized that by
isolating & grain size fraction, one does not measure the total pollutant
content.

Based upon the results described above and the criterion of practicability,
we conclude that for the analysis of heavy metale and organic micropoellutants
(PCRz, PAHs) in sediment, correction for differences in grain size compositi-
on can best be effected by isclating and analysing the < 63 um grain size
fraction, However, it must be realized that a significant amount of the PAH
can be present in the > 63 um fraction,
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