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A study of the partial USEPA 3050B and total ISO 14869-1:2001 digestion methods of sediments was performed. USEPA 3050B
was recommended as the simpler method with less operational risk. However, the extraction ability of the method should be taken in

account for the best environmental interpretation of the results. FAAS was used to quantify metal concentrations in sediment solutions.

The alternative use of ICP-OES quantification should be conditioned by a previous detailed investigation and eventual correction of
the matrix effect. For the first time, the EID method was employed for the detection and correction of the matrix effect in sediment
ICP-OES analysis. Finally, some considerations were made about the level of metal contamination in the area under study.
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INTRODUCTION

A notable deterioration of the environmental quality of the Havana
Bay ecosystem has been observed because of the presence of both
organic and inorganic contaminants.' The high concentrations of Cu,
Ni, Pb and Zn in sediments have confirmed the urban and industrial
character of the pollution.>?

Sediments are ones of the most useful samples for metal con-
tamination assessment.* Both of the techniques, Flame Atomic
Absorption Spectrometry (FAAS) and Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES), are the most employed
for the determination of metals in sediments and both techniques
require the extraction of metals into solution. USEPA 3050B method
is an internationally recognized guideline norm to digest sediments.’
Samples are not always put into solution entirely because the rea-
gents used may not dissolve some of sediment fractions. Apparent
contradictions and scarce information concerning the amount of the
metal fraction extracted, emerged from the literature. For example,
Burton et al. assumed, with poor evidences, that the whole content
of Cu, Pb and Zn was taken out.° However, Sastre et al.” reported that
just a part of Zn was extracted; while Cd, Cu and Pb were totally
removed from the sediment. In another report, it was showed that
the extraction of metals varied in the increasing order: Se (3.4%), Ni
(21.1%), Cr (30.3%) and As (70%).® In other authors, for example
Cobb GP et al.,’ no considerations have been made as to the amount
of metal extracted.

It is important to know the amount of metal extracted by the
digestion method as part of the characterization of the complete
analytical procedure (digestion method + quantification technique).
In this way, a more complete environmental interpretation of the final
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analytical results can be achieved. The extraction ability of USEPA
3050B method is defined by the working conditions selected by the
analyst, within the diapason of possibilities given.> For instance,
the total amount of HNO, and H,0, added. Moreover, even if the
operational conditions were fixed then, the metal fraction extracted
could depend on the element and sediment composition as well.
In contrast, the ISO 14869-1:2001 digestion method employed a
more aggressive combination of acids (HNO,/HF/HCIO,) in order
to achieve a complete digestion of all phases of the sediment. Thus,
once the performance parameters of this method are established, the
total content of metals determined can be used as reference value to
evaluate the extraction capacity of the partial USEPA method.

On the other hand, ICP-OES has been selected in many labora-
tories, when many samples have to be analyzed, as usually occurs
during environmental studies. Nevertheless, special attention should
be addressed to ICP-OES non-spectral interferences, which are cons-
tituted by a group of phenomena related to the sample introduction
system and transport of sample to the plasma; the excitation mechanis-
ms of atoms and ions in the plasma. This kind of interferences should
be reduced or corrected, if they are present. Otherwise, the accuracy
of analysis can be notably affected.'® Accuracy is one of the principal
performance parameters to be evaluated during the implementation
of an analytical procedure and it is an essential requirement for the
quality control of measurements in environmental chemistry.

Accuracy is frequently evaluated with a Certified Reference
Material (CRM). However, few CRMs have been elaborated for
extractable fraction of metals as, for example, the sediment reference
material No. 601." No CRM exists for extractable fraction of metals
by using USEPA 3050B method. Therefore, the accuracy of the entire
analytical procedure (USEPA 3050B + ICP-OES) must be assessed
without CRMs.

Once the metal extraction ability of the digestion method is kno-
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wn, special attention should be paid to the detection and correction
for non-spectral interferences of the technique employed to quantify.
Different methods have been proposed for this purpose.'>' In parti-
cular, the Extrapolation to Infinite Dilution (EID) method was tested
with good results in the ICP-OES and FAAS analysis of synthetic
solutions, which simulated digested plants.'> More recently, it was
applied to the determination of impurities in ceramic materials.'® The
EID method has not been tested so far for detection and correction
of interferences in sediments ICP-OES analysis.

Therefore, the principal goal of the present work was to compare
the partial USEPA 3050B and the total ISO 14869-1:2001digestion
methods for Co, Cu, Ni, Pb and Zn in sediments from Atares inlet
(Havana Bay). The second goal was to apply the EID method for the
detection and correction for non-spectral interferences of the sediment
ICP-OES analysis. Finally, some considerations were made about
the actual level of metal contamination of sediments under study.

EXPERIMENTAL
Sampling sites and sample preparation

Sampling site (Figure 1S) was located at the Atares inlet, the
more deteriorated zone of the Havana Bay. Five samples, S11, S12,
S13, S14 and S15, were taken with a gravity dredge at Station S1 at
depths of 0.65, 1.59, 2.24, 2.61 and 3.85 m, respectively. Sediments
were carefully screened for determining the presence of animals and
detritus, put in polyethylene containers and stored at ~4 °C. Before
analysis, samples were lyophilized, homogenized and sieved with a
plastic sieve to select the sediment fraction with particle diameter
less than 63 pm. As known, metals are concentrated in this sediment
fraction, which has been regularly used in previous studies of the
Havana Bay. Thus, the present results can be fully compared with
those previously obtained. Test portions of the selected fraction were
digested as follow below, according to USEPA 3050B° and ISO
14869-1:2001'¢ guidelines.

USEPA 3050B method

Approximately 1 g sample were accurately weighed in a 250 mL
Pyrex Erlenmeyer flask and 10 mL of 8.5 M HNO, were added. The
solution was heated on a hot plate to ~95 °C without boiling and this
temperature was maintained for 15 min. After cooling to less than
70°C, 5 mL of 17 M HNO, were added and the sample was refluxed
for 30 min at ~95 °C without boiling. This step was repeated a sec-
ond time. Thereafter, the sample was evaporated to ~5 mL without
boiling. After cooling to less than 70 °C, 2 mL of water were added
followed by the slow addition of 3 mL of 8.8 M H,O,. The solution
was then heated until effervescence subsided. Later, 8 mL more of
8.8 M H,O, in 1-mL aliquots were added and solution refluxed. After
cooling to less than 70 °C, 10 mL of 12 M HCI were added and the
sample was refluxed for 15 min. without boiling. After cooling to
room temperature, the sample was filtered and diluted to 100 mL
with double distilled water.

ISO 14869-1:2001 method

Approximately 0.250 g sample were accurately weighed in a
250 mL polytetrafluoroethylene Erlenmeyer flask and 5 mL of 8.5
M HNO, were added. The solution was heated on a hot plate without
boiling until the volume was reduced to 1 mL and then sample was
cooled. This step was repeated two more times until a total amount
of 15 mL of 8.5 M HNO, was added. After cooling, 5 mL of HF and
1.5 mL of HCIO, were added and the sample was refluxed. A second
portion of 5 mL of HF and 1.5 mL of HCIO, were added one more
time and the sample was keep overnight at room temperature, after
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which, the volume was reduced again up to ImL by refluxing. After
cooling, 5 mL of double distilled water plus 2 mL HCI conc. were
added with a light heating to dissolve the residue. After cooling to
room temperature, the sample was filtered and diluted to 50 mL with
double distilled water.

A blank sample was prepared for each sample digestion bath.

Instrumentation

Concentration of elements was quantified in sediment solution
by using two different instrumental systems:

1. Pye Unicam 9100 (Philips, Holland) atomic absorption spec-
trometer with stoichiometric acetylene/air (1.5 L min'//5.0 L min™)
flame and slit width of 0.2 nm was used. The measured absorption
lines were Cu 324.8 nm, Co 240.7 nm, Ni 232.0 nm, Pb 217.0 nm
and Zn 213.9 nm. For all the analytes, the compromise observation
height was set at 10 mm. The intensity of the current was 4, 15, 12,
12 and 8 mA for Cu, Co, Ni, Pb and Zn lamp, respectively.

2. ICP-OES sequential spectroflame spectrometer (Spectro,
Germany) with radial view mode, semi demountable torch, cross-
flow nebulizer, Scott type spray chamber and generator frequency
of 27 MHz, was employed. Analysis was performed by using the
compromise operational parameters recommended by the manufac-
turer to obtain better detection limits. These fixed parameters were
incident power of 1.2 kW; plasma, nebulizer and auxiliary argon flow
rates of 20, 1.0 and 1 L.min"', respectively, and observation plasma
height of 15 mm above the induction coil. The measured emission
lines were AI(I) 167.080 nm, As(I) 188.979 nm, Ca(Il) 317.933 nm,
Co(II) 228.6 nm, Cr(I) 267.716 nm, Cu(I) 324.8 nm, Fe(Il) 259.940
nm, K(I) 766.480 nm, Mn(II) 257.61 nm, Na(I) 558.995 nm, Ni(II)
231.604 nm, Pb(Il) 220.4 nm, Ti(IT) 334.941 nm, Zn(I) 213.9 nm
and V(I) 309.311nm.

Reagents and reference solutions

Calibration solutions were prepared by dilution of 1000 mg L!
(Spectrosol, BDH, England) unielemental standards solutions. For
FAAS analysis, calibration solutions of each analyte were 10% (v/v)
in 37% HCl ac. (Merck, Germany); while multielemental calibration
solutions were 1% (v/v) in the same acid for ICP-OES analysis.
Double distilled water (Aquatron A4D, J. Vivi Science Products
Limited, Germany) was used for all preparations of the solutions.
Calibration solutions were checked by analyzing a traceable to NIST
Quality Certified Standard QCS-19, under both experimental con-
ditions selected for FAAS and ICP-OES analysis. For all elements
of interest, the measured concentration was in the + 5% range of
certified concentration.

Evaluation of performance parameters

Performance parameters were assessed according to Eurachem
guidelines.'” Detection limit, quantification limit, precision and
accuracy were calculated for both the employed digestion methods
USEPA 3050B and ISO 14869-1:2001 by using FAAS as quantifi-
cation technique.

Precision was evaluated as relative standard deviation of the
average concentration of 4 digestion replicates of samples S12, S14
collected at 1.59 and 2.61 of depth, respectively, and of a mix of
samples S13 + S15, all taken as examples, according to the available
amount of sediments collected. The last mentioned mix of samples
will be further called sample M in this work.

The recovery study, employed for the assessment of accuracy of
the analysis, was carried out on sample M with 3 digestion replicates.
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The known amount of analyte was spiked before the digestion of the
sample, as recommended in the used guidelines,” and after digestion
of the sample in two parallel experiments for purposes of compari-
son. Additionally, accuracy of the ISO method was also checked for
Pb and Ni by comparison with certified concentrations in sediment
CRM IAEA-405.

Extraction ability of the USEPA 3050B method was calculated for
each element as the quotient, in percent, of the extracted concentration
respect to the total concentration of element in sample.

For USEPA 3050B digestion method with ICP-OES detection
technique, precision was evaluated for four digestion replicates of
the CRM PACS-1. PACS-1 is sea sediment collected in the Esquimalt
harbor, BC, by Dobrocky Seatech Ltd., Sidney, BC. It was prepared
under the Canadian National Research Council, Division of Chemis-
try, Marine Analytical Chemistry Program, 1990." Two analysts made
digestion replicates: 2 replicates, each one, at different days. Each
digestion solution was measured twice. Concentration was measured
directly in the digestion solution, except for major elements Al, Ca, Fe,
Na and Ti. The high concentrations of those major elements produced
too high signals, which saturated the detector. Consequently, CRM
PACS-1 digestion solution was diluted 15.6 times for Al and 2.5 times
for the rest of major elements. Precision was also evaluated with three
digestion replicates of sediment S11. In this case, the concentration
was measured directly in the digestion solution, except for major
elements, which were measured in the 2.5 diluted digestion solution.

Accuracy of analysis of the USEPA 3050B digestion method
with ICP-OES detection technique was evaluated by comparing the
measured concentration with the known certified concentration in
the CRM PACS-1 digestion solution. Accuracy was also revaluated
in sediment S11 by using the EID method.

Extrapolation to infinite dilution method

This method is based on the known fact that successive dilutions
of the sediment solution lead to the decrease of concentrations of all
the elements present in the solution including, of course, the major
elements. Therefore, reduction and even total elimination of any in-
terference can be reached when the concentration of major elements
has been lowered enough, by means of the successive dilutions.

Thus, the apparent concentration (Cap,) of element to be deter-
mined in the i-dilution is calculated by the following equation: Cap,
= C, x DF;; where C, is the concentration of analyte measured in the
i-solution and DF, the corresponding dilution factor. The real con-
centration of analyte, without any interference, is the intercept of the
function fitted to the Cap, vs 1/DF, relationship for n dilutions. The
existence of a linear relationship' between Cap, (y) and 1/DF, (x) was
established previously by means of the statistical significance of the
correlation coefficient R through the t-student test for n -2 degrees
of freedom and confidence level (o) of 0.05.

In the present study, two test portions (~ 2 g) of CRM PACS-1
and S11 sediment were digested by USEPA 3050B method. The ex-
traction solutions were successively diluted by 2.5, 6.25, 16, 39 and
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98 times in 1% (v/v) 68-71% HNO,. All the solutions were measured
by ICP-OES under the operational conditions previously described.
Average apparent concentration (Cap,) of the two replicates for each
dilution was calculated.

RESULTS AND DISCUSSION

Study of ISO 14869-1:2001 and USEPA 3050B digestion
methods with FAAS detection

Quantification and detection limits (Table 1) did not differ sig-
nificantly for both the digestion methods under consideration. The
order of magnitude was the same, except for the detection limit of Zn,
which was ~ 10 times higher by USEPA 3050B (36 mg kg™') than the
detection limit obtained by ISO 14869-1:2001 method (3 mg kg™).
This difference could be caused by some non-controlled contamina-
tion, occurring throughout the experiment carried out with USEPA
3050B, for example, some amount of Zn from the atmospheric dust
of the laboratory environment.

Precision (Table 2) varied with the element between 2-11% and
1-12% for USEPA 3050B and ISO methods, respectively.

Recovery study of USEPA 3050B and ISO 14869-1:2001 methods
with FAAS detection is showed in Table 3. Recovery was between
~90 and 105% for all the analytes and both studied digestion methods,
except for Pb (84%) extracted by USEPA 3050B. The lower recovery
of Pb can be associated only with the digestion method and not with
the instrumental quantification technique, because the recovery incre-
ased (107%), when Pb was added into the sediment solution after the
digestion step. To confirm this particular behavior of Pb, the recovery
study was also carried out on samples S12 and S14 by spiking a known
concentration of Pb before and after digestion of the samples. The
recoveries were 81 and 79% before, and 109 and 107% after digestion
of samples S12 and S14, respectively. Furthermore, it should be noted
that, the recovery obtained for USEPA 3050B method, when elements
were spiked before digestion, coincided with the recovery reported
in USEPA 3050B guidelines,’ except for Pb. Without doubt, the low
recovery of Pb was associated with the digestion method and it can
be explained by some loss of Pb by volatilization during digestion
of the sample or by a strong linking of some amount of Pb to a non-
dissolved fraction of sediment. A final elucidation of this result is out
the objectives of this study.

Extraction ability of USEPA 3050B is showed in Table 2. For all
the studied samples, Ni and Cu were wholly extracted (92-100%) wi-
thin the limits of experimental error. In contrast, the extracted amount
of Zn was ~ 80% for all samples, the extraction of Pb depended on
sample (from 81 to 85% for samples S12 and S14, respectively up
to 100% for sample M); and, finally, low extraction (60-70%) of Co
was observed in S12 and S14 samples.

As can be expected, the amount of metal extracted by USEPA
3050B method depended on the sample and the metal determined. A
full explanation of this behavior is beyond the scope of the present
work. However, the reason of the low extraction (60-70%) of Co

Table 1. Detection and quantification limits of USEPA 3050B and ISO 14869-1:2001 methods with FAAS detection

Analyte USEPA 3050B ISO 14869-1:2001
Detection limit [mg kg']  Quantification limit [mg kg™'] Detection limit [mg kg™'] Quantification limit m [mg kg™]
Co 5 20 8 34
Cu 1 6 2 12
Ni 10 35 8 32
Pb 3 39 2 58
Zn 36 98 3 50
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Table 2. Extraction ability of USEPA 3050B method and precision of analysis by using USEPA 3050B and ISO 14869-1:2001 methods in combination with

FAAS detection

Sample Analyte USEPA 30508 150 14865-1:2001 EPA extraction ability [%]
Concentration [mg kg™'] Precision [%] Concentration [mg kg™'] Precision [%]

S12 Co 239 3 40 5 60
Cu 122 8 127 1 96
Ni 50 11 53 4 94
Pb 141 3 166 3 85
Zn 204 5 319 3 64

S14 Co 27.9 3 40 5 70
Cu 97 3 102 1 95
Ni 51 9 53 7 96
Pb 96 3 118 8 81
Zn 153 2 183 5 84

M Co 20 8 21 12 95
Cu 76 6 83 5 92
Ni 17 10 17 8 100
Pb 57 9 55 8 104
Zn 118 7 147 9 80

Table 3. Recovery study of USEPA 3050B and ISO 14869-1:2001 methods with FAAS detection

USEPA 3050B ISO 14869-1:2001

Analyte Added ) Recovere'd Recovery EPA Added ) Recovere'd Recovery Certiﬁe('i 1 Recovere@ Recovery

concentra_non concemra_tlon (%] recovery [%] concentra_non concemra_tlon (%] concenlra_non concemra_tlon %]

[mg kg'] [mg kg'] [mg kg''] [mg kg'] [mg kg'] [mg kg']

Co 200 184 92 94 200 209 105 o wE wE
Cu 100 92 92 94 200 202 101 ok wE wE
Ni 200 201 101 98 200 199 100 325 36.0 90
Pb 400 337 84 91 200 197 99 74.8 84.0 88
Zn 200 180 90 99 * * * * * *

®in CRM IAEA-405; ®: Measurements discarded due to a non-controlled contamination of Zn ; **: Elements no evaluated.

could be surely associated with the increment of the analysis error
when the measured concentrations, 23.9 and 27.9 mg kg™! for S12
and S14, respectively (Table 2), are close to the quantification limit,
20 mg kg!, of the method (Table 1). Therefore, the Co concentra-
tions determined in those samples should be considered only as an
approximate result.

According to our results, the selection of one of the two digestion
methods studied should be carefully dictated by the final purposes of
the analysis. The ISO 14869-1:2001 method is useful for the deter-
mination of the total content of Cu, Ni, Pb and Zn in the sediments
under study. However, the use of the EPA 3050B method should be
considered because of its simplicity and lower risk. The ISO 14869-
1:2001 method employs the most dangerous HF and HCIO, acids.
On the other hand, the low extraction ability (~80%) of EPA 3050B
method for Pb and Zn from some sediment should be considered
non-important, when the purpose of the analysis is to determine the
bioavailability of the element in natural environmental conditions. It
is highly probable that the amount of Pb and Zn not extracted by the
relatively strong action of the HNO, and H,O, oxidant agents used
by the EPA 3050B method will not be easily removed by any natural
events. Thus, the non-extracted fraction will not be liberated to the
ecosystem. Taking into account this last consideration, the USEPA
3050B method was further used in this work.

Quantification of metal sediments by ICP-OES

Taking advantage of the multielemental character of the ICP-
OES technique, major (Al, Ca, Fe, K, Na, Ti) and minor (As, Cr,
Mn, V) elements were also included in this study together with Co,
Cu, Ni, Pb and Zn, previously quantified by FAAS. CRM PACS-1
and sediment S11 samples were digested by USEPA 3050B method
and elements were quantified directly on solution digestion by
ICP-OES.

Precision and accuracy of ICP-OES analysis are shown in Tables
4 and 5. Precision was close to or below 10% for all the analytes in
both the CRM PACS-1 (Table 4) and sediment S11 (Table 5), except
for Cr (34%) in CRM PACS-1. This exception could be caused by
a non-reproducible extraction of Cr. Accuracy of ICP-OES analysis
evaluated with CRM PACS-1 (Table 4) varied from 12% for Zn up
75% for Al In general, the low measured concentration respect to
the certified one can be associated with one or both of the two steps
of the analytical procedure: a poor extraction ability of analytes by
the USEPA 3050B method and/or the presence of some non-spectral
interference during the instrumental measurement. It should be noted
that the sediment solution could contain significant amounts of major
elements (matrix) of the sediment, which are put in solution together
with the analytes of interest.
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Table 4. Performance parameters of the USEPA 3050B + ICP-OES method estimated on sediment CRM PACS-1 and results of EID method application

Concentration + con-

Certified EID concentration +

Analyte line [nm]  fidence inrterval [mg [mgskg'l] Pre[(;ibs]ion concentrgtion Acc[:;)r]acy confidence ?nterval []?72"]
kg [mg kg''] [mg kg']®
As(I) 188.979 156 7 8 5 211 26 163 +7 4
Co(II) 228.616 128 +0.3 0.3 2 17.5 27 12+2 7
Cr(II) 267.716 28+8 10 34 113 70 272 4
Cu(l) 324.754 380+ 14 16 4 452 16 368 +8 3
Mn(II) 257.610 259+ 13 15 6 470 45 245+ 12 6
Ni(II) 231.604 27+2 2 9 44 38 26+ 1 4
Pb(II) 220.353 294 + 15 16 5 404 29 271+ 14 8
Zn(I) 213.856 726 £7 9 1 824 12 720 £43 1
V(I) 309.311 58«5 5 8 127 54 @ @
Al(I) 167.080 3.0+04 0.2 7 12.22 75 385+0.2 22
Ca(II) 317.933 1.2+0.3 0.1 8 2.92 59 1.3+0.1 8
Fe(II) 259.940 429 +0.04 0.01 0.2 6.96 38 6.29+0.9 32
K() 766.490 0.45 £ 0.06 0.03 7 1.5 70 0.448 + 0.001 0.4
Na(I) 558.995 27+0.1 0.06 2 4.4 37 27+05 0
Ti(II) 334.941 0.27 £0.03 0.01 4 0.7 61 0.28 £0.01 4
S: absolute standard deviation; V: Al, Ca, Fe, K, Na and Ti given as oxide in % (w/w); @: EID method was not applied; E,;: defined in text.
Table 5. Performance parameters experimentally estimated of the USEPA 3050B + ICP-OES method on sediment S11
Analyte Tine [nm] cocn(;in;:rjgreaitri)(t):rjal S ] Precision EID concen?ration S ) Precision E,
[me ke'] [mg kg™'] [%] [mg kg'] [mg kg'] [%] [%]
As(I) 188.979 6.5+09 0.4 6 @ @ @ @
Co(II) 228.616 8.6 0.8 0.3 4 @ @ @ @
Cr(Il) 267.716 26+3 1 4 28 1 5 7
Cu(I) 324.754 160 £ 5 2 1 257 16 6 38
Mn(II) 257.610 433 +31 12 3 1106 101 9 61
Ni(II) 231.604 272 0.9 3 31 2 5 13
Pb(II) 220.353 140+ 11 5 3 262 14 5 47
Zn(I) 213.856 287 + 28 11 4 642 54 8 55
v 309.311 13119 8 6 @ @ @ @
Al(I) 167.080 152 1 7 16.7 0.51 3 10
Ca(Il) 317.933 ® ® ® 41.7 0.1 0.2 ®
Fe(II) 259.940 5.6+0.7 0.3 5 12.0 0.6 5 53
K() 766.490 0.97 £0.02 0.01 1 2.17 0.1 5 55
Na(I) 558.995 1.9+05 0.2 11 4.82 0.2 4 61
Ti(II) 334.941 0.067 + 0.006 0.002 3 1.78 0.01 0.6 96

S: absolute standard deviation; (: Al, Ca, Fe, K, Na and Ti given as oxide in % (w/w); ® EID method was not applied by reasons explained in text; ® Ca was

no determined because too high concentration; E,;: defined in text.

Application of the extrapolation to infinite dilution method

Evaluation of the matrix interferences in the ICP-OES analysis of
sediments

Successive dilutions of the original CRM PACS-1 and S11
solutions were made according to the description given in Section
3.2. Apparent concentration (Cap,) of most analytes determined in
CRM PACS-1 was invariable within the experimental error for all the
dilutions tested. As example, the variation of Cu, Pb and Zn apparent
concentrations for CRM PACS-1 are described by empty symbols

linked with a continuous line in Figure 1. This result indicated the
absence of matrix effect in the ICP-OES analysis of CRM PACS-1
digestion solution.

In contrast, apparent concentration of most analytes measured
in sediment S11 solution noticeably increased with the increment of
the dilution factor. As example, Cu, Pb and Zn are shown in Figure
1 by filled symbols linked with a continuous line. Undoubtedly, the
intensity of lines decreases in presence of the matrix for sediment S11.

The absence of matrix influence in the ICP-OES analysis of CRM
PACS-1 and the presence of it in sediment S11 was very probably
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Figure 1. Variation of the Cu (3a), Pb (3b) and Zn (3c) apparent concentration
with the dilution factor for sediment S11 (filled symbols) and CRM PACS!
(empty symbols)

due to differences in the content of major elements present in the
digestion solutions of the samples.

Determination of element concentration

The concentration of elements (called EID concentration in Table
4) was calculated as the average of Cap, for all the dilutions made for
CRM PACS-1. Obviously, the low (4-8%) deviation (E,,) between
EID concentration and concentration directly measured in the origi-
nal sediment solution without dilution corresponded to the absence
of matrix effect in the ICP-OES determination of most analytes in
CRM PACS-1 solution. Therefore, it can be concluded that, the low
accuracy (12-75%) obtained for CRM PACS-1 was principally due
to the poor extraction ability of the USEPA 3050B digestion method.

As expected, a significant correlation between Cap, and 1/DF, was
observed for most of the studied elements in sediment S11. Exceptions
were for V and Cr because Cap, of Cr was similar in all the dilutions
made and a complex Cap, vs.1/DF, relationship for V did not permit
to fit a function. Furthermore, the EID method was not applied for
As and Co because of their low concentration, which conditioned a
very low signal. For the rest of analytes, a polynomial function was
fitted and the free of interference concentration of the element (cal-
led EID concentration in Table 5) was calculated as the intercept of
the fitted function. Then, EID concentration can be used as the best
estimation of the real concentration of analytes in digestion solution
for sediment S11. The deviation (E,;) between free of interference
concentration calculated by EID method and concentration directly
measured in sediment solution without previous dilution (column 2
in Table 5) was a measure of matrix effect. It varied in a wide interval
with the element determined.

The results obtained emphasize the need for detailed investi-
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gations of the presence of matrix effect for the specific sediments
and analytes under study. As was demonstrated, the matrix effect
in ICP-OES analysis may appear to depend on the sediment and
analyte to be determined. This interference could not be present for
the selected sediment CRM, as was shown for CRM PACS-1, while
the interference does exist in the sediment under study.

By considering the relatively small number of samples and of
the analytes used as indicators of contamination (Cu, Ni, Pb and Zn)
to be assessed in this work, we decided to use the USEPA 3050B
digestion in combination with FAAS as a detection method. As it was
demonstrated in the corresponding section, acceptable performance
parameters were achieved and no need for special investigation of
the matrix effect was required.

Evaluation of the content of Cu, Ni, Pb and Zn in sediments
from Atares inlet

The concentration of Ni was close to the average concentration
of this metal on the surface of the earth.” Moreover, the Ni content
remained approximately constant within all the samples collected
at different depths at Station S1. Both facts suggested that the Ni is
not accumulated on the sediment surface. Contrastingly, the increase
of Cu, Pb and Zn toward the surface of sediment was a categorical
indicator?! of the influence of human activity on the ecosystem. By
considering the concentrations of Cu (52.7 mg kg™), Pb (44 mg kg™),
and Zn (83.3 mg kg') in sediment S15 at the depth of 3.85 m as the
blank concentrations, the enrichment factors (EF) are 3.2, 4.8 and
2.8 for Cu, Pb and Zn respectively. In contrast, the EF for Niis 1.33.

There is not a Cuban regulatory guideline for the assessment
of the contamination level of metals in sediments. For that reason,
two different approaches were used. At first, the concentrations of
metals determined in surface sediment S11 were compared with the
concentrations reported before.>* Secondly, the Sediment Quality
Assessment Guidelines was used to evaluate the biological effect of
determined metals.*

Content of Cu (171 mg kg), Pb (213 mg kg!) and Zn (325 mg
kg™) in surface sediment S11 was in the concentration range reported
previously for Habana Bay,** which suggested that the high level of
pollution in this bay has been kept stable. On the other hand, those
high concentrations can produce adverse biological effects in the
ecosystem, because they exceeded 1.6, 1.9 and 1.2 respectively, the
probable effects level,?? corresponding for each metal. Even in the
case of a possible underestimation of the content of Pb due to some
loss by volatilization as described in Section 4.1, theses conclusions
are correct, because the real concentration of Pb would be higher,
which reinforce the conclusions on the relatively high contamination
level of Pb. Thus, the anthropic impact on the Atares inlet was clearly
appreciated from the obtained results.

CONCLUSIONS

USEPA 3050B method is a quite simple procedure for the eva-
luation of the content of Cu, Ni, Pb and Zn in studied sediments.
USEPA 3050B digestion method in combination with FAAS detection
showed good performance parameters. Attention should be paid to
the relatively low extraction ability of Pb and Zn (~ 80%), which has
to be taken into account during the environmental interpretation of
the analytical results.

The existence of the matrix effect on the ICP-OES analysis of the
USEPA 3050B-extraction solution of surface sediment was demons-
trated. This effect produced a significant deviation of the measured
concentration of the analyte from its true value. For the first time,
the EID method was employed for the detection and correction of
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the matrix effect in sediment ICP-OES analysis. Thus, the accurate
determination of Cu, Mn, Ni, Pb, Zn and other elements in the se-
diment solution was improved. The matrix effect was not observed
for the sediment CRM PACS-1. Thus, a bad selection of CRM might
lead to an erroneous evaluation of the accuracy of ICP-OES analysis
for sediments under study. Alternatively, the EID method can be
used. The application of EID method does not require any previous
knowledge of sediment composition.

The high contents of Cu, Pb and Zn in sediments from Atares
inlet were evidence of the negative influence of the human activity
over Havana Bay.

SUPPLEMENTARY MATERIAL

Available at http://quimicanova.sbq.org.br, in PDF file, with free
access. Geographical localization of samples sites and depth in which
samples were collected are shown in Figure 1S. The variation of the
content of Cu, Ni, Pb and Zn with depth in sediments collected at
Station S1 is shown in Figure 2S.
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