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ABSTRACT

Technical evaluation of analytical data is of exteerelevance considering it can be used for
comparisons with environmental quality standards$ @ecision-making as related to the management
of disposal of dredged sediments and the evaluaticalt and brackish water quality in accordance
with CONAMA 357/05 Resolution. It is, therefore,sestial that the project manager discusses the
environmental agency’s technical requirements thighlaboratory contracted for the follow-up of the
analysis underway and even with a view to possiblanalysis when anomalous data are identified.
The main technical requirements are: (1) methodntifasion limits (QLs) should fall below
environmental standards; (2) analyses should lréedasut in laboratories whose analytical scope is
accredited by the National Institute of MetrolodMMETRO) or qualified or accepted by a licensing
agency; (3) chain of custody should be providedrtler to ensure sample traceability; (4) control
charts should be provided to prove method perfooaa(b) certified reference material analysis r, i
that is not available, matrix spike analysis, sHoo¢ undertaken and (6) chromatograms should be
included in the analytical report. Within this cext and with a view to helping environmental
managers in analytical report evaluation, this waals as objectives the discussion of the limitation
of the application of SW 846 US EPA methods to mmgamples, the consequences of having data
based on method detection limits (MDL) and not denguantitation limits (SQL), and present
possible modifications of the principal method #mpblby laboratories in order to comply with
environmental quality standards.

REesumo

Avaliacéo técnica do resultado analitico é de exdreelevancia, pois 0 mesmo serd utilizado para
comparagdo com legislacdes e tomadas de decisic;omo, disposicdo adequada de sedimento
dragado e avaliacdo da qualidade de agua supkrfiaiabra e salina frente a classificagcdo da
Resolugdo CONAMA 357/05. E fundamental que o geatobiental discuta com o laboratério
contratado as recomendagfes e exigéncias técrackgidlacdo em questdo e do 6rgdo ambiental,
acompanhe o andamento das analises e solicitélisgmuando ha suspeita de resultados andmalos.
As principais recomendag6es técnicas séo: (1)dsrde quantificacdo do método (LQs) inferiores aos
padrées ambientais; (2) analises realizadas emdhims cujo escopo analitico esteja acreditado
pelo Instituto Nacional de Metrologia (INMETRO) qualificado ou aceito pelo 6rgdo ambiental
licenciador; (3) cadeia-de-custddia para rastrielllie das amostras; (4) cartas-controle para
evidéncia de desempenho do método analitico emgwegelo laboratdrio; (5) analise com material
de referéncia certificado ou, em sua auséncia,i@nsaalizados por adi¢cdo padréo ou adigdo de
reforco e (6) apresentacdo de cromatogramas pasaddises realizadas por cromatografia. Dentro
deste contexto, visando auxiliar o gestor ambierdadvaliacéo dos relatérios de ensaio, este lrabal
tem como objetivo discutir as aplicagdes dos mé&td@y 846 da US EPA usados para as matrizes
marinhas, as implicagdes de basear os estudos reitesli de deteccdo (LDM) e ndo nos de
quantificagdo da amostra (LQA) e discutir modifidag de metodologia propostas para atendimento
aos padrées de qualidade.

Descriptors: Sediment, SW 846 methods, Quantitaiioit, Salt and brackish water, Interferences.
Descritores: Sedimento, Métodos SW 846, Limite dmntficagdo, Agua salgada e salobra,
Interferéncias.

(*) Paper presented at the Symposium on Oceanogrdp2008, Sdo Paulo, IOUSP.
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INTRODUCTION SW 846 methods always refer to practical
guantitation limits; however, there is no consensus

Analytical chemistry has been used as &among th(_e en_v_ironmental experts _ab_out the meaning
valuable tool in environmental studies, being ofe cand applicability of detection limits (DL) and
the bases for decision-making. It is, thereforgligd ~ 9uantitation limits (QL). This study presents thesn
in ecotoxicology, environmental investigations and?®mmon analytical interferences that can increase
monitoring, among others, representing up to 40% of Marine sample quantitation limits (SQL) when
project’s total budget. Thus the data obtained Ishou@PPlying SW 846 methods, making SQLs rise above
be reliable in order to avoid additional, unexpdcte the reference values, and discuss analytical
expenditure on resampling and reanalysis. alternatives to achieve lower limits.

Attaining the low levels established by
environmental regulations is one of the main
limitations for laboratories which work with anabal
marine chemistry, i.e., practical quantitation tisni

obtained by SW 846 methods are generally higher tha” . ; ) . .
the referer)llce values, thus makin% it diffi)::ultg tseu point at which this occurs is called the detectiamit

analytical data for environmental purposes and it is defined as gguncertainty is + 100% at 95%
SW 846 is a US EPA publicatio.n entitied confidence). The lower level at which measurements
Test Methods for Evaluating Solid’ Waste become quantitatively meaningful has been called th
Physical/Chemical Methodslt is a free official ’quantitgtion limit and it is d_efined arbitr_arily 9.
compendium of analytical and sampling method%ccordlng to the American Chemical Society

available on the internet. It has been largely usgd c())nn::gqultttrz(te'o(rjln thimr/;g?rlezﬁf'cljn;ﬁézv% Tﬁgt}n&thls
Brazilian laboratories for chemical analyses of lon, v ' ' u

environmental matrices such as soil, sediment,evyastValue is about + 30% at the 95% probability level

water and wastewater. The choice of the appropriar{?g]'%ulghf ?ng;z:;urgtbelgs :ﬁ:’:&‘nf’%?ﬂﬁ;;%nggﬂ% %e
sequence of analytical methods depends on t .
information sought and on the experience of théneasured (TAYLOR, 1987; US CFR, 2009).

analyst.

Definitions of Analytical Limits

A measured value becomes reliable when it
A’s larger than the uncertainty associated withrlite
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Fig. 1. Uncertainty of measurement close to theat&n limit (TAYLOR, 1987).
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Detection Limit environmental data such as practical quantitaiioit |
] o o and sample quantitation limit. SQLs take into agttou
The detection limit of an individual sample characteristics, sample preparation and

analytical procedure is the lowest amount of aeallyt  analytical adjustments, therefore, these valuestare
a sample which can be detected but not necessariiyost relevant QLs (US EPA, 2009b).

quantified as an exact value. The detection limsit i

based more upon the sensitivity of an analytical Practical Quantitation Limit (PQL)

instrument and will only rarely account for thelful

range of matrix effects that are normally encoweder Practical Quantitation Limit (PQL) is the

with environmental samples (US EPA, 2009a). lowest concentration that can be reliably achieved
within specified limits of precision and accuraayder

Method Detection Limit (MDL) routine laboratory operating conditions. Most SV 84

methods give PQLs which are often set at some

~ Method Detection Limit (MDL) is found in - myltiple of typical MDLs for reagent water.
environmental data reports, despite the high degfee

uncertainty associated with it. The procedure for
determining the MDL is defined in the United States
Code of Federal Regulations (40 CFR part 136,
Appendix B, 2009). MDL is a statistically defined
number based upon the standard deviation of sev
replicate analyses of a standard. MDL is determine
for each analyte, by matrix, and corresponds to th

minimum concentration of an analyte that can bgCHOLZ; FLORY, 1999).

determined with 99% confidence, whose true value is . I Addltlondally PQLs I|ste_d hforb se_dlmﬁnt are
greater than zero. typically reported on a wet-weight basis. However,

The Method Detection Limit is the basis for reported datg mu§t be tmny-yveight basis, increasing
determining Practical Quantitation Limits, alongtiwi QLS described in the section below.

the professional judgment of the chemist experignce
with the particular analyte and method. Sample Quantitation Limit (SQL)

PQL = [Method Detection Limit] X [Factor]

The multiplying factors vary according to

gﬁe matrix evaluated: salt or brackish water and
aediment. In general, practical quantitation limit
ould be approximately five to 10 times the MDL

Instrument Detection Limit (IDL) Sample Quantitation Limit (SQL) is, in
) o ) general, like the PQL. As this limit is unique feach
Instrument Detection Limit (IDL) is the  sample it is not specifically mentioned in SW 846,
lowest concentration that can be detected by afherefore, it is the one that has to be presented i
instrgment without corrgction for the effects offigde  analytical reports. The SQL represents a quartitati
matrix or method-specific parameters such as sampjgnit adjusted to reflect sample-specific procedure
preparation. IDLs are statistically determined blasesych as dilution, use of smaller aliquot sizes,rixat
upon direct measurements. The IDL is based on th&fects, and moisture (US EPA 2009b).
ability of a detector to distinguish between sigaat Seeing that data are reported on a dry-weight
noise. ) . . basis, SQLs will be higher than PQLs, varying
' If the method used is entirely instrumental,according to percentage dry weight in each sample,
i.e., no chemical or other procedural steps arfinless the laboratory dries the sample before
involved, the signal-to-noise has some relation t@erforming the analysis. In this case, additiorzabds
MDL (TAYLOR, 1987; US EPA, 2009a). necessary in order to avoid target-analyte losses,
IDL is the basis for selecting the mostespecially naphthalene and mercury, which are
appropriate technique to attain the quantitationit  parameters normally evaluated for dredged material

required for the project. assessments.
Therefore it is always appropriate to discuss
Quantitation Limits with the laboratory if the reported SQL was

determined on a dry or wet-weight basis and what
A quantitation limit is the lowest amount of Specific weighting factors were used for calculgiin

an analyte in a sample which can be quantitatively According to the Departments of Agriculture
determined with suitable precision and accuracye Thand Ecology located in Washington State (WSDA and
quantitation limit differs from the detection limin ~WSDE, 2009), if one compound is positively
that it takes into account sample matrix effectsidentified and the value is between MDL and SQL,
Unfortunately, like detection limits, there areariety  this value should be reported as a “J” qualifietlca
of quantitation limits that are reported with due to the high uncertainty associated with it.
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It should be noticed that analytical limits US EPA6010C (US EPA, 2009d). It recommends the
involve standard deviations gfsand these are not following wavelengths for ICP-OES (inductively
unique constants of the methodology; ordinarilyythe coupled argon plasma by optical emission
will depend on the expertise of the chemist, thaliu  spectrometry) analysis of the elements listed in
control procedures adopted by the laboratory and cBONAMA 344 (2004): 193.696 nm (arsenic), 226.502
the matrix measured. Thus two analysts or labdegor nm (cadmium), 220.353 nm (lead), 324.754 nm
using the same methodology can show significancopper), 267.716 nm (chromium), 231.604 nm
differences in precision, and PQL or SQL will diffe  (nickel), and 213.856 nm (zinc).

This method is adequate for marine samples
Discussion seeing that ICP-OES is versatile equipment, pragdi
rapid and multi elementary determination and low

The most important current federal lawsduantitation limits. _ _
related to marine sampling are Resolutions 344/04 However, in order to use it for marine
(CONAMA, 2009a), for sediments, and 357/05aSsessments, it is recommended that an inter etemen
(CONAMA' 2009b), for waters. Resolution 344 correction (IEC) study be undertaken, this congi$ts
establishes general guidelines and minimal protocdh® valuation of potential interferents in seditagn

for the assessment of the sediments to be dredgedSUch s iron, aluminum, on the elements wavelengths
Brazilian jurisdictional waters. studied. A mathematical equation is generated sy th

The evaluation of contaminants in theStudy, which can be applied to obtain actual metal

dredged material is an important line of eviderchg ~ concentration.

assessed in order to prevent occasional damagdeeto t According to SW 846 US EPA 6010C
environment and adverse effects to marine biot009d), the contributions of false positives megd
during dredging and disposal operations. CONAMA®  inappropriate ~ conclusions about the area
344/04 resolution presents a list of contaminamtset  "vestigated. As may be observed in Table 1, acsalt

determined in the sediments, such as metals and serarackish water with 10 mg t of Al will contribute
metals (As, Cd, Pb, Cu, Cr, Ni, Hg and Zn), total PCB"A‘"th 130ppb and 17ppb to the final concentratiohs o

PAH and organochlorine pesticides. As and Pb, respectively. For sediments, the
Water quality has to be evaluategNterelement contribution will vary with the mass

simultaneously for the same parameters. The valud€ighed and final volume for analysis. Assuming two

obtained are to be compared to those given iAr@ms and a final volume of 100 mL, a sediment
CONAMA Resolution 357/05 (article 21). sample with 1% of iron will have a false positive

Each group of analytes is discussed below. result of 3 mg kg for cadmium, unless IEC is used.
Goncalves et al. (2008) evaluated

interelement contribution by determining the metals
) ) and semi-metals required by CONAMA Resolution
According to SW 846, the methods available344/04 and comparing the results obtained by apglyi
for the analyses of metals are those listed in6®®  4ng not applying the interelement correction equti
and 7000 series. As flame atomic absorption as observed that cadmium was below QL when a
spectrophotometry, by the 7000B method (US EPApathematical correction was used and between $and

2009c), is not suitable for attaining the limitsjueed mg kg*, without it; zinc values were 20% higher and
for marine samples, the most usual methodolog¥hromium, 10%.

employed for the determination of metals is SW 846

Metals

Table 1. Potential interferences and analyte cdanation equivalents (mg1) arising from interference at the 100-mg level
(US EPA, 2009d).

Interferants
Analyte Al cr cu Fe Mn Ni Ti v
Arsenic 1.3 0.44 - - - - - 1.1
Cadmium - - - 0.03 - 0.02 - -
Lead 0.17 - - - - - - -
Copper - - - 0.003 - - 0.05 0.02
Chromium - - - 0.003 0.04 - - 0.04

zZinc - - 0.14 - - 0.29 - -




SKIELKA ET AL.:.URBULENCE MODEL APPLIED TO EQUATORIAL ATLANTIC 53

Although not regularly used by all concentration factor of 4,000 times is applied tiexr
laboratories, interelement correction applicatian iand 30g to a final volume of 1 mL is used for
crucial for dredged sediment quality investigationsediment.

seeing that its absence from the metal concentratio It is important to mention that using larger
calculation may lead to an erroneous decisiosample amounts and the SIM mode aiming at lower
concerning dredged material disposal. limits is generally applicable to samples with a

SW 846 US EPA 6010C (2009d) is alsoreduced amount of interferants. The presence of
applicable to salt and brackish water. However, tdue interferences in the sample may contribute to
its high dissolved solid content, it is necessaryge a misquantification seeing that SIM may provide a

nebulizer designed for this purpose. lesser degree of confidence in the compound
identification, since less mass spectral infornmati®
OrganicCompounds available (US EPA, 2009j). Moreover, interferences

may not allow validating sample analysis due to

Among the regulated organic contaminantsCo€lution with surrogate compounds, leading toefals

the main ones under investigation are ponnucIeaf?OS't'Ve results or reaction with them, leadindower
aromatic hydrocarbons  (PAH), polychlorinated"®sults. , . o
biphenyls (PCB) and organochlorine pesticides. The It iS possible to achieve lower limits by
suggested SW 846 methods for determination of the@dOPting other techniques instead of the SW 846
compounds are: USEPA 8270D method (US EPA, 2009k). Thus,
«  PAHs: 8270D by Gas Chromatography/MassorganOChlor'ne pesticides and PCB can be detected

ith a higher sensitivity as they are determined by
Spectrometry - GC-MS (US EPA, 2009¢e), 8310
by High Performance Liquid Chromatography _GC-ECD (SW 846 US EPA 8081B and 8082A,

HPLC (US EPA, 2009f) or 8100 by Gas respectively), because gas chromatographies coupled
Chromatography/ ’Flame lonization Detector -With selective detectors provide lower limits thag-

GC-FID, US EPA 2009g): S.
+ PCBS: 8270D by GCMS (US EPA, 20098) ory oo o o (€T BaRtTe | BRe
8082A by Gas Chromatography/Electron Captun%around 10 na i for watery and 3%0 ng K for
Detector - GC-ECD (US EPA, 2009h); i Sgh e Ot dg S oA
e Organochlorine pesticides: 8270D by GC-MSZ(;?gTjen)' uch limits are not found using
EEUPSA I52F(>),8,9i)2009e) or 8081B by GC-ECD (USh Tphe selective detectorts r;eslponse iﬁ eé%ellent;
! ; owever, they are more prone to false results @@n
is still usgghﬁﬂghngqifczongrrlﬁggg f(cl)JrSmiFr)iﬁé:izkci)g gg)MS' mqking it imperative that means should be fqund
as it cannot, resolve some PAHs adequately MoréovéP avoid thesg latter.  Most common analytical
; - ; - interferences in chromatographic methods are
FID is not a selective detector, being subject tg)
. ; resented below.
interferences and consequently liable to fals
responses. PAH determination by this method can
mislead the environmental manager and inappropriate

conclusions may be drawn. . Undoubtedly chromatographic methods can
_The 8310 method (US EPA, 2009f) providesye seq to produce data of appropriate quality for
low limits for PAHs. Nevertheless, as detection iSyironmental analyses. However, data quality @n b
obtained by ultraviolet (UV) and fluorescencey oqily enhanced when the laboratory understands
detectors, its appllcatlon inmarine Investigations, o1y the intended use of the results and the liita
becomes questlon_able, con_S|der|ng that so the specific analytical procedures being empioye
compounds in brackish and marine samples fluorescey ;g EPA, 2009k). Methods are subjected to several

Ill)ue todthe reisc()jnsfrelated above, the Mogtierferences, such as co-elution, matrix effecti an
commonly used method for organic compoundygiciire. among others.

analyses is 8270D, by GC-MS. If the complete metho
is strictly followed, laboratory will provide 10 pig?, Co-elution

for water, and 660 pg Kgfor sediments, which do not o

comply with the limits required by CONAMA Many chromatographic interferences result
Resolutions 357/05 (0.018 pgiLand 344/04 (6.22- from co-elution of one or more compounds with the
600 pg kg). In order to meet clients” data quality @n@lyte of interest, or may be the result of trespnce
objectives, laboratories have opted to run sampleéd @ non-analyte peak in the retention time windziw
using the selected ion monitoring (SIM) mode to?" analyte. , ,
achieve lower limits. Thus, 0.025 pgtLfor water, If .the laboratory deC|de.s .to use selective
and 3.3 g kg, for sediment, are an attainable, since Hetectors in the quest for lower limits, it is assary

Analytical Interferences
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to have two dissimilar columns, with completelyhumid sediment, for instance, tends to show higher
different chemical compositions: one for identifioa  limits. If the PQL for a specific analyte is 100 kg
and the other for confirmation. Co-elution problemsand the sediment has 30% of moisture, its SQL lveill
may affect quantitation as well as identificatiamd 143 pg kg whilst a 60% moisturized sediment will
result in poor agreement between the quantitativeresent a SQL of 250 pgkg
results from two dissimilar columns.
Analytical Alternatives to Improve the Quantitatibimits
Matrix Effect

As stated above, to obtain an unquestionable

The main limitation of chromatographic environmental analysis, it would be necessary that
methods to achieve lower limits is the matrix effec ~ sample quantitation limits fall below or be equathe
Samples with a very high concentration of one oremo levels established by environmental legislationewN
compounds can show higher limits due to theechniques have been developed allowing the
necessary dilution factor that should be considémed attainment of lower limits, such as ICP-MS for metal
SQL. Two situations can occur: 1) the requiremént cand high resolution GC-MS for organic compounds.
dilution in order to bring one or more target atedy However, the costs associated with these
within the calibration range; 2) the requirement ofinstrumentations are generally several orders of
dilution due to interferences caused by non-targehagnitude higher than the Project budget. Thus,
analytes and they should be overcome. In both casemdifications in the standardized methodologies
the carry-over of compounds from one sample to theecome the best alternative for the attainmenvweért
next, contamination of the analytical instrumeseit quantitation limits. Generally, the additional step
and chromatographic column damage may occur.  before analysis are increased.

In the second case, an additional cleanup One example is the introduction of the PTV
step is required. This process will depend on ¥ipet (programmable temperature vaporization) technitiue.
of analysis and interfering analyte: silica gelused permits the injection of 50 uL or more of extradtile
when the interfering compounds are of a differentvith the routine analysis only 1 uL is injected.
polarity from the target analyte (US EPA, 2009I),Analytical sensitivity is, thus, greatly enhanceat f
florisil mostly for organochlorine pesticides an@Bs  analytes with low concentrations. Norlock and
(US EPA, 2009m). Sulfuric acid/permanganatecollaborators (2002) analyzed PAHs in sediment
cleanup (US EPA, 2009n) is suitable only for PCBs asamples using the PTV-GC-MS technique. MDL for
it destroys most organic chemicals. the sum of the sixteen priority PAHs was 1.4 pg.kg

Solubility of sulfur in dichloromethane using 10g of sample and three multiple injectiofis o
(solvent used for extraction) is very similar tattof 20 pL of extract. For the same compounds, US EPA
the organochlorine pesticides, and it can interfare 8270 establishes 660 pg kdor each PAH such as
the analysis as sulfur is quite evident in GC-ECI3 (U PQL using 15 g and 1 pL of extract.

EPA, 2009i) and masks the region within the solvent Modification of US EPA 7470A/7471A (US
and the Aldrin correspondent peak. As a florisilEPA, 2009p; 2009q) methods permits lower
cleanup will not eliminate this interference, powate quantitation limits for mercury. This is possiblg b
copper may be required (US EPA, 20090). inserting a gold trap in the CV AAS technique to

However, a clean-up may not be enough t@malgamate the Hgvapor formed and heat it to
eliminate interference. During  organochlorinevolatilize mercury for analysis. The quantitatiomit
pesticide analysis by the 8081B method, DDTwill depend on the volume of sample used to trap th
breakdown in DDE and DDD and/or endrinmercury by the use of gold.
breakdown in endrin aldehyde and endrin ketone can For clean samples, the use of a higher
occur, leading to lower DDT and/or endrin resuttsla volume or weight of sample and/or smaller final
higher DDE/DDD/ endrin aldehyde/endrin ketonevolume contributes to decrease SQL. This alterpativ
results. is impracticable for dirty samples. If the sample

A sediment sample for PAH analysis, forcontains a group of target analytes at high
example, can be so rich in aliphatic hydrocarbdmas t concentrations, the efficiency of extraction wile b
the cleanup process is not sufficient to elimintie  insufficient, leading to lower values than those
interference. Thus separation is required to ob&in expected. If the sample is contaminated with non-
cleaner chromatogram in order to avoid false pasiti target analytes, these will contribute to the poditen
results that lead to a high sample quantitatioit.lim of matrix effects.

Interfering compounds, including those due
to coelution can be partially or totally eliminateg

Another sample characteristic affecting itScleanup processes. Cleanup will contribute to the
quantitation limits is the moisture percentage. Hjg

Moisture
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