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Resumo

O Estuario do rio Sado, localizado na costa oestealtugal, € maioritariamente
classificado como uma reserva natural. Contudsuas aguas sofrem a influéncia de
diversas fontes de poluicédo, tais como, poluicdmana e industrial, proveniente da
cidade de Setubal na margem Norte, e poluicdo askoa@o trafego maritimo,
exploracdo mineira e actividades agricolas intessiizste estuario, pela sua riqueza em
espécies aquaticas, € também considerado um ldgdegiado para actividades de
pesca, efectuadas pelas populacbes locais, ques®doonsomem, mas também
comercializam o produto da sua pesca. Por outro, lasl &guas do estuario também
podem ser usadas na agricultura, ja que, na maglédmexistem pequenas hortas e
vastas areas de arrozais. Estudos anteriores r@vetaexisténcia de diversas classes de
contaminantes nos sedimentos deste estuario, ncluimetais, pesticidas e
hidrocarbonetos aromaticos policiclicos, cujostefeiadversos em organismos vivos
sdo bem conhecidos. Estes compostos podem ser ladasiinas partes ediveis de
espécies aquaticas estuarinas, ou em produtolagti®@ entrar na cadeia alimentar
humana, tornando-se um problema de salde pubbtaestudo insere-se num projecto
mais abrangente que tem como objectivo ultimo diamé® do risco ambiental,
incluindo ecoldgico e para a saude humana, assoa@dmbiente benténico estuarino
e complementado com a andlise de uma populacadizkmza na margem Sul do
Estuario do Sado. O presente estudo teve como tvojeespecifico a avaliagdo do
potencial citotoxico e genotdxico de sedimentosv@neentes do Estuario do Sado,
através do ensaio do vermelho neutro, e dos engaiosometa e do micronucleo,
respectivamente, numa linha celular humana (HepG2).

Foram realizadas colheitas de amostras de sedimmentajuatro locais distintos
e potencialmente contaminados do Estuario do Shas,proximos da margem Norte
(P e C) e outros dois junto a margem Sul (E e #gluiu-se também, como controlo
positivo, uma amostra da margem Norte deste est(@)j previamente caracterizada
pelo elevado nivel de contaminacéo e propriedadestgxicas em espécies aquaticas.
Como area estuarina de referéncia (ndo contamirsatiegcionou-se o Estuario do rio
Mira (Oeste Portugal), onde foram colhidas: uma siraode referéncia (Mf), e uma
amostra mais a jusante, junto a uma aquaculturaAMyarias amostras de sedimentos
foram sujeitas a uma extracgcdo mecanica com umnaide metanol:diclorometano

(1:2), permitindo a extraccdo da grande maioria dostaminantes organicos e



inorganicos, que foram posteriormente recuperados DMSO, para 0S ensaios
celulares.

Avaliou-se a citotoxicidade dos varios extractos eflulas HepG2 expostas
durante 2, 4 e 48h a um intervalo de concentragdé® 0,1 e 20/ml de meio de
cultura, recorrendo-se ao ensaio do vermelho newWrccaracterizacdo do efeito
genotdxico dos varios extractos foi realizada zdilido a verséo alcalina do ensaio do
cometa na mesma linha celular, e, com vista a tuagho adicional dos danos
oxidativos existentes no DNA, em particular purioagladas, recorreu-se também ao
mesmo ensaio com tratamento com a enzima FPG. &oets micronucleo em células
com bloqueio da citocinese foi utilizado apenadipiearmente para estudar os efeitos
lesivos ao nivel cromossoémico dos extracto F, Ce M

O periodo de exposicdo mais curto, utilizado nunragira fase para testar as
amostras F, C e M, nao revelou a existéncia defeito eitotoxico marcado, tendo-se
optado por utilizar uma exposicdo mais prolongael@®&h, para todas as amostras em
estudo. No que diz respeito ao efeito citotoxice extractos de sedimentos do Estuario
do Sado, observou-se uma relacéo dose-respostagaraostras F, P, e E, e calculou-
se 0 Iy para cada extracto a partir da equagdo da cuma.céntraste, ndo foi
observada citotoxicidade valorizavel para as arass&k e C. Verificou-se que o
potencial citotoxico do extracto P, correspondentemostra colhida junto a margem
Norte, € comparavel ao da amostra usada como tmmpisitivo (F), enquanto que o0s
extractos das amostras colhidas junto a margenm8stram um menor efeito (E) ou
mesmo auséncia de efeito (A) na viabilidade celuRelativamente aos extractos
obtidos das amostras do Estuario do Mira, a amdstpaoduziu efeitos citotoxicos, ao
contrario da amostra Mf, que ndo causou morte aelds resultados de citotoxicidade
determinaram também o intervalo de concentracOetilizar para cada extracto nos
ensaios de genotoxicidade, de forma a evitar oeapaento de resultados falsamente
positivos.

A analise dos efeitos lesivos no DNA, apos a ex@mside células HepG2 a
varias concentracdes dos extractos, mostrou queneertracdo mais elevada das
amostras P e E do estuario do Sado e da amostra Mird, causaram uma inducao
significativa de lesdes no DNA, comparativamente@arolo de solvente. O mesmo se
observou para a amostra F, o controlo positivoatioSNao obstante, o tratamento com
FPG fez aumentar o nivel de les6es das amostiasA? e M, e do controlo positivo F,

indicando a existéncia de danos oxidativos adicsoma DNA. Nao foi observada
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genotoxicidade significativa para a amostra C, ealguer condi¢céo testada. Tendo em
consideracé@o o nivel de lesdes de DNA induzido pefteentracdo mais elevada de
cada extracto, as amostras podem ser ordenadawgmn crescente da sua poténcia
genotoxica da seguinte forma: P > F > E > M > MA> C. O mesmo tipo de andlise,
mas aplicado ao nivel de lesdes oxidativas indsazmaDNA mostra um ordenamento
diferente das amostras: E > A > M > P > F > Mf >d0Blocando em evidéncia a
capacidade das amostras E e A de induzirem dandations.

Recorrendo ao ensaio do microndcleo, apenas paextcactos F, M e C, ndo
foi possivel observar um aumento significativo dagfiéncia de micronucleos, com o
aumento da concentragao.

As diferencas observadas, quer no efeito citotoxjger genotoxico, entre 0s
extractos preparados a partir das diferentes aasoste sedimentos, poderdo ser
atribuidas, principalmente, a trés tipos de fastoie factores relacionados com os
diferentes tipos de contaminacdo, antropogénicaatwural, que influenciam cada local
de amostragem; ii) diferencas nas pressdes hidioloas de cada local, relacionadas
com correntes e mares; iii) diversidade de -carstieas granulométricas dos
sedimentos que afectam a capacidade de adsorcéieredo de contaminantes. No
Estuario do Sado, observou-se uma diferenca esteamastras colhidas numa é&rea de
influéncia industrial e urbana (F e P), e numa &ma influéncia agricola (A e E). As
diferencas detectadas sugerem um tipo ou nivebdi@minacéo diferente, dado que, as
amostras F e P tém uma relacdo mais directa enttetaxicidade e a genotoxicidade, e
as amostras A e E, embora ndo sejam particularnoiot®xicas, foram capazes de
induzir niveis mais elevados de danos oxidativo®N@\.. Este facto, poder-se-a dever
a presenca de HAPs, PCBs ou metais nas amostrds E a presenca de pesticidas e
metais nas amostras A e E, sugerido quer pelo digpopressdes antropogénicas
associadas, quer por dados de alguns estudosoaeteem sedimentos deste estuario.
Os resultados de cito e genotoxicidade sugerem aguamostra C terd niveis de
contaminagcdo muito baixo ou mesmo inexistentesje mpssibilita a utilizacdo desta
amostra como referéncia do Estuario do Sado, pesaices futuros.

Quanto ao Estuério do Mira, observaram-se doisstige resposta, quer na
citotoxicidade, quer na genotoxicidade, o que pareflectir dois tipos, ou niveis, de
contaminacado diferentes. Os resultados obtidos pamamostra M poderdo estar
associados a existéncia de residuos provenientesidequacultura, perto do ponto de

amostragem, assim como a presenca de metais denorigtural. A amostra Mf ndo
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revelou efeitos bioldgicos valorizaveis, pelo queege corresponder a uma area nao
contaminada e, consequentemente, ser uma boa ardeseferéncia.

Em suma, os resultados obtidos reflectem o tipoivel rde contaminacao
diferencial presente no Estuario do Sado, que adi&rfontes de contaminacéo e de
pressbes ambientais diferentes, comparativamendbtain no Estuario do Mira. Dada
a possibilidade destes contaminantes entrarem deacalimentar humana, através da
bioacumulacdo em espécies aquaticas ou produtiolag; este estudo € imperativo e
devera ser prosseguido, no sentido de estabelew@eassociacdo entre a contaminagao
dos sedimentos estuarinos e 0s possiveis efeitealie humana, demonstrando ser
uma tematica de saude publica com importanciaoradnitorizacdo ambiental.

Palavras chave Sedimentos; contaminantes; genotoxicidade; citoiiade; estuario.
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Abstract

The Sado Estuary (W Portugal) is affected by varisources of pollution,
associated with the existence of an urban ceneayyrindustry, mining activities and
agriculture. It also remains a privileged site fishing activities that are responsible for
the supplying of consumable resources either lpaoail externally. Previous studies
revealed sizable amounts of contaminants in theagstsediments, namely metals,
pesticides and polycyclic aromatic hydrocarbonsesehcompounds can be absorbed
and accumulated in the edible parts of estuarireciep and in local agricultural
products, thus entering the human food chain asthgaa public health problem. This
study aims to assess the cytotoxic and genotoXectsf of sediments from the Sado
Estuary in a human cell line, in order to contrébtt hazard identification. Sediments
were collected in 4 distinct fishing sites (P, E,@ of the Sado Estuary; a reference
(Mf) and a potentially contaminated sample (M) frardifferent estuary (Mira Estuary,
W Portugal) were also included. Total organic andrganic contaminants were
extracted with a mixture of methanol:dicholomethand recovered in DMSO. HepG2
cells were exposed for 48h to several concentratadreach extract. Cytotoxicity was
measured by the neutral red assay and genotoxigithe comet assay. A dose-related
decrease in cell viability was observed for exsdet E and M, indicating sediment
contaminant-driven cytotoxicity, whereas no sigrafit cytotoxicity was observed for
extracts A, C and Mf. A significant increase in theel of DNA damage was observed
following cells exposure to extracts P, E, A and Also, increased genotoxicity was
observed following treatment with the endonucleBB&, suggesting the induction of
oxidative DNA damage. No significant genotoxicitasvinduced by extracts C and Mf.
The differential cytotoxicity and genotoxicity olvged in samples from the northern
and southern areas of the Sado Estuary probabgctefthe pollution from heavy-
industrial and urban area vs. intense agricultarala, respectively. Thus, the data
suggest the existence of an inherent environmeetalogical and human health, risk
associated with the Sado Estuary sediment contaiornidnat must be further assessed.

Keywords: Sediments; contaminants; genotoxicity; cytotayicestuary.

Vii



Acknowledgments

Firstly, 1 would like to thank Doctor Maria Jodoh&i, for allowing me the
opportunity to collaborate in this study, for afiriteachings and help, for her friendship
and availability, for defending my best interestsd for the freedom and trust she gave
me while performing this study.

Thanks to Professor Doctor Deodalia Dias for atl fwgport, and for defending
my best interests during the elaboration of thesih

| would like to thank the director of National Iitgte of Health Dr. Ricardo
Jorge, I.P., and the coordinator of the Departroéi@enetics Doctor Jodo Lavinha, for
allowing me the opportunity to perform this studyghin the premises of the institute.

| would also like to acknowledge the Centro de Btigacdo em Genética
Molecular Humana (CIGMH), and the Foundation foieSce and Technology for
supporting this study (ref. PTDC/SAU-ESA/100107/200

Secondly | would like to thank all the people witthavhom it would have been
impossible to perform this work. | would like toatik Henriqueta Louro, Susana
Antunes and Ana Maria Tavares, for their valuabksbns and very precious help in
each of the performed assays, during lab work atyars of the results. Thank you for
your support, advice, friendship and good mood.

| would like to thank Doctor Sandra Caeiro, ProbesBoctor Maria Helena
Costa, Jorge Lobo and Sara Carreira, for all twerk and help. | would like to give a
special thanks to Doctor Pedro Costa, for his hetpughout this work, for all his
advice and availability, friendship and tips.

To Eleonora Paixao, for all the help she gave ubenstatistical analysis of our
data, and for her patience in understanding wiwblagist needs.

To Doctor José Manuel Furtado for all his help addice in cell culture.

To Miguel Caetano and Marta Martins at the IPIMAR, their work and for

making their estuarine contamination values avil&bus.

Lastly, but not least, | would like to thank my eats, for their love, for funding
and allowing me to continue my studies, for belgvin me and supporting me
throughout all my education. | own them my etematitude for raising me the way
they did, and | hope | make them proud. To my lethand sister for all their support.

viii



Thank you to the Peixoto and Castor families fortlair love and support, and of

course, to all my friends.

And finally, | would like to give a very specialahks to my Andreia, for loving
me, for believing in me, for pushing me to beli@venyself, for being there through all
the good but especially the bad, for always sayMau can do it!!”, and finally for her

beautiful laugh. You make me the happiest manenbrld!

Thank you to all those that are a part of my lifiel éhat could not be mentioned here.



Table of contents

RESUMO. ..o e e e e
ADSITACT. .. et e e e e
ACKNOWIBAGEMENTS. ..o e e e e e e e e e e
LISt Of taDIES.... o
LISt Of fIQUIES. .. et e e e
ADDIEeVIAtIONS liSt. ...
11 oo 13T ox 1o o I

1. Estuarine Sediment Contamination..........ooveeeeie i e

O T Y=

1.2. Main groups of sediment contaminants...................c...vvecees

2. SHUAY AlBAS. .. e e et e e e e e e e e
2.1. Environmental Characterization..............ccooviiiiii i

2.2. Characterization of contaminants and theilogical effects in the
= Lo o T = (1= Y2

3. Evaluation of sediment contaminants’ cytotoxicihdagenotoxicity.......
3.1. The HepPG2 Cell IN€.....coveiee i e e,
3.2. Cytotoxicity assays: the Neutral Red Uptakeads......................
3.3. GENOLOXICILY ASSAYS. .. euuietetiee it eie e ate e eae v aenaenenee e e enenns
3.3.1. The Alkaline Comet ASSAY........ccoeiiuiiiiiieieieeneeie e
3.3.2. The Micronucleus ASSay.........ccovvririiriieieie e e e aaeaenes
L@ 0] 1= o1 1LV
Material and MethodsS. ... ... ... e
1. Sediment Sampling.........oooiiiiiiii
Sediment extracts preparation..........co.v.veveie e e e
Cell CURUIE. .. e e e
Neutral Red Uptake ASSaY........ccciiiiiiiiieie e e e e e e aea
Alkaline Comet Assay with DNA repair endonucleas¥-.................

o 0 bk Wb

IMICTONUCIEUS ASSAY ... . ettt ittt e e e e e e e e e e eaeeaeaans
7. Statistical ANAlYSES. ... ..
RESUILS ... e e e
1. Evaluation of Cytotoxicity: Neutral Red Uptake Agsa....................
2. Evaluation of GENOLOXICILY.......c.uveiieie e e e e e e e eans
2.1, AlKaline COMEL ASSAY ... .ttt ittt e e e e e
2.2. MICTONUCIBUS ASSAY ... . ettt it et et ettt e e e e e eaeaa e



DS CUS S ON . .. et et e e e e e e e e e

FULUIE PeISPECHIVES. ...ttt e e e e e e e e e e

R IENCES . ..o oo e e e e
F AN 1153 (S

ANNEX A - Physico-chemical characterization and contamingtiafiles of the
sediment sample.F. ... oo e e

ANNEX B - Experimental data obtained in the neutral red afsfwing a 2h
exposure period to sediment EXITACES. . ... oot e et e i e e n

ANNEX C —Experimental data obtained in the neutral red aksiomwing a 4h
exposure period to sediment EXIraCtS.. . ... .. vee i i i i

ANNEX D — Experimental data obtained in the neutral red aksbywing a 48h
exposure period to sediment EXIrACES. . ... oo ii et e e i e e an

ANNEX E —Experimental data obtained in the standard alkaloreet assay
following a 48h exposure period to sediment exXfac. .. .......vvviivvviiiinrii e,

ANNEX F —Experimental data obtained in the alkaline corssag coupled with
FPG, following a 48h exposure period to sSedimeRtEACtS. . ... .oovvv i eriin e nnnn,

ANNEX G —Experimental data obtained in the micronucleusyagsibwing a 24h
exposure period to sediment EXIrACES. . ... oo iie et et e i e e n

List of Tables

Table 1 —Examples of different methodological approaches@tcomes from several studies

on marine sediment contamination and tOXICILY. . ... vvvvvrver vt iii i eeenn
Table 2- IARC carcinogenicity evaluation of several polgily aromatic hydrocarbons.... ...

Table & - Classification of metals and/or their compoungshe IARC...........c.evevveinnnnns

Table 4 —Minimum and maximum metallic contaminant concertrat in sediments collected

from the Sado and Mira EStUAMES ... v it vir et i i et i ies e e iesrenennans

Table 5- Minimum and maximum organic contaminant conceiuing in sediments collected
from the Sado and Mira EStuanes .........ovvvi i i i e

Table 6- Global overview of sediment contamination risRG&Q index values per class of
o0 1= 1 41 = g1 £

Table 7 - Sediment sampling period, location and envirortalesharacterization. ... ..........

Table 8 —Mean percentage of viability obtained for the minimand maximum tested
concentrations, in the neutral red assay, follgu2h exposure to each extract sample.

Table 9 -Mean percentage of viability obtained for the minimand maximum tested
concentrations, in the neutral red assay, follgwih exposure to each extract sample.

Table 10 -Mean percentage of viability obtained for the minimand maximum tested

65

27

28

concentrations, in the neutral red assay, follgBh exposure to each extract sample 30

Xi



Table 11 -Results of the mean percentage of DNA in tail (witidl without FPG treatment),
FPG sensitive sites, and sample ranking from loveeBighest DNA damage induction, at

the highest concentration tested per sample. ..o 38

Table 12 -Results of the mean percentage of DNA in tail (witidl without FPG treatment),
FPG sensitive sites, for each sample at approgimgii-toxic concentrations, inducing up

to 25% reduction in cell Viability. .........vviiiiiiini 39

Table 13 -Results of the mean percentage of DNA in tail (witldl without FPG treatment), and
oxidative DNA damage in tail, for each samplegiraximate equi-toxic concentrations,

inducing 25 up to 50% reduction in cell viability...............coiiiiii i 39

Table 14— Pair wise comparison of each sample with sampferfhe induction of DNA
damage at every tested concentration, with andowitFPG treatment................... 40

Table 15 -Total frequency of nuclear buds (NBUD) and nuclespiic bridges (NBPs) per
1000 binucleated cells observed in the micronuchssay for extract samples F, C and M3

List of Figures

Figure 1 —Cellular uptake, intracellular distribution and diing of soluble and particulate metal
compounds; induction of oxidative stress to maaiecules.................c.coeneentt.

Figure 2 — Geographical location of the Study @r€a. . ........cvvevreereersverieiieeneananens

Figure 3 - HepG2 cell nucleoids presenting different levdI®NA damage, observed under a
fluorescence microscope (alkaline version of th@et assay)........covvvrvvviininnennn. 13

Figure 4 — Micronucleus (MN) and nucleoplasmic bridge (NR@)mation in cells undergoing

00Tl =T Vo 1171 o W 14
Figure 5 - HepG2 cells observed in the micronucleus assayhtisfield microscopy)........... 15
Figure 6 —Various possible fates of cultured cytokinesis-kéat cells following exposure to

CYLOLOXIC/GENOLOXIC AENMES +. vt v e vuetetveeneaeniesneaesnesensensnessseessnensseenss 10O
Figure 7 — Satellite map of the SA00 ESIUAIY: .. ... vvuvvvenven e eteeee e eeeneeneeenaens 20
Figure 8 — Satellite map of the Mira EStUALY ... ....ovvevverieiieninecreeeeieiinnenneinennnnnn 20
Figure 9 — Basic steps of the neutral red UPtaKe aSSAY ... ... vvurerrerrerreeereeierieesennnen 22
Figure 10— Basic steps of the alkaline COMEt @SSAY. ... ...vuvuiririerire e iieiieainaennnn 24

Figure 11— Neutral red assay results following 2h exposardifferent concentrations of the
EXITACT SAMPIES. 1t ettt te e it it ittt ee et i iee e et tieireteeeeneitareneeeenenanene. 28

Figure 12 —Neutral red assay results following 4h exposurdifferent concentrations of
EXITACT SAMPIES. 11 e veetir ettt ireiee e it iieieeaee e sieireneeeeiensireneeeeneniinene. 29

Figure 13- Neutral red assay results following 48h exposuidifferent concentrations of
extract samples from the SAd0 ESUAIY . ..vuve vt irnvir ieiee e it ieirereeeenenennes 31

Figure 14— Neutral red assay results with 48h exposurefterdit concentrations of extract
samples from the Mira ESTUALY ... .. vvr vt iee e een ieveiee e einteeeaesernenenees 33

Figure 15— Results from the standard alkaline comet assélpwing 48h exposure to different
concentrations of EXtract SAMPIES .. ..ueevir e it it it ee s it e e eiteeeeaenens 34

Xii



Figure 16 —Alkaline comet assay results following 48h expodordifferent concentrations of
extract samples from the SAd0 ESIUAIY . ... vuvuervrtiee e e e et e i eenaen e 36

Figure 17 —Alkaline comet assay results following 48h expodordifferent concentrations of
extract samples from the Mira EStUANY .. ... vvvenvee e et et et vae e vae e e e eeaens 38

Figure 18 —Distribution of the mean percentage of observedemids per classes ............ 42

Figure 1€ —Results for the micronucleus assay after 24h axgds different concentrations of
Lo = Yo BT 1011 01 L= PP 43

Figure 2C — Cytokinesis-block proliferation index (CBPI) calatéd in the micronucleus assay
fOr SAMPIES F, C AN0 M cuu ittt e eit vttt ettt it iee ettt i aae e et eearareaeeens 44

Figure 21 — Replication index (RI) calculated in the micronuseassay for samples F, C and M4

Abbreviations List

ALS - Alkali-Labile Sites

ATCC — American Type Culture Collection

BaP — Benzd]pyrene

BNC — Binucleated Cell

CBMN - Cytokinesis-Block Micronucleus

CBPI — Cytokinesis-Block Proliferation Index

CHO-K1 — Chinese Hamster Ovary Cell Line
CYP1Al — Cytochrome P-4501 Al

DDT - Dichlorodiphenyltrichloroethane

DMEM - Dulbecco's Modified Eagle Medium

DMSO — Dimethyl Sulfoxide

DNA — Deoxyribonucleic Acid

DSB — Double Strand Break

EDTA — Ethylenediamine Tetraacetic Acid

EMS — Ethyl Methanesulfonate

ENA — Erythrocytic Nuclear Abnormalities

FBS — Fetal Bovine Serum

FF — Fine Fraction

FPG — Formamidopyrimidine DNA Glycosylase
GC-MS — Gas Chromatography — Mass Spectrometry
HEPES - 4-(2-hydroxyethyl)-1-piperazineethanesudfércid
HepG2 — Human Hepatocellular Liver Carcinoma CelelL

xiii



HPLC — High-Performance Liquid Chromatography
IARC — International Agency for Research on Cancer
ICs0 — Inhibitory Concentration at 50%

ICP-MS — Inductively Coupled Plasma Mass Spectromet
LDH — Lactate Dehydrogenase

LMP — Low Melting Point

MN - Micronucleus

MNi — Micronuclei

MNC — Multinucleated Cell

MTT — Methyl Tetrazolium

NBUD — Nuclear bud

NMP — Normal Melting Point

NPB — Nucleoplasmic Bridge

NR — Neutral Red

PAH — Polycyclic Aromatic Hydrocarbon

PBS — Phosphate Buffered Saline

PCB — Polychlorinated Biphenyl

PEL — Probable Effect Level

PLHC-1 —Poeciliopsis lucideHepatocellular Carcinoma Cell Line
RI — Replication Index

ROS — Reactive Oxygen Species

RTL-W1 — Rainbow Trout Liver Cell Line

SD — Standard Deviation

SE — Standard Error

SQG-Q — Sediment Quality Guideline Quotients

SSB - Single Strand Break

TEL — Threshold Effect Level

TOM - Total Organic Matter

UV — Ultra-Violet

Xiv



INTRODUCTION

1. Estuarine Sediment Contamination
1.1. Overview

Rivers, lakes and seas receive large quantitiesaste water from industrial,
agricultural and domestic sources. In fact, mardusgtrial wastes and effluents, have
been shown to be responsible for contaminant digelsa[l]. Estuaries are a good
example of this problem because they are commoubjested to anthropogenic
pressures from different sources such as indugtbgnism, maritime traffic, tourism,
agriculture and fishing activities, located alorgeit margins [2]. The persistent
contaminants in surface water can be genotoxic,agaumic and carcinogenic
compounds that in a complex environmental mixtueg/ rhave adverse effects on the
indigenous biota exposed, and, more importantliythenhuman health [3]. Particularly,
water pollution can become a serious public hgaitiblem because these contaminated
surface waters may be used as a source of drinkiigr and for agriculture or
recreational activities. In addition to direct expee, the local edible aquatic species
may bioaccumulate these contaminants and entehthean food chain, becoming
another source of human exposure and of conceandieg public health [4].

An estuary is a semi-enclosed maritime area wittitéid self renewal capability
which makes it particularly capable of retainingh@minants from different sources.
These contaminants can also be altered in ternfsoai/ailability and toxicity due to
the variation of abiotic factors such as saliniyy or temperature. In light of this,
pollution in these environments has become an itapbrissue [4]. Also, it is now
considered that estuary sediment contaminatiomsjar pressure on ecosystem health
[2]. In fact, aquatic sediments can become a swmk Hydrophobic environmental
mutagens that are adsorbed by suspended particodédter and allowed to accumulate,
settle and incorporate into the bottom sedimenkerd has been a growing concern
towards these aquatic sediments for they may becesevoirs of mutagenic hazard,
and the adsorbed mutagens can be continually resdsed into the water column,
making them available to the local biota [1].

Sediments are complex matrices composed of orgaaiter, particulate mineral
material and inorganic material of biogenic origdach of these components varies in
size and composition, and influences the sedimeatslity to adsorb aquatic
contaminants, their bioavailability and toxicity.i$ suggested that most contaminants



are predominantly associated with fine deposit$ #na rich in organic matter. Also,
metals from natural or anthropogenic sources aposited and associated with fine-
grained sediments. Nevertheless, the associatibmeba contaminants and aquatic
sediments will depend on the physiochemical progeerbf the contaminants and
sediments, abiotic factors, as well as other enwmental conditions, such as
hydrodynamic pressures that may be responsibléhéocontaminants distribution and
resuspension [1, 5].

The genotoxic assessment of aquatic sediments eapelformed in whole
sediments, interstitial water, sediment elutriadesediment extracts. Rather than only
applying sediment chemical analysis, focus is belrayvn to the use of bioassays in
order to investigate the genotoxic hazards of agusidiments. Examples of different
approaches for the study of sediment contaminatand toxicity, including
genotoxicity, are presented in Table 1. In fact thenotoxic effects of aquatic
sediments have already been demonstrated on tkee iblabiting a contaminated site
[1]. Nevertheless, even coupled with chemical agiglybioassays can be limited in
attributing the mutagenic hazard of aquatic sediméo a given contaminant, since
there is a poor understanding of the behavior oftagens in such a complex
environmental mixture. In fact, additive, synengistnd antagonistic effects have been
proven to occur in these contaminant mixtures [6, Therefore, careful considerations
should be made when assessing the potential riskgoatic sediments so as not to

underestimate it [1].



Table 1- Examples of different methodological approades outcomes from several studies on marine

sediment contamination and toxicity.

Country Methodological Approach Outcome Reference
Australia Measurement of metals in fish skelesdue and High levels of Cu, Cd and Pb Edwardset
seston samples associated with heavy al. (2001) [8]
Micronucleus assay in marine fishldrichetta industry and micronucleus  Hamannet al.
forsteriandSillago schomburggji induction (1999) [9]
Brazil Comet assay in RTL-W1 cells 1 DNA damage Rochaet al
Micronucleus assay in Nile tilapi®eochromis 1 micronucleus formation (2009) [10]
niloticus) blood cells.
China MTT assay Dose-related cytotoxicity Yanget al.
Comet assay in flounder cell line Dose-related genotoxicity (2010) [11]
Zebrafish embryo test Time-dependent genotoxicity
PAH analysis by GC-MS Dose-related teratogenicity
Correlation between PAH
content and sediment toxicity
Croatia Comet assay in PLHC-1 cells 1 DNA strand breaks Srutet al
(2010) [12]
France PAH analysis by HPLC 16 quantified PAHs Aouadenest
Salmonella mutagenicity test on sediments positive mutagenic activity al. (2008)
Micronucleus assay in CHO-K1 cells 1 micronucleus frequency [13]
Comet assay in CHO-K1 cells 1 DNA damage
Germany  Comet assay in RTL-W1 cells and zebrafisin{o 1 DNA damage Seitet al
rerio) embryo cells (2008) [14]
Germany  Chemical analysis by GC-MS Quantified PAH and PCB Kammannet
Comet assay in caryprinus carpioL.) cell line positive teratogenic effects al. (2004)
Zebrafish embryo test 1 DNA damage [15]
Korea Comet assay in floundétgralichthys olivaceys 1 DNA strand breaks Wooet al.
blood cells 24 quantified PAHs (2006) [16]
PAH analysis by GC-MS
Portugal Comet assay in fish blodgb{ea Senegalenyis 1 DNA damage Costaet al.
Erythrocytic nuclear abnormalities (ENA) scoring 1 ENA (2011) [17]
Chemical analysis by ICP-MS, GC-MS Quantification of PAHSs,
PCBs, metals, DDTs.
United MutatoX™ bioassay with S9 metabolization positive mutagenic activity by Thomaset al.
Kingdom  Extract fractionation by HPLC quantified PAHs and other (2002) [18]

Chemical analysis by GC-MS

contaminants

1 - effect increase. GC-MS — Gas Chromatography ssM@pectrometry. HPLC — High-Performance
Liquid Chromatography. ICP-MS — Inductively Couplelhsma Mass Spectrometry.

1.2. Main groups of sediment contaminants

Polycyclic aromatic hydrocarbons (PAHs) are widesgr environmental
contaminants that originate during the incompleislgustion of organic material. In
particular, industrial processes that involve thgofysis or combustion of coal are
major sources of PAHs. They are organic compouhds ¢ontain only carbon and
hydrogen, and are comprised of two or more fusedhatic ring. Found in air, water,
soils and sediments, generally at trace levels mxaeear their sources, the
environmental and occupational exposure to thesganunants has been linked to
mutagenesis and cancer. In fact the Internatiorssogiation for Research on Cancer

(IARC) as classified many of these compound as aiteb carcinogens or possible



carcinogens to humans, groups 2A and 2B, respéciiVable 2) [19]. The majority of

these compounds require metabolic activation tetephilic metabolites, through
different metabolic pathways, in order to exertirttneutagenic or carcinogenic effects
[20]. Of particular interest among PAHs is berapyrene (BaP), a ubiquitously
environmentally distributed compound formed durting combustion of organic matter.
Its carcinogenic and mutagenic effects have beaansiely investigated and it is
proposed that, during the metabolic process, viactyome P-4501 Al (CYP1Al),
BaP produces particular metabolites capable ofimgusxidative DNA damage and
form adducts with DNA [21, 22]. It is the only PAIY date, to be classified by the

IARC in group 1j.e. as carcinogen to humans [23].

Table 2 — IARC carcinogenicity evaluation of several pglgiic aromatic
hydrocarbons (Adapted from [19, 23]).

Common name Group Common name Group
Acenaphthene 3 Dibenzop,dfluoranthene 3
Acepyrene 3 13H-Dibenzop,dlfluorene 3
Anthanthrene 3 Dibenzoh,rsfipentaphene 3
Anthracene 3 Dibenzop,dpyrene 3
11H-Benzp,daceanthrylene 3 Dibenzop,hlpyrene 2B
Benzflaceanthrylene 2B Dibenzof,i]pyrene 2B
Benz|]Jaceanthrylene 3 Dibenzop,l|pyrene 2A
Benzp]anthracene 2B Dibenzo[ellpyrene 3
Benzopj]chrysene 3 1,2-Dihydroaceanthrylene 3
Benzop]chrysene 3 1,4-Dimethylphenanthrene 3
Benzog]fluoranthene 3 Fluoranthene 3
Benzop]fluoranthene 2B Fluorene 3
Benzophi]fluoranthene 3 Indeno[1,2,3ed]pyrene 2B
Benzoj]fluoranthene 2B 1-Methylchrysene 3
BenzoK]fluoranthene 2B 2-Methylchrysene 3
Benzog]fluorene 3 3-Methylchrysene 3
Benzoplfluorene 3 4-Methylchrysene 3
Benzof]fluorene 3 5-Methylchrysene 2B
Benzophi]perylene 3 6-Methylchrysene 3
BenzofE]phenanthrene 2B 2-Methylfluoranthene 3
BenzoR]pyrene 1 3-Methylfluoranthene 3
BenzoE]pyrene 3 1-Methylphenanthrene 3
Chrysene 2B Naphtho[1,2b]fluoranthene 3
Coronene 3 Naphtho[2,1a]fluoranthene 3
4H-Cyclopentaflefchrysene 3 Naphtho[2,3€e]pyrene 3
Cyclopentagdpyrene 2A Perylene 3
5,6-Cyclopenteno-1,2-benzanthracene Phenanthrene 3
Dibenzfa,danthracene 3 Picene 3
Dibenzfa,Hanthracene 2A Pyrene 3
Dibenzf,jlanthracene 3 Triphenylene 3

When compared with organic materials, metals arallsmolecules that are
naturally present in the environment and are emsdefur the sustainment of life.
Nevertheless, some of them may become toxic depgndn their concentrations,
oxidation state, complex form and mode of exposure.fact, metals and their
derivatives are not degraded by living organismd amy be accumulated up to

hazardous levels, where they can interact withutlimacromolecules, metabolic and
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transduction pathways and genetic processes (FiQurehe IARC has classified some
metals and metallic substances as carcinogensprabdble or possible carcinogens to
humans (Table 3). They may be carcinogenic in o fof free ions, metal complexes
or particles of metals [24]. It is suggested thatdative stress may explain the
mutagenic and carcinogenic effects of metals (ledyr Thus, through the formation of
reactive oxygen species (ROS), metals can inducé& damage indirectly [24, 25].

Previous studies have also revealed that carcinogeatal compounds can often be

comutagenic, promoting the mutagenicity of otharajexic agents [24].

Table 3 — Classification of metals and/or
I L —— their compounds by the IARC (Adapted
I from [24]).

L Subtances Group

Antimony and its compounds -

Antimony trioxide (ShOs) 2B

Antimony trisulfide (SbS3) 3

Arsenic and its compounds 1

i i i Beryllium and its compounds 1
i Cadmium and its compounds

Me™ Cr(v), Fe(il). Co(th), Ni(ll), Cul(ll)

Chromium metal 3

Chromium (VI) compounds 1
- Chromium (11l) compounds 3

T lon Channel 1 st Cobalt and its compounds 2
! Cobalt with tungsten carbide

|
@ ‘ (hard metal) 2A

N B
Soluble
Metal Compound

‘ Gallium arsenide 1
Fhagocylosia ™/ Indium Phosphide 2A
Q Q L@ e ‘/'Nuc,eus Lead metal -
Particulate ‘ Lead compounds 2A
Metal Gompound Lysosome pH 4.5 ) Mercury and its compounds 2B
Plasma Membrane Nickel metal 2B
Nickel compounds 1
Figure 1 — Cellular uptake, intracellular distribution and Rhodium -
binding of soluble and particulate metal compounds; Selenium and its compounds 3
induction of oxidative stress to macromolecules qpted Vanadium and its compounds
from [24]). Vanadium pentoxide (30s) 2B

Polychlorinated biphenyls (PCBs) are manufactungguac compounds used as
dielectrics in transformers and capacitors, as iegofluids, in hydraulic systems,
pesticides and flame retardants, and as plast&inepaints, copying paper, adhesives,
sealants and plastics. The IARC classifies themthi& 2A category as probable
carcinogens to humans [26]. Even though their prbdno has declined or has been
banned in most countries, these compounds stifligiein our environment. Previous
studies have linked the exposure to PCBs to thdton of DNA adducts and DNA
strand breaks but also to oxidative stress [27-B9]fact, it is suggested that the
metabolism of PCBs may produce metabolites capabl®rming ROS and induce
DNA strand breakage [30].



Dichlorodiphenyltrichloroethane (DDT) was a commponlsed pesticide for
insect control in many countries. Technical-grad@TOis a complex mixture gpara,
para’DDT, its isomers and related compounds. It is ahlgigpersistent ubiquitous
environmental contaminant found in food, soils asdiiments, although its use has
been forbidden many years ago. The IARC classifisscontaminant in group 2B as a
possible carcinogen to humans [31]. It has beerpgmed that DDTs and their
metabolites can induce cellular apoptosis, buttey may also induce oxidative DNA
damage [32].

As previously mentioned, despite the fact that mariythe compounds
mentioned above have been shown to induce toxiedividually (particularly many
PAHs and metals), several studies have shown hlegtdan have additive, synergistic
or antagonistic effects, when combined with thees&ype of contaminant or even with
different types of contaminants present in comphextures [6, 7, 24, 25, 33]. From the
mode of action of those chemicals, it is plausthk the formation of ROS, or oxidized
metabolites, might be a common mechanism of indootif DNA damage, by metals
[24, 25], PAHs [20, 34, 35], PCBs [29, 36], or DD[32]. There is a biologically
tolerable level of free radicals that, when exceledmn cause an elevated level of
oxidative damage to biomolecules (such as lipidstgins and nucleic acids) resulting

in deleterious biological effects [29, 37].

2. Study Areas
2.1. Environmental Characterization

The Sado Estuary, located on the western coastrtdiddl, is the second largest
in the country, with an area of approximately 208 (Figure 2). Even though most of
the estuary is classified as a natural reservisat plays an important role in the local
and national economy. The northern margin of thieaeg is characterized by an urban
and heavy-industrialized area, located around titg @ Setubal. Along with the
harbor-associated activities and the copper miees the Sado, the major polluters are
the industries involving pulp and paper, pesticidiestilizers, processed food and
shipyards [2, 38]. The southern margin is mostlgrabterized by the presence of small
villages and by intense agricultural activitiesrtigallarly rice fields, as well as by the
existence of the Troia Peninsula, an area of doemistic value. Fishing activities are
also significant in the estuary, and the flatfiSlolea senegalensighe cuttlefish $epia

officianalis), the grouved carpet clanR(ditapes decussafsthe crab Carcinus
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maena} and the cockleGerastoderma edujeare aquatic species that are consumed by
the local communities and may be distributed throegonomical channels along the
country. Due to the presence of heavy-industryamidm, tourism, mining, agricultural
activities and maritime traffic, the Sado Estuaryarticularly subject to contamination
from these different sources [2, 39]. For the abmesmtioned reasons, the Sado Estuary
is a good example of a site where anthropogenisspres and natural values compete

with each other.

g o [l
i (=] r

?‘E

| City of Setabal [* e 2 Aguas de Moura
= = G e Channel Entrance
Carrasqueira
Village L =

Alcacer
Channel Entrance [~

VilaNovade | °7° .
Mifontes O\ @
% et

NN

20m

Figure 2 — Geographical location of the study arga- Map of the Sado Estuafy.— Map of the Mira
Estuary (Adapted from [40]).

In terms of hydrodynamics, the Aguas de Moura rerthchannel of the estuary is
characterized by weaker residual currents and sbk&ass, which allows locally
introduced contaminants to settle and accumulasedamments near the northern margin,
rather than being transported away to the sea.Altécer southern channel is highly
dynamic with tides being the main cause of watecutation. Nevertheless, the
entrances to the Aguas de Moura and the Alcaceni@is are shallow with tidal flats
[2]. It is also suggested that the estuary’s comation is influenced by river flows

carrying the present pollutants, particularly pedés and fertilizers from the extensive
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agriculture grounds upstream, which can settle tteasouthern margin of the estuary
[17].

The Mira Estuary, also located in the western co&d®ortugal (Figure 2), is
being studied for its sediment contamination. Mdite the Sado Estuary, it is
comprised by a local population invested in agtiogl and fishing activities, and by an
urban area, the Vila Nova de Milfontes village.tleitis known about this estuary’s
contamination state, but fewer contamination s®ig®Eem to be present in this area.
The main potential sources of contamination are abgcultural activities, that are
performed to a lesser extent than along the SatleBs the urban discharges, and the

aquaculture vivariums located along the estuary.

2.2. Characterization of contaminants and their bitogical effects in
the Sado Estuary
Previous studies of the Sado Estuary have establishspatial distribution of
several contaminants naturally present or locallgdpced and discharged. Sizable
amounts of contaminants have been observed instivbarg sediments, namely PAHSs,
PCBs, metals and pesticides [2, 38, 39, 41]. Marmmand minimum metallic and
organic contaminant concentrations, extrapolatednfla combined historical set of

values found in the Sado Estuary, can be seentite3 4 and 5, respectively.

Table 4 — Minimum and maximum metallic contaminant concatns in sediments
collected from the Sado and Mira Estuaries (Adafreah [42]).

Metallic contaminants (ng.g* sediment dry weight)

Sado Mira
Compounds Min Max Min Max TEL PEL
Cd 0.4 6.4 0.062 0.12 0.68 4.21
Pb 35 69 15 23 30.2 112
Zn 6.4 507 34 57 124 271
Cu 1.5 1972 16 30 18.7 108
Cr 1.3 44 34 44 52.3 160
As 2.4 37 14 18 7.24 41.6

SQG-Q Metals 0.04 108  0.16 0.24

TEL — Threshold effect level; PEL — Probable effantel; SQG-Q — Sediment quality
guideline quotient. The TEL and PEL were obtainenimf Macdonaldet al. (1996) [43].
Calculation of SQG-Q according to Long and Macddn@998) [44].2Concentration >
PEL. Concentration > TEL°SQG-Q Maximim.

Ongoing studies on the Mira Estuary contaminatiamehrevealed different levels of

contamination. Maximum and minimum metallic and amg contaminant



concentration values, found in the Mira Estuary) eéso be seen on Tables 4 and 5,

respectively.

Table 5 — Minimum and maximum organic contaminant conaditns in sediments
collected from the Sado and Mira Estuaries (Adafreah [42]).

Organic contaminants (ng.g" sediment dry weight)

Sado Mira
Compounds Min Max Min Max TEL PEL
acenaphthylene 0.79 2.38 ~0 1.65 5.87 128
acenaphthene 0.73 12.2% ~0 1.41 6.71 88.9
fluorene 1.19 15.33 ~0 4.32 21.2 144
phenanthrene 10.28 63.87 ~0 45.52 86.7 544
anthracene 2.3 21 ~0 8.79 46.9 245
fluoranthene 23.34 345.24 ~0 161.7 113 1494
pyrene 21.51 286.33 ~0 118.2 153 1398
benzop]anthracene 3.7 93.99 ~0 58.63 74.8 693
chrysene 2.35 46.68 ~0 24.73 108 846
benzoR]pyrene 5.42 126.76 ~0 63.72 88.8 763
dibenzohp.hjanthracene 0.66 13.93 ~0 11.6F 6.22 135
tPCB 0.8 11.97 0.0431 7.656 21.6 189
pp’'DDD 0.37 0.71 ~0 1.9 1.22 7.81
pp'DDE 0.59 0.59 ~0 1.18 2.07 374
pp’DDT ~0 1.27 ~0 0.041 1.19 4.77
SQG-Q Org 0.027 0.118 1.52x10° 0.063

TEL — Threshold effect level; PEL — Probable effantel; SQG-Q — Sediment quality
guideline quotient. The TEL and PEL were obtainenimf Macdonaldet al. (1996) [43].
Calculation of SQG-Q according to Long and Macddn@998) [44].°Concentration >
PEL.’SQG-Q Maximum.

As shown, this estuary displays, in general, a lewel of contamination, and can
therefore be considered as a reference site. Setlini®m both estuaries have been
recently studied for their contamination risk, tigb the calculation of sediment quality
guideline quotients (SQG-Q) developed by Long amacdibnald (1998) [44], which
revealed a moderate risk in the Sado Estuary, doa aisk in the Mira Estuary (Table
6) [42].

Table 6 — Global overview of sediment contamination riSRQG-Q index values per
class of contaminants (Adapted from [42]).

Sado Mira
SQG-Q Min Max Min Max
SQG-Q Metals 0.04 1.08 0.16 0.24
SQG-Q DDT's 0.078 0.103 5.69x10 0.074
SQG-Q PCB's 0.0042  0.063 2.28%10 0.041
SQG-Q PAH's 0.0089  0.119 1.89%10 0.058
SQG-Q org 0.027 0.118 1.52X10 0.063
SQG-Q Total 0.025 0.338 0.037 0.092

SQG-Q - Sediment quality guideline quotiefiMaximum SQG-Q observed
indicates moderate risk (SQG-Q > 0.fMaximum SQG-Q indicates low risk
(highest SQG-Q < 0.1). Calculation of SQG-Q acaumgdio Long and Macdonald

(1998) [44].



Assessment of metal contamination in the Sado Bstusvealed areas with high
contamination and moderate ecological risk. Theiglpdistribution of different metals
was revealed to be similar, and several contaminsites were identified as “hotspots”
close to their anthropogenic sources. These siges wentified as being in the northern
channel, and can be associated with the differedtstries, shipyards and urban
discharges of the City of Setubal [2, 39]. The saites have also been shown to be
associated high organic loads [45]. The sedimentatninants were characterized in
samples from this area, revealing levels, abovettteshold, of As, Cr, Cu, Pb and Zn
for metal and metalloid contaminants and of acettegte, fluoranthene, pyrene,
benzop]anthracene and benappyrene, for PAH contaminants. The complete data fo
a sample taken from the northern margin of the S2&taary is presented in Annex A
[17]. The spatial distribution of endocrine-disrimgt chemical also revealed a different
pattern between the industrial areas and the ratesarve areas, corroborating high
anthropogenic contamination of some parts of theiaeg. Nevertheless, it is also
proposed that the hydrodynamic activity of the astuis possibly involved in the
dilution process of the pollutants [38]. Recentdsts focused on the genotoxicity in
aquatic species exposed to Sado estuarine sedin@amnstoxic damage was observed
in Solea senegalensia,common flatfish found in estuaries that feedsamdy-muddy
bottoms, exposed to PAH and metal contaminatedrseds, using erythrocyte nuclear
abnormalities and the comet assay on fish periplidoad [17, 41]. These bioassays
also demonstrated that the toxicity of sedimenttamimants is influenced by
synergistic and antagonistic processes that rdsufh the exposure to a complex
contaminant mixture [46]. Studies directed to Ipsiibiological biomarkers also showed
induced hepatic lesions in fish exposed to thestaooinated sediments [47, 48].

In summary, contamination due to anthropogenic casuwas observed, with a
particular distribution along the Sado Estuary. dAlsediment contaminants were
revealed to induce genotoxicity in local aquatieses with commercial value. This
suggests the need to assess the environmentaledslqgical and to human health,
associated with the Sado Estuary sediment contdimmas the retained contaminants
can be hazardous to the local benthic populatiors ta humans exposed through
agricultural, recreational or fishing activitiesyda more importantly, trough the food

chain.
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3. Evaluation of sediment contaminants’ cytotoxicity &ad genotoxicity

The exposure to toxic substances can be directked to cell survival through
its cytotoxic effects, but it can also be linkednhmtagenesis and carcinogenesis. The
study of toxicity at the genetic level, such as fbemation of DNA adducts or
chromosomal alterations, as well as DNA damageimepa experimental cells or
animal models, is important in order to characeeagents for their potential to cause
genetic damage. Different endpoints can be choseenwevaluating the genotoxic
potential, as a first step to understand the riskoaiated with the exposure to
environmental entities. Several methods, vitro or in vivo, aiming at analyzing
different biomarkers of exposure or effect can ls®duto evaluate the genotoxic
potential of a given xenobiotic or xenobiotic misduPresently, among the biomarkers
of an early biological effect, the most appliedagssare the micronucleus assay and the
single-cell gel electrophoresis (or comet) assée Biomarkers of exposure include the
quantification of DNA adducts and the sister chrodhaxchange assay, among others.
Since many xenobiotics can be genotoxic or prodigetoxic metabolites, the liver is
a preferred organ for studying these effects, forisi the key organ in the

biotransformation of xenobiotics [1, 49].

3.1. The HepG2 Cell Line

The HepG2 cell line was isolated from a well diffetiated hepatocellular
carcinoma of a 15 year old Caucasian male. The#le pessess certain phase |
enzymes, involved in the metabolism of genotoxiccicmgens, as well as phase Il
enzymes [50]. The HepG2 cells are relatively easynanipulate and appear to be a
practical alternative for assessing genotoxicitgaduse many genotoxic compounds are
indirect mutagens [51, 52]. Previous studies shoilatithe activities of the xenobiotic
drug metabolizing enzymes, in these cells, arelaintdo those observed in freshly
isolated primary human hepatocytes, and that thkase | and phase Il enzymes retain
their activities involved in the biotransformatiohmutagens [51]. These properties are
of particular interest considering that many of twtaminants present in estuarine
sediments, particularly PAHs, require metabolicivation in order to induce a
genotoxic effect [20, 21, 30], and that, as presipumentioned, PCB and DDT
metabolites can also induce genotoxic damage [30, 3
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3.2. Cytotoxicity Assays: The Neutral Red Uptake Asay

Cytotoxicity assays are widely used in vitro toxicology studies for the
detection of cell viability following the exposur® toxic substances. The most
commonly used cytotoxicity assays are the lactateydrogenase (LDH) leakage assay,
the methyl tetrazolium (MTT) assay, the neutral @&R) uptake assay and the
Coomassie protein assay [53]. The NR uptake asseydeveloped as a cytotoxicity
assay based on cell viability chemosensitivity, aadone of the most used for
biomedical and environmental applications [54].dtgciple resides on the ability of
viable cells to incorporate and bind the suprawis NR. This dye penetrates the cell’'s
membrane by nonionic passive diffusion and conegggrinto the lysosomes. Once in
the lysosomes, the dye becomes charged and ittamed inside,i.e,, the uptake
depends on the cell's capacity to maintain pH gmaidi. When cell death occurs or the
pH gradient is reduced the dye is released ouhefcell. Therefore, the amount of
retained dye, measured by a colorimetric methodyraportional to the number of
viable cells. The NR uptake assay is very sensitieadily quantifiable and cheap,
presents less interference and does not use uagtahyents comparatively to other
viability tests [55].

3.3. Genotoxicity Assays
3.3.1. The Alkaline Comet Assay

The single-cell gel electrophoresis, or alkalic@met assay, is a microgel
electrophoresis technique for detecting DNA damaigie level of the single cell. To
achieve this, cells are embedded in agarose, placieda microscope slide, lysed, and
the remaining DNA is electrophoresed under alkatioeditions (pH > 13). During the
electrophoresis DNA breaks will display an increhseigration towards the anode,
which combined with the intact nucleoid, can beméad as “comets” on a fluorescence
microscope after staining with ethidium bromideg(ife 3). The level of DNA damage
can be measured through the intensity of fluoreszen the comet’s tail. In neutral
conditions double strand breaks (DSB) can be obksgertyut at pH > 13, an increase in
DNA migration can be associated with increasedl$ewé single strand breaks (SSB)
and alkali-labile sites, thus making the alkalinersion of the comet assay more
sensitive for indentifying genotoxic effects [5d]Jo further increase the sensitivity of
the assay an extra step can be added which inviiledacubation of the nucleoids with
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an enzyme that recognizes a particular kind of dgmand creates a break. Thus
different enzymes can be used for different endppiallowing the detection of
oxidized bases, alkylation damage and UV-inducedhpgline dimmers. In this way,
enzyme-sensitive sites can be converted to additibNA breaks that can be visualized
in the comet assay [57]. The bacterial DNA repairyene formamidopyrimidine DNA
glycosylase (FPG) can be used to detect the majoing oxidation product 8-
oxoguanine, as well as other altered purines, ctitfig the level of oxidative DNA
damage [58]. The comet assay can be an advantaggEbusque because it is sensitive
for the detection of DNA damage, it requires a $mamber of cells per sample, it is
flexible, cheap, relatively fast and it can be aartdd with a relatively small amount of
test substance [56]. Given the characteristics imeed above, this method has been

widely employed in laboratory genotoxicity and DNApair studies, as well as in

clinical, environmental and human monitoring stsdi9].

A B

Figure 3 — HepG2 cell nucleoids presenting different levefsDNA damage, observed under a
fluorescence microscope (alkaline version of thenebassay). A — no DNA damage; B — low DNA
damage; C — moderate DNA damage; D — high DNA d&mnag
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3.3.2. The Micronucleus Assay
Chromosome abnormalities resulting from damage tle¢ DNA and

chromosomal level, and chromosome loss or malsatiogg— caused by defects in the
spindle, centromere or as consequence of underneatien of the chromosome
structure before metaphase — are both importamtgve cancer [60]. Micronuclei
(MNi) originate from chromosome fragments or wholeomosomes that lag behind at
anaphase during nuclear division, are envelopedtekiphase and assume the
morphology of an interphase nucleus with the exoapif being smaller (Figures 4 and
5). The cytokinesis-block micronucleus (CBMN) assaythe method of choice for
guantifying micronuclein vitro or in vivo, by scoring them in binucleated cells. In this
assay, cells gain their binucleated appearance bfteking the cytokinesis with
cytochalasin-B, an inhibitor of microfilament rimgsembly required for the completion
of cytokinesis (Figures 5A, 5B) [60, 61].

MN formation m

300|g-SISau|o}fD
%001q g-uise|eyoojfn

NPB formation

Figure 4 — Micronucleus (MN) and nucleoplasmic bridge (NP@&@)mation
in cells undergoing nuclear division [61].
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Figure 5— HepG2 cells observed in the micronucleus adsaght-field microscopy)A — Binucleated
HepG2 cellB — HepG2 cell exhibiting one micronucle@— HepG2 cell exhibiting a nucleoplasmic
bridge.D — HepG2 cell exhibiting two nuclear buds.

In addition to MNi, this method can be used to meaglifferent endpoints associated
with chromosomal damage or instability (Figure 8jucleoplasmic bridges are a
continuous link between both nuclei, in binucleatetls, and reflect the presence of
dicentric chromosomes resulting from telomere argleins or DNA misrepair (Figure
5C). Nuclear buds are characterized as being mégically similar to the micronuclei
with the exception of being linked to the nuclebgy(re 5D), and can be scored as an
indication of gene amplification [61, 62]. The CBMlIdssay also allows the
measurement of necrotic and apoptotic cells. Theeefdepending on the chosen
endpoint, the CBMN assay can be used to analyze DRidhage and misrepair,
chromosomal instability, mitotic abnormalities,|la#ath and cytostasis, enabling direct
or indirect measurement of cellular and nuclearfudydions. It has become a standard

cytogenetic test for genetic toxicology due ta@kability and reproducibility [61].
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establish different endpoints [61].



OBJECTIVES

A growing concern has been directed to the assedssadiment contamination,
and its potential risk to aquatic biota and to harpapulation. Previous studies on the
Sado Estuary revealed sizable amounts of contatsimanhe estuary sediments. These
compounds can be accumulated in the edible paestafrine species or in agricultural
products produced locally, and enter the human fdoain, posing a public health
problem. The present study is part of a broadefjeproaiming at evaluating the
environmental risk, including ecologic and humaraltie risk, associated with the
estuarine benthic environment, complemented wiéhahalysis of a target population
from a small village located near the southernasgtmargin. The general objective of
the present study is to preliminarily assess thetoyic and genotoxic risk to human
health, from exposure to potentially contaminatetli@&ine sediments, from the Sado
Estuary. Thus, using a human liver-derived ce# lithe specific objectives of this study
are:

* to characterize the Sado Estuary sediments for ¢ygtoxic potential, through
the NR uptake assay;

» to characterize the Sado Estuary sediments for glegiotoxic potential, in terms
of DNA damage (including oxidative damage), andoaimwsomal damage,

through the alkaline comet assay and the micronsassay, respectively.
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MATERIAL AND METHODS

1. Sediment sampling

Sediment samples were collected from 4 distinchifig sites of the Sado
Estuary (samples C, A, E and P, Figure 7) and findissites of the Mira Estuary
(samples M and Mf Figure 8) from late Fall 2010Sjring 2011 (Table 7). The Mira
Estuary (W Portugal) was chosen as a referencargdr this study, for the previously
mentioned reasons. A previously characterized saifff)l collected in May 2007 from
a different site in the Sado Estuary, known to selgenotoxicity, was added to serve as
a positive control (Annex A) [17]. The sediment gdes were collected in permanently
submersed sites, homogenized and transported talibeatory at 4°C in the dark. Once
in the laboratory a portion of the sediment samplas preserved at 4°C for analysis
and another portion was frozen for further studies.

Table 7— Sediment sampling period, location and enviramadecharacterization.

Estuary Sample Sample Sampling Site Characteristics Sampling Period
Sado P Near heavy industrialized area June 2011
Essentially muddy
High hydrodynamics

F Near the City of Setubal harbor, with influeticen heavy May 2007
industry and urbanism
Essentially muddy
Low hydrodynamics (Higher water retention)

A Near area of intense agriculture activities (Myarice fields) May 2011
Fishing grounds
Muddy — sandy
Low hydrodynamics

E Area of moderate agriculture activities May 2011
Fishing grounds
Muddy — sandy
Low hydrodynamics

C Farthest from contaminated hotspots (potentidégn) October
Fishing grounds 2010
Essentially sandy
Higher hydrodynamics

Mira M Near an aquaculture area January
Essentially muddy 2010
Low hydrodynamics

Mf Reference station June 2011
Essentially sandy
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Figure 7 — Satellite map of the Sado Estua" indicates the different collection sites (F, PEGINd A)
used in this work (Adapted from [40]).
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Figure 8 — Satellite map of the Mira Estuar? indicates the different collection sites (M and M$ed in
this work (Adapted from [40]).
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2. Sediment extracts preparation

Contaminants extraction was adapted from Settal. (2011) [12]. Each
sediment sample was homogenized and a sub-sammeremaoved for extraction.
Samples were dried for 1 week at 40°C prior to ammant extraction, grinded, and
30g of dry sediment was weighed. Reagents used a@ened from Sigma-Aldrich
(St. Louis, MO). A mixture of dicloromethane:metb&rf2:1) was used to extract a
broad range of organic and inorganic contaminalBidraction was mechanical, for
15min, to ensure maximum contaminant extractior allowed to settle in order to
obtain two phases (sediment deposit and contamiestnact). The supernatant was
removed and the extraction solution was evaporatesl heated plate, at 45°C. Total
organic and inorganic contaminants were then raeaviemn 3ml of DMSO for cytotoxic

and genotoxic assays in cell cultures.

3. Cell culture

The human liver hepatocellular carcinoma cell liepG2 was obtained from
the American Type Culture Collection (ATCC No. HB@5). All solutions for cell
culture were obtained from Invitrogen (Carlsbad,)CB8ells were sub-cultured weekly
in DMEM-F12 containing L-Glutamax and HEPES buff2s mM), supplemented with
15% heat-inactivated fetal bovine serum (FBS), 18aigllin/streptomycin (10000U
penicillin/10 ug streptomycin) and 1,5% amphotericin B (0.25 mg/nait 37°C, in 5%
CO,, humidified atmosphere. The cells were harvesteckta week at 80% confluence
using trypsin-EDTA (0.5%).

4. Neutral Red Uptake Assay

HepG2 cells were seeded in 96-well plates at x#ls/well and maintained
for 24h at 37°C, in 5% CQO Cells were then exposed for 2 and 4h to several
concentrations of sediment extracts M, F and Cgirgnfrom 0.1 up to 20/ml of
culture medium, and for 48h to concentrations ehesediment extract within the same
range. Solvent controls were included in all experts consisting of DMSO at
concentrations also ranging from 0.1 up tqu#2énl. A negative control was also added
consisting of culture medium. All treatment solasowvere prepared in culture medium
DMEM-F12 with 2% heat-inactivated FBS. For eacheskpent, 3 replicate wells were

used for each treatment condition.
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NR assay was carried out according to Repettoal. (2008) [55] with
modifications (basic steps are summarized in FigyréAfter cells exposure, treatment
medium was removed and replaced with pre-heate?Cj3resh growth medium, and
NR solution (NR, Merck, Darmstadt, Germany) waseatdt a final concentration of
50ug/ml. Cells underwent a 3h incubation period, &C37in 5% CQ, to allow NR
incorporation. After incubation, medium containiN& solution was removed and cells
were rinsed twice with pre-heated phosphate bustdine (PBS). NR/Stop solution
(ethanol:acetic acid:water (50:49:1)) was then dddeextract the NR dye incorporated
in viable cells. After 20min under agitation, theagtity of NR present in the ethanolic
solution was measured spectrophotometrically atnB®@Qising a Multiskan Ascent
spectrophotometer (Thermo Labsystems).

Assuming that the mean absorbance of the negativieat corresponds to 100%
cell viability, relative cell viability of treatedells was calculated by the formula:

Mean Abssgg [treated cells]

Relati 1l viability (%) = X 100 '
elative cell viability (%) Mean Abssa[negative control] (equation 1)

The results were expressed as the mean value (o8B independent

experiments per treatment condition.

Exposure
period

Cells are seeded in 96-well plate Cells exposure to several Ciltiire miedius i§ cemoved aiid
dilutions of extracts Neutral Red solution is added
Neutral Red )
extraction lflcubatlon
with Neutral
Red

Cells are washed with PBS (2x)
Neutral Red Stop solution is added

Absorbance read at 540nm
in spectrophotometer

Figure 9 — Basic steps of the neutral red uptake assay.
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5. Alkaline Comet Assay with DNA repair endonuclease PG

All reagents used were obtained from Merck (Dardtst@ermany) and Sigma-
Aldrich (St. Louis, MO). Lysis buffer was preparadth 1% of N-Lauroylsarcosine
sodium salt; 14.6% of NaCl 2.5M; 3.7% of JEDTA 10mM; 0.12% of Tris-HCI
10mM; 0.8% of NaOH. Lysis solution was freshly pasgd for each comet assay with
10% DMSO, 1% Triton-X and 89% of lysis buffer. Blephoresis buffer was prepared
with 1.2% NaOH 300mM; and 0.037% M&TA.2H,O 1mM; and pH was ascertained
above 13. Neutralization solution was prepared wiBb% Triz base (0.4 M Tris) and
9.5% HCI 4M. Enzyme buffer F was prepared with HEPEmMM, KCI 100mM,
EDTA acid 0.5mM and BSA 0.2mg/ml. pH was ascertdiae8 with KOH 1M.

HepG2 cells were seeded for 24h in 24-well plates alensity of 5x1D
cells/well, at 37°C, 5% CQO Cells were then exposed to different concentnatiof
extract samples, final concentrations from 1 u@@al/ml of culture medium, for 48h.
A positive control was included in all experimeatsisisting of HO, at 20@uM, 30min
exposure. All treatment solutions were preparedutiure medium DMEM-F12 with
2% heat-inactivated FBS.

The comet assay was then carried out accordingusinBkaet al. (1996) [63]
with modifications (basic steps are summarizedigufe 10). After 48h exposure, cells
from each well were rinsed with pre-heated PBSaaetd using trypsin-EDTA (0.5%),
transferred into eppendorfs and then centrifuged2&0 rpm, 4°C, for 10 min. The
supernatant was discharged and the cell suspewsisembedded in low melting point
(LMP) agarose (1%). Two equally distributed dropgevthen spread onto a microscope
slide, previously covered with a 1% normal meltpwnt (NMP) agarose, and covered
with a coverslip.

After solidification in a chilled plate, coverslipgere carefully removed and the
microscope slides were immersed into aluminum d¢oWered coplin jars (to prevent
light induced damage) containing the lysis solution 1h, at 4°C. After lysis, slides
were rinsed in neutralization buffer and washedh®s$ in enzyme buffer F for 5min.
FPG (kindly provided by Dr. A. R. Collins, Univetgiof Olso, Norway) or enzyme
buffer only, was added to each microgel and slese incubated in metal boxes at
37°C for 30min. DNA was then allowed to unwind g min in electrophoresis buffer,
at 4°C. Electrophoresis was run for 30 min at 28W a00mA, at 4°C. Slides were then

rinsed for 10min in neutralization buffer and 10mim distiled HO, at 4°C, and
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allowed to dry at room temperature overnight befstigning with ethidium bromide
(0.125ug/uL).

For each treatment, 100 randomly selected nucle@@s from each slide
microgel) were analyzed using a fluorescence moopes (Axioplan2 Imaging, Zeiss)
equipped with high resolution camera (Zeiss), asihgithe image-analysis software
Comet Imager 2.2 (MetaSystems, GmbH). For eacle ¢lid mean percentage of DNA
in tail, tail length and tail moment values werdaed. The results were expressed as
the mean value (x SE) of 3 independent experimeeritdreatment condition. Oxidative
damage was calculated by subtracting the mean mage of DNA in tail from
untreated nucleoids from the mean percentage of DiNAail from FPG-treated
nucleoids.

In a preliminary set of experiments involving extr@amples F, C and M, in
concentrations ranging from 0.5 up tal/nl, the alkaline comet assay was carried out
uniquely without enzyme treatment, according togBiat al. (1988) [64] with slight
modifications. Experimental conditions differedrfraghe above described method in the
percentage of LMP agarose used (0.7%), and in OB unwinding and
electrophoresis were carried out for 20min eacle; plsitive control was EMS at

30mM, 1h exposure.

] ] %
, Exposure ] ) i |
/ period Lysis |

A -PT 1, “; ﬁ' .
N 3.4
-‘\ .. .l
. . . Neutralization
Cells are seeded in Low melting point Cells are immobilized Nucleus isolation Cells are washed 3x
24-well plates agarose is added to in agarose coated slide with lysis solution with enzyme buffer

cell suspension

Incubation ,

w
- -
\ g
< Neutralization and DNA unwinding by

DNA damage analysis using ethidium bromide alkaline treatment
fluorescence microscope and staining
Comet Imager software

Enzyme treatment

Figure 10— Basic steps of the alkaline comet assay. *entigrr@atment steps.
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6. Micronucleus Assay

All reagents used were obtained from Merck (Dardtst@ermany) and Sigma-
Aldrich (St. Louis, MO). The micronucleus assay wasried out according to M.
Feneckhet al. (2007) [61] with modifications. HepG2 cells weeeded for 24h in 6-well
plates at a density of 5x16ells/well, at 37°C, 5% CQO Cells were then exposed to
different concentrations of extract samples in wapé cultures. Mytomycin C at a
concentration of 0}8y/ml was added as a positive control. All treatmsaititions were
prepared in culture medium DMEM-F12 with 2% heatetivated FBS. After 1lh
exposure, cytochalasin-B was added at a final garegon of §ug/ml, and cells were
incubated for 23h for a total exposure period df.24

Following exposure, cells were rinsed with pre-edaPBS, detached with
trypsin-EDTA (0.5%), transferred to centrifuge taband centrifuged for 5min at
1200rpm. Cell suspension was then submitted to toyposhock with KCI 0.1M added
drop-by-drop under slight agitation. Cells wereefixwith a mixture of methanol:acetic
acid (3:1), and then re-fixed with a mixture of heatol (97%) and acetic acid (3%).
After removing the supernatant, two drops of themaiming suspension were added
directly onto a microscope slide and air dried. Each culture two slides were
prepared.

Slides were stained with Giemsa (4%) in phosphatiéeh pH 6.8, mounted
with Entelan and analyzed under a light microsq@peo Imager.A2, Zeiss).

For each treatment, 2000 binucleated cells weréyzed (500 cells per slide,
1000 cells per culture). Results are expressetieasnean value (xSD) of micronuclei
per 1000 binucleated cells. The cytokinesis-blocklifgration index (CBPI) was
calculated by the formula:

CBPI = (M; + 2M, + 3Ms) / N; (equation 2)
where M-M3 represents the number of cells with 1, 2 or moi@onuclei and N is the
total number of viable cells scored.

The replication Index (RI1) was calculated by thenfola:

[((N°BNC) + (2 * N°MNC)) /Total N° cells]reated cultures
[((N°BNC) + (2% N°MNC)) /Total N° cells] controi cultures

(BNC — Binucleated cells; MNC — Multinucleated sgll

(equation 3)
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7. Statistical Analysis

Statistical analysis was performed using SPSSs8tail17.0.

The NR assay dose-response curves were determynesbtession analysis of
the data, and I§ values were calculated or extrapolated throughbtist fitted dose-
response curve equation for each sample and fdr egoosure condition. Statistical
analysis of NR assay data was performed either Iparametric one-way ANOVA
followed by the Tuckeyost-hoctest, or by a non-parametric test followed by Dethn
T3 post-hodest, whether variance homogeneity was observedtor

Statistical analysis of the comet assay data weempeed by the non-parametric
Kruskal-Wallis test followed by the Mann-Whitneyteist.

Statistical analysis of the micronucleus assay dets performed by non-
parametric Kruskal-Wallis test followed by the Mavfitney U-test.

Statistical significance, for all assays, was assdiforp < 0.05.
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RESULTS
1. Evaluation of Cytotoxicity: Neutral Red Uptake Assy

The concentrations of each extract tested in theald§ay were chosen up to
20ul/ml, due to solvent cytotoxic interference abolis toncentration [50].

Following 2h exposure to several concentrationseafiment extracts M, C and
F, different responses were obtained. The resudtpresented in Figure 11. The mean
percentages of viability obtained, at the minimuma anaximum concentration tested,
for each sample, are presented in Table 8. Soleentrol showed no significant
decrease in cell viability, in the tested concedrdra range. No dose-response
relationships could be established for samples B @nindicating the absence of an
observable cytotoxic effect (Figures 11B and 1Hoy.sample F, a dose-response curve
was established, and thesyCestimated at 30.Qiml, was extrapolated from the curve
equation, indicating a mild cytotoxic activity firis sample (Figure 11A). No statistical
significance could be obtained for the cytotoxiditguced by any of the extracts, at any
concentration, when compared with the negative robnfNevertheless, in a first
approach, the comparison of the mean percentageelbiviability, obtained for the
highest concentration tested (2@nl), of each sample, allows the categorizatiorihaf
samples according to the level of induced cell te& > M > C. The complete

experimental data for these conditions is preseintéshnex B.

Table 8— Mean percentage of viability obtained for thenimium and maximum tested
concentrations, in the neutral red assay, followdhgxposure to each extract sample.

Mean percentage of viability (+SE)
Concentration Sample F Sample C Sample M DMSO

0.1u/ml (Min)  106.68 £8.77 99.18 +7.92  120.02 + 12.12 107.28 + 7.52
20ul/ml (Max)  65.97+6.61 107.75+3.47 80.20+£9.59  106.85+2.71
ICsc (1I/ml) 30.07* - ) -

Mean percentage of viability (+SE) was obtainedrfr® independent experiments.:i{C
extrapolated from the obtained curve equation.
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Figure 11 — Neutral red assay results following 2h expodorélifferent concentrations of the extract
samples. Results are expressed as the mean peeeafitaiability (+SE) of 3 independent experiments.
A — Sample FB — Sample CC — Sample MpD — DMSO.

Following 4h exposure to several concentrationseafiment extracts M, C and

F, different responses were also obtained. Resultspresented in Figure 12. At

minimum and maximum concentrations tested, the mgamentages of viability

obtained, for each sample, are presented in Table 9

Table 9— Mean percentage of viability obtained for theimium and maximum tested
concentrations, in the neutral red assay, followihgxposure to each extract sample.

Mean percentage of viability (+SE)

Concentration Sample F Sample C Sample M DMSO
0.13u/ml (Min) 102.15+11.43 100.78+7.62 111.65+9.19 120.25 +£10.16
20ul/ml (Max) 48.91 + 2.89 113.24 £ 7.00 73.41 £5.08 100.95 +5.50
ICgc pl/ml 17.63 - 37.68* -

Mean percentage of viability (+SE) was obtainedrfr8 independent experiments. C
extrapolated from the obtained curve equation

Treatment with the solvent control showed no sigaift decrease in cell viability, in

the tested concentration range. No dose-respoie#@gnship could be established for
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sample C, indicating the absence of an observaiitoxic effect (Figure 12B). Sample
M data was best fitted to a linear dose-responseeciand no statistical significance
could be obtained for the induced cytotoxicity,aaty concentration, when compared
with the negative control (Figure 12C). In factll #gability at the highest concentration
tested does not exhibit a significant decreasecatithg a very weak cytotoxic effect for
this sample. For sample F, a linear dose-respomse avas established andsiGvas
calculated at 17.68/ml, indicating the presence of a contaminant-gmivcytotoxic
effect (Figure 12A). Even though Jg€for sample F was obtained within the tested
concentration range, no statistical significancel@de obtained for any of the dilutions
tested when compared with the negative control.elbeless, when comparing the
values of the minimum cell viability obtained at |@@nl, samples present again
different potential to reduce cell viability (F > MC). The complete experimental data

for these conditions is presented in Annex C.
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Figure 12 — Neutral red assay results following 4h exposwredifferent concentrations of extract
samples. Results are expressed as the mean peeeafitaiability (+SE) of 3 independent experiments.
A — Sample FB — Sample CC — Sample MD — DMSO.
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As shown above, following HepG2 cells exposurextiaets M, C and F, during
2 and 4h, weak cytotoxic effects were observedclwhed us to consider a longer
exposure period of 48h. In addition, extracts fribie Sado Estuary samples A, P and E,
and from the Mira Estuary sample Mf, were includedhe second set of experiments.
Following 48h exposures, different cytotoxic pattewere observed for each sample
(Figures 13 and 14). The mean percentages of wWabibtained, at the minimum and
maximum concentration tested, for each samplepeesented in Table 10. A linear-
dose response curve was established for solverttotddMSO, but no statistical
significance was obtained for any concentrationtetbtswhen compared with the
negative control. Nevertheless, cell viability retdon is observed near the highest
concentration tested (67.10% cell viability) inding, as expected, solvent cytotoxicity

beyond this concentration.

Table 10 — Mean percentage of viability obtained for thenimium and maximum
tested concentrations, in the neutral red assdlpwimg 48h exposure to each extract

sample.
Mean percentage of viabilitg 6E)

Sample 0.1 ul/ml (Min) 20 pl/ml (Max) p value** 1Cso (HI/ml)
F 95.06 + 11.80 9.05 + 1.24 0.008 .09
P 101.69 + 12.77 15.09 + 3.50 NS 9.24
E 103.87 +12.21 45.35 + 9.47 0.001 19.47
A 108.93 + 11.92 68.12 + 12.34 0.047 21.75%
C 105.51 + 3.81 73.14 +5.83 NS 30.38*
M 102.29 + 3.09 8.80 + 0.93 0.008 7.31
Mf 104.67 +3.16 67.65 + 7.83 NS 30.79*
DMSO 104.06 + 5.49 67.36 + 6.98 NS -

Mean percentage of viability (+SE) was obtainedrfr® independent experiments.iC
extrapolated from the obtained curve equatiop.¥alue obtained when statistical
significance was observeg & 0.05) for mean percentage of viability, at thgheist
tested concentration, when compared with negatiostral. NS — no statistical
significance observed.

Samples from the Sado Estuary induced differentepa of cytotoxicity.
Results are presented in Figure 13. Samples F gimddiced the highest reduction of
cell viability up to approximately 91 and 85%, resfively. A dose-response curve was
established following a quadratic model for botmpkes, and 16 were then calculated
at 5.09 and 9.34/ml, respectively. Statistical significance wagaibed for sample F
from 11.25 up to 20//ml when compared with negative control (witkr0.018 and
p=0.008, respectively), and for sample P, no stesissignificance could be obtained.

However, the use of a parametric approach (ANOWowss that statistical significance
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Figure 13 — Neutral red assay results following 48h expodoraifferent concentrations of extract
samples from the Sado Estuary. Results are express¢he mean percentage of viability (+SE) of 3
independent experimentd. — Sample F (*statistical significance, when coreplawith control, from
11.25 up to 2al/ml with p=0.018 andp=0.008, respectively.**statistical significance, evhcompared
with control, if a parametric test is used, fron¥73.up to 2@l/ml with p=0.010 andp=0.000,
respectively)B — Sample P (*statistical significance, when coregawith control, if a parametric test is
used, from 10 up to 20/ml with p=0.036 andp=0.000, respectively)C — Sample E (*statistical
significance, when compared with control from 15ta@Qul/ml when compared with negative control,
with p=0.026 andp=0.001, respectively)D — Sample A (*statistical significance, when congzhgvith
control, from 12.5 up to 320/ml when compared with negative control, wiphk0.044 andp=0.047,
respectively) E — Sample CF — DMSO.
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could be reached from 10 up to2@nl, when compared with the negative control (with
p=0.036 andp=0.000, respectively). Likewise for sample F, iparametric test was
used statistical significance would be obtainednfi®.75 up to 2@/ml (with p=0.010
and p=0.000, respectively), which would be more in ademce with the biological
meaning of the results. When observing results inbth for these samples, dose-
response curves appear to have similar behaviatsatbdifferent concentrations @€
for sample P was obtained at approximately twieectncentration as that of sample F;
Figures 13A and 13B).

Samples A and E produced a reduction of cell vitgtolf approximately 35 and
55%, respectively. The dose-response curves wéablishied following linear models
and the 1Gy were then extrapolated for both samples at 21.d& 3#9.47l/ml,
respectively (Figures 13C and 13D). A statistiagghgicant decrease in cell viability
was obtained, for sample A, for concentrations frbaxb up to 2Ql/ml (p=0.044 and
p=0.047, respectively) and for sample E, for conegiuns from 15 up to 2@l/ml
(p=0.026 ang=0.001, respectively), when compared with the negatontrol. Overall,
the dose-response relationship for both samplesaappo be similar, but sample E
showed clear evidence of contaminant-driven cytiottyx attending to its 16 that was
obtained within the tested concentration range.aidbeless, both samples revealed low
cytotoxic effects. In fact, sample A results areyv&@milar to the solvent control, even
though statistical significance was observed.

Sample C produced a reduction of approximately 20%ell viability. A dose-
response curve was established following a lineadeh No statistical significance was
obtained for any concentration when compared wWithrtegative control. The igfor
this sample was not extrapolated because the @speise curve appears to be similar
to solvent control at the same dose-level, indagatihat it might not produce
cytotoxicity in this cell line (Figure 13E).

Samples from the Mira Estuary also displayed dafier cytotoxic patterns
(Figure 14). On the one hand, cell viability redostwas observed up to approximately
90% for sample M. A dose-response curve was eshaalifollowing a quadratic model
and the IGy was then calculated at 7} 8Aml. A statistical significant decrease in cell
viability was obtained for dilutions from 11.2Bml up to 2Qul/ml, when compared
with the negative control p€0.005 and p=0.008, respectively) indicating high
cytotoxicity (Figure 14A). On the other hand, saenMf showed a moderate reduction
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of cell viability up to approximately 35%, simildo that observed, for comparable
dilutions, with the solvent control. A dose-respomsirve was established following a
linear model. No statistical significance was oh¢ai for any concentration when
compared with the negative control. These resulticate either a very low or null

cytotoxic effect relatively to the solvent cont(éigure 14B).
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Figure 14 — Neutral red assay results with 48h exposureifferént concentrations of extract samples
from the Mira Estuary. Results are expressed asn#en percentage of viability (zSE) of 3 indeperiden
experimentsA — Sample M (*statistical significance, when congmhmith control, from 11.25 up to
20ul/ml with p=0.005 andh=0.008, respectively. **statistical significancehen compared with control,
if a parametric test is used, from 6.25 up tal2al with p=0.027 anc=0.000, respectivelyB — Sample
Mf;

Even though extracts from each sample showed diftepatterns of induced
cytotoxicity in HepG2 cells, samples can be arbiyragrouped according to their
pattern in the following way: samples F, P and Mpbgducing a pronounced reduction
in cell viability; sample E by inducing a moderagduction in cell viability; and
samples A, C and Mf as not cytotoxic, within thetéel concentration range. Samples
can be ranked for their cytotoxicity, based on ¢akulated (or extrapolated) 4§ as
follows: F>M > P > E > A, C, Mf. When comparedtivthe mean percentage of cell
viability obtained for the highest concentrationsed, sample ranking according to
cytotoxicity is similar. The complete experimendala for these conditions is presented

in Annex D.
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2. Evaluation of Genotoxicity
2.1. Alkaline Comet Assay

In a first approach, analysis of the genotoxic @feof several dilutions of the
three available extract samples (C, M and F), thinaihe standard alkaline comet assay,
revealed no significant induction of DNA damages®&ts are presented in Figure 15,
and the complete experimental data for these dondiis presented in Annex E. These
preliminary negative results, together with our Wiexlge that many contaminants,
possibly present in the sediment samples, are tableduce DNA damage through
oxidative stress, led us to try increasing the isigitg of the comet assay, and to direct
our experiments to a different endpoint. On the lbaed the time of DNA unwinding
and of electrophoresis was extended and, on thex bdnd, nuclei were exposed to the

FPG enzyme to reveal FPG sensitive sites (oxidizeohes) that reflect oxidative DNA

damage.
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Figure 15 — Results from the standard alkaline comet assaljowing 48h exposure to different
concentrations of extract samples. Results areesgpd as the mean percentage of DNA in tail (+ SE)
from 3 independent experimengs— Sample FB — Sample CC — Sample M. Negative control refers to
DMSO (5ul/ml).
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Sediment extracts concentrations to be testech@r genotoxicity by the comet
assay, were chosen according to the results obtaméhe NR assay (48h exposure
period). The top concentration tested was the twaé induced 50+5% cytotoxicity.
When the 1Gy concentration was not reached, the top concemtratvas mostly
20ul/ml, to avoid solvent cytotoxicity interference.

Following modifications of the experimental condits, after 48h exposure to
different concentrations of sediment extracts, H2pélls presented different levels of
DNA damage, in terms of total DNA strand breakafyé.samples, except sample C,
showed a concentration-related increase in the rpearentage of DNA in tail, with
FPG treatment. In addition, a significant differenn the DNA strand break level was
observed between FPG-treated and untreated nuateileast for the highest
concentrations tested. Results obtained for theo &&®luary extracts are presented in
Figure 16, and complete data for tail length anldnt@ment are displayed in Annex F
(Tables F1 — F5).

In these different experimental conditions, sanpl@.5 and fl/ml), used as a
positive control, was able to produce a significartrease in DNA damage, when
compared with the solvent contr@=0.05), even without FPG treatment, confirming
the improvement of the comet assay sensitivity ébect DNA damage. Following
nucleoids treatment with FPG, the DNA damage indungthe extract from sample F
was significantly raised for all concentrationstéels comparatively to untreated nuclei
(p=0.05), suggesting the presence of oxidative lssionDNA (Figure 16A). Cells
exposure to the extract from sample P resulted sigaificant increase in the mean
percentage of DNA in tail, at concentration ofulithl without treatment with FPG, and
at concentrations of 1, 2.5, 5 andullthl with FPG treatment, when compared with the
respective solvent controlp<0.05). Significant differences between nucleordsted
and untreated with FPG were observed at each testezkntration (Figure 16B). The
overall genotoxic pattern observed for both samplesd P appear to be similar, with
sample P revealing higher DNA damage induction,hbaith and without FPG

treatment, at the two highest tested concentrations
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Figure 16 — Alkaline comet assay results following 48h expesto different concentrations of extract
samples from the Sado Estuary. Results are expressthe mean percentage of DNA in tail (£ SE) from
3 independent experiments.— Sample FB — Sample PC — Sample ED — Sample AE Sample C.
Opl/ml corresponds to 0.05% DMSO for sample F, and R¥SO for samples P, E, A and C.
T - Statistical significant difference between treatigith and without FPG, at the same concentration.
A — Statistical significant difference over the solveantrol (without FPG treatment} — Statistical
significant difference over the solvent control ttwiPG treatment).

Cells exposure to the sample E extract producemjrafisant increase in the
mean percentage of DNA in tail, without FPG treaimeat the concentration of
20ul/ml, when compared with the solvent contrpEQ.05). Following treatment with
FPG, the extract concentrations of 10 andl/20l generated a significant increase in the

total level of DNA damage, when compared with tlespective solvent control
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(p=0.05). Also, a significant difference in DNA daneagbserved, between FPG treated
and untreated nucleoids, for concentrations of 2and 2Ql/ml (p=0.05), revealed
the presence of significant oxidative DNA damagegfe 16C). Cells exposure to the
sample A extract failed to increase DNA damage, d&tir tested concentrations.
Nevertheless, when FPG treatment was included, sdrme extract originated a
significant increase in DNA damage at concentratioh 10 and 20l/ml. Significant
additional oxidative DNA damage was observed fbtegted concentrations, except for
that of 2.%ul/ml (p=0.05) (Figure 16D). The overall genotoxic patteimserved for
samples E and A appear to be similar, with sampievEaling a higher level of induced
DNA damage, at the two highest tested concentrsitibnth with and without FPG
treatment.

In contrast, for sample C no significant differermween treatment with and
without FPG was observed. In addition, no significacrease in the mean percentage
of DNA in tail was observed with increasing concatibns of the extract. Sample C
was therefore unable to induce genotoxic damagbldrexperimental conditions used
(Figure 16E).

The two samples from the Mira Estuary also revealdtérent patterns of
genotoxicity after 48h exposure. Results are pteseim Figure 17, and data for talil
length and tail moment are displayed in Annex Fl&saF6 and F7. Sample M was able
to induce a significant increase in the mean peaggnof DNA in tail only at the
highest concentration testedu{snl), when compared with the solvent contnotQ.05).
When treatment with FPG was included, a significactease in DNA damage was
observed at concentrations of 1 an8u2nl (p=0.05). Significant additional oxidative
DNA damage was also observed between treatment witth without FPG at
concentrations of 1 and 2uBml (Figure 17A). The failure to obtain a signéiat level
of oxidative DNA damage at the concentration5pd/ml, when compared with the
solvent control, might be due to the high disperssb the results obtained in the three
independent experiments, even though the mean magee of DNA in tail
corresponded to 19.29%. As for sample Mf, it did pduce a significant increase in
DNA damage, when compared with the solvent con&aignificant increase in DNA
damage, in the presence of FPG treatment, was abdgrved at the highest tested
concentration (20/ml), when compared with the solvent contrptQ.05), although it
corresponded to 7.20% of DNA in tail (Figure 17B).
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Figure 17 — Alkaline comet ssay results following 48h exposuredifferent concentrations of extrs
samples from the Mira Estuaesults are express as themean percentage of DNA in tail (+ SE) frc
3 independent experiments.— Sample M (concentration O refers to DMSO pl/fl); B — Sample Mf
(concentration O refers to DMSO atpl/ml). t - Statistical significancéetween tratment with and
without FPG, at theame concentratiolA — Statistical significance when compared wthe respective
solvent control without FPG treatme * — Statistical significance when compared wthe respective
solvent control with FPG treatme

Considering the highest concentration of each ektiested in the comet assay,
based in the level of induced oxidative DNA damégfeG sensitive sites; calculated
the [mean % of DNA damage with FI] — [mean % of DNA damage without FI])
extractscan be ranked as follo: E > A > M > P > F > Mf > CTable 1). The results
show thatextracts E and /are able to produce, approximately thedd highe levels of
oxidative DNA damagethan those from extracts F and P. Thgenotoxic potency
ranking is howevedifferent from the one obtained when considerDNA damage
without FPG treatment (P >F>E>M > Mf> A > (

Table 11 — Results of thenean percentage of DNA in tail (wiland without FPG treatmentFPG

sensitive sitesand sample ranking frc lowest to highest DNA damage induct, at the highest
concentration tested per sample.

Mean % ol Mean % of DNA damage Mean % FPG sensitive

E 4 DNA damag (+SE) with FPG treatment (+SE) sites (£SE)**
é E g C 344 £ (47 C 6.37 £ 0.95 C 2.93+1.12
E B % A 359+0.19 Mf 7.20 £ 0.35* Mmf 3.26£0.42
§ E’ B Mf 3.94 £ (07 F 13.84 + 1.57* F 5.87 +3.13
o @
28 v 6.72 £ 232" M 1924+656 P 9.90+1.23*
E" 4 § E 6.72 £ (.55* P 20.22 + 1.20* M 12.57 + 4.34*
3 — F 798 + 1.58* A 24,01 +1.33* A 20.42 + 1.51*

P 1032 + (.19* E 29.63 + 1.66* E 22.91 + 1.46*

Results are expressed as the mean (£SE) of 3 indept experimeni*statistically significant when
compared with theespective solvent conti (p=0.05).**Calculated as [mean % of DNA damage w
FPG] - [mean % of NA damage without FPC

Results of the comparison of the extracts genotoxicity ajui-toxic

concentrations arepresented in Tables 12 and 13. In approximate -toxic
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concentrations, relative to a reduction in cellbilisy up to 25%, samples P, E, A and
M were able to induce significant DNA damage, botquely with FPG treatment. In
approximate equi-toxic concentrations, relativeatceduction in cell viability from 25
up to 50%, samples F, P, E and M induced signifitarels of DNA damage in HepG2
cells (with sample P displaying the highest levelhereas in the presence of FPG,
DNA breaks induced by samples A and Mf also becawielent (with sample E
displaying the highest level). At these approximedei-toxic concentrations, samples
P, E and A, revealed the highest potency to réisddvels of DNA damage, when FPG
treatment was included.

Table 12— Results of the mean percentage of DNA in taith(\and without FPG treatment), and FPG

sensitive sites, for each sample at approximatetegic concentrations, inducing up to 25% reductio
cell viability.

Concentration Mean % of DNA Mean % of DNA damage Mean % FPG
Sample  (pl/ml)** damage (+SE) with FPG treatment (xSE) sensitive sites (+SE)

F 1 3.10+0.44 5.56 £ 0.50 2.46+£0.93
P 5 4.42 £ 0.95 15.10 +1.97* 10.69 + 2.54
E 10 4.16 £0.22 18.39 £ 2.41* 14.23 + 2.60
A 10 4.38 £0.29 19.02 + 2.58* 14.63 +2.36
C 15 3.42 £ 0.06 4.17+£0.42 0.75+0.47
M 2.5 4.34 £0.99 11.78 £2.91* 7.45+3.84
Mf 10 3.60+0.13 6.97 +0.70 3.37+0.83

Results are expressed as the mean (+SE) of 3 indept experiments.*statistically significant when
compared with the respective solvent contpetQ.05). **Concentrations were chosen, through the
highest reduction of cell viability, in the approxate range of 100 to 75% of cell viability obtairiadhe
neutral red assay, and taking into account conagaois tested in the comet assay.

Table 13 — Results of the mean percentage of DNA in taitvand without FPG treatment), FPG
sensitive sites, for each sample at approximatda-tegic concentrations, inducing 25 up to 50%
reduction in cell viability.

Concentration Mean % of DNA Mean % of DNA damage Mean % FPG
Sample  (pl/ml)** damage (+SE) with FPG treatment (+SE) sensitive sites (+SE)

F 5 7.98 £ 1.58* 13.84 £+ 1.57* 5.87+£3.13
P 10 10.32 + 0.19* 20.22 +1.20* 9.90+1.23
E 20 6.72 £ 0.55* 29.63 £ 1.66* 22.91+£1.46
A 20 3.59+£0.19 24.01 +1.33* 2042 +1.51
C 20 3.44 £0.47 6.37 £0.95 293+112
M 5 6.72 + 2.32* 19.29 + 6.56 12.57 +4.34
Mf 20 3.94 £0.07 7.20 £ 0.35* 3.26 £0.42

Results are expressed as the mean (£SE) of 3 indept experiments.*statistically significant when
compared with the respective solvent contnekQ.05). **Concentrations were chosen, through the
highest reduction of cell viability, in the appromate range of 75 to 50% of cell viability obtairiedhe
neutral red assay, and taking into account conagais tested in the comet assay.
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Considering that sample F was included in this st a positive control, the
mean percentage of DNA in tail for all samples, wasipared with that of sample F, at
the same concentrations used, with or without Fe@rent (Table 14). In general, the
level of DNA strand breaks, produced in HepG2 cbitlsextracts from samples P and
M, did not differ significantly from that of sampkg suggesting that the three samples
are genotoxic. Comparison of samples, A, E, C arfd with the positive control,
revealed that the significant differences are myaimbserved at the highest

concentrations tested of sample F, showing loweotgicity for these samples.

Table 14 — Pair wise comparison of each sample with sampldoF the
induction of DNA damage at each tested concentratidth and without FPG

treatment.
Concenframom——_ Samples

(ul/ml) for sample F P E A C M Mf

1 (without FPG) ns ns ns ns ns ns
1 (with FPG) ns S ns ns ns ns
2.5 (without FPG) S ns S ns ns ns
2.5 (with FPG) ns S S ns ns S

5 (without FPG) ns S S S ns ns
5 (with FPG) ns S S S ns S

Comparison was performed by the Mann-Whitney U-t&3t— statistical
significant difference between samplgs@.05). ns — No statistical significant
difference.

As seen in the NR assay, analysis of the overalietcassay results, uncover similar
patterns of induced cytotoxicity and genotoxicity,some groups of samples. Taking
this information into account, as well as theirlediion site information, a pair wise
comparison, for comet assay results, was made bataamples with similar genotoxic,
cytotoxic and collection site information in thdléaving groups: samples P, F and M;
samples E and A; and samples C and Mf. When sarip(pstentially clean, Sado) and
Mf (reference, Mira) were compared at equal comedions, no significant statistical
difference was observed between them at any camtem with or without FPG
treatment. When samples E and A, from the soutimengin of the Sado Estuary, were
paired, a statistically significant difference wasly observed at the concentrations of
2.5 and 2Ql/ml without FPG treatmentp£0.05). In turn, samples F and P, from the
northern margin of the Sado Estuary, only exhilghiicant statistical difference at the
concentration of 2#/ml without FPG treatment p£0.05). Nevertheless, when

compared with their equi-toxic effects, samplesedisignificantly at the concentration
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2.5 vs. pl/ml with FPG treatmentp&0.05) and 5 vs. 10/ml with FPG treatment (at
their IG5, concentrationsp=0.05). Overall patterns at the same concentratigght be
similar, but at equi-toxic concentration both samspldiffer in their induction of
oxidative DNA damage. When comparison with samplewiss included with both
samples F and P, statistical significance couly bel observed between sample M and
P at concentrations 1 and glsnl with FPG treatmentp&0.05).

Nucleoids where arbitrarily classified by their pamtage of DNA in tail in five
classes, for each tested concentration with FP&ntrent, and results are presented in
Figure 18. In the absence of FPG treatment (Anndxidure F1), only nucleoids from
class 0 (0% DNA in tail < 20%), were measured, except for sEsf-, P and M, at
the highest tested concentration, that revealedhall percentage of nucleoids from
classes 1 (20% DNA in tail < 40%) and 2 (40% DNA in tail < 60%). Following
FPG treatment, categorization of nucleoids in @assgelded results that support those
obtained with the measurement of DNA in tail. Nekreless, when comparing samples
F and P, we observed a highest presence of nusléwich classes 1 and 2 in sample P,
at equi-toxic concentrations (two highest concdiuing tested), with FPG treatment.
As for samples E and A, classification shows thatngle E was able to induce
approximately twice as much nucleoids from class 2ample A, and induce nucleoids
from class 3, at the highest concentrations testétl, FPG treatment. So, even though
overall nucleoid classification appear to be simidatween these two samples, sample
E once again reveals a different genotoxic profiem sample A, at the highest
concentration tested (ROml). Sample M, in comparison with samples F andtthe
highest tested concentration, exhibits a highemnatidn of nucleoids from classes 2 and
3, which might suggest a different type of contaation in this sample. Samples C and

Mf exhibited rare nucleoids above class 0.
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Figure 18— Distribution of the mean percentage of obserngrleoids per classes. Classes were obtained
from 3 independent experiments, according to thiegrdage of DNA in tail obtained for each extract
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2.2. Micronucleus Assay

Following 24h exposure to samples F and M, a naideincrease in the

frequency of micronuclei (MNi) can be observed iepi&2 binucleated cells, although

without statistical significance (Figure 19). Samfl, failed to induce MNi.
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Figure 19 — Results for the micronucleus assay after 24losx@ to different concentrations of extract
samples. Results are expressed as mean (x SD)cobmuclei per 1000 binucleated (BNC) ceks.—
Sample FB — Sample CC — Sample M. Negative control DMSO at (l/ml.

When observing the frequency of NBUDs and NPB${épG2 cells, compared

with the solvent control, no significant inducti@ould be observed for any sample

(Table 15). Nevertheless, sample M shows an inergadlPB frequency at the highest

concentration tested.

Table 15— Total frequency of nuclear buds (NBUD) and naplasmic
bridges (NBPs) per 1000 binucleated cells obsemdtie micronucleus
assay for extract samples F, C and M.

Concentration  Total Total
Sample (ul/ml) NBUDs SD NPBs SD
DMSO 5.00 4 0.00 4 1.41
F 1.00 2 2.12 3 1.41
2.50 2 2.83 5 3.54
5.00 6 4.24 6 0.00
C 1.00 1 1.41 5 2.83
2.50 4 1.41 5 2.83
5.00 3 0.00 1 0.71
M 1.00 2 0.00 5 2.83
2.50 5 0.71 4 1.41
5.00 5 1.41 11 212

Results are expressed as mean (xSD) of two indepeicdltures.
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All tested samples lead to a dose-related decriead® CBPI and RI (Figures
20 and 21, respectively). Rl values could be imggal as an indication of cytotoxicity,
and, much like the results obtained in the NR Assaynple F is the most cytotoxic.
Also, CBPI data reveals a decrease in cell cycgnassion, more accentuated for

sample F. The complete experimental data for thesditions is presented in Annex G.
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Figure 20— Cytokinesis-block proliferation index (CBPI) calated in the
micronucleus assay for samples F, C and M.
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Figure 21— Replication index (RI) calculated in the microlaus assay
for samples F, C and M.
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DISCUSSION

As many estuaries in industrialized countries,rither Sado Estuary is affected
by various sources of pollution, including heavgstry and urban discharges, mining
activities, agriculture and maritime traffic. Itsal remains a privileged site for fishing
activities that are responsible for the supplyihgansumable resources either locally or
externally. Contaminants present in the estuarynsmuts can be accumulated in the
edible parts of estuarine species or in local agitical products and enter the human
food chain, posing a public health problem, in &ddito the ecological concern. Thus,
the present study aimed at characterizing the ayicity and genotoxicity, associated
with the exposure to sediment contaminants, usimgnaan liver-derived cell line.

Our first results of cytotoxicity assessment, folilog 2 and 4h exposure,
revealed slight differences in cytotoxic effectdvimen samples F (positive control,
Sado Estuary), C (potentially clean sample, Sadoagg and M (sample from Mira
Estuary). Although no significant cytotoxicity wasbserved in these experimental
conditions, following 4h HepG2 cell exposure, saenplinduced a more pronounced
decrease in cell viability than the other two sasaplwhich is in agreement with its
previously characterized contaminant content (AnAgx17]. These results led us to
consider a longer exposure period, based on thevledge that many of these
contaminants, particularly PAHs, are promutageesthey need metabolic activation
to be able to induce DNA damaging effects, and bwiies being more toxic than the
original molecules [29, 32, 34, 35, 52].

After a longer exposure period (48h), all samptes the Sado Estuary were
similarly ranked either based on theirsdCconcentration or on the value of the
minimum cell viability determined for the maximurarcentration used (F > P > E > A,
C). Considering their 165, as well as their dose-response curves, samplasdFP
(Figures 13A and 13B) appear to have a higher aontnt-driven cytotoxic potential
than sample E (Figure 13C), whosesdQorresponded to a 2- to 4-fold higher
concentration. However, the difference in the eated 1Go, suggests that sample F
could contain a higher level of cytotoxic contammitsathan sample P (4¢-5.09 and
9.24ul/ml, for F and P, respectively). Neverthelessceisamples F and P were both
collected in nearby sites, we hypothesize that gapnight have similar contaminants
at different levels. As for samples A and C (Figut8D and 13E), the reduction of cell

viability observed, at the highest tested concéiniia was probably due to some
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cytotoxicity of the solvent (DMSO), or very low lel of contaminants that are toxic to
human cells.

In summary, following 48h exposure to the differesgtdiment extracts, the
results from cytotoxicity analysis suggests diffgrepossible levels of overall
contamination, in the Sado Estuary: sites of pdsddw contamination (sites A and C),
a site of heavy contamination (site P, which is pamble to the previously studied site
F) and a site of moderate contamination (site Ee Tombinations of three types of
factors, namely, sources of pollutants, sedimentigemistry and hydrodynamics will
most likely determine the differential cytotoxicityf sediments, according to the
collection site. In fact, samples that induce samdytotoxic dose-responses, in HepG2
cells, have similar associated anthropogenic press@ur results of cytotoxicity are in
agreement with previous studies by Catal. (2010), that also revealed mortalitySn
senegalensiexposed to sediment F [17]. Moreover, the diffeeen the cytotoxic
potency, between samples from the northern mangight also be explained by
differences in hydrodynamics of the three sitesctviivould be reflected in the amount
or nature of contaminants retained in the sedim@rable 7). Site P seems to suffer a
higher influence of river currents than site F,it@ svith a very low hydrodynamic,
therefore more prone to accumulate by depositiatiges to which both hydrophilic
(metals) and hydrophobic (PAHSs) contaminants magds®rbed to. In contrast, sample
C, collected further away from the contaminant pots, but still near the northern
urban and industrial area of Setubal revealed mmifgiant contaminant-driven
cytotoxicity. The intersection of different factars sample C’s collection area such as
sediment characteristics (mostly sand), high hygnacic pressures, from both river
and ocean, and low fine fraction deposition migitgoaunt for the presence of low levels
of contamination. This points to the possibilityusfing this site as a potential reference
for the Sado Estuary in further studies, but alsggssts that contaminants discharged
into the northern area of the estuary might be gredantly retained in sediments along
the estuarine margin.

As for the southern margin, samples E and A extdblibwer cytotoxic effects in
HepG2 cells. Similar dose-response curves werar@atdor these two samples, which
would indicate a lower level, or different type obntamination surrounding the
southern area of the Sado Estuary. As far askihasvn, this area can be influenced by
chemicals used in either agriculture practices Iy local population (site E) or

intensive rice cultures (site A). Considering tinexistence of heavy industry in the
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southern margin, significant PAH contamination ddomot be expected in this area,
and metal contamination should be mainly due tonaapressures, but both groups of
contaminants could be transported along the Alc&channel into the estuary.

Nevertheless, through agricultural practices, pes and other agricultural products
might be drained into the estuary, and retaineitsisandy-muddy sediments, which in
part may be responsible for the cytotoxicity observ

As for the Mira Estuary, the two collected samp#dso revealed different
cytotoxic potency, either low (site Mf, Figure 148 high (site M, Figure 14A). The
cytotoxicity of sample M is comparable to that al¢a for samples F and P. However,
taking into account the results obtained followagh exposure period, we suggest that
there could be a difference in sediment contanvnatype, because the extract from
sediment sample F was cytotoxic, while that froomgle@ M was not. This could be
explained by sample M sampling location, which esaman aquaculture facility (a
potential direct source of pollutants released his testuary), along with the low
hydrodynamics of the area, thus facilitating defpasiof fine particles and organic
matter, that acts as a trap for discharged contmsn Also, the maximum
contamination values observed in the Mira Estuagsgnted in Tables 4 and 5 were
obtained near sample M'’s collection site, sugggdiat the contaminants found in the
sediments from this site might also contributetsocytotoxicity. In fact, total SQG-Q
values for the maximum values of the Mira Estuasy ery close to a moderate risk
association (Table 6). Reference sample Mf reveatedignificant cytotoxic induction
and its cytotoxic pattern is very similar to thevenmt control. Also, the minimum
contamination previously observed in the Mira Estugvealed low levels of organic
and inorganic contaminants (minimum values weraiokbtl near sample Mf sampling
area; Table 4 and 5), and a low risk associatekl th# estuary’s sediment quality near
this area (Table 6).

Through the standard alkaline comet assay perforimedamples F, C and M,
no significant genotoxicity could be observed faling 48h exposure (Figurel5). This
led us to increase the comet assay sensitivitghfergenotoxicity assessment of these
samples, probably containing a complex mixture legrgicals, and to account for the
potential effect of oxidative stress on DNA damageincluding FPG treatment, which
allows the conversion of oxidized purines in DNA&ks [37, 56].

Much like the cytotoxicity evaluation, results abted for DNA damage through
the comet assay revealed different patterns of tga&iuaty, for the several samples
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under analysis. When observing the overall DNA dgenabtained (accounting or not
for oxidative DNA damage) samples exhibit the samalarities as in the NR assay.

Our results show that, at the highest concentratsted, extracts from Sado
samples F, P and E, induced a significant lev&®NA damage (in the absence of FPG
treatment), in HepG2 cells, comparatively to thévesat control (Figures 16A, 16B,
16C, respectively). Noteworthy, these samples \atse those that showed a lowegdC
value, when tested for their cytotoxicityg. they are the most genotoxic and cytotoxic.
This finding reinforces the previous suggestiont tfhese samples might exhibit the
highest levels of contamination, or the most gexiotaontaminants. In contrast,
samples A and C did not reveal significant gen@admage, suggesting a low level of
contamination, which is also consistent with théotryxicity data (Figures 16D and
16F, respectively). As expected, in the Mira Estuaample Mf gave negative results
(Figure 17B), while sample M also induced a siguaifit level of DNA damage (Figure
17A).

Samples P and F, from the Sado Estuary, appeaave kimilar genotoxic
patterns but at different concentrations. Both dampvere able to induce significant
DNA damage at concentrations near theigoJGvhen compared with the respective
solvent controls. Nevertheless, agJConcentration, sample P induced higher levels of
DNA damage and, especially, of oxidative DNA damatipan sample F. This may
suggest a different type of contaminants presetiientwo samples, or it might reflect,
for sample F, the inactivation of some contaminafis to long term preservation
(sample collected in 2007). So, even though sammeslightly more cytotoxic, sample
P might contain more or different contaminants ablenduce DNA damage. Other
studies on marine sediments have also shown tisasdbat induce similar cytotoxicity
do not necessarily induce similar genotoxicity [1This might be explained by the
complexity of the mixture and the contaminants’ligbito interact with each other.
When observing contaminant content of sample F @), several contaminants that
are known to induce direct DNA damaged, PAHSs), and indirect DNA damage.(,
metals), are present at concentrations above thshbld effect level guideline. Taking
into account our results, we hypothesize that sarfpmight contain higher levels, or
different proportions, of these particular contaamts. In fact, higher levels of these
particular organic and inorganic contaminants h#&een observed in sediments
collected in different sites of the Sado Estuargl€s 4 and 5) [2]. Other studies on
marine sediments have also associated the preséhigh content of genotoxic PAHs
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or metals to the surrounding industrial, harboesded, and urban areas [8, 11, 65],
and dose-related genotoxicity has been reportedgusediment extracts from these
types of areas [12]. Sample C did not induce siggmit DNA damage in the
experimental conditions used, at any concentratiginforcing the apparent absence of
contaminants with a cytotoxic or genotoxic effect human cells. The overall
genotoxicity results for samples A and E revealiedilar patterns, and the combined
results from the NR and comet assays show thatyjhe of contamination might be
similar but at different levels, given that, at quarable concentrations, sample E
exhibited higher cytotoxic and genotoxic potentiahn sample A. Considering that
sample A was collected near an agricultural disghachannel, and very near the
intensive rice field cultures, it would be expectldt its extract was more cytotoxic and
genotoxic than that from sample E. The later wdkeced further downstream from
sample A’s collection site, which could possiblydicate that contaminants are
transported by the currents from the southern atlgdcacer Channel), and allowed to
settle near the fishing grounds where hydrodynanaies lower (site E) [2]. The
difference observed between samples may also bereb@lt of the contaminant
extraction that, although it is considered as tloatber extraction method [1], might not
be able to extract some of the chemicals usedtengive agricultural practices. Also,
we suggest that sample A might contain other tygfesontaminants presenting low
cytotoxic and genotoxic potential, such as pestiidn fact, the genotoxic potential for
agrochemical ingredients is generally low, and thaye been shown to give positive
results in few genotoxicity tests [66].

Moreover, with the exception of sample C, all samsptevealed significant
additional oxidative DNA damage (revealed as FP@sitige sites), when compared
with the solvent control. This observation mighggest that these complex mixtures of
contaminants may have a common mechanism of ingubNA damage through
oxidative stress, even though the level of oxida®®NA damage is different between
samples. As previously mentioned, metals, PAHs, $G@GBd DDTs have been
associated with the formation of ROS, or metab®ltéth oxidative potential [24, 30,
32, 34]. Our data suggest that the presence ofl mettPAH contamination hotspots in
the Sado Estuary’s northern margin might accountnfioch of the oxidative DNA
damage observed, in samples P and F, as it seerbg ® commonly proposed
mechanism of DNA damage induction by these ag@4iks Costaet al (2010) observed

a relationship between blood plasma lipid peroxatadnd genotoxicity, in erythrocytes
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of fish exposed to sediment F, suggesting that atixid stress might mediate the
genotoxic effect of that sediment [17]. Noteworthythe present study, samples E and
A, exhibited the highest potency to induce oxidat®NA damage, which might be
associated with the presence of pesticides [67hodigh the use of DDTs has been
banned for decades, sizable amounts of persisteiisave been observed in sample
F (Annex A), which is located on the opposite sifiehe estuary [17], which suggests
that these sediments contain traceable amountesticfgles transported from upstream
grounds. Thus, it is plausible that the area sumdog samples E and A collection sites,
Is contaminated with pesticides, and/or other chalwi used in agriculture. Also,
pesticides discharged into the Alcacer Channel triiglve been transported onto the
estuary, and persistently retained in the sedimfents the southern side of the estuary.
The difference in cytotoxicity and genotoxicity ebged between both samples could
be due to the presence of a higher content of g&imopesticides in sample E, such as,
for example, organophosphorous pesticides, thae Hmen shown to induce DNA
damage, in HepG2 cells, through the alkaline caassay, and reduce cell proliferation
[68], or to the different retention capacity of gediments in the two locations.

In the Mira Estuary, sample Mf was unable to indsgmnificant genotoxicity
and only produced low levels of oxidative DNA damagt the highest tested
concentration. This reinforces its characterizatisrthe reference site used in this study,
and for further studies. In general, the resultssemple Mf appear to be in accordance
with the low anthropogenic pressures from the smadirby urban area of Vila Nova de
Milfontes, and low environmental pressures. Sanmplas able to produce significant
genotoxicity (with or without FGP treatment), whishggests again that this site might
be moderately contaminated. Even though agricdltartvities are lower than in the
Sado Estuary, the fact that higher valuep@DDD andpp’DDE were measured in the
Mira Estuary, and that DDTs are still quantifialflable 5), also leads us to consider
that these persistent pesticides, or other agu@llproducts, might contribute for the
cytotoxicity and genotoxicity observed in sample M.

As for the micronucleus assay data, samples F andek& able to induce a
moderate increase in the MNi frequency (Figures B9 19C, respectively), at the
highest tested concentration, while sample C didimduce MNi (Figure 19B). This
further reinforces our hypothesis that sample Mpisbably contaminated. When

observing the CBPI and RI results for both samfffégures 20 and 21, respectively), F
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appears to have a higher cytotoxic induction tream@e M. These preliminary results
were consistent with the cytotoxicity results ob&al in the NR assay.

Our results of the cytotoxic and genotoxic potdrdfasediments from the Sado
Estuary suggest that the overall contaminatiorhefdstuary appears to be differential
according to the estuarine areas. Previous re$at® already shown this spatial
difference in the estuary contamination, which &mty explained by the anthropogenic
pressure contribution in each area [2, 45], anfiéidihces in the levels of contaminants
reflected in the maximum and minimum concentrati@iscontaminants [42]. The
industrial, urban and mining activities on the herh margin would account for most
of the area’s contamination, consisting of PAHsBB@nd metals that are discharged in
the estuary [17, 39, 41]. Our results from samplesand F (previously collected for
other studies) corroborate this observation, eitiyetheir high cytotoxic induction or by
their ability to induce genotoxic damage, that milgé attributed to a moderate level of
PAH contamination. In fact, previous reports oneotbstuaries have attributed direct
genotoxic damage to PAH mixtures present in estaagediments [69]. Also, a
correlation between PAH concentrations and sedintexicities has already been
observed when testing marine sediments, with high®H content corresponding to
higher toxicity [11]. Nevertheless, a report on marsediments, from Croatia, showed
that a sediment with the highest total PAH conteight not be responsible for the
highest induction of DNA damage [65], which mayleet the previously mentioned
interactions in such a complex mixture. Despite thformation, hazardous amounts of
known genotoxic PAH have been reported in the Sastaary [17, 41], and previous
studies on aquatic species, exposed to sedimemts fine northern margin of the
estuary, demonstrated distinct patterns of histapagical conditions, associated with
the anthropogenic activities in this area [47, 48though PAHs might be high
contributors to toxicity, they should not be comseld the unique source of
genotoxicity. As they are produced through the cestibn of organic material, they are
not expected to be found in high quantities ingbathern margin of the estuary, where
the main activities consist of agriculture and ifigh Nevertheless, results from samples
E and A revealed predominantly high induction oidative DNA damage. We propose
that this genotoxic effect could be associated wither natural metals, or products
used and discharged by local agricultural actigjtgiven that these contaminants may

commonly produce ROS. The presence of persistesticmes used in agricultural

51



practices could account for part of the high lewsdl®xidative DNA damage observed
for samples in this area [32], but contributionotiier products of agricultural practice
or even high metal contamination associated with raining activities and outcrop
erosion in the Alcacer Channel [2], should not kheweded.

Different assays generated complementary informafto the characterization
of the sediments’ cytotoxicity and genotoxicity. €llextracts from the Sado Estuary
sediment samples that exhibited a low cytotoxieafi{samples A and E) were those
that were able to induce the highest levels of @i DNA damage. This means that
for sediment contaminants a direct relationshipwbken cytotoxic and genotoxic
potencies might not be observed. Thus, in ordeev@uate the risk of exposure to
sediment contaminants, to human health, multipkays should be considered, as
information from only one does not fully reveal tioic potential of sediment samples
[1, 13]. Noteworthy, all samples tested in thisdgtuvere collected in frequently used
fishing sites, by the local fishing community, pewtarly from the southern margin of
the Sado Estuary. Moreover, the aquatic speciescergimed by the population and are
a major source of food income in this area. Adddidy, this catch might be distributed
locally and nationally, increasing the potentiapesure to contaminants from the Sado
Estuary. It is also important to state that thesetaminants are present in the Sado
Estuary waters, which are also used for agricultactvities, providing another source
of human exposure, through direct contact and copson of agricultural products
watered with potentially contaminated waters. Gasuits show that the risk associated
with the exposure to sediments from the Sado Bgslawuld not be ignored. Exposure
to sediments from the northern industrialized arthn margin of estuary resulted in
direct induction of genotoxic damage, but exposmresediments from the southern
agricultural margin resulted, predominantly, ininedt genotoxic damage. Other reports
on estuarine contamination have associated the gawita potential of estuarine
sediments with heavy industrialized area dischardes example, in the United
Kingdom [18], in France [13], or Korea [16]. Preugstudies on aquatic species have
shown their ability to bioaccumulate the presenhtaminants, after exposure to
sediments from the northern margin of the Sadodfgtj46]. If these contaminants are
available, and capable of being bioaccumulatedible parts of local aquatic species,
human exposure through the food chain might natdggigible. This hypothesis comes
in light of the fact that most of the contaminamiesent in the Sado Estuary sediments,

have been associated to the occurrence of candesther diseases. This is of particular

52



concern taking into the account that these contamtén can be transported and
distributed along the Sado Estuary, accumulatettienestuary sediments, and through
incorporation and adsorption, can be “stored” agpkatedly released, contributing to
the availability to local aquatic species. Thusgréhis an inherent environmental,
ecological and human health, risk associated wik Sado Estuary sediment
contamination that must be properly assessed.

Even though it was beyond the scope of this sttidyassays performed here are
insufficient for establishing an association betwaesingle, or group, of contaminants
and the observed cytotoxicity and genotoxicity,egivthe fact that sediment chemical
analysis and sediment extraction by a fractionatedhod were not performed yet.
Nevertheless, the overall observed effects canaagiored, and coupled with chemical
analysis of sediment samples, should contributeagsessing the risk associated with
the direct or indirect exposure to contaminatedaste sediments [1]. In this study, the
biomarkers analyzed demonstrated to be useful sesasg the potential risk of
contaminated estuarine sediments. Furthermore, icheanalysis might shed light on a
possible predominant group of contaminants presethie tested samples, that might be
associated to the observed effects but, as prdyionentioned, interactions between
contaminants, in such a complex mixture, shouldb®oexcluded. Also, a fractionated
contaminant extraction from sediment samples, eiblyegroups of contaminants or by
contaminant polarity, might allow the establishmehtn association between a given

class of contaminants and the observed cytotoxacity genotoxicity, in human cells.
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FUTURE PERSPECTIVES

Our study has revealed significant cytotoxic aedajoxic effects, in a human-
derived liver cell line, driven by contaminants et in the Sado Estuary sediments.
This study constitutes part of a broader projeat! further work is needed in order to
understand and assess the risk associated witkxfhesure to contaminated sediments
from this estuary. A full genotoxic profile shoulte characterized on the collected
sediment samples through, for example, the micidengcassay, which could not be
performed in this work due to time limitations. Ahemical analyses and
characterization, in terms of concentrations amesyof contaminants present in these
samples, is needed to try establishing an assowcidtetween the cytotoxic and
genotoxic effects observed and a particular or gredant group of contaminants.
Also, as proposed by Chen and White (2004) [1]irsedt sample extract preparation
should be attempted by a fractionated method, waitheast two separate extractions
with solvents of different hydrophobicities, andatpxic and genotoxic assays should
be performed, on the different fractions, in ortieicomplement, and hopefully better
understand, the results observed here followingoad range contaminant extraction
method. We proposed that the formation of ROS cbald common mechanism behind
the induction of DNA damage by part of the sedimemtaminants, and attempted a
study on oxidative DNA damage with the use of FPGhe alkaline comet assay.
However, other endonucleases can be used, sucidasuelease 1l to detect oxidized
pyrimidines, and possibly reveal a different gematoprofile [57]. As previously
mentioned, contaminated sediment exposure cambkedito a potential risk for human
health, through the consumption of local aquatiecsgs, or agricultural products,
therefore a study on local aquatic species, antlidy on a local human population,
from the Carrasqueira village, in the southern nmargf the Sado Estuary, are
underway. It is expected that the information aiedi with the integration of these
approaches will provide a better understanding he# toxicological potential of
contaminated sediments from the Sado Estuary, disasecontribute to assess the

associated environmental and human health risks.
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ANNEX A - Physico-chemical characterization and contaminapoofiles of the
sediment sample F. The TEL and PEL sediment quglitgielines were obtained from
Macdonaldet al. (1996) [43]. (Adapted from [17])

Site F
TOM (FF) 10.2
FF (%) 95.6
SQGs
Eh (mV) —-300
Contaminant TEL PEL
Metallic/other Non-metal Se 1.21 + 0.02 NG NG
(ug g7' sediment dw) Metalloid As 2398 + 0.48° 724 416
Metal cd 026 + 0.01 068 4.21
Co 1394 + 028 NG NG
Cr 80.73 + 1.61* 523 160
Cu 172.72 + 3.45** 18.7 108
Hg 0.69 + 0.01° 0.13 0.7
Mn 464.34 + 929 NG NG
Ni 3330 + 0.67° 159 428
Pb 55.19 + 1.10* 302 112
Zn 364.83 + 7.30** 124 271
SQG-Q Metallic 0.79
Organic PAH 3-ring acenaphthylene 238 + 040 587 128
(ngg ! sediment dw) acenaphthene 1225 + 2.08* 6.71 889
fluorene 15.33 + 261 212 144
phenanthrene 63.87 + 10.86 86.7 544
anthracene 21.00 + 3.57 469 245
4-ring fluoranthene 315.71 + 53.67* 113 1494
pyrene 263.18 + 44.74° 153 1398
benzo(a)anthracene 8125 + 13.81° 748 693
chrysene 41.06 + 6.98 108 846
5-ring benzo(b)fluoranthene 98.00 + 16.66 NG NG
benzo(k)fluoranthene 30.76 + 5.23 NG NG
benzo(e)pyrene 7495 + 12.74 NG NG
benzo(a)pyrene 101.86 + 17.32° 888 763
perylene 96.29 + 16.37 NG NG
dibenzo(a.h)anthracene 1332 + 2.26° 622 135
6-ring indeno(1.2.3-cd)pyrene  82.06 + 13.95 NG NG
benzo(g.h.I)perylene 5193 + 883 NG NG
tPAH 1365.20 + 232.08 1684 16770
SQG-Q PAHs 0.11
PCB Trichlorinated 18 027 + 0.05 NG NG
26 1.80 + 0.31 NG NG
31 026 + 0.04 NG NG
Tetrachlorinated 44 0.17 + 0.03 NG NG
49 0.13 + 0.02 NG NG
52 0.10 + 0.02 NG NG
Pentachlorinated 101 025 + 0.04 NG NG
105 026 + 0.04 NG NG
118 0.55 + 0.09 NG NG
Hexachlorinated 128 026 + 0.04 NG NG
138 0.71 + 0.12 NG NG
149 0.05 + 0.01 NG NG
151 0.77 + 013 NG NG
153 098 + 0.17 NG NG
Heptachlorinated 170 0.20 + 0.03 NG NG
180 0.73 + 0.12 NG NG
187 029 + 0.05 NG NG
194 0.12 + 0.02 NG NG
tPCB 791 + 134 216 189
SQG-Q PCBs 0.04
DDT pp'DDD 0.37 + 0.06 122 7.81
pp'DDE <dl 207 374
pp'DDT <dl 119 4.77
tDDT 037 + 0.06 389 51.7
SQG-Q DDTs 0.02
SQG-Q Organic 0.09
SQG-Q Total 033
Overall rating Moderately impacted

< d.l., below detection limit; *, value above TEt*, value above PEL; Eh, sediment redox potenfi;
sediment fine fraction (particle size < 0.661); NG, no guideline available; PEL, probable effdevel
guideline; SQG-Q, Sediment Quality Guideline quaitielEL; threshold effects level guideline; TOM,
total organic matter. Contaminant concentratiorgeanndicate the standard quantification error.
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Table B1- Neutral red assay data, of 3 independent exgetsnfor sample F after 2h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (/ml) AbSsacnm  Yovianility AbSssonn Yoviabiity AbSs40nn_ Yoviabiity Absssonn  SE  Yovianility SE

F 0.00 0.358  100.00 0.336  100.00 0.348 100.00 0.3470.01 100.00 0.00
0.10 0.441  123.28 0.347  103.27 0.325 93.48 0.371 04 0. 106.68 8.77
0.60 0.351 98.14 0.316 94.05 0.359 103.16 0.342 1 0.0 98.45 2.64
1.25 0.336 93.95 0.308 91.77 0.348  100.00 0.331 10.0 95.24 2.46
2.50 0.396 110.61 0.307 91.27 0.306 88.02 0.336 3 0.0 96.63 7.05
5.00 0.398 111.17 0.333 99.21 0.256 73.73 0.329 4 0.0 94.70 11.04
10.00 0.372 103.91 0.306 90.97 0.250 71.91 0.309 04 0. 88.93 9.29
15.00 0.337 94.13 0.270 80.26 0.252 72.58 0.286 3 0.0 82.32 6.31
20.00 0.247 68.99 0.254 75.60 0.185 53.31 .229 0.02 65.97 6.61

Table B2 - Neutral red assay data, of 3 independent exgatsnfor sample C after 2h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (ul/ml) AbSs40nn_ Yoviability AbSssonn Yoviabiity AbSs40nn_ Yoviability AbSs40nn SE _ Yoviabiity SE

C 0.00 0.358  100.00 0.336  100.00 0.348  100.00 0.3470.01 100.00 0.00
0.10 0.410 114.62 0.297 88.39 0.329 94.53 0.345 3 0.0 99.18 7.92
0.60 0.386  107.82 0.333 99.01 0.401 11544 0.373 02 0. 107.42 475
1.25 0.362 101.12 0.324 96.53 0.457  131.35 0.381 04 0. 109.67 10.92
2.50 0.402 112.29 0.348 103.67 0.385 110.83 0.379 .02 0 108.93 2.66
5.00 0.449  125.42 0.328 97.62 0.337 96.84 0.371 4 0.0 106.62 9.40
10.00 0.391 109.31 0.324 96.43 0.395 113.61 0.370 .02 0 106.45 5.16
15.00 0.356 99.53 0.352 104.86 0.401 11544 0.370 .02 0 106.61 4.67
20.00 0.410 114,53 0.355 105.65 0.358 103.07 0.374 0.02 107.75 3.47




Table B3 - Neutral red assay data, of 3 independent expatsnfor sample M after 2h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (K/ml) AbSs40nn_ Yovianility AbSssonn Yoviabiity AbSs40nn_ Yoviabiity Absssonn  SE Yoviaviiy  SE

M 0.00 0.358  100.00 0.336  100.00 0.348 100.00 0.3470.01 100.00 0.00
0.10 0.411 114.71 0.481  143.15 0.355 102.21 0.416 .04 0 120.02 12.12
0.60 0.398 111.08 0.316 94.15 0.485 139.60 0.400 05 0. 114.94 13.26
1.25 0.354 98.98 0.292 87.00 0.405 116.59 0.351 3 0.0 100.86 8.59
2.50 0.358 99.91 0.346  102.88 0.371 106.81 0.358 01 0. 103.20 2.00
5.00 0.425 118381 0.349  103.77 0.423  121.67 0.399 .03 0 114.75 5.55
10.00 0.393  109.78 0.273 81.35 0.350 100.77 0.339 .04 0 97.30 8.39
15.00 0.286 79.80 0.228 67.86 0.274 78.91 0.263 2 0.0 75.52 3.84
20.00 0.354 98.88 0.251 74.60 0.233 67.11 .279D 0.04 80.20 9.59

Table B4 — Neutral red assay data, of 3 independent expatsnfor DMSO after 2h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (K/ml) AbSs40nn_ Yoviability AbSssonn Yviabiity AbSs40nn_ Yoviabiity AbSs40nn SE _ Yviabiity SE

DMSO 0.00 0.358  100.00 0.336  100.00 0.348 100.00 347. 0.01 100.00 0.00
0.10 0.371 103.54 0.324 96.53 0.423 121.76 0.373 011. 107.28 7.52
0.50 0.356 99.44 0.394 117.16 0.332 95.40 0.360 1 2.0 104.00 6.68
1.00 0.385 107.64 0.316 93.95 0.314 90.41 0.338 1 3.0 97.33 5.25
5.00 0.397 110.89 0.327 97.32 0.406 116.87 0.377 01 4. 108.36 5.78
10.00 0.411 114.80 0.305 90.87 0.412  118.50 0.376 .01 5 108.06 8.66
20.00 0.372 103.91 0.351 104.37 0.390 112.27 0.371 6.01 106.85 2.71
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Table C1— Neutral red assay data, of 3 independent expatsnfor sample F after 4h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (M/ml) AbSs40nn_ Yovianility AbSssonn Yoviabiiity AbSs40nn Yoviabiiity AbSssonn  SE Yvianiiy  SE

F 0.00 0.387  100.00 0.287  100.00 0.279  100.00 0.3180.03 100.00 0.00
0.10 0.317 81.93 0.295 103.02 0.339 12151 0.317 01 0. 102.15 11.43
0.60 0.382 98.71 0.214 74.53 0.239 85.54 0.278 0.0336.26  6.99
1.25 0.385 99.40 0.252 88.02 0.273 97.85 0.303 0.0495.09 3.56
2.50 0.351 90.62 0.223 77.67 0.227 81.36 0.267 0.0483.22 3.85
5.00 0.307 79.35 0.222 77.44 0.279  100.00 0.269 30.08560 7.22
10.00 0.292 75.47 0.158 55.23 0.177 63.32 0.209 4 0.064.68 5.88
15.00 0.211 54.39 0.140 48.84 0.155 55.44 0.168 2 0.052.89 2.05
20.00 0.180 46.56 0.157 54.65 0.127 4552 159 0.02 4891 2.89

Table C2— Neutral red assay data, of 3 independent expatsnfor sample C after 4h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (M/ml) AbSs40nn_ Yovianility AbSssonn Yoviabiiity AbSs40nn Yoviabiiity AbSssonn  SE Yovianiiy  SE

C 0.00 0.387  100.00 0.287  100.00 0.279  100.00 0.3180.03 100.00 0.00
0.10 0.369 95.35 0.332 11581 0.254 91.16 0.319 3 0.0100.78 7.62
0.60 0.370 95.61 0.268 93.60 0.305 109.32 0.315 30.09951 494
1.25 0.382 98.54 0.236 82.33 0.347  124.37 0.322 4 0.0101.75 12.24
2.50 0.364 93.98 0.254 88.72 0.306  109.56 0.308 30.097.42 6.26
5.00 0.344 88.73 0.309 107.91 0.323  115.65 0.325 01 0. 104.09 8.00
10.00 0.400 103.27 0.307  107.09 0.392 140.50 0.3660.03 116.96 11.82
15.00 0.376 96.99 0.295 102.79 0.385 138.11 0.352 .03 0 112.63 12.85
20.00 0.386 99.57 0.337 117.44 0.342 122.70 0.355 0.02 113.24 7.00




Table C3— Neutral red assay data, of 3 independent expaitsnfor sample M after 4h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (l/ml) AbSss0nn Yviabiiity AbSsa0nn Yviabiiity AbSsa0nn Yoviability AbSs40nn SE  %viaviy  SE

M 0.00 0.387  100.00 0.287  100.00 0.279  100.00 0.3180.03 100.00 0.00
0.10 0.362 93.55 0.354 123.49 0.329 117.92 0.348 01 0. 111.65 9.19
0.60 0.349 90.02 0.284 99.19 0.368 131.90 0.334 3 0.0107.03 12.71
1.25 0.338 87.18 0.310 108.02 0.340 121.74 0.329 01 0. 105.65 10.05
2.50 0.319 82.44 0.284 99.07 0.305 109.32 0.303 10.096.94 7.83
5.00 0.313 80.81 0.371  129.30 0.376  134.89 0.353 02 0. 115.00 17.17
10.00 0.324 83.56 0.287 100.23 0.326 116.73 0.312 .01 0 100.17 9.57
15.00 0.270 69.79 0.218 76.16 0.300 107.41 0.263 02 0. 84.45 11.62
20.00 0.249 64.20 0.213 74.30 0.228 81.72 .23® 0.01 73.41 5.08

Table C4— Neutral red assay data, of 3 independent expatsnfor DMSO after 4h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (pl/ml) AbSsa0nn Yoviavility AbSs40nn Yoviabiity AbSsa0nn Yoviability AbSs40nn SE  %viaviiy  SE

DMSO 0.00 0.387  100.00 0.287  100.00 0.279 100.00 318. 0.03 100.00 0.00
0.10 0.392 101.29 0.354  123.37 0.380 136.08 0.375 .01 0 120.25 10.16
0.50 0.406  104.73 0.331 115.35 0.331 118.52 0.356 .03 0 112.87 4.17
1.00 0.357 92.25 0.338 117.79 0.379 135.84 0.358 01 0. 115.30 12.64
5.00 0.371 95.78 0.305 106.28 0.279 100.12 0.318 03 0. 100.73 3.05
10.00 0.362 93.46 0.327 113.95 0.377 135.13 0.355 .01 0 114.18 12.03
20.00 0.365 94.15 0.278 96.86 0.312 111.83 0.318 0.03 100.95 5.50
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ANNEX D — Experimental data obtained in the neutral red afkslwing a 48h exposure period to sediment exsrac

Table D1— Neutral red assay data, of 5 independent expatsnfor sample F after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay 4th Assay 5th Assay  Mean Mean
Sample (ul/ml) Absionn Yoviabiity AbSsaonr Yoviavility AbSsa0nn_ Yoviability AbSsa0nn Yoviabiiity ADbSsa0nn Yoviability AbSsaonn  SE  Wianiiy  SE
F 0.00 0.428 100.00 0.573 100.00 0.576 100.00 0.55800.00 0.690 100.00 0.565 0.05 100.00 0.00
0.10 - - 0.412 71.84 0.636 110.36 0.576 102.98 - - 0.541 0.07 95.06 11.80
0.20 - - 0.466 81.33 0.640 111.11 0.606 108.35 - - 0.571 0.05 100.26 9.50
0.40 - - 0.423 73.82 0.580 100.69 0.576 103.04 - - 0.526 0.05 92.52 9.37
0.60 - - 0.382 66.72 0.553 96.01 0.533 95.29 - - 489. 0.05 86.01 9.64
0.80 - - 0.501 87.49 0.534 92.65 0.426 76.27 - - 48D. 0.03 85.47 4.84
1.00 - - 0.427 74.52 0.513 89.12 0.541 96.84 - - 499. 0.03 86.83 6.54
1.25 0.324 75.72 0.301 52.53 - - 0.498 89.09 - - 379. 0.06 72.45 10.68
1.50 - - - - 0.427 74.07 0.436 78.06 0.539 78.20 46D. 0.04 76.78 1.35
2.00 - - - - 0.426 73.90 0.322 57.54 0.429 62.25 39D. 0.04 64.57 4.86
2.50 0.258 60.23 0.336 58.64 0.447 77.66 - - - - 34D. 0.05 65.51 6.09
3.00 - - - - 0.347 60.24 0.518 92.73 0.433 62.78 43®. 0.05 7192 10.43
3.50 - - - - 0.361 62.67 0.391 69.89 0.424 61.53 39D. 0.02 64.70 2.62
3.75 0.203 47.32 0.311 54.28 - - 0.342 61.18 - - 28D. 0.04 54.26 4.00
4.00 - - - - 0.307 53.30 0.309 55.34 0.307 4451 308. 0.00 51.05 3.32
4.50 - - - - 0.255 44.21 0.429 76.74 0.391 56.65 358. 0.05 59.20 9.48
5.00 0.175 40.86 0.226 39.44 0.256 44.39 - - - - 219. 0.02 41.56 1.47
6.25 0.133 30.97 0.233 40.66 - - 0.360 64.34 - - 24D. 0.07 45.33 9.91
7.50 0.097 22.72 0.120 20.88 - - 0.291 52.00 - - 169. 0.06 31.87 10.08
8.75 0.107 25.06 0.151 26.29 - - 0.226 40.37 - - 160. 0.03 30.57 491
10.00 0.065 15.25 0.149 26.06 - - 0.274 48.96 - - .16® 0.06 30.09 9.94
11.25 0.060 14.01 0.069 12.10 - - 0.183 32.68 - - 109 0.04 19.60 6.56
12.50 0.067 1556 0088 1542 : : 0130  23.26 i . 099 002 1808 259
13.75 0057 1331 0066 1158 - - 0100  17.89 - . 070 001 1426 188
15.00 0050  11.60 0050 873 - - 0119 21.29 - - 078. 002 1387 3.80
16.25 0.050 11.67 0.052 9.02 - - 0.075 13.36 - - 059. 0.01 11.35 1.26
17.50 0.050 11.67 0.053 9.19 - - 0.073 13.00 - - 058. 0.01 11.29 1.12
18.75 0.049 11.52 0.049 8.49 - - 0.066 11.87 - - 05B. 0.01 10.63 1.07
20.00 - - 0.052 9.02 - - 0.063 11.21 0.048 6.91 0.054 0.00 9.05 1.24
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Table D2 — Neutral red assay data, of 5 independent expatsnfor sample C after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay 4th Assay 5th Assay  Mean Mean
Sample (ul/ml) AbSsaonn Yoviabiiity AbSs40nn Yoviavility AbSsa0nn Yoviabiity AbSsaonn Yoviabiiity AbSs40nn Yoviavility AbSsaonn  SE - Wianiiy  SE
C 0.00 0.428 100.00 0.573 100.00 0.576 100.00 0.55800.00 0.690 100.00 0.565 0.05 100.00 0.00
0.10 - - 0.631 110.18 0.624 108.39 0.548 97.97 - - 0.601 0.03 105,51 3.81
0.20 - - 0.555 96.86 0.619 107.41 0.540 96.60 - - 57D 0.02 100.29 3.56
0.40 - - 0.535 93.37 0.626 108.74 0.489 87.48 - - 550 0.04 96.53 6.34
0.60 - - 0.673 117.39 0.627 108.91 0.615 109.96 - - 0.638 0.02 112.09 2.67
0.80 - - 0.648 113.15 0.643 111.69 0.632 113.00 - - 0.641 0.00 112.61 0.46
1.00 - - 0.627 109.48 0.575 99.77 0.660 118.01 - - 0.621 0.02 109.09 5.27
1.25 0.510 119.14 0.593 103.55 - - 0.633 113.30 - - 0.579 0.04 112.00 455
1.50 - - - - 0.619 107.41 0.582 104.05 0.704 102.08 0.635 0.04 10451 1.56
2.00 - - - - 0.627 108.80 0.581 103.88 0.613 88.84 0.607 0.01 100.50 6.00
2.50 0.536 125.06 0.531 92.61 0.594 103.07 - - - - 0.553 0.02 106.91 9.56
3.00 - - - - 0.634 110.07 0.607 108.53 0.734 106.38 0.658 0.04 108.33 1.07
3.50 - - - - 0.650 112.91 0.548 97.97 0.690 100.00 0.629 0.04 103.63 4.68
3.75 0.352 82.24 0.522 91.04 - - 0.625 111.75 - - 500 0.08 95.01 8.75
4.00 - - - - 0.650 112.85 0.569 101.79 0.661 9584 0.627 0.03 103.49 4.98
4.50 - - - - 0.631 109.61 0.570 101.97 0.651 9444 0.618 0.02 102.01 4.38
5.00 0.413 96.42 0.623 108.78 0.635 110.30 - - - - 0.557 0.07 105.17 4.40
6.25 0.432 100.93 0.591 103.08 - - 0.564 100.95 - - 0.529 0.05 10166 0.71
7.50 0.395 92.22 0.484 84.53 - - 0.649 116.16 - - 510 0.07 97.63 9.53
8.75 0.367 85.76 0.501 87.49 - - 0.550 98.39 - - 478. 0.05 90.55 3.95
10.00 0.377 88.02 0.455 79.46 - - 0.597 106.80 - - 0.476 0.06 91.43 8.07
11.25 0.354 82.65 0.440 76.79 - - 0.501 89.68 - - 43D 0.04 83.04 3.73
12.50 0.397 92.61 0.522 91.10 - - 0.621 111.09 - - 0.513 0.06 98.27 6.43
13.75 0.402 93.93 0.413 72.08 - - 0.493 88.13 - - 430 0.03 84.71 6.54
15.00 0.333 77.74 0.486 84.76 - - 0.516 92.37 - - 449 0.06 84.96 4.22
16.25 0.360 83.97 0.428 74.75 - - 0.470 84.02 - - 419 0.03 80.91 3.08
17.50 0.344 80.31 0.436 76.15 - - 0.621 111.09 - - 0.467 0.08 89.18 11.02
18.75 0.335 78.21 0.281 49.10 - - 0.511 91.41 - - 37® 0.07 7291 1250
20.00 - - 0.357 62.25 - - 0.459 82.17 0.517 75.01 0.444 0.05 73.14 5.83
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Table D3— Neutral red assay data, of 3 independent expatsnfor sample E after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (ul/ml) AbSionn  Yoviabiity AbSsa0nn Yviability AbSsa0nn_ Yviability AbSs40nn SE Wiaviiy  SE

E 0.00 0.970 100.00 0.799 100.00 0.596 100.00 0.788 0.11 100.00 0.00
0.10 0.815 84.05 0.810 101.42 0.751 126.13 0.792 02 0. 103.87 12.21
0.50 0.925 95.43 0.840 105.22 0.773 129.83 0.846 04 0. 110.16 10.23
1.00 0.868 89.52 0.762 95.37 0.718 120.59 0.783 4 0.0 101.83 9.53
1.25 0.823 84.84 0.848 106.22 0.679 113.99 0.783 050. 101.68 8.72
2.50 0.792 81.71 0.770 96.45 0.718 120.59 0.760 2 0.0 99.59 11.33
3.75 0.902 93.06 0.802 100.42 0.803 134.86 0.836 03 0. 109.45 12.89
5.00 0.863 88.97 0.705 88.27 0.769 129.16 0.779 5 0.0 102.13 13.51
6.35 0.787 81.16 0.726 90.94 0.609 102.18 0.707 5 0.0 91.43 6.07
7.50 0.674 69.54 0.633 79.30 0.631 105.99 0.646 10.0 8494 10.89
8.75 0.814 83.98 0.704 88.15 0.582 97.71 0.700 0.0789.94 4.06
10.00 0.758 78.21 0.638 79.84 0.624 104.70 0.673 04 0. 87.58 8.57
12.50 0.710 73.26 0.536 67.11 0.498 83.55 0.581 7 0.0 74.64 4.79
15.00 0.541 55.83 0.452 56.64 0.419 70.34 0.471 4 0.0 60.93 4.71
17.50 0.376 38.74 0.526 65.90 0.252 42.25 0.385 8 0.0 48.96 8.53
20.00 0.345 35.61 0.513 64.27 0.215 36.15 .358 0.09 45.35 9.47




Table D4— Neutral red assay data, of 3 independent expatsnfor sample P after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (WI/ml) AbSionn  Yoviabiity AbSsaonn Yviability AbSsa0nn Yviability AbSs40nn SE Riaviity  SE

P 0.00 0.970 100.00 0.799  100.00 0.596  100.00 0.788 0.11 100.00 0.00
0.10 0.738 76.14 0.916 114.65 0.681 114.27 0.778 07 0. 101.69 12.77
0.50 0.777 80.17 0.796 99.71 0.629  105.60 0.734 50.0 95.16  7.69
1.00 0.815 84.08 0.882 110.43 0.548 92.05 0.749 00.1 9552 7.80
1.25 0.788 81.30 0.862  107.97 0.651  109.29 0.767 06 0. 99.52 9.12
2.50 0.663 68.37 0.854  106.89 0.658 110.52 0.725 06 0. 95.26 13.48
3.75 0.751 77.48 0.703 88.02 0.715 119.98 0.723 10.0 95.16 12.78
5.00 0.653 67.31 0.716 89.69 0.384 64.52 0.584 0.1073.84 7.97
6.35 0.552 56.89 0.629 78.71 0.362 60.83 0.514 0.0865.48 6.71
7.50 0.372 38.40 0.567 71.04 0.524 87.91 0.488 0.0665.78 14.53
8.75 0.552 56.96 0.357 44.70 0.418 70.17 0.442 0.0657.28  7.36
10.00 0.247 25.51 0.305 38.19 0.405 68.05 0.319 50.0 4391 1261
12.50 0.185 19.04 0.238 29.80 0.239 40.18 0.221 20.0 29.67 6.10
15.00 0.144 14.85 0.183 22.87 0.134 22.50 0.154 10.0 20.07 2.61
17.50 0.150 15.50 0.136 17.07 0.084 14.16 0.124 2 0.0 1558 0.84
20.00 0.103 10.59 0.101 12.69 0.131 21.99 11D 0.01 15.09 3.50
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Table D5— Neutral red assay data, of 3 independent expatsnfor sample A after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (pl/ml) AbSionn  Yoviabiity AbSsa0nn Yviability AbSsa0nn_ Yviability AbSs40nn SE Wiaviiy  SE

A 0.00 0.970 100.00 0.799 100.00 0.596 100.00 0.788 0.11 100.00 0.00
0.10 0.838 86.39 0.906 113.48 0.756 126.92 0.833 04 0. 108.93 11.92
0.50 0.833 85.94 0.893 111.81 0.764 128.20 0.830 04 0. 108.65 12.30
1.00 0.875 90.24 0.819 102.59 0.740 124.17 0.811 04 0. 105.67 9.92
1.25 0.855 88.21 0.838 104.92 0.683 114.72 0.792 05 0. 102.62 7.74
2.50 0.852 87.83 0.822 102.96 0.724 121.60 0.799 04 0. 104.13 9.77
3.75 0.816 84.12 0.819 102.50 0.708 118.91 0.781 04 0. 101.85 10.05
5.00 0.806 83.09 0.759 95.03 0.682 114.44 0.749 4 0.0 97.52 9.14
6.35 0.762 78.55 0.747 93.53 0.624 104.76 0.711 4 0.0 92.28 7.59
7.50 0.775 79.96 0.704 88.15 0.600 100.67 0.693 5 0.0 89.59 6.02
8.75 0.661 68.13 0.684 85.64 0.643 108.00 0.663 1 0.0 87.26 11.54
10.00 0.774 79.82 0.630 78.92 0.681 114.27 0.695 04 0. 91.00 11.64
12.50 0.556 57.30 0.599 75.00 0.378 63.51 0.511 7 0.0 65.27 5.18
15.00 0.506 52.18 0.588 73.58 0.322 54,11 0.472 8 0.0 59.96 6.83
17.50 0.402 41.42 0.507 63.44 0.366 61.50 0.425 4 0.0 55.45 7.04
20.00 0.534 55.04 0.452 56.55 0.553 92.78 513D 0.03 68.12 12.34




Table D6 — Neutral red assay data, of 5 independent expatsnfor sample M after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay 4th Assay 5th Assay Mean Mean
Sample  (ul/ml) AbSs40nn_ Yoviability AbSsaonn Yoviabiity  ABSsaonn Yviaviiy  AbSaonn Yviabiity  AbSsaonn Yviavility AbSssonn  SE Wjianiiy  SE
M 0.00 0.428 100.00 0.573 100.00 0.576 100.00 0.55P00.00 0.690 100.00 0.565 0.05 100.00 0.00
0.10 - - 0.588 102.62 0.619 107.47 0.541 96.78 - - 0.583 0.02 102.29 3.09
0.20 - - 0.508 88.71 0.628 109.03 0.559 100.06 - - 0.565 0.03 99.27 5.88
0.40 - - 0.594 103.72 0.614 106.66 0.583 104.29 - - 0.597 0.01 104.89 0.90
0.60 - - 0.542 94.53 0.629 109.20 0.618 110.49 - - 0.596 0.03 104.74 5.12
0.80 - - 0.609 106.22 0.632 109.66 0.589 105.31 - - 0.610 0.01 107.07 1.33
1.00 - - 0.535 93.43 0.540 93.81 0.612 109.42 - - .56D 0.02 98.89 5.27
1.25 0.494 115.33 0.486 84.87 - - 0.636 113.77 - - 0.539 0.05 104.66 9.90
1.50 - - - - 0.563 97.74 0.620 110.91 0.681 98.74 .62D 0.03 102.47 4.23
2.00 - - - - 0.599 104.05 0.532 95.11 0.598 86.71 .57® 0.02 95.29 5.01
2.50 0.402 93.85 0.583 101.69 0.505 87.73 - - - - 49D 0.05 94.42 4.04
3.00 - - - - 0.544 94.50 0.584 104.47 0.546 79.17 558 0.01 92.71 7.36
3.50 - - - - 0.480 83.28 0.567 101.37 0.526 76.22 5240 0.03 86.96 7.49
3.75 0.294 68.72 0.397 69.28 - - 0.552 98.69 - - 414. 0.07 78.90 9.90
4.00 - - - - 0.461 80.09 0.502 89.80 0.568 82.41 51D. 0.03 84.10 2.93
4.50 - - - - 0.520 90.34 0.432 77.22 0.547 79.31 500. 0.03 82.29 4.07
5.00 0.280 65.29 0.371 64.75 0.451 78.30 - - - - 36D. 0.05 69.45 4.43
6.25 0.145 33.93 0.400 69.75 - - 0.431 77.16 - - 32B. 0.09 60.28 13.35
7.50 0.079 18.44 0.234 40.78 - - 0.490 87.60 - - 26D. 0.12 48.94 20.38
8.75 0.090 21.01 0.117 20.48 - - 0.393 70.30 - - 200. 0.10 37.26 16.52
10.00 0.072 16.73 0.139 24.20 - - 0.267 47.70 - - 159 0.06 29.55 9.33
11.25 0.054 12.61 0.078 13.55 - - 0.134 24.03 - - .089 0.02 16.73 3.66
12.50 0.052 12.06 0.051 8.90 - - 0.095 16.94 - - 066. 0.01 12.63 2.34
13.75 0.049 11.36 0.050 8.67 - - 0.080 14.37 - - 060. 0.01 11.47 1.65
15.00 0.045 10.43 0.048 8.32 - - 0.094 16.88 - - 06®. 0.02 11.87 2.57
16.25 0.049 11.52 0.051 8.90 - - 0.063 11.33 - - 05B. 0.00 10.58 0.84
17.50 0.048 11.21 0.049 8.55 - - 0.056 10.02 - - 05D0. 0.00 9.93 0.77
18.75 0.049 11.44 0.051 8.96 - - 0.047 8.47 - - 49.0 0.00 9.62 0.92
20.00 - - 0.049 8.61 - - 0.059 10.49 0.050 7.30 0.053 0.00 8.80 0.93
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Table D7 — Neutral red assay data, of 3 independent expatsnfor sample Mf after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean

Sample (M/ml) AbSsa0nn Yoviabiiity AbSs40nn Yoviabity AbSsa0nn Yoviability AbSs40nn SE  %viabiiy SE

Mf 0.00 0.970 100.00 0.799  100.00 0.596  100.00 .78 0.11 100.00 0.00
0.10 0.971  100.17 0.885  110.77 0.614  103.08 0.823 .11 0 104.67 3.16
0.50 0.888 91.54 0.790 98.87 0.722 121.15 0.800 5 0.0 103.86 8.90
1.00 0.866 89.31 0.873  109.31 0.746  125.29 0.828 04 0. 107.97 1041
1.25 0.860 88.66 0.909 113.77 0.763  128.15 0.844 04 0. 110.19 11.54
2.50 0.945 97.49 0.797 99.75 0.615 103.25 0.786 0 0.1 100.16 1.67
3.75 0.813 83.81 0.814  101.92 0.718 120.48 0.781 03 0. 102.07 10.59
5.00 0.833 85.91 0.791 99.00 0.700 117.52 0.775 4 0.0 10081 9.17
6.35 0.779 80.37 0.813 101.84 0.722 121.15 0.771 03 0. 101.12 11.78
7.50 0.896 92.40 0.795 99.54 0.620 104.14 0.770 8 0.0 98.69 341
8.75 0.762 78.62 0.724 90.65 0.669  112.37 0.719 3 0.0 93.88 9.88
10.00 0.759 78.31 0.657 82.30 0.640 107.44 0.686 04 0. 89.35 9.12
12.50 0.676 69.75 0.655 82.01 0.554 92.95 0.628 4 0.0 81.57 6.70
15.00 0.780 80.44 0.627 78.51 0.607  101.90 0.671 050. 86.95 7.50
17.50 0.649 66.90 0.537 67.24 0.500 83.94 0.562 40.0 7269 5.63
20.00 0.555 57.27 0.501 62.69 0.494 82.99 510 0.02 67.65 7.83




Table D8— Neutral red assay data, of 5 independent expatsnfor DMSO after 48h exposure.

Concentration 1st Assay 2nd Assay 3rd Assay 4th Assay 5th Assay Mean Mean

Sample (K/ml) AbSs40nn_ Yoviability AbSss0nn Yoviability AbSs40nn Yoviabiity AbSs40nn_ Yovianility AbSs40nn Yoviabiity AbSssonn  SE Yviaviiy  SE

DMSO 0.00 0.428 100.00 0.573 100.00 0.576 100.00 559. 100.00 0.690 100.00 0.565 0.0%200.00 0.00
0.10 - - 0.541 94.36 0.602 104.46 0.634 113.36 - - 0.592 0.03 104.06 5.49
0.50 - - 0.492 85.92 0.659 114.35 0.609 109.00 - - 0.587 0.05 103.09 8.72
1.00 - - 0.523 91.33 0.587 101.97 0.611 109.36 - - 0.574 0.03 100.89 5.23
5.00 - - - - 0.530 92.01 0.657 117.59 0.655 95.02 619 0.04 101.54 8.07
10.00 0.289 67.55 0.611 106.57 - - 0.559 99.94 - - 0.486 0.10 91.35 12.06
20.00 0.246 57.51 - - - - 0.452 80.86 0.439 63.70 0.379 0.07 67.36 6.98
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ANNEX E - Experimental data obtained in the standard alkatineet assay
following a 48h exposure period to sediment exgact

Table E1- Standard alkaline comet assay data, of 3 indperexperiments, for sample F.

Concentration DNA in Tail (%)
Sample (ul/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 2.30 1.82 2.48 2.20 0.20
5.00 1.91 2.95 2.59 2.48 0.30
EMS i 39.31 37.62 34.56 37.17 1.39
F 0.50 2.27 1.81 1.40 1.82 0.25
1.00 2.57 1.65 2.85 2.35 0.36
1.25 1.71 2.51 3.54 2.59 0.53
2.00 2.76 2.16 4.21 3.04 0.61
2.50 7.18 3.37 2.74 4.43 1.39
4.00 2.65 3.10 2.63 2.79 0.15
5.00 17.69 1.83 4.93 8.15 4.85
Concentration Tail Lenght (1m)
Sample (ul/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 4.66 3.53 5.97 4.72 0.70
5.00 3.69 6.68 5.64 5.34 0.88
EMS ** 47.66 44.80 42.05 44.84 1.62
F 0.50 5.26 2.79 2.94 3.67 0.80
1.00 3.42 1.98 7.23 4.21 1.56
1.25 4.96 3.69 10.84 6.49 2.20
2.00 6.98 3.02 12.62 7.54 2.79
2.50 9.67 6.77 5.08 7.18 1.34
4.00 6.94 4.09 5.60 5.54 0.82
5.00 26.15 3.74 16.39 15.43 6.49
Concentration Tail Moment (%)
Sample (ul/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 0.19 0.13 0.27 0.20 0.04
5.00 0.15 0.30 0.28 0.24 0.05
EMS ** 19.33 17.37 14.96 17.22 1.26
F 0.50 0.22 0.13 0.10 0.15 0.04
1.00 0.18 0.09 0.34 0.20 0.07
1.25 0.20 0.22 0.52 0.31 0.10
2.00 0.34 0.12 0.73 0.40 0.18
2.50 1.33 0.39 0.28 0.67 0.33
4.00 0.30 0.26 0.31 0.29 0.02
5.00 6.88 0.15 0.97 2.67 2.12

** EMS concentration 30mM.
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Table E2 - Standard alkaline comet assay data, of 3 indbperexperiments, for sample C.

Concentration DNA in Tail (%)
Sample (u/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 2.30 1.82 2.48 2.20 0.20
5.00 191 2.95 2.59 2.48 0.30
EMS * 39.31 37.62 34.56 37.17 1.39
C 0.50 3.54 2.68 2.30 2.84 0.37
1.00 2.33 2.29 2.62 2.41 0.10
1.25 2.00 2.61 2.99 2.53 0.29
2.00 2.83 2.57 1.84 2.41 0.30
2.50 2.80 3.32 2.52 2.88 0.23
4.00 1.50 2.23 2.03 1.92 0.22
5.00 2.18 2.66 2.55 2.46 0.14
Concentration Tail Lenght im)
Sample (u/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 4.66 3.53 5.97 4.72 0.70
5.00 3.69 6.68 5.64 5.34 0.88
EMS * 47.66 44.80 42.05 44.84 1.62
C 0.50 8.16 5.79 3.11 5.69 1.46
1.00 3.96 5.05 5.52 4.84 0.46
1.25 4.61 5.65 5.90 5.39 0.40
2.00 7.26 5.64 2.34 5.08 1.45
2.50 6.86 10.30 7.07 8.08 111
4.00 2.90 5.57 3.36 3.94 0.82
5.00 6.93 6.97 5.20 6.36 0.58
Concentration Tail Moment (%)
Sample (u/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 0.19 0.13 0.27 0.20 0.04
5.00 0.15 0.30 0.28 0.24 0.05
EMS * 19.33 17.37 14.96 17.22 1.26
C 0.50 0.43 0.32 0.15 0.30 0.08
1.00 0.19 0.22 0.27 0.23 0.02
1.25 0.19 0.24 0.33 0.26 0.04
2.00 0.31 0.24 0.09 0.21 0.06
2.50 0.28 0.49 0.25 0.34 0.08
4.00 0.13 0.21 0.18 0.17 0.02
5.00 0.28 0.29 0.23 0.27 0.02

** EMS concentration 30mM.
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Table E3 - Standard alkaline comet assay data, of 3 indbp@rexperiments, for sample M.

Concentration DNA in Tail (%)
Sample (ui/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 2.30 1.82 2.48 2.20 0.20
5.00 191 2.95 2.59 2.48 0.30
EMS *x 39.31 37.62 34.56 37.17 1.39
M 0.50 3.60 3.11 2.50 3.07 0.32
1.00 2.06 2.35 2.02 2.14 0.10
1.25 2.40 2.31 2.16 2.29 0.07
2.00 2.40 241 1.70 2.17 0.23
2.50 4.37 2.89 1.86 3.04 0.73
4.00 2.11 2.06 2.44 2.20 0.12
5.00 9.30 2.01 2.58 4.63 2.34
Concentration Tail Lenght i)
Sample (u/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 4.66 3.53 5.97 4,72 0.70
5.00 3.69 6.68 5.64 5.34 0.88
EMS *x 47.66 44.80 42.05 44.84 1.62
M 0.50 9.96 5.20 5.93 7.03 1.48
1.00 3.66 4.32 4.50 4.16 0.26
1.25 4.63 3.68 4.34 4.22 0.28
2.00 3.74 4.18 4.42 4.11 0.20
2.50 7.27 8.21 2.30 5.93 1.83
4.00 2.52 3.97 6.90 4.46 1.29
5.00 11.92 3.53 4.89 6.78 2.60
Concentration Tail Moment (%)
Sample (u/ml) 1st Assay 2nd Assay 3rd Assay Mean SE
DMSO 0.00 0.19 0.13 0.27 0.20 0.04
5.00 0.15 0.30 0.28 0.24 0.05
EMS *x 19.33 17.37 14.96 17.22 1.26
M 0.50 0.51 0.29 0.28 0.36 0.08
1.00 0.15 0.22 0.18 0.18 0.02
1.25 0.20 0.18 0.18 0.18 0.01
2.00 0.17 0.16 0.14 0.16 0.01
2.50 0.52 0.36 0.12 0.33 0.12
4.00 0.14 0.16 0.29 0.19 0.05
5.00 1.68 0.14 0.25 0.69 0.49

** EMS concentration 30mM.
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ANNEX F —Experimental data obtained in the alkaline comsagpsoupled with FPG, following a 48h exposurequkri

Table F1— Alkaline comet assay with FPG data, of 3 indejee experiments, for sample F.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG without FPG  with FPG  without FPG  with FPG without FPG SE withFPG SE sites SE
DMSO 0.00 1.84 3.09 2.70 2.78 3.35 3.80 2.63 0.43 3.22 0.30 0.59 0.34
5.00 1.75 3.64 2.36 2.67 3.00 5.97 2.37 0.36 4.09 0.98 1.72 0.77
20.00 3.20 5.10 2.98 2.59 2.37 3.49 2.85 0.25 3.73 0.73 0.88 0.67
H,0, * 51.79 66.77 45.91 63.68 53.52 65.98 50.41 2.30 65.48 0.93 15.07 154
F 1.00 2.47 6.43 2.89 5.57 3.94 4.69 3.10 0.44 5.56 0.50 2.46 0.93
2.50 3.47 10.81 3.38 8.06 3.61 8.59 3.49 0.07 9.15 0.84 5.67 0.84
5.00 10.05 12.29 4.88 16.98 8.99 12.26 7.98 1.58 13.84 1.57 5.87 3.13
Tail Lenght 1m)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG  without FPG  with FPG without FPG SE withFPG SE
DMSO 0.00 3.13 4.68 4.59 5.33 6.12 4.71 4.61 0.86 491 0.21
5.00 2.47 5.27 4.47 3.54 8.27 8.79 5.07 1.70 5.87 1.54
20.00 5.54 8.06 4.35 3.82 4.78 5.39 4.89 0.35 5.76 1.24
H,0, * 44.41 68.14 39.21 57.77 47.99 54,51 43.87 255 60.14 4.11
F 1.00 2.75 8.24 5.53 8.41 7.00 7.13 5.10 1.25 7.93 0.40
2.50 451 12.53 4.89 9.32 6.23 13.09 5.21 0.52 11.65 1.17
5.00 11.05 14.32 7.18 21.79 15.57 18.60 11.27 2.43 18.24  2.16
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG  without FPG  with FPG without FPG SE withFPG SE
DMSO 0.00 0.12 0.20 0.24 0.23 0.34 0.27 0.23 0.06 0.23 0.02
5.00 0.11 0.29 0.18 0.15 0.36 0.64 0.22 0.08 0.36 0.15
20.00 0.30 0.53 0.21 0.18 0.20 0.27 0.24 0.03 0.33 0.11
H,0, * 25.92 49.15 20.49 38.97 28.51 37.55 24.98 2.36 4189 3.65
F 1.00 0.16 0.72 0.29 0.64 0.47 0.53 0.31 0.09 0.63 0.06
2.50 0.32 1.79 0.29 1.04 0.38 1.52 0.33 0.03 1.45 0.22
5.00 1.88 3.03 0.48 4.50 1.71 2.56 1.36 0.44 3.36 0.59

** H ,0, concentration at 2QM.
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Table F2— Alkaline comet assay with FPG data, of 3 indejee experiments, for sample C.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE sites SE
DMSO 0.00 1.84 3.09 2.70 2.78 3.35 3.80 2.63 0.43 3.22 0.30 0.59 0.34
5.00 1.75 3.64 2.36 2.67 3.00 5.97 2.37 0.36 4.09 0.98 1.72 0.77
20.00 3.20 5.10 2.98 2.59 2.37 3.49 2.85 0.25 3.73 0.73 0.88 0.67
H,0, o 51.79 66.77 4591 63.68 53.52 65.98 50.41 2.30 65.48 0.93 15.07 154
C 1.00 2.01 2.70 2.49 3.62 3.78 6.67 2.76 0.53 4.33 1.20 1.57 0.67
2.50 2.73 3.74 3.02 8.75 3.86 5.26 3.21 0.34 5.92 1.48 2.71 151
5.00 2.15 3.70 3.61 5.07 4.36 4.57 3.37 0.65 4.45 0.40 1.07 0.43
10.00 2.35 4.84 3.49 4.58 4.69 5.87 3.51 0.68 5.09 0.39 1.58 0.46
15.00 3.54 3.36 3.33 4.37 3.40 4.77 3.42 0.06 4.17 0.42 0.75 0.47
20.00 2.86 5.09 3.09 8.22 4.37 5.79 3.44 0.47 6.37 0.95 2.93 1.12
Tail Lenght 1m)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 0.00 3.13 4.68 4.59 5.33 6.12 4.71 4.61 0.86 491 0.21
5.00 2.47 5.27 4.47 3.54 8.27 8.79 5.07 1.70 5.87 1.54
20.00 5.54 8.06 4.35 3.82 4.78 5.39 4.89 0.35 5.76 1.24
H,0, *k 44.41 68.14 39.21 57.77 47.99 54.51 43.87 255 60.14 4.11
C 1.00 2.46 5.83 4.87 5.25 5.66 12.39 4.33 0.96 7.82 2.29
2.50 6.75 6.98 4.40 11.33 6.35 9.37 5.83 0.73 9.23 1.26
5.00 2.92 4.80 8.04 6.16 11.07 10.47 7.35 2.38 7.14 1.71
10.00 3.24 6.97 3.79 7.36 11.62 11.26 6.22 2.71 8.53 1.37
15.00 5.27 6.00 6.51 7.42 2.65 11.53 4.81 114 8.32 1.66
20.00 4.88 6.62 3.30 8.96 8.58 7.92 5.58 1.56 7.83 0.68
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Table F2— (cont.)

Tail Moment (%)

Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 0.00 0.12 0.20 0.24 0.23 0.34 0.27 0.23 0.06 0.23 0.02
5.00 0.11 0.29 0.18 0.15 0.36 0.64 0.22 0.08 0.36 0.15
20.00 0.30 0.53 0.21 0.18 0.20 0.27 0.24 0.03 0.33 0.11
H,0, *k 25.92 49.15 20.49 38.97 28.51 37.55 24.98 2.36 41.89 3.65
C 1.00 0.11 0.24 0.23 0.27 0.33 1.00 0.22 0.07 0.51 0.25
2.50 0.31 0.42 0.27 1.42 0.39 0.68 0.33 0.04 0.84 0.30
5.00 0.14 0.30 0.40 0.47 0.71 0.62 0.42 0.16 0.46 0.09
10.00 0.16 0.45 0.24 0.47 0.87 0.81 0.42 0.22 0.58 0.12
15.00 0.30 0.29 0.34 0.47 0.18 0.71 0.28 0.05 0.49 0.12
20.00 0.24 0.47 0.21 0.95 0.51 0.67 0.32 0.10 0.70 0.14

** H ,0, concentration at 2QM.
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Table F3— Alkaline comet assay with FPG data, of 3 indejeenh experiments, for sample E.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE sites SE
DMSO 5.00 3.12 4.40 3.69 5,51 4.17 4.29 3.66 0.30 4.73 0.39 1.07 0.50
20.00 4.29 6.06 3.68 5.67 3.31 4.85 3.76 0.29 5.53 0.36 1.77 0.13
H,0, o 59.00 66.15 53.97 65.65 48.54 63.96 53.84 3.02 65.25 0.66 11.42  2.39
E 1.00 2.78 4.42 3.96 3.91 4.02 4.36 3.59 041 4.23 0.16 0.64 0.51
2.50 3.84 6.98 3.98 5.81 2.92 4.98 3.58 0.33 5.92 0.58 2.34 0.40
5.00 4.27 8.01 3.00 8.68 3.43 3.31 3.57 0.37 6.67 1.69 3.10 1.71
10.00 4.55 13.62 4.14 21.46 3.78 20.07 4.16 0.22 18.39 241 14.23  2.60
20.00 6.03 26.34 6.32 31.67 7.80 30.86 6.72 0.55 29.63 1.66 2291 1.46
Tail Lenght am)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE
DMSO 5.00 5.13 6.88 6.98 7.47 7.78 8.07 6.63 0.79 7.47 0.34
20.00 8.04 12.79 4.89 10.75 6.64 7.44 6.53 0.91 10.32 1.56
H,0, *k 65.73 64.59 52.65 64.08 44.17 62.42 54.18 6.27 63.70 0.65
E 1.00 6.79 6.24 5.58 6.55 4.40 6.75 5.59 0.69 6.51 0.15
2.50 7.38 11.02 6.35 7.29 4.52 9.02 6.08 0.84 9.11 1.08
5.00 7.70 12.89 4.10 10.43 6.75 4.76 6.19 1.08 9.36 241
10.00 6.29 16.15 6.72 31.32 7.18 27.72 6.73 0.26 25.06 4.57
20.00 8.67 32.35 7.39 41.11 13.03 41.89 9.70 1.71 38.45  3.06
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 5.00 0.29 0.44 0.41 0.67 0.48 0.46 0.39 0.06 0.52 0.07
20.00 0.58 1.01 0.30 0.78 0.41 0.60 0.43 0.08 0.80 0.12
H,0, *k 42.02 45.95 31.00 46.01 23.61 42.35 32.21 5.35 4477 1.21
E 1.00 0.30 0.39 0.38 0.39 0.34 0.44 0.34 0.02 0.40 0.02
2.50 0.47 0.98 0.41 0.58 0.24 0.56 0.38 0.07 0.70 0.14
5.00 0.51 1.20 0.23 1.09 0.33 0.30 0.36 0.08 0.86 0.28
10.00 0.47 2.69 0.43 7.26 0.43 6.70 0.44 0.01 5.55 1.44
20.00 0.76 9.12 0.70 14.37 1.23 14.56 0.90 0.17 12.68 1.78

** H ,0, concentration at 2QM.
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Table F4— Alkaline comet assay with FPG data, of 3 indeje@n experiments, for sample P.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE sites SE
DMSO 5.00 3.12 4.40 3.69 5,51 4.17 4.29 3.66 0.30 4.73 0.39 1.07 0.50
20.00 4.29 6.06 3.68 5.67 3.31 4.85 3.76 0.29 5.53 0.36 1.77 0.13
H,0, o 59.00 66.15 53.97 65.65 48.54 63.96 53.84 3.02 65.25 0.66 11.42  2.39
P 1.00 2.43 5.99 3.94 5.57 3.52 5.78 3.30 0.45 5.78 0.12 2.49 0.57
2.50 4.06 5.87 4.78 8.40 3.90 8.19 4.25 0.27 7.49 0.81 3.24 0.74
5.00 6.04 15.41 2.75 18.35 4.45 11.55 4.42 0.95 15.10 1.97 10.69 254
10.00 9.98 19.19 10.66 18.85 10.32 22.60 10.32 0.19 20.22 1.20 9.90 1.23
Tail Lenght am)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE
DMSO 5.00 5.13 6.88 6.98 7.47 7.78 8.07 6.63 0.79 7.47 0.34
20.00 8.04 12.79 4.89 10.75 6.64 7.44 6.53 0.91 10.32 1.56
H,0, o 65.73 64.59 52.65 64.08 44.17 62.42 54.18 6.27 63.70  0.65
P 1.00 4.83 7.65 6.79 7.36 6.21 7.59 5.94 0.58 7.53 0.09
2.50 5.37 9.89 8.99 9.82 6.81 9.71 7.06 1.05 9.81 0.05
5.00 8.32 18.97 4.62 20.25 5.38 12.80 6.11 1.13 17.34 2.30
10.00 13.77 25.91 14.50 29.26 13.87 32.74 14.04 3 0.2 29.30 1.97
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 5.00 0.29 0.44 0.41 0.67 0.48 0.46 0.39 0.06 0.52 0.07
20.00 0.58 1.01 0.30 0.78 0.41 0.60 0.43 0.08 0.80 0.12
H,0, *k 42.02 45.95 31.00 46.01 23.61 42.35 32.21 5.35 4477 1.21
P 1.00 0.20 0.61 0.46 0.58 0.40 0.63 0.35 0.08 0.61 0.01
2.50 0.35 0.74 0.60 1.09 0.41 0.96 0.46 0.08 0.93 0.10
5.00 0.70 3.70 0.27 4.63 0.42 1.74 0.46 0.13 3.36 0.85
10.00 1.84 5.69 2.07 6.20 1.97 8.47 1.96 0.06 6.79 0.85

** H ,0, concentration at 2QM.
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Table F5— Alkaline comet assay with FPG data, of 3 indejeah experiments, for sample A.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE sites SE
DMSO 5.00 3.12 4.40 3.69 5,51 4.17 4.29 3.66 0.30 4.73 0.39 1.07 0.50
20.00 4.29 6.06 3.68 5.67 3.31 4.85 3.76 0.29 5.53 0.36 1.77 0.13
H,0, o 59.00 66.15 53.97 65.65 48.54 63.96 53.84 3.02 65.25 0.66 11.42  2.39
A 1.00 3.68 5.26 4.26 4.50 3.58 5.53 3.84 0.21 5.10 0.31 1.26 0.52
2.50 4.86 5.82 3.99 5.92 4.10 4.86 4.31 0.27 5.53 0.34 1.22 0.36
5.00 3.58 5.24 4.44 6.98 4.47 5.56 4.16 0.29 5.93 0.54 1.76 0.42
10.00 4.78 19.69 4.54 23.11 3.83 14.25 4.38 0.29 19.02  2.58 14.63 2.36
20.00 3.21 26.59 3.73 22.16 3.84 23.28 3.59 0.19 24.01  1.33 20.42 1.51
Tail Lenght am)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE
DMSO 5.00 5.13 6.88 6.98 7.47 7.78 8.07 6.63 0.79 7.47 0.34
20.00 8.04 12.79 4.89 10.75 6.64 7.44 6.53 0.91 10.32 1.56
H,0, *k 65.73 64.59 52.65 64.08 44.17 62.42 54.18 6.27 63.70 0.65
A 1.00 8.07 8.05 7.07 7.86 5.54 8.09 6.89 0.74 8.00 0.07
2.50 9.08 10.39 5.66 8.69 6.61 6.95 7.12 1.02 8.68 0.99
5.00 7.40 8.85 5.59 9.68 6.46 8.74 6.48 0.52 9.09 0.30
10.00 6.26 28.65 6.69 33.32 6.97 18.74 6.64 0.21 26.91 4.30
20.00 6.90 40.63 5.78 30.20 5.97 34.90 6.22 0.35 35.24  3.02
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 5.00 0.29 0.44 0.41 0.67 0.48 0.46 0.39 0.06 0.52 0.07
20.00 0.58 1.01 0.30 0.78 0.41 0.60 0.43 0.08 0.80 0.12
H,0, *k 42.02 45.95 31.00 46.01 23.61 42.35 32.21 5.35 4477 1.21
A 1.00 0.43 0.59 0.42 0.47 0.33 0.59 0.39 0.03 0.55 0.04
2.50 0.58 0.85 0.35 0.61 0.43 0.46 0.45 0.07 0.64 0.12
5.00 0.45 0.58 0.38 0.80 0.44 0.59 0.43 0.02 0.66 0.07
10.00 0.53 6.60 0.55 9.67 0.42 3.62 0.50 0.04 6.63 1.75
20.00 0.37 12.71 0.35 7.83 0.34 8.58 0.35 0.01 9.71 1.52

** H ,0, concentration at 2QM.
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Table F6— Alkaline comet assay with FPG data, of 3 indejeeh experiments, for sample M.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG without FPG  with FPG witholRGE  with FPG without FPG SE withFPG SE sites SE
DMSO 0.00 1.84 3.09 2.70 2.78 3.35 3.80 2.63 0.43 3.22 0.30 0.59 0.34
5.00 1.75 3.64 2.36 2.67 3.00 5.97 2.37 0.36 4.09 0.98 1.72 0.77
20.00 3.20 5.10 2.98 2.59 2.37 3.49 2.85 0.25 3.73 0.73 0.88 0.67
H,0, o 51.79 66.77 45.91 63.68 53.52 65.98 50.41 2.30 65.48 0.93 15.07 154
M 1.00 1.98 4.76 3.45 5.31 3.63 5.55 3.02 0.52 5.21 0.24 2.19 0.30
2.50 2.48 17.60 4.67 8.55 5.86 9.21 4.34 0.99 11.78 2091 7.45 3.84
5.00 11.35 32.14 4.28 15.15 4.52 10.57 6.72 2.32 19.29 6.56 12.57 4.34
Tail Lenght am)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG witholRGE  with FPG without FPG SE withFPG SE
DMSO 0.00 3.13 4.68 4.59 5.33 6.12 4,71 461 0.86 491 0.21
5.00 2.47 5.27 4.47 3.54 8.27 8.79 5.07 1.70 5.87 1.54
20.00 5.54 8.06 4.35 3.82 4,78 5.39 4.89 0.35 5.76 1.24
H,0, *k 44.41 68.14 39.21 57.77 47.99 54.51 43.87 2,55 60.14 4.11
M 1.00 3.74 6.94 4.74 7.34 7.86 8.81 5.45 1.24 7.70 0.57
2.50 3.78 17.92 5.45 10.80 12.26 14.56 7.16 2.59 1443 2.05
5.00 12.58 37.00 5.33 17.82 7.13 12.93 8.35 2.18 2258 7.35
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG witholRGE  with FPG without FPG SE withFPG SE
DMSO 0.00 0.12 0.20 0.24 0.23 0.34 0.27 0.23 0.06 0.23 0.02
5.00 0.11 0.29 0.18 0.15 0.36 0.64 0.22 0.08 0.36 0.15
20.00 0.30 0.53 0.21 0.18 0.20 0.27 0.24 0.03 0.33 0.11
H,0, o 25.92 49.15 20.49 38.97 28.51 37.55 24,98 2.36 4189 3.65
M 1.00 0.15 0.47 0.26 0.54 0.50 0.59 0.30 0.10 0.53 0.04
2.50 0.19 3.64 0.40 1.05 0.98 1.57 0.52 0.24 2.08 0.79
5.00 3.53 14.47 0.40 3.18 0.46 2.02 1.46 1.03 6.56 3.97

** H ,0, concentration at 2QM.
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Table F7— Alkaline comet assay with FPG data, of 3 indejeen experiments, for sample Mf.

DNA in Tail (%) FPG
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean sensitive
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE sites SE
DMSO 5.00 3.12 4.40 3.69 5,51 4.17 4.29 3.66 0.30 4.73 0.39 1.07 0.50
20.00 4.29 6.06 3.68 5.67 3.31 4.85 3.76 0.29 5.53 0.36 1.77 0.13
H,0, o 59.00 66.15 53.97 65.65 48.54 63.96 53.84 3.02 65.25 0.66 11.42 2.39
Mf 1.00 5.24 3.83 3.60 5.08 3.28 5.01 4.04 0.61 4.64 0.41 0.60 1.01
2.50 4.38 3.80 3.59 5.49 3.86 4.62 3.94 0.23 4.64 0.49 0.69 0.72
5.00 2.54 4.92 2.58 4.75 5.26 421 3.46 0.90 4.63 0.21 1.17 111
10.00 3.48 7.35 3.47 7.96 3.86 5.61 3.60 0.13 6.97 0.70 3.37 0.83
20.00 3.81 7.74 3.96 7.31 4.05 6.53 3.94 0.07 7.20 0.35 3.26 0.42
Tail Lenght am)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG  without FPG  with FPG without FPG  with FPG without FPG SE  with FPG SE
DMSO 5.00 5.13 6.88 6.98 7.47 7.78 8.07 6.63 0.79 7.47 0.34
20.00 8.04 12.79 4.89 10.75 6.64 7.44 6.53 0.91 10.32 1.56
H,0, *k 65.73 64.59 52.65 64.08 44.17 62.42 54.18 6.27 63.70 0.65
Mmf 1.00 11.83 5.80 6.18 6.87 5.00 7.31 7.67 2.11 6.66 0.45
2.50 8.73 6.04 4.82 8.19 5.16 7.26 6.24 1.25 7.16 0.62
5.00 4.18 8.83 4.22 7.46 10.53 5.45 6.31 211 7.25 0.98
10.00 5.60 10.85 6.22 12.89 6.35 8.38 6.06 0.23 10.71 131
20.00 4.66 10.70 5.89 11.83 5.22 11.47 5.26 0.36 11.33  0.33
Tail Moment (%)
Concentration 1st Assay 2nd Assay 3rd Assay Mean Mean
Sample (u/ml) without FPG  with FPG without FPG  with FPG without FPG  with FPG without FPG  SE  with FPG SE
DMSO 5.00 0.29 0.44 0.41 0.67 0.48 0.46 0.39 0.06 0.52 0.07
20.00 0.58 1.01 0.30 0.78 0.41 0.60 0.43 0.08 0.80 0.12
H,0, *k 42.02 45.95 31.00 46.01 23.61 42.35 32.21 5.35 4477 1.21
Mmf 1.00 0.74 0.37 0.32 0.50 0.29 0.53 0.45 0.15 0.47 0.05
2.50 0.54 0.35 0.29 0.58 0.34 0.46 0.39 0.08 0.46 0.07
5.00 0.19 0.58 0.20 0.52 0.69 0.38 0.36 0.17 0.49 0.06
10.00 0.34 1.01 0.37 1.41 0.45 0.65 0.39 0.03 1.02 0.22
20.00 0.30 1.15 0.36 1.28 0.35 1.02 0.34 0.02 1.15 0.07

** H ,0, concentration at 2QM.
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Figure F1 — Distribution of the mean percentage of observatleoids per classes. Classes were
obtained from 3 independent experiments, accortdirige percentage of DNA in tail obtained for each
sample, without FPG treatmeit.— Sample FB — Sample PC — Sample ED — Sample AE — Sample
C; F —Sample M;G — Sample Mf.
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ANNEX G — Experimental data obtained in the micronucleusyafslbwing a 24h exposure period to sediment etga

Table G1- Experimental data obtained in the micronuclesag, following 24h exposure to samples F, C and M.

Concentration 1st Culture 2nd Culture Data Per Treatment
Sample (u/ml) N° MN N°NBUDs N°NPBs N°MN N°NBUDs N° NPBs Total MN SD TotalNBUDs SD Total NPBs SD CBPIRI
DMSO 5.00 18 4 5 22 4 3 20 2.83 4 0.00 4 1.41 1.78 N/A
Mytomycin ** 79 5 2 72 3 2 76 4.95 4 1.41 2 0.00 135 45.11
F 1.00 25 0 2 21 3 4 23 2.83 2 2.12 3 141 1.62 79.87
2.50 36 0 2 26 4 7 31 7.07 2 2.83 5 3.54 1.47 60.77
5.00 29 3 6 35 9 6 32 4.24 6 4.24 6 0.00 1.27 34.66
C 1.00 15 0 3 15 2 7 15 0.00 1 1.41 5 2.83 1.71 90.27
2.50 17 3 3 16 5 7 17 0.71 4 1.41 5 2.83 1.68 86.57
5.00 18 3 0 23 3 1 21 3.54 3 0.00 1 0.71 153 67.57
M 1.00 16 2 3 7 2 7 12 6.36 2 0.00 5 2.83 1.67 85.30
2.50 21 4 5 37 5 3 29 11.31 5 0.71 4 1.41 1.57 72.97
5.00 40 4 9 29 6 12 35 7.78 5 1.41 11 212 1.39 49381

** Mytomycin C at concentration O&)/ml.
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