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RESUMO

A populacdo de pequenos mamiferos encontrada no Pantanal equivale a um terco
de todos os mamiferos catalogados na area. Estes vem sendo considerados
excelentes bioindicadores para o monitoramento da fauna e flora, pois séo
suscetiveis a mudanca do habitat e podem desenvolver alteracdes fisioldgicas e
teciduais. O trabalho teve como objetivo utilizar a histopatologia como indicador de
salde de uma populacdo de pequenos mamiferos do género Holochilusde uma
fazenda de agro-ecoturismo no Pantanal de Mato Grosso do Sul, entre outubro e
novembro de 2021. Informac¢des sobre o animal, como peso, estado reprodutivo,
sexo e comprimento cabeca-corpo foram fornecidas pelo grupo de pesquisa
responsavel pelas coletas, para posterior avaliacdo da condicdo corporea.
Fragmentos de pulméo, rim, pele do abdbébmen, figado e sistema reprodutor
conservados em formol, de 33 animais da espécie Holochilus chacarius, foram
recebidos e submetidos ao processamento de histotecnia. As laminas
confeccionadas foram observadas ao microscépio Optico. As lesbes encontradas
foram classificadas em leves, moderadas e intensas. As alteracdes histopatoldgicas
em figado rins, pele e sistema reprodutor foram descritas como degenerativas e
inflamatorias e variaram de leve a moderada, outrossim, nos pulmdes, as alteracdes
inflamatérias e a presenca de pigmentos exdgenos foram intensas em alguns
animais. As alteracdes teciduais obtidas foram submetidas a andlise estatistica para
relacionar as lesdes com a condicao corpérea destes animais. Observou-se que a
maior intensidade dasalteracbes no pulmdo desses animais foi a variavel
responsavel por influenciar negativamente na condicdo corporea dos individuos
submetidos a analise. Conclui-se que a histopatologia € uma excelente ferramenta
para monitoramento e avaliacdo da saude dos pequenos mamiferos, podendo
auxiliar como indicador de potenciais fatores de risco para 0s animais e para 0s

humanos.

Palavras-chave: Bioindicador, histopatologia, condicdo corpérea



ABSTRACT

The population of small mammals found in the Pantanal is equivalent to one third of
all mammals cataloged in the area. These have been considered excellent
bioindicators for monitoring fauna and flora, as they are susceptible to habitat change
and can develop physiological and tissue changes. The objective of this work was to
use histopathology as an indicator of health in a population of small mammals of the
genus Holochilus from an agro-ecotourism farm in the Pantanal of Mato Grosso do
Sul, between October and November 2021. Information about the animal, such as
weight, reproductive status, sex and head-body length were provided by the research
group responsible for the collections, for later assessment of the body condition.
Fragments of lung, kidney, skin of the abdomen, liver and reproductive system fixed
in formalin, from 33 animals of the species Holochiluschacarius, were received and
submitted to histotechnical processing. The prepared slides were observed under an
optical microscope. The lesions found were classified as mild, moderate and severe.
Histopathological changes in liver, kidneys, skin and reproductive system were
described as degenerative and inflammatory and ranged from mild to moderate. In
addition, in the lungs, inflammatory changes and the presence of exogenous
pigments were intense in some animals. The tissue alterations obtained were
submitted to statistical analysis to relate the lesions with the body condition of these
animals. It was observed that the greater intensity of alterations in the lungs of these
animals was the variable responsible for negatively influencing the body condition of
the individuals submitted to the analysis. It is concluded that histopathology is an
excellent tool for monitoring and evaluating the health of small mammals, and can

help as an indicator of potential risk factors for animals and humans.

Keywords: bioindicator, body condition, histopathology
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1. INTRODUCAO

O Pantanal é a maior planicie alagavel do mundo. E o habitat de uma
vastadiversidadede animais, vegetacdes, solos e recursos hidricos, além das
modificacdes impostas pelo homem, que ocupam 0 mesmo espago, COmo as
atividadesagropecuérias, rodovias e areas de desmatamento (CATELLA, et al.
2010). Esta area possuium grande namero de espécies de mamiferos catalogadas e
estes animais sao considerados excelentes biomarcadores (VIEIRA, 2014) pois
podem desenvolver alteracdes fisiolégicas e teciduais como resultado dessa
intervencdo humana (STERZ, et al. 2011).

Entretanto, justamente por ser um ecossistema diversificado, o Pantanal
possui alta ocorréncia de alguns agentes infecciosos e parasitarios, devido a
quantidade de vetores e o transito intenso de possiveis hospedeiros (SILVA, et al.
2004). Um problema sanitério notavel do bioma € a presenca de substancias
potencialmente toxicas, capazes de poluir todo 0 ecossistema e sereminseridas na
cadeia trofica de muitos animais. Essas substancias exdégenas podem ser oriundas
do uso exagerado de agrodefensivos, residuos de industrias, minérios e
potencialmente, das queimadas (CORINGA, 2014; ABREU & RIBEIRO, 2020).
Todas essas interferéncias dentro do habitat podem causar estresse e desencadear
doencas, interferindo na sanidade, fertilidade e desenvolvimento dos animais (LUIZ
& ANTONIO, 2002).

Para medir o nivel de interferéncia causado por esses fatores aos individuos,
€ possivel utilizar biomarcadores, como os fisiolégicos, moleculares, sanguineos,
histologicos e corporais que sdo essenciais tanto para avaliacdo do indice de saude
do animal, bem como da populacéo e do sistema (MACEDA, 2015). A utilizacao da
histopatologia como biomarcador das ac¢des antropicas vem ganhando cada vez
mais espaco por conta da aplicacéo rapida e pela facilidade de detectar lesbes em
diversos 6rgdos de um sé animal em apenas uma coleta, tornando-o ideal para
estudo a campo (HILTON, et al. 1992). Nesse sentido, a pesquisa tem como objetivo
verificar a eficacia da utilizagcdo do exame histopatologico como indicador de saude
individual de animais do género Holochilus no Pantanal de Mato Grosso do Sul. O



trabalho foi realizado em parceriacomum grupo de pesquisa da Universidade

Federal da Paraiba (UFPB), sendo parte de um projeto de doutorado.



2. OBJETIVOS

2.10bjetivo geral

Avaliar o estado de saude de Holochilus chacarius em uma area de

agroecossistema do Pantanal de Mato Grosso do Sul.

2.2 objetivos especificos

e |dentificar e quantificar as lesbes teciduais encontradas em Holochilus
chacarius em uma area de agroecossistema do Pantanal do MS;
e Relacionar a influéncia do quantitativo de lesbes com a condi¢éo corpérea dos

animais amostrados.



3. REVISAO BIBLIOGRAFICA

3.1 PEQUENOS MAMIFEROS DO PANTANAL DO MATO GROSSO DO SUL

O bioma doPantanal ocupa uma area de 160.000km?, porém levando-se em
consideracao as terras de paises vizinhos, como o Paraguai e Bolivia, o Brasil tem
cerca de 140.000km2 do Pantanal (JUNK, et al. 2006). Conhecido mundialmente
como um dos maiores ecossistemas alagados existente, o Pantanal possui uma
grande diversidade de fauna e flora, em especial da mastofauna, devido as planicies
abertas caracteristicas da regidao (ARAUJO, 2001; RODELA & NETO, 2007).
ANhecolandia € uma sub-regido do Pantanal, na qual as inundacdes ocorrem de
outubro a marco, devido ao relevo do solo e seu clima é considerado subumido. Tais
inundacdes influenciam diretamente a diversidade da vegetacdo e
consequentemente, na alimentacdo dos animais habitantes da regido (RODELA,
2006; RODELA & NETO, 2007).

No bioma do Pantanal, ecossistema extensivamente ocupado pela pecuaria e
agricultura, avalia-se que existam entre 90 e 170 espécies de mamiferos
catalogados, na qual pelo menos um terco é constituida pelos pequenos mamiferos,
como marsupiais e roedores, de acordo com Layme, et al. (2014). Dentro da ordem
dos marsupiais, pode ser avistada no Pantanal a familia Didelphidae, que possui
como membro as mais diversas espécies de cuica, como a cuica-lanosa-ocidental
(Caluromys lanatus) e a cuica-graciosa (Gracilinanus agilis). Na ordem Rodentia,
varias familias ocorrem no Pantanal, porém a mais abundante é a Cricetidae, que
integra o0s popularmente conhecidos rato-do-mato (Euryoryzomys nitidus e
Cerradomys scotti), rato-d’agua (Holochilus chacarius) e rato-da-arvore (Oecomys
bicolor) (ARAGONA, 2008).

Os marsupiais e roedores com 0 peso inferior a 1kg sdo denominados como
pequenos mamiferos e assumem uma grande importancia dentro do ecossistema
em que habitam, pois sdo a base da cadeia alimentar de inumeros grandes
mamiferos, como felinos e canideos (ABREU, et al. 2010; VIEIRA, 2014).



Em estudos realizados na regido do Pantanal, sobre o uso do habitat e
compartilhamento de espaco entre os pequenos mamiferos da fauna local, durante
as capturas realizadas para identificacdo de individuos, podem ser observadas
espécies das familias como a Didelphidae, Cricetidae e Echimyidae (ANTUNES,
2009). As espécies catalogadas ocorreram tanto em areas inundadas quanto em
florestas, assim como em Campos limpos, Cerrados, Cerraddes e baias de agua
salobra ou doce (ARAGONA, 2008). A frequéncia dos avistamentos e capturas
dessas espécies de pequenos mamiferos podem variar de acordo com fatores
ecologicos como fluxo de inundagdo e queimadas durante a estacdo seca, mas
também por fatores causados intencionalmente, como o desmatamento e incéndios
intencionais (COELHO, et al. 2010; RIBEIRO, et al. 2019). Além disso, a maior parte
das espécies tende a se movimentar entre habitats em busca de terra seca, devido
as variacdes climaticas tipicas do Pantanal, entre estes animais estdo os dos
géneros Holochilus e Oecomys (LAZARI, 2011).

O género Holochilus pode ser dividido em quatro espécies, uma vez que
apenas trés delas podem ser observadas no Brasil: H. brasiliensis, descrito pela
primeira vez em 1819, no sul do Brasil; H. sciureus, em 1842; H. chacarius, descrito
em 1906; e por ultimo, H. lagigliai, descrito apenas em 2015, ainda sem ocorréncia
em solo brasileiro (BRANDAO & NASCIMENTO, 2015). Apesar de trés das quatro
espécies serem conhecidas ha mais de um século, o género Holochilus ainda possui
algumas caracteristicas taxondmicas desconhecidas, assim como sua exata
distribuicdo geogréfica (PETERS, et al. 2013). Embora esse género possa ser
frequente em todo o Brasil, o H. chacarius, em especial, ocupa o solo do Pantanal e
inclusive areas afetadas pelas queimadas (SEMEDO, 2022).

Os nomes populares associados ao género Holochilus diferem de acordo com
a regiao do pais. No sul do Brasil, € conhecido como “rato do junco” ou “rato da
taquara”, ja no Nordeste, como “rato da cana” (MARQUES, 1988). Sdo roedores e
possuem habito semi-aquatico. A principio, sdo animais herbivoros que se
alimentam de plantas terrestres e aquaticas, mas de acordo com o habitat e
disponibilidade, podem incluir em sua dieta pequenos insetos, aranhas e moluscos.
Tem hébitos diurnos em locais como cerrado e florestas do Pantanal (MARQUES,
1988; PARDINAS & TETA, 2011; KERBER, et al. 2012). De acordo com Lira, et al.

(2015), a reproducdo do género Holochilus é similar a dos outros pequenos



mamiferos que convivem em clima tropical, com uma gestacéo de 21 dias e cerca de
5 dias de periodo fértil.

O Holochilus chacarius € um roedor com pelagem curta, membranas
interdigitais, cauda igual ao comprimento da cabeca e do corpo e possui as patas
traseiras ligeiramente mais palmadas. A cor do dorso é olivacea ou castanho-
amarelada, gradualmente mais escura na linha média. (PATTON, et al. 2000). Sobre
a distincdo entre os sexos deste roedor, além do oOrgdo genital, € possivel
reconhecer o sexo de acordo com o peso corporal, uma vez que os machos desse
género podem pesar até 100g a mais do que as fémeas, desde que estas nao
estejam no periodo de gestacéo (LIRA, et al. 2015).

Por serem animais que possuem membranas entre os dedos, 0 género
Holochilus habita areas com terra firme e agua que também possuam oferta de
comida e abrigo, tais como arrozais e plantacdes de cana-de-acucar (MARQUES,
1988). Outro fator importante sobre o género Holochilus e outros pequenos
mamiferos do Pantanal, é a capacidade de se tornar um reservatorio de agentes
parasitarios, tais como Schistosoma mansoni, Trypanosoma cruzi e algumas
espécies de filarideos. Assim como podem ser portadores e auxiliar na transmissao
de agentes infecciosos, que podem ser causadores de zoonoses, como aquelas da
familia Flaviviridae (BARRETTO & RIBEIRO, 1974; LIRA, et al. 2015; REZENDE,
2015).

3.2 ASPECTOS DAS CONDICOES SANITARIAS E DE SAUDE NO
PANTANAL/MS

Alguns aspectos decorrentes da presenga humana no Pantanal influenciam
diretamente na sanidade dos animais de vida livre, aumentando as taxas de
morbidade e mortalidade. Podem ser aquelas de origem geografica ou ambiental,
como os incéndios, contaminacdo das bacias hidrograficas, assoreamentos e
desmatamento (SILVA, et al. 2008; PINTO, 2013). Outro fator diretamente ligado a
presenca de humanos na area é o risco de intoxicacdo por agrotoxicos e metais
pesados. Os agrodefensivos sdo comumente utilizados para exterminio de pragas
nas lavouras, mas podem afetar, por acidente, os animais silvestres da regido, por

meio da agua, solo ou vegetacao (SILVA, et al. 2004).



Em um estudo realizado sobre a presenca de patdgenos de carater enzodtico
em tatus de vida livre, Kluyber (2016) verificou que a acdo antropica no habitat
desses animais pode desencadear uma alteragdo dos ciclos enzodticos parasitarios
em decorréncia da fragmentacao do habitat natural, aumentando a disseminacédo de
patdogenos e o0 risco de ocorréncias das zoonoses. Quando se trata daqueles
agentes infecciosos transmitidos por vetores, como os flebotomineos, triatomineos e
ixodideos, as taxas de ocorréncia das infec¢cdes podem ser alteradas drasticamente
(JORGE, 2008; FIGUEIREDO, 2016).

3.2.1 Substancias toxicas

A quantidade de metais pesados liberados na natureza diariamente é um fato
gue causa preocupacdo as nacdes em geral, devido a continua poluicdo do meio
ambiente, dos alimentos produzidos na agricultura e pelo grande risco de
intoxicacdo do ser humano e de animais (PIGNATI, et al. 2017). Considerado como
um problema de saude mundial foi anteriormente requisitado a Organizacdo das
Nacdes Unidas (ONU) que fossem elaboradas diretrizes para o uso consciente de
quimicos como agrodefensivos e fertilizantes, também instruindo punicées
adequadas para a utilizacdo impropria e prejudicial (RIGOTTO, et al. 2014; GOMES
& SERRAGLIO, 2017) Estes agrodefensivos possuem constituintes declarados
toxicos e poluentes, como o Cadmio (Cd), Chumbo (Pb), Mercurio (Hg), Cobre (Cu),
Zinco (Zn), entre outros igualmente prejudiciais a sanidade animal e humana,
guando hé uso indiscriminado (GIMENO-GARCIA, et al. 1996).

Com os atuais estudos realizados para verificacdo do aumento desses metais
pesados no meio ambiente, mensura-se que 0s elementos quimicos mais presentes
e também o0s mais nocivos aos seres vivos sejam o0 Chumbo e o Cadmio (CHIARI, et
al. 2015). Tais contaminantes podem estar presentes em descartes de industrias, na
mineracdo, cartuchos de arma de fogo, baterias descartadas, metais, plastico, e
pigmentos utilizados para preparacao de tintas (CAPITANI, et al. 2009; TERCARIOL,
et al. 2010). A permanéncia em area de mineracdo também pode ocasionar o
aparecimento dos sintomas da intoxicagdo (GUAGNINI, et al. 2018). O cultivo do
arroz, em especial, tem sido empregada uma quantidade significativa de agrotoxicos

devido ao aparecimento de roedores, considerados pragas desse cultivo (SANTOS,



2017; OLIVEIRA, 2020). Além da contaminacdo do préprio alimento, os quimicos
utilizados nos arrozais, tendem a ser transportados para as fontes de aguas mais

proximas, seja superficial ou subterranea (SILVA, et al. 2009).

Diretamente relacionados a uma producdo excessiva de radicais livres, os
metais pesados induzem o organismo a uma defesa oxidativa prolongada, o que
torna outras barreiras de defesa, como a hematoencefalica, cada vez mais
vulneraveis. Ap0s o dano na permeabilidade das barreiras antioxidantes, as
moléculas conseguem chegar a todos os 0Orgaos, inclusive ao sistema nervoso
(MENDEZ-ARMENTA, et al. 2003; BRANCA, et al. 2020). As lesdes individuais
sistémicas e seu impacto a nivel populacional causados por metais pesados em
pequenos mamiferos, em especial nos roedores, ainda ndo foram muito bem
avaliados. Nota-se a diminuicdo no peso de orgaos como figado e rins,
consequentemente ha diminuicdo do peso geral do animal (LEVENGOOD & HESKE,
2008). Isso pode decorrer devido a danos teciduais como atrofias, necrose e
degeneragbes, seja vacuolar, hialina ou gordurosa. Outras lesGes associadas aos
metais pesados sdo: congestdo, hemorragia, tumefacdo celular e respostas
inflamatorias mononucleares e polimorfonucleares (DYK, et al. 2007; JIHEN, et al.
2008; BINKOWSKI, et al. 2013; UDOTONG, 2015; AKTER, et al. 2019).

E importante ressaltar que o Pantanal sul-matogrossense é uma area propicia
as queimadas, devido a vegetacdo e seca prolongada, além da possibilidade de
incéndio criminoso, geralmente por causa do impacto da pecuaria na regiao
(JUNIOR, et al. 2019). As queimadas liberam monéxido de carbono, composto
altamente téxico, incolor e inodoro, que pode levar a um quadro de intoxicacado
rapida e letal (INACIO & BRANDAO, 2016),

3.2.2 Doencgas infecto-parasitarias

Relacionadas diretamente a saude publica do local, as doencas parasitarias
sdo capazes também de trazer impacto econdmico, além do impacto inicial na
sanidade animal (FREITAS, 2017). Os parasitos podem afetar o habitat do animal
hospedeiro de varias maneiras, seja alterando sua migracéo, sobrevivéncia, taxas

de fecundidade esperada e até mesmo interferindo na cadeia alimentar, causando



enfraquecimento do hospedeiro, por doenca e reducdo de massa corporal ou por
diminuicdo da densidade populacional (COMBES, 1995).

No Pantanal, a grande diversidade de animais conviventes em um mesmo
ecossistema pode culminar na alta ocorréncia de ectoparasitas, como 0s carrapatos,
que por possuirem uma seletividade quase nula, podem servir como vetores de
doencas entre mamiferos, aves, anfibios, répteis e até humanos (WOLF, 2015).
Outro vetor fortemente associado com a presenca de doencas parasitarias sdo 0s
flebotomineos, que podem utilizar como reservatérios os pequenos mamiferos,
como roedores e marsupiais (ACHILLES, 2018). Além disso, a transmissédo de
alguns patdgenos pode ocorrer pelo contato com urina, fezes, saliva e pelos
(SEIFOLLAHI, et al. 2016).

Portanto, devido a diversidade de fauna e vetores, 0os animais da regido do
Pantanal podem apresentar altas taxas de infeccdo parasitaria, seja no trato
gastrointestinal ou no sangue, tais como helmintos e protozoarios (CATTO, 2000).
Grande parte desses helmintos, por realizarem alguma parte de seu ciclo dentro do
estbmago ou intestino, tem seus o0s ovos eliminados pelas fezes, contaminando
assim o habitat e consequentemente infectando outros animais que percorrem pelo
mesmo solo e usam a mesma fonte de agua (OVANDO & RIBEIRO, 2007; DIB &
BARBOSA, 2020).

Os pequenos mamiferos, incluindo as espécies do género Holochilus, podem
se infectar e permanecerem como hospedeiros de agentes como 0 Schistosoma
mansoni, causador da esquistossomose, que pode ocasionar granulomas
parasitarios e lesdes regressivas em 0Orgados importantes, como 0 pancreas
(ALCANTARA & DIAS, 1982; BASTOS, et al. 1985; GARCIA, 2017). O Trypanosoma
cruzi e Trypanosoma evansi também sdo causadores frequentes de infeccdo em
mamiferos de vida livre do cerrado brasileiro (HERRERA, et al. 2007). Responsavel
pela doenca de Chagas, este protozoario pode afetar o tecido renal, cardiaco,
pulmonar e nervoso, mostrando alteracées como inflamacao, hemorragia e a propria
presenca do protozoario (PEREIRA, 2017).

Os roedores também podem ser reservatorios de inimeros patégenos
enzodticos, como a toxoplasmose, babesiose e a leishmaniose (SEIFOLLAHI, et al.

2016). A toxoplasmose é uma infec¢éo considerada comum entre humanos, animais
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domésticos e silvestres de vida livre (FERRARONI & MARZOCHI, 1980). Em um
estudo realizado no Pantanal de Mato Grosso, 11 oncas-pintadas foram testadas
para Toxoplasma gondii utilizando o teste de Reag&o de Imunofluorescéncia Indireta
(RIFI) e verificou-se que 90,9% dos animais testados eram positivos para T. gondi
(ONUMA, et al. 2016). O género Leishmania, causador de infeccdes endémicas na
regido do Pantanal de Mato Grosso, e, a quantidade de reservatérios disponiveis na

regido, intensifica a transmisséo (BRITO, 2019).

De acordo com uma pesquisa realizada por Mello (1981), para identificar
infeccbes no sangue de roedores e marsupiais do Pantanal, além dos parasitos
dentro do género Trypanosoma, foram encontradas microfilarias Litomosoide scarini
ie Grahamella sp..O cerrado também tem um cendrio propicio para o crescimento
das infec¢des causadas por agentes infecciosos como a Rickettsia rickettsii, devido
ao numero de vetores (CANCADO, 2008). Além desses, os mamiferos podem entrar
em contato e se tornarem hospedeiros de parasitos como: Ancylostoma sp,
Toxocara canis, Capillaria hepatica, da familia Taeniidae e outros de igual
importanciazoonodtica (BORGES, 2016).

3.3 INDICADORES DE SAUDE ANIMAL

Os pequenos mamiferos podem atuar como bioindicadores de seu préprio
habitat, auxiliando no diagnostico sanitario do ambiente e na confirmacdo da
presenca de patégenos ou contaminantes (GARCIA, et al. 2008). A avaliacdo da
saude desses mamiferos pode ser realizada por meio de analises como afericdo da
condicdo corpodrea, densidade populacional, exame clinico, hemogramas e perfil
bioquimico, até testes mais complexos como moleculares, soroldgicos e
toxicoldgicos, dependendo sempre do fator prejudicial envolvido (WIDMER, 2009;
CHAMBO, 2011). No caso de fatores que desencadeiam lesdes teciduais, pode-se
optar pela realizacdo de um exame histopatologico, para estudo dos danos
microscopicos ocasionados por tal agente. O exame histopatologico é um
biomarcador histolégico capaz de auxiliar nos casos de poluicdo ambiental e
bioacumulacdo de substancias, pois mostra alteragbes como morte celular,
degenerac0des e respostas inflamatoérias (SILVA, 2015; DAMASIO, 2017).
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Além de serem excelentes bioindicadores, 0s pequenos mamiferos
contaminados ou portadores de alguma doenca podem incorporar tal complicacéao
na cadeia alimentar, justamente por ser um grupo que serve de base na cadeia
trofica de muitos animais da regido (COSTA, 2020). No caso dos metais pesados,
por exemplo, devido a caracteristica acumulativa dessas substancias, seu predador
e o resto da cadeia também serdo comprometidos (ANDREA, 2008)

Os animais de vida livres sdo utilizados como bioindicadores da saude do
ecossistema em que vivem e das alteragGes sofridas pela fauna, principalmente
aguelas causadas pela presenca do homem (LOBATO, 2012; SILVA, et al. 2016).
Porém, sdo escassas as pesquisas que abordem infec¢des parasitarias (MARQUES,
2019), intoxicacdo (PEREIRA, 2010), atropelamentos (RAMOS-ABRANTES, et al.
2018; SANTOS, 2021), trafico (CUNHA, 2016) e tudo mais que possa afetar os
animais silvestres a nivel de saude do individuo. Alguns parametros utilizados como
indicadores de saude dentro da medicina veterinaria legal, geralmente voltada para
0s animais domésticos, também sdo viaveis para serem utilizados em animais
silvestres sem interferéncia invasiva, como: observar a locomocéo, estado corporal,
presenca de ectoparasitas e/ou de lesbes macroscopicas externas, areas em que 0
animal circula e aparéncia das fezes (GARCIA, et al.2019).

O monitoramento das alteracbes causadas por fatores estressantes no
ecossistema em que o animal esta inserido pode servir como um indicador de
saude. Uma forma de classificar esses marcadores é separa-los em histolégicos ou
fisioldgicos, principalmente no monitoramento da salude de algumas espécies de
peixes (WINKALER, et al. 2001). Dentro da categoria fisioldgica, a variacado do peso
do animal, além de indicar a presenca de algum estresse, pode ser uma reacao
causada por desequilibrios de outros marcadores, como 0s sanguineos, moleculares
e bioquimicos (FREIRE, et al. 2008; OLIVEIRA, et al. 2010).

As alteracdes teciduais microscopicas identificadas e medidas por meio do
exame histopatolégico sdo uma Otima opcdo para avaliar o nivel de saude dos
animais e do ambiente (OLIVEIRA, et al. 2016). Além disso, os biomarcadores
histopatoldgicos ja sdo vastamente utilizados na constatagcdo de tumores
(COSTANTINI, et al. 2015). A utilizacdo de cada oOrgao vai ser determinada de
acordo com o risco ao qual o animal esta exposto. O figado e rim, por exemplo, sao

excelentes biomarcadores nos casos de intoxicagdo (ALBINATI, et al. 2009), uma
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vez que as lesbes causadas por toxicos sdo maiores em 6rgdos de metabolizacdo. A
histopatologia vem sendo utilizada como biomarcador em muitos estudos devido a
facilidade de coleta das amostras, assim como a capacidade de poder analisar
varios 6rgaos de um s6 individuo e da possibilidade de identificar les6es especificas

e diferenciar alteracdes crbnicas e agudas (AMEUR, et al. 2012).

7

A condicdo corporea € um indicador fisioldgico, dado que o peso pode
declinar devido a fatores estressantes do ecossistema, como por exemplo, a
presenca de poluentes (RAJKUMAR, 2008). Em estudo realizado por Levengood e
Heske (2008), foi constatado que o peso corporal de animais residentes em um
ambiente contaminado por metais pesados diminuiu, conforme a exposi¢cdo do
poluente aumentou, embora ndo tenha sido constatada uma diferengca grande.
Animais com peso corporal ideal demonstram melhor desempenho reprodutivo e de
saude geral (MACHADO, et al. 2008), enquanto aqueles que foram afetados por
algum fator e consequentemente tém uma piora no indice corporal, serdo os mais
suscetiveis a coinfec¢bes. Caso o animal também mostre um quadro de anemia, as
chances de infeccbes podem ser quadruplicadas (BELDOMENICO & BEGON,
2009). O parasitismo também é um fator que compromete a massa corporal em
decorréncia da falta de apetite e comprometimento no crescimento animal (IRVINE,
et al. 2006). Portanto, a verificacdo da condicdo corpérea do animal estudado auxilia
a monitorar a resposta do individuo as mudancas do ambiente, inclusive daqueles

gue habitam locais com fortes interferéncias humanas (CREMONESI, et al. 2021).
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HIGHLITGH

The animals were experienced high exposure to rural fires.

The use of the histopathological matrix was efficient to evaluate the intensity of tissue alterations.
The analysis of histopathological changes can be used as a tool for health assessment.

Animals with the highest number of lung lesions had worse body condition.

ABSTRACT

Small mammals can be used as bioindicators because they have a short life span and are strictly
associated with the environment in which they live, quickly responding to the consequences of
anthropic changes. The objective of this work was to use histopathology to evaluate the health of a
population of Holochilus chacarius captured near a rice crop inside an agroecotourism farm in the
Pantanal of Mato Grosso do Sul, during the months of October and November 2021. At the time of
removal in the field, measurements of weight and length were obtained in order to assess the body
condition of the animals. Fragments of lung, kidney, skin of the abdomen, liver and reproductive

system of 33 animals were submitted to histotechnical processing and the slides were observed under
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an optical microscope. The tissue injuries observed were classified as mild, moderate and severe. The
histopathological analyzes were quantified and tabulated forming a matrix for further statistical
analysis. We used Generalized Linear Models to verify if there was any influence of tissue changes on
the body condition. We observed degenerative and inflammatory changes in the liver, kidneys, skin
and reproductive system that ranged from mild to moderate. In the lungs, we found that the
inflammatory changes and the presence of exogenous pigments were severe in some animals. It was
observed that the intensity of the lesions found in the lungs had a negative influence on the body
condition. The histopathological lesions observed in this study may be associated with anthropic
action, such as the presence of pneumoconiosis and lesions suggestive of exposure to heavy metals,
such as those seen in the lung, kidney and liver. The present study includes ecopathology in the single
health approach by helping to understand the relationships that occur in the tissue environment.

Keywords: bioindicator, body condition, histopathology, small mammals

1. Introduction

Free-living wild animals are constantly exposed to imbalances imposed on the environment
they inhabit and, consequently, to the health issues triggered by them (Silva et al., 2010). In the
Pantanal, it is still possible to add up the presence of a huge diversity of animal species, including
insect vectors of infectious-parasitic agents (Wolf, 2015; Rocha and Santos., 2016).

From the study of a species or group of animals in a given habitat, it is possible to measure the
quality of the ecosystem, environmental impacts and the presence of factors such as the use of toxic
substances, deforestation, burning gases and other impacts (Pretes and Vincenci, 2019). According to
the One Health concept, these factors do not affect only the animal and the environment, but also the
human being, showing that the balance within the ecosystem is important for the evolution and control
of emerging diseases (Destoumieux-Garzén et al., 2018). Added to this concept, ecopathology is a
branch of pathology aimed at understanding the risk factors in a given environment and their
relationship with the emergence of diseases (Silva et al., 1998). The so-called animal bioindicators
have also been widely used as indicators of areas that are constantly being interfered by human
presence, such as in places with agricultural activity (Rocha et al., 2005; Oliveira et al., 2014).

In order to perform the analysis and individual susceptibility profile of each animal,
biomarkers can be used (Amorim, 2013). The use of these indicators depends exclusively on the type
of contamination the animals are exposed, among which are available for application: histological,
toxicological, genetic, hematological, enzymatic, immune function and body condition (Martins, 2010;
Leotta, et al., 2012; Cabrera, 2013).
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Histopathological analysis is an effective and fast method for detecting biological effects such
as chronic and acute injuries that can be caused by any environmental contamination (Liebel et al.,
2013). It is also possible to assess tissue damage resulting from parasitic infections, as in the case of
helminths, commonly found in free-ranging animals (Oyarzin-Ruiz et al., 2019). The histological
marker can be used in field and laboratory studies, since it presents ease of collection and the
possibility of evaluating several organs of the same individual (Ameur et al.,, 2012). The
histopathological examination is effective in verifying the health of the animal as an individual, as it
shows changes such as cell death, degenerations and inflammatory responses (Sllva, 2015).

In the present work, we aimed to investigate whether the health status of a population of
Holochilus chacarius captured on an agroecotourism farm in the Pantanal de Miranda/MS and
exposed to anthropic actions would be influencing the presence of the histopathological changes
observed.

2. Materials and method

The collection of biological material was conducted at the agroecotourism farm near Miranda,
in the Pantanal of Mato Grosso do Sul, between October and November 2021, as part of the doctoral
work of the student Erica Fernanda Gongalves Gomes de Sa, UFPB. The procedures performed during
this research are in accordance with licenses CEUA-PB n°® 9192091019, CEUA UCDB 006/2022 and
SISBIO 73472. The capture of wild animals was authorized by the Capture License ICMBio/MMA n°
72681. Tissues from 33 Holochilus chacarius were sent for histopathological examination at Dom
Bosco Catholic University, 21 males and 12 females. The samples were individually fixed with 10%
buffered formalin. Also, information about sex, reproductive status, weight and head-body length were
recorded. The area was strongly affected by the fires that occurred in 2021 (Trindade, 2021).
Furthermore, a previous study demonstrated circulating levels of Lead, Cadmium, Iron and Zinc in the

small mammals that inhabit the area (from S& E.F.G.G. Personal communication).

2.1 Histopathological examination

For the histopathological examination, fragments of lung, liver, kidneys, skin of the abdomen
and reproductive system were selected. The fixed tissues were cleaved into 3 mm to 5 mm fragments
and sent to the Histopathological Technical Center of Curitiba for preparation and staining of slides
with Hematoxylin and Eosin (HE); Periodic Acid-Schiff (PAS), for renal protein; Prussian Blue, for
visualization of ferric pigments; Congo red for renal amyloidosis; and Masson's Trichrome for

connective tissue. The histological slides were analyzed using the light composite light microscope
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Carl Zeiss Microscopy GmbH (MOC) model Axio Scope Al and captured with the aid of Zen
software. Tissue images were photographed by an Axiocam 503 color camera attached to the MOC.
Each tissue was individually analyzed and the changes were classified as regressive,
circulatory, and inflammatory and repair (Binkowvski, 2013). The intensity of changes was classified
as absent (0), mild (focal-1), moderate (multifocal to coalescing-2) or severe (extensive-3). The
histopathological observations were tabulated forming a matrix adapted from Leopoldo (1971) for
further analysis, thus obtaining a score for each animal as a result of the amount and intensity of

changes recorded.

2.2 Statistical analysis

Generalized Linear Models (GLM) were created to explore the effects of lesions in the lung,
liver, skin, kidney and reproductive system on the Body Condition (BC) of H. chacarius. In addition, a
complete model was created using all variables (all lesions), and a null model. BC was calculated
using the residual of an ordinary linear regression between body weight (g) and head-body length
(mm). In this study, BC was used as a health assessment parameter (Santos et al., 2018; 2022). All
candidate models were compared in a model selection approach based on the Akaike information
criterion corrected for small samples (AICc — Akaike Information Criterion corrected) (Akaike, 1974),
considering all models with AAICc < 2 plausible, the analyzes were performed using the

'‘AlCcmodavg' package version 2.3-1 (Mazerolle, 2020) in R 3.5.0 (Team R Development Nucleo,
2018).

3. Results

Different types of pathological alterations were observed, which varied in terms of intensity
from mild to moderate, with the exception of the lung, in which some alterations were intense.
Inflammation, degeneration and congestion were found in the liver, lung, kidneys and reproductive
system. In the skin we observed only inflammation that ranged from medium to moderate. We draw
attention to the exogenous particles found in the lung and liver.

The pathological changes recorded for each tissue, along with the different intensities
observed, are presented in Table 1. Combining all the changes and scores, an individual could have a
maximum score of 78. Overall, the results showed that the maximum value obtained was of 28 (n=2)
(Table 1).
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Table 1: Histopathological matrix showing the different intensities of the alterations found in different tissues of Holochilus chacarius sampled in the Pantanal

de Miranda, Mato Grosso do Sul, between October and November 2021. (0) absent, (1) mild, (2) moderate and (3) intense.
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In the lungs, we observed seven different lesions, although atelectasis, congestion, emphysema
and pigments were the ones that occurred with greater intensity (intense-3) (Table 1). Furthermore, we
detected that 28 animals (84.8%) had pneumoconiosis, accumulation of exogenous anthracosis-like
particles (Figures 1A and 1B). The alveolar sacs were full of mixed inflammatory infiltrate and red
blood cells, in addition to thickening of the alveolar septa, characterizing an obstructive atelectasis
ranging from moderate to severe observed in 81.8% of the studied individuals (Fig. 1A). Around these
areas, areas of compensatory pulmonary emphysema were observed (Fig. 1B). In the lungs of three
animals, microfilariae were found inside the vessels and bronchi (Fig. 1C).

Renal tubules and glomerular space showed accumulation of protein (75.7%), later confirmed
by Periodic Acid-Schiff (PAS) staining (Fig. 1D). The kidneys showed regressive changes, generally
classified as mild to moderate, such as degeneration of renal tubule epithelial cells in 57.5% of the
sampled animals (Fig. 2A). Glomerular atrophy was also observed in 69.7% of the animals and
glomerular hypertrophy in 72.7% of the evaluated individuals (Fig. 2B), resulting in a decrease of the
Bowman's space. Furthermore, we observed multifocal areas of hemorrhage and congestion in the

renal parenchyma.

Fig. 1 — Lung and Kidney of Holochilus chacarius. (A) Lung - Dark colored particles (full arrow),
inflammatory cells and red blood cells in the alveolar space. (B) Lung showing atelectasis and emphysema. (C)
Microfilaria within the lumen of a bronchus in a lung (arrow); (D) Kidney showing protein accumulation,
detected by PAS staining.
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Fig. 2 — Kidney and liver of Holochilus chacarius. (A) Vacuolization of renal tubule epithelial cells (arrows)
and presence of protein (dotted arrow). (B) Atrophied renal glomerulus (full arrow) and hypertrophied
glomerulus, with absence of Bowman's space. (C) Liver showing hydropic degeneration of hepatocytes; (D)
portal spaces with proliferation of bile duct epithelial cells (dotted arrow) and dark colored pigments (full arrow).

In the liver, circulatory disorders, mainly congestion, were classified as mild to moderate.
Hydropic degeneration of hepatocytes was observed in nine individuals (27.3%), manifested by
intense intracytoplasmic vacuolization (Fig. 2C). The presence of blackened pigments inside and
outside the blood vessels, similar to those found in the lung, was visualized. Only five animals (15%)
presented portal spaces with proliferation of bile duct epithelial cells (Fig. 2D), of which two were
severely parasitized by the helminth of the genus Capillaria, showing tissue migration and egg
deposition in the hepatic parenchyma surrounded by inflammatory cells (Fig. 3A and 3B). No
significant changes were noticed in the skin. Few individuals had nonspecific inflammation, of mild to
moderate intensity. In this particular tissue, the areas of inflammation were focal, with few
polymorphonuclear cells in connective tissue from 15 subjects (45.5%).
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Fig. 3 — Liver of HoIociIus cacrius. (A) Parasitic reaction, containing eggs of nematodes of the genus
Capillaria deposited in the liver parenchyma (arrow) and mixed inflammatory reaction around it; (B) Liver
containing adult parasite of the genus Capillaria, with eggs inside.

The male reproductive system was evaluated from the observation of the testis and
epididymis. Both tissues showed foci of degeneration of the seminiferous tubules and epididymal
ducts in 18 animals (54%), ranging from mild to moderate, associated with the presence of
multinucleated giant cells observed in only two animals. The absence of sperm in these two structures,
even in scrotaled animals, was considered a regressive change (Fig. 4A) observed in 15 animals
(45.5%). In the reproductive system of females, few tissue alterations were found, such as the presence
of the pigment lipofuchsin in one individual (Fig. 4B).

Fig. 4 — Reproductive system of Holochilus chacarius. (A) Seminiferous tubules of a scrotal male, showing
degeneration with disorganized germ cells and multinucleated giant cells (arrows). Note tubules without lumen

and absence of sperm; (B) Ovary of female in the reproductive period, showing lipofuccin pigment in tissue.
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The presence of ferric pigment, amyloids and connective tissue were not observed through the
special stains (Prussian Blue, Congo Red and Masson's Trichrome).

GLM analyzes showed that the BC of H. chacarius was negatively influenced by lung lesions
(AAICc: 0; AICcWt: 0.70; 95% CI = -3.67 to -0.44, p-value = 0.01). That is, individuals with greater

intensity of pulmonary lesions have lower BC (Table 2).

Table 2. Models used to explore the variables that influenced the Body Condition of Holochilus
chacarius captured in the Pantanal, Miranda-MS, K=Number of Parameters; AlCc=Akaike
Information Criterion; AAICc=Delta Akaike Information Criterion; AICcWt=Akaike's weight;
Cum.Wt=Accumulated Akaike Weight.

Modelos K AlCc AAICe AICcWt Cum.Wt

Model 2 (body condition ~ lung injuries)

3 276,79 0,00 0,70 0,70
Null Model (body condition ~ 1) 5 28040 361 012 082
Model 5 (body condition ~ liver injuries) 3 28199 520 0,05 0,87
Model 4 (body condition ~ kidney injuries) 3 28214 535 0,05 0,02
Model 3 (body condition ~ skin injuries) 3 282,74 5,95 0,04 0,95
Model 1 (body condition ~ reproductive injuries) 3 28280 6,01 0,03 0,99
Model 6 (body condition ~ all injuries) 7 28525 8,46 0,01 1,00

4. Discussion

In the present study, lung lesions were the most significant to assess health, reflecting
negatively on the body condition of the animals analyzed. In fact, it has been found that the toxicity
caused by heavy metals in vital organs such as the lung, especially when inhaled, can cause a decrease
in body condition (Pandey and Madhuri, 2016). As there is a history of circulating levels of Lead,
Cadmium, Iron and Zinc in the small mammals that inhabit the sampled area (from Sa E.F.G.G.
Personal communication), probably the severe regressive lesions such as emphysema, degeneration
and pigments and the inflammatory lesion such as atelectasis observed in the investigated animals
would result from exposure to these contaminants. It has been shown that regressive pathological

changes, such as emphysema, are directly linked to a reduction in the body condition of animals
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(Tseyage et al., 2016; Rich et al., 2020), since prolonged exposure or inhalation to toxic substances
causes a progressive lung disease, negatively interfering with food consumption (Fehrenbach, 2006).
Furthermore, the presence of pulmonary emphysema causes dyspnea, which activates the sympathetic
nervous system by increasing the release of catecholamines, which causes increased energy
consumption as a result of hypermetabolism (Hofford et al., 1990). Also, the anthracosis observed in
28 of the 33 animals studied may be strongly associated with the soot released into the environment as
a result of the fires that occurred in 2021 in the Pantanal Sul Mato Grossense region (Trindade, 2021).
of the environmental condition by inhalation of carbon monoxide, due to the rapid onset of clinical
symptoms and influence on the decrease in body mass (Mutluoglu et al., 2016). On the other hand, a
study carried out in 2003 with birds that died in a with relevant levels of cadmium and lead in the
environment, showed that these animals presented anthracosis on histopathological examination and
still had excellent or good body condition (Defranceschi et al., 2003). Loss of physical condition in
free-ranging animals can be associated with other factors such as gastroenteritis, abscesses, trauma and
pneumonia caused by the presence of parasites (Aguirre et al., 1999).

In the kidney, tissue lesions of regressive, inflammatory and circulatory origin were observed,
which may be associated with three mechanisms of action of some toxic substances: (i) oxidative
stress, which increases the resistance of the vascular system and increases blood pressure; (ii) by
increasing free radicals in the body, causing inflammation; and (iii) enzymatic alterations and
apoptosis that culminate in degenerative and necrotic alterations (Sabath and Robles-Osorio, 2012).
The presence of hyalinosis casts and accumulation of proteins in the renal tubules, confirmed by the
special PAS staining, was evidenced in free-living terrestrial mammals in cases of exposure to heavy
metals, such as Mercury, which even affect the structure of the glomeruli (Sonne et al., 2007). Also,
Cadmium and Lead are elements that have a remarkable nephrotoxic capacity, affecting the
distribution and function of proteins, also causing many changes such as those observed in our study,
such as hyperemia, tubular cell swelling, inflammatory infiltrate, abnormalities in the glomeruli and
tubular lesions. (Yuan et al.,, 2014). Our results also showed glomerular dilatation, tubular
degeneration and atrophy, changes described in a population of arctic foxes exposed to pesticides
(Sonne et al., 2008). As irrigated rice is planted annually in the area sampled in our study, and H.
chacarius were captured at the edge of the planting area, most likely the observed renal lesions could
be a consequence of the pesticides used in the crop.

The hydropic degeneration evidenced by intracytoplasmic vacuolization seen in the liver of
27.3% of the evaluated animals is normally associated with causes such as failure in cellular energy
production or alteration in enzyme function, but it can also have secondary causes such as exposure to
toxins, bacteria, virus or free radical action (Myers et al., 2012). In a report of controlled intoxication
in the laboratory with rainbow trout, animals exposed to biotoxins showed only hepatocytes

vacuolization, however, when small mammals were studied, vacuolization was associated with the
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presence of hemorrhage (KOTAK, et al., 1995 and 1996). In Iran, free-living rodents exposed to heavy
metals such as: Cadmium, Copper, Lead and Iron presented intracytoplasmic vacuolization as the most
common histopathological lesion (Shahsavari et al., 2019). The presence of hydropic degeneration in
the liver can also be associated with the presence of pollutants in the environment (Stehr et al., 1998),
since toxic substances can cause oxidative stress in the body and cause injury and cell death (EKinci-
Akdemir et al., 2020). The presence of nematodes in the liver parenchyma of rodents can also cause
vacuolization of the cells, and compromise a large part of the tissue with the presence of the parasite
(Resendes, et al. 2009), as observed in the two individuals parasitized by Capillaria.

The polymorphonuclear inflammatory infiltrate found in the skin of the abdomen was
considered non-specific, since they are free-living animals and the reaction was mild to moderate in 15
animals. Inflammatory responses in the skin can be caused by various stimuli, which can end up
altering the skin's microbiota, such as exposure to bacteria found in the environment (Gimblet, et al.
2017). Fungi can also be the cause of these infections in the skin of free-living small mammals,
especially those species that inhabit aquatic environments (Hubalek, 2000). Other causes frequently
associated with skin diseases in small rodents and of veterinary importance are: ectoparasites, such as
mites and ticks, insects, endocrine disorders, and nutritional deficiencies (Scarff, 1991).

In this study, the effectiveness of histopathological examination as a biomarker was verified,
capable of monitoring the effects of the environment on the health of free-living small mammals
through the presence of tissue lesions. The histopathological changes serve as an alert system for more
serious health problems that may affect the animal according to the time or amount of exposure, so it
is a remarkable monitoring tool especially when working with small wild mammals because they have
a short life cycle and being in direct contact with the environment (Gerber et al., 2017). In the case of
small rodents of the genus Holochilus, the species of this semi-aquatic group, live an average of one
year and are greatly exposed to heavy metals and environmental pollutants that may be in suspension
or in solution in water. Due to daily exposure to various pollutants in the natural environment or not,
in the last decade there has been a growing demand for the application of bioindicators that establish
the effect of toxics on the body and their potential risk (Chiarelli and Roccheri, 2014). In a
histopathological evaluation carried out with the viscera of fish exposed to waste from a mining area
in western Greenland, in addition to lesions associated with heavy metals, lesions associated with lack
of food, endoparasites, oxidative stress and other microorganisms such as bacterias and virus were
identified (Sonne et al., 2014). The use of small mammals as bioindicators is ideal, since it is possible
to monitor the effects of environmental changes and also to estimate the consequences on the human
organism, once observed the proximity of these animals in areas with anthropic action and their
significant importance in the food chain of birds and carnivorous mammals (Sanchez-Chardi et al.,
2008).
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The histopathological lesions observed in this study can be associated in numerous ways with
the presence of anthropic action, such as the presence of pigments in the lung, lesions suggestive of
exposure to heavy metals and the occurrence of zoonotic parasites. The presence of the genus
Capilaria found in the liver of two animals is an example of this, since hepatic capillariasis is a
common disease in humans and domestic dogs (Camargo et al., 2010; Quadros et al., 2016). This
interaction of wild fauna with domestic animals (production and companionship) and humans
constitutes a risk factor for the emergence of emerging infectious diseases, since the sanitary condition
of the environment is related to animal health and this, in turn, is directly linked with human health
(Zanardi et al., 2020). The link between all these factors is presented by the unique health, a concept in
which the wild animal is appointed as a sentinel, due to its ability to serve as a reservoir, considering
its proximity to humans and other domestic animals (Baptista et al., 2021). In this sense,
ecopathology, in the single health approach, can provide important observations of the different
interactions that occur in the tissue environment, not only by infectious-parasitic agents but also by
environmental contaminants (Faye and Lancelot, 2006; Lau, 2010).

5. Conclusion

Our results demonstrate that the use of the histopathological matrix associated with the analysis of
body condition proved to be an effective tool in health verification, since animals with greater
intensity of lung lesions presented worse body condition. Furthermore, our results showed that,
although we observed severe lesions in the lung and some hepatic and renal impairment, in general,
the evaluated animals presented low scores in the histopathological matrix, suggesting that the studied

population is in a good state of health.
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Soil Ecology, Microbial Ecology, Soil Carbon Sequestration, Nitrogen Cycling, Greenhouse Gas

Emissions, Soil Microbiome, Nitrification, Denitrification, Organic Matter Decomposition

Filip M.G. Tack, Ghent University, Gent, Belgium

Heavy metals; Trace element biogeochemistry; Dredged materials; Soil and sediment remediation;

Phytoremediation

Kevin Thomas, The University of Queensland Queensland Alliance for Environmental Health Sciences,

Woolloongabba, Queensland, Australia

Contaminants of emerging concern; Non-target analysis; High resolution Mass Spectrometry;

Microplastics; Biomonitoring

Dan Tsang, The Hong Kong Polytechnic University Department of Civil and Environmental Engineering, Hong

Kong, Hong Kong

Green chemistry/engineering, Soil/sediment remediation, Engineered biochar, Waste

valorization, = Resource recovery, Wastewater/stormwater treatment, Catalytic conversion/

degradation, Pollutant  transport, Environmental pollution | Sustainable urban

development, Contaminated land and water, Waste management (food, wood, Green

remediation, Wastewater treatment, CO2 adsorption

Paola Verlicchi, University of Ferrara Department of Engineering, Ferrara, Italy

Wastewater treatment and options for reuse, Occurrence and removal of pharmaceuticals from water

and wastewater, Treatment and management of hospital effluent, Industrial wastewater treatments,
Constructed wetlands, Environmental risk assessment

Jan Vymazal, Czech University of Life Sciences Prague, Praha, Czechia

Fang Wang, Institute of Soil Science Chinese Academy of Sciences, Nanjing, China

Soil pollution and remediation, Persistent organic pollutants, Emerging Contaminants, Antibiotics

and resistant gene, Phthalate ester and microplastics, Biochar, Biodegradation, Biofilms, Analytical

method

Qilin Wang, University of Technology Sydney Faculty of Engineering and Information Technology, Broadway,

Australia

Anaerobic digestion technologies, Wastewater treatment technologies, Sludge and waste

treatment technologies, Biological nutrient removal, Aerobic digestion, Microplastics, Antimicrobial

resistance, Greenhouse gas, Algae, Biochar, Fermentation, Bioenergy

Daniel A. Wunderlin, National University of Cordoba, Cordoba, Argentina

Tracing pollutants from their source to foods, Food Integrity, including the evaluation of bioactive

compounds in foods, Studying links between food production and environmental pollution

Dagiang YIN, Tongji University College of Environmental Science and Engineering, Shanghai, China

Persistent Toxic Substances, Emerging Pollutants, Environmental Toxicology, Ecotoxicology,
Mechanisms of Action of Pollutants or Toxic Chemical, Bioassay and Biomarker, Antibiotic resistance,
Risk assessment and Water Quality

Yi Yang

Analysis, quantification, and characterization of nanoparticles in different environmental

matrices, identification and source apportionment of nanoparticles in the environment, environmental

behaviour of nanoparticles, anthropogenic particles, including microplastics  and

nanoparticles, antibiotic resistance genes

Shuzhen Zhang, Chinese Academy of Sciences, Beijing, China

soil contamination, Sorption/desorption of organic contaminants, Bioaccumulation and

transformation of organic contaminants in the terrestrial environment, Applications of synchrotron-

based spectroscopy techniques in environmental chemistry, NOM analysis and effects on contaminant

behaviors

Yifeng Zhang, Technical University of Denmark Department of Environmental Engineering, Kgs Lyngby,

Denmark

Microbial electrochemistry, Advanced oxidation process, Anaerobic digestion, Water resource

recovery, CO2 capture and utilization

Shugqing Zhao, Peking University College of Urban and Environmental Sciences, Beijing, China

Urbanization, Urban heat island effect, Urban vegetation growth and phenology, Urban

biodiversity, Urban carbon fluxes and stocks, Urban scaling, Global imprints of

urbanization, Applications of remote sensing in urban environments

Editorial Board

Jésus R. Aboal Viias, University of Santiago de Compostela, Santiago de Compostela, Spain
Biomonitoring; Moss biomonitoring; Raptor biomonitoring; Algae biomonitoring; PAHs contamination;
Heavy metal contamination; Cellular localization of metals; Hydrological fluxes of forest canopies
Evgenios Agathokleous, Nanjing University of Information Science and Technology School of Applied
Meteorology, Nanjing, China
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Environmental analysis, Water and soil quality, Organic mass spectrometry, Emerging organic

contaminants, Nanomaterials

Jay Gan, University of California Riverside, Riverside, California, United States of America

Environmental chemistry and toxicology of classic and emerging contaminants, Transformation,
transport, plant uptake and risk mitigation of organic chemicals in the environment, Bioavailability

of hydrophobic organic contaminants, Novel sampling and measurement methods and applications

in risk assessment, Method development for trace contaminant analysis

Philip Hopke, University of Rochester, Rochester, New York, United States of America

Characterization of source/receptor relationships for ambient air pollutants, Multivariate statistical

methods for data analysis, Chemical characterization of ambient aerosol samples, Emissions

and properties of solid biomass combustion systems, Experimental studies of homogeneous,
heterogeneous, and ion-induced nucleation, Indoor air quality, Exposure and risk assessment

Elena Paoletti, Research Institute on Terrestrial Ecosystems National Research Council Florence Branch,

Florence, Italy

Air Pollution, Climate Change, Plant Ecosystems, Ecophysiology, Ecosystem Exchanges

Special Issues Editor

Paola Verlicchi, University of Ferrara Department of Engineering, Ferrara, Italy

Wastewater treatment and options for reuse, Occurrence and removal of pharmaceuticals from water

and wastewater, Treatment and management of hospital effluent, Industrial wastewater treatments,
Constructed wetlands, Environmental risk assessment

Associate Editors

Warish Ahmed, CSIRO Geelong Waurn Ponds, Belmont, Australia

Microbial source tracking, ARGs, Health risk assessment, Wastewater microbiology, Water

microbiology, Enteric pathogens

Daniel S. Alessi, University of Alberta, Edmonton, Alberta, Canada

Environmental geochemistry, Geomicrobiology, Sustainability, Lithium extraction, Hydraulic

fracturing, Surface chemistry, Biochar

Lotfi Aleya, Franche-Comte University, Besangon, France

Harmful algae, Microbiology, Protistology, Medicine, Toxicology

Jacopo Bacenetti, University of Milan Department of Environmental Science and Policy, Milano, Italy

Life cycle assessment, Agricultural Systems, Agricultural Engineering, Renewable Energy

Julian Blasco, Puerto Real (Cadiz), Spain

Marine ecotoxicology, trace metal biogeochemistry, marine

pollution, nanotoxicity, pharmaceuticals, emerging pollutants

Paromita Chakraborty, SRM Institute of Science and Technology, Department of Civil Engineering,

Chengalpattu, Tamil Nadu, India

Multi-media movement of microorganic pollutants viz., Pesticides, Industrial chemicals, and

plasticizers in the hotspots and riverine/marine environment, Atmospheric Transport of persistent

organic pollutants, Cost-effective remediation techniques for emerging organic contaminants in soil,
sediment, water, and wastewater

Baoliang Chen, Zhejiang University Library, Hangzhou, China

Soil pollution control and remediation; Traditional and novel functional materials and environmental

applications (biochar, graphene, biosorbent, and organoclay); Sorption and reactions of organic

and inorganic contaminants with natural and synthesised media; Novel membrane and pollutant

abatement

Jianmin Chen, Fudan University Department of Environmental Science and Engineering, Shanghai, China

Gaseous and particulate air monitoring and chemistry (particularly urban), Secondary aerosol,
Haze formation and fog chemistry, Human toxicity of atmospheric particulates, Aerosols and

climate impacts

Frederic Coulon, Cranfield University, Cranfield, Bedfordshire, United Kingdom

Environmental Pollution and Remediation, Water-Soil-Waste System Engineering and Modelling,
Risk Management, Environmental Biotechnology, Analytical chemistry, Environmental Sciences &,
Ecology, Polar environments, Bioaerosols, Hazardous waste management

Adrian Covaci, University of Antwerp Toxicological Centre, Wilrijk, Belgium

Analytical chemistry of emerging contaminants, Identification and development of biomarkers of

exposure and effect to emerging contaminants, Elucidation of exposure pathways to emerging

contaminants, Human biomonitoring of emerging contaminants, Development of metabolomics

tools for toxicology

Martin Drews, Technical University of Denmark Department of Technology Management and Economics, Kgs

Lyngby, Denmark
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Climate modelling, regional climate, hydrological and hydrodynamic modelling, climate and

weather extremes, statistical methods, machine learning, remote sensing, water-energy-food

nexus, decision-making frameworks, risk assessment, climate change adaptation, emergency

preparedness, climate services for insurance, agriculture, energy, water and health sectors,
marine, coastal, and urban environments, developing countries

Kuishuang Feng, University of Maryland at College Park, College Park, Maryland, United States of America

Sustainable production and consumption, Input-output-analysis, Life-cycle analysis, Low carbon

transition, Environmental inequality

Xinbin Feng, Institute of Geochemistry Chinese Academy of Sciences, Guiyang, China

Mercury biogeochemical cycling in the environment, mercury stable isotopes, Antimony stable

isotopes, Remediation of mercury contaminated land, Health impact of mercury pollution

Zhaozhong Feng, Nanjing University of Information Science and Technology School of Applied Meteorology,

Nanjing, China

BVOCs, Ozone pollution, Photosynthesis and C cycle, Water use efficiency, Urban

environment and forestry, Interaction of crop and soil, Crop and atmosphere interaction, Greenhouse

emission, Environmental stress

José Virgilio Matos Figueira Cruz, University of the Azores, Ponta Delgada, Portugal

Groundwater geology; Groundwater geochemistry; Surface water chemistry; Water quality; Water

pollution; Water management; Water planning

Pingqing Fu, Tianjin University, Tianjin, China

Organic aerosols; Atmospheric chemistry; Isotopes of atmospheric aerosols; Fog water; Ice-core

organics; Dissolved organic matter; Biomarkers

Ashantha Goonetilleke, Queensland University of Technology, Brisbane, Queensland, Australia

Water quality, Water pollution, Water reuse, Water treatment, Stormwater pollutant processes,

Integrated Water Resources Management, Water infrastructure resilience, climate change

adaptation

Hai Guo, The Hong Kong Polytechnic University Department of Civil and Environmental Engineering, Hong Kong,

Hong Kong

Atmospheric chemistry, VOC Photochemistry, New particle formation, Acidic ultrafine particles,
Indoor air pollution, Organic aerosol

Mae Sexauer Gustin, University of Nevada Reno, Reno, Nevada, United States of America

Biogeochemical cycling of mercury, metals, and isotopes, Air pollution

Henner Hollert, RWTH Aachen University, Aachen, Germany

Bioanalytical environmental toxicology, Aquatic toxicology, Triad (Weight of evidence) approaches,
Effect directed analysis, Sediments, In-situ investigations and monitoring, In-vitro bioassays,
Waste- and ground water investigations (advanced wastewater treatment), Ecology

Deyi Hou, Tsinghua University, Beijing, China

Sustainability assessment, Life cycle assessment, Environmental footprint analysis, Risk

management, Contaminated soil and groundwater remediation, Heavy metal contamination,
Biochar production and application, Green synthesis of environmental functional materials, Fate

and transport of volatile organic compounds in porous media

Abasiofiok Ibekwe, USDA-ARS Salinity Laboratory, Riverside, California, United States of America

Antibiotic, Antibiotic resistance genes, Antibiotic resistant bacteria, Antibiotic resistant

determinants, Horizontal gene transfer, Whole genome sequencing, metagenomics, food

safety, pathogenic bacteria, wastewater, constructed wetland, microbe-soil-plant

interaction, Microbial community, Microbial Ecology

Pavlos Kassomenos, University of Ioannina, Department of Physics, Laboratory of Meteorology, Ioannina,

Greece

Air pollution, Meteorology, Environmental health, Climate change, Particulates, 0Ozone,
Bioaerosols, Dust transportation, Vehicle emissions, Noise

Katarzyna Kordas, University at Buffalo Department of Epidemiology and Environmental Health, Buffalo, New

York, United States of America

Human exposure to toxic elements, Health effects elements and their mixtures, Nutrient-toxicant

and diet-toxicant interactions, Intersection of chemical and social environments

Ewa Korzeniewska, University of Warmia and Mazury in Olsztyn Department of Water Protection Engineering

and Environmental Microbiology, Olsztyn, Poland

Environmental microbiology, environmental pollution, antibiotic resistance bacteria, resistance

genes, biogas production

Dimitra Lambropoulou, Aristotle University of Thessaloniki, Thessaloniki, Greece

Emerging Contaminants, Organic Pollutants, Transformation Products, Environmental fate, Sample

preparation and analysis, Advanced mass spectrometry techniques, Environmental monitoring and

risk assessment, water quality, Treatment processes for water and wastewaters
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Christian Herrera Lameli, Bernardo O'Higgins University, Santiago, Chile

Hydrogeology, Groundwater geochemistry, Isotope hydrogeology, Surface water - groundwater

interactions, Remote sensing in groundwater, Climate change

Manuel Esteban Lucas-Borja, University of Castilla-La Mancha, Ciudad Real, Spain

Ecological forest restoration. Postfire management strategies effects on forest plant biodiversity,
soil properties and multiple ecosystem functions, including nutrient cycling, climate regulation,
waste decomposition, symbiosis, wood production and water regulation, Soil erosion. Assessing

hydrological behaviour and sediment connectivity in contrasting landscapes, Forest ecosystem

management under the sustainability and multifunctionality forestry principles within the context of

climate change

Jiirgen Mahlknecht, Monterrey Institute of Technology and Higher Education, Monterrey, Mexico

Water quality, Hydrogeochemistry, Groundwater pollution, Environmental tracers, Environmental

isotopes, Microcontaminants

Rafael Mateo, Research Institute of Wildlife Resources, Ciudad Real, Spain

Wildlife toxicology, Lead poisoning in wild birds, Metal pollution by mining activities, Spatiotemporal

trends of persistent organic pollutants, Agrochemicals (insecticides, herbicides, fungicides,
rodenticides and fertilizers) and Effects on farmland wildlife, Wildlife-human conflicts, Deliberate

and accidental wildlife poisoning, Toxins in freshwater wetlands and effects on waterbirds, and

Invasive and non-invasive biomarkers in wildlife

Lidia Minguez-Alarcén, Harvard Medical School, Boston, Massachusetts, United States of America

Endocrine disrupting chemicals, Chemical mixtures, Diet-chemical interactions, Reproductive

epidemiology, Human infertility, Cardiovascular Disease

Huu Hao Ngo, University of Technology Sydney, Broadway, Australia

Advanced biological waste treatment processes, Membrane technologies, Alternative water

resources, Resource recovery, Environmental impacts assessment, Circular economy based green

technologies, Renewable bioenergy, Waste minimization, Net zero emissions

Jose Julio Ortega-Calvo, Institute of Natural Resources and Agrobiology of Sevilla Agrochemistry

Environmental Microbiology and Soil Conservation, Sevilla, Spain

Biodegradation and biotransformation of organic pollutants in soils and sediments; Bioremediation;

Environmental microbiology; Bioavailability and persistence; Risk assessment

Wei Ouyang, Beijing Normal University, Beijing, China

Water environment and climate risk, Watershed environment management, Non-point source

modeling and control, Diffuse pollution assessment

Fernando Pacheco, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal

Hydrologic models coupled with weathering algorithms, especially in areas with significant

anthropogenic pressure, multivariate statistical and environmental analyses of surface and

groundwater databases, with focus on the prevention of surface and groundwater contamination,
land degradation and management, as well as the negative impacts of inadequate land uses on

soil erosion, surface and groundwater quality, water security issues, such as conjunctive use of

surface and groundwater sources in public water supply systems, or the attenuation of hydrologic

extremes (floods, droughts) through implementation of detention basins and decentralized rainwater

harvesting systems in catchments.

Anastasia Paschalidou, Democritus University of Thrace Department of Forestry and Management of the

Environment and Natural Resources, Orestiada, Greece

Air pollution meteorology, Urban meteorology, Dust transportation, Climate change, Environmental

health / Environmental epidemiology, Biometeorology, Synoptic climatology, Dispersion Modeling,
Air Quality Indices

Paulo Pereira, Mykolas Romeris University, Vilnius, Lithuania

Land Degradation, Ecosystem Services, Nature Based Solutions, Spatial Analysis, Fire Impacts

on Ecosystems

Yolanda Picé, University of Valencia, Valencia, Spain

soils, exposure  assessment, biomarkers, bioindicators, food contamination, food

safety, pesticides, pharmaceutical residues, organics, analytical, Water quality, water pollution

Charlotte Poschenrieder, Autonomous University of Barcelona Faculty of Biosciences, Bellaterra, Spain

Plant-Environment Interactions, Plant-Soil Relationships, Salinity, Plant- Microbe Interactions, Plant

Toxicology, Crop Production, Plant Natural Adaptation

Sergi Sabater, University of Girona, Girona, Spain

River and stream ecology; Biofilm ecology and ecotoxicology; Mediterranean; Water scarcity;

Ecosystem functioning; Bioidiversity; Conservation of rivers

Scott C. Sheridan, Kent State University, Kent, Ohio, United States of America

Human biometeorology, climate change, synoptic climatology, extreme temperature events

Wei Shi, NC State University, Raleigh, North Carolina, United States of America
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Abiotic stress, Antibiotic resistance, Biostimulation, Dose-response relationship, Ecological

effects of pollution, Ecotoxicology, Emerging contaminants, Ecological health, Environmental

health, Environmental pollution impacts, Ecophysiology, Environmental toxicology, Hormesis,
Microplastics, Organismic interactions, Oxidative stress, Ozone effects, plant protection, Priming

Souhail R. Al-Abed, US Environmental Protection Agency Center for Environmental Solutions and Emergency

Response, Cincinnati, Ohio, United States of America

Environmental implication and applications of nanomaterials; Sediment and water remediation;

Contaminant (metals and organics) transformations in the environment; Reuse of materials in

environmental applications

Zakaria Q. Al-Qodah, Al-Balga' Applied University, Al Salt, Jordan

Wastewater treatment, Combined treatment processes Adsorption, Electrocoagulation, Biological

Treatment, Reactor design, Hydrodynamics, Sustainable treatment, Management of bio-waste's

Abed Alaswad, Aston University School of Engineering and Technology, Birmingham, United Kingdom

Energy modelling, Bioenergy

Dong An, Fudan University Department of Environmental Science and Engineering, Shanghai, China

Water treatment, Wastewater treatment, Adsorption, Advanced oxidation, Reuse water

Alexandros G. Asimakopoulos, Norwegian University of Science and Technology, Trondheim, Norway

Environmental Chemistry, Risk Assessment, Human exposure, Exposure assessment, Human

health effects, Biomarkers, Food safety, Human biomonitoring, Indoor and outdoor pollution,
Emerging contaminants, Legacy contaminants, Wastewater epidemiology, Aquaculture chemistry,
Raptors Biomonitoring, Mammals Biomonitoring, Maternal and children's health

Mukesh Kumar Awasthi, Northwest Agriculture and Forestry University, Yangling, Shaanxi, China

Soil Fertility, Composting, Trichoderma, Drug Resistance, Microbial, Microbial Diversity, Microbial

Biotechnology, Bioenergy

Takashi Azuma, Osaka Medical and Pharmaceutical University Faculty of Pharmaceutical Sciences Graduate

School of Pharmaceutical Sciences, Takatsuki, Japan

Pharmaceuticals and personal care products (PPCPs), Antimicrobial-resistant bacteria (AMRB), Water

environment, Sewage treatment plant, Hospital effluent, Occurrence and environmental fate, Water

treatment system, Water management, Environmental science, Environmental hygiene

Roya Bahreini, University of California Riverside, Riverside, California, United States of America

Aerosol sources; Formation processes; Composition and microphysical properties; Direct and indirect

effects on climate

Xiaoyong Bai, Institute of Geochemistry Chinese Academy of Sciences, Guiyang, China

Karst, Ecosystem services, Soil Erosion, Environmental Remote Sensing, Ecological Restoration,
Climate Change, Carbon sink, Ecotoxicology and risk assessment, Geochemistry, Soil Organic

Carbon

Michael Bank, Institute of Marine Research, Bergen, Norway

Mercury, microplastics, ocean health, seafood safety, ecotoxicology, isotopic niches, Bayesian

modeling, contaminants

Kunshan Bao, South China Normal University, Guangzhou, Guangdong, China

Anthropocene, Atmospheric dust, Carbon burial, Climate change, Decipher human-climate

interactions, Ecological risk assessment, Human impact, Historical trend, Holocene, Lake

and wetland environmental change, Land cover change, Nutrient accumulation, Paleolimnology,

Peatland, Potential harmful trace element, Polycyclic aromatic hydrocarbon, Pesticides,

Radioisotopes, Rare earth elements

Roberto Bargagli, University of Siena, Siena, Italy

environmental biogeochemistry, active and passive biomonitoring of persistent contaminants in

terrestrial and aquatic ecosystems

Georgios Bartzas, National Technical University of Athens - Zografou Campus, Zografos, Greece

Waste management, Environmental monitoring and Risk assessment, Life cycle analysis, Soil

and Groundwater decontamination, Geochemical/ Thermodynamic modelling, Heavy metals and

metalloids, Climate change

Ivan Bergier, Brazilian Agricultural Research Corporation Pantanal, CORUMBA, Brazil

Expertise in sustainable development, particularly in the following areas: environmental services,
ecology and biogeochemistry of ecosystems and agroecosystems; Bioenergy; Biofuels; Biochar;

Remote sensing; Electron microscopy; Applied to nanotechnology, electronics and automation;

Climate change adaptation; Mitigation of greenhouse gases emissions

Rafael J. Bergillos, Polytechnic University of Valencia, School of Civil Engineering, Institute of Water and

Environmental Engineering, Department of Hydraulic Engineering and Environment, Valencia, Spain

Coastal Engineering, Beach Morphodynamics, Coastal Flooding, Ocean Energy, River Deltas, Fluvial

Processes, Fluvial Hydraulics, Management Strategies, Climate Change, Sustainable Development

Harald Biester, TU Braunschweig University, Braunschweig, Germany
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Biogeochemical cycling of mercury and trace elements; Biogeochemistry of peatlands

Lubertus Bijlsma, University Jaume I, Research Institute for Pesticides and Water, Castillon, Spain

Liquid Chromatography Mass Spectrometry; Ion mobility; Water quality; Contaminants of emerging

concern; Wastewater-based epidemiology.

Jayanta Kumar Biswas, University of Kalyani, Kalyani, India

Water and soil contamination, Remediation of contaminants, Ecotoxicology of metal(loid)s and

emerging contaminants, Bioremediation, Environmental microbiology, Ecological engineering,
Ecotechnology, Nanobiotechnology, Wastewater treatment and resource recovery

Paul Bradley, US Geological Survey South Atlantic Water Science Center, Columbia, South Carolina, United

States of America

Drinking Water Exposure; Water Quality; Environmental and Public Health; Contaminants of emerging

concern; Pharmaceuticals; Water Reuse; Remediation; Environmental microbiology; Urban and

Aquatic Ecology

Satinder Brar Kaur, INRS - Research Centre on Water Earth and the Environment, Quebec, Quebec, Canada

Wastewater; Wastewater sludge; Treatment; Emerging contaminants; Antibiotics; Fermentation;

Value-added bioproducts, such as enzymes, organic acids, platform chemicals, biocontrol agents,
biopesticides, butanol and biohydrogen

Joanna Burger, Rutgers University Division of Life Sciences, Piscataway, New Jersey, United States of America

Eco-toxicology; Behaviour; Monitoring and assessment; Birds and reptiles

Wei Chen, Nankai University College of Environmental Science and Engineering, Jinnan District, Tianjin, China

Nanoparticles; Nanomaterials; Adsorption; Reactivity; Transport; Remediation; Groundwater; Soil;

Organic contaminants

Xueming Chen, Fuzhou University, Fuzhou, China

Biological wastewater treatment, Mathematical modelling of bioconversion processes, Advanced

technologies for nitrogen removal, Greenhouse gases emissions and mitigation from wastewater

management, Membrane-based biofilm technology

Chin Kui Cheng, Khalifa University, Abu Dhabi, United Arab Emirates

Wastewater treatment, sustainable development, clean energy, carbon footprint, water footprint,
biofuel, waste-to-wealth, bio-hydrogen, green chemistry

Joaquin Cochero, National Scientific and Technical Research Council, Buenos Aires, Argentina

Biofilm; Stream ecology; Biomonitoring; Urban streams; Citizen science

Xinyi (Lizzy) Cui, Nanjing University, Nanjing, China

Fate, transport, and ecotoxicology of legacy and emerging organic contaminants in soil, sediment, and

indoor environment, especially the bioavailability study

Andrea Di Guardo, Environmental informatics, Milano, Italy

environmental fate of pesticides, landscape impact assessment, risk assessment of veterinary

pharmaceuticals; environmental decision support systems, air pollution, environmental modelling,
software engineering for the environment

Judith Z. Drexler, US Geological Survey California Water Science Center, Sacramento, California, United States

of America

Carbon accumulation in wetlands, Impacts of climate change on coastal ecosystems, Invasive

plants as ecosystem engineers, Peat soils as archives of environmental change, Wetland restoration

Ali Ercan, University of California Davis, Davis, California, United States of America

Physically-based hydrologic and hydraulic modeling, river basin management, environmental

hydrology and hydraulics, modeling impacts of changing climate, stochastic flow and transport

processes, scaling, time series modeling, flood forecasting.

Ronald C. Estoque, Forestry and Forest Products Research Institute Center for Biodiversity and Climate Change,

Tsukuba, Japan

Sustainability science, Land change science, Social-ecological system, Ecosystem services,
Forest transition, Forest cover monitoring, Landscape/urban ecology, Climate change mitigation,
Vulnerability, Risk and adaptation, GIScience and Remote sensing

Yucheng Feng, Auburn University Department of Crop Soil and Environmental Sciences, Auburn, Alabama,

United States of America

Soil microbiology, Fecal pollution of surface water, Biodegradation and bioavailability of organic

pollutants, Pesticides, Plant-soil-microbial interaction

Jose Angel Fernandez, University of Santiago de Compostela, Santiago de Compostela, Spain

Air pollution;Air quality; Water pollution; Rivers; Ecological effects; Bioavailability; Bioindicators;

Aquatic toxicology; Heavy metals; Biomagnification; Bioaccumulation; Surveys; Moss; Biomonitoring;

Western Europe

Xuewu Fu, Institute of Geochemistry Chinese Academy of Sciences, Guiyang, China

Atmospheric mercury, Mercury stable isotope, Heavy metal geochemistry

Bo Gao, China Institute of Water Resources and Hydropower Research, Beijing, China
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Geochemistry of trace metals in environment; Water and sediment transport; Large-scale watershed

management

Alejandro Garcia-Gil, Geological and Mining Institute of Spain Geological Risks Processes and and Global

Change, Madrid, Spain

Urban hydrogeology; Groundwater quality; Shallow geothermal exploitation impacts on

water resources; Groundwater management; hydrogeochemistry; River-groundwater interaction;

Groundwater flow and reactive transport numerical modelling; Groundwater microbiology; Enmerging

organic contaminants

Ruben Aldaco Garcia, University of Cantabria, Santander, Spain

Life Cycle Assessment; Circular Economy; Water-Energy-Food Nexus; Bioecomy; Industrial Ecology.

Jorge Gardea-Torresdey, The University of Texas at El Paso, El Paso, Texas, United States of America

Applications of spectroscopy techniques in environmental chemistry; Phytoremediation; Novel

methods for the bioproduction of nanoparticles; Development of analytical methods to detect

nanomaterials; Study of the fate of nanoparticles in the environment; Applications of nanotechnology

to clean water

Ramesh Goel, University of Utah, Department of Civil and Environmental Engineering, Salt Lake City, Utah,

United States of America

Microbiology, Cyanotoxins, Nutrients, Metagenomics, Emerging Contaminants, Microbiology,
Biological treatment, Virology

Leobardo Manuel Gomez Olivan, Autonomous University of Mexico State, Toluca, Mexico

Aquatic toxicology, Fish toxicity, Emerging contaminants, Metals, Genotoxicity, Citotoxicity,
Embryotoxicity, Teratogenesis, Oxidative stress, Biomarkers

Daren Gooddy, British Geological Survey - Wallingford Office, Wallingford, United Kingdom

Groundwater, Biogeochemical cycles, Residence time indicators

Andrew Gray, University of California Riverside, Riverside, California, United States of America

Sediment transport, Hydrology, Water quality, Plastic pollution, Watershed sediment dynamics,
Sedimentology, Paleoenvironmental analysis

Mingming Guo, Zhejiang University, Hangzhou, China

Antimicrobial mechanism, Bacterial cell membrane science, Microbiological safety, Utilization of

biological resources

Wenshan Guo, University of Technology Sydney School of Civil and Environmental Engineering, Broadway, New

South Wales, Australia

Biological wastewater treatment technologies, Waste-to-energy, Membrane technologies, Resource

and energy recovery, Micropollutants removal, Green Technologies

Xuetao Guo, Northwest Agriculture and Forestry University, Yangling, Shaanxi, China

Microplastics, Pharmaceuticals and personal care products (PPCPs), Antibiotics, Antibiotic resistance,
Adsorption, Occurrence and environmental fate, Environmental monitoring

Ying Guo, New York State Department of Health, Albany, New York, United States of America

My research interests: (1) biomonitoring organic chemicals in human body, such as phthalates,
PAHs, organophosphate pesticide and environmental phenols; (2) monitoring organic pollutants

in environment, e.g., persistent organic pollutants; (3) Analytical method development for novel

organic contaminants in various environmental matrix. Recently, I am working on Exposome to

women with fertility problems.

Vijai Kumar Gupta, Scotland's Rural College, Edinburgh, United Kingdom

Biobased biorefineries, Serectomics and bioprocessing technologies, Glycobiotechnology, Bioactive

natural products, Microbial engineering biotechnologies, and Environmental sustainability, Functional

Microbiome Interactions, Bioactive Natural Products

Gary Hardiman, Queen's University Belfast, Belfast, United Kingdom

Computational biology, Epigenetics, Endocrine disruption, Systems biology, Biomarkers of

exposure and human health risk assessment, Diagnostic tool development

Tham Hoang, Auburn University School of Fisheries Aquaculture and Aquatic Sciences, Auburn, Alabama, United

States of America

Metal bioavailability and toxicity, Mixture toxicity, Pesticide toxicity, Microcosm studies, Water

quality and pollution, Aquatic toxicology, Bioaccumulation of pollutants, Ecological risk assessment,
Microplastics and environmental effects

Patricia A. Holden, University of California Santa Barbara, Santa Barbara, California, United States of America

Water quality; Environmental microbiology; Fecal pollution, Biodegradation and bioremediation;

Soil pollution and soil processes; Nanomaterials; Wastewater treatment; Biogeochemistry; Emerging

contaminants; Hydrocarbons; Metals

Kiril D. Hristovski, Arizona State University Ira A Fulton Schools of Engineering, Tempe, Arizona, United States

of America
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Environmental nanomaterial applications and implications, Water quality, Water and wastewater

treatment, Solid and hazardous waste

Wei Huang, Peking University, Beijing, China

Exposure assessment, Environmental epidemiology, Health intervention

Xiang Huang, University of Waterloo, Waterloo, Ontario, Canada

Hydrogeology and groundwater, Water-vapour flow in variably saturated deformable porous media,
Thermal-hydraulic-mechanical-chemical modeling in a cold and arid region, Occurrences and

reactive transport of contaminants in porous media, Surface water and groundwater interaction,
Contaminated soil and groundwater remediation, Permafrost and frozen soils

Ivo Iavicoli, University of Naples Federico II, Naples, Italy

Occupational Health, Industrial Hygiene, Occupational Toxicology, Human Biological Monitoring,
Biomarkers, Human Health Effects, Metals, Nanomaterials, Risk Assessment

Hafiz M. N. Igbal, Technological and Higher Education Institute of Monterrey, School of Engineering and

Sciences, Monterrey, Mexico

Environmental Engineering, Bioengineering, Biomedical Engineering, Bioremediation, Emerging

contaminants, Wastewater treatment, Biomaterials, Bio-catalysis, Enzymes, Enzyme-based

pollutant degradation, Immobilization, Toxic heavy elements, Liquid and solid waste management,
Valorization of agro-industrial wastes and by-products

Rong Ji, Nanjing University, Nanjing, China

Organics; Terrestrial; Biodegradation; Environmental process; Radiotracer

Wei Jiang, Shandong University Environment Research Institute, Qingdao, China

Environmental risk of nanomaterials; Nano-bio interaction; Cell membrane damage; Cytotoxicity;

Nanoparticle transport

Begoiia Jiménez, Spanish Scientific Research Council, Madrid, Spain

Persistent Organic Pollutants (POPs), Dioxins, PCBs, Fate of POPs, Contaminants of emerging

concern, Organic pollutants in aquatic and terrestrial ecosystems, Bioindicators, Marine mammals,
Air Pollution, Environmental chemistry, Monitoring

Anna Jurado, TU Dresden, Dresden, Germany

Aquifer recharge quantification, Emerging organic contaminants, Greenhouse gases, Groundwater

quality, Groundwater management, Urban groundwater, River-groundwater interaction, Managed

aquifer recharge, Numerical modelling, Quantitative hydrogeology

Nerantzis Kazakis, Aristotle University of Thessaloniki, Thessaloniki, Greece

Groundwater modelling, = Groundwater vulnerability, = Hydrogeochemistry, = Hydrogeophysics,
Isotope hydrology, Water resources management, Floods, Climate change impacts on water

resources, Managed Aquifer Recharge

M.B. Kirkham, Kansas State University Department of Agronomy, Manhattan, Kansas, United States of America

Soil-plant-water relations, Drought stress, Elevated carbon dioxide, Uptake of heavy metals by

plants

Manish Kumar, University of Petroleum and Energy Studies, Dehradun, India

Hydrogeochemistry, Wastewater Surveillance, Diffuse Pollution and Control, Contaminant Transport

and Remediation, Urban Water Management, Antimicrobial Resistance;

Keisuke Kuroda, Toyama Prefectural University, Imizu, Japan

Subsurface geochemistry and mitigation technologies of contaminants of emerging concern (CECs)

Jae-Seong Lee, Sungkyunkwan University - Natural Sciences Campus, Suwon, South Korea

Epigenetics, Host-microbiome intereaction, Hypoxia, Ocean

acidification, Microplastic, Rotifers, Copepods, Daphnia magna

Guoyong Leng, Institute of Geographic Sciences and Natural Resources Research Chinese Academy of Sciences,

Beijing, China

Crop Modeling, Global Food Security, Water-Food Nexus, Climate Change, Hydrometeorology,
Droughts, Land Surface Modeling

Kelvin Sze-Yin Leung, Hong Kong Baptist University Department of Chemistry, Hong Kong, Hong Kong

Environmental analytical chemistry, Emerging contaminants, their transformation and fate, High-

resolution mass spectrometry for target and non-target analyses, Human exposure, Exposure

assessment

Juying Li, Shenzhen University, Shenzhen, China

Organics; Bioavailability; Isotopes; Analysis; Degradation; Soil-plant system; Transformation;

Toxicity

Shibin Li, Syngenta Crop Protection LLC, Greensboro, North Carolina, United States of America

Environmental toxicology, Regulatory toxicology, Ecotoxicology, Exposure science, Risk

assessment, Product safety

Xiangkai Li, Lanzhou University School of Life Sciences, Lanzhou, China
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Microbial heavy metal remediation, Heavy metal remediation genes, Synthetic biology for

environment, Waste water treatment, Bio-energy.

Zhao-Jun Li, Chinese Academy of Agricultural Sciences Institute of Agricultural Resources and Regional Planning,

Beijing, China

Antibiotics and related resistance genes in manure or environments, emerging contaminants, Heavy

metal contamination, reuse of agricultural wastes.

Daohui Lin, Zhejiang University Library, Hangzhou, China

Nanomaterials; Ecotoxicity; Nanotoxicity; Bioavailability; Colloidal behavior; Sorption

Kunde Lin, Xiamen University, Xiamen, China

Organic contaminants; Active sampler

Xiaobo Liu, Nanjing University of Science and Technology, School of Environmental and Biological Engineering,

Nanjing, China

Environmental microbiome, Biodeterioration, Biofouling, Biofilm, Biocatalysis and

biosynthesis, Environmentally benign biocides, Food microbial contamination and sanitation

Xiaotu Liu, Jinan University, Guangzhou, China

Emerging Contaminants, Environmental and Biomonitoring Analysis, Human Exposure

Assessment, Exposure Biomarkers, Analytical Chemistry

Yangxian Liu, Jiangsu University, School of Energy and Power Engineering, Jiangsu, China

Air pollutant control, Gaseous pollutants removal (e.g., S02, NOx, Hg0, CO02, H2S, etc.)

by oxidation, adsorption and/or catalysis, Advanced oxidation technology for removal of gaseous

pollutants

Ralf Ludwig, Ludwig Maximilians University Munich, Munich, Germany

Hydrology, Water resources management, Climate change, Land use change, Extreme events,
Modeling, Remote sensing

Tran Le Luu, Vietnamese German University, Ho Chi Minh City, Viet Nam

Water and wastewater treatment technology, Advanced oxidation processes, Electrochemical water

treatment, Biological treatment, Membrane technology, Capacitive deionization, Environmental

monitoring and Sensor technology

Rasha Maal-Bared, EPCOR, Edmonton, Alberta, Canada

Expertise - Drinking water, wastewater, treatment processes, biosolids, biofilms, risk

assessment, environmental persistence and control, engineered and plumbing

systems, disinfection, public and occupational health

Sheila Macfie, Western University, London, Ontario, Canada

Metal toxicity in plants; Metal localization in plants; Rhizosphere chemistry

Konstantinos C. Makris, Cyprus University of Technology Cyprus International Institute for Environmental and

Public Health, Lemesos, Cyprus

Human exposome, environmental health, non-pharmacological trials, metabolomics

Guilherme Malafaia, Federal Institute of Education Science and Technology of Goias - Urutai Campus, URUTAI,

Brazil

Ecotoxicology, Water pollution, Behavioral and Biochemistry Toxicology, Environmental impacts,
Nanomaterials and Micro (nano) plastics

Sonia Manzo, ENEA Centro Ricerche Portici, Portici, Italy

Ecotoxicology, Nanomaterials, Aquatic environment, Seawater, Microalgae, Seaurchin, Risk

assessment

Adriaan Albert Markus, Deltares, Delft, Netherlands

Water quality modelling; Numerical modelling and programming in various languages (notably

Fortran, in relation to numerical modelling); Transport and fate of nanoparticles and microplastics

in the aquatic environment

Antonio Martinez Cortizas, University of Santiago de Compostela, Faculty of Biology, Department of

Edaphology and Agricultural Chemistry, Santiago de Compostela, Spain

Continental sediments and soils (lake sediments, peat, colluvium, soil) and marine sediments,
mainly focused in the field of environmental geochemistry, dedicated to the understanding of the

cycles of the elements, ecosystem process and Quaternary environmental changes.

Janine McCartney, HHC Services Inc, Lester, Pennsylvania, United States of America

Chemical Exposures, Toxic tort, Biomarkers, Industrial Hygiene, Employee chemical exposures and

community chemical exposures, Safety Engineering, Arc Flash Analyses and Accidents, Electrical

Safety, Falls, Equipment &, Machinery, Human Factors, Accident Investigation/ Reconstruction,
OSHA, Guarding, Construction, Industrial &, Premises Accidents, Oil &, Gas Extraction, Pipeline

Safety and Refinery Safety, Lead and Electrocution

Natalie Mladenov, San Diego State University, San Diego, California, United States of America
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Natural organic matter, chemicals of emerging concern, water reuse, decentralized wastewater

treatment, onsite sanitation, microplastics and marine debris, fluorescence spectroscopy,
stormwater quality, organic aerosol deposition

Marco Morabito, Istituto per la BioEconomia Consiglio Nazionale delle Ricerche Sede di Firenze, Firenze, Italy

Biometeorology, Urban Climate, Urban Heat Island, Natural Hazard Risk Assessment, Heat

waves, Heat Stress Evaluation, Heat-related Occupational Health and Productivity Loss, Heat Warning

Systems, Heat-related Mitigation/Adaptation Actions, Remote Sensing, Thermal Hot-Spot Detection

Amitava Mukherjee, VIT University Centre for NanoBiotechnology, Vellore, India

Photo catalytic Nanomaterials, Nano-remediation of Emerging Pollutants, Nano-biosensors

for Environmental Contaminants, Protein-Nanomaterials Interactions, Green synthesis of

Nanomaterials, Nanotoxicology, Safe and Secure Design nanomaterials

Govarthanan M Muthusamy, Kyungpook National University, Daegu, South Korea

Treatment and Remediation of pollutants, Toxicity assessment of pollutants, Bioremediation,
Emerging contaminants, Microbial community analysis, Microplastics, nanoplastics

Vincenzo Naddeo, University of Salerno Department of Civil Engineering Sanitary Environmental Engineering

Division (SEED), Fisciano, Italy

Water-energy-food-nexus, Water quality, Biotechnology, Advanced oxidation processes (AOPs),

Climate change, Algae-based technology, co02 sequestration/capture, Hydrogen, Biogas,

Biomethane

Howard S. Neufeld, Appalachian State University, Boone, North Carolina, United States of America

The effects of ozone on plants; The role of anthocyanins in vegetative tissues in plants; Climate

change impacts on plants in the southern Appalachian mountains; Measuring plant gas exchange

and plant water relations, using the Li-Cor 6400 and 6800 gas exchange systems, a Sperry

hydraulic conductivity apparatus and Scholander pressure chamber, as well as a variety of other

instrumentation (including leaf fluorescence meter) to monitor plant responses to environmental

stresses

Hai Tran Nguyen, DuyTan University Institute of Fundamental Science and Application, Da Nang, Viet Nam

Adsorption, nanomaterial, water treatment, water pollution, waste management

Roohollah Noori, University of Tehran, Tehran, Iran

Water quality, Pollutant mixing in lakes and rivers, Groundwater, Contaminant

hydrology, Eutrophication, Artificial intelligence techniques, Multivariate statistical analysis, Lakes

Avelino Nufnez-Delgado, University of Santiago de Compostela, Santiago de Compostela, Spain

Environment, Soil pollution, Water pollution, Soil and water treatment

David O’Connor, Royal Agricultural University, Cirencester, United Kingdom

Soil and groundwater pollution, Biochar, Microplastics (MPs), Green and sustainable

solutions, Contaminated land remediation

Krishna Pagilla, University of Nevada Reno, Department of Civil and Environmental Engineering, Reno, United

States of America

Xiangliang Pan, Zhejiang University of Technology, College of Environment, Zhejiang, China

Microplastics; Antibiotic resistance genes; Remediation; Ecotoxicology

Zsolt Pap, University of Szeged Applied & Environmental Chemistry Department, Szeged, Hungary

Photocatalytic degradation of chemicals of emerging concern (CECs, such as pharmaceuticals,
Pesticides, herbicides, etc.), Energy sources from organic pollutants (photocatalytic hydrogen

production), CO2 reduction, development of composite photocatalysts for water treatment (pollutant

affinity tuning by structural modifications, Oriented composite building and planning), Natural

photocatalysts in the environment (photoactive nanominerals), Nanoecotoxicology of semiconductors

based on behavioral ecology

Dimitrios Paraskevis, National and Kapodistrian University of Athens School of Medicine, Athens, Greece

Edward Park, Nanyang Technological University (NTU), Singapore, Singapore

Fluvial geomorphology, Watershed hydrology, Sediment dynamics, Human-environment

interactions, Remote sensing, Southeast Asia

Paolo Pastorino, Zooprophylactic Institute of Piemonte Liguria and Valle d'Aosta, Torino, Italy

fish biology, fish diseases, microplastics, emerging contaminants, trace elements, aquatic

ecotoxicology, high-mountain lakes, freshwater ecology, aquatic biodiversity, environmental

chemistry

Alexandra Pavlidou, Institute of Oceanography, Anavyssos, Greece

Eutrophication and eutrophication indexes according to WFD and MSFD; Biogeochemical cycles and

nutrient dynamics in marine environments (coastal and open sea)

Jian Peng, Peking University, Beijing, China

scenario modelling, spatial planning, Ecosystem Services, Landscape change

Alexandre R. Péry, Institute of Life and Environmental Sciences and Industries, Paris, France
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Toxicokinetic modelling, Toxicodynamic modelling, Ecotoxicology, Mixtures, Integrated risk

assessment

Antonella Petrillo, University of Naples Parthenope, Napoli, Italy

Environmental analysis, Risk Management, Sustainable production and consumption, Life Cycle

Costing, Life Cycle Assessment, Social Life Cycle Assessment, Ecological risk assessment, Circular

economy, Multi criteria analysis, Renewable Energy, Environmental behavior, Corporate social

responsibility

Wenhui Qiu, Southern University of Science and Technology, Shenzhen, Guangdong, China

The effects and mechanisms of action of bisphenols on the immune system and reproductive

neuroendocrine system in fisharental exposure to antibiotics affects developmental immune system

in zebrafish offspring and its mechanisms of actionMetagenomics/metagenetics as a key to improving

sustainable crop fertility and productivity and contributing to overall ‘soil health’.

José Benito Quintana, University of Santiago de Compostela, Santiago de Compostela, Spain

Contaminants of emerging concern (CECs), legacy pollutants, chromatography-mass spectrometry,
environmental monitoring, transformation products (TPs), wastewater-based epidemiology (WBE),
human exposure to contaminants, water and marine environment contaminants

Anacleto Rizzo, IRIDRA Srl, Florence, Italy

Constructed Wetland, Nature-Based Solution for Wastewater Treatment, Sustainable Water

Management, Sustainable Sanitation Modelling, Sustainable Urban Drainage Systems, Water

Sensitive Urban Design, Low Impact Development, Green Infrastructure, Ecosystem Service

David Roser, University of New South Wales, Sydney, New South Wales, Australia

Neil Rowan, Technological University of the Shannon Midlands Midwest - Athlone Campus, Athlone, Ireland

Microbiology, Parasitiology, Transnational Modelling, Risk Evaluation, Emerging Pollutants,
Ecotoxicology, Biosecurity, Resource Utilization, Disruptive Innovation, Sustainability, Disinfection,
Sterilization, Virology, COVID-19, PPE, Health, Food Systems

Ma Jes(s Sanchez-Martin, Institute for Natural Resources and Agrobiology of Salamanca, Salamanca, Spain

Pesticides, soil, water, organic amendments; Adsorption, desorption, degradation, mobility; Soil

and water contamination by pesticides and emerging pollutants; Behaviour of pesticides in soils;

Influence of organic amendments

Nan Sang, Shanxi University, College of Environment and Resource, Research Center of Environment and Health,

Taiyuan, China

Toxicology, Environmental exposure, Atmospheric pollutant, Neurotoxicity

Ralf Bernhard Schafer, University of Koblenz-Landau Institute of Environmental Sciences, Landau, Germany

Water quality; Rivers; Ecological effects; Chemicals; Aquatic toxicology; Invertebrates;

Microorganisms; Modelling; Statistics

Jianwen She, California Department of Public Health Immunization Branch, Richmond, California, United States

of America

Environmental analysis; Persistent organic chemical analysis; Biomonitoring; Source apportionment;

Non target analysis; Endocrine disruptors; Mass spectrometry

Samendra Sherchan, The University of Arizona, Tucson, Arizona, United States of America

Water quality, environmental microbiology, fecal pollution, harmful algal blooms, emerging

contaminants, environmental monitoring, wastewater treatment, water pollution, water

reuse, environmental health, climate change, antibiotic resistance, microbial risk

assessment, microbiome, next-gen sequencing., water quality, environmental microbiology,
environmental engineering, water pollution

Wei Shi, Nanjing University, Nanjing, China

Environmental fate of emerging organic pollutants; Effect directed analysis based on instrumental

analysis and bioassays

Rui da Silva Coutinho, University of the Azores, Ponta Delgada, Portugal

Hydrogeology, Volcanology, Natural Hazards, Water Resources Management, Environmental

Geology.

Andreas Skouloudis, European Commission Joint Research Centre Ispra, Ispra, Italy

Sustainable Technologies for Energy and Environmental Protection

Zhaoliang Song, Tianjin University, School of Earth System Science, Institute of Surface-Earth System Science,

Tianjin, China

Biogeochemistry, Carbon cycle, Nitrogen cycle, Silicon cycle, Stable isotopes

Athanasios S. Stasinakis, University of the Aegean Department of Environment, Mytilini, Greece

Wastewater treatment and valorization, Sludge management, Emerging contaminants, Aquatic

pollution, Biodegradation

Marianne Stuart, British Geological Survey - Wallingford Office, Wallingford, United Kingdom

Groundwater pollution, Agrochemicals, Emerging contaminants in groundwater, Industrial

contaminants in groundwater, Shale gas exploitation
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Qian Sui, East China University of Science and Technology, Shanghai, China

Pharmaceuticals and personal care products, Micro-plastics, Emerging contaminants, Analytical

methods, Environmental behaviors, Source apportionment, Treatment processes

Yifei Sun, Beihang University, Beijing, China

Gasification, Pyrolysis, Biomass, Solid waste disposal, Persistent organic pollutants

Zhibin Sun, Colorado State University, Fort Collins, Colorado, United States of America

Data assimilation, Mathematical modeling, Machine learning, Remote sensing, Surface ultraviolet

monitoring, Ocean/Climate/Geomagnetism model

Phong Thai, The University of Queensland Queensland Alliance for Environmental Health Sciences,

Woolloongabba, Queensland, Australia

Wastewater analysis, Sewer-based epidemiology, Air quality monitoring, Air pollution

epidemiology, Environmental monitoring

Maria Concetta Tomei, Water Research Institute National Research Council, Roma, Italy

Processes and Technologies for Urban and Industrial Wastewater Treatment, Modelling and Control of

Biological Processes, Removal of Xenobiotic Compounds, Membrane bioreactors, Sludge Treatment,

Soil Bioremediation

Ashley Townsend, University of Tasmania, Hobart, Australia

Environmental analysis; Geochemistry; Oceanography; Marine and Antarctic science; Materials

science; Human health areas

Sunita Varjani, Gujarat Pollution Control Board, Gandhinagar, India

Bioremediation, Biodegradation of hydrocarbons, Biosorption of heavy metals, Treatment of industrial

effluents, Solid waste management

Yongshan Wan, United States Environmental Protection Agency Center for Environmental Measurement and

Modeling Gulf Ecosystem Measurement and Modeling Division, Gulf Breeze, Florida, United States of America

Jie Wang, China Agricultural University, Beijing, China

Study of microplastics and organic contaminants fate and behavior in the environments,
Bioavailability and bioaccessibility of hydrophobic organic contaminants, Environmental

microbiology, Microbial ecology, Biodegradable Mitigation strategies and risk-reduction practices

Lunche Wang, China University of Geosciences, Wuhan, China

Solar radiation, Atmospheric radiative transfer, Atmospheric environment, Air pollution, Urban

meteorology, geography and ecology, Regional climate change, droughts, heat waves, Agricultural

remote sensing, Land surface process, Land-atmosphere interactions, Aerosol effects on the

terrestrial ecosystem and crop production.

Peng Wang, Chinese Academy of Sciences, Beijing, China

Anthropogenic Material Cycle, Material Flow Analysis, Industrial Ecology, Integrated Assessment

Models, Urban Sustainability, International Trade, Energy and Climate Economics

Quan Wang, Northwest Agriculture and Forestry University, Yangling, Shaanxi, China

Waste management, Microplastics, Composting, Resource recovery, Greenhouse gas, Soil heavy

metal pollution and remediation, Biotransformation, Thermal-conversion, Biochar

Wei (Vivienne) Wang, Zhejiang University Library, Hangzhou, China

Radio-isotopic tracing and photographing; Pesticides; Organic pollutants; Bioavailability;

Degradation; Metabolism: chemical analysis

Xiaoping Wang, Chinese Academy of Sciences, Beijing, China

Global cycling of POPs; Mechanism of long range atmospheric transport; POPs accumulation in polar

region; Risk assessment of POPs, Brown carbon; Emerging contaminants;Tibet Plateau

Yixiang Wang, Zhejiang A and F University College of Environment and Resources, Hangzhou, China

Greenhouse gases, forests, forest management, Spatial Analysis, climate change

Shaun Watmough, Trent University, Peterborough, Ontario, Canada

Ecosystem biogeochemistry; ecological impact of trace metals; ecosystem acidification; air pollution

impacts on ecosystems

Jianming Xue, Scion, Rotorua, New Zealand

Biowaste and wastewater reuse, Emerging contaminants in biowaste and soil, Fate and transport

of contaminants in terrestrial ecosystems, Antibiotic pollution and remediation, Biochar for

environmental management, Plant uptake and translocation of contaminants, Plant-soil-microbe

interactions, Phytoremediation of contaminated soils and water, Biowaste management and climate

change

Ishwar Chandra Yadav, Tokyo University of Agriculture and Technology Graduate School of Agriculture

Research Division of International Environmental and Agricultural Scienc, Tokyo, Japan

Persistent organic pollutants; Brominated and phosphate flame retardants; Heavy metal pollution;

Aerosols; South Asia; PM2.5; Solid waste; E-waste; Himalayas

Jing You, Jinan University, Guangzhou, China

Organics; Ecotoxicology; Bioavailability; Sediment; Pesticides

Yang Yu, Beijing Forestry University School of Soil and Water Conservation, Beijing, China
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Land degradation, Integrated watershed management, Vegetation restoration, Soil and

water conservation, Ecosystem services, Dryland ecology., Watershed management, Saoil

erosion, Hydrological connectivity, Landscape ecology, Soil ecosystem services, Soil and plant

interaction, Geomorpholgy

Zhenyang Yu, Tongji University College of Environmental Science and Engineering, Shanghai, China

Characterization of the Harmful Effects of Hazardous materials (HM) and Contaminants of emerging

concerns (CECs).

Demetrio Zema, University of Reggio Calabria, Reggio, Italy

Hydrology, watershed management, wastewater treatment, hydrological modelling, soil

erosion, irrigation

Chaosheng Zhang, University of Galway, Galway, Ireland

GIS and Environmental Geochemistry

Huichun Zhang, Case Western Reserve University Department of Civil Engineering, Cleveland, Ohio, United

States of America

Oxidation, Reduction, Adsorption, Predictive Modeling, Emerging Contaminants

Xiaowei Zhang, Nanjing University, Nanjing, China

Ecotoxicology, Toxicogenomics, Ecogenomics, Endocrine disrupting chemicals, Effect based analysis,
Adverse Outcome Pathways Biomonitoring, Biodiversity, Ecosystem Functions.

Yong Zhang, Xiamen University, Xiamen, China

PAHs; Organic matter; Marine environments

Jian J. Zhao, Ocean University of China, Qingdao, China

Microplastics, Engineered nanoparticles, Nanoplastics, Toxicity, Environmental Behaviors

Bing Song Zheng, Zhejiang Agriculture and Forestry University, Human Resource Department, Hangzhou,

Zhejiang, China

Plant-Environment Interactions; Forests; Heavy metals; Bioenergy; Environment stress; Plant

ecophysiology

Lingyan Zhu, Nankai University, Tianjin, China

Occurrence, bioavailability, Fate, human exposure and potential effects of emerging persistent

organic pollutants in the environment

Yifang Zhu, University of California Los Angeles, Los Angeles, California, United States of America

Hussein Znad, Curtin University, Perth, Western Australia, Australia

Microalgae &, algal environmental applications, Wastewater/Air polluted treatment, Ad/Bio-sorbent

development for heavy and rear earth metals, Optical functionalized nano-materials for detecting

and removing metals from aqueous solution, Photo/catalyst development, Advanced Oxidation

Processes (Photo-Fenton, Ozone, UV/Solar, ZnO/TiO2 photo-catalysis), Biowaste-based biodiesel

production, Bio-hydrogen production from wastewater, Modelling, Optimization, Scale-up of

Photo/bio reactors.
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GUIDE FOR AUTHORS

INTRODUCTION

Science of the Total Environment is an international multi-disciplinary natural science journal for
publication of novel, hypothesis-driven and high-impact research on the total environment, which
interfaces the atmosphere, lithosphere, hydrosphere, biosphere, and anthroposphere.

totalenvironment.gif-Total Environment

STOTEN invites contributions of original and high quality interdisciplinary environmental research
papers of broad impact. Studies significantly advancing fundamental understanding and that focus
on the interconnection of multiple spheres will be given primary consideration. Field studies have
preference, while papers describing laboratory experiments must demonstrate significant advances in
methodology or mechanistic understanding with a clear connection to the environment. Descriptive,
repetitive, incremental or regional-scale studies with limited novelty will not be considered.

1) Subject areas may include, but are not limited to:

e Air quality, atmospheric conditions, and new understanding of their role in adverse health or
environmental outcomes

e Atmospheric biogeochemistry

e Ecosystem services and life cycle assessment

e Ecotoxicology and risk assessment

e Eco-hydrology

e Wildlife and contaminants

e Environmental impacts of climate change, agriculture, forestry, and land uses
e Environmental impacts of waste or wastewater treatment

¢ Drinking water contaminants and health implication

e Environmental remediation of soil and groundwater

¢ Global change-induced extreme events and environmental impacts

e Groundwater hydrogeochemistry and modeling

e Nanomaterials, microplastics, and other emerging contaminants

¢ Novel contaminant (bio)monitoring and risk assessment approaches

e Remote sensing and big data applications in multiple spheres

e Stress ecology in marine, freshwater, and terrestrial ecosystems

e Trace metals and organics in biogeochemical cycles

e Water quality and security

e Critical reviews or Discussion on current or emerging topics

e Fast-track submissions (less than 2 weeks): Ground-breaking discoveries with immediate impact

2) TYPES OF SUBMISSIONS NOT TO BE CONSIDERED:

e Papers not contributing significant new knowledge to the field of study

e Disciplinary studies with limited environmental relevance

e Local or regional scale case studies lacking international relevance

¢ Soil or plant science studies without environmental implications

e Laboratory batch experiments without an application component, e.g., batch sorption experiments,
preparation, and evaluation of sorbents or catalysts for contaminant removal

e Manuscripts that are primarily data reports without a substantial hypothesis, e.g., monitoring of
common contaminants

e Modelling studies without calibration and data validation

e Papers of social science in nature on economics, sociology, psychology, political science, policy,
planning and/or management

eToxicology and ecotoxicology studies testing single chemicals in bench-scale assays

e Human health studies that do not provide significant additional understanding of air pollution induced
health outcomes

e Method development papers on common contaminants

¢ Bibliometric analysis-based papers

e Papers that describe data analysis methods including machine learning that do not provide new
scientific insights into the system from which the data were collected.
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Please DO NOT ask the Editors-in-Chief for permission before submitting a manuscript.
Kindly check the guidelines to determine whether your manuscript is within the scope of
the journal; if yes, please go ahead and submit it.

Research papers reporting original and previously unpublished work.

Short Communications. A brief communication of urgent matter or the reporting of preliminary
findings.

Letters to the Editor. A written discussion of papers published in the journal. Letters are accepted
on the basis of new scientific insights on the particular topic, critical additional information, relevance
to the published paper and timeliness. Authors will be invited to submit a Reply to respond to points
raised. The Editor will decide on the publication of Letters and Replies based on scientific merit,
importance to the raised issues, and interest to the general audience. Letters and Replies of an
unprofessional or unscientific nature, or containing personal invective, will not be considered.
Review Articles. Critical evaluation of existing data, defined topics or emerging fields of
investigation, critical issues of public concern.

Discussion. Opinionated exposition on an important scientific issue or event designed to stimulate
further discussion in a broader scientific forum.

Special Issues. Proceedings of symposia, workshops and/or conferences will be considered
for publication as a special issue. The Special Issue Editor, Dr. Paola Verlicchi
(verlicchi.elsevier@gmail.com), should be contacted early in the conference planning process to get
approval. For guidelines and full information on special issues of this journal please click here.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

Only one author is designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

e All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided

¢ Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (convey the main message of described study)
Supplemental files (must have the same title page as the main paper)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Limit the total number of figures and tables to no more than 8, place secondary figures and tables,
pictorial figures, and over-sized tables in Supplementary Material

ePermission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

e Journal policies detailed in this guide have been reviewed

e Suggested reviewers should be from diverse regions, with contact details

For further information, visit our Support Center

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.
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If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care
and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the
influence (or association) of sex on the results of the study.

Corresponding authors, on behalf of all the authors of a submission, must disclose any financial
and personal relationships with other people or organizations that could inappropriately influence
(bias) their work. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. All authors, including those without competing interests to declare, should provide
the relevant information to the corresponding author (which, where relevant, may specify they have
nothing to declare). Corresponding authors should then use this tool to create a shared statement
and upload to the submission system at the Attach Files step. Please do not convert the .docx
template to another file type. Author signatures are not required.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify compliance, your article may be checked by Crossref Similarity Check and other
originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints
provide early registration and dissemination of your research, which facilitates early citations and
collaboration.

During submission to Editorial Manager, you can choose to release your manuscript publicly as a
preprint on the preprint server SSRN once it enters peer-review with the journal. Your choice will have
no effect on the editorial process or outcome with the journal. Please note that the corresponding
author is expected to seek approval from all co-authors before agreeing to release the manuscript
publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI)
is assigned. Your preprint will remain globally available free to read whether the journal accepts or
rejects your manuscript.

For more information about posting to SSRN, please consult the SSRN Terms of Use and FAQs.
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Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This
means that if an editor feels your manuscript is more suitable for an alternative journal, you might
be asked to consider transferring the manuscript to such a journal. The recommendation might be
provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation,
or a combination. If you agree, your manuscript will be transferred, though you will have the
opportunity to make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Authors may submit their articles electronically to this journal. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review process. Please note that
even though manuscript source files are converted to a PDF file at submission for the review process,
these source files are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail, removing the
need for a paper trail.

Note that contributions may be either submitted online or sent by mail. Please do NOT submit via both
routes. This will cause confusion and may lead to your article being reviewed and published twice!

For any technical queries please visit our Support Center.

Cover Letter
The corresponding author must state explicitly in a paragraph how the paper fits the Aims and Scope
of the journal. Failure to include the paragraph will result in returning the paper to the author.

All authors must suggest SIX potential reviewers for their paper upon submission (please include
institutional email addresses ONLY for all reviewers).

The suggested referees should: (i) not be close collaborators of the authors(s)(ii) not be located in
the same institution as the author(s) and(iii) not all be from the home country.

Avoid suggesting colleagues you have published with previously as this creates a potential conflict of
interest. Do not suggest any Editor of this journal.

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.
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Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

LINE and PAGE NUMBERING (NEW AND REVISED SUBMISSIONS):

Please ensure the text of your paper is double-spaced and has consecutive(continuous) LINE
numbering. Please also ensure to add PAGE numbers to the source file- this is an essential peer
review requirement.

Figures and tables

You may embed figures and tables in your WORD manuscript or submit Figures and Tables
in separate files in an approved format (TIFF or EPS with the correct resolution for figures
and MS Office files for tables)

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to @ minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Manuscript page limit

There is no restriction on the number of pages but brevity of papers is greatly encouraged. The length
of a paper should be commensurate with the scientific information being reported. In particular, the
introductory material should be limited to a few paragraphs and results presented in figures should
not be repeated in tables.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Be concise and informative. Titles are often used in information-retrieval systems. Acronyms
and brand names of products should not appear in the title of a paper. Instead they may be listed in
the key words, and spelled out the first time they appear in the body of the paper.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. The inclusion of multiple corresponding authors is
strongly discouraged. Ensure that the e-mail address is given and that contact details are
kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.Please
limit your abstract to 300 words.

Mandatory graphical abstract

A graphical abstract is mandatory for all Research Papers, Review Articles and Short Communications
submitted to this journal. It must be supplied with the initial submission and any subsequent revisions.
It should summarize the contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: please provide an image with a minimum of 531 x 1328 pixels (h X
w) or proportionally more. The image should be readable at a size of 5 x 13 cm using a regular screen
resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example
Graphical Abstracts on our information site.

The mandatory highlights are important because they appear online in the Table of Contents of
the journal. Highlights that list bullet points about the results are therefore not very informative for
readers scanning the contents. Here is an outline of what the highlights should contain: What is the
overall scientific problem and why did you study it? How did you address the problem, and which
spheres are included? What was the major method used? Major finding(s) Take home message

Do not repeat the highlights in bullet form for the conclusions. The conclusions should be a narrative
about what you found and what it means in the broader scheme.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

The key words of the paper should not contain any words already in the title, but can include
abbreviated terms or location information not suitable for the title.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Number tables consecutively with Arabic numerals in accordance with their appearance in the text.
Type each table double-spaced on a separate page with a short descriptive title typed directly above
and place footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data presented in tables
do not duplicate results described elsewhere in the article. Tables should never be included within the
text, because file(s) containing tables are attached separately in the electronic submission system.

Please submit Figures and Tables in separate files in an approved format (TIFF or EPS with
the correct resolution for figures and MS Office files for tables).
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J].C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
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the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwjo98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.37272009.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.
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Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

This journal enables you to publish research objects related to your original research — such as data,
methods, protocols, software and hardware — as an additional paper in Research Elements.

Research Elements is a suite of peer-reviewed, open access journals which make your research objects
findable, accessible and reusable. Articles place research objects into context by providing detailed
descriptions of objects and their application, and linking to the associated original research articles.
Research Elements articles can be prepared by you, or by one of your collaborators.

During submission, you will be alerted to the opportunity to prepare and submit a Research Elements
article.

More information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your submission if
your data is unavailable to access or unsuitable to post. This may also be a requirement of your
funding body or institution. You will have the opportunity to provide a data statement during the
submission process. The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page..

AFTER ACCEPTANCE
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Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word: in
addition to editing text, you can also comment on figures/tables and answer questions from the Copy
Editor. Web-based proofing provides a faster and less error-prone process by allowing you to directly
type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also find out when your accepted article will be published.

Revision submissions:

*When submitting the revised manuscript, please make sure that you upload the final version of the
paper.

*Please remove the old version(s) of the manuscript before submitting the revised version.

*Please do not upload PDF version during revision.

If you have any specific questions related due date extensions for revision, please visit our Support
Center.

© Copyright 2018 Elsevier | https://www.elsevier.com

AUTHOR INFORMATION PACK 23 Oct 2022 www.elsevier.com/locate/scitotenv 28


https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article/share-link
https://www.sciencedirect.com/
https://webshop.elsevier.com/article-services/article-offprints/
https://service.elsevier.com/app/home/supporthub/publishing
https://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing
https://service.elsevier.com/app/home/supporthub/publishing/
https://service.elsevier.com/app/home/supporthub/publishing/

