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Abstract

Nanoplastics [MPs] and neanscotinmds are common: pollutants in aguatic ecosystems. Although ther co-occurrence s expect=d 10
multiple epviroements, studies assessing their combined effects are still imited. This toxdcological assessment investigated the po-
tential effects af palystyzene MPs [PEMPs), clothiansdio {CLO), and their mixtures on four aguatic species: the freshwater cladoceran
Daphmia magra, the duckweed Lemna mimor, the green algee Chlamydomonas reinhardor, and the cyanohacte=ra Mioocysts aeruginosa.
Toxicalagical tests were performed following Intermational Srganization far Standardization and Jrganisation for Economic Ca-
aperation and Development pratocoks. Acute, chronic [multgenemational) ond swimming behavior tests were performed with D
mogna, and growth inhibition tests were mn with L minor, C reichordti, and M aereginoso. Abbott’s model was used to predict the
taxicological interactions of the mixtures for each one of the tected species. The D magna immobility and swimming behavicr tests
rewealed that the combaned toxicities of PSMPs and CLO are decreased when the compounds are present as a mixhure. Antaganistic
nteractions were also abserved for O reimbardts growth, whereas for Lominer and M. serupnose, interactions ranged from antaganism
to additivity. Chranic multipenerational tests with 0. mogna revealed that neonates obtained from the exposed parental peneration
showed @ delay in the first brocd during the recovery {nonexpesuse] phase, but this effect disappeared at the next generation, which
indicates that microcrustzceans will probalily be able ta recover on a Jong-term scale if contamination is stapped. Our results pravide
mew insights inte the combined toxicty and ecolegical risk of MPs and neonzcotineids toward aguatic orgenisms.

Keywords: mixture toxicity, antagonism, multigenerational, swimming behaviar

]_ntrﬂdu{‘ﬁn‘n uncontrelled presence ie aguatic compartments can imducs toxic
sffects on water Jiving ocfganmms [Duchet et al, 3023 Raby
=tal, J01H)

In addition to the risics posed by MEQs a5 single compaunds, 1t
must he considered that pesticides are mzely found aleoe m
aguatic ervirenments: In this coptext, microplastics (MPsp are
ane af the mest commen water contarmunants with widespraad
gccurrence worldwide [Yusul etal , 2022} Mast of the MPs reach-
mg the cnvironment anginate: from the frgmentation of MMPs
dus ba U irradiation and meachaneal abrasion, But they canalsa

Hecoicotinaids [MEDs) are synthetic insecticides used to contred
sucking and hrting mse=cts in multiple ops such as cotton, Hoe
saybeans, and carn (Alsafran et al, 2022 Due to their high selec
tvity for the nicating: acetylchobine recepter [nACHRS) of targst
argamisms and low toeicity to mammals, these substances have
experienced Topid grawth since thewr discovery; today, NEDs ac
caunt for approxmately 25% of pesticd= osage worldwode
\Zhang et al. 223y Desmte their efectivensss i controlling

pests,” studies have shown deletertous effects of these rom b “primary” 8MPs intendanally manufactured for cosmersic and
pounds an nontarget crganisms, such as soil invertebrater and persanal care products and n the taxtile and electronic indastny
poliinatars (Fiso et al , 3027). Alga, their high solubility in water [Chellgmamy et al,, 2833). Thess can enter the aquatic enviran
Fvors thetr leaching and runcff to aquatic ecasystems. Forin ment by domestic or industrial sewaps discharge ard can com
stance, MEQs have been found in multiple surface watsr bodiss prise @ wide range of sizes, shapes, and types, with polystene
worldwide, mcluding. channels, puddles, svers, str=arms, and [#5] beang one of the most abundant plastic palymes found in
wetiands. (Maorrmsey et i, 2015) In this manner, theb frestrwater bedies (0 & Wang, 201E).
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Abstract Hydrothermal carbonization (HTC) 15 a promising thermochemical prooess to
comvert regiduoes into hydrochar While conventional HTC ublizes one tvpe of residue
as raw material enly, Co-HTC generally combines bwo, By miving dry and wet washes,
Co-HTC can advantageously avoid water addition. Themefore, this work investigated the
potential of h¥drochar derived from the Co-HTC of saw dust and non-dew atered sewage
sludpe as a dye (methylens blue) adsorbent and evaluated the toviaty of the resulbing Co-
HTC process water (FW) on Daphmniz magng. Three hydrochars were produced by Co-HTC
at 180, 215, amd 250 “C and named H-150, H-215, and H-250, mespectvely. For methyvlens
blue adsorption, H-180 and H-215 had a better performance than H-2500 Both H-180 and

I which was

H-215 presented a maximum adsorphion capacity of approcamately 70 myg-g—
superior compared with the adsorpbon of methylene blue by other hydnochars o the
literatume. Moreover, the removal percentage obtained with H-180 remained satisfactory
even after five cycles: Regarding the toxicological assays of the 'We, raising the Co-HTC
temperatume increased the vanety of substances in the PW composibion, resulbing in hagher
towcicity to I, magna. The ECsy values of PW-180, PW-215, and PW-250 were 1L.13%, 0.97%,
and 0.51%, respectively. This highlights the importance of searching for the treatment
and valorzation of the FW. Instead of viewing this by-product as an effluent to be treated
and disposed of, it = imperative to assess thu.putuntial of W For obtaining other higher
added-value products.

Keywords: hydrothermal carbonization; adsorption; methy lene blue; ecotoxicity; Daphiia
Mg waste valorization; biochar

1. Introduction

The adverse effects of dlimate change have prompted discussions about the sustain-
ability of current production systems. In this context, it is well-known that the transition
from the curment lmear economic model to a arcalar ome 15 mecessary to achieve sustamable

Appl. 5c. 2075, 15, 1052
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The pressice of exole species of plants In g seghes e euociaed with anthmpogenie serv@ies doe o deels
eomiimie dnd ciesrmsrckil erefin. Wiken dhese enodle §pocics Binder the developnes of netive speds, they ane
cotmblesed vmdive. In-Braxll, twpo sgecked stand oul! Pleys spie dnd BEueslyians spis. Thelr prisent e wilthis a2o-
wyslems By resull B endossenial inbalences caused by alkzlopathy, The allelshemicals releasiad by Thesas
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ilaidlgation. The high scbebdiry of pheralic compounids producsd by e plans allws cham 1o feach wates
Budallied il peteniclly et eguatle of gankes b gt of dis, o ofleelogiedl evaleation wad afidiczod by
expoainy Daphils sogng, AN fcherl Londelig peficralg, dsd Lacrooa mifive seeds o sofl elisdares fom
aresis with exollc and native vegention. The samples were collecied i close proghmdly, wich the peimary dif
Ferenee being the tvpe of vegetation eover. Upnn ehamosesizacion, the sell cowened by sanive specis was Tound 1o
canialn Righer ek ol cegeolc mater and molsture, wherss ose aodl with ol spodie applared drier.
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meniral impes canead by invasive planms

Landokiz puscizia

1. Introdaction

Ewatlc species are arganisms introdeced ouiside their natural mnge,
and their spread is associaied with anthropogendc activities, as their
displocement from native habitats o oew ecosysiems does not ocour
naturally, When their presence in an ecosystem disrupts the develop-
mient af native species, they are constdered nvasive. [n Brazil, natahle
invasive plant species mclude those from the genera Pines spp. amd
Eurmypeus spp. These species were introduced primarily for dmber
production bo meet the demands of mil trnsport ond steam engines, as
well as to supply markets for paper, pulp, plywooed, veneers, and shests
(Shirmize, J00E; Eodrigoes e al, 2021 ). These species wers selacted due
to thear rapid growth, high seed prodoction, ease of dispersion, elevaced

germination rabes, and early maturation compared o native species
[ domresitni, JLLLE ]

Cine af the key concerns regarding invasve speciss is their potential
tor allehpathy—a phenomenan in which one arganism exeris harmodal
or beneficial effects on another throagh the release of chemacal sub:
stances inba the environment (Zhang o ol 2020). In this process, sec
ondary metabaldes—kmown asallelochemimls—are prodoced by planes
to pratect against biotic amd nbictic stressars (Foovd aed s, 1992)
These biomolecules mediate (oteractions with other planis, pests,
pathogens, - insects, berbivores, and o variety of other argandsms
Mo fer sl Boland, 2012) Klisoogmey {20025 svaliosted five invasive
exndic plants and Ave are mative planes and discaversd that the invasive
expdic plants typically exhibited postive feedback {increased growth)
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Abstract

The aim of this study wes to assess the effect of tiemperature on the toxicity of hipronil toward earthworms (Eisenia andrer)
in two Brazilian soils {(Entisol and Oxisol) with contrasting texmres. In the case of Entisol, the influence of soil moistune
content oo toxicity was also investigated . Earthworms were exposed for 56 days to soils spiked with increasing concentrations
of hprondl (8.95, 1943, 34.22, 155.6], and 237.8] mg kg" fior Entisol; 12,99, 2794, 48,42 204.67, and 374.29 mg kg™ for
Crxisol) under scenarios with different combinations of temperature (20, 25 and 27 *C) and soil modsture content {60 and 30%
of water holding capacity (WHC) for Entisol and 60% WHC for Oxisol). The number of juveniles produced was wken as
the endpoint, and a risk assessment was performed based on the hazard gquotient {HO). In Entisol, at 60% WHC the fipronil
toxicity decreased at 27 °C compared with the other temperatures tested (ECs;=32.58, 4544, and 110 mg l'.g" for 20, 25,
and 27 °C, respectively). In the case of Oxisol at 606 WHC, the hpronil toxicity increased at 27 "C compared with other
temiperatures (EC,=277.57, 31287, and 34989 mg kg~ ! ai 20, 25, and 27 °C, respectivelyl. Anincrease i hpromil tocicity
wis also observed with a decrease in soil moisiore content in Entisol at 27 °C (BC:=27.95 and [ 10 mg i'.g" fior 30% and
B0% WHC, respectively). The risk of fipronil was only significant at 27 *C in Entisol and Oxisol with water contents of 30%
and 60% WHC, respectively, revealing that higher temperatures are able to increase the nsk of hpronil toxicity toward carth-
worms depending on soil type and soil moisture content. The results reporied herein show that soil properties associated with
climatic shifis could enhignee the ecotoxicological effects and risk of Bpronil for carthworms, depending on the type of soil.

Keywords Global warming - Eisenia aadrei - Phenylpyrazole - Natural soils - Soil ecotoxicology - Hazard quotient

Introduction

According to the Intergovernmenial Panel on Climate
Change {IPCC), mcreases in global temperatures and the
occurrence of extreme weather events are expected in the
coming years. In a global scenano, an imcrease of around
2 °C in ghobal temperature is expecicd between the years
2021 and 2040. In Braxil. although the predicted conse-
gquences of climate change vary for different regions, if this
global warming trend is confirmed, temperatures could rise
by around 3.0-3.5 °C. and reductions of between 100 and 20%
in rainfall patterns may occur, which increases the probakhil-
ity of extreme and prolonged drought events (IPCC Z021).

The consequences of climate change. especially those
related o temeperstuce - and precipitation, are considered an
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imminent problem duee to long-term impacts on lerrestrial
species. These changes can affect the physical, chemical.
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Abstract

Wi evaluated the toxicity and risk (via toxicity exposure ratio approsch — TER) of the insecticide fipronil to collembolan’s
growth and reproduction in thres tropical sails, under increasing atmospheric temperatures. Chronic toxicity lests were por-
formed with Folsomia condida in ropical artificial soil (TAS), oxisol. and entisol spiked with increasing concentrations of
tipronil, at three room temperature scenarios: a standard (20 + 2 °C), a tropical condition (25 + 2 °C) and a global warming
stmualation (27 4 2 °C). Temperatures influenced the fipronil effects on the species reproduction differemly between soil types.
In TAS and oxisol the highest toxicities (EC,;-based) were foond at 27 *C {EC 15 = 0.81, 0.70.0.31 mg kg™ BCyp popson.
= 1.52. (.54, 040 mg Icg": at 20,25, and 27 °C, respectively ). In entisol, the wxicity at 27 °C was lower compared to 25
gnd 20 "C (EC, porery =033, 0,24 0.1 mg kg", respectively). Fipronil concentrations also increased the proportion of
small juveniles {growth reduction} in all tested soils. However. this effect was greater (EC-based) at higher temperatures
(25 andfor 27 "}, regardless of the soil type. TER approach revealed a significunt risk of fipronil in entisol, regardless of
the tested temperature, while in other soils the risk was found significant only at the higher temperatures (25 and 27 *C for
TAS, and 27 °C for oxisol ). These results indicate that exposures to hpronil et high temperatures {e.g.. those resulting from
climate change) can threaten F. candida populations, depending on the soil type.

Keywords Global warming - Folsomia candida - Pesticides « Soil ecotonicology - Risk assessment

Introduction organisms, being considered effective against a wide range

of pests (Gunasckara et al. 2007; Mohapatra et al. 2011

Fiproail {5-amino-1-[2 6-dichloro-4-(triffuoromethy
phenylj-4-(triflooromethylsulfinyl - 1 H-pyrazole-3-car-
bonitrile) is & broad spectrum phenylpyrazole pesticide,
capable of disrupting the central nervous system of targel
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Simon-Delso et al. 201 5). To reduce damages caused by
pesis that attack seeds and scedlings earky in the crop cycle,
one of the main applications of this active ingredient (a.1.)
15 in the chemical treatment of seeds (Bonmatin et al. 20005}
However, despite this ai. advantages for crops. its residues
in the =01l can cause deleterions etfects on non-target inver-
tebrates, which are often in direct contact with the pesti-
cide and play imponant ecosystem services (Simon-Delso
ctal. 2015; Daam et al. 2019

Climatic factors can play an important role m pesticide
toxicity since they can influence the fate of certain sub-
stances in soils. as well as affect the physiology, composi-
tion, and diversity of soil invertebrates (Dai et al. 200%).
According to the Intergovernmental Panel on Climate
Change (IPCC), Earth’s climate is changing substantially
due to the anthropogenic increase of emission green-
house gases {IPCC 2021). Under the current global warm-
g perspective, it is estimated that an increase in ghobal
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This study almed so aseess the dareese oty and dsk of clathianbfin & o seed dressing Tormulaion o non-
iyt sl Invemekaalin. The toseiny meavd were peefirmedl wich tae dligochoetes (easthmoerms Exenlo maderd

Edunr DO L. Mann Soais

Krpwards: anid enelprracids Enhyreoews cnvpeies) mnd thece collestolin (Falsonin candidn, Progmsmi menuig and Sl
K s corvient) spicies Tnllowing 150 prosoecls. Risk assessment (vin Hazard Quotient sppooksh — HOQT wis hased an
:‘.:::'l'::" the hazardous coneatrations far 95 of The spesies (HE, L derived Tom chaonic Spocles Sesdtiviny EHarribatlong
R e 1S (REDE for clo®ianan, and on 23 predicted cavlsonmental soncententioig (PEC). Pous S50 sendelnd were
b T denerated with lierdture e sor this sudy decs, Sllinesg diffesent dafn selection cringia [Le., peneral anly

data froni tesis vy shnlbie Topmuliotoss, shinilis soils, or Keitical soil Joemulstion]. 6 our expeslssin. a
EiEhat eloisianddin mxieley (ECq,-hided) wis foassd e collembolans (veeylag hom 011 o 028 &g ki ! By
mwer gpeces) Sallomoed Ty the casvhwoemns (435 mg kg '), widle the enchyimacids were the lean sessltive (33.5
= By " AG dndicaned & sigedlicant sk of loidasddin po soll Everichrabes hocasse the erimaned PEC werne s
Seceit Tiu6 timees higher then B, and are expected 1o affect the whisle greup of collembolans. Desplee the ceitesia
for dse Inckatioa have lafluesond the HC, valis, s subsianial chisges were abmerved Bor the ik aubeoomes,
To o knovmledge, this 1s the frr study assessing the chionic ceologieal visk of clobdasddin to Beneficial soil
fnsss hased on & protabilisic wrcach. Duta Teom s siudy cas help to derve sose relable proteczlon
threshalds Tar cghinnidin in sails

sodl-inhahiting insect pests [Adwood ot al, 28L

Although e use has been resivicted andor prohibited in some Fus:
ropean Union sinee 20083, maimly doe 1o iis adverss effects on honey bee
colanies (EF58 (Eumpean Fopd GSoafedy Authoceyd, 20H03c), some EU
miember states are sill using dothianidin through emergency auethar-

1. Intradaction

The treatment of seeds with pesticides is a techoigue applisd

worldwide & commercial crops, such as soybean, com and wheat
(fatrie et al, KW, Neamcotinaics are the most widely. used insects

-
T il BT (e

cide class for seed irentment and are registered in more thane 120
coumiries (Lormunh e ol 20200 Clothianidin is an K-ndtroguanidine
meanicatinaid insectcide used through folior spraying, soil trestmemn
nmd especially for seed dressing (Orout ef ol.. 20200, This moleoule acts
competing with acetylicholine by the nicotinic receptors, thus promoging
the paralysis andsar nervous hyperstimulation of =xpossd argarisms
(Hiton ex al_, D01 E; [hara smt Matsmia, 20158), In this way, dothiansdin

proteces dhe crop by providing a systemde, broad-spectmam control- of
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miay of &

zabinos 10 prevent severe pest damage (o crops (Carmsn
Shalfing, 285 EFSA { Euraopeun Food Safery Aathoeny), 2018, 205 ).
Alsn, clothmnidin sales outside Europe have continued 1o grow m the
last years, and this active ingredient {2.0.} remains intensively wsed @
agricultural areas of the American and Asian comtmends (Chevillos =pal,
MY Haes and Piedd D018 Grom e ol HE); - flemassbramanion
D202 In X1 2, clothianidin was amang the three most used neon
Icoinodds and accownted for 14.7% of the todal neondcotinald sales (o
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Abstract

This study assessed the influence of three tropical seil types and soil moisture content on the toxicity and nisk of the
msecticide fiprondl o collembolans Folsewia candida. Chronic woicity wests were performed in o Tropical Artificial Soil
(TAS), an Orxisol and an Entisol spiked with mcreasing concentrations of fipronil o assess the effects on the reproduction
and growth of the species. The soll modsture contents were kept at 6% (standord condition) and M) or 45% (water
restiiction ) of their water holding capacity (WHC), The toxiciy of fipronil on collembolans reproduction was about three
times higher in Entisol compared 1o TAS or Cxisol. Higher toxicities were also found in the doer TAS (ECqy spgppe = .20
vs ECu srpwme = 070 me ke~ ) and Oxisol (BC gy wawme = 0227 vs BCag soswne = .54 mg kg~ '\, while in Entisol lower
impacts were found in the dner samples (ECs spmwnc = 041 v5s ECspamwnc =024 mg kg™ '\, For all tested soils, the size
of genernied collembolans was reduced by the fipronil concentrations. regardless of soil moisture. However. the drier
condition increased the effect on the growth in TAS and Entisol for some concentrations. A significant risk of exposure was
found in TAS and Oxisol at doer conditions and, for Entisol, regardless of the soil modsture. The toxic ctfects and risk of
fipronil on collembolans wene higher in the natural sundy s0il. The soil moiswure content increase or decrease the oxicity of
the insecticide for collembolans, depending on soil type.

Keywords Climate change - Collembolans - Pestickdes + Seed dressing - Soil ecotoxicology

Introduction These particular soil characteristics, such as texture, pH,

cation exchange capacity (CEC), clay wnd OM contents help
The Brazilian territory is composed of a wide variety of oil to regulste the water avalability and the pesticide bioa-
types with different chearactenistics (EMBRAPA  THH). vailability/toxicity to collembolans (Amonm et al. 20815;
Chelinho et al, 2014; Ogungbemi and Van Gestel 2018;
Bindeira et al. 2019 Some studies comparing the toxicity
of pesticides in different types of soils indicate that the toxic

Supplementary information The onfine version conlaims effects mauy be enhonced in sandy soils when compared with
ET:—?;;TT memterial availabie ot hivps:iidoi org’ 1100751 645 finc-textured  soils | A im et al 2005 Domene ot al
% : 2012; Bandeima et al. 201%).
! Paulo Roger Lopes Alves In addition to the influence of soil types, climatic factors
peuln. e fapes @ gmail.oom also play an important influcnce on the behavior and
dynamics of pesticides in soils. According 1o the Inter-
Department of Soedl Science. Samin Cotarma Stale University, Av. s e = P i

Luis de Camdes, 2090, Lages, SC BE520000, Bruzil governmental Panel on Climate Change (IPCC ), an increase
Federal Hubversity of Frombsio Sul, Av. Fernando Mackado 103 in drought cvents is expecied for ‘IJ'I.J-PIL'B.! counirics m the
E. Chapees, S0 898025 12, Braxil next years, 45 o consequence of climatic changes (IPCC

i . i
Federsl University of Fromteir Sul, Av. Jacoh Reimaldo SHbe)., Aol the sosentpncesTiny. vy for: Bucil
Haupenthal, 1580, Cermo Largn, RS 97900000, Brasil regions, o 200% redoction in rainfall regimes is expected by

+ ! Cowbin e Bk Siapiar do Ot Baats Catarion i the year 20k, 35% between .EIHI and ZT]?U.. and 5{F%
En.l.'l.'l-.'l.'h‘ll],'. Beloni Traombets Fanin, A80-E, Ch.:.lpEl:ﬁ, 5 KUR1S between 2071 and 21061 for five of the six hiomes that
630, Brazil constiuge the Brazilian emeory (PBMC 2004)
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Toxicity of imidacloprid to the earthworm Eisenia andrei
and collembolan Folsomia candida in three contrasting tropical soils
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Abstract

Purpose Imidaciopnd 15 a widely used seed dressing insccticide in Brugal, However., the effects of this pesticide on non-target
organisms such as soil fauna still present some knowledge gaps in tropical soils. This study aimed to assess the toocity pond rsk of
imidacioprid to canhwoms Efsenis andrel and collembolans Foltomig condide m three contrasting Brazilian tropical soils.
Materials and methods Acute and chronic toxicity assays were performed in the boratory with both species in a tropical
artificial soil (TAS ) and in two natural soils {Onisol and Entisol), at room temperature of 25 2C. The ecobogical nisk was calculated
fior esch species and soil by using the Waicity exposure ratio ( TER) and hazard quotient (HQ) approaches.

Results and discussion Acute toxicity for collembolans and earthworms was hicher in Entisol {LCsp=4.68 and 0,55 me ke ',
respectively) when compared with TAS (LCep=10.8 and 9.18 mg kg", respectively) and Oxisol (LC s uiamibotns =
251 mg ke by, Chronde toxicity for collembolins was similar in TAS and Oxisol (FCo; pas =080 mg kg L ECq ooasoe =
053 mg kg '), whereas higher toxicity wos observed in Entisol (ECsy =009 mg ko "1 In chronic assays with earthworms,
mmidackopnd wes also more toxic in Enttsol (EC, =021 mgkg_' b when compared to TAS (ECg = 1 89 mg kg '\ TER and H()
values indicated a significant risk of exposure of the species to imidaclopnd in all soils tesied, and the risk in Entisol was af least
six tines higher than i Oxisol or TAS.

Condusions The toxicity and risk of imidacloprid varicd significantly between tropical soils, being the specics exposure 1o this
pesticide particularly hazardoos i very sandy natural soils such as Entisol.

Keywords Springtails - Ecotoxicity - Neonieofinoids - Entisol - Chasol - Pesticides
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The use of plant protection prodocts (PPPs) in agricultural
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The mituence of temperature on the chromnic toxicity and risk of medaclopnd m sml non-target species
was assessedl i tropical soils, Eanttnworms. Bsenae @ndrer amd collembolans Ssleomin candido were
exposed to-a tropecal artsficial soil [TAS) and two namaral fropical smils from Brazil [Entizal and Ooisol]
with mreasing concentratons of imidacoprid under atmosplenc tensperatures of 20, 25 and 28 -C. The
effect of temperatare on the reproductan of both species was assessed through the nomber of juvemles
and earthwormy's growtle amd the nisk assonated was estimated throwgh the Towcity-Exposure Batio
(TERE Towiry of imidacloprid emcreased with temperatare m all tested sails, being generally lmwer in TAS
w01l (ECxps of 148, 055 and 40 mg kg ! for £ andrer and 0.3, 0 and 0406 mg kg 1 far E candidn at 20,
25 and 24 °C, respectively) compared to Entisol [ ECsas of 1819, 9403 and 014 mg kg~ for £ andre ansd
004, GOz, v mg kg " for & condide at 20, 25 and 28 °C, respectively and Oocisod {ECsas of 0221, 007,
0 mg kg~ for £ endred and 0016, 009, 04006 mg kg for Eocondido ar 20, 35 and 28 L, respectively)
within each temperatre for both spedes. These values indicate that properiies of TAS may ot be
representabive of natural/local soils o adequately estimate the toxioity of pesticides to moan-rarget soil
species. At higher temperatures, the vanabibmy of imidaclopod tooocity between soils wils lower, which
suggests that the influence of <oil properties om imadactopricl tooocety was pvershadopwed by lemperatere,
TER values revealed that sk i also greater at higher tenwperatures. Data reporied enforce the oesd for
the mciuston of more realistic conditions in single-species tests in prospective rsk assessment of pes-
ticides to avoud underestimation of risk to non-target speies.

0 2020 Elsevier Led. All rights reserved.

i. Introduction

this active ingredsent (oL can hedp to achieve high levels of fooad
production, its résidues in U sedd may case deleteiaus eflfects an

Seed treatment with néeonootmasd insecticides = 0 comman
praciece 0 convenfenal agricuilural systems sl over e world
[Broomuditin el al, 2015 Imidactoprid is the Lergest selling neon-
icatinoid i the werld (Simon-Delso et al, 2005 lesclke e Al
2000 L anad irs wide e for seed diessing S madnly doe fooies good
cosi-elfectivensss in cantralling 4 beoad spectrum of insedt plagues
[feichke o1 al. 2011, Goolion 2003 Arvaod of al., 2R158]. Althowegh
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non-targed soil organisms [El-Naggar and Tidan, 20035 Sl ef al.,
2l

In osder fo profect the ecological services promofted oy ol
fauna, such as soil simecture muadnlenseds, arganic matter decam-
podition and nufrient oycling (Beltroid e al, 1994; Thonm e al.
998 laboralery eorloxicelegical Tests with sl key-species have
been adopted to sentily the eflecs and [prospectively ) aicess [lhe
risk posed by pesticides o doil Tauna (De Silva o al, 20049 Alves
ef &, 20073, 2009 Niemeyer el al, 2007 Daam et al, 2009], In
these types ol booassays, species used a8 st orgamsms are
wenerally expazed te pollutanis amler standerdized environmental
conaditions [[B0, 2002, 2004}, such &% 3 terwperatune of 20 °C and a
subsirate composed of 4 standard artificial seil These conditions
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Abstract

Shifix Im prectpitation regimes due o e predicied cimate changes can alter the
waber omnbend in trigmol solls and, consaguenily. may floenoe the imdcty of
pesticides i soil aona. This siody assesseed the miluemoe of sl molsiuee com-
tent m the toxicity of the msectscide tmidaclopod (o the collembolans Fadsomic
candida n two tropical salls and svefuxied the sk of this active ingredient for
thizxpeciesin the sois lesiod thromg b Lhe iomici by exposure miso ypproach. dooie
arud chronic boddliy ests with - oond o were pecfiemed uslng an Fodlsol and an
irctsad, The sotls were spiked with Increastng imidacioprid concentratioms while
smulaitng normal water nvallability {50% of the waler holding capacity |WHC |
mmad weaber restriction {300or 455 WIHCE [or the tsis in the Daisol, ke edociion
ol =0l moistore conten significan iy inoreessd the i cflects off imidacioprnd
o I et sumvtval (1€ At 453 W1 = P8 v Ll 1 605 WHC 554 mg
kg ) and reproduction {elfective cmominiSon causing reductiims in speches
meprodoction of S0 [y, ] al 45% WHE = D22 v By, ol 608 WHC = 2583 mg
k"), hut In the ool no dear mfuemce of the sl matsore oo e ooy of
tmidadeprid frr collembolans was found, A sigmificant fxk for F condido was
oharnad tm the Cmisod only when in waler resiriction, wheres: in the Fnital
il ooourned reganiies. of wol molsione, suppesitng that the imidaciopod haoand
amd risk for P, covdieln mary be moreassd 1 sl mitsiose decreases d oe o dimae
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yrars{ Gomtn et al | 3095 [PCC, 303 In ], an inorease
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Jumnlor, Ba Sbve Sivein, Vasconosins Jind o, Gulmarses, &
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Chapter 4

Ecological Role of Earthworins as Bioindicators
of Soil Health
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Abstract

Despite the importance of soil ecosystem services for human life. anthropogenic activities
like agriculture and industry may unpair sotl health and. consequently. 1fs related services.
In the last decades, the use of biclo gical mdicators to assess the health of soil has grown
because they allow an infegrated assessment of the terrestrial ecosystem's functioning.
Some edaphic invertebrates. such as earthworms, have emerged as good biomdicators
becaunse they actively take part in processes that influence the soil properties and quality,
besides being sensitive to environmental changes and of easy assessment. Earthworms are
wmvertebrates found worldwide and have widely kmown ecological roles in soils, as well as
have been used to assess the ecological impacts of land use, agricultural management and
envitonmental poliution through environmental nisk assessments. This chapter addresses
the ecological role of the earthworms as bioindicators of soil health by describing the mam
methods for this purpose and examples of their application as ecological indicators of soil
quality in different land-use systems, as well as for biomonstormg of recovery of degraded
areas. Also. an overview of the use of earthworms as ecotoxicological mdicators at
different scales (laboratory. senu-field and field) and time (prospective and retrospective)
approaches to assess the effects of several soil pollutants 15 presented. Finally, the chapter
provides a case study based on the unse of the earthworm species Eisenia andrei as an
ecotoxicological indicator in a pesticide risk assessment in tropical soils.

Kevwords: biomonitoring. earthworm, ecological indicator, pesticides
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