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Implicacoes a saude e possiveis sequelas
envolvendo a intoxicagcao aguda e cronica por
agrotoxicos

pe |

Objetivos:

* Descrever as formas de exposicao aguda e cronica aos agrotoxicos;

e Contextualizar a situacao do uso de agrotoxicos no Brasil e no mundo;

 Resumir as evidéncias cientificas atuais sobre consequéncias a saude; bsa
-si’

* Descrever os mecanismos envolvidos na toxicidade dos agrotoxicos. %@
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Agrotoxicos — formas de exposicao

Ingestion  Inhalation
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Agrotoxicos — formas de exposicao

doxicant Source Pathways to the Environments
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manure, biosolids
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Agrotoxicos: descontaminacao é possivel?
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BRASIL, MARCO DE 2022

- 502 INGREDIENTES ATIVOS DE AGROTOXICOS COM USO PERMITIDO NO PAIS;

- 90 PRODUTOS BIOLOGICOS/SEMIOQUIMICOS: inseticida bioldgico; cairomdnio sintético; feroménio
sintético; fungicida biocontrolador; fungicida bioquimico; fungicida microbioldgico; inimigo natural;
inseticida bioldgico; inseticida microbiolégico; nematicida e fungicida microbiolégico; nematicida
microbioldgico;

- 412 AGROTOXICOS QUIMICOS, 143 (34,7%), PELO MENOS, BANIDOS OU SEM USO AUTORIZADO NA
UNIAO EUROPEIA.

Fontes :ANVISA - Agéncia Nacional de Vigilancia Sanitaria. Monografias de agrotoxicos. Disponivel em: <https://www.gov.br/anvisa/pt-
br/acessoainformacao/dadosabertos/informacoes-analiticas/monografias-de-agrotoxicos>. Acesso em: margo2022.
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Agrotoxicos comercializados no Brasil

toneladas de ingredientes ativos em produtos formulados

(em 2020 = 3,24 ke /habitante)

620,537.08

685,745 68
195.764.55 50855684 51152540 541 861.09 530904404 54928044
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Fontes :ANVISA - Agéncia Nacional de Vigilancia Sanitaria. Monografias de agrotoxicos. Disponivel em: <https://www.gov.br/anvisa/pt-
br/acessoainformacao/dadosabertos/informacoes-analiticas/monografias-de-agrotoxicos>. Acesso em: margo2022.
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I 2019 2020 2021
TOTAL PRODUTOS 503 495 552

AGROTOXICOS
APROVADOS

NUMERO DE 102 116 129
INGREDIENTES ATIVOS

Produtos com ingredientes 197 (39,2%) 194 (39,2%) 253 (45,8%)

quimicos ativos banidos na

Unido Europeia

Ingredientes ativos banidos na 35 (34,3%) 31 (26,7%0) 52 (40,3%)
Unido Europeia

PRODUTOS BIOLOGICOS 42 86 96

PRODUTOS TECNICOS 291 156 181

DD NAD a a \ / a 17N =D

7K

Fontes: Ministério da Agricultura, Pecuéria e Abastecimento, Secretaria de Defesa Agropecuéria, Departamento de Sanidade Vegetal e Insumos Agricolas, Coordenacao-Geral
de Agrotoxicos e Afins, atos publicados no Diéario Oficial da Unido. Disponiveis em: <http://www.in.gov.br/web/guest/inicio>

Levantamento: Prof2. Sonia Corina Hess, margo de 2022
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Profa. Sonia Corina Hess, marco de 2022
PRODUTOS FORMULADOS

TONELADAS DE INGREDIENTES ATIVOS
2010 - 2020

3,046,985.00

466,099.00

258,604.00 119,297.61

I —
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No Brasil, 79% dos aqgrotoxicos sao aplicados em 4 culturas:

52% nas plantacoes de soja;

10% nas plantacoes de milho;

10% nas plantacdes de cana-de-acucar;

7% nas plantacOes de algodao (Bombardi, 2017)

93% da soja e 80% do milho produzidos no Brasil sao direcionados a

alimentacao de animais, no pais ou no exterior (Felipe, 2018

Fontes:Bombardi, L. M. Geografia do uso de agrotoxicos no Brasil e conexdes com a Unido Europeia. Sdo Paulo: FFLCH-USP, 2017. Disponivel
em: http://conexaoagua.mpf.mp.br/arquivos/agrotoxicos/05-larissa-bombardi-atlas-agrotoxico-2017.pdf; Felipe, S. T. Carnelatria: escolha omnis

vorax mortal. Sdo José: Ecoanima, 2018.
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Exposicao a Agrotoxicos — periodos criticos:
GESTACAO E INFANCIA
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Consequéncias para a Saude

nnnnnn R0 DA SAUDE

Diretrizes Brasileiras sobre a Exposicao

DIRETRIZES BRASILEIRAS PARA .

Cronica a Agrotoxicos — revisao final 0 BHGAGSTICO € TRATANENTD
. . , . , DE INTOXICACOES AGUDAS
Ministério da Saude POR AGROTOXICOS

Capitulo 1. Carcinogénese em adultos e criancas INTOXICACOES AGUDAS POR

AGROTOXICOS

Capitulo 2: Saude dos trabalhadores
Capitulo 3: Alteracdes fisiologicas e reprodutivas no organismo feminino

Capitulo 4: Alteracdes na infancia: neurodesenvolvimento, espectro

autista, TDAH
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Capitulo 1: Carcinogénese em adultos e criancas

Tumores sdlidos ou do sistema hematopoiético associados a exposicao cronica a
agrotoxicos0-13

Bexiga Tumores Colorretal Esofago Estdmago Figado
Cerebrais

Mama Tumores Pancreas Pulmao Prostata Testiculo
Osseos

Tiredide Vesicula Biliar Melanoma

Leucemia Linfdide Crbnica Leucemia Mieldide Linforna Nao-Hodgkin
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Capitulo 1. Carcinogénese em adultos e criancas

Residir na proximidade de areas de intensa atividade agricola aumenta o
risco de desenvolvimento de neoplasias malignas em idade inferior a 15 anos.
O uso domeéstico de inseticidas esta significativamente associado ao
aumento no risco de leucemias e neoplasias do sistema nervoso central (SNC)
em criancas;

A exposicdo ocupacional dos pais (agricultura, floricultura e jardinagem)
parece ter relacao com o0s tumores observados nas criancas,

Independentemente do tempo de exposicao e o tipo de cancer.
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Capitulo 1: Carcinogénese em adultos e criancas

Ha indicios de uma associacao significativa entre o desenvolvimento de neoplasias do
SNC em criancas (> 15 anos), cujas maes foram expostas a inseticidas domesticos
durante a gestacao.

A utilizacdo de agrotoxicos no controle de vetores e pragas domésticas, em ano
préevio a concepcao, bem como apds o nascimento da crianca, foi associada ao
aumento no risco de neoplasias do SNC infantil. A exposicao ocupacional paterna
durante o periodo de pré-concepcéao foi também associada a um aumento no risco

dessas neoplasias.
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Capitulo 2: Saude do trabalhador

1. Risco de doencas cardiovasculares em trabalhadores expostos a agrotdxicos — Doeng¢a coronariana,
Infarto agudo do miocardio, Doencga hipertensiva da gravidez, AVC

2. Alteracoes renais associadas a exposicao cronica a agrotoxicos — Insuficiéncia Renal Cronica

3. Exposi¢ao cronica a agrotoxicos e o risco de desenvolvimento de doencas respiratdrias — Asma, DPOC,
Infecgdes respiratorias

4. Risco de alteragoes metabdlicas em trabalhadores expostos a agrotdxicos — Desregulacdao enddcrina,
DM, Disfunc¢ao tireoidiana

5. Risco de transtornos auditivos em trabalhadores com histdrico de exposicao cronica a agrotoxicos
6. Risco de transtornos mentais relacionados a exposi¢ao crénica a agrotoxicos — Depressao

7. Exposi¢ao cronica a agrotoxicos e o risco de desenvolvimento de doeng¢as neurodegenerativas -
Parkinson, Alzheimer, Esclerose Lateral Amiotrofica
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Capitulo 3: AlteracOes Fisioldgicas e Reprodutivas no Organismo Feminino

1. Risco de Alteragoes no Sistema Reprodutor Feminino — Infertilidade

2. Risco de partos prematuros e alteragcdes antropométricas observadas no
desenvolvimento fetal
3. Risco de alteragdes congénitas e malformacoes fetais - cardiacas,

gastrintestinais, trato geniturinario (hispospadia) e musculo-esqueléticas
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Capitulo 3: Alteracdes na Infancia

Alteracoes do neurodesenvolvimento

A exposicao a agrotoxicos na fase pre-natal e no periodo neonatal, mesmo que a baixas
doses, € associada a diversas mudancas no padrao do neurodesenvolvimento infantil.
Transtorno do Espectro Autista: “o numero de evidéncias indicando

associacao positiva vem crescendo nos ultimos anos”

Transtorno do Déficit de Atencéo e Hiperatividade: “Ha evidéncias

sobre a influéncia de alguns fatores ambientais, como € caso da exposicao

a agrotoxicos”
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Eur J Cancer Prev. 2018 Oct 22.
Persistent organic pollutants, pesticides, and the risk of thyroid cancer: systematic review and meta-analysis.

Han MAZ?, Kim JH2, Song HS2.
“Exposure to pesticides was associated with an increased risk of thyroid cancer in this meta-analysis”.

Environm Pollut 2021 Sep 15;285:117376

Exposure to pesticides and childhood leukemia risk: A systematic review and meta-analysis.

“...pesticide exposure, mainly during pregnancy, increases the risk of childhood leukemia, particularly among
infants”.

Environ Int. 2017 Sep

Residential exposure to pesticides as risk factor for childhood and young adult brain tumors: A systematic
review and meta-analysis.

Van Maele-Fabry G, Gamet-Payrastre L2, Lison D3

“Our findings support an association between residential exposure to pesticides and childhood brain tumors.”



https://www.ncbi.nlm.nih.gov/pubmed/30362975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han MA[Author]&cauthor=true&cauthor_uid=30362975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim JH[Author]&cauthor=true&cauthor_uid=30362975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song HS[Author]&cauthor=true&cauthor_uid=30362975
https://www.ncbi.nlm.nih.gov/pubmed/28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Maele-Fabry G[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Maele-Fabry G[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Maele-Fabry G[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gamet-Payrastre L[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gamet-Payrastre L[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gamet-Payrastre L[Author]&cauthor=true&cauthor_uid=28623811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lison D[Author]&cauthor=true&cauthor_uid=28623811
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Ann Epidemiol. 2017 Apr;27(4):281-289.

2,4-dichlorophenoxyacetic acid (2,4-D) and risk of non-Hodgkin lymphoma: a meta-analysis accounting
for exposure levels.

Smith AM1, Smith MT?, La Merrill MAZ, Liaw J3, Steinmaus C%.
“Overall, these findings provide new evidence for an association between NHL and 2,4-D.”

Scand J Work Environ Health. 2017 May 1;43(3):197-209

Parkinson's disease and occupational exposures: a systematic literature review and meta-analyses.
Gunnarsson LG?, Bodin L.

“Using an elaborated quality protocol, there is now strong evidence that exposure to any pesticide
involves a 250% increased risk for developing Parkinson's disease”



https://www.ncbi.nlm.nih.gov/pubmed/28476329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith AM[Author]&cauthor=true&cauthor_uid=28476329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith MT[Author]&cauthor=true&cauthor_uid=28476329
https://www.ncbi.nlm.nih.gov/pubmed/?term=La Merrill MA[Author]&cauthor=true&cauthor_uid=28476329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liaw J[Author]&cauthor=true&cauthor_uid=28476329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steinmaus C[Author]&cauthor=true&cauthor_uid=28476329
https://www.ncbi.nlm.nih.gov/pubmed/28379585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunnarsson LG[Author]&cauthor=true&cauthor_uid=28379585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bodin L[Author]&cauthor=true&cauthor_uid=28379585
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Review
Systematic Literature Review of the Take-Home

Route of Pesticide Exposure via Biomonitoring
and Environmental Monitoring

Nicolas Lopez-Galvez L+ Rietta Wagoner 1 Lesliam Quirés-Alcala 23

10, Melissa Furlong !, El'gin Avila ! and Paloma Beamer !

Yoshira Ornelas Van Horne

1 Department of Community, Environment & Policy, Mel and Enid Zuckerman College of Public Health,

University of Arizona, Tucson, AZ 85724, USA; rwagoner@email.arizona.edu (RW.);
yornelas@email.arizona.edu (Y.O.V.H.); mfurlong@email.arizona.edu (M.E);

elginavila@email.arizona.edu (E.A.); pbeamer@email.arizona.edu (P.B.)

Department of Environmental Health & Engineering, Johns Hopkins University, Baltimore, MD 21205, USA;
lalcalal@jhu.edu

*  Maryland Institute of Applied Environmental Health, University of Maryland, MD 20740, USA
Correspondence: lopezgalvez@email.arizona.edu
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Clorpirifos detectado em 88% das amostras de cordao umbilical

Chlorpyrifos was detected in 71% and 88%
of blood and umbilical cord samples. High

526 Mothers living near maternal PONI levels are related to
farmland. Blood (n = 234), T . . — decreased detection of diazinon and
Huen et al. (2012) California umbilical cord (n = 256) and OP metabolites PON1 Mothers blood, umb'lhgal chlorpyrifos (OR: 0.75, and 0.56 and 0.75,
Es 3 enzyme cord blood and urine RIS R S
urine samples from 221 respectively). Blood OP metabolites were
mothers and 244 children. similar in mothers and newborns and
slightly higher than those reported in other
populations.

Inibicao da colinesterase em criancas coabitando com floristas

Cohabitation with a flower worker was
277 rural children (4-9 years related to lower AChE activity in children.
Suarez-Lopez et il old') ‘in agricu_ltmial : = This supports the hypothe_si§ that the
(2012) Ecuador communities cohabitating with AChE activity Blood amount of tsze-home pesticides from t.'lo.wer
flower workers vs. non-flower workers suffices to decrease AChE activity,
workers as lower AChE activity was associated with
higher pesticide exposure.
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2X mais metabdlitos de piretroides urina de filhos de agricultores

Children whose fathers worked in agriculture had
twice the amount of PYR metabolite concentration
than children whose parents were not farmers (GM:

Wuet al. (2013) China 513 infants (1 year old) Pyrethroid metabolites Urine 0.90 ug/L and 0.47 pg/L). No correlation was found
between urinary metabolites and maternal occupation.
Home ventilation was associated with lower urinary
metabolites concentrations.

Atrazina detectavel na poeira domiciliar meses apo0s a aplicacao

Atrazine concentrations had significantly (p < 0.05)
decreased (GM: from 422 ng/g to 33 ng/g) several months

32 households in agricultural  Herbicide (Atrazine i L P T

) ai: <70 s 7 y Dust indicating potential for long-term exposure and

community; 256 dust samples residues) g : SaTn e

° continued transport into homes. Modifications in work

practices and personal hygiene did not show a reduction
into home atrazine levels.

Golla et al. (2012) lowa
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Coordenacao Geral de Vigilancia Ambiental - CGVAM
Departamento de Saude Ambiental do Trabalhador e
Vigilancia das Emergéncias em Saude Publica —

DE BIOMONITORAMENTO

HUMANO o P~ DSASTE Secretaria de Vigilancia em Saude -SVS
SUBSTANCIAS L
QUIMICAS

Ministério da Saude

» 10 A12 DE MAIO
A PARTIR DAS 10H

ABRIL 2021: primeira reuniao da Rede Brasileira de Biomonitoramento
R AIDS.GOV.ER MAIO 2021: Seminario Internacional de Biomonitoramento Humano

de Substancias Quimicas

AGOSTO 2021: segunda reuniao da Rede Brasileira de Biomonitoramento
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International Journal of
4 Environmental Research r;\
and Public Health M D\P!!J

Review
Impact of Pesticides on Human Health in the Last Six Years
in Brazil

Monica Lopes-Ferreira L* Adolfo Luis Almeida Maleski 121, Leticia Balan-Lima !,
Jefferson Thiago Gongalves Bernardo !, Lucas Marques Hipolito !, Ana Carolina Seni-Silva 120,
Joao Batista-Filho **, Maria Alice Pimentel Falcao ! and Carla Lima '@

Int. |. Environ. Res. Public Health 2022, 19, 3198.

Figure 6. The repertoire of effects observed in the studied populations exposed to pesticides. lllus-
tration of the tvpes of harmful effects on humans involved in the studies caused by the exposure to
different types of pesticide mentioned in the articles. All the effects were cited at least once, with
most of the effects being associated and mentioned in different studies.
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1. Carcinogénese: interferéncia nos mecanismos
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epigenéticos, transferéncia para descendentes

2. Desregulacao Enddcrina: interferéncia em diversos

processos hormonais

3. Neurotoxicidade: interferéncia no desenvolvimento,

funcao e envelhecimento

4. Outros: Inflamacao sistémica cronica, disbiose
Intestinal, injuria hepatorrenal
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Mecanismo: Disrupcao
endocrina
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* Toxicidade dependa da época da exposicao e nao da dose (base fetal da doen¢a no
adulto)

* Periodo de laténcia entre exposicao e manifestacao muito longo

* Multiplas exposicoes (efeito aditivo, sinergismo)

 Dose-resposta peculiar: periodos criticos do desenvolvimento (GESTACAO, INFANCIA,

ADOLESCENCIA)

I\Iﬂlffﬂlﬂf\+ll\l\
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Mecanismo: Disrupcao
enddcrina

INTRODUCAO AOS

DISRUPTORES ENDOCRINOS (DESs)

UM GUIA PARA GOVERNOS E ORGANIZACOES DE
INTERESSE PUBLICO

Sociedade Brasileira de
Endocrinologia e Metabologia

Exposicio humana oS DES. ... rrressssssssssssssssnsssssss sssssnsssssssssnssssssns s 53
Andrea C. are, PRD

I 1 D R I David Craws. P
Laoreltal. Doan, PiD

R I TR o | Michele Lo Me#l, Pil MPY
. s | Heather Patisod, PhD
Ti. ClOTPITIEOS. .. e e re e s messen s rem sesas s s e e snsmsrsemsssrmnasnsnssnes D AmiZotg Scb, NS

b) substancias quimicas em Produlos..... s csse e sesesessssssessssssnsssessassssses 48
i. Produtos Infantis - Chumbo INOTZANICO. ... coeeereveercsserere s cescsnsseassssens 50

" A w Dezembro de 2014
Tl Lo OMACDE o oeeeeseses cermsssc sns snsmsmsnnsn sassansses snsnn sassase sassns ns sasnssn sassessnssnsnsnn sasansassns SFeb

c) recipientes de aliMentos. . e e e s s D
1. Bisfenol A (BPA) ... rescsc s sssrssesssas sssssssrs sesmssssessssssssasasassssssssease 3

! ENDQCRINE I
7 SOCIETY mmwn o il
Sciance to Health a toxics-free future
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Mecanismo: Disrupcao
endocrina
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EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals,
2015
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Mecanismo: Disrupcao

e

endocrina
Obesidade
Diabetes Endometriose
Infertilidade M/F Leiomiomas uterinos
CA Mama Impoténcia
CA Préstata Disfuncéo tiredide
CA test/ovario Diferenciacao sexual cerebral
Puberdade precoce (comportamento)
Criptorquidia Neurotoxicidade (cogni¢céao, humor)

Alteracoes lactacao

S —

EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals,
2015
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Carcinogenicidade dos Agrotoxicos

Via Via

Genotoxicidade
direta

Desregulacao
Endocrina

_ Mama, Prostata
Linfomas

_ Endomeétrio, Tiredide
Leucemias

Ovarios, Testiculos

European Journal of Cancer Prevention 2019, 28, 344-349
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Mecanismo:

Nlainirntnviridana

A Week 37
Week 28 ettt
Extremely ...'.' ::.' .'.;.',:%. Preterm 3
Preterm '+ “ec, Week 40
Week 13 =5d
" 4 @ @ @b!
Week 0 °»_ @ . \. '
First ﬁTi‘i;ﬁ:e&ter . .'.°’:'°. . % . .'.
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Mecanismo:
Neurotoxicidade

Prenatal and infant exposure to ambient pesticides and autism
spectrum disorder in children: population based case-control

study

Ondine S von Ehrenstein,™ Chenxiao Ling, Xin Cui,”** Myles Cockburn,” Andrew S Park,’
. & 7 . 28,9

FeiYu,” Jun Wu," Beate Ritz POPULATION

2961 individuals with a diagnosis of autism spectrum

® CONCLUSION
thebm] Findings suggest that an offspring’s risk of autism
spectrum disorder increases following prenatal
exposure to ambient pesticides within 2000 m of their
mother's residence during pregnancy, compared with
offspring of women from the same agricultural region
without such exposure. Infant exposure could further

increase risks for autism spectrum disorder with
comorbid intellectual disability.

thelbmyj | BMJ2019:364:196. | doi: 10.1136/bmj 1962
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67 ™ NEW ENGLAND
gy JOURNAL of MEDICINE GMOs, Herbicides, and Public Health

* Auséncia de evidéncia cientifica (em relacao a seguranca) e avaliacao
de risco adequadas;

e Estudos anos 80 e 90, financiados pela industria, ignorando conceitos
de efeitos de baixa-dose, disrupcao enddcrina, epigenética,
desconsideravam efeitos em criancas e impacto ecolégico;

* Estudos apenas com principio ativo, sem os co-formulantes, muitas

vezes mais toxicos que o produto puro;

S S Landrigan PJ, NEJM August 20, 2015
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Research

JAMA Internal Medicine | Original Investigation

Association of Frequency of Organic Food Consumption
With Cancer Risk

Findings From the NutriNet-Santé Prospective Cohort Study

Julia Baudry, PhD; Karen E. Assmann, PhD; Mathilde Touvier, PhD; Benjamin Allés, PhD; Louise Seconda, MSc;
Paule Latino-Martel, PhD; Khaled Ezzedine, MD, PhD; Pilar Galan, MD, PhD; Serge Hercberg, MD, PhD;
Denis Lairon, PhD; Emmanuelle Kesse-Guyot, PhD

] 68.946 Franceses acompanhados durante 6 anos

1 Quanto maior o consumo de alimentos organicos, menor o

risco de cancer (mama, prostata, pele, colon, linfomas)

SAMA Intarn Ided, Published online October 22, 2018, dei:10.1007/jamainternmed.2018.4357
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Conclusoes:

e Evidéncia cientifica nacional e internacional abundante;

* Principais mecanismos: Carcinogenicidade, Neurotoxicidade e Disrupcao
Endocrina;

* Toxicologicamente nao ha dose segura para GESTANTES E CRIANCAS —
disrrupcao endodcrina e neurotoxicidade independentemente da dose;

* Diretriz nacional sobre toxicidade cronica aguardando publicacao;

e “Peculiaridades” no Brasil: uso de substancias banidas, contrabando, auséncia

de fiscalizacao;

Obrigado!
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Perguntas e respostas




