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2017; HUŠEK; MOŠKO; POHOŘELÝ, 2022; KACPRZAK et al., 2017)

descarte “in natura” no meio ambiente devido à
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no laboratório “Safrar Análises Agrícolas” em Uberlândia –
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(pH), sólidos totais (ST) e condutividade elétrica (σ).
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– – 𝑃𝐺 = 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑑𝑎𝑠𝑇𝑜𝑡𝑎𝑙 𝑥100

–

– 𝐼𝑀 =  𝐶é𝑙𝑢𝑙𝑎𝑠 𝑒𝑚 𝑑𝑖𝑣𝑖𝑠ã𝑜𝑇𝑜𝑡𝑎𝑙 𝑑𝑒 𝑐é𝑙𝑢𝑙𝑎𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑎𝑠

𝐺𝑇 = 𝐶é𝑙𝑢𝑙𝑎𝑠 𝑐𝑜𝑚 𝐴𝐶𝑇𝑜𝑡𝑎𝑙 𝑑𝑒 𝑐é𝑙𝑢𝑙𝑎𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑎𝑠
𝑀𝐺 = 𝐶é𝑙𝑢𝑙𝑎𝑠 𝑐𝑜𝑚 𝑀𝑁𝑇𝑜𝑡𝑎𝑙 𝑑𝑒 𝑐é𝑙𝑢𝑙𝑎𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑎𝑠
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(ALVES et al., 2021; TYTŁA; WIDZIEWICZ; ZIELEWICZ, 2016)
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𝐶𝐶 𝑒 𝐶𝐷 =  𝑀é𝑑𝑖𝑎 𝑛𝑎 𝑒𝑥𝑝𝑜𝑠𝑖çã𝑜𝑀é𝑑𝑖𝑎 𝑛𝑜 𝑠𝑜𝑙𝑜 𝑥100𝐺𝑃𝑅, 𝐺𝑃𝐶 𝑒 𝐺𝑃𝐹 =  𝑀é𝑑𝑖𝑎 𝑛𝑎 𝑒𝑥𝑝𝑜𝑠𝑖çã𝑜𝑀é𝑑𝑖𝑎 𝑛𝑜 𝑠𝑜𝑙𝑜 𝑥100

𝐶𝐶 𝑒 𝐶𝐷 =  𝑀é𝑑𝑖𝑎 𝑛𝑎 𝑒𝑥𝑝𝑜𝑠𝑖çã𝑜𝑀é𝑑𝑖𝑎 𝑇0 𝑥100𝐺𝑃𝑅, 𝐺𝑃𝐶 𝑒 𝐺𝑃𝐹 =  𝑀é𝑑𝑖𝑎 𝑛𝑎 𝑒𝑥𝑝𝑜𝑠𝑖çã𝑜𝑀é𝑑𝑖𝑎 𝑇0 𝑥100
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A proporção entre a biomassa da raiz e as medidas da parte aérea, ou “root shoot”, 



TYTŁA; WIDZIEWICZ; ZIELEWICZ, 2016)



–

– –



–



–



–

–

–

https://doi.org/10.1016/j.scitotenv.2018.11.334
https://doi.org/10.1007/s11676-018-0863-7
https://doi.org/10.3390/w12102746
https://doi.org/10.33448/rsd-v10i12.20734
https://doi.org/10.5897/AJAR2015.10571
https://doi.org/10.36725/agries.v9i2.8702
https://doi.org/10.1590/S1415-43662011000600014
https://doi.org/10.1590/s1413-41522016141477


–

–

–

–

—

—

–

https://doi.org/10.17921/1415-6938.2021v25n1p02-08
https://doi.org/10.17921/1415-6938.2021v25n1p02-08
https://doi.org/10.1016/j.ecoleng.2015.01.031
https://conama.mma.gov.br/index.php?option=com_sisconama&view=atonormativo&id=726
https://doi.org/10.7185/geochempersp.3.2
https://standardsdevelopment.bsigroup.com/projects/9017-01020
https://doi.org/10.1590/S0100-67622011000700004
https://doi.org/10.1007/s11270-016-3141-3
https://doi.org/10.1007/s11270-016-3141-3
https://doi.org/10.5132/eec.2016.01.05


–

–

–

–

–

–

–

https://doi.org/10.1007/s11356-019-05453-y
https://doi.org/10.1007/978-3-030-85226-9_13
https://doi.org/10.1007/978-3-030-85226-9_13
https://doi.org/10.1016/j.scitotenv.2020.141857
https://doi.org/10.1007/s11356-023-29568-5
https://doi.org/10.1016/j.envsoft.2017.11.023
https://doi.org/10.1016/j.ecoenv.2015.11.031
https://doi.org/10.33837/msj.v1i13.880
https://doi.org/10.1016/j.jenvman.2020.110733
https://doi.org/10.1590/01000683rbcs20150138
https://doi.org/10.21577/1984-6835.20190003


–

–

–

–

–

–

https://doi.org/10.1007/s10646-023-02673-4
https://doi.org/10.1016/j.tca.2011.11.010
http://hdl.handle.net/11449/235730
https://doi.org/10.1016/j.jenvman.2019.06.072
https://doi.org/10.18393/ejss.687052
https://doi.org/10.34117/bjdv7n1-435
https://doi.org/10.14808/sci.plena.2022.100201
https://doi.org/10.1007/s10661-013-3493-8


–

–

–

–

–

–

–

https://doi.org/10.15666/aeer/1802_31013129
https://doi.org/10.24863/rccp.v31i1.191
https://doi.org/10.1016/j.ecoenv.2009.03.014
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1112863/1/DiagnosticoAtributosFilizolaBol84.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1112863/1/DiagnosticoAtributosFilizolaBol84.pdf
https://doi.org/10.34117/bjdv6n1-329
https://doi.org/10.5747/ca.2018.v14.n1.a190
https://doi.org/10.1016/j.jenvman.2017.05.068
https://doi.org/10.1007/s11270-023-06306-8


–

–

HUŠEK, M.; MOŠKO, J.; POHOŘELÝ, M. 

–

http://repositorio.utfpr.edu.br/jspui/handle/1/30424
https://doi.org/10.3832/ifor3929-014
https://doi.org/10.1007/s12371-019-00383-0
https://doi.org/10.3390/w12072046
https://doi.org/10.1590/S1517-707620180003.0489
https://doi.org/10.1016/j.jclepro.2016.02.022
https://doi.org/10.1016/j.jenvman.2022.115090
https://doi.org/10.1093/aob/mch111
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/28324-pnsb-2017-abastecimento-de-agua-atinge-99-6-dos-municipios-mas-esgoto-chega-a-apenas-60-3
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/28324-pnsb-2017-abastecimento-de-agua-atinge-99-6-dos-municipios-mas-esgoto-chega-a-apenas-60-3
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/28324-pnsb-2017-abastecimento-de-agua-atinge-99-6-dos-municipios-mas-esgoto-chega-a-apenas-60-3


–

–

–

–

https://www.ibge.gov.br/estatisticas/sociais/trabalho/22827-censo-demografico-2022.html
https://tratabrasil.org.br/ranking-do-saneamento-2023/
https://doi.org/10.1016/j.eti.2023.103266
https://doi.org/10.1016/j.envres.2017.03.010
https://doi.org/10.1016/j.chemosphere.2021.132403
https://doi.org/10.3832/ifor3890-014
https://doi.org/10.1016/j.mrgentox.2007.10.006
https://doi.org/10.1016/j.mrrev.2009.06.002


–

–

–

https://doi.org/10.7867/1983-1501.2021v23n2p64-74
https://doi.org/10.33448/rsd-v11i8.30461
https://doi.org/10.1016/j.scitotenv.2017.12.277
https://doi.org/10.1016/j.jenvman.2010.10.059
https://doi.org/10.1007/s13762-017-1386-z
https://doi.org/10.1007/s13762-017-1386-z
https://doi.org/10.1590/S0102-33062006000100007
https://doi.org/10.1590/s1678-3921.pab2020.v55.00807
https://doi.org/10.1590/s1678-3921.pab2020.v55.00807
https://doi.org/10.1590/s1413-4152202020190108
https://doi.org/10.1016/j.jenvman.2021.112557


–

–

–

–

–

–

https://doi.org/10.1016/j.ecolind.2015.03.026
https://doi.org/10.1016/j.scitotenv.2016.07.228
https://doi.org/10.1016/j.chemosphere.2016.08.060
https://doi.org/10.1016/j.envint.2011.06.003
https://doi.org/10.1016/j.teac.2021.e00125
https://doi.org/10.21826/2446-82312021v76e2021020
https://doi.org/10.34117/bjdv7n9-131
https://doi.org/10.1080/15226514.2016.1146224


–

–

–

–

https://doi.org/10.1016/S0378-4290(01)00199-X
https://engcivil20142.wordpress.com/wp-content/uploads/2018/04/nbr-10006.pdf
https://engcivil20142.wordpress.com/wp-content/uploads/2018/04/nbr-10006.pdf
https://doi.org/10.1016/j.watres.2019.03.030
https://doi.org/10.1007/s11270-012-1248-8
https://doi.org/10.1007/s11270-012-1248-8
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://www.researchgate.net/profile/Alessandra-Abrahao/publication/355753445_Hospital_Veterinario_Publico_do_Distrito_Federal_HVEP_parceria_sob_a_egide_do_Marco_Regulatorio_das_Organizacoes_da_Sociedade_Civil_MROSC/links/617c1d41a767a03c14cb71fb/Hospital-Veterinario-Publico-do-Distrito-Federal-HVEP-parceria-sob-a-egide-do-Marco-Regulatorio-das-Organizacoes-da-Sociedade-Civil-MROSC.pdf
https://doi.org/10.1590/1806-9479.2021.222727
https://www.unesco.org/en/wwap/wwdr/2019
https://doi.org/10.1007/s11356-020-11868-9
https://doi.org/10.1007/s11356-020-11868-9


–

–

–

–

–

–

https://doi.org/10.1016/j.envexpbot.2018.08.009
https://doi.org/10.1016/j.indcrop.2020.112396
https://doi.org/10.37885/230613535
https://doi.org/10.1007/s11368-016-1468-4
https://doi.org/10.1146/annurev-anthro-102214-014146
https://hdl.handle.net/1843/40849
https://doi.org/10.1016/j.coesh.2019.12.001
https://doi.org/10.1007/s40093-019-00310-x
https://doi.org/10.1016/j.flora.2021.151765


–

–

–

–

–

–

https://doi.org/10.34115/basrv3n3-006
https://doi.org/10.1016/j.scitotenv.2018.12.444
https://doi.org/10.1080/1343943X.2015.1128096
https://doi.org/10.1016/j.chemosphere.2017.03.048
https://doi.org/10.1016/j.jclepro.2020.122538
https://doi.org/10.5902/1980509827297
https://www.researchgate.net/publication/358711400_Ensayo_de_toxicidad_aguda_con_semillas_de_lechuga_para_desarrollar_competencias_genericas_y_profesionales
https://www.researchgate.net/publication/358711400_Ensayo_de_toxicidad_aguda_con_semillas_de_lechuga_para_desarrollar_competencias_genericas_y_profesionales
https://doi.org/10.1590/1807-1929/agriambi.v9nsupp274-277


–

TYTŁA, M.; WIDZIEWICZ, K.; ZIELEWICZ, E. Heavy metals and its chemical speciation in 

–

https://doi.org/10.34117/bjdv6n1-234
https://doi.org/10.1016/j.scitotenv.2020.141123
https://doi.org/10.1080/09593330.2015.1090482
https://standardsdevelopment.bsigroup.com/projects/9017-01020
https://www.epa.gov/biosolids/plain-english-guide-epa-part-503-biosolids-rule
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XGZK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000041%5CP100XGZK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL


–

WIECZERZAK, M.; NAMIEŚNIK, J.; KUDŁAK, B. 

–

https://www.epa.gov/sites/default/files/2014-02/documents/d9200.4-17.pdf
https://doi.org/10.17765/2176-9168.2023v16n1e8755.
https://doi.org/10.1016/j.jclepro.2021.128282
https://doi.org/10.1016/j.chemosphere.2018.10.189
https://doi.org/10.1016/j.envint.2016.05.017
https://doi.org/10.1016/j.jhazmat.2015.07.065
https://doi.org/10.1016/j.resconrec.2020.104881
https://doi.org/10.1016/j.jclepro.2022.133539


–

















–
–






