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RESUMO

Neste trabalho objetivou-se em fazer o levantamento radiométrico das
exposi¢cbes dos Individuos Ocupacionalmente Expostos (IOE’s) e avaliar o
gerenciamento dos rejeitos radioativos produzidos por pacientes em tratamento
com o I'3' em um Hospital no Municipio de Sdo Luis/ MA, Brasil. Foram
realizadas medidas dos niveis radiométricos com aparelhos medidores de
radiagdo em pontos estratégicos no leito hospitalar e as areas vizinhas ao
depdsito de rejeitos. Durante 4 meses foi feito o acompanhamento da equipe
de profissionais e 0 uso das equacoes de taxa de exposi¢éo, atividade e dose
equivalente foi util para analisar o gerenciamento do descarte do rejeito e
exposicdo recebido pelos IOE’s. Observou-se que os rejeitos descartados
tinham nivel inferior a 2 pCi/kg cumprindo a norma da Comissdo Nacional de
Energia Nuclear (CNEN 6.05), os pacientes que foram administrados com |31
com atividade de 100 e 150 mCi, necessitaram ficar internados por apenas
24h, enquanto os que tiveram atividade de 200 mCi necessitaram de 36 a 48h
de internacdo. A taxa de exposicdo emitida pelos rejeitos nos quartos da
iodoterapia foram de 1,95 mR/h e na é&rea vizinha do depdsito, os IOE’s
estariam recebendo uma dose equivalente de 0,01 mSv por semana, valores
abaixo do limite maximo de 0,4 mSv por semana permitido pela norma CNEN
3.01/2014. Pelo levantamento radiométrico nos mostra que o tratamento pode
ser realizado fora do ambiente ambulatorial, os pacientes ndo emitem radiacéo
gue possa colocar em risco a saude dos IOE’s, familiares e danos ao meio
ambiente.

Palavras-chave: Medicina Nuclear, rejeitos radioativos, iodoterapia.



ABSTRACT

The objective of this study was to perform a radiometric survey of exposures of
Occupationally Exposed Individuals (IOE's) and to evaluate the management of
radioactive waste produced by patients treated with 1131 at a Hospital in the
Municipality of Sdo Luis / MA, Brazil. Measurements of the radiometric levels
were carried out with radiation measuring devices at strategic points in the
hospital bed and the areas surrounding the tailings deposit. During 4 months
the team of professionals was followed up and the use of equations of exposure
rate, activity and equivalent dose was useful to analyze the waste disposal
management and the exposure received by IOE's. It was observed that the
discards discarded had a level below 2 uCi / kg, complying with the National
Commission for Nuclear Energy (CNEN 6.05), patients who were given 1131
with activity of 100 and 150 mCi, needed to be hospitalized for only 24 hours,
while those who had 200 mCi activity required 36 to 48 hours of hospitalization.
The exposure rate emitted by the wastes in the iodotherapy rooms was 1.95
mR / h and in the area near the deposit, the IOE's would be receiving an
equivalent dose of 0.01 mSv per week, values below the maximum limit of 0, 4
mSv per week allowed by CNEN standard 3.01 / 2014. Through the radiometric
survey shows that the treatment can be performed outside the outpatient
environment, patients do not emit radiation that could endanger the health of
IOE's, family and environmental damage.

Keywords: Nuclear Medicine. radioactive waste. lodine therapy
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1 INTRODUCAO

A falta do gerenciamento de residuos produzido pelas diversas
atividades humanas pode decorrer em varios problemas que afetam a saude
da populacdo, dentre eles, a contaminacdo da &agua, solo, atmosfera entre
outros, de forma irreversivel (MENDES, 2015).

A preocupacdo ambiental esta presente na Legislacdo Brasileira. O
art.23 8 VI da Constituicao Federal de 1988 dispbe, como sendo uma
competéncia comum da Uniéo, dos Estados, do Distrito Federal e Municipios, a
protecdo ao meio ambiente e combate a poluicdo em qualquer uma das suas
formas.

Outro exemplo é o art. 225 da Constituicdo Federal que d& a todos os
cidadaos brasileiros o direito de um meio ambiente ecologicamente equilibrado,
de uso comum do povo e essencial a sadia qualidade de vida, sendo de
responsabilidade também da populacdo defendé-lo e preserva-lo para as
presentes e futuras geracdes (BRASIL, 2006).

Na atualidade, as questbes ambientais geradas pela modernidade, como
0 aguecimento global, esgotamento de recursos ndo renovaveis e poluicdo de
recursos hidricos. Nessa gama de problemas, os residuos sdélidos ganham
destaque pela falta de gerenciamento adequado e o impacto ambiental, o qual
atingem as mais diversas areas. (TEIXEIRA et al 2018).

Pela lei n° 12.305, de 2 de agosto de 2010, que constitui a Politica
Nacional de Residuos Solidos (PNRS), em seu art. 30, XVI, define residuos
como todo material, substancia, objeto ou bem descartado resultante de
atividades humanas em sociedade, a cuja destinacao final se procede, se
propde proceder ou se estd obrigado a proceder, nos estados soélido ou
semissolido, bem como gazes contidos em recipientes e liquidos cujas
particularidades tornem inviavel o seu lancamento na rede publica de esgotos
ou em corpos d'agua, ou exijjam para isso solugdes técnica ou
economicamente inviaveis em face da melhor tecnologia disponivel.(GUERRA
2012).

Para os servicos relacionados com o atendimento a saude humana ou

animal, tais como os hospitais, clinicas médicas e odontoldgicas, laboratorios
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analiticos e distribuidores de produtos farmacéuticos, sdo denominados como
Residuos de Servicos de Saude (RSS). (TEIXEIRA et al 2018).

O gerenciamento errbneo dos RSS pode os tornar habitat e fonte de
alimentos de mudltiplos vetores, portanto fonte de transmissdo de indmeras
doencas.

No Brasil, no intuito de normatizar as a¢fes relativas ao gerenciamento
de residuos solidos de saude (RSS), o Conselho Nacional do Meio Ambiente
(CONAMA 358/2005) e Agéncia Nacional de Vigilancia Sanitaria (ANVISA
306/2004) regulamentam e estabelecem diretrizes para 0 gerenciamento
destes residuos. Entre as diretrizes, a principal prevé a elaboracédo do Plano de
Gerenciamento de Residuos do Servico de Saude (PGRSS) por parte dos
estabelecimentos de saude. (DIAS et al 2017).

O PGRSS € um documento que descreve de forma detalhada, todas as
acOes relativas ao gerenciamento de RSS, em alguns estabelecimentos que
atuam na area da Medicina Nuclear € chamado de Plano de Protecao

Radiologica (PPR) e deve seguir todas as etapas da Figura 1(DIAS et al 2017).

| Transporte e
Coleta e . . .
Segregagio if;?::;: Zia: Tratamento
Identificacdo
53C05
Fesiduo Hospitalar Dispensa do 1. Descontaminagio

rejettol registro e
inventario

2. Decaimento

Figura 1: Gerenciamento dos Rejeitos Radioativos — Fonte: adaptado de CNEN-8.01, 2014.

Esse gerenciamento ou controle € de suma importancia devido a
Medicina Nuclear (MN) que realiza tanto diagnéstico quanto tratamento
terapéutico. Na Medicina Nuclear utiliza-se de radioisétopos para realizacao de
exames e para fins terapéutico, bem como o transporte de fonte, o
armazenamento e segregacao de rejeitos radioativos. Para isso € necessario
garantir a seguranca dos Individuos Ocupacionalmente Expostos (IOE) que

trabalham com radiagdo ionizante, normatizado e definidos pela norma 3.01/14
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Diretrizes Basica de Protecdo Radiologica da CNEN (Comissédo Nacional de
Energia Nuclear) (CNEN 3.01/2014).

No tratamento terapéutico utiliza-se, para a terapia de hipertireoidismo
ou tratamento de metastases da tireoide, o radioisétopo 13, pois tem uma meia
vida de 8,04 dias e nivel de energia de raios gama 364 keV e 0,61 MeV raios
beta, respectivamente o0s raios gama por causa da sua alta energia causam
maiores irradiacbes, e 0s raios beta, estes sdo empregados para efeito
terapéutico (CHANG; MOREIRA, 2014). Essa técnica representa
aproximadamente 90% de todas as terapias médicas nucleares (KRAWCZYK
et al. 2013).

AplOs o0 pos-operatorio da tireoidctomia total ou parcial da tiredide, o
paciente é submetido a uma dose ablaciva com 1131, com o intuito de reduzir a
recorréncia e a mortalidade do cancer diferenciado de tiredide a longo prazo
(COOPER et al. 2006 e PACINI et al. 2006).

As doses em pacientes em tratamento terapéuticos com I%3! séo
administradas oralmente na forma liquida ou por meio de capsula. As
vantagens do iodo radioativo séo: facil administracéo, eficacia, baixo custo e
auséncia de dor. Quando administrado por via oral em solucdo de iodeto de
sédio (Nal), o iodo é rapidamente absorvido pela tireéide, concentrado e
incorparado pela tiredide nos foliculos de armazenamento (MENDONCA,
2016).

Um estudo comparativo referente ao custo de tratamento com as drogas
tireoidianas, radioiodoterapia ou cirurgia realizada no Brasil, demonstrou que o
tratamento com 113! apresentou menor custo, melhores indices custo/eficécia,
custo/efetividade e reducao do volume glandular (CORONHO et al. 2001).

Segundo a CNEN (2013), para tratamento poés cirurgia da tiredide, com
dose acima de 1850 Megabecquerel (Mbqg), ou seja, 50 milicurie (50 mCi), o
paciente deve permanecer internado em uma unidade hospitalar, em
acomodacdes que atendam a norma NE-3.05/2013, Resolucdo 159/13. No
periodo de internacdo, 0 paciente é atendido por uma equipe qualificada de
profissionais quanto ao conhecimento e aplicabilidade das normas de protecéo

radioldgica. Alguns centros de Medicina Nuclear preconizam doses baixas
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repetidas (30 mCi), nestes casos, ndo € necessario internacdo hospitalar
(BERERHI, 2000 apud RISSATO, 2007).

No Estado do Maranhdo é adotado o procedimento da internacéo
hospitalar para doses acima de 30 mCi, essas doses sdo administradas em
leito caracterizado como quarto da iodoterapia, visando proteger os familiares,
os individuos do publico e o meio ambiente contra possiveis exposicdes ou
contaminacdes radioativas (CNEN/2013).

1.1 Principio Basico de Protecdo Radioldgica

Para Silva e Santos (2015) quando o paciente for submetido a dose de
iodo, boa parte da eliminacdo do iodo do organismo se da pela urina, suor e
saliva. Apesar de pequena quantidade radioativa encontrada nessa eliminacéo,
estes sdo suficientes para contaminar 0 meio ambiente e expor pessoas
desnecessariamente a radiacdo, infligindo um dos principios da protecao
radiologica que se chama justificativa, que descreve que nenhuma pratica que
envolva a exposicdo a radiacdo podera ser aceita, a menos que a radiacao
produza beneficios, para os individuos expostos ou para a sociedade (CNEN
3.01/2014).

Em consequéncia, tornam-se necessarios a utilizacdo de equipamentos
de protecédo individual para os profissionais que trabalham diretamente com o
paciente, além de que, todos os objetos utilizados no periodo de internacao:
vestimentas pessoais, roupas de cama e banho, copo, prato, talheres e restos
alimentares, sdo considerados como materiais contaminados e devem ser
tratados como rejeitos radioativos (SILVA e SANTOS, 2015). Esses rejeitos
serdo segregados no mesmo local que foram gerados e somente liberados
quando a taxa de sua exposi¢ao for abaixo de 1 mR/h, somente a partir dai os
rejeitos tornam-se lixo hospitalar comum, podendo ser encaminhado a aterros
sanitarios (SILVA e SANTOS, 2015).

Os trabalhadores em contato de forma direta com os rejeitos e pacientes
em tratamento com iodo estdo mais susceptiveis a exposicdo radiologica
(OLIVEIRA et al ,2016). Por esse motivo, tornou-se necessario quantificar as
doses para se ter o controle & exposi¢cdo desse profissional a radiacdo. Deve-
se executar o0 monitoramento individual através de dosimetros colocados sobre

o corpo (LIRA et al.,2015). Os dosimetros sédo instrumentos que indicam a
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exposicao ou a dose absorvida a que um individuo foi submetido (LIRA et al.,
2015).

Com a utilizacdo do dosimetro, poder& ter o controle da quantidade de
radiacao recebida pelos profissionais e comparar com o que esta estabelecido
pela portaria Anvisa (Secretaria de Vigilancia Sanitaria do Municipio da Saude)
n® 453/98 dentro da normativa da CNEN 3.01/2014 e 3.05/2013. Tal portaria
define que a Dose Efetiva Acumulada (DEA) ndo podera passar de 20 mSv ao
ano e 4 mSv em qualquer més. Na regido do cristalino 20 mSv ao ano, maos e
pés é de 500 mSv ao ano ou 40 mSv em qualquer més. Caso supere esse
limite, € necessario notificar a CNEN, justificando o ocorrido, descrevendo o
evento e a taxa de dose que foi submetido o IOE (CNEN-NN-3.05,2013).

De acordo com o cenario apresentado, analisou-se como estava sendo o
gerenciamento dos rejeitos produzidos por pacientes internados apds a
submissdo do lodo-131 em um Hospital no Municipio de S&o Luis-MA. Os
residuos como: papéis de limpeza, papel higiénico, lencos de papel, toalha,
lencol, talher, prato, objetos cortantes e perfurantes, que ndo podem ser
considerados como lixo hospitalar comum urbano, se esses estavam sendo
segregados até atingirem uma atividade de 7,4.10* Bqg/kg (2 pCi/kg) para
posteriormente serem descartado como lixo hospitalar urbano (6.05 CNEN
resolucéo 167/2014).

Nesse contexto, este estudo teve como objetivos analisar o
gerenciamento dos rejeitos radioativos produzidos por pacientes em tratamento
com |13 e descrever o levantamento radiométrico das exposicdes apresentadas
pelos pacientes durante o tratamento. Essa foi uma forma eficaz de avaliar a
exposicdo que os IOE’s estdo submetidos e discutir as praticas de

radioprotecao.

2. MATERIAIS E METODOS

Este estudo foi desenvolvido em um Hospital na Regido Metropolitana
de Séo Luis - MA que apresenta leitos para iodoterapia. Foram utilizados dois
aparelhos medidores de radiacdo conforme a Figura 2, que possuem camera
de ionizacdo: a) Fabricante Victoreen, modelo 470A — Sl série 95671 e
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certificado pela METROBRAS, sob n°® 17 — 0615 e b) Inspector Alert Nuclear
Radiation Monitor, série 34885, calibrado pela METROBRAS e sob n° de
certificacdo 17.0640.

Figura 2. (a) Aparelho Victoreen e (b) Inspector Alert Nuclear Radiation Monitor.
Fonte: Prépria do autor.

Para avaliar o gerenciamento da segregacédo, coleta e tratamento do
rejeito conforme norma CNEN-NN 6.05, durante 4 meses foi feito o
acompanhamento da equipe de profissionais que recolhe todo material
utilizado pelo paciente durante 24h de estadia em 2 leitos da iodoterapia. O
procedimento padrao do rejeito produzido pelos pacientes, deve ser colocado
em um recipiente identificado com o simbolo de internacional de radiacdes,
etiguetado com as algumas informacBes basicas como taxa de exposicao do
momento e data possivel para ser liberado como lixo comum.

No entanto, pela andlise de registro e inventario foi observado que de
janeiro 2016 a novembro de 2017, alguns recipientes ndo constavam
preenchidos em suas etiquetas a taxa de atividade do rejeito quando liberado
para lixo comum no sistema hospitalar. Por esse motivo a necessidade de se

utilizar duas equacdes. A Equacéo 1 que determina a taxa de exposic¢ao.

I Ao

X=—3

(1)
Fonte: Adaptado de Andreucci,p.24,2016.

Onde:

I'- constante especifica da radiacdo gama, expressa em (R.m?) /(h.Ci);

d — distancia da fonte em m;
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Ao — atividade inicial, expressa em Ci;
X — taxa de exposicdo em R/h.

Com o resultado da atividade no momento da estocagem (Ao), utilizou-se
a Equacédo 2 para determinar a atividade final dos rejeitos no momento que
foram descartados (A).

-iin2 £ ——

e ! Yz (2)

A=A

3=

Fonte: Adaptado de Andreucci,p.23,2016.
Onde:

A — atividade final,

Ao — atividade inicial,

m — massa do rejeito em kg;
t — tempo de estocagem;

T1, - tempo de meia-vida fisica

Adotou-se a constante de taxa de exposi¢cao de uma Fonte Pontual (=
lodo131- 0,22 R.m?/h.Ci) e tempo de estocagem (t) de 90 dias. Com andlise do
inventario dos rejeitos adquiriu-se a quantidade gerada, condicdo de taxa de
radiacdo no armazenamento e descarte.

Para fazer o levantamento radiométrico das taxas de exposi¢cdes foram
utilizados os medidores de radiacdo, nos pontos 1 a 11 que se referem aos
locais no interior do quarto da iodoterapia e em torno do depdsito dos rejeitos
conforme a Figura 3.
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Figura 3. Planta baixa do andar dos leitos da iodoterapia e depdésito de rejeito radioativo.
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Fonte: Prépria dos autores.

Para determinar a dose equivalente emitida pelo depdsito de rejeitos
radioativos da iodoterapia - Figura 3 (item 10), ao publico e trabalhadores
devido sua localizagéo fazer vizinhanca com o Posto de Enfermagem (item 11),
corredor (item 1) e expurgo nos pontos (item1,2,3 e 4). Foi utilizado a Equacao
3.

D=LxUxT
3

Fonte: Adaptado de Andreucci,p.15,2016.
Onde:
D — dose equivalente;
L — leitura do equipamento em uSv/h;
U — fator de uso;

T — fator tempo ocupacional.

As Doses Efetivas Acumuladas (DEA) dos Individuos Ocupacionalmente
Expostos (IOE’s), foram determinadas por analise documental dos dosimetros
emitidos pela Empresa Tecnologia em Radioprotecdo LTDA (TEC-RAD)
durante os anos de 2015 a 2017. As doses dos IOE’s estdo separadas por
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suas areas: Técnicos — T (técnicos e tecnologos), Enfermeiros — EF, Fisicos (F)

e Médico Nuclear — MN.

3. RESULTADOS E DISCUSSAO

O gerenciamento de rejeito envolve as atividades de coleta, segregacéao,
manuseio, tratamento, acondicionamento, transporte, armazenamento, controle
e eliminacdo (XAVIER, 2012 p. 12). A Tabela 1 mostra como a equipe
envolvida na internacdo de pacientes em tratamento da tiredide com 1*3! faz o
registro do rejeito radioativo que envolve desde do registro no livro denominado
‘inventario” as anotacbes do tipo de rejeito, a data que marca o inicio do
decaimento do 113!, massa do rejeito, taxa de exposicdo e taxa de exposicédo

quando liberado como lixo hospitalar comum.

Tabela 1. Resumo do levantamento de dados da liberacdo de rejeitos radioativos-lodo 131 da

iodoterapia no periodo de janeiro/16 a novembro/17.

A" Lote dorfet 1 O e . O Wi
1 10/01/2016 4 0,65 0,31
2 10/01/2016 4 0,3 0,14
3 10/01/2016 4 0,35 0,16
4 10/01/2016 4 0,16 0,07
5 10/01/2016 4 0,36 0,17
6 10/01/2016 4 1,55 0,74
7 12/02/2016 4 1,66 0,8
8 12/02/2016 4 1,7 0,82
9 12/02/2016 4 1,45 0,7
10 12/02/2016 4 0,3 0,14
11 01/03/2016 4 0,68 0,31
12 01/03/2016 4 0,65 0,31
13 06/04/2016 4 0,22 0,1
14 06/04/2016 4 0,65 0,31
15 06/04/2016 4 0,3 0,14
16 22/06/2016 3,8 1,1 0,635
17 22/06/2016 3.3 2,45 0,2
18 22/06/2016 4 0,84 0,34
19 22/06/2016 2,6 1.3 1,2
20 13/07/2016 4,05 0,16 0,012
21 13/07/2016 3,8 0,22 0,024
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13/07/2016 35 1,72 1,63

22
23 13/07/2016 4 1,44 1
24 21/07/2016 15 05 0,322
25 21/07/2016 0,9 0,9 1,74
26 10/08/2016 28 0,85 0,49
27 18/08/2016 4 22 0,128
28 07/09/2016 1 0,16 0,049
29 07/09/2016 2 13 1,63
30 12/10/2016 38 1,4 0,99
31 27/10/2016 4 15 1,08
32 23/11/2016 4 2.4 2,7
33 24/11/2016 4 2.4 2,7

MEDIA 3,55 1,01 0,66
DESVIO PADRAO 0,92 073 0,71

" Lote da reet 1 Ao de o Ness o bdade auande
(mR/h)

34 18/01/2017 1,9 1,4 1,99
35 25/01/2017 15 0,16 0,33
36 08/02/2017 42 1,16 0,6
37 23/02/2017 28 0,9 0.55
38 08/03/2017 18 05 0,26
39 22/03/2017 33 2.4 1,37
40 23/03/2017 31 15 14
41 05/04/2017 23 16 21
42 21/04/2017 38 0,21 0,022
43 10/05/2017 1,7 0,13 0,019
44 10/05/2017 2,25 0,14 0,01
45 07/06/2017 4,05 0,14 0,009
46 12/06/2017 2,2 1,2 0,55
47 20/06/2017 1,87 11 0,49
48 26/06/2017 2,87 2,33 0,12
49 03/07/2017 4 0,67 03
50 10/07/2017 32 25 03
51 16/07/2017 3,7 1,55 0,97
52 20/07/2017 41 1,66 0,82
53 02/08/2017 36 4,38 2,1
54 03/08/2017 2,8 0,65 0,29
55 00/08/2017 25 03 0,15
56 10/08/2017 4 0,35 0,17
57 16/08/2017 18 0,38 0,19
58 17/08/2017 4 0,86 1,65

59 23/08/2017 4 4 1,09
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60
61
62

63

64
65
66
67
68
69
70
71

N° Lote do rejeito 13

72
73
74
75
76
7

MEDIA

DESVIO PADRAO

30/08/2017 4
06/09/2017 4
13/09/2017 4
21/09/2017 38
28/09/2017 3,3
04/10/2017 4
04/10/2017 4
11/10/2017 4
18/10/2017 3,3
18/10/2017 4
25/10/2017 4
26/10/2017 3,8
Data de Massa
Armazenamento (kg)
01/11/2017 4
02/11/2017 4
08/11/2017 3,8
15/11/2017 4
22/11/2017 4
22/11/2017 4
3,34
0,84

3,8
1,3
4,38

15
0,16
1,6
0,6
0,43
0,45
0,85
4,3
0,45

Exposicéo
um metro
(mR/h)

13
0,9
2,4
15
16
1,9

1,39

1,21

1,8
11

0,78
0,05
0,79
0,31
0,12
0,17
0,36

0,16

Atividade quando
liberado (uCi/kg)

1,18
1,78
1,7
1
1,45
1,82
0,80
0,69

Na Tabela 2, é observada que a média da Atividade anual dos rejeitos

qguando colocado como lixo comum foi 0,66+0,71 uCi/kg em 2016 e 0,80+0,69

uCi’kg em 2017, que nos mostra que sdo inferiores ao limite maximo

estabelecido pela CNEN, atendendo a recomendacéo normativa.

Tabela 2. Média do levantamento de dados da liberagdo de rejeitos radioativos-1'3! da

iodoterapia no periodo de janeiro/16 a novembro/17.

Média Anual de Armazenamento do Média da Média da Exposi¢éo 1m Média da Atividade quando
Rejeito 1131 Massa (kg) (mR/h) liberado (uCi/kg)
2016 3,55+0,92 1,01%0,73 0,66+0,71
2017 3,34+0,84 1,39+1,21 0,80+0,69
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Os resultados obtidos na Tabela 1 mostrara que 0s quartos da
iodoterapia durante o periodo de janeiro de 2016 a novembro de 2017
produziram uma média de 261 kg de rejeito, que as condi¢cdes de
armazenamento e valores da taxa de atividade para descarte do rejeito como
lixo hospitalar urbano, foi liberado obedecendo a norma CNEN 6.05 Geréncia
de Rejeito Radioativos de Baixo e Médio Niveis de Radiacdo (Resolucao
167/2017) que estabelece o limite maximo para liberacdo de rejeitos como lixo
urbano que é de 2 uCi/Kg.

Na Tabela 2, observa-se que a média da quantidade de rejeito produzido
por leito foi de 3,55+0,92 kg e 3,34+0,84 kg nos anos de 2016 e 2017, em
comparacao ao estudo realizado em Vitéria (ES) para determinar a quantidade
de residuos infectantes gerada por leito, em hospitais de diferentes naturezas
juridicas e mostrou que, em um hospital privado, a geracdo de residuos
infectantes era de 2,17 kg leito! dia* (ADUAN et al., 2014). A média de rejeito
produzido por pacientes da iodoterapia se torna maior porque todos o0s
utensilios usados nos leitos como suas vestimentas pessoais, lengdis, toalha,
talher, pratos, copos e restos alimentares, sdo considerados rejeito radioativo.
Ainda assim, € menor que o estudo feito por André et al (2016) sobre a geracao
de residuos de saude em hospitais em Ribeirdo Preto (SP).

André et al (2016) mostraram que 3 (trés) hospitais privados e, sendo
um, além de ser privado, também é de ensino, e disponibiliza alguns leitos para
0 SUS. Esses hospitais apresentaram uma média de geracao de RSS por leito
ocupado por dia, similar aos hospitais de paises desenvolvidos, com uma
producdo, respectivamente, de 7,24, 7,80 e 7,80 kg leito! dia. Destaca-se que
nos EUA, os hospitais apresentavam em média uma geracdo de 7 a
10 kg.leito?* dia’* (WHO, 1999).

Por exemplo, os hospitais norte-americanos apresentam contexto
econdmico e cultural diferente dos hospitais brasileiros, logo os hospitais de
Ribeirdo Preto (SP) que apresentam uma grande geracdo RSS, podem estar
relacionados & ocorréncia de segregacéo inadequada (ANDRE et al 2016).

A avaliagao feita nos quartos de internagéo da iodoterapia mostrou que o
hospital atende os requisitos de seguranca e protecao radiologica para servicos
de Medicina Nuclear, norma CNEN 3.05 (Resolugcédo 159/2013), sendo todos os
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objetos cobertos com material plastico impermeavel, paredes blindadas com
barita, portas com laminas de Chumbo de 3 mm, biombo fixo blindado com 4
cm de barita e vidro plumbifero para visualizagcdo do paciente, piso do quarto e
banheiro é do tipo paviflex com cantos arredondados que facilita a
descontaminacao.

Segundo a Norma CNEN 3.05, os pacientes submetidos a terapia terao
alta ap0s sua taxa de exposicdo a 2 metros for inferior a 0,03 mSv/h (3 mR/h).
Esse procedimento se justifica a fim de preservar os individuos do publico.

A Tabela 3 mostra a média da taxa de exposi¢cao dos pacientes que foi
submetido a dose de iodo para tratamento da tiredide apos 24 h, medido a uma

distancia de 2 m.

Tabela 3. Mostra os valores médios da taxa de exposicdo apds 24 h os pacientes terem

ingerido o iodo.

Atividade

administrada N° Tx da Exposigcéo do paciente dentro do Tx da Exposicao do paciente fora do
Paciente quarto (mR/h) quarto (mR/h)
(mCi/MBq)
100/3700 6 2,71+0,43 2,00 £ 0,55
150/5550 6 2,82 +0,23 2,29 +£0,47
200/7400 4 8,67 £0,70 7,23 +£0,80

Os valores observados na Tabela 3 mostram que as taxas de exposi¢cao
dos pacientes dentro dos quartos tiveram acréscimo devido a radiacdo de
fundo conhecida como backgroud (BG), por ocasido da contaminacdo do piso,
lixo, plastico impermeével da mobilia e outros objetos contaminados.

Campos (2015) avaliou a contribuicdo da contaminagdo de superficies
do quarto terapéutico na medida da taxa de exposicdo de pacientes de
radioiodoterapia. Pelos resultados obtidos, observou-se que, apesar de
realmente as superficies contaminadas préximas ao paciente nao gerarem
valores significativos para determinar se o paciente podia ou nao ser liberado.
No entanto, neste trabalho, ao medir a taxa de exposicdo dos pacientes para

determinar sua liberacdo dentro e fora do quarto, também ha um acréscimo por
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influéncia da radiacéo de fundo vindo do banheiro (ponto 9, Figura 3) local que
possui a maior taxa de exposicao dentro do leito, e foi verificado que n&do houve
influéncia significativa nos resultados para determinacdo da alta, porém
nenhum dos pacientes usavam sonda ou fraldas, acredita-se que o backgroud
pode aumentar significativamente influenciando na taxa de exposi¢cdo do
paciente.

Na Tabela 3, os pacientes que ingeriram 133! com atividade de 100 e 150
mCi, apos 24 h estavam emitindo uma taxa de exposicdo a 2m de distancia de
2,71 + 0,43 e 2,82 £ 0,23 mR/h sendo o recomendavel para alta do quarto
valores inferiores a 3 mR/h. Para os pacientes que receberam doses de
200 mCi, estes necessitaram de 36 a 48 h de internacdo, suas taxas de
exposi¢cdo a mesma distancia foi 8,67 + 0,70 mR/h. Uma interpretagéo similar
foi encontrada no trabalho de Silva e Santos (2015), onde os pacientes entre
doses de 250 e 400 mCi apresentaram maiores taxa de exposi¢cado apos 24 h,
com valores superiores a 3 mR/h.

A estimativa de dose a exposicdo da radiacdo produzida pela
incorporacdo do 13! produzida por pacientes gera dificuldades para as
autoridades normativas de diferentes paises por causa da interpretacdo das
recomendacdes da Agéncia Internacional de Energia Atomica (IAEA) e
Comissao Internacional de Protecdo Radiologica (ICRP). Em 2006, a AIEA
recomendou para liberacdo de paciente o nivel a 1m seria 7 mR/h. A
orientacdo da Unido Europeia (EU), para liberar os pacientes a exposicdo de
radiacdo a 1 m deve ser menor que 2 mR/h (ZHANG et al,2014), no Brasil, a
CNEN antes de 2013 adotava a distancia 1 m exposi¢cdo menor que 6,6 mR/h.

Zhang et al (2014) no seu estudo com chineses, encontraram que as
doses de exposicdo dos pacientes apos 24h com atividade de até 150
mCi/5550 MBg também estava abaixo dos limites para recebimento de alta,
uma vez que a China adota que a distancia de 1m a taxa de exposi¢cao deve
ser de 7 mR/h. Porém Zhang et al (2014), ainda no seu trabalho chamaram a
atencao que os pacientes chineses em relacdo aos pacientes do Reino Unido,
diminuiram mais rapido a dose de exposicdo, acreditando que a raca, tipo de

corpo, habitos alimentares, condicbes ambientais seja a causa principal. Ainda
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nao se tem uma pesquisa sobre os efeitos desses fatores a exposicdo da
radiacao.

Para o levantamento radiométrico nos quartos da iodoterapia (Figura 3)
foi feito no periodo de internacdo dos pacientes submetido ao tratamento com
I3, Encontrou-se nesta pesquisa realizada com 16 pacientes, uma taxa de
dose efetiva média de 0,1 mSv, 0 que mostrou que esses pacientes nao
ofereciam risco a saude dos IOE e familiares, porém, o tempo de contato deve
ser breve pelo menos nas primeiras 48 horas (limite de 5mSv para
acompanhantes ou voluntarios, € importante que para criancas esse valor ndo
exceda 1 mSv - CNEN 3.01/2014). Os valores foram adquiridos pelos pontos 5
e 6 com distancia de 1m da tiredide com 13! e pontos 7 e 8 a uma distancia
2 m da tiredide.

Os rejeitos radioativos produzidos nos quartos da iodoterapia precisam
ser armazenados no depdsito, de acordo com a Figura 3 (item 10). Esse trajeto
é feito pelos IOE’s com taxa de exposicdo média de 1,95 mR/h e dose de
0,017 mSv, valor bem inferior aos limites permitido de 5 mSv. Durante o trajeto
o trabalhador estava de avental plumbifero de 0,5 mm de chumbo. Essas
observacdes também foram feitas por Silva e Santos (2015) em sua pesquisa
de gerenciamento de rejeitos radioativos da iodoterapia que o avental de
chumbo 0,5 mm protegia a regido geniturinaria a uma taxa de exposicao de 3
mR/h no trajeto de 5 minutos da equipe para o depdsito de rejeito.

A avaliacdo feita nos quartos de internacdo mostrou que o hospital
atende os requisitos de seguranca e protecdo radiolégica para servicos de
Medicina Nuclear, norma CNEN 3.05 (Resolucdo 159/2013), sendo todos os
objetos cobertos com material plastico impermeavel, paredes blindadas com
barita, portas com laminas de chumbo de 3 mm, biombo fixo blindado com 4
cm de barita e vidro plumbifero para visualiza¢cdo do paciente, piso do quarto e
banheiro é do tipo Paviflex com cantos arredondados que facilita a
descontaminacao.

Na area do depoésito dos rejeitos considerada como fonte radioativa
(Figura 3, item 10) a qual tem capacidade para 770 litros (1,40 x 1,10 x 0,80 m),
em cujas vizinhancas tem um corredor que é chamado de area livre (1),

expurgo (2) e recepcéo (3).
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Figura: 3 a) Recorte da Figura 3 - Area circunvizinhas ao depésito de rejeito radioativo

Neste levantamento radiométrico para determinar a dose equivalente
emitida pelo depdsito utilizou-se a Equacédo 3, e adotou-se: fator de Uso (U) 1,
fator ocupacional (T) 1/4 para o Posto de Enfermagem (item 1) e 1/20 para o
corredor e expurgo (itens 1, 2, 3 e 4), considerando areas de ocupac¢ao parcial
de trafego de pessoas. Encontrou-se na regido de contorno da fonte a dose
equivalente de 0,01 mSv/sem, ou seja, um trabalhador no Posto de
Enfermagem da Figura 3 (item 11) trabalhando 40 horas semanais, estara
recebendo uma dose mensal de 0,01 mSv. Em comparagédo a norma CNEN
esse valor para trabalhadores ocupacionalmente expostos ndo podera exceder
0,4 mSv/sem e para os individuos do publico chegar a 0,02 mSv/sem (CNEN
3.01). Entretanto, apesar do depdsito ter suas paredes circunvizinhas ao Posto
de Enfermagem, isso mostra que sua blindagem faz uma boa atenuacdo a
radiacdo oriunda dos rejeitos radioativos.

Para determinar as Doses Efetivas Acumuladas (DEA) dos
trabalhadores ocupacionalmente expostos, 0s quais sao responsaveis pela
iodoterapia, esta pesquisa foi feita com analise documental dos registros de
doses dos trabalhadores expostos a radiacdo ionizante referente aos anos de
2015 a 2017. As Figuras 4, 5 e 6 (a-b) representam a taxa de exposi¢cao desses

profissionais por periodo em meses.
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Em seguida analisaram-se as doses dos IOE, que estdo de acordo com
0s niveis de dose aceitavel pela norma NN 3.01 da CNEN.

Nos estudos de Tomasina et al (2010), os autores mostraram que 0S
setores que recebiam maiores doses em ordem decrescente s&o: radioterapia
oncolégica, medicina nuclear, hemodindmica e radiodiagndstico. Nesse mesmo
trabalho que analisou os dosimetros dos trabalhadores de 2003 a 2006,
mostrou que os trabalhadores de Medicina Nuclear também ndo superaram 0s
limites anuais de referéncias, mas o desejavel seria que os trabalhadores
dessa &rea nao fossem expostos a valores de radiagdo. Sabe-se que mesmo
valores de pequenas doses ao longo dos anos podem induzir também os
efeitos bioldgicos como € o caso do efeito estocastico gerado pela radiacdo
ionizante.

No presente trabalho, a Figura 4 (a-b) mostra que as maiores DEA de
2015 foram dos funcionéarios Técnico -T6 de 11,75 £ 0,10 mSv e Enfermeiro -
EF 6,28 + 0,11mSv. Nesse ano também percebeu-se que em alguns meses
dosimetros registraram valores mensais acima de 1,20 mSv considerado como
indice de investigacdo. Para valores inferiores a 0,20 mSv, a empresa
responsavel pela leitura dos dosimetros utiliza-se da sigla BG (backgroud),
considerando baixa dose de radiacao.

O procedimento adotado pela equipe de Medicina Nuclear para proteger
os trabalhadores que atingiram o nivel de investigacdo, foi mudar de setor e
rotina de servico. E percebeu-se que nos anos posteriores nenhum IOE estava
com dose efetiva elevada no decorrer do més.

Para o ano de 2016, a Figura 5 (a-b) mostra que o maior DEA foi para o
funcionario Técnico - T11 de 6,32 + 0,03 mSv e no ano 2017 na Figura 06 (a-
b), esse parametro foi avaliado para o Enfermeiro - EF e Técnico - T3 com 6,83
+ 0,50 mSv. Em todos os anos, observou-se que havia técnicos com dosimetria
elevada em relacdo aos demais profissionais, mas, isso nao significa que seus
valores atingiram o limite acima toleravel pela CNEN que é de 20 mSy, ou seja,
o limite de dose anual para individuo ocupacionalmente exposto.

No trabalho de Budecheski (2016), o qual foi realizado em duas clinicas
de Curitiba (PR), os técnicos também apresentaram maiores DEA em relacéo

aos demais membros da equipe, com valores 16,8 mSv.
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Um dos motivos para justificar porque esse profissional recebeu maiores
dose de radiacdo é o fato do mesmo fazer a maior parte de rotina na clinica
com uso de fontes ndo seladas, tais como: eluicdo do gerador de °MTc,
preparacao dos kits radiofarmacos, ou seja, juntar o farmaco com o material
radioativo para serem administrados aos pacientes, posicionamento do
paciente ja administrado com material radioativo para geracdo da imagem,
tempo de permanéncia na sala de preparo conhecida como sala quente,
também tende a aumentar a dose acumulada, devido essa sala ser um dos
locais de maiores niveis radiométricos, conforme estudo realizado por Oliveira
et al (2016).

Nos anos de 2015 a 2017, as Figuras 4 e 5 (a-b) mostram que os
profissionais da Enfermagem (EF) apresentaram doses anuais de 6,28 + 0,11
mSv e 6,83 = 0,50 mSyv, respectivamente. Uma das justificativas pode ser que
além destes serem responsaveis da administracdo intravenosa dos
radiofarmacos nos pacientes, também administraram a dose de iodo-131 em
pacientes para tratar metastases do carcinoma diferenciado da tiredide, com
atividade acima de 30 mCi.

Para o grupo dos médicos nucleares, somente o ano de 2015 houve
registro de incidéncia, conforme ilustrado na Figura 4b. A dose maior
encontrada foi de 0,23 + 0,04 mSv, do Médico Nuclear - MN1. Segundo
Budescheski (2016), os Médicos Nucleares possuiam doses bem abaixo da
equipe Técnica e Enfermagem, o que é justificado pelo fato dos médicos néo
permanecerem na administracdo dos radiofarmacos aos pacientes, e o tempo
maior de exposi¢cdo desses profissionais € as vezes durante os testes
ergomeétricos dos pacientes para realizacdo de exames de miocéardio.

Entre os fisicos, ndo houve nenhum registro nos ultimos 3 anos. De fato,
esses profissionais ndo atuam de forma rotineira na sala quente, conforme
relato por Oliveira et al (2016) em sua pesquisa a qual mostrou que quanto
maior a permanéncia IOE’s, maior serd a dose recebida de radiagéo, sendo

esta o maior fator de contribuicdo na dose acumulada.
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4. CONCLUSOES

O gerenciamento de rejeitos radioativos € composto de varias etapas,
abrangendo a geracao até o destino do depdsito, levando em considerando a
coleta, segregacdo dos diversos tipos, transporte, caracterizacdo, tratamento,
armazenamento, decaimento e despacho final.

Observou-se que o hospital em estudo obedece as exigéncias da norma
CNEN-6.05 e que as condicbes de armazenamento e descarte foram
satisfatorias. Apesar de falha no inventario por falta de alguns dados néo
estarem preenchidos nos formulérios de controle, mas com uso das equacdes
aqui apresentadas, pode-se encontrar que a taxa de exposi¢do do descarte foi
inferior ao permissivel de 2 uCi/kg e com a quantidade de rejeito radioativo
produzido atendendo as recomendac¢des normativas.

Para pacientes com doses maiores que 200 mCi percebeu-se que os
pacientes necessitaram de 36 a 48 horas para receberem alta da internacao.
Nesses pacientes as taxas de exposicao foram maiores que o limite maximo
toleravel de 3 mR/h. O estudo pode nos mostrar que, o local escolhido para
medir a taxa de exposicdo emitida pelo paciente dentro do quarto houve uma
variacdo média de 20% maior em relacdo quando medida fora do quarto, mas
nao é significativa para definir se o paciente pode ou néo ser liberado.

Pelo levantamento radiométrico nos mostra que o tratamento pode ser
realizado fora do ambiente ambulatorial, os pacientes ndo emitem radiacao que
possa colocar em risco a saude dos IOE’s e familiares. Esses pacientes
poderiam tomar a dose de 1*3! em casa, tendo cuidado com o tempo de contato
com as pessoas serem breve pelo menos nas primeiras 48 horas, 0s rejeitos
produzidos por eles o tempo de 90 dias € suficiente para o decaimento
radioativo ndo provocando impacto ao meio ambiente.

Com relacdo a eliminagcéo dos rejeitos liquidos, apesar de nédo ter sido
possivel verificar as concentragdes dos mesmos no momento de langamento
no esgoto, estima-se que o tempo de percurso do esgoto do hospital até a
estacdo de tratamento que € aproximadamente de 4km seja suficiente para
atingir o valor permitido de 9,3 Bg/m? anualmente (CNEN 6.05/2014), mas esse
sera a proxima investigacdo para verificagdo se esta ocorrendo impactos

ambientais e danos a saude publica.
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English title here
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E-mail

2Affiliation, City, Country
E-mail

Abstract

The abstract should contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should
contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should contain a maximum
of 200 words. The abstract should contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The
abstract should contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should
contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should contain a maximum
of 200 words. The abstract should contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The
abstract should contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should
contain a maximum of 200 words. The abstract should contain a maximum of 200 words. The abstract should contain a maximum
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1 Introduction

Nonononononon honhohohoh hohohonononononono, hohononn, NONONONO,
nnnn, NONONO hononononononon oNONONO N ONONONONO NONO N0 NONON OonononN
nononono onNoNooNONOONOONONO NONOON NONO NON NON ONON NONO NoN

Ononono h ohoNONONO NONO hO hOhON 0NONON hohoNoNOo
onnonoononoonoonono Nonoon NONO NON NON ONON NONO ONONONO N onoNnoNOoNOo
Nnono N0 nonon ononon NnonNoNONOo oNNONOONONOONOONONO NONOON NONO NON hoN

onon Nnono ononono N onononono nono.
1.1 Subsection Example

Nonononononon nonononon nononononono honono (NONO-NONO, 2007)
nono nonn, NoNoNONO, hNnhn, NONONO hONONONONONONON ONONONO N ONONONONO NONO
NO hONON ONONON hONONONO ONNONOONONOONOONONO NONOON hONO NON NON onNon

nono non.
1.1.1 Subsubsection Example

Nonononononon nonononon nononononono honono (NONO-NONO, 2007)
nono nonn, NoNoNONO, NNhnN, NONONO hONONONONONONON ONONONO N ONONONONO NONO
NO nONON ONONON hONONONO ONNONOONONOONOONONO NONOON hONO NON NON oNon

nono non.

2 How to Include Figures

The figures should preferably be in PDF or TIFF format. You can include pictures in
your work. For example, see Figure 1.

Note that you can include figures in the two-column format respecting the edges of
the article, as in Figure 2. You can also include and reference subfigures, such as

Figure 2 (a) and Figure 2 (b).
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Figure 1 - Figure caption model

Figure 2 — Figure 2(a) and figure 2(b)

Nonononononon nonononoh hononohononononono, nohononn, Nononono,
nnnn, NONONO hononononononon onononNo N ONONONONO NONO N0 honon ononon
nononono onnonoonNoNoONOONONO NONOON NONO NON NON ONON NONO NoON

Ononono n ohononono honho ho NONOh ohonon NONONONO
onnonoononoonoonono Nnonoon NONO honN NoON OonNoON NONO 0 hONON ononon nononono
onnonomonoonoonono nonoon NoONO NON NnOn onoOn NONO ONONONO N ohononono

nono.

3 Examples of Tables and Equations

Exemple Table 1
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Table 1 — Example table 1

Name Score Name Score

Richard 11,999 Paul 19,566
John 12,333 Doe 23,333
Richard 12,323 Miles 48,989

Exemple Table 2

Table 2 — Exemple table 2

Latitude (°) Longitude (°)
P1 25°25’25,000000” -25°2525,000000”
P2 -25°25’25,000000” 120°25’25,000000”
Ps 00°00’0,003240” 89°59'59,996760”
Ps 00°00’0,003240” 179°59'59,996760”

An example of a numbered equation can be found in (1).
d(F,P) = |Z3 + (c — Y;,)? (2)

Only equations referenced in the text should be numbered.
4 Examples of citations

Nonoo nono no no no Castro et al. (2001) nono nono nnono. Silva e Andrade
(2002) nonononon nonon No N, NONONO, NONONON NONOO (FANTUCCI, 2001; SILVA; ANDRADE,
2002) NONON NNON ONO hoN h 0 NONO hONONO NO NOO, NNON O, NONONONO, hONONON NONO
0 onononon o onononn. Nonon nnon ono hon N 0 NONO NONONO NO NOO, NNON O,
nononono, Nononon NONO 0 oNonNonon o0 onononn.

Nonon nnon ono non n 0 NONO NONONO NO NOO, Nhon 0, NONONONO, hoNoNoN
nono o0 onononon o onononn. Nonon nnon ono hon N 0 NONO NONONO NO NOO, NNON O,
nononono, Nononon NONO 0 oNoNonNon o0 onononn.

Nonon nnon ono non N 0 NONO NONONO N0 OO, o 0, NONONONO, NONONON

nono o0 onononon o onononn. Nonon hnon 0no hoh h 0 NONO hohoho NO hOOo, hnon O,
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nononono, hononon nono o onononon o0 onononn. Nonon nnon onNo hon n 0 NoNo
nonono nO n0O, nnon 0, nonoONONO, NONONON NONO 0 OoNONONON 0 onononn.
Nonon nnon ono non n 0 oo hONONO ho NOO, Nhoh 0, NONONONO, hononon

nono 0 onononon o0 onononn.

Nonono, nonono, NonoNoonNoonNnNoNn NONo NO ON NONONO NONON O NONO NONO NO
nonon ono NONoNo, NONONO, NONONOONOONNONN NONO NO ON NONONO NONON O NONO
NnoNo No NONON ONO NON ONO NNON NN 0N O NON ONONO NON 0 ONNON NONO NO, N O N ON
on onon ©ONO nNon NONONO NONO NONO Nonon  oh  non  Nno  NONono,
noNoNo,NoNONOONOONNONN NONO NO 0N NONONO NONON O NONO NONO NO NONON ONO NON
ONO NNON NN 0N 0 NON ONONO NON 0 ONNON N, NO NO, N 0 N ON ON ONON ONO NON NONONO
nono nono nonon on non no nononononono nno non ononon. (ANDRADE, 2002,
p.10)

5 Conclusions

Include your conclusions here. Include your conclusions here. Include your
conclusions here. Include your conclusions here. Nonono, nonono, nononoonoonnonn
NoNo NO oh NONONO honon 0 NONO NONO NO honoh ONO NONONO, NONONO,
nononoonoonnonn NONO NO 0h NONONO NONON 0 NONO NONO NO honon 0NO NONONO,
nonono, NONONOONOONNONN hONO N0 ON NONONO NONON 0 NONO hONO N0 NONON ONO
nonono, NoNONo, NONONOONOONNONN NONO N0 ON NONONO NONON 0 hONO NONO NO
nonon ono honono, NONONO, NONONOONOONNONN NONO N0 ON hONONO NONON O hONOo
NoNno No0 honon ono NOhono, NONONO, NONONOONOONNONN NONO NO 0N NONONO NONON O
Nono NoNo ho honon ono.

Nonono, nonono, nononoonoonnNonNn NONO NO Oh NONONO NONON 0 NONO NONO
No honon ono honono, NONONO, NONONOONOONNONN NONO NO ON hONONO hoNoN 0 hONO
NoNno N0 honon ono hohono, NONONO, NONONOONOONNONN NONO NO 0N NONONO NONON O
Nnono NoNo No honon 0no NONONO, NONONO,NONONOONOONNONN NONO NO Oh NONONO
nonon 0 Nono NONO ho NONON ONO NONONO, NONONO, NONONOONOONNONN NONO NO 0N
nonono nonon o hono honono, NONONO, NOhONOONOONNONN NONO NO 0N NONONO
nonon 0 hono NONO ho NONONh ONO NONONO, NONONO, NONONOONOONNONN NONO NO 0N

nonono nonon 0 NONO NONO NO nonon oNO.
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Abstract

The objective of this study was to perform a radiometric survey of exposures to Occupationally Exposed Individuals (IOE's) and to
evaluate the management of radioactive waste produced by patients treated with lodine-131 (1131) in a Hospital in the
Municipality of Sdo Luis / MA, Brazil. Measurements of the radiometric levels were carried out with radiation measuring devices at
strategic points in the hospital bed and the areas surrounding the tailings deposit. During 4 months, the team of professionals and
the use of equations of exposure rate, activity and equivalent dose were analyzed the management of the waste disposal and the
exposure received by IOE's. It was concluded that the discarded waste had a level lower than 2 uCi / kg complying with CNEN 6.05
standard, patients who were given 1131 with activity of 100 and 150 mCi, needed to be hospitalized for only 24 hours, while those
with 200 mCi activity required from 36 to 48 hours of hospitalization. The exposure rate emitted by the wastes in the iodine rooms
was 1.95 mR / h and in the area near the deposit the IOE's would be receiving an equivalent dose of 0.01 mSv per week, values
below the maximum limit allowed by CNEN 3.01 / 2014.

Keywords: nuclear medicine. radioactive waste. lodine therapy

1 Introduction

The lack of waste management produced by the various human activities can result in several
problems that affect the health of the population, among them, the contamination of water, soil,
atmosphere among others, irreversibly (MENDES, 2015).

The environmental concern is present in the Brazilian Legislation. The 23rd Article of the Federal
Constitution of 1988 provides, as a common competence of the Union, the States, the Federal District
and Municipalities, the protection of the environment and the struggle against pollution in any of its

forms.
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Another example is art. 225 which gives all Brazilian citizens the right to an ecologically balanced
environment, a common use of the people and essential to a healthy quality of life, and it is also the
responsibility of the population to defend and preserve it for present and future generations
(BRASIL,2006).

In Brazil, in order to standardize actions related to solid health waste management (HWM), the
National Environmental Council (CONAMA 358/2005) and the National Health Surveillance Agency
(ANVISA 306/2004) regulate and establish guidelines for the management of this waste. Among the
guidelines, the main one foresees the elaboration of the Plan of Management of Waste of the Health
Service (PMWHS) by the health establishments. (DIAS GL et al 2017)

The PMWHS is a document that describes in detail all actions related to the management of
HWM in some establishments that operate in the area of Nuclear Medicine is called the Radiation

Protection Plan (RPD) and must follow all the steps of Figure 1 (DIAS GL et al 2017).

Collection and
identification and corret

Segregation | __, | Bagstransportation | Treatment

}

1. decontamination

v

Registration
exemption/
== | registration S smm)

and inventory 2.decayment

Hospital waste

Figure 1: Radioactive Rejects Management - adaptation by author CNEN-8.01, 2014.

This management or control is of supreme importance due to the Nuclear Medicine (NM), which
performs both diagnosis and therapeutic treatment. Handling, production, possession and use of sources,
as well as the transportation, storage and segregation of radioactive waste are used. To this end, it is
necessary to guarantee the safety of Occupationally Exposed Individuals (OEl) working with ionizing
radiation, as defined by the CNEN (National Commission for Nuclear Energy) (CNEN 3.01 / 2014) Basic
Directive on Radiological Protection.

In the therapeutic treatment is used the radioisotope lodine -131, for the therapy of
hyperthyroidism or treatment of thyroid metastases, because it has a half-life of 8.04 days and energy
level of gamma rays 364 keV and 0,61 MeV beta. Gamma rays by their energy cause higher irradiation
and beta rays are used for therapeutic purposes (CHANG; MOREIRA, 2014). This technique represents
approximately 90% of all nuclear medical therapies (KRAWCZYK et al. 2013).

After the post-operative period of total or partial thyroid thyroidectomy, the patient is submitted
to an ablated dose with 1131, in order to reduce the recurrence and mortality of differentiated thyroid
cancer in the long term (COOPER et al., 2006 and PACINI et al., 2006).

Doses in patients receiving | 131 therapy are given orally in liquid form or by capsule. The

advantages of radioactive iodine are easy administration, efficacy, low cost and absence of pain. When
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administered orally in sodium iodide solution (Nal), iodine is rapidly absorbed by the thyroid,
concentrated and incorporated by the thyroid into storage follicles (MENDONCA, 2016).

A comparative study on the cost of treatment with thyroid drugs, radioiodine or surgery
performed in Brazil, showed that the treatment with 1131 presents a lower cost, better cost-
effectiveness, cost / effectiveness and reduction of glandular volume (Coronho et al.2001).

According to CNEN (2013), for treatment after thyroid surgery, with a dose above 1850
Megabecquerel (Mbq), that is, 50 milicurie (50 mCi), the patient should remain hospitalized in a hospital
unit in accommodations that meet NE -3.05 / 2013, Resolution 159/13. In the period of hospitalization,
the patient is assisted by a qualified team regarding the knowledge and applicability of radiation
protection standards. Some centers recommend repeated low doses (30 mCi), in these cases, hospital
admission is not necessary (BERERHI, 2000 apud RISSATO, 2007).

In the State of Maranhéo, the hospital admission procedure is adopted for doses above 30 mCi,
these doses are administered in a bed characterized as a fourth of the iodine therapy, aiming to protect
the family members, the individuals of the public and the environment against possible exposures or

radioactive contaminations (CNEN / 2013).

1.1 Basic Principle of Radiological Protection

For Silva and Santos (2015) when the patient undergoes to an iodine dose, much of the
elimination of iodine from the body occurs through urine, sweat and saliva. Despite the small amount of
radioactivity found in this elimination, these are sufficient to contaminate the environment and
unnecessarily expose people to radiation, inflicting one of the principles of radiation protection called
Justification, which describes that no practice involving radiation exposure can be accepted , unless
radiation produces benefits for exposed individuals or society (CNEN 3.01 / 2014)

Therefore, it becomes necessary to use personal protective equipment for professionals who
work directly with the patient, in addition to all the objects used during the period of hospitalization:
personal clothing, bedding and bath, glass, cutlery and food debris are considered as contaminated
materials and should be treated as radioactive waste (SILVA and SANTOS, 2015). These rejects will be
segregated in the same place that was generated and only released when the rate of their exposure is
below 1 mR / h, only then the wastes become common hospital waste and can be sent to landfills (SILVA
and SANTOS , 2015).

Workers in direct contact with the wastes and patients on iodine treatment are more susceptible
to radiological exposure (OLIVEIRA et al, 2016). For this reason, it became necessary to quantify the doses
in order to control the exposure of this professional to the radiation. Individual monitoring should be
performed through dosimeters placed on the body (LIRA et al., 2015). Dosimeters are instruments that
indicate the exposure or absorbed dose to which an individual has been subjected (LIRA et al., 2015).

With the use of the dosimeter, you can have control of the amount of radiation received by

professionals and compare with what is established by the Anvisa (secretary of health of sanitary
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surveillance municipality) n2 453/98, within the regulations of CNEN 3.01 / 2014 and 3.05 / 2013, that the
Cumulative Effective Dose (CED) can not exceed 20 mSv per year and 4 mSv in any month. In the
crystalline region 20 mSv per year, hands and feet is 500 mSv per year or 40 mSv in any month. If it
exceeds this limit, it is necessary to notify the CNEN, justifying the event, describing the event and the
dose rate that was submitted to the OEIl. (CNEN-NN-3.05.2013).

According to the presented scenario, it was analyzed the management of wastes produced by
hospitalized patients after the submission of lodine-131 in a Hospital in the Municipality of Sdo Luis / MA.
Residues such as cleaning papers, toilet paper, tissues, towels, sheets, cutlery, plates, sharp objects and
punctures, which can not be considered as common urban hospital waste, if these were being segregated
until reaching an activity of 7, 4.104 Bq / kg (2 uCi / kg) for later disposal as urban hospital waste (6.05
CNEN resolution 167/2014).

In this context, the objective of this study was to analyze the management of radioactive waste
produced by patients on lodine-131 treatment, to describe the radiometric survey of the patient's
exposures during treatment, an effective way to evaluate the exposure of IOE ' s are submitted and

discuss radioprotection practices.

2 Materials and methods

This study was developed in a hospital in the metropolitan area of Sdo Luis (MA) that presents
bed for iodine therapy. Two radiation metering apparatuses according to Figure 2 (ab), which have an
ionization camera, were used: a) Manufacturer Victoreen, model 470A - S| series 95671 and certified
by METROBRAS under No. 17-0615 and b) Inspector Alert Nuclear Radiation Monitor, series 34885,
calibrated by METROBRAS and by certification number 17.0640.

Figure 2. a) Victoreen apparatus and b) Inspector Alert Nuclear Radiation Monitor

Source: Authors' own

To evaluate the management of segregation, waste collection and treatment according to

CNEN-NN 6.05, for 4 months, the team of professionals who collected all material used by the patient

during a 24-hour stay in 2 beds of iodine therapy were followed up. The standard tailing procedure
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produced by patients should be placed in a container labeled with the International Radiation Symbol,
labeled with some basic information such as exposure rate of the time and date possible to be released
as common waste.

However, from the registration and inventory analysis it was observed that from January 2016
to November 2017, some containers were not filled in their labels at the rate of waste activity when
released as common waste in the hospital system. For this reason the need to use two equations.

Equation 1 determines the rate of exposure.

x =L (1)

At where:

I - specific constant of the gamma radiation, expressed in (R.m2) / (h.Ci);

d - distance from source in m;

Ao - initial activity, expressed in Ci;

X - Exposure rate in R/ h.

With the result of the activity at the time of storage (T), Equation 2 was used to determine the

final activity of the wastes at the time they were discarded (A).

—l":'z"xi}
Ao i Y
= —e

I

2]

(2)
At where:
A - final activity;
Ao - initial activity;
m - mass of the tailings in kg;
t - storage time;

T1, - physical half-life time

The exposure rate constant of a Point Source (I' = lodo131- 0.22 R.m2 / h.Ci) and storage time
(t) of 90 days was adopted. With analysis of the inventory of the tailings, the quantity generated was
obtained, condition of radiation rate in storage and disposal.

In order to do the radiometric survey of the exposure rates, the radiation meters were used, in
points 1 to 11, which refer to the locations inside the iodine room and around the waste deposit

according to Figure 3.
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Source: Authors' own

To determine the equivalent dose emitted by the radioactive waste from iodine therapy Figure
3 (item 10), the public and workers due to their location emit ionizing radiation leaving the surrounding
areas Nursing Post (item 11), corridor (item 1) and purge (items 1,2,3 and 4) more vulnerable to
radiation. The reading of the radiation measuring apparatus was used in the points of each area at a
distance of 1 m from the wall. Equation 3 was used to obtain the equivalent dose.

D=LxUxT (3)

At where:

D - equivalent dose;

L - reading of the equipment in puSv / h;

T - occupational time factor.

U - usage factor

The Accumulated Effective Doses (AED) of Occupationally Exposed Individuals (IEQ's) were
determined by documentary analysis of dosimeters emitted by the Company Technology in
Radioprotection LTDA (TEC-RAD) during the years of 2015 to 2017. The doses of IOE's are separated by
their areas: Technicians - T (technicians and technologists), Nurses - N, Physicists (P) and Nuclear

Doctor-ND.

3 Results and discussion

Waste management involves collection, segregation, handling, treatment, packaging,

transportation, storage, control and disposal activities (XAVIER, 2012, p.12). Table 1 shows how
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the team involved in the hospitalization of patients undergoing thyroid treatment with lodine-131
(1131) does the storage activity of this radioactive waste, which involves describing in the register
book called inventory the type of waste, the date that marks the start of 1131 decay, wastes mass,

exposure rate and exposure rate when released as common hospital waste.

Table 1. Summary of the data collection of the release of radioactive waste-lodine 131 from iodine

therapy from January / 16 to November / 17

N ° Reject lot I'* Storage Date Mass (kg) ::t:iu(::R / h)one Activit\{:é?jr'\(:)aleased
1 10/01/2016 4 0,65 0,31
2 10/01/2016 4 0,3 0,14
3 10/01/2016 4 0,35 0,16
4 10/01/2016 4 0,16 0,07
5 10/01/2016 4 0,36 0,17
6 10/01/2016 4 1,55 0,74
7 12/02/2016 4 1,66 0,8
8 12/02/2016 4 1,7 0,82
9 12/02/2016 4 1,45 0,7
10 12/02/2016 4 0,3 0,14
11 01/03/2016 4 0,68 0,31
12 01/03/2016 4 0,65 0,31
13 06/04/2016 4 0,22 0,1
14 06/04/2016 4 0,65 0,31
15 06/04/2016 4 0,3 0,14
16 22/06/2016 3,8 1,1 0,635
17 22/06/2016 33 2,45 0,2
18 22/06/2016 4 0,84 0,34
19 22/06/2016 2,6 13 1,2

20 13/07/2016 4,05 0,16 0,012
21 13/07/2016 3,8 0,22 0,024
22 13/07/2016 3,5 1,72 1,63
23 13/07/2016 4 1,44 1

24 21/07/2016 1,5 0,5 0,322
25 21/07/2016 0,9 0,9 1,74
26 10/08/2016 2,8 0,85 0,49
27 18/08/2016 4 2,2 0,128
28 07/09/2016 1 0,16 0,049
29 07/09/2016 2 1,3 1,63
30 12/10/2016 3,8 1,4 0,99
31 27/10/2016 4 1,5 1,08

32 23/11/2016 4 2,4 2,7




33 24/11/2016 4 2,4 2,7

AVERAGE 3,55 1,01 0,66
standard deviation 0,92 0,73 0,71
N ° Reject lot 13 Storage date Mass (kg) ::;T?:R / h)one Activitya:zl:(/er:(;leased
34 18/01/2017 19 1,4 1,99
35 25/01/2017 1,5 0,16 0,33
36 08/02/2017 4,2 1,16 0,6
37 23/02/2017 2,8 0,9 0.55
38 08/03/2017 1,8 0,5 0,26
39 22/03/2017 3,3 2,4 1,37
40 23/03/2017 3,1 1.5 1,4
41 05/04/2017 2,3 1,6 21
42 21/04/2017 3,8 0,21 0,022
43 10/05/2017 1,7 0,13 0,019
44 10/05/2017 2,25 0,14 0,01
45 07/06/2017 4,05 0,14 0,009
46 12/06/2017 2,2 1,2 0,55
47 20/06/2017 1,87 1,1 0,49
48 26/06/2017 2,87 2,33 0,12
49 03/07/2017 4 0,67 0,3
50 10/07/2017 3,2 2,5 0,3
51 16/07/2017 3,7 1,55 0,97
52 20/07/2017 4,1 1,66 0,82
53 02/08/2017 3,6 4,38 2,1
54 03/08/2017 2,8 0,65 0,29
55 09/08/2017 2,5 0,3 0,15
56 10/08/2017 4 0,35 0,17
57 16/08/2017 18 0,38 0,19
58 17/08/2017 4 0,86 1,65
59 23/08/2017 4 4 1,09
60 30/08/2017 4 3,8 18
61 06/09/2017 4 1,3 1,1
62 13/09/2017 4 4,38 2
63 21/09/2017 3,8 1,5 0,78
64 28/09/2017 3,3 0,16 0,05
65 04/10/2017 4 1,6 0,79
66 04/10/2017 4 0,6 0,31
67 11/10/2017 4 0,43 0,12
68 18/10/2017 3,3 0,45 0,17
69 18/10/2017 4 0,85 0,36
70 25/10/2017 4 4,3 2

71 26/10/2017 3,8 0,45 0,16
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N ° Reject lot 1'3! Storage date Mass (kg) ::t:iu(::R / h)one Activity wher:(:)eleased (wei/
72 01/11/2017 4 13 1,18
73 02/11/2017 4 0,9 1,78
74 08/11/2017 3,8 2,4 1,7
75 15/11/2017 4 1,5 1
76 22/11/2017 4 1,6 1,45
77 22/11/2017 4 1,9 1,82
AVERAGE 3,34 1,39 0,80
standard deviation 0,84 1,21 0,69

Table 2 shows the mean annual activity of the tailings when placed as common waste is
0.66 + 0.71 pCi / kg in 2016 and 0.87 + 0.83 uCi / kg in 2017, which shows that they are lower to

the maximum limit established by the CNEN in accordance with a normative recommendation.

Table 2. Mean of the data collection of the release of radioactive waste-1131 from iodine therapy

from January / 16 to November / 17

Mass average Exposure average 1m Activity average when released
Annual average repository storage 3! )
(ke) (mR/h) (uCi/kg)
2016 3,5+0,92 1,010,73 0,66+0,71
2017 3,34+0,84 1,3941,21 0,800,69

The results obtained in Table 1 show that the rooms of iodine therapy during the period
from January 2016 to November 2017 produced an average of 261 kg of waste, that the storage
conditions and values of the activity rate for discarding the waste as hospital waste was released
in accordance with the CNEN 6.05 Low and Medium Level Radioactive Waste Management
Directive (Resolution 167/2017), which establishes the maximum limit for the release of waste as
urban waste, which is 2 uCi/ kg.

In Table 2, it can be observed that the average amount of tailings produced per bed was
3.5+ 0.92 kg and 3.34 £ 0.84 kg in the years 2016 and 2017, compared to the study conducted in
Vitoria (ES) to determine the amount of infectious waste generated per bed in hospitals of
different legal natures showed that in a private hospital the generation of infectious residues was
2.17 kg., 2014). The average amount of waste produced by iodine patients is greater because all
the utensils used in the beds, such as personal clothing, sheets, towels, cutlery, plates, cups and
food debris, are considered as radioactive waste. Nevertheless, it is smaller than the study done
by André et al (2016) on the generation of health waste in hospitals in Ribeirdo Preto (SP).

André et al. (2016) show that 3 (Three) private hospitals, and one being, besides being
private, is also teaching, and provides some beds for SUS. These hospitals had an average

generation of HWM per bed occupied per day similar to hospitals in developed countries, with a
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production of 7.24, 7.80 and 7.80 kg respectively. In the USA, hospitals had on average a
generation of 7 to 10 kg. 1 day 1 (WHO, 1999).

US hospitals have a different economic and cultural context than Brazilian hospitals, so
hospitals in Ribeirdo Preto (SP) that present a large RSS generation may be related to the
occurrence of inadequate segregation (ANDRE et al., 2016).

The evaluation performed in the admission rooms of the iodotherapy showed that the
hospital meets the requirements of safety and radiological protection for Nuclear Medicine
services, norm CNEN 3.05 (Resolution 159/2013), all objects being covered with waterproof plastic
material, walls barite, doors with 3 mm lead plates, armored fixed screen with 4 cm barite and
leaded glass for patient visualization, bedroom floor and bathroom is paviflex type with rounded
corners that facilitates decontamination.

According to CNEN Standard 3.05, patients submitted to therapy will be discharged after
their exposure rate at 2 meters is less than 0.03 mSv / h (3 mR / h). This procedure is justified in
order to preserve individuals from the public.

Table 3 shows the mean exposure rate of patients who underwent iodine dose for thyroid

treatment after 24 hours, measured at a distance of 2 m.

Table 3. Shows the mean values of the exposure rate after 24 h the patients have ingested

jodine 1131.
Managed
activity N° Patient Exposure Rate within the Room Out-of-room patient exposure rate
Patient (mR/h) (mR/h)
(mCi / MBq)

100/3700 6 2,71+0,43 2,00 + 0,55
150/5550 6 2,82+0,23 2,29+ 0,47
200/7400 4 8,67 £0,70 7,23 +0,80

The values observed in Table 3 show that the exposure rates of patients within the rooms
were increased due to background radiation known as background (BG), due to the contamination
of the floor, garbage, impermeable plastic of the furniture and other contaminated objects.

Campos (2015) evaluated the contribution of the surfaces contamination of the
therapeutic room to the extent of the exposure rate of radioiodine patients. From the results
obtained, it was concluded that, although the contaminated surfaces close to the patient did not
generate significant values to determine whether or not the patient could be released. However,
in this study, when measuring the exposure rate of patients to determine their release in and out
of the room, there is also an increase by the influence of background radiation from the bathroom

(point 9 Figure 2), which has the highest exposure rate within the bed, and it was found that there
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was no significant influence on the results for determination of discharge, but none of the
patients used probe or diaper, it is believed that the background can increase significantly
influencing the patient's exposure rate.

In Table 3, patients who ingested 1131 with activity of 100 and 150 mCi after 24 h were
giving an exposure rate at 2 m distance of 2.71 + 0.43 and 2.82 + 0.23 mR /h being the
recommended for high of the fourth values lower than 3 mR /h. For patients who received 200
mCi, they required 36 to 48 h of hospitalization, their exposure rates at the same distance were
8.67 + 0.70 mR /h. A similar interpretation was found in the study by Silva and Santos (2015),
where patients between doses of 250 and 400 mCi had a higher exposure rate after 24 h, with
values higher than 3 mR /h.

Dose estimation of exposure to radiation produced by the incorporation of 1131 produced
by patients creates difficulties for regulatory authorities in different countries because of the
interpretation of the recommendations of the International Atomic Energy Agency (IAEA) and
International Commission on Radiological Protection (ICRP). In 2006, the IAEA recommended for
patient release the level at 1 m would be 7 mR / h. The orientation of the European Union (EU) to
release patients exposure to 1m radiation should be less than 2 mR / h (ZHANG et al, 2014), in
Brazil the CNEN before 2013 adopted the distance 1m exposure lower than 6, 6 mR /hr.

Zhang et al. (2014) in their study with Chinese found that exposure doses of patients after
24 h with activity up to 150 mCi / 5550 MBqg were also below the thresholds for receiving
discharge, since China adopts that distance 1 m exposure rate should be 7 mR / h. However, Zhang
et al. (2014) still draw attention to the fact that Chinese patients compared to patients in the
United Kingdom, decreased the dose of exposure faster, believing that race, body type, eating
habits, environmental conditions the main cause. The effects of these factors on radiation
exposure are not investigated yet.

For the radiometric survey in the rooms of iodine therapy (Figure 2) it was done in the
period of hospitalization of patients submitted to treatment with 1131. An effective mean dose
rate of 0.1 mSv was found in 16 patients, which shows that these patients did not present a risk to
the health of the IOE and their relatives, however, the contact time should be brief at least in the
the first 48 hours (limit of 5mSv for companions or volunteers it is important that for children this
value does not exceed 1 mSv - CNEN 3.01 / 2014) the values were acquired by points 5 and 6 with
distance of 1m of the thyroid with 1131 and points 7 and 8 at a distance of 2m from the thyroid.

The radioactive waste produced in the rooms of iodine therapy must be stored in the
reservoir, according to Figure 3 (item 10), this route is made by IEQ's with an average exposure
rate of 1.95 mR / h and a dose of 0.017 mSy, a very bellow limit allowed of 5 mSy, in which the
worker was wearing a lead plume of 0.5 mm lead. These observations were also made by Silva and

Santos (2015) in their research of radioactive waste management of iodine therapy that the 0.5
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mm lead apron protected the genitourinary region at an exposure rate of 3 mR /h on the 5-minute
path from the team to the tailings deposit.

The evaluation carried out in the hospitalization rooms showed that the hospital meets
the requirements of safety and radiological protection for Nuclear Medicine services, CNEN 3.05
(Resolution 159/2013), all objects covered with waterproof plastic material, barite-shielded walls,
doors with 3 mm lead slides, armored fixed screen with 4 cm barite and lead glass for patient
visualization, bedroom floor and bathroom is of the Paviflex type with rounded corners that
facilitates decontamination.

In the area of the tailings deposit considered as a radioactive source (Figure 3 item 10)
which has a capacity of 770 liters (1.40 x 1.10 x 0.80) m, and in the vicinity there is a corridor that
is called a free area (1), purge (2) and reception (3). In this radiometric survey to determine the
equivalent dose emitted by the deposit was used Equation 3, and adopted: Usage factor (U) 1,
occupational factor (T) 1/4 for the Nursing Post (item 1) and 1 / 20 for the corridor and purge
(items 1,2,3 and 4) considering areas of partial occupancy of people traffic, the equivalent dose of
0.01 mSv / week was found in the contour region of the source, a worker at the Nursing Post of
Figure 3 (item 11) working 40 weekly hours, will be receiving a monthly dose of 0.01 mSv. In
comparison to the CNEN standard, this value for occupationally exposed workers can not exceed
0.4 mSv / wt and for individuals of the public reach 0,02 mSv / wt (CNEN 3.01). However, although
the deposit has its walls surrounding the Nursing Post shows that its shielding makes a good
attenuation to the radiation coming from the radioactive waste.

To determine the Accumulated Effective Doses (AEDs) of the occupationally exposed
workers, who are responsible for iodine therapy, this research was based on documentary analysis
of the dose records of workers exposed to ionizing radiation for the years 2015 to 2017. Figures 4,

5 and 6 (ab) represent the exposure rate of these professionals per period in months.
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Figure 4. Cumulative effective dose (mSv) by EOI's in 2015. EF = Nurses, MN 1 = Nuclear Physician 1 and T = Technicians.

Source: Prepared by the authors
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Then, they analyzed the doses of the EOI, which are in accordance with the levels of the dose

acceptable to the norm NN 3.01 of CNEN.

In the studies by Tomasina et al (2010), the authors showed that the sectors receiving the

highest doses in descending order are: radiation oncology, nuclear medicine, hemodynamics and

radiodiagnosis. In the same study that analyzes dosimeters of workers from 2003 to 2006 shows that the

workers of Nuclear Medicine also did not exceed the annual limits of references, but the desirable one

would be that the workers of that area were not exposed to values of radiation, it is known that even

values of small doses over the years can also induce biological effects such as the stochastic effect

generated by ionizing radiation.

In the present study, Figure 4 (ab) shows that the greatest CED of 2015 were Technical-T6

employees of 11.75 + 0.10 mSv and Nurse-N 6.28 + 0.11 mSy, this year it was also noticed that in some

months their dosimeters registered monthly values above 1.20 mSv considered as index of investigation.
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For values lower than 0.20 mSv the company responsible for reading the dosimeters uses the acronym
BG (background), considering low dose of radiation.

The procedure adopted, that is, by the Nuclear Medicine team to protect the workers who
reached the level of investigation, was to change the sector and routine of service. It was noted that in
the years afterwards, no EQI had a high effective dose during the month.

For the year 2016, Figure 5 (ab) shows that the largest DEA was for the Technical - T11 employee
of 6.32 + 0.03 mSv and in 2017 in Figure 6 (ab), this parameter was evaluated for the Nurse - N and
Technical - T3 with 6.83 £ 0.50 mSv. In all years, it was observed that there were technicians with high
dosimeter compared to other professionals, but this does not mean that their values reached the limit
tolerable by CNEN that is 20 mSy, that is, the annual dose limit for occupationally exposed individual.

In Budecheski's work (2016), which was carried out in two clinics in Curitiba (PR), the technicians
also presented higher AEDs in relation to the other members of the team, with values of 16.8 mSv.

One of the reasons to justify why this professional received the highest dose of radiation is the
fact that he does most of the routine in the clinic with the use of unsealed sources, such as: elution of the
99mTc generator, preparation of the radiopharmaceutical kits, to add the drug to the radioactive material
to be administered to the patients, the positioning of the patient already administered with radioactive
material for image generation, the length of time in the preparation room known as the hot room, also
tends to increase the accumulated dose, since this room is one of the sites with the highest radiometric
levels according to a study by Oliveira (2016).

In the years 2015 to 2017, Figures 4 and 5 (a-b) show that nursing professionals presented
annual doses of 6.28 + 0.11 mSv and 6.83 + 0.50 mSy, respectively. One of the justifications may be that
in addition to being responsible for the intravenous administration of radiopharmaceuticals in patients,
they also administer the dose of iodine-131 in patients to treat metastases of differentiated thyroid
carcinoma, with activity above 30 mCi.

For the group of nuclear physicians, only the year 2015 was recorded incidence, as shown in
Figure 4b. The largest dose found was 0.23 + 0.04 mSyv, from Nuclear Physician - MN1. According to
Budescheski (2016), Nuclear Physicians had doses well below the Technical and Nursing team, which is
justified by the fact that physicians do not remain in the administration of radiopharmaceuticals to
patients, and the patients to undergo myocardial examinations.

Among physicists, there has been no record in the last 3 years. In fact, these professionals do not
routinely act in the hot room, as reported by Oliveira (2016) in their research, which shows that the
longer the stay, the higher the radiation dose received, which is the largest dose contribution factor

accumulated.
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4 Conclusions

The management of radioactive waste consists of several steps, covering the generation to the
destination of the deposit, taking into consideration the collection, segregation of the various types,
transport, characterization, treatment, storage, decay and final dispatch.

It was concluded that the hospital under study meets the requirements of the CNEN-6.05
standard and that the conditions of storage and disposal were satisfactory. Despite the failure of the
inventory due to the lack of some data, but with the use of the equations it can be found that at the rate
of exposure of the discard was lower than the allowable of 2 uCi / kg and with the amount of radioactive
waste produced the 90 days is sufficient for the decay of 1131, in compliance with normative
recommendations.

For patients with doses higher than 200mCi, it was observed that patients required 36 to 48
hours to be discharged from hospital, at those patients the exposure rates were higher than the tolerable
upper limit of 3mR / h, although some doubts were raised contaminated surfaces influenced the
monitoring result, it was observed that there is indeed influence, but it is not significant to define
whether or not the patient can be released. This study suggests that the place where such release occurs
is not determinant for release of patient discharge.

The study also demonstrated that exposure rates through radiometric survey, as well as
providing useful information on the issue of radiation protection and exposure of workers and future
contact with family members, serve as further corroborating evidence that such treatment can be
performed outside of the outpatient setting.

With the radiometric survey it can be seen that the temporary storage site of the waste / deposit
has shielding and this is able to attenuate all area around the hospital mediations.

This study demonstrated that exposure rates through radiometric survey and management of
radioactive waste produced by patients under treatment with iodine-131 are being safely done. When an
effective dose is found in an employee, rotation among professionals in each area should be adopted to
minimize the AED received.

With regard to the disposal of liquid wastes, although it was not possible to verify their
concentrations at the time of sewage, it is estimated that the time from the sewage from the hospital to
the treatment plant that is approximately 4 km is sufficient to reach the permitted value of 9.3 Bq / m3
annually (CNEN 6.05 / 2014), but this will be the next investigation to verify whether there are

environmental impacts and damage to public health
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