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The use of RAI-131 in thyroid carcinoma patients presents a special
concern on the environmental radiation safety for those who come in
contact with the patients especially after discharge from the facility
because of excretion of I131 through perspiration, salivation, breathing
and urination. Methods & Materials: The present study was conducted
at Nuclear Medicine Oncology and Radiotherapy Institute Nawabshah
(NORIN) Sindh from 2017 to 2021 with the objective to evaluate
contamination hazards by Excretion made by thyroid cancer patients
received iodine therapy stayed in isolation room with doses ranging from
80-200 mCi. The areas included corridor, sink, patient bed, and toilet
bowl of isolation rooms before admission and after discharge using
LAMSE RM-1001 survey meter. The minimum background radiation level
measured before patient stay in isolation room was 0.07 pSv/h while the
maximum was 0.40 pSv/h and the mean background reading was 0.18 +
0.072 uSv/h. The maximum dose rate after discharge was observed at
toilet bowl with mean of 9.69 + 1.98 pSv/hr and minimum of 5.0 pSv/hr
and maximum value 13.77 pSv/hr. The readings recorded for the sink
were: 2.0 pSv/h minimum, 20.0 pSv/h maximum with a mean of 5.55 +
1.57 puSv/h while those for the patient bed 0.41 pSv/h minimum, 6.92
pSv/h maximum and a mean of 2.83 pSv/h. the least dose rate was found
in isolation room corridor (1.53 + 0.78 pSv/h) with maximum and
minimum values 0.28 & 3.20 pSv/h respectively. Radiation is harmful;
safety measures must be ensured to minimize radiation exposure to the
family members as well as community either during hospitalization or
after discharge of RAI-131 patients. The radiation levels from toilet bowls,
beds, sinks, and corridor of isolation rooms were well within the
acceptable limits and hence, do not pose significant hazard to the public.
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1.  INTRODUCTION

The process of radioiodine ablation of thyroid cancers encompasses the administration of Iodine 131
labeled radiopharmaceutical. I-131 is a gamma emitter and is a relatively long-lived radionuclide with

half-life of 8.04 days [1][2].

Journal homepage: www.ijobas.pelnus.ac.id


https://creativecommons.org/licenses/by-nc/4.0/

Int J of Basic & App Sci p-ISSN 2301-8038 e-ISSN 2776-3013 a0 143

This shows that [-131 has gamma emissions of 636.9 keV (7.3%) and 364.5 keV (81.2%) and beta
minus (-) emission of 606.3 keV (89.3%)[3]. It is observed that in the patients with normal renal
functions, the 24-hour retention of radiopharmaceutical is 40% to 50% of the injected dose [4]. These
patients need special attention towards the evaluation of radiation dose and risk to the caregivers and
relatives after hospitalization [5] and also to general public who interact with the patients [6].

The factor which required the most attention is the general public health: The International
Commission on Radiological Protection (ICRP) and the Pakistan Nuclear Regulatory Authority (PNRA)
has set the acceptable annual exposure dose for the general public to be imSv/yr [7]. On the other
hand, the European Commission has categorized the dose limits to certain constraints e.g., age (for
infants including fetus, 1 mSv/yr; adults to 60 years old individuals, 3 mSv/yr; beyond 60 years of age,
15 mSv/yr [6]. The International Atomic Energy Agency (IAEA) has set the limit at 5 mSv [8] and the
Nuclear Regulatory Commission (NRC) of the US set a limit of less than 5 mSv [9].

There is a strong phobia for radiation exposure in the public zones, which is quite valid, and
has led to an increased concern of the procedures involving administration of radiation doses especially
in medicine [10]. This study focuses on the effects of radiation on those individuals who interact with
the patients after they have been discharged from hospital. It has been reported previously that the
patients who have been administered radiopharmaceuticals, after hospitalization, impart very small
amounts of radiation doses to the surrounding people [11]. These doses are much lower than the limits
set by radiation protection regulations [12] which proves that there is no significant radiation risk to
public and environment. As per database of National Council on Radiation Protection and
Measurement (NCRP) United States, the nuclear medicine has a very little contribution of around 4%
in the total average effective dose equivalent (0.14 mSv/yr of 3.60 mSv/yr) [13] this contribution is
negligible when it is compared with medical x-rays 1% (0.39 mSv/yr of total 3.60 mSv/yr) [14]. This is
due to the fact that a nuclear medicine patient eliminates almost all of the activity during
hospitalization through physical as well as biological decay. In most cases, around 50-60% of activity
is eliminated in the first 24 hours post-administration. Moreover, it has been reported that over 85%
of activity is excreted after a stay of 4-5 days in the isolation room. This poses a significant hazard for
contamination of isolation room [1]. Also, the excretion results in contamination of the patient’s
environment and of inadvertent ingestion of radionuclide by caregiving and surrounding persons
[15][4]. Patients are instructed to drink water and other fluids as maximum as possible in order to
excrete the radiopharmaceutical from body and reduce dose to bladder [16][17].

As the most of activity is excreted via urination, sweating, salivation, and breathing, the most
critical spots in the isolation rooms are therefore the toilet bowl, patient bed, sink, and corridor. These
areas ae selected for investigation before and after the stay of patient having oral ablative dose of 1-131
[18][19]. Also, the contamination hazard to caregivers and attendants of patients via emitted rays and
body fluids is an important problem that needs consideration [20].

The Nuclear Medicine Oncology and Radiotherapy Institute Nawabshah (NORIN) is a
comprehensive healthcare institute for cancer diagnosis, treatment, and research [21]. It was
established with the objective to implement the latest research methodologies for cancer management
[22]. Special rooms with all necessary radiation protection measures have been designed for
hospitalization of RAI-131 ablation patients as shown in Figure 2. The purpose of this study was to
measure the level of contamination activity released by patients treated with radioiodine therapy
during hospitalization and after discharge. This will enable us review the radiation safety rules in the
specialized isolation room designed for used by RAI-131 patient’s radiopharmaceuticals.

2.  RESEARCH METHOD
NORIN cancer hospital Nawabshah is located in the remote rural area of Sindh, Pakistan. 103 thyroid
carcinoma patients who received 131 ablation therapy have been chosen as subjects for this study. The
patient population consisted of 27 males and 76 females with ages ranging from 25 to 65 years. Patients
were orally administered therapeutic amounts (80-200 mCi) of I131-labelled sodium iodide Nal. After
administration, the patients were hospitalized and isolated for 3-4 days until the dose rate from the
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patient’s body was not more than 30 pSv/hr at a distance of 1 meter [14]. Patient consent was taken
before the procedure.

The dose rate was measured with RM1001-RD LAMSE survey meter calibrated from Secondary
Standard Dosimetry Laboratory PINSTECH Islamabad as shown in Figure 3. The used model is
specialized for measurement of radiation dose rates in radiation facilities including hospitals. The
equivalent dose readings were measured in pSv/hr displayed on the screen of survey meter.

Figure 1. RM1001-RD LAMSE survey meter calibrated from SSDL Pakistan

In order to avoid radiation dose to patient attendants and caregivers, NORIN has its domestic patient
discharge policy; patients are only discharged from the hospital when the exposure rate from the
patient’s body is between 20-30 pSv/hr. After the patient were discharged, the contamination levels in
the selected spots were measured with survey meter at a distance of one meter from surface. All data
were recorded manually and was further verified from hospital database system [22]. For the statistical
analysis of the data, independent Z-test on SPSS 17 statistical software (SPSS Inc. USA) was used and
values at a level of significance of 5% (P<0.05).

3. RESULTS AND DISCUSSIONS
The background radiation and post discharge dose levels in the selected spots of isolation room
(Corridor, Patient bed, Sink, Toilet bowl) are assessed for the radiation risks associated with the RAI
patients admitted in cancer Hospital Nawabshah, Pakistan. The results are summarized in Tables 1
with mean values (pSv/yr) and standard error with P values.

Table 1. Dose rates at different locations in isolation rooms at NORIN

Isolation Room Mean Min Max Standard Error P-Value
(puSv/hr) (uSv/hr) (uSv/hr) (P <o0.05)
Background 0.8 0.07 0.40 018 +0.072 -
Corridor 153 0.28 3.20 1.53 +0.78 0.045
Patient Bed 2.83 0.41 6.92 2.83 171 0.026
Sink 5.55 2.00 10.0 5.55  1.57 0.027
Toilet Bowl 9.69 5.00 13.77 9.69 +1.98 0.040

The mean background dose rate was observed 0.18 + 0.072 puSv/hr in the range of 0.07 - 0.40 pSv/hr.
Figure o4 represents the dose rate values at aforementioned locations and their mean values.
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Figure 2. Post-discharge Radiation levels in Isolation rooms

The maximum dose rate after discharge was observed at toilet bowl with mean of 9.69 + 1.98 uSv/hr
and minimum of 5.0 pSv/hr and maximum value 13.77 pSv/hr. The second highest mean dose rate was
observed at sink (5.55 + 1.57 pSv/hr) with 2.0 pSv/hr and 10.0 pSv/hr the minimum and maximum
respectively. The dose rate on the patient bed was recorded 2.83 + 1.71 uSv/hr having upper bound at
6.92 pSv/hr and lower at 0.41 uSv/hr. The least dose rate was observed in isolation room corridor with

the mean 1.53 + 0.78 puSv/hr and upper limit of 0.40 pSv/hr and o0.07 puSv/hr on lower limit. Figure 5
represents the above statistics graphically.
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Figure 3. Background radiation levels with mean values at selected locations of Isolation rooms at NORIN.

Radiation safety in the field of nuclear medicine is of vital importance worldwide. Complete radiation
safety instructions are given to patient as well as the attendants/caregivers before administration of
RAI. An instruction leaflet is given at the time of discharge containing instructions about the safety
measures at residence of the patient in order to ensure the safety of public and environment [23].
Despite the fact that due to physical and biological half-life of radiopharmaceutical, the dose rate falls
below the safe limits within the stay period of 04 days in the hospital, special precautions are made for
general safety and abide by ALARA principles. The upper bound for the radiation dose levels in the
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unrestricted areas is 0.50 puSv/h with assumption of continuous occupation of facility. Background
radiation levels of up to 20 pSv/h are considered safe, provided the fact that the 1 mSv/yr dose limit is
not exceeded [24].

The Results of this study are lower compared with previous work. John E.E et al reported 21.72
pSv/hr in the toilet bowls used by radiopharmaceuticals injected patients in nuclear medicine facility
of Ibadan [19]. Ferdoushi Begum et al. observed dose rate in toilet room was found high (22-110 pSv/hr),
in the corridor, the dose rate was 3.4-18 pSv/hr and next to isolation room 0.3-16 pSv/hr for the thyroid
carcinoma patients treated with high dose of RAI in Dhaka [25]. Another study conducted by Wirote
Changmuang at Ramathiboditis hospital for Admitted Thyroid Cancer Patient with High Dose I-131
Treatment in Related Hospitalized Area reported the exposure around the patient bed between 11.86-
51.41 uSv/h [26]. Y. S. Abu-Khaled et al. (2009) also shows slightly higher values 25.8+0.6 pSv/hr at
patient bed, 10.8+3.0 puSv/hr at bathroom environment and 0.14+0.05 pSv/hr at public corridor in the
radio-iodine isolation room of king Hussain cancer center Jordan [26]. while the NRC Dose limit (10
CFR part 20) recommended dose rate of 20 pSv/hr. One of the studies found that the removable activity
from the skin and room surfaces exceeded acceptable levels of removable contamination for restricted
areas during hospitalization and at a time of discharge [27]. Results of current study are lower due to
the strict following radiation protection protocols for RAI patients admitted in isolation rooms with
PNRA & IAEA guidelines.

The level of contamination is independent of administered activity: this indicates that for the
patients received same amount of RAI does not have necessarily same contamination level. Depending
upon the renal clearance rates and other patient specific factors, the contamination level varies from
patient to patient. The excretory channels for administered radionuclide in therapy are micturition,
bowel, salivation, sweating, lachrymal fluid and lactation [28]. Other factors affecting the clearance
levels in thyroid carcinoma patients are the variable amount of thyroid remnants, renal insufficiency
and patients behaviour like following proper hygiene such as cleaning urine contamination in toilet,
faulty urination style causing spillage of urine on flour, clothes changing frequency, bathing frequency,
and water intake routine [14]. In our study Among the room surfaces, the toilet bowl surface showed
the highest level of removable contamination and some is excreted by perspiration and saliva which
are excreted in sink. That’s why the sink has second highest contamination hazards

4. CONCLUSION

Radiation is harmful; safety measures must be ensured to minimize radiation exposure to the family
members as well as community either during hospitalization or after discharge of RAI-131 patients. The
radiation levels from toilet bowls, beds, sinks, and corridor of isolation rooms were well within the
daily acceptable limits of 20 pSv/hr and hence, did not pose significant hazard to the public. It is also
concluded that the contamination behavior is independent of the initial administered activity. There
are other factors which affect the levels of contamination such that biological process, patient
behavior, observance of radiation safety instructions given to the patient. Moreover, it is recommended
that the toilet must be flushed twice at residence of patient after discharge due to highest radiation
levels were found in toilet bowl. Isolation room corridor may be considered safe area for the patient
attendants and workers at NORIN because the radiation protection protocols are duly followed. this
also validates the quality assurance program of nuclear medicine in NORIN cancer hospital
Nawabshah.
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