
ABSTRACT

It is a standard approach to evaluate analytical processes in a 

laboratory routinely. Especially if it involves the study of key 

hormones like testosterone, progesterone, follicle stimulating 

hormone (FSH), and luteinizing hormone (LH), which are required for 

the diagnosis of various health conditions. The aim of this study was 

to evaluate the sensitivity, cross-reactivity, precision, parallelism, and 

recovery of radioimmunoassay (RIA) of these hormone parameters to 

establish their reliability and suitability for clinical applications. The 

performance parameters were evaluated by using RIA to assay several 

control and clinical samples as well as their dilutions and multiple 

combinations of mixtures. The assays showed high precision, 

sensitivity, selectivity, and accuracy. The result reaffirms the 

reliability and robustness of RIA as an analytical tool for 

quantification of FSH, LH, testosterone, and progesterone. Future 

studies on other hormone RIAs and across other laboratories are 

required to further validate the result. 
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INTRODUCTION
Hormones regulate a diverse set of physiological 
processes in the human body, including those related to 
reproduction. FSH drives the follicular development in 
females. LH activates ovulation and stimulates the 
formation of the corpus luteum, a transient endocrine 
gland essential for progesterone production (1). In males, 
FSH and LH play important roles in spermatogenesis and 

Testosterone synthesis, respectively (2). Testosterone, the 
principal male reproductive hormone, promotes the 
development and Maintenance of the male reproductive 
system and secondary sexual characteristics while also 
exerting anabolic effects on skeletal muscle. 
Progesterone prepares the endometrium for implantation 
and supports the maintenance of pregnancy (3). 
Physicians can gain valuable insights into the functional 
status of the hypothalamic-pituitary-gonadal axis and 
other endocrine glands by understanding the available 
hormone concentration. In summary, hormone analysis is 
an essential component of modern healthcare, enabling 
clinicians to make informed diagnostic and therapeutic 
decisions in the management of a wide range of 
endocrine and reproductive disorders.

Precise and accurate measurement of these hormones are 
therefore very important in the diagnosis and 
management of different endocrinological and 
reproductive disorders. Concerned physician needs to 
have a certain level of confidence on the methods used in 
the quantification of hormonal levels. 
Radioimmunoassay (RIA) is one of the most utilized 
methods of in-vitro hormone analysis. It has been 
exceptionally influential in the field of endocrinology and 
Nuclear Medicine.  RIA was established in the late 1950s 
by Rosalyn Yalow and Solomon Berson (4). It has 
revolutionized the measurement of trace levels of 
bioorganic molecules, especially hormones. The 
principle is based on the exceptional selectivity of 
antigen-antibody interactions and the high sensitivity of 
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INTRODUCTION

The journey of nuclear medicine in Bangladesh began 
over five decades ago with the establishment of the first 
radioisotope center at Dhaka Medical College Hospital. 
Starting in a humble tin-shed building, nuclear medicine 
has since grown into a critical healthcare specialty, with 
more than 22 centers across the nation, primarily 
overseen by the Bangladesh Atomic Energy Commission 
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(1-2). The spread of these centers has fostered a 
significant expansion in the country's diagnostic and 
therapeutic capabilities of nuclear medicine, with some 
private institutions now also contributing to this essential 
field.

Each new center's establishment brings excitement for 
the advanced care it can provide, coupled with a serious 
commitment to safety. Reducing the dangers of radiation 
exposure for patients, employees, and the community is 
essential to public safety and patient treatment quality. In 
nuclear medicine, radiation shielding is not just a 
recommendation; it is a requirement to provide safe, 
efficient results that benefit patients while lowering the 
radiation risk for everyone (3). Three forms of exposure 
are frequently encountered in nuclear medicine: medical, 
occupational, and public.

Patients getting diagnostic or therapeutic nuclear 
medicine services, including adults, children, and 
occasionally study participants, are subject to medical 
exposure (4). Nuclear medicine professionals and 
employees who operate in radiation-exposed workplaces, 
including treatment rooms or radiopharmacy labs, are 
considered to be exposed at work. Population exposure 
refers to those in the general population who might be 
unintentionally exposed because they live close to 
nuclear medicine operations (5).

Since February 12, 2013, radiation protection and 
regulatory oversight in Bangladesh have been managed 
by the Bangladesh Atomic Energy Regulatory Authority 
(BAERA), established to implement the BAERA 
Act-2012 and NSRC Rules-1997 (BAERA Rule 12012). 

gamma scintillation detectors (5). However, the 
reliability of RIA measurements should be thoroughly 
evaluated to ensure consistency across different 
laboratories as there are potential sources of systematic 
and random errors. Each assay depends on numerous 
variables which may influence the final result (5). 

The aim of this study was to ensure that the RIA 
performed at the in vitro laboratory of the Institute of 
Nuclear Medicine and Allied Sciences (INMAS), 
Suhrawardy, is precise and accurate, as a newly 
established nuclear medicine institute. The key 
performance parameters chosen for this study are 
precision, sensitivity, cross-reactivity, parallelism (effect 
of dilution), and recovery of analyte added to a sample 
matrix. Inadequate performance in any of these 
parameters may suggest errors or biases in the assays, 
which would eventually lead to poor assay results (6). For 
instance, a high cross-reactivity will result in elevated 
concentrations of the analytes, potentially leading to 
untreated disease or unnecessary treatment depending on 
the actual result.

MATERIALS AND METHODS

Materials and Instruments

RIA kits for FSH, LH, testosterone, and progesterone 
were purchased from Beijing North Institute of 
Biotechnology (BNIBT), China. Micropipettes of sizes 
1000 μL, 200 μL, and 100 μL from ESCO were used for 
measuring volumes. After washing, primarily the Shinjin 
Medics Messiah gamma counter was used to count the 
gamma photons of the test tubes. Additionally, each tube 
was counted for a second time using a Perkin-Elmer 
gamma counter.

Samples Collection and Preparation

To evaluate the performance of the assays at around 
normal range, 4 serum samples were collected from 
healthy volunteers. To evaluate the performance of the 
assays outside the normal range, 8 more serum samples 
were selected from day-to-day patients. The serums were 
stored at -26° C until analysis.

Evaluation

For the evaluation of precision, each of the 3 of the 

selected serums was analysed multiple times (n=5) in the 
same assay run. The mean and coefficient of variation 
(CV) for each sample were calculated. For the evaluation 
of sensitivity, the zero standards (S0) of each parameter 
were run 10 times. Sensitivity was quantified with lowest 
detectable dose (LDD), which was defined as (6),

LDD=So+3σ   …  …  …  (2.1)
Where So = concentration of 0 standard
             σ = standard deviaition.

Effect of dilution was determined by measuring the 
concentration of the most concentrated standards (S6 or 
S7) at 2 times and 4 times dilution, after which the 
calculated concertations were plotted against the dilution 
factor to fit against a straight line parallel to the x axis. 
Recovery was determined by spiking a selected standard 
with 2 different analyte standards, and then calculating 
with the following equation (6), 

Specificity was determined by measuring the 
cross-reactivity of an assay with an analyte with similar 
structure. Since LH and FSH have similar molecular 
structure, they were checked for cross-reactivity against 
each other. Similarly, Testosterone and Progesterone has 
similar structure and checked for cross-reactivity. 
Generally cross-reactivity is quantified (6),

But generally, the assays are highly specific. As a result, 
the competitor binding never practically reaches 50%. 

Data Analysis

The raw counts per minute (CPM) were collected and 
transformed into percent bound (B/Bmax). The standards 
for each parameter were fitted against a 4 points 
polynomial curve using MyCurveFit add-in for Microsoft 
Excel. All the unknown concentrations were calculated 
using the fitted equations. 

RESULT AND DISCUSSION
Precision

Table 1 indicates the CV for each hormone assays across 
three different concentration ranges. In clinical 

application a CV of less than 10% is generally 
acceptable (7). Precision of an assay depends on many 
things, including but not limited to reaction constants, 
the speed and completeness of reactions, separation of 

bound from free antigens, and potential interferences. 
As long as the reaction time (incubation time) is 
sufficiently long, the effects of the environmental 
factors can be minimized.

The results of the sensitivity study were promising, but 
it only showed how sensitive the assays were near 0 
concentration. Another parameter can be studied to 
determine sensitivity is the resolution of the assay at 
every standard. 

Cross reactivity

Cross-reactivities between FSH and LH and testosterone 
and progesterone were checked. Generally, 
cross-reactivity is quantified as the ratio of the 
concentration of the analyte standard to the concentration 

of the competitor standard (9). Due to the exceptional 
specificity of RIA, even at the highest available 
concentration of the competitor standard, 50% binding 

could not be achieved. Table 3 shows the cross-reactivity 
percentage of each selected competitor at the highest 
available concentration against the analyte of our interest.

Previously, these responsibilities were under the Nuclear 
Safety and Radiation Control Division (NSRCD) of 
BAEC. According to BAERA’s regulations, every 
nuclear medicine department must designate a licensed 
Radiation Control Officer (RCO), usually a qualified 
medical physicist. This legislative framework serves as 
the cornerstone of radiation safety, guiding the secure 
application of ionizing radiation to protect both the public 
and professionals (1).  The document serves as a thorough 
guide for recently established nuclear medicine centers in 
Bangladesh and illustrates the radiation safety procedures 
put in place at NINMAS. In order to guarantee the safe 
handling of radioactive materials, it highlights best 
practices. The approach seeks to harmonize safety 
protocols throughout the nation.

MATERIALS AND METHODS 
Occupational Health and Safety
Ensuring a safe environment for those working with 
radiation requires strict adherence to protective measures, 
especially in high-exposure areas like I-131 therapy hot 
labs, gamma camera scans, and PET-CT scans (3). 
NINMAS provides various protective garments and 
equipment to mitigate radiation exposure risks. For 
instance, employees working in high-radiation 
environments are equipped with lead aprons and collar 
bands, typically between 0.35 and 0.5 mm thick, to shield 
against potential radiation exposure. In addition, 
protective goggles are used to safeguard the eyes from 
ionizing radiation, significantly reducing the risk of 
exposure (IAEA 13).
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reliability of RIA measurements should be thoroughly 
evaluated to ensure consistency across different 
laboratories as there are potential sources of systematic 
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established nuclear medicine institute. The key 
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1000 μL, 200 μL, and 100 μL from ESCO were used for 
measuring volumes. After washing, primarily the Shinjin 
Medics Messiah gamma counter was used to count the 
gamma photons of the test tubes. Additionally, each tube 
was counted for a second time using a Perkin-Elmer 
gamma counter.

Samples Collection and Preparation

To evaluate the performance of the assays at around 
normal range, 4 serum samples were collected from 
healthy volunteers. To evaluate the performance of the 
assays outside the normal range, 8 more serum samples 
were selected from day-to-day patients. The serums were 
stored at -26° C until analysis.
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For the evaluation of precision, each of the 3 of the 

selected serums was analysed multiple times (n=5) in the 
same assay run. The mean and coefficient of variation 
(CV) for each sample were calculated. For the evaluation 
of sensitivity, the zero standards (S0) of each parameter 
were run 10 times. Sensitivity was quantified with lowest 
detectable dose (LDD), which was defined as (6),
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factor to fit against a straight line parallel to the x axis. 
Recovery was determined by spiking a selected standard 
with 2 different analyte standards, and then calculating 
with the following equation (6), 

Specificity was determined by measuring the 
cross-reactivity of an assay with an analyte with similar 
structure. Since LH and FSH have similar molecular 
structure, they were checked for cross-reactivity against 
each other. Similarly, Testosterone and Progesterone has 
similar structure and checked for cross-reactivity. 
Generally cross-reactivity is quantified (6),

But generally, the assays are highly specific. As a result, 
the competitor binding never practically reaches 50%. 

Data Analysis

The raw counts per minute (CPM) were collected and 
transformed into percent bound (B/Bmax). The standards 
for each parameter were fitted against a 4 points 
polynomial curve using MyCurveFit add-in for Microsoft 
Excel. All the unknown concentrations were calculated 
using the fitted equations. 

RESULT AND DISCUSSION
Precision

Table 1 indicates the CV for each hormone assays across 
three different concentration ranges. In clinical 

application a CV of less than 10% is generally 
acceptable (7). Precision of an assay depends on many 
things, including but not limited to reaction constants, 
the speed and completeness of reactions, separation of 

bound from free antigens, and potential interferences. 
As long as the reaction time (incubation time) is 
sufficiently long, the effects of the environmental 
factors can be minimized.

Previously, these responsibilities were under the Nuclear 
Safety and Radiation Control Division (NSRCD) of 
BAEC. According to BAERA’s regulations, every 
nuclear medicine department must designate a licensed 
Radiation Control Officer (RCO), usually a qualified 
medical physicist. This legislative framework serves as 
the cornerstone of radiation safety, guiding the secure 
application of ionizing radiation to protect both the public 
and professionals (1).  The document serves as a thorough 
guide for recently established nuclear medicine centers in 
Bangladesh and illustrates the radiation safety procedures 
put in place at NINMAS. In order to guarantee the safe 
handling of radioactive materials, it highlights best 
practices. The approach seeks to harmonize safety 
protocols throughout the nation.

MATERIALS AND METHODS 
Occupational Health and Safety
Ensuring a safe environment for those working with 
radiation requires strict adherence to protective measures, 
especially in high-exposure areas like I-131 therapy hot 
labs, gamma camera scans, and PET-CT scans (3). 
NINMAS provides various protective garments and 
equipment to mitigate radiation exposure risks. For 
instance, employees working in high-radiation 
environments are equipped with lead aprons and collar 
bands, typically between 0.35 and 0.5 mm thick, to shield 
against potential radiation exposure. In addition, 
protective goggles are used to safeguard the eyes from 
ionizing radiation, significantly reducing the risk of 
exposure (IAEA 13).

Shielding and Containment Facilities

Shielding and containment facilities are paramount to 
maintaining safety for individuals and the environment, 
particularly when handling radioactive materials (IAEA 
12). NINMAS employs high-density materials such as 

lead, tungsten, concrete, and steel to effectively shield 
against radiation. Lead, with its high atomic number, is 
highly effective in attenuating gamma rays, while concrete 
is frequently used for neutron shielding. Strategic use of 
these materials provides a barrier between radiation 
sources and personnel or patients.
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similar structure and checked for cross-reactivity. 
Generally cross-reactivity is quantified (6),

But generally, the assays are highly specific. As a result, 
the competitor binding never practically reaches 50%. 

Data Analysis

The raw counts per minute (CPM) were collected and 
transformed into percent bound (B/Bmax). The standards 
for each parameter were fitted against a 4 points 
polynomial curve using MyCurveFit add-in for Microsoft 
Excel. All the unknown concentrations were calculated 
using the fitted equations. 

RESULT AND DISCUSSION
Precision

Table 1 indicates the CV for each hormone assays across 
three different concentration ranges. In clinical 

application a CV of less than 10% is generally 
acceptable (7). Precision of an assay depends on many 
things, including but not limited to reaction constants, 
the speed and completeness of reactions, separation of 

bound from free antigens, and potential interferences. 
As long as the reaction time (incubation time) is 
sufficiently long, the effects of the environmental 
factors can be minimized.

Previously, these responsibilities were under the Nuclear 
Safety and Radiation Control Division (NSRCD) of 
BAEC. According to BAERA’s regulations, every 
nuclear medicine department must designate a licensed 
Radiation Control Officer (RCO), usually a qualified 
medical physicist. This legislative framework serves as 
the cornerstone of radiation safety, guiding the secure 
application of ionizing radiation to protect both the public 
and professionals (1).  The document serves as a thorough 
guide for recently established nuclear medicine centers in 
Bangladesh and illustrates the radiation safety procedures 
put in place at NINMAS. In order to guarantee the safe 
handling of radioactive materials, it highlights best 
practices. The approach seeks to harmonize safety 
protocols throughout the nation.

MATERIALS AND METHODS 

Occupational Health and Safety

Ensuring a safe environment for those working with 
radiation requires strict adherence to protective measures, 
especially in high-exposure areas like I-131 therapy hot 
labs, gamma camera scans, and PET-CT scans (3). 
NINMAS provides various protective garments and 
equipment to mitigate radiation exposure risks. For 
instance, employees working in high-radiation 
environments are equipped with lead aprons and collar 
bands, typically between 0.35 and 0.5 mm thick, to shield 
against potential radiation exposure. In addition, 
protective goggles are used to safeguard the eyes from 
ionizing radiation, significantly reducing the risk of 
exposure (IAEA 13).

 
Figure 7: Folded Lead Barrier

for I-131 Uptake Injection
Figure 8: Unfolded Lead Barrier

for 131I Uptake Machine 
Figure 9: Injector Protector

at PET-CT

Figure 10: Survey meter Figure 11: Portable contamination
monitor for α- and β-/γ 

Figure 12: Hand, Foot monitor
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Waste Management Protocols
Proper waste management is vital in nuclear medicine to 
prevent radioactive contamination and protect public health 
(6). NINMAS follows an established waste management 
protocol that aligns with international standards, 
addressing the handling, storage, and disposal of 
radioactive waste. Predominantly, nuclear medicine 
facilities generate liquid radioactive waste, although solid 
waste-such as syringes, needles, vials, and contaminated 

gloves-is also common. At NINMAS, waste bins 
designated for specific isotopes simplify the disposal 
process. Waste management practices ensure radiation 
exposure to the public, workers, and the environment 
remains well within acceptable limits. Additionally, 
materials contaminated during high-dose treatments, such 
as clothing and linens from I-131 patients, are handled with 
special care, reducing the risk of secondary exposure to 
others (ICRP).

Emergency Preparedness 
Preparedness for radiation emergencies is a critical aspect 
of nuclear medicine safety protocols (IAEA 14). NINMAS 
has established a comprehensive emergency preparedness 
plan that includes the use of decontamination boxes and 
procedures for dealing with radiation spills or accidental 

exposures. Detailed procedures are in place to contain any 
accidental releases of radioactive materials and to mitigate 
the potential impact on patients, staff, and the environment. 
Regular training ensures that all personnel understand their 
roles in an emergency and are well-prepared to respond 
effectively.

Figure 13: Table top Lead Bin Figure 14: Lead Waste Bin for I-131

Figure 15: Lead Waste Bin for 99m Tc waste Figure 16: Lead Waste Bin for 18F waste
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Documentation and Record Keeping
Accurate documentation is a hallmark of effective 
radiation safety management. NINMAS maintains 
meticulous records across multiple areas, from patient 
treatment logs to equipment maintenance records 
(Ravichandran et al. 95). Specific documents include 
therapy logbooks, isotope distribution records, safety 
manuals, and post-therapy discharge records for I-131 
patients. These records provide transparency and 

accountability, supporting continuous improvement 
and regulatory compliance in managing ionizing 
radiation.
RESULT 
To illustrate the effect of shielding, Table 1 presents 
radiation dose measurements at a 1-meter distance from a 
patient undergoing thyroid uptake with and without a 
shield. The significant dose reduction highlights the 
protective role of shielding.

For I-131 therapy, NINMAS follows rigorous shielding 
protocols. Table-2 and Table-3 present dose levels 
measured with and without shielding for patients 

administered with I-131. With shielding, dose levels 
are significantly lower, emphasizing the role of 
containment measures.

Figure 17: Decontamination Box

Table-2: Radiation doses for different I131 doses (With Shielding)

Table-1: Thyroid Uptake Patient (dose activity 10 uCi)

No Dose at 1 meter Distance (without shield) 
uSv/h 

Dose at 1 meter Distance (with shield) 
uSv/h 

1 0.17 0.05 
2 0.16 0.04 
3 0.18 0.05 
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Table-3: Radiation doses for different I131 doses (Without Shielding)

Table-4: Found doses with and without shielding in PET-CT

Table-5: Name and application of some used equipment at NINMAS 

In PET-CT procedures, the introduction of shielding also drastically reduces exposure, as shown in Table-4.

No FDG  
(mCi) 

Dose (without shield) 
uSv/h 

Dose (with shield) 
uSv/h 

1 3.4 39 5 
2 5.6 45 4 
3 6 56 6 

No Description Application  
01 Lead Aprons Radiation protection to personnel  
02 Collar Shield Radiation protection to personnel 
03 Lead Googles Radiation protection to personnel 
04 Lead Carrier for Injection Radiation protection to public 
05 Lead Carrier for FDG Vial Radiation protection to public 
06 Lead Pot for I131 toxic Dose Radiation protection to public 
07 Lead Barrier for I131 Uptake Machine Radiation protection to personnel 
08 Injector Protector at PET-CT Radiation protection to personnel 
09 Hand, Foot and Cloth Radiation detector Radiation monitoring 
10 Contamination Monitor Radiation monitoring 
11 Survey Meter Radiation monitoring 
12 Table top Lead Bin Radiation protection to personnel  
13 Lead Waste Bin for I131 Radioactive waste management 
14 Lead Waste Bin for Tc99m Radioactive waste management 
15 Lead Waste Bin for F18 Radioactive waste management 
16 Log Book Documentation 
17 Decontamination Box Emergency preparedness  
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DISCUSSION 
The data presented in the tables illustrates the impact of 
shielding and radiation protection measures at NINMAS. 
The thyroid uptake measurements in Table 1 show a 
marked reduction in radiation levels with shielding, 
underscoring the effectiveness of physical barriers in 
protecting both staff and patients. In I-131 therapy, 
Tables-2 and 3 demonstrate the drastic difference 
between dose rates with and without shielding, reinforc-
ing the importance of containment facilities in high-expo-
sure environments [6]. For instance, without shielding, a 
patient dose of 12 mCi yields radiation levels up to 80 
mSv/h. However, with shielding, the same dose reduces 
exposure to manageable levels, often below 5 mSv/h.
Table 4 further emphasizes the protective benefits of 
shielding in PET-CT procedures, where FDG doses 
without shielding can produce exposure levels as high as 
56 uSv/h, which drop significantly to under 10 uSv/h 
when shielding is used.
Through these tables, NINMAS highlights the direct 
effect of safety protocols on exposure levels, emphasiz-
ing the importance of strict adherence to shielding 
practices and dose monitoring. Such data-driven insights 
are invaluable for setting standards and adjusting safety 
protocols to ensure that radiation exposure remains 
within safe limits.

CONCLUSION

NINMAS stands out as a leader in radiation protection 
within Bangladesh, setting an example for other nuclear 
medicine centers to follow. Its extensive safety 
measures—including protective equipment, shielding 
facilities, radiation monitoring systems, and waste 

management protocols—illustrate a commitment to 
protecting the well-being of patients, healthcare workers, 
and the community. Moreover, NINMAS's emphasis on 
emergency preparedness and meticulous documentation 
fosters a robust safety culture that promotes continuous 
improvement and regulatory compliance.
By adhering to these comprehensive safety measures, 
NINMAS not only enhances patient care quality but also 
minimizes the potential health impacts of radiation expo-
sure, making it a model institution for nuclear medicine 
safety in Bangladesh and a respected entity in the global 
nuclear medicine community.
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