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A B S T R A C T   

Nuclear medicine healthcare workers are exposed to the risk of radioactive needlestick injury. To quantify the 
severity of this risk, the activity deposited into the skin and the injury depth have been experimentally measured 
for input into skin dosimetry program VARSKIN+. Agar test objects were pierced by hand with a needle con
taining Tc-99m Hydroxymethylene Diphosphonate (HMDP). The deposited activity was measured by contami
nation monitor and converted into deposited volume. Injury depth was measured with a ruler by piercing the test 
objects with visible dye. 

The median volume deposited into test objects without gloves was 100 ± 50 nl (standard error) (interquartile 
range (IQR): 50–320 nl). Through one glove, this was reduced to 50 ± 20 nl (IQR: 30 - 140 nl), however, the 
difference was not significant (p > 0.1). The volume deposited through two gloves was highly variable due to the 
increased force required to puncture. The median injury depth was 4.0 ± 0.4 mm (standard error). 

Decontamination efficacy was investigated by rinsing alone, with hand soap and by application of decon
tamination agent RadiacWash. All decontamination methods were found to significantly decrease the activity 
deposited (p < 0.001). Test objects rinsed for 60 s had a mean reduction of 42 % ± 6 % (95 % confidence in
terval). There was no significant difference observed between decontamination methods. This may be due to 
differences in absorption time between the sample groups. 

Skin dose estimates have been calculated in VARSKIN+ using the results of the experiment. For injuries 
without gloves, involving 1011 MBq/ml of Tc-99m HMDP, a skin dose of 11 ± 5 mSv (propagated standard 
error) was calculated. Immediate decontamination under running water is recommended to reduce the dose. 
Further research is encouraged to investigate the protection offered by gloves.   

1. Introduction 

Needlestick injuries that involve radiopharmaceuticals carry a radi
ation risk associated with embedding a radioactive substance within the 
skin. There is a wide awareness of the danger of contracting blood borne 
viruses from needlestick injury (NSI), however there are few publica
tions relating to NSI involving radionuclides [1,2]. Staff groups at risk of 
radioactive NSI include those that dispense, administer and manipulate 
radiopharmaceuticals using a needle, such as radiopharmacists, nuclear 

medicine radiographers, technologists and physicists. 
During the year 2019/20, approximately 400,000 nuclear medicine 

scans, 200,000 PET-CT scans and 45,000 SPECT scans were performed 
by the NHS in England [3], yet no data is currently available for 
radioactive needlestick injuries. National and global studies have 
investigated the incidence and underreporting of needlestick injuries 
[4–6]. The average prevalence reported in an international review was 
3.7 sharps injuries per 100 healthcare workers per year [7]. 

UK legislation, the Ionising Radiation Regulations 2017 (IRR17) [8], 
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mandates that the nature and magnitude of radiation risks are evaluated 
in the radiation risk assessment. Therefore, the risk of needlestick injury 
should be included with a dose estimate to inform safety measures and 
the classification of staff working with radiopharmaceuticals. The recent 
release of dosimetry program VARSKIN+ version 1 contains a new 
module called WoundDose [9]. This module is capable of modelling 
radiation sources embedded within the skin and calculating skin dose 
using Monte-Carlo methods. The program requires the input of param
eters including deposited radioactivity and injury depth. 

This project aimed to devise representative values of deposited vol
ume and injury depth for input into VARSKIN+, via experimental 
measurement. The project also aimed to investigate the potential 
reduction in activity transferred through gloves (following similar 
research for non-radioactive substances [10–15]) and the reduction 
following decontamination procedures. 

2. Methodology 

The work was conducted in three phases: 
Volume of radiopharmaceutical deposited in a NSI 
A key parameter in needlestick dosimetry is the activity of the 

radiopharmaceutical deposited in the skin. This is related to the volume 
of radiopharmaceutical deposited, according to the relationship: Activity 
(Bq) = Activity Concentration (Bq/ml) x Volume (ml). Hence, the depos
ited activity can be estimated for a NSI involving any activity concen
tration if a representative deposited volume is known. The protection 
offered by gloves in reducing the volume deposited was also 
investigated. 

Decontamination efficacy 
Decontamination procedures recommended in the event of NSI are 

similar to those for skin surface decontamination, with the addition of 
encouraging bleeding by squeezing the affected site. This experiment 
measured the reduction in deposited volume following NSI due to 
rinsing with water alone, with hand soap and applying decontamination 
agent, and compared the efficacy of the different techniques. 

Injury depth 
The injury depth is the skin depth to which the contaminated needle 

penetrates. This impacts skin dose because it affects the source geometry 
with respect to the sensitive skin layer. The shallow dose equivalent 
(SDE) reduces with injury depth for a constant deposited activity, as the 
source is distributed more thinly through the sensitive skin layer. 

2.1. Phantom choice and preparation 

A review of the literature surrounding Tissue Mimicking Phantoms 
(TMPs) details the main materials used to simulate human skin. Surface 
and mechanical properties were deemed most relevant to NSI. The re
view states that ‘Water-gelatine solutions closely simulate the density and 
viscosity of human tissue’ [16]. For ease of preparation and procurement 
of materials, agar was chosen as the phantom material. 

To determine the most suitable concentration of agar, studies 
measuring the elasticity of the human finger were cross-referenced with 
studies measuring the elasticity of agar samples across a range of con
centrations. Based on the results of two studies measuring the elasticity 
of participants’ fingers, a range of 30–120 kPa was expected to be 
representative of the elasticity of finger skin [17,18]. The concentration 
of agar used in this project was close to 1.5 %, which corresponds to an 
elastic modulus of around 120–150 kPa [19,20]. Concentrations < 1 % 
did not solidify and were therefore impractical. 

Validation of the phantom material was attempted via CT and elas
tography but was unsuccessful. The CT number of the agar phantom was 
much lower than that measured from clinical wrist scans (approximately 
10 and 75 HU respectively). This was thought to be due to the high water 
content of agar. Elastography measurements were difficult to obtain and 
reproduce. 

The agar solution was set in silicone moulds with dimensions similar 

to a human finger (7.6 cm (L) x 1.6 cm (H) x 1.6 cm (W)). This enabled 
the test objects to fit within gloves and stretch the material sufficiently, 
to test for reduced transfer of the radiopharmaceutical through gloves. 

2.2. Measurement of deposited volume 

The radiopharmaceutical used was Tc-99m HMDP with an initial 
activity of 449 MBq/ml. Tc-99m HMDP is used for bone scintigraphy 
scans, the most common diagnostic nuclear medicine scan as of 2019/20 
[21]. The radiopharmaceutical was drawn into a syringe with a 23G 
needle and the agar test objects were pierced by hand, once each, 
without applying pressure to the plunger. 20 test objects were pierced 
without a glove layer, 20 within one glove and 20 within two gloves. The 
needle was primed every 2-3 punctures by applying light pressure to the 
plunger until the radiopharmaceutical was visible at the tip of the nee
dle. It is understood that piercing by hand and priming the needle 
sporadically will introduce more variation in the measurements; this 
was intended to be representative of the variation in reality. 

A Thermo Scientific Mini 900 contamination monitor was set-up in a 
clamp stand at a height of 14.0 ± 0.1 cm from the top of the test object, 
corresponding to a distance where all readings were within the monitor 
range. The monitor was set-up behind a lead screen to minimise back
ground radiation levels. The set-up is visible in Fig. 1. 

The activity in counts per second (cps) was recorded for each test 
object by positioning directly below the contamination monitor, pierced 
side upward. Reproducibility was assessed by measuring the same test 
object 5 times. For test objects pierced within one or two gloves, mea
surements were taken after glove removal. The gloves used were Mer
cator Nirylex Classic – medium-sized, nitrile, non-sterile, powder-free 
gloves with micro and fingertip texture of 2.8 mil (0.07 mm) thickness. 

2.2.1. Data analysis steps 
The following steps were taken to process the data collected:  

1. Contamination monitor readings were background corrected 
2. Background corrected readings were decay corrected to the refer

ence time  
3. Decay corrected readings were converted into MBq by application of 

a calibration factor 

Fig. 1. Experimental set-up for activity measurements made with a Thermo 
Scientific Mini 900 contamination monitor. 
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4. Activity measurements were converted into volume by dividing by 
the activity concentration at the reference time 

2.2.2. Contamination monitor calibration 
A conversion factor for the contamination monitor (Bq/cps) was 

devised by scanning the test objects on a Siemens Intevo gamma camera, 
which has a known sensitivity factor. The test objects were positioned 
with the injury site closest to the detector, consistent with the contam
ination monitor set-up. 

The gamma camera images were post-processed in Hermes Medical 
Solutions software by drawing Regions of Interest (ROIs) using a 
thresholding tool to contain the majority of counts from each needle
stick. This is shown in Fig. 2. The SPECT-CT in Fig. 3 was used to identify 
the agar test object that each ROI corresponded to, in order to relate the 
contamination monitor reading. Only the sites with sufficient deposited 
activity were measured. 

The relationship in Fig. 4 appears linear with an R2 of 0.98. The 
gradient of the line gives a contamination monitor conversion factor of 
0.00050 ± 0.00002 MBq/cps (95 % confidence interval). This factor was 
applied to all contamination monitor readings to convert into activity. 

2.3. Measurement of reduction in activity due to decontamination 

Three groups of 13 agar test objects were pierced with a needle 

contaminated with Tc-99m HMDP, using the techniques and set-up as 
described in 2.2. All test objects were pierced without a glove layer and 
decontaminated one at a time using the following methods: 

Group 1 – The test objects were rinsed under running water while 
being gently rubbed with a folded dishcloth. Activity measurements 
were taken after 10 s of rinsing, 30 s of rinsing, and 60 s of rinsing. 
Group 2 – Hand soap was generously applied and massaged into the 
test object using a folded dishcloth. Additional soap was applied 
periodically while rinsing for 60 s. 
Group 3 – Test objects were generously sprayed with decontami
nation agent RadiacWash #005-400 and left for 30 s (as per product 
instructions). The test objects were then rinsed for 60 s according to 
the procedure for Group 1. 

Activity was measured before and after decontamination to quantify 
reduction. Cold tap water was kept running at a constant rate of 
approximately 20 ml/s throughout and there was no noticeable fluctu
ation in water temperature. A new dishcloth was used for each test 
object. 

Fig. 2. Planar gamma camera image with ROIs around hot spots.  

Fig. 3. SPECT-CT of agar test objects showing hot spots where contaminated 
needle pierced. 
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2.4. Measurement of injury depth 

The initial method chosen for injury depth measurement was to 
pierce test objects with CT contrast and measure the penetration depth 
on the CT image. The resolution of the Siemens Symbia Intevo Bold CT 
scanner (~ 0.3 mm [22]) was sufficient for measuring the expected 
depth. However, in practice, the volume of contrast present in the test 
objects from a NSI was too little to be visible in the image. 

The implemented method for measuring injury depth was the use of 
visible dyes. Single-gloved test objects were pierced by hand with a 23G 
needle containing blue food colouring. Since most nuclear medicine 
workers are trained to wear at least one pair of gloves at all times, this 
was considered the most likely scenario for a NSI. The single glove layer 
also provided increased surface resistance to mimic the skin surface. The 
colourless test objects were cut open to measure the penetrated depth 
with a ruler, to the nearest 0.5 mm. Fig. 5 shows this process. 

As observed in Fig. 5, it was suspected the dye absorbed and spread 
within the agar with time. This will have introduced measurement un
certainty and increased the observed injury depth. This was mediated by 
piercing and measuring the test objects in small batches. 

2.5. Dose calculation 

The WoundDose module in VARSKIN+ was used to calculate nee
dlestick injury doses using the average values of deposited volume and 
injury depth. The deposited volume results were converted into depos
ited activities by assuming an activity concentration of 1011 MBq/ml. 

This was the activity concentration of the Tc-99m HMDP used experi
mentally at the reference time of 9:18 (considered a typical clinical 
administration time). The parameters used in VARSKIN+ are shown in 
Table 1. Guidance on the WoundDose module can be found in NCRP 
Report No. 156 [23]. 

VARSKIN+ version 1.1 was used for this project. Version 1.0 con
tains an issue with the WoundDose Line Source model, resulting in un
derestimation [24]. This was resolved in version 1.1. Doses reported are 
the ‘Total Dose (No Decay Correction)’ value from the ‘Dose Detail’ 
window. In VARSKIN+ version 1.1, this value does in fact account for 
both physical and biological decay. Note, this may not be the case in 
future versions of VARSKIN+. 

3. Results 

3.1. Deposited volume 

Fig. 6 shows a box plot of the deposited volume data, for test objects 
pierced without a glove layer, through one glove layer and two glove 
layers. Table 2 contains key figures. Statistical analysis was performed 
using IBM SPSS statistics [29]. 

The median volume deposited into test objects without gloves was 
100 ± 50 nl, which lies within the range of average values published by 

Fig. 4. relationship between the contamination monitor readings and the derived activity, as measured with ROIs on the gamma camera image.  

Fig. 5. injury depth measurements performed by piercing agar test objects with 
a needle containing blue dye and measuring penetration with a ruler. 

Table 1 
Values of VARSKIN+ dosimetry parameters used in NSI dose estimates.  

VARSKIN+

parameter 
Value Justification 

Source 
Geometry 
Type 

Line 
Source 

As the source distribution in a NSI is unknown a 
worst case estimate is preferred. The line source 
model results in higher dose estimates since the 
activity is distributed through the sensitive skin 
depth. 

Dose depth 0.07 mm ICRP 103 states the depth that the annual skin dose 
limits apply to [25] 

Injury depth 4.0 mm Median value measured in this experiment 
Averaging area 1 cm2 IRR17 Schedule 3 states that annual skin dose limits 

apply to the dose averaged over a 1 cm2 area [8]. 
Retention class Weak The biological half-lives of several common Tc-99m 

radiopharmaceuticals were considered and these 
were typically less than the ‘weak’ retention class of 
0.4 daysa [26,27]. 

Nuclide library ICRP 
107 

ICRP publication 107 supersedes the data of 
publication 38 [28] 

Dose measure SDE VARSKIN+ calculates the shallow dose equivalent 
(SDE), local dose equivalent and committed 
effective (and organ) dose equivalent [9]. For 
comparison with legislative skin dose limits, SDE is 
the applicable dose metric.  

a Assuming the clearance rate is the same for NSI as typical administration. 
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other studies, 60 nl [11] to 2.5 µl [10]. This wide range indicates that 
study results are variable, even between studies using similar tech
niques. The median volume deposited through a single glove layer was 
50 ± 20 nl, however the reduction is not significant (Kruskal-Wallis test: 
p > 0.1). The average volume deposited through a single glove lies 
within the range of other studies, 3.06 nl [12] to 386 nl [15], some of 
which found a significant reduction in volume transferred through 
gloves [10,12–14] [30]. 

3.2. Decontamination efficacy 

With 60 s of rinsing alone, the contamination on the agar test objects 
was reduced on average by 42 % ± 6 % (95 % confidence interval). 
Using hand soap and decontamination agent did not improve the per
centage reduction compared with rinsing alone, as shown in Fig. 7. 

Friedman’s 2-way ANOVA found significant reduction in activity for 

all decontamination methods (p < 0.001). A repeated measures ANOVA 
test was performed to assess the reduction in activity with rinsing time. 
This incorporates a Bonferroni adjustment for multiple comparisons. 
The results showed significant reduction between 0 and 10 s and 10–30 
s, but not 30–60 s. 

The Kruskal-Wallis ANOVA test found a significant difference in 
distribution between Group 1 (rinsing alone) and Group 3 (decontami
nation agent applied prior to rinsing) (p = 0.038, adjusted for multiple 
tests). This result may be due to differences in absorption time between 
the groups, given the samples were all contaminated at the beginning of 
the session. Fig. 8 shows a downward trend in the percentage activity 
reduction with absorption time, although the Pearson Correlation found 
weak significance (p = 0.06). 

3.3. Injury depth 

A total of 85 injury depth measurements were taken. Five measure
ments ≥ 6 mm were excluded, as they originated from NSIs that pene
trated the entire depth of the agar test object, considered unlikely in 
reality due to finger structures such as bone. The median value of injury 
depth was 4.0 ± 0.4 mm (standard error of the median using bootstrap 
method with B = 300) with an interquartile range of 2 mm. All data is 
displayed in Fig. 9. 

3.4. Needlestick injury dose estimation in VARSKIN+

3.4.1. Estimated needlestick injury dose without gloves 
Experiment 1 found a median deposited volume without gloves of 

100 ± 50 nl, equivalent to a deposited activity of 0.10 MBq for an ac
tivity concentration of 1011 MBq/ml. The deposited activity and median 
injury depth of 4.0 mm were inputted into VARSKIN+ and a shallow 
dose equivalent (SDE) of 11 ± 5 mSv was calculated. Quoted un
certainties are the propagated standard error. 

It is noted that the sensitive basal cell layer of the fingertip is known 
to be deeper (>160 µm) than the depth advised for skin dose estimates 
(70 µm) [31]. Setting the dose depth to 160 µm increased the estimated 
SDE to 12 mSv. 

3.4.2. Estimated dose through a glove layer 
The median volume deposited into test objects within a single glove 

was found to be 50 ± 20nl. This is 50 % of the volume deposited without 
gloves. Hence the estimated SDE was halved to 5 ± 2 mSv. The double 
glove data was considered too variable to provide a reliable dose esti
mate from VARSKIN+. 

3.4.3. Dose reduction due to decontamination 
Rinsing a contaminated NSI for 1 min resulted in an average 

reduction in activity of 42 %. This corresponds to an SDE of 6 mSv for 

Fig. 6. Box plot of the calculated deposited volume in test objects without 
gloves, with 1 layer of gloves and with 2 layers of gloves. 

Table 2 
Median deposited volume results and interquartile range. Standard error of the 
median calculated using bootstrap method with B = 300 sets.   

Median deposited volume (nl) ±
standard error of median 

Interquartile range 
(nl) 

No gloves (n =
20) 

100 ± 50 270 (50–320) 

Single glove (n =
20) 

50 ± 20 110 (30–140) 

Double glove (n 
= 20) 

170 ± 140 540 (40–580)  

Fig. 7. Mean percentage activity reduction due to rinsing contaminated test 
objects for 10 s, 30 s and 60 s, with hand soap and decontamination agent for 60 
s. Error bars represent the 95 % confidence interval. Data points at 60 s are 
intentionally offset to show error bars clearly. 

Fig. 8. Percentage activity reduction against absorption time for all groups of 
decontamination data. 
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NSIs occurring without gloves that are decontaminated immediately. 
This percentage reduction may not be applicable to NSIs occurring 
through gloves, as this involves a smaller initial quantity of 
radioactivity. 

3.4.4. Worst case estimate 
A shallow injury depth is applicable for estimating a worst case dose. 

Using the maximum deposited volume of 520 nl and the minimum 
recorded injury depth of 2 mm gave a worst case estimate of 105 mSv. 
However, a study reported that deeper injuries deposit more fluid [10], 
suggesting that this worst case combination is unlikely. It is suggested 
that a more likely combination for a cautious dose estimate would be the 
75th percentile of the deposited volume data, 320 nl (in the absence of 
gloves), and the 25th percentile of the injury depth data, 3 mm. The 
estimated SDE in this case was 44 mSv. 

4. Discussion 

A commonly used resource in the assessment of skin doses is Dela
croix’s radionuclide handbook [32], where the closest approximation to 
NSI is a 0.05 ml droplet on the skin surface. This is 500 times larger than 
the median deposited volume found in this experiment (in the absence of 
gloves). This highlights the need for a specialised solution such as 
VARSKIN+ for NSI dose estimates. Using Delacroix’s handbook, 
contamination of the skin surface with 0.05 ml of Tc-99 m 1011 MBq/ml 
(the same concentration used for the NSI dose estimates), assuming 1 
min to clean the skin, results in a dose of 7.4 mSv. This is comparable in 
magnitude to the doses estimated for NSI. 

Nuclear medicine workers are trained to always wear PPE when 
handling radiopharmaceuticals, as widely recommended [33]. The 
median volume transferred through a single glove layer was reduced 
from 100 nl ± 50 nl to 50 nl ± 20 nl. The reduction was not statistically 
significant, however the potential to reduce skin dose by half is notable. 
The double glove data showed greater variation than the other groups. 
When performing the experiment, there was a notable increase in the 
force required to puncture two glove layers by hand. This could have 
resulted in deeper injuries, which are reported to deposit significantly 
more fluid [10]. This may explain the increase in average deposited 
volume. It is possible that double gloving may reduce the probability of 
an NSI occurring due to the larger force required to pierce. 

All decontamination methods investigated in this experiment were 
found to be effective, with an average reduction of 42 % following 60 s 
of rinsing. The results indicate that continued rinsing is an effective form 
of decontamination, with the first 30 s being the most effective. Other 
sources have reported larger activity reductions. A study which 
contaminated pig skin with Tc-99m HDP found a mean remaining ac
tivity of 2.48 % after 30 s of rinsing [34]. It is possible that the nature of 

a NSI embedding the radiopharmaceutical within the skin makes it more 
difficult to remove than surface contamination. Furthermore, a NSI case 
study presented at IPEM RPA Update 2021 [35] estimated an initial 
deposited activity of 12 MBq in 5 µl. Following decontamination, 
monitoring data equated to 2.2 MBq. This is a reduction in activity of 82 
%. It is suspected that decontamination methods not investigated in this 
experiment, such as squeezing the fingertip to encourage bleeding, may 
further reduce the activity deposited. 

Due to inconsistent absorption time between the sample groups, the 
different decontamination methods employed in this experiment cannot 
be directly compared. Absorption time was found to have a weak 
negative correlation with decontamination efficacy. Tc-99m has a 
relatively short absorption time and decontamination should commence 
within the first hour [36]. A study investigating skin surface decon
tamination reported increased remaining activity with absorption time, 
however this finding was not significant [34]. Further research into the 
effect of absorption time and the most effective forms of decontamina
tion are encouraged. 

For NSI occurring without gloves, a cautious skin dose estimate of 44 
mSv was calculated in VARSKIN+ (using the 75th percentile of depos
ited volume and 25th percentile of injury depth data). This is approxi
mately 10 % of the 500 mSv employee annual skin dose limit and 30 % 
of the 150 mSv skin dose at which classification is recommended [8]. 
Considering an average incidence of 3.7 needlestick injuries per 100 
Healthcare Workers (HCWs) per year [7], the calculated doses suggest 
that employees handling Tc-99m are not likely to approach the dose 
limits due to the risk of NSI alone, especially if gloves are worn and 
decontamination is performed. However, this may not be true for other 
radiopharmaceuticals, particularly those with a longer effective 
half-life, higher activity concentrations and alternate decay schemes. 

5. Method limitations 

The findings of this experiment are applicable to needlestick injuries 
involving Tc-99m HMDP and 23G needles only. A study investigating 
the efficacy of skin surface decontamination found a significant differ
ence in the mean remaining activity between different radiopharma
ceuticals [34]. Another study found that needle bore size is a significant 
factor in fluid deposited in a needlestick injury [14]. 

Results are highly dependent on the material properties of the 
phantom. Mechanical and surface properties will affect the needle 
resistance, and absorptive properties will impact decontamination effi
cacy. The agar concentration was selected to have similar elasticity to 
the skin. However, a review of TMPs states that ‘the applications of agar 
based skin models are diverse, but limited to noncontact or light contact’ 
[16]. Other phantom types may be more applicable to NSI. 

The results have a wide range and are variable due to the technique 
of piercing by hand. This method was intended to be representative of 
the variation in force experienced in a real NSI. Future studies may wish 
to control the force of puncture with an automated lancet [30], which 
may enable a comparison between single and double glove layers. 

Contamination monitor readings were a large source of uncertainty 
in activity measurement. For future investigations, a digital contami
nation monitor is recommended. Direct activity measurement with a 
gamma camera is preferable, availability permitting. Alternatively, a 
high precision balance (measuring tens of nanolitres) could be used to 
weigh the deposited volume. Balances are common instruments in Nu
clear Medicine departments for Glomerular Filtration Rate (GFR) 
studies. 

6. Conclusion & future work 

Needlestick injuries involving Tc-99 m HMDP have been simulated 
by piercing agar test objects by hand. Deposited volume and injury 
depth data has been collected for the calculation of skin dose. The me
dian deposited volume in a NSI was 100 ± 50 nl without gloves and 50 

Fig. 9. Histogram of injury depth measurements.  
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± 20 nl through one glove layer. The median injury depth was 4.0 ± 0.4 
mm. 

There was a 50 % reduction in the average volume deposited through 
a single glove layer compared to test objects pierced without gloves. 
Although not statistically significant, the result is promising. Results lie 
within the range of similar studies, some of which report significant 
reduction due to gloves [10–15]. The data for NSIs occurring through 
two gloves was highly variable due to the increased force required to 
puncture the double layer. Therefore, further work is required to eval
uate the protection that gloves offer in the event of a NSI. 

Skin doses have been estimated by inputting the median values of 
deposited volume and injury depth into VARSKIN+. For a NSI involving 
1011 MBq/ml of Tc-99m HMDP the estimated SDE is 11 ± 5 mSv. A 
cautious dose estimate using the upper and lower quartiles of the 
datasets has been calculated at 44 mSv. These results do not account for 
decontamination, and use the larger value of volume deposited without 
gloves. It is thought that employees working with Tc-99 m alone are 
unlikely to approach dose limits due to the risk of NSI alone. However, 
the volume deposited may differ for other radiopharmaceuticals. 

Rinsing the affected site for 60 s reduced the activity deposited by an 
average of 42 ± 6 %. Application of hand soap and decontamination 
agent did not reduce contamination further, however this is thought to 
be due to increased absorption time for these samples, indicating that 
decontamination measures should be carried out as soon as possible in 
the event of a NSI. It is thought that further reduction can be achieved by 
encouraging bleeding of the site. 

It is acknowledged that there are limitations to the methods 
employed in this project. Further research is encouraged to build on the 
results presented here. 
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