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EXECUTIVE SUMMARY 

 
 

The aim of the ORCHIDS project Work Package 6 was to evaluate the optimised 

decontamination methods identified in Work Package 5, in a series of field-based operational 

research trials with human volunteers.  Each participating project partner (HPA, FOI and 

IRBA) conducted field trials in their respective country, applying the optimised 

decontamination protocol within existing decontamination facilities.  Measures of 

decontamination efficacy were developed using simulant contaminants, and a range of 

different conditions were compared to explore the circumstances under which the optimised 

ORCHIDS protocol could be successfully applied.  These included comparing different 

volunteers from different age groups (UK), responder assisted decontamination washing 

(France) and a comparison with hospital decontamination methods (Sweden). 

 

In the UK, three trials were conducted; the first trial sought to compare the current UK Fire 

and Rescue Service (FRS) protocol against the laboratory-derived ORCHIDS protocol; the 

second repeated this comparison with a different simulant, methyl salicylate; in the third trial 

a group of younger (18-30 yrs) and a group of older adults (60+ yrs) underwent the 

ORCHIDS protocol decontamination procedures.   

 

This Annex to Technical Report 5 (Deliverable 9) describes the analysis of the 

decontamination efficacy data from the UK Trial 2.  Analysis of skin swabs confirmed that the 

UK FRS and ORCHIDS protocols markedly reduced methyl salicylate skin contamination. As 

a consequence of removal of methyl salicylate during the shower, the penetration of methyl 

salicylate into the epidermis as determined from D-Squame disc samples was similarly 

mitigated. Whilst there was no significant difference between the performances of the two 

protocols, the ORCHIDS shower duration is half that of the FRS protocol indicating that the 

ORCHIDS protocol could offer the potential to increase the flow of casualties through the 

emergency showering tents. Analysis of flannels used during the ORCHIDS shower 

suggested that, if offered to contaminated casualties in a genuine incident, they would likely 

become significantly contaminated. This suggests that flannels could be used as a means of 

sequestering contamination although they should therefore be treated as a potential 

secondary hazard and managed accordingly. Although towel data from this study was limited 

they could, in theory, also become contaminated and pose a hazard.   

 

The laboratory-defined optimised ORCHIDS protocol has been tested under a variety of 

conditions in the ORCHIDS project WP6 field trials, and evidence in support of its 
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effectiveness when compared to current national standard mass casualty decontamination 

protocols has been established in the trial reported here and in the accompanying WP6 

technical reports.  Further tests of the ORCHIDS protocol should examine additional 

parameters, such as water flow rate, and their impact on decontamination efficacy.  In 

addition, consideration of the operational application of the ORCHIDS protocol should 

include an evaluation of the training needs for emergency responders, and how best to 

communicate the procedures to the public to maximise compliance and adherence to 

decontamination protocols.  The ORCHIDS project WP6 activities have demonstrated the 

value of performing controlled research trials to evaluate specific aspects of decontamination 

procedures. 
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INTRODUCTION 

 

 

In the ORCHIDS project partner countries, specialist emergency services and major 

hospitals have a well-established capability for responding to emergencies involving 

chemical, biological or radiological threats. Their response may involve the use of mass 

casualty decontamination showering facilities which exist to clean or 'decontaminate' a large 

number of casualties. Whilst this equipment and the associated procedures are regularly 

tested in emergency preparedness exercises and training, further research is required to 

investigate the effectiveness of this capability. 

 

The aim of the activities of the ORCHIDS project WP6 was to evaluate current mass 

casualty decontamination showering procedures and to identify ways in which these 

procedures can be optimised. A number of laboratory-based studies have been carried out 

as part of WP5; these studies have examined the effects of showering duration, water 

temperature, physical removal methods and detergent type on decontamination efficacy in 

vitro and in vivo. As a result of this work, a laboratory-defined optimised decontamination 

protocol has been established.  This protocol dictates the temperature of water that should 

be used to wash skin (approx. 35ºC), the optimum shower duration (1 minute wash with 

soap, 30 seconds rinse with plain water), the most effective detergent (Argos detergent, 

0.5% aq. solution) and the most effective physical method of skin cleansing (cotton wash 

cloth).  These laboratory-defined parameters are evaluated in a series of human volunteer 

trials using simulant contaminants, to compare the current Fire and Rescue Service national 

procedures in the UK, Sweden and France for mass casualty decontamination with the new 

laboratory-defined protocol for decontamination showering – the ORCHIDS protocol. 

 

Each participating project partner has evaluated their current national standard 

decontamination protocol in a series of small-scale (approximately 10 to 50 human 

participants who have given informed consent) operational research trials, which have been 

approved by the research ethics committees of the different organisations.  In each country, 

the decontamination facilities used in the trials were identified via the engagement of the 

appropriate emergency response agencies.  To ensure the appropriate comparison between 

current procedures and the novel ‘ORCHIDS protocol’ for optimised decontamination,  new 

quantitative measures of decontamination efficacy have been developed and applied, with 

the use of simulant agents.  Manipulations of water temperature, solution, washing 

techniques, washing duration, and additional factors such as assisted washing (France), the 
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effect of age on decontamination efficacy (UK) and hospital decontamination procedures 

(Sweden) have also been evaluated. 

 

This Annex to the Work Package 6 (Technical Report 5) report describes the 

decontamination efficacy outcomes of the second of the UK field trials.  This trial compared 

the current UK Fire and Rescue Service (FRS) protocol against the laboratory-derived 

ORCHIDS protocol, using methyl salicylate as a simulant contaminant.  Methyl salicylate is a 

volatile organic compound of similar physico-chemical properties to a known chemical 

warfare agent.  Methyl salicylate is routinely used as a low-toxicity alternative simulant in 

exposure modelling for CW agents in trials with human volunteers1.  The primary objective of 

this study was to ascertain the effectiveness of the ORCHIDS decontamination protocol 

compared to the current UK Fire and Rescue Service national protocol.  Two additional 

study conditions were included, a shower with no methyl salicylate-applied control group (A) 

and a no shower, methyl salicylate-applied group (B).  The control group A provided an 

indication of residual contamination from the study environment that could have confounded 

the measures in the protocol conditions.  Control group B was directly compared to the two 

showering protocols. 

 

  

                                                           
1 E.g. Riviere, J. E., C. E. Smith, et al. (2001). "Use of methyl salicylate as a simulant to predict the 

percutaneous absorption of sulfur mustard." J Appl Toxicol 21(2): 91-9 and Seitzinger, A. T., P. S. 
Grasso, et al. (1990). Use of Methyl Salicylates as a Trialing Chemical Agent Simulant. D. E. C. 
Chemical Research, Defense Technical Information Center. 
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Materials and Methods2 

 
 

Study Design 

This study was conducted in accordance with the principles of the Declaration of Helsinki 

and had been independently approved by the National Health Service (NHS) South West 2 

Research Ethics Committee.  Volunteers were divided into four groups with each group 

undertaking one of four study conditions per week over four weekly sessions.  The 

conditions were: 1) ORCHIDS protocol; 2) UK FRS protocol; 3) Control A: showered, no 

methyl salicylate applied. 4) Control B: no shower, methyl salicylate applied.  Each weekly 

session ran over 2 days and on each day two volunteers from each group undertook one of 

each of the four study conditions. The order of the study conditions over the four weekly 

sessions was counter-balanced according to a Graeco-Latin square pattern (Table 1). 

 

Session 1 Group 1 
ORCHIDS 

Group 2 
FRS 

Group 3 
No MS 

Control A 

Group 4 
No Shower 
Control B 

Session 2 Group 3 
FRS 

Group 4 
ORCHIDS 

Group 1 
No shower 
Control B 

Group 2 
No MS 

Control A 

Session 3 
Group 4 
No MS 

Control A 

Group 3 
No Shower 
Control B 

Group 2 
ORCHIDS 

Group 1 
FRS 

Session 4 

Group 2 
No 

Shower 
Control B 

Group 1 
No MS 

Control A 

Group 4 
FRS 

Group 3 
ORCHIDS 

 

Table 1: Study design for UK Trial 2.  Volunteers (n=16) were allocated to one of four 

groups and underwent each of the four experimental conditions across four study sessions. 

 

Participants 

A total of 16 male volunteers aged between 18 and 55 took part in the study. Each volunteer 

completed a medical questionnaire which was reviewed by a registered occupational health 

nurse for compliance with exclusion criteria before taking part. Additional demographic 

factors relating to the study population that were collected were; BMI, handedness and 

                                                           
2
 Further details of the Methods and Materials used in Trial 2 can be found in Technical Report 5 

(Deliverable 9). 
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flexibility. BMI was calculated from the height in centimetres and the weight in kilograms. 

Handedness was assessed using the Edinburgh Handedness Inventory and categorised into 

either left, right or mixed. Flexibility was measured using a standardised shoulder flexibility 

test which required participants to reach one hand over the same shoulder and the other 

hand up behind the back to meet it. The distance or overlap between the fingers was 

measured in centimetres. The participants were asked to perform this test, first with the right 

arm over the right shoulder and then repeated with the left arm over the left shoulder. An 

average of the two measurements was taken to give a flexibility index. The greater the value 

on the flexibility index, the less flexible the participant is deemed to be, with respect to 

reaching their back. 

 

Materials 

Methyl Salicylate Solution: Methyl salicylate (99%) was purchased from Acros Organics, 

UK and used undiluted. 

 

Decontamination Showers: A single decontamination unit was used in this study. This 

decontamination unit comprised three sections; a disrobing area, a showering area and a re-

robing area (MD1, Professional Protection Systems, UK). The showering area was supplied 

with detergent (0.5% aq. solution of detergent) and water from a boiler unit (SF-12A 500 btu, 

TVI., USA) capable of 6000 L h-1. A pump (LSC1.4S, Tsurumi Mfg Co, Taiwan) removed the 

waste water from the showering area for subsequent disposal. Florafree anionic detergent 

was supplied by Deb Ltd, UK. Argos anionic detergent was supplied by Argos Hygiene, 

France. The MD1 structure is capable of showering up to ten people at a time (two lanes of 5 

individuals showering concurrently); however in this study participants were showered one at 

a time to aid the video data collection. The standard washing cycle consisted of a 2 minute 

delivery of detergent solution followed by a water-only rinse for a further minute; however in 

the present study the washing cycle times were manipulated in accordance with the study 

design. The temperature and flow rate of the water leaving the pump were 37oC and 100 L 

min-1, respectively. 

 

Clothing: On each visit, volunteers were asked to wear a pair of black swimming trunks.  

Swimming trunks were selected so as to maximise skin exposure to the flow of shower fluid. 

 

Wash cloths and towels: All participants were given a wash cloth for their ORCHIDS 

protocol shower but not their FRS or No Methyl Salicylate Control A shower. These wash 

cloths were purchased from Tesco Ltd, measuring 30 cm2 and were made of 100% cotton. 
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The towels used by the participants for all three of their showers were supplied in the FRS 

decontamination re-robe packs and were purchased from Babcock International Group PLC.  

 

Procedure 

All volunteers took part in four separate sessions with only one volunteer taking part in the 

study at any one time. In three of the four protocols, volunteers were dosed (‘contaminated’) 

with methyl salicylate (2 µl) at 12 skin sites, 7 on the front and 5 on the back, at sites shown 

in Figure 1 using a positive displacement pipette. Prior to dosing, volunteers had the dosing 

sites marked with indelible pen using a laminated paper template punched with 8 holes 

delineating three potential 3 cm2 dosing areas. In order to blind the volunteer to the exact 

dosing site, all three areas at each of the 12 dosing sites were marked but only one area 

was eventually dosed at each site.  In addition, the volunteers were requested to look at the 

ceiling during dosing so as to avoid knowing exactly which marked site methyl salicylate was 

actually administered. 

 

 

 

Figure 1: Application of methyl salicylate by pipette (2 µl) to one of three dosing sites 

delineated by 8 marked spots (see text for full description) 
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Figure 2: Sites on front and back of volunteers dosed with methyl salicylate 

 

One of the dosed protocols was a control (Control B) where no decontamination showering 

subsequently occurred. The other two dosed protocols involved either undertaking the 

‘ORCHIDS’ protocol (1.5 min shower with 0.5% aq. Argos detergent with provision of a 

cotton wash cloth) or the current FRS protocol (3 min shower with 0.5% aq. Florafree 

detergent solution). For the fourth protocol (Control A) volunteers were not dosed but 

underwent the FRS protocol. In this instance, only one dosing site (front left shoulder) was 

marked. Prior to dosing, non-invasive (baseline) measurements (infra-red and standard 

photos) were taken of both the front and back of the volunteer. Immediately after dosing, the 

volunteers were led to the shower disrobe area and directed to stand in the disrobe section 

of the shower tent for 3 minutes. In the active showering conditions, volunteers were asked 

to enter the shower and instructed to conduct a full body wash. Those volunteers 

undertaking the ORCHIDS protocol were provided with a wash cloth to aid washing and 

were showered for 1.5 mins (1 min 0.5% aq. Argos solution, 0.5 min water rinse). They were 

informed when 1 minute had elapsed and received a verbal countdown of the last 

10 seconds of the shower. Those volunteers undertaking the FRS protocol were showered 

for 3 mins (2 min 0.5% aq. Florafree solution, 1 min water rinse). In this condition volunteers 

were not given any verbal indication of the passing of time.  All volunteers were showered 

one at a time. Control B volunteers were not showered but were asked to stand in the 

Dosing sites (2 µl) 

Front Back 
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showering area for 3 mins. At the end of the showering periods the volunteers were directed 

to the rerobe/drying area where their wash cloths, if used, were collected and towels were 

provided to showered individuals. All showered volunteers were allowed to dry themselves 

for 3 mins. The cotton wash cloths, if used, were wrung and a sample of the shower fluid 

collected and transferred to a glass vial. The wash cloth was cut into 4 pieces and placed 

into a pre-weighed glass bottle (500 ml). The bottle was reweighed, absolute ethanol 

(400 ml) added and the bottle capped and reweighed again. The towel was cut into 4 pieces 

and placed into a weighed polypropylene bottle (2 l). The bottle was reweighed, absolute 

ethanol (1200 ml) added and the bottle was capped and reweighed again. Wash cloths, 

towels and shower fluid solutions were then stored at room temperature for later GC-MS 

analysis of the ethanolic extracts. 

FRS-showered volunteers were then directed back to the measurement area. ORCHIDS-

showered volunteers were delayed by a further 1.5 mins before returning to the 

measurement area to compensate for the shorter showering duration and ensured that 

subsequent activities occurred at the same time post-dose. These timings are summarised 

in Table 2.   

 

Protocol Dose 
Disrobe 

Area 
Shower Area 

Rerobe Area 

Dry Delay 

ORCHIDS Yes 3 mins 1.5 min ORCHIDS 3 mins 1.5 min 

FRS Yes 3 mins 3 mins FRS 3 mins - 

No MS Control A No 3 mins 3 mins FRS 3 mins - 

No Shower Control B Yes 3 mins 3 mins No shower 3 mins - 

 

Table 2: Protocol timing regime within the MD1 showering tent for volunteers 

 

On return to the measurement area, repeat standard and infra-red images were collected. 

Each dosing site on the skin was then swabbed sequentially as follows with: 1) a dry cotton 

bud, 2) a cotton bud soaked in absolute ethanol and 3) a dry cotton bud, with all three cotton 

buds for a dosing site combined in a single labelled glass vial (Figure 3). 
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Figure 3: Example of a volunteer’s dosing site being swabbed with a cotton bud 

 

Each dosing site was then successively stripped 5 times with D-Squame discs to remove a 

single layer of epidermal cells on each occasion. The discs were applied to the skin and 

adhered firmly with a single application of the D-Squame Pressure Instrument to ensure 

consistent and even pressure application between volunteers. Each disc was then 

transferred using tweezers to an individually labelled vial (Figure 4).  

 

 

Figure 4: Typical photograph of D-Squame disc being a) applied using the pressure 

instrument and b) removed from the skin dosing site 

 

Absolute ethanol was added to each swab (10 ml) and disc (5 ml) vial. Vials were then 

stored at room temperature for GC-MS analysis. The timings of dosing, showering, skin 

swabbing and stripping with discs for each volunteer were recorded on volunteer data 

sheets. The local temperature in the measurement area and each section of the showering 

tent was also recorded as the volunteer entered each location. At the end of each study day 

the data from the temperature loggers, video cameras and actimeters were downloaded to a 

laptop and the thermal desorption tubes capped and stored for GC-MS analysis. 
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Preparation of Fresh Non-Matrix Standards 

Stock Standard Methyl Salicylate Solution, ca 5 mg ml-1 

An aliquot (420 µl) of methyl salicylate, (density 1.18 g ml-1) was diluted in ethanol to 100 ml. 

 

A series of working standard solutions were prepared from the stock standard using absolute 

ethanol (Table 3). Working standard solutions were stored in screw-capped glass vials, 

sealed with Parafilm™ and stored at ambient (room) temperature. 

 

Standard 
Solution ID 

Dilution 
Final Volume 

(ml) 

Nominal 
Concentration 

(µg ml-1) 

A 1 ml Stock 200 25 

B 10 ml A 25 10 

C 5 ml A 25 5.0 

D 1 ml A 25 1.0 

E 1 ml A 50 0.50 

F 1 ml A 100 0.25 

G 1 ml A 250 0.10 

 

Table 3: Preparation of fresh methyl salicylate working standard solutions from dilution of 

stock standard with ethanol 

On the day of analysis, aliquots (10 µl) of each standard solution (A to G) were transferred 

using a positive displacement pipette into headspace vials (40 ml) and immediately crimp-

capped. 

 

Preparation of Matrix Standards:  

Matrix standards for swabs, strips, flannels and towels were prepared on each study day 

(Table 4): 

 

Cotton bud swabs 

Methyl salicylate (2 µl) was applied to three cotton bud ends in a glass vial and absolute 

ethanol (10 ml) added. A blank matrix sample without methyl salicylate was also prepared. 

The vials were screw-capped, sealed with Parafilm™ and stored at ambient (room) 

temperature. 
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Skin strips 

Methyl salicylate (2 µl) was applied to a single D-Squame disc in a 20 ml glass vial and 

absolute ethanol (5 ml) added. A blank matrix sample without methyl salicylate was also 

prepared. The vials were screw-capped, sealed with Parafilm™ and stored at ambient 

(room) temperature.  

 

Flannel 

Methyl salicylate (24 µl) was applied to a single cotton flannel (20 x 20 cm) in a 500 ml glass 

Duran bottle and absolute ethanol (400 ml) added. A blank matrix sample without methyl 

salicylate was also prepared. The bottles were screw-capped, sealed with Parafilm™ and 

stored at ambient (room) temperature. 

 

Towel 

Methyl salicylate (24 µl) was applied to a single towel in a 2 litre polypropylene carboy and 

absolute ethanol (1200 ml) added. A blank matrix sample without methyl salicylate was also 

prepared. The carboys were plugged, screw-capped and stored at room ambient (room) 

temperature. 

 

Matrix 

On Day of Study On Day of Analysis 

Methyl 
Salicylate 

(µl) 

Ethanol 
added 
(ml) 

Theoretical 
Matrix 

Concentration 
(µg ml-1) 

Matrix 
Dilution 

Theoretical Matrix 
Stock Study 

Standard 
Concentration 

(µg ml-1) 

Strip 2 5 472 1/20 23.6 

Swab 2 10 236 1/10 23.6 

Flannel 24 400 70.8 1/3 23.6 

Towel 24 1200 23.6 - 23.6 

 

Table 4: Preparation of methyl salicylate matrix standard solutions on day of study and 

subsequent dilution on day of analysis 

On the day of GC-MS analysis, relevant swab and strip matrix standards were vortex-mixed 

and diluted 1/20 and 1/10 with absolute ethanol respectively, to produce working stock study 

solutions (23.6 µg ml-1). Flannel and towel matrix standards were shaken for 10-20 seconds, 

sonicated for 5 minutes and reshaken for 10-20 seconds prior to sampling. The flannel 

matrix standard was diluted 1/3 with absolute ethanol to produce the same stock solution 
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concentration. Portions of the towel extract were then decanted into a glass vial, screw-

capped and sealed with Parafilm™ without further dilution.  

 

Working study standard solutions were prepared from each respective matrix stock study 

standard prepared on the relevant study day using absolute ethanol. Working study standard 

solutions were stored in screw-capped glass vials and sealed with Parafilm™.   

 

Working Study 
Standard ID 

Volume of 
Stock Std 

(µl) 

Ethanol Added 
(µl) 

Final 
Volume (µl) 

Nominal Standard 
Concentration 

(µg ml-1) 

Stock Study 
Standard A 

- - - 23.6 

B 100 A 150 250 9.44 

C 50 A 200 250 4.72 

D 10 A 240 250 0.944 

E 10 A 490 500 0.472 

F 10 A 990 1000 0.236 

G 10 A 2490 2500 0.0944 

 

Table 5: Preparation of matrix methyl salicylate working standard solutions from dilution of 

matrix stock standard with ethanol 

On day of analysis, aliquots (10 µl) of each working study standard solution (A – G) were 

transferred into headspace vials (40 ml) and immediately crimp-capped. 

 

Preparation of Fresh Non-Matrix Quality Control Samples 

Stock Quality Control Methyl Salicylate Solution, ca 5 mg ml-1 

An aliquot (420 µl) of methyl salicylate, was diluted to 100 ml with absolute ethanol. 

 

A series of working quality control (QC) solutions were prepared from the stock QC solution 

using absolute ethanol. Working QC solutions were stored in screw-capped glass vials, 

sealed with Parafilm™ and stored at ambient (room) temperature. 
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Standard ID Dilution 
Final Volume 

(ml) 

Nominal 
Concentration 

(µg ml-1) 

QC High 1 ml Stock 250 20 

QC Mid 10 ml QC High 100 2.0 

QC Low 1 ml QC High 100 0.20 

 

Table 6: Preparation of fresh methyl salicylate quality control solutions from dilution of stock 

quality control solution with ethanol 

On day of analysis, aliquots (10 µl) of each QC level were transferred into headspace vials 

(40 ml) and immediately crimp-capped. 

 

Preparation of Study Samples 

Combined D-Squame disc samples were prepared from the five discs collected per site by 

transferring aliquots (500 µl) from each of the five vials into a single vial for analysis. Prior to 

transfer, the individual disc vials were vortex-mixed for 5 seconds. Cotton bud swab and 

combined D-Squame disc samples were then vortex-mixed for 2-3 seconds and 

aliquots (10 µl) of each ethanolic sample extract were transferred to a glass headspace vial 

and crimp-capped immediately.  Flannel and towel samples were shaken for 10-20 seconds, 

sonicated for 5 minutes and reshaken for 10-20 seconds prior to sampling. Portions of the 

towel extract were then decanted into a glass vial. Aliquots (10 µl) of each flannel and towel 

ethanolic sample extract were transferred to a glass headspace vial and crimp-capped 

immediately.   

 

Gas Chromatography-Mass Spectrometry Equipment and Conditions 

The following equipment and conditions were used to analyse samples from the trial 

according to the validated method described in CTR-33. 

Equipment 

 Autosampler:  TriPlus HS, ThermoScientific , UK 

 Gas chromatograph:  Trace GC Ultra, ThermoScientific, UK 

 Mass spectrometer:  DSQII, ThermoScientific, UK  

 Computer:  Dell Optiplex 755 running Xcalibur v2.0.7, ThermoScientific, UK 

 MS-GC Column:  DB-1 UI, 30 m, 0.25mm ID, 0.25µm thickness, J&W, VWR, UK 

 Headspace vials:  40 ml glass Chromacol, UK 
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Reagents 

 Carrier gas:  Helium, BOC, UK 

 Syringe flush:  Oxygen-free nitrogen, BOC, UK 

 Absolute ethanol, (99%) AR grade, FisherScientific, UK 

 Methyl salicylate (99%), Acros Organics, UK 

 

GC-MS Conditions 

Headspace Autosampler 

 Syringe flush flow:  50 ml min-1 

 Syringe volume:  1 ml 

 Syringe temperature:  110°C 

 Incubation:  100°C for 12.5 mins 

 Injector temperature:  225°C 

 Split:  1/25 

 

GC Oven 

 Carrier gas flow:  1.2 ml min-1 

 Temperature ramp: 

 60°C for 1 mins 

 20°C min-1 to 275°C 

 275°C for 2 min 

 Bakeout: 

 300°C for 2 mins 

 Total time: approx 20 mins 

 

Mass Spectrometer 

 Transfer line temperature:  250°C 

 Ion source temperature:  250°C 

 Vacuum:  40-45 mTorr 

 Gain:  3 x 105 

 Detection: m/z:  120 (primary fragment), 152 (parent molecule) 

 Scan:   0 - 4.5 min Full scan 

 4.5 - 7 min Full scan, SIM 

 7 – 13.5 min Full scan 
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Prior to each batch of analysis the sampling syringe and plunger were washed with 

methanol. The stability of the instrument was confirmed by running a column blank and air 

and ethanol sample blanks. The baseline was subjectively assessed for drift and possible 

interfering contamination. The septum and liner in the injection port were replaced at regular 

intervals. 

 

GC-MS Sample Sequences and Acceptance Criteria 

Samples were analysed using the validated method as previously described3.  The 

maximum batch size for headspace GC-MS analysis was 54. For each batch of analysis, the 

generic sequence was as follows: 

 Matrix-free calibration curve stds A to G (ca 0.1-25 µg ml-1) 

 Matrix-free quality controls, QC low, medium and high (ca 0.2, 2 and 20 µg ml-1) 

 Study matrix calibration curve stds A to G (ca 0.1-25 µg ml-1) 

 Unknown samples 

 Matrix-free quality controls, QC low, medium and high (ca 0.2, 2 and 20 µg ml-1) 

 Optional (2nd Study matrix calibration curve stds A to G (ca 0.1-25 µg ml-1)  

 Unknown samples 

 Matrix-free quality controls, QC low, medium and high (ca 0.2, 2 and 20 µg ml-1) 

Non-matrix QC samples were quantified against the non-matrix calibration curve to confirm 

consistent instrument sensitivity throughout the analytical run. Quantification used quadratic 

regression of peak area response with 1/x2 weighting. Accuracy and precision criteria for 

standard and QC concentrations above the bottom standard (≥0.2 µg ml-1) were 90-110% 

and ±10% and at the bottom standard (0.1 µ ml-1) 80-120% and ±20%. The minimum 

acceptable signal to noise (S/N) ratio was deemed to be 5. Up to 2 non-adjacent calibration 

standards were permitted to fall outside of the acceptance criteria before the curve was 

rejected. One out of each quality control level was permitted to fall outside of the acceptance 

criteria but if all three levels of either the second or third set of QCs were outside of 

acceptance criteria then the batch was repeated. A maximum of 20 matrix samples were 

permitted between sets of QCs. Blank ethanol samples were placed immediately after 

standard and QC samples ≥10 µg ml-1 in order to reduce any risk of carryover. 

 

Matrix study samples were quantified against the matrix calibration curve. Quantification 

used quadratic regression of peak area response with 1/x2 weighting.  Accuracy and 

                                                           
3
  Larner, J, Matar, H, & Chilcott, R.P. (2011) Chemical Toxicology Report 33: Method for the analysis 

of methyl salicylate by headspace gas chromatography mass spectrometry. 
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precision criteria for concentrations above the bottom standard (≥0.2 µg ml-1) were 90-110% 

and ±10% and at the bottom standard (0.1 µg ml-1) 80-120% and ±20% respectively. The 

minimum acceptable S/N ratio was deemed to be 5. Up to 2 non-adjacent calibration 

standards were permitted to fall outside of the acceptance criteria before the curve was 

rejected. Study samples whose peak area responses were found to fall above the top 

standard were diluted with ethanol and reanalysed. Study samples whose peak area 

responses were found to fall below the bottom standard were reported as below the limit of 

quantification (<LOQ). If the GC-MS failed to detect a peak (S/N<3) then the sample was 

reported as below the limit of detection (<LOD). 

 

Data and Statistical Analysis 

Ethanolic extracts of flannel, towel, cotton buds swabs and D-Squame disc were analysed 

by headspace analysis using GC-MS and their respective concentrations of methyl salicylate 

determined. Owing to the large number of samples generated by this study, only a 

representative proportion of the total samples were analysed. All flannels and towels from 

Session 1 were analysed (25% of flannels and towels) to give an indication of potential 

secondary contamination. All of the swabs were analysed to indicate potential differences in 

decontamination efficacy between the four protocols. The analysis of combined D-Squame 

discs from Session 1 are also presented in this report (25% of D-Squame discs) in order to 

give an indication of methyl salicylate penetration variability between volunteers who were 

showered or not showered. Shower fluid and remaining swab, flannel, towel and strip 

analyses are not reported here. 

 

For statistical purposes, values for amounts of methyl salicylate recovered in any matrix 

which were found to be less than the LOQ were assigned a value of zero.  From the 

amounts of methyl salicylate determined in each matrix, the percentage of the applied dose 

± standard error of the mean recovered was calculated for each matrix (flannel, towel, cotton 

wool swab and D-Squame disc).  Decontamination efficiencies were calculated from the 

cotton swab data using the following equation: 

 

 

 

It should be noted that the subsequently derived values included loss of volatile contaminant 

through evaporation from the skin. 
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Descriptive statistics were then derived for the percent of applied dose recovered in each 

analysed matrix. The data was then tested for normality of distribution and homogeneity of 

variance to ascertain whether parametric or non-parametric significance testing of mean 

data should be applied. For parametric analysis, 1-way ANOVA was applied. For non-

parametric testing, Krushkal-Wallis and post hoc Mann Whitney testing for independent 

measures analysis was used unless the data required repeated measures analysis in which 

case Friedman’s and post hoc Wilcoxon Signed rank testing was applied. A significance 

level of α = 0.05 (subject to Bonferroni correction) was used. Correlation testing, where 

applicable, used the parametric Pearson’s or non-parametric Spearman’s rank coefficient.  

 

Data and statistical analysis was performed using SPSS v 17 statistical software (SPSS Inc). 
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RESULTS – TRIAL 2 (UK) 

 
Sixteen volunteers took part in the study. With the exception of one volunteer who failed to 

attend one Control A session, all of the volunteers completed all four sessions. 

 

Flannels for Secondary Contamination Assessment 

The flannel extracts from four volunteers who undertook the ORCHIDS protocol in Session 1 

were analysed (25% of all study flannels). The mean amount of methyl salicylate recovered 

from these flannels was 551.6 µg, equivalent to 1.9% ± 0.5% of applied dose. A summary of 

results is presented in Table 7. No further statistical analysis was performed with the flannel 

data. 

 

 
Average % Applied Dose Recovered 

Protocol 

ORCHIDS FRS 
No MS 

Control A 
No Shower 
Control B 

% Dose Recovered 1.95 

No flannels for analysis N 4 

SEM 0.25 

 

Table 7:  Percentage applied dose of methyl salicylate recovered in flannels used in the 

ORCHIDS protocol (n=4 volunteers from Session 1) 

 

Towels for Secondary Contamination Assessment 

The towel extracts from 12 volunteers who undertook the ORCHIDS, FRS or No MS Control 

A protocols in Session 1 were analysed (25% of all study towels). Quantifiable amounts of 

methyl salicylate were only detected in one towel extract (150.8 µg equivalent to 0.53% of 

the total applied dose) from the ORCHIDS protocol. A summary of results is presented in 

Table 8.  No further analyses were performed due to the absence of methyl salicylate from 

study towels. 
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Average % Applied Dose Recovered 

Protocol 

ORCHIDS FRS 
No MS 

Control A 
No Shower 
Control B 

% Dose Recovered 0.13 0.00 0.00 

No towels for 

analysis N 4 4 4 

SEM 0.13 0.00 0.00 

 

Table 8:  Percentage applied dose of methyl salicylate recovered in towels used in the 

ORCHIDS, FRS and No MS Control A protocols (n=4 volunteers per protocol from  

session 1) 

 

Cotton Bud Swabs for Decontamination Efficacy Assessment 

All of the swabs from the study were analysed.  A total of 192 swabs were collected from 

each of the 12 dosed sites of the ORCHIDS, FRS and No Shower Control B volunteers. The 

number of swabs from the No MS Control A volunteers was 16 (1 site only). A large 

proportion of the showered swabs (ORCHIDS, FRS, No MS Control A) were found to contain 

less than the LOD or LOQ and therefore these were treated as zero for statistical analysis.  

A percentage breakdown of the frequency of LOD or LOQ samples versus quantifiable 

results is presented in Table 9 

 

Protocol LOD (%) LOQ (%) Quantifiable 
Results (%) 

ORCHIDS 24.5 36.5 39.1 

FRS 26.6 46.4 27.1 

No MS Control A 40.0 33.3 26.7 

No Shower Control B 0.0 3.1 96.9 

 

Table 9:  Percentage frequencies of LOD, LOQ and quantifiable results from cotton wool 

swabs used in the four protocols (n=16 volunteers per protocol) 

 

In terms of percentage of average applied dose recovered in the swabs, the data is 

summarised in Table 10 and Figure 5. The average mean data from the four protocols (all 

sites) was shown not to be normally distributed using the Kolmolgorov-Smirnoff test for the 

ORCHIDS (D(4)=0.215, p<0.05) and No MS Control A (D(4)=0.426, p<0.001). Levene’s test 
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for homogeneity of variance was also found to be significant between the protocols 

(F(3,59)=24.496, p<0.001). Consequently, group comparison testing was assessed using 

the non-parametric Friedman’s test. 

 

 Average % Applied Dose Recovered 

Protocol 

ORCHIDS FRS 
No MS 

Control A 
No Shower 
Control B 

Mean % Dose Recovered 
from all 12 sites 

0.03** 0.02** 0.02** 3.29 

N 16 16 15 16 

SEM 0.01 0.01 0.01 0.71 

 

Table 10:  Percentage applied dose of methyl salicylate recovered in cotton wool swabs 

used in the four protocols (n=16 volunteers per protocol). (No MS Control A 1 site only, 

ORCHIDS, FRS and No Shower Control B 12 sites dosed. Double asterisk denotes a 

significant difference (p<0.01) between showered and non-showered protocols) 

 

A significant difference between the ORCHIDS, FRS and No Shower Control B protocols 

was observed (Fr(2)=24.413,p<0.001) indicating a significant difference between these three 

protocols. No significant difference was observed between the ORCHIDS, FRS and No MS 

Control A protocols (Fr(2)=3.789, p>0.05). 

 

Subsequent post hoc (2-tailed) testing with Wilcoxon Signed Rank test showed both 

ORCHIDS (T=0, z=-3.517 p<0.001), FRS (T=0, z=-3.516 p<0.001) and No MS Control A 

(T=0, z=-3.408 p<0.001) to be significantly different from the No Shower Control B results. 

However, there was no significant difference between the recoveries of methyl salicylate on 

the swabs from the ORCHIDS and FRS protocols (T=7, z=-0.511 p>0.05). 
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Figure 5: Comparison of mean % applied dose (±SEM) recovered in skin swabs from 

ORCHIDS, UK Fire & Rescue, showered and non-showered volunteers. 

 

Decontamination efficiencies were calculated for all 12 sites from all volunteers and for front 

(n=7) and back (n=5) sites and are presented in Figure 6. 

 

 

Figure 6:  Comparison of % decontamination efficacy (±SEM) of showering protocols 

against non-showered volunteers results for No MS Control A based on 1 swab site (Data 

makes no allowance for evaporation of methyl salicylate from the skin). 
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The amount of methyl salicylate recovered in swabs across the 12 dosed sites was observed 

to vary as shown in Figure 7. 

 

 

Figure 7:  Comparison of mean percentage (±SEM) of applied methyl salicylate recovered in 

cotton bud swabs from the 12 dosed skin sites of non-showered volunteers (n= 16). 

 

 

D-Squame Discs for Penetration Variability Assessment 
 

Combined (n=5 discs) D-Squame disc extracts from each of the 12 dosed sites from 

volunteers who undertook the ORCHIDS, FRS or No MS Control A protocols in Session 1 

were prepared and analysed. Combined disc extracts were also prepared from the single 

site of the No MS Control A volunteers (n=4) of Session 1. This equated to 25% of combined 

D-Squame disc extracts in the study. A summary of percentage applied dose recovered is 

presented in Table 11. The average mean data from the three dosed protocols (all sites) was 

shown not to be normally distributed using the Kolmolgorov-Smirnoff test for normality for the 

ORCHIDS (D(4)=0.161, p<0.05), FRS (D(4)=0.225, p<0.05) and No Shower Control B 

(D(4)=0.261, p<0.05).  Levene’s test for homogeneity of variance was also found to be 

significant between the three protocols (F(2,9)=4.876, p<0.05). Consequently, group 

comparison testing was assessed using the non-parametric Krushkal-Wallis test. Normality 

testing for No MS Control A was not possible as all data were zero. 
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 Average % Applied Dose Recovered 

Protocol 

ORCHIDS FRS 
No MS 

Control A 
No Shower 
Control B 

Mean % Dose Recovered 
from all 12 sites 

0.03 0.10 0.00 0.60 

N 4 4 4 4 

SEM 0.01 0.03 0.00 0.19 

Table 11:  Percentage applied dose of methyl salicylate recovered in combined D-Squame 

discs in the four protocols (n=16 volunteers; No MS Control A 1 site only, ORCHIDS, FRS 

and No Shower Control B 12 sites dosed) 

 

Analysis showed that there was a significant difference in the amount of methyl salicylate 

recovered in the D-Squame discs between the four protocols (H(3)=13.254, p<0.001). 

 

Subsequent post hoc (2-tailed) testing with the Mann-Whitney test showed both ORCHIDS 

(U=.000, z=-2.309 p<0.05), FRS (U=0, z=-2.309 p<0.05) and No MS Control A (U=0, z=-

2.460 p<0.05) to be significantly different from the No Shower Control B results. The 

ORCHIDS (U=.000, z=-2.460, p<0.05), FRS (U= 0.000, z=-2.460, p<0.05) and No Shower 

Control B (U=.000, z=-2.460, p<0.05) also significantly differed from the No MS Control A 

protocol. However, despite the slightly higher amount of methyl salicylate in the FRS discs in 

comparison to the ORCHIDS, there was no significant difference between the recoveries of 

methyl salicylate on the discs from the ORCHIDS and FRS protocols (U=4.000, z=-1.155 

p>0.05) across all 12 dosing sites. 

 

The mean percentage of applied dose which was recovered from the back 5 sites was 

observed to be greater than that recovered from the 7 sites on the volunteer’s front, 

however, statistically (Wilcoxon signed rank test) there was no significant difference in 

recovery between the front and back sites, independent of protocol (Figure 8).  
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Figure 8:  Comparison of mean % applied dose (±SEM) recovered in D-Squame discs from 

ORCHIDS, UK Fire & Rescue showered and non-showered volunteers. 

 

The amount of methyl salicylate recovered in D-Squame discs across the 12 dosed sites 

varied as shown in Figure 9. Recovery was lower from those dosing sites on limbs and 

higher from the sites on the torso. 

 

Figure 9:  Comparison of mean (±SEM) amounts (µg) of methyl salicylate recovered in D-

Squame discs from the 12 dosed skin sites of non-showered volunteers on Day 1 of  

session 1 (n = 4). 
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0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

All 12 Sites Front 7 Sites Back 5 Sites 

%
 A

p
p

lie
d

 M
e

th
yl

 S
al

ic
yl

at
e

 R
e

co
ve

re
d

 

Skin Dosing Sites 

ORCHIDS FRS No MS Control A No Shower Control B 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

M
e

an
 %

 A
p

p
lie

d
 M

e
th

yl
 S

al
ic

yl
at

e
 

R
e

co
ve

re
d

 

Skin Dosing Site 



Evaluation and optimisation of emergency mass casualty decontamination (ORCHIDS) 

Page 29 of 34 
 

contaminant penetrates through the outer layers of the stratum corneum with greater 

amounts of penetrant recovered in the initial discs, i.e. from the outermost layers. 

 

Figure 10:  Mean recovery of methyl salicylate expressed as percentage of applied dose 

from four dosing sites (No Shower Control B) through sequential skin stripping with  

D-Squame discs. 

 

Correlation between Swab and D-Squame Disc 

A plot of Session 1 swab recoveries against the same site D-Squame disc recoveries for the 

non-showered volunteers (No Shower Control B) indicated a positive correlation between 

increased methyl salicylate on the surface of the skin and increased skin penetration (Figure 

12). This was confirmed using Spearman’s rank coefficient (rs=0.807, p<0.01). 

 

Figure 12:  Correlation between recovery of methyl salicylate in skin swabs and in the upper 

layers of the stratum corneum as removed by D-Squame discs from 12 sites of dosed 

volunteers in the No Shower Control B (n=4) (data from session 1 swabs and discs only). 
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DISCUSSION 

 
 

The ethanolic extracts from flannels, towels and D-Squame discs (in the form of combined 

discs per site) collected in Session 1 of the human volunteer trial were successfully analysed 

by headspace GC-MS for methyl salicylate contaminant in accordance with a validated 

method. In addition, all of the skin swabs from the trial were also analysed. Summary details 

of the average percentage dose recovered are shown in Table 12: 

 

  

Flannel Towel 
Average 

Combined 
Swab 

Average 
Combined 

D-Squame Disc 

ORCHIDS 
Mean 1.95 0.13 0.03 0.03 

SEM 0.25 0.13 0.01 0.01 

FRS 
Mean   0.00 0.02 0.10 

SEM   0.00 0.01 0.03 

No MS Control A 
Mean   0.00 0.02 0.00 

SEM   0.00 0.01 0.00 

No Shower Control B 
Mean     3.29 0.60 

SEM     0.71 0.19 

 

Table 12:  Summary table for the average recoveries of methyl salicylate contaminant from 

samples collected during the human volunteer trial (25% of study flannels, towels and D-

Squame discs and 100% of cotton swabs were analysed). 

 

The total amount of methyl salicylate recovered was relatively low from all samples and this 

a reflection of the volatility of methyl salicylate at ambient room temperatures and the time 

post dose at which skin swabs and strips were collected. The largest amount recovered from 

the skin was found in the non-showered Control B group, as would be anticipated (No 

Shower Control B > ORCHIDS > FRS > No MS Control A) and this demonstrates the benefit 

of performing decontamination showering. 

 

The total average percentage recovered was 3.33% in the Control B group. In comparison, 

with the ORCHIDS and FRS dosed protocols recoveries were 2.12% and 0.11%, 

respectively. The marked difference between the two showered protocols was due to a large 

proportion of the recovered contaminant being found in the flannel extracts. Whilst no air 

analysis data is currently available, this percentage of dose would otherwise presumably be 

either in the air or the shower effluent. This is in agreement with the conclusions from the 
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ORCHIS research trial4 and from in vivo and in vitro laboratory data collected during the 

ORCHIDS project (Work Package 5). This additional evidence further supports the 

suggestion that the use of a flannel could aid the sequestering of a potential CW 

contaminant from casualties, thereby reducing the amount lost in the effluent or into the 

atmosphere. The environmental impact of contaminated shower effluent may therefore be 

reduced. The flannels, however, would pose a secondary contamination hazard and would 

require appropriate collection and disposal by emergency personnel. 

  

Whilst a small amount of methyl salicylate (0.13%) was found in the ORCHIDS towel 

samples, this was solely due to a measureable quantity being found in only one of the four 

ORCHIDS towels analysed. Towels were problematic to analyse owing to large volumes of 

ethanol being required to wet and extract methyl salicylate from each towel. It is possible 

that the collection and extraction method for the towels would need to be improved (in future 

studies) in order to more rigorously examine what hazard, if any, contaminated towels could 

present. The results do suggest however, that towels can become contaminated despite 

casualties undergoing shower decontamination. In theory therefore, used towels could pose 

a threat to the health of re-robing casualties if they are not promptly bagged or removed from 

the re-robe area. 

 

Analysis of cotton swab and combined D-Squame disc samples from the 12 dosed sites for 

methyl salicylate demonstrated that there can be wide variability in recovery from the skin.  

This was most clearly observed in the No Shower Control B protocol. Analysis of individual 

disc samples from four sites showed how higher concentrations of the contaminant are 

found in the outermost layers and gradually permeate to the lower layers of the stratum 

corneum.  Auxiliary measures conducted at the time of the study such as environmental and 

volunteer temperatures, volunteer physical activity levels and progress timings though each 

protocol (reported in Technical Report 5) demonstrated that the study was well controlled 

with most external sources of variation avoided. The smallest amounts of methyl salicylate 

were consistently recovered from the limbs (arms and legs), both on the front and back of 

the volunteers. This may be due to the movement of their limbs as volunteers walked from 

the measurement area to the MD1 shower and back to the measurement area; the air 

draught and (likely concurrent skin movement/flexing) exacerbating evaporation of the 

methyl salicylate. Use of non-volatile contaminants in future studies could potentially 

overcome this issue. There was no significant difference between the ORCHIDS and FRS 

                                                           
4
  Amlôt R, Larner J, Matar H, Jones DR, Carter H, Turner EA, Price SC, Chilcott RP: Comparative 

analysis of showering protocols for mass-casualty decontamination. Prehospital Disast Med 
2010;25(5):435-439. 
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protocols in terms of methyl salicylate recovered in the swabs and D-Squame discs but both 

were significantly different from the No Shower Control A volunteers. Both of these protocols 

therefore achieved significant reductions in skin contamination and penetration of 

contaminant into the stratum corneum of the skin and demonstrated the benefit of showering 

in the event of decontamination. 

 

It was, however, observed that the amount of methyl salicylate recovered in D-Squame discs 

from the back of the volunteers was lower than on the front. Whilst this was not statistically 

significant from the limited number of samples analysed for this report, these data reiterate 

the conclusions from the ORCHIDS (Trial 1 and 3) and the ORCHIS projects with fluorescent 

particles; efficient decontamination of the back of the body is more is difficult than the front. 

 

Comparison of skin swab and D-Squame recoveries of methyl salicylate from the No Shower 

Control B protocol confirmed the expected positive correlation between increasing 

contamination and a corresponding increase in penetration of the contaminant. 

Decontamination to remove surface contamination therefore is important to reduce the rate 

and extent of percutaneous absorption and subsequent risk to health of casualties. 

 

A small quantity of methyl salicylate was recovered from the swab (front left shoulder) of one 

of the No MS Control A volunteers. This group of volunteers underwent the showering 

process after contaminated volunteers were showered but before the No Shower Control B 

group. It may be possible that there was some residual methyl salicylate from dosed 

volunteers in the air of the MD1 shower unit or measurement area which subsequently 

contaminated the volunteer. This potential cross-contamination within the shower unit can 

only be confirmed by future analysis of the environmental air samples. 

 

CONCLUSIONS 

 

Analysis of cotton swab and D-Squame disc samples by headspace GC-MS was 

successfully used to examine the decontamination efficacy of decontamination showering 

when methyl salicylate was used as a simulant. No significant differences between the 

current UK FRS and ORCHIDS showering protocols were found in this study in terms of 

efficacy. Both showering protocols demonstrated a reduction in skin contamination and 

penetration of contaminant simulant when compared to a dosed non showering control 

group. The primary advantage of the ORCHIDS protocol over the FRS protocol, however, is 

the shorter shower duration which could, if adopted, potentially increase casualty 

decontamination throughput. 
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Use of a flannel appears to sequester a proportion of the contamination suggesting that the 

inclusion of a flannel in showering packs supplied to casualties by the emergency services 

could offer a means of reducing the hazard from secondary contamination from the shower 

effluent or air (if the contaminant is volatile). Care would be needed to ensure these used 

flannels are disposed of appropriately. 
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