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PHYSIOLOGICAL EVALUATION OF THE RACAL PUSHER FAN 
IN 0, 20, AND 40 °C ENVIRONMENTS 

1• INTRODUCTION 

Research, 

can?s?erLeSeUMÏo0lcfDthe“CAL ^sher Fan "hed ïo the « 
ího Danfr 2 ^ M4° NB9 ResPirator. The primary reason for usina 
the RACAL Pusher Fan with M40 protective respirator is reducticn9 

dSsSÎÏ1?109!'0™ ^urden whi-e in mission oriented protective 
posture level IV (MOPP IV) ensemble. This reduction would result 

performance^and lh pul^onar^ Onction, physical activity 
pertormance, and thermal comfort. The purpose of this studv 

w?thorthetp:sSíSfãí0?nÍCa12aídpSyCh0log?cal responSer«?L and 

voXunteerluSonnalïe^s us'^ ío^^ai^s^j^t^'a^anranes 
Mndnit3^3?^?63 associated with the pusher fan. The study was 
to2v ?AP?T?f Advanced Protection Systems Integration Labora- 
protocol for'tMs^rS Proving Ground (Edgewood Area), MD. The 

Co^U?ee aog ¿o. 9ÏoïSrS aPPr°Ved by the CRDEC Human Use 

2. METHODS 

2.1 Volunteers. 

o volunteers, 12 males and 3 females, 19-25 vrs 

were ÍSe StVdy- Flve ^163 and 3 fei"ales _!? university students. Two males were civilian Dersonn^i 
employed at the Edgewood Area of the Aberdeen Proving Ground and 
5 males were enlisted Marines from Camp LejSene ÍÍ 9 EaT 

independent*336? 3 JomPreh?nsive Physical examination by an 
Ändent.COntrac^or.^lcal service prior to study acceotanre 
Volunteer characteristics are shown in the Table. P 

2.2 RACAL Pusher Fan 

Mm 1«= = The (Racal Health and Safety, Inc., Frederick 

attaches toThf« «nistefcf thf^o^"' Tht MCAL pUsher Fan 
flexible rubber coUa^lh^t ntTlr^l/t^ZnTstTr^l * 
cusïeï ÏLP°ïereî 5y a «chargeable Nicad batLry íhafdrives the 

tc the us^l xTcn„edr Ä I^CgheattaChL 
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Table. Physical Characteristics of the Volunteers 
in RACAL Evaluation Study 

Volunteer No. Sex Age (Yr) Weight (Kg) Height (Cm) 

1 

1 
2 
3 
4 
5 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

M 
F 
M 
F 
M 
M 
M 
M 
F 
M 
M 
M 
M 
M 

19 
19 
21 
24 
19 
23 
24 
22 
20 
22 
21 
25 
22 
22 
20 

71.8 
97.0 
56.8 
59.3 
59.1 
70.8 
90.5 
79.1 
85.9 
50.5 
83.6 
62.3 
84.1 
88.4 
89.8 

168 
193 
160 
166 
165 
185 
180 
174 
183 
170 
178 
168 
183 
203 
178 

X ± SD: 22 ± 2 75.3 ± 14.7 177 ± 12 

2.3 Measurements. 

Heart rate (HR) was determined from the electrocardio¬ 
gram (ECG) which was monitored continuously using either a 
Quinton model Q3000 monitor or an ECG amplifier (Gould Incorpo¬ 
rated, model 13-4615-65 Biotach) with HR digital readout (Weston, 
model 2460). The ECG lead II configuration was used employing 
standard adhesive-backed electrodes for stress testing. 

Pressure within the nosecup of the M40 respirator was 
measured with a variable reluctance differential pressure trans¬ 
ducer having a 0-50 cm H20 range (Celesco, model LCVR). 

Rectal temperature (TREC) was monitored continuously by 
a rectal temperature probe [Yellow Springs Instrument (YSI) model 
401], inserted approximately 10 cm past the anal sphincter. 

Inlet air temperature (T^) was measured using a 
thermistor (YSI model 44033) located on the inside surface of the 
M40 respirator near the face immediately below the left eye. 

Chamber air temperature (TAMB) was measured using an 
air temperature probe (YSI model 405) in close proximity to the 
volunteer exercising on the treadmill. 

8 



w i t i , The volunteer, dressed m underoarnients milîtar-v 

resDiratn^53 uniformJBDUl ' and M0PP Iv ensemble with the M40 

ol ^aoh ?eit t0 and after =™píetion ^ddltlon/ the military ensemble worn by the 
volunteer was weighed separately, both prior to and after fe<=t- 
completion. Weighing was made on a Potter Model ^33 Patient 
Weight Monitor. The volunteer's evannr*i-it,0 Z Z fatlfnt losses were rai i 7 nteer^® evaPorative and total water 

es were calculated for each temperature/stress exposure. 

completionEofeac¿U?e;ty i^orderto^^ovid^psycSological data 

the S4HespiratereiíÍM0Ppdí?ntageSh?nd disadvanta9ea °f wearing 
pusher fan Se auestfnna alenSemble Wlth and Kithout the RACAL 
comfort h¿a*- ?Siq t address areas of breathing and thermal 
vo”ínte4r weLh»AeranC';-and hearin9 and vision effects. Each 
quanî^tiïe eiaïua??™!1" resp°nses on a sdala ^ i°r 

2.4 Experimental PrnreHnro 

tested wearî^HTSi dreSSed í" BDU and M0PP Iv ensemble, were 
rr?fCed4.Wffring th M40 respirator and C2 Canister with and 
COTt™l Voîuntïerd operating Pushen Fan, the latter as 
mints ÍÒ II lia ïn ïî>re exposed to three temperature environ- 

--/Zoder^foT a 
?0° artdol 4. b^P^.ture. They walked at 3.0 mph on a level 

¿eri9odad folTowed^by t" anïÏLœnf bT ^ * 50-"in 

^u?«d fSe s:ratTof exercise "a" iritis bi°ü;“t^rmLd 
°c qfrom the 's core temperature to increase by i 5 
with fluVd/bv /eStiring temPerature. Each volunteer was hydrated 

commencement“P t0 °ne/half lltar °f wata^ P-- to ^ 

stood on th^ILtlon^IIdSíl^iriC'/^f^ee^cL^TKlL 
eIIÍIisefIICtÍOíS r:e a 4-min pe?S rSf fS?10’ 

Îîn started <UP to 5» fin), followed by a lo-min 
filled J I IIf?"lîï?rcir Period (“P to 50 min) commenced, loiiowea py a postexercise 4-mm rest period. Phvsininrrir*i 
measurements were taken every minute over the test duration! 

^^ Data Analysis. 

duri nrr ddta ac(?uisition system read the data for 35 sec 
during each 1-mm period over the test duration. The rpadinrro 

data EFo^lWAl}£ were obtained for five exercise periods [i.e., preexercise 
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(PreE), first exercise (istE), midrest (MidR), second exercise 
(2ndE), and postexercise (PostE)]. Data were analyzed using the 
two-factor analysis of variance (ANOVA), with significance at 
p < 0.05. A repeated measures multivariate analysis was 
performed on the physiological data to determine interaction 
effects of test temperature (0, 20, and 40 °C) and exercise for 
the two RACAL conditions. The ANOVA with multi-variate analysis 
was done on the volunteer psychological data with and without 
RACAL across test temperatures. 

The data analysis examined the two exercises (IstE and 
2ndE) and the midrest (MidR) period and compared using the oper- 
atmg RACAL pusher fan attached to the M40 C2 canister to not 
using the pusher fan (i.e., M40 mask with C2 canister alone). 

3. RESULTS 

3•1 Physiological Evaluation. 

Heart rate (HR, beats/min) during IstE at 40 °C was 
significantly lower with RACAL compared to without the pusher fan 
(mean HR from 132 to 127 b/m), with no changes at 0 and 20 °C. 
During 2ndE, HR was significantly higher at 20 °C (mean HR from 
122 to 130 b/m) , with nq changes at 0 and 40 °C (Figure 1) . 

Maximum mask pressure (MSK^, mm Hg) increased signif¬ 
icantly during IstE at 0 °C, decreased significantly at 40 °C, and 
had no change at 20 °C with vs. without RACAL. No changes 
occurred during 2ndE. During MidR, MSKy^ increased signifi¬ 
cantly with RACAL at 20 °C. Minimum mask pressure (MSKmin, mm Hg) 
showed significant improvements (less negative values) during 
IstE and MidR at 0, 20, and 40 °C with vs. without RACAL; 
similar improvements occurred during 2ndE, except for no change 
at 40 °c (Figure 2) . 

Rectal temperature (TREC, °C) was analyzed both for 
volunteer temperature at preexercise (TRECINrT) and for change in 
temperature during each temperature/stress exposure (aTrec). No 
changes in TREaNrr were observed for all temperatures with vs. 
without RACAL. Although no differences in aTrec resulted at 0, 
20, or 40 °C with vs. without RACAL, a significant increase in 
the change in rectal temperature occurred both with and without 
RACAL for increasing test temperatures (40 °C > 20 °C > 0 °C) 
(Figure 3). 

The total test time which includes IstE, MidR, and 
2ndE, was analyzed for test temperatures and RACAL use. Although 
no differences in total test time resulted at 0, 20, or 40 °C 
with vs. without RACAL, a significant decrease occurred both with 
and without RACAL for 40 °c compared to 0 and 20 °C (Figure 4) . 

1 
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Figure 2. Maximum/Minimum Mask Pressure (Mean, SE) Over Total 
Test Time With and Without RACAL at 0, 20, and 40 °C 
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^let air temperature (T^, °c) during both IstE and 

20 °C and r^Tin1 h lncrKeased at 0 °c^ significantly decreased at 
Burina mThp T H unchanged at 40 "C with vs. without RACAL. 
(Figure”^' ^ decreased significantly with RACAL at 20 °C 

3.2 Volunteer Water T.nwg 

M40 resDÍratorrfrrMÍSpeyf/1Uate ^ether the volunteer wearing the M4U respirator in MOPP iv ensemble may sweat less usina the parar 

"loss' rwL1Untee^ rP°r,iVe mtlr 1oSS (»W ") and total 
voluntoow= h^rAL' determlned- The reduction in the 
volunteer s body weight through sweating during temperature/ 

byrthï clothina and^d^5 t?tal water.loss* The sweat absorbed 
between total and evanr/ ^rfacetow®1ing makes up the difference 
hïd ee r d ?vaP°rative water losses. The RACAL pusher fan 

temperatures? ^ °r ^ at th?ee te^f" 

3.3 Psychological Evaluation . 

and witho„hhpararUn£eerS fi^ed °ut seParate guestionnaires with 
temperatures completion of each test for the three test 

^3,1 Speaking, Hearing, Vision, Breathing. Head Rotation. 

difficult E?^V?1U?teei\rated SÍX tasks from 1 (extremely 
difficult) to 7 (extremely easy). The chosen tasks were 

Sea?inarthe San6 ^ 1ikelY to be affected by RACAL use while 
h M40 respirator in MOPP iv ensemble. Volunteer 

responses ranged from 3 (difficult) through 4 (no chancel 
(easy), 6 (very easy), to 7 (extremely ealy)? ‘ chan9e)- 5 

rahiu.» JPeakln9» hearing (understanding speech), and vision 

fo? ¿¿?akinaSwereer?rí°n:’satS-.í'ere unchan9ed- Mean responses 
M?AL ?o? heãwL I ox . A LW1^EACAL add 4-22 ± 0.54 without KACAL, for hearing 4.96 ±0.59 with RACAL and 5.17 ± 0.52 without 

^t RACAL f0r V1S10n 4*9° ±0-53 With 4.79 ±0.42 with- 

Rotating the head side-to-side 

RACAL0363 Were 3*81 - °’42 with RACAL anc 
was unchanged. Mean 
4.33 ± 0.38 without 

cantlv easi^ at WaS evaluated as signifi- 
RACATw^ÎLÏ n ^d 4° C. Wlth RACAL. The mean response with 

h • ± and wlthout RACAL was 4.43 ± 0.47. 
Breathing during exercise was judged as not different for all 

ScAL andP:rn«UïnS;, -^nses were 4fíf ^0.42^¾ RACAL and 4.06 ±0.52 without RACAL. 
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3.3.2 RACAL Airflow. 

pusher fanVasUw?nn °f airflow from the RACAL 
pusner fan as 1 (too fast), 2 (adequate), or 3 (too slow) racat 

anfrhî^Wa? deemef adequate and not significantly different for 
11 three temperatures. The mean response was 2.19 ± 0.17. 

3.3.3 Thermal Comfort. 

1 rtoo raîe? the ade(ïuacy of thermal comfort as 

íot diffeíeit at 0 îndapn o'c °rh 3 (t00 h0t) ‘ Thermal comfort was 
1 c' however. at 40 °C, volunteers felt 

wal +n1oiCOOÍer-Í,wth^RACAL* The mean resPonse with RACAL was 2.08 ±0.21 and without RACAL was 2.49 ± 0.17. 

3.3.4 Overall Adequacy. 

. Volunteers rated the overall adequacy of the M40 resoi- 

(poor! Sv^'í1^0'* as 1 = (satiîfaïïcryK SrP3 
(poor). Overall adequacy was not different at 0 and 20 °c- 

4°°c' volunteers fett significantly better with 
RACAL. The mean response with RACAL was 1.46 ± 0.24 and without 
RACAL was 1.89 ± 0.21. wirnout 

4. DISCUSSION AND CONCLUSIONS 

a • The Pusher fan produced minimum changes in heart 

a possibÍé9beíe??ÍSe¿ ?eÍ"g^l0Wer at hlgh l-emPerature indicating 
detriment® but higher at room temperature, a possible 

rates with treadÜÍÍ''' at ‘eSt col"Pletion <¿30 min) , mean heart 
rates with treadmill exercise were not different usina th* mi 7*1 
mask with and without a power-assisted breaking de^ce“ Tread- 

Ssino the M?if?rrnan£6 !f^0,min) in a hot <40-6 ”c) environment 
we£p9na? mask.^th hood also produced heart rates that 

b?e!thiíg 2 W and Wlthout compressed-air power-assisted 

exhalation1^«,1^011 Pr?ssure. imProved with RACAL, while 
to lowei changed inconsistently; thus, RACAL appears 
resigna« ¿ resistance without changing exhalation 
expiratorv* ^spiratory resistance was reduced and 
device Sith?hÍm?aÍ lncjeased using a power-assisted breathing 
device with the M17A1 mask compared to using the M17A1 alone.,3 

temoeraturp3 Produced no effect on rectal 
the user without Pusher fan provides inhalation airflow to 

wlthout heating or cooling the ambient air. Only 

cool ina ^r”îln9 °f the M4° mask inlet air at cold temperature and 
rise rinr-îL temperature was observed. Rectal temperature 
rise during exercise with the volunteer dressed in MOPP iv 
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ensemble was a function of ambient temperature, decreasing the 
total test time the volunteer spent at the high temperature 
exposure. RACAL did not provide decreased thermal stress. 

At cold temperature exposure, RACAL could provide mask 
inlet air temperature sufficiently cold to produce frostbite. No 
facial frostbite occurred at 0 °c. 

The volunteers experienced limited psychological advan¬ 
tages with RACAL. They felt cooler and better at high tempera¬ 
ture, judging RACAL airflow adequate at all three test tempera¬ 
tures. Unchanged were breathing effort and the ability to speak, 
hear, and see with the pusher fan attached to the C2 canister. 
In agreement with our study, a 75 L/min airflow associated with a 
power-assisted breathing device with the M17A1 mask was judged by 
study volunteers as being pleasant.3 

Somewhat in contrast to our study, a small group of 
soldiers evaluated the RACAL miniblower with the M17 respirator 
in a test at the Yakima Firing Range.4 All soldiers felt that 
breathing resistance was considerably less with the blower 
operating, heat stress was reduced by the cooling effect of air 
circulation over the face, and work was performed faster and 
longer, with heavy labor in MOPP IV preferred, using the blower 
system. Concern for frostbite injury with unheated air blowing 
over the face in cold weather was noted, with a recommendation 
that blower use be restricted to temperatures >40 °F or 4.4 °C. 

The results of our study indicate that in terms of 
physiological performance and psychological response, the RACAL 
pusher fan did not offer substantial benefits to the volunteer 
wearing the M40 protective respirator in MOPP IV ensemble. 
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