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INTRODUCTION 

The number of workers exposed to hot environments and the severity of the heat stress have decreased in the last 
decade. Nevertheless, there are std l  particular situations where workers have to be exposed to hot environments 
[I]. It is the case for workers in paper-mill industry where they have to work few hours a week, in a very severe 
hot environment wearing Ventilated Protective Clothing (VPC). The purpose of the present study was to 
evaluate the efficacy of 3 VPCs (NLARS of VTNB, MSAB, MATISEC@) in a situation involving 75°C dry 
bulb t e m p t u r e  and 60°C wet bulb temperature. MARS of VTNB and MSA@ VPC have a vortex system to 
c w l  the input air and MATISECB have noL 

METHOD 

The subjects were 3 workers of the paper-mill : their age was respectively subject 1 = 38 ; subject 2 = 24 ; 
subject 3 = 37 years old. The subjects had never worn any of the 3 VPCs prior to their participation in the study. 
Each subjects tested the 3 VPCs. The efficacy of the 3 VPCs was assessed from the responses of heart rate (HR) 
and rectal temperature (Tre). Measurements were taken before, during and after the exposure. Before the 
experiments subjects performed a submaximal exercise on a cycle ergometer, for determination of their physical 

fimess (indirect t o p a x  evaluation). The following values were' found for the 3 subjects respectively : subject 1 
= 53, subject 2 = 74 and subject 3 = 36 m102/min.kgkg. Nine experiments (3 subjects x 3 VPCs) were carried out 
and maximal duration of expasure never exceeded 30 minutes because the duration of exposure in actual working 
situation is always lower than 20 minutes. In the hot environment, the subjects remained standing without 
moving or working. Thus, metabolism was low, estimated close to 70 W/mz. 
As Tre and HR were not stable during the exposure time in hot environment, 2 regressions lines were calculated 
between each of these two variables and time for each experiment. 
In this study the Threshold Limit Values (TLV) for the workers exposed to heat were also determined : - TLV.HR : 0.75 x (220-age) b/min [3] respectively subject 1 = 137, subject 2 = 147, subject 3 = 137 b/min 
- TLV.Tre : 38.0 "C [41. 

In addition to the fact that the subjects were free to withdraw from the experiment at any time, the continuous 
recordings of HR and Tre were used by the experimenter for imposing the cessadon of exposure. 
The design is too small for sratistical analysis, so that only impressions are obtained. 

RESULTS 

Table 1 indicates the exposure time, and the changes in HR and Tre (= slope of the regressions lines) during 
exposure for each subject in each of the 3 conditions. Three experiments were stopwd because HR value had 
exceeded the fixed TLV for a certain duration of time. From the results, it appears that the highest average Tre 
increase was found under MATISECB condition (1.35OC per hour for Tre) associated With the larger average 
heart-rate (HR) rise with time (2.6 b/min2). The VTNCO) ensemble allowed some reduction of this physiological 
cost (1.0"Ch of Tre drift and 1.4 b/min2 for HR drift). The efficacy of MSACO appeared very good since both Tre 
and HR were minimal (0.3"Ch and 0.5 b/min2 respectively). 

Table 1 also indicates the Duration Limit for Exposure (DLE), which was derived for each subject in each 
condition. DIES were determined by assuming a constant rate of change of HR and Tre, and estimating the time 
required to attain DIE for HR (DE HR) and Tre @LE Tre). 
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Type of clothing vTN@ MSA@ MATISEC@ 

Subiect % % % 
1 68 27 71 
2 36 21 31 
3 61 43 18 

Table 1 : Dmtions of exposure, slopes of HR and Tre during heat exposure and DLE for each experiment 

Mean 

90 
55 
33 
63 

Type of Subject Elapsedhe, Wdt DLE HR DLE Tre 
clothing min b/min2 "Ch min min 

I 1 1  26 1.8 I 1.5 I 18 51 
60 

I 1.2 I 0.4 I1 114 
103 
109 

I n r II 

_. . 106 
I O D  I ' 6  35 

9 63 
I I 3 1  15 I 3.Y I 1 54 

Table 1 : Dmtions of exposure, slopes of HR and Tre during heat exposure and DLE for each experiment 
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