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MODIFICATIONS TO PREDICTED HEAT STRAIN (PHS) (ISO7933)

Satoru Ueno’, Shin-ichi Sawada’, Thomas E. Bernar

! Japan National Institute of Occupational Safety and Health, Kiyose, Tokyo, Japanl
2University of South Florida, Tampa FL, USA

Contact person: uenos@h.jniosh.go.jp

INTRODUCTION

The Predicted Heat Strain (PHS) is a rational model for heat stress exposure assessment. It was
proposed by Malchaire et al. (2001) and was adopted by the International Organization for
Standardization (ISO) as ISO7933 in 2004. The key predictions of the PHS are rectal
temperature (Tr) and sweat rate. These predictions were validated for laboratory and field trials
as part of the BIOMED II project (Malchaire et al 2002). A time limit for an exposure is
provided based on Ty reaching 38 °C or a cumulative sweat loss limit that is based on
acclimation state and percent of population.

Important factors in the determination of the time limit include environmental conditions,
metabolic demands, and clothing. Since the publication of PHS and ISO7933, the ISO has
published a standard for clothing that includes adjustments for insulation and evaporative
resistance based on wind speed, walking speed, and walking direction (IS09920-2007). These
adjustments differ from those used in ISO7933. One purpose of the effort reported in this paper
was to include the clothing adjustments (called resultant insulation and evaporative resistance in
IS09920) in the PHS model.

A further change in the model was added to better account for recovery. Specifically, there were
conditions under which T, would not return to an appropriate baseline. That is, it would remain
elevated above the metabolically-driven equilibrium temperature when the environment would
allow it to return to the expected baseline. In addition, there were some circumstances in which
the Tre would find a level below the metabolic equilibrium temperature.

This paper describes two major and one minor modifications to the PHS model and discusses
some of the implications of the changes.

METHODS

The first step was to change the PHS methods for estimating the dynamic insulation and
evaporative resistance, called resultant values in ISO9920. The methods differed in the way a
correction factor was computed to adjust the static value to a dynamic (resultant) value. In
ISO7933, the correction factor for evaporative resistance (CFre) was calculated by using the
correction factor for total insulation (CFi) divided by the correction factor for clothing
permeability index. In IS09920, the CFre is based on either the CFi or a function of wind and
walking speeds. For this paper, the CFre was based on CFi.



