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ABSTRACT

Guidelines to monitor workers exposed to heat have been promulgated by the National
Ingtitute for Occupationd Safety and Hedlth (N1OSH), the American Conference of
Governmentd Industria Hygienists (ACGIH) and the Environmenta Protection Agency
(EPA). In addition the Occupationd Safety and Hedlth Adminigiration (OSHA) has
developed atechnica manua for employers. The adequacy of these guidelines to protect

workers of various ages and hedlth status needs further eva uation.

We examined the effects of heat on a group of middle aged congtruction workers. In
addition to monitoring heart rate, temperature and weight as recommended by existing
guidelines, we examined neurobehaviorad responses, urine osmolarity and pH, blood

pressure and symptoms,

Significant Findings

Basdline characterigtics of the 25 participants were that 18 were men, 7 were femde; 20
were white, 3 were Hispanic and 1 was Asian, none were African-American; al had
completed high school with 13 having at least some college education; age ranged from
25-56 with amean of 40.3 years; 10 were obese (> 30 body mass index (BMI)), and 10
were overweight (> 25 BMI). Therewere 7 current smokers. Seven individuds
indicated they never drink acohol. Only 1 worker had ever had to be treated for
problemswith hest. When working in hegt in the past: ten reported sometimesand 7

regularly feding faint; 10 reported sometimes losing consciousness; 11 reported



sometimes and 2 regularly having blurred vison; 11 reported sometimes and 1 regularly
having nausea and vomiting; 10 reported sometimes and 2 regularly having had a
growing fedling of panic. We congdered the one individua who had seen a doctor for
heat problems and anyone who reported any symptoms on aregular basis to have had
history of problems. By this definition, 16 had no history of problemsand 9 had.
Twenty-three said they tolerated heat better and 2 said they more uncomfortable than
most others. None said they easly and quickly get sick from heat. Ten said they knew
more than most other people about the effects of heat and 15 about as much as anyone
else. None said they were expert or didn’t know very much about the effects of hedt.
Eleven participants said they had some chronic disease (5 heart disease, 2 asthma, 2
cancer, 2 high blood pressure, 2 heptitis, 1 chest operation). Two individuas had
multiple conditions. One worker reported not being in good health but reported no

chronic conditions.

There was no correlation between average skin temperatures and changesin pH or
specific gravity between pre and mid shift measurements or pre and post shift
measurements. However, there were correlations of r = .39, (P=.0468) between the
average morning wet bulb globe ambient temperature and an increase in the urine
specific gravity, and a corrdation r = .47 (P=.007) between the average daily wet bulb
glove temperature and a decrease in the urine pH. For pre-post shift therewas a
sgnificant correlation (r=.31, P=.0495) between the average afternoon wet bulb globe

temperature and a decrease in the urine pH.



No correlation was found between morning or daily average wet bulb globe temperature
and average morning or daily pulse, systalic or diastolic blood pressure. Similarly, there
is no correlation between afternoon and daily average wet bulb ambient temperature and
afternoon average pulse, systolic or diastalic pressure. Findly, there was no correlation
between the morning, afternoon or daily ambient wet bulb globe temperature and the

daily average pulse, systolic or diastolic blood pressure.

An inverse correaion was found with average morning and average daily skin
temperature and average morning diagtolic blood pressure (r = -.47, p=.0114andr = -
55, p=.001, respectively). Aninverse correlation was found with average daily skin
temperature and average afternoon diastolic blood pressure (r = -.4057, p = .0322).
Findly, an inverse correlation was found with average daily skin temperature and

average daily diastolic blood pressure (r = -.4057, p = .0322). No significant correlations
were found with systolic blood pressure or pulse and morning, afternoon or daily skin

temperature.

1. Usefulness of Findings

This study was partidly successful in demondtrating the ability to collect data on the
potentid effects of heat among an average working population. The study demonstrated
it was technically feasble to collect the data but that full adminigtrative support from the

employer is necessary to carry out a sudy with thislevel of complexity of data eements.



Because of smadl sample and inadequate number of individuas working on hot dayswe
are unable to demonstrate marked changes in relation to heat exposure. Changes were as
expected with a correlation between measures of heat and an increase in urine osmolarity,
decrease in urine pH and decrease in diastolic blood pressure. Relatively few people
because symptomatic during their work in heat. Tables 1, 2 and 3 show changesin

symptomatic individuas (cases) and asymptomatic individuas (controls).

Further work in assessng heat exposure in average workers under actud field conditions
are needed to obtain sufficient sample size to reach meaningful conclusions about the

adequacy of existing guidelines for protecting heat exposed workers.
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Specific Aims

1 Determine under actud working conditions of heat exposure what
changesin neurobehaviora testing, blood pressure, pulse,
temperature, hydration and symptoms are occurring.

2. Determineif there are correlations between neurobehavioral
effects, physiologica measures and symptoms.

3. Determine what factors predict changes in neurobehaviora effects,
physiologica measures or symptoms. The factors studied are
ambient westher factors, level of protective equipment, leve of

work and personal factors of the workers.



Sample Selection

Volunteers were sought among unionized congtruction workers at the
Hanford Site. Thiswas done at group mestings of the workers. The
response was favorable and over 100 individuas volunteered to participate
in the Spring of 1996. However, we were unable to obtain permisson
from the Department of Energy to begin data collection in the summer of
1996 and no data was collected until the summer of 1997. Because of
difficulties in obtaining contractor cooperation, 17 workers participated in
the summer of 1997, nonein the summer of 1998 and 8 in the summer of
1999. Because an individua could participate on more than one day we

have 48 days of data.

Data Collection

A mobile testing van was set up a Hanford near the actud work ste. The

indruction manua for the testing is contained in Appendix I.

Quedtionnaire

A basdline medica background questionnaire, and pre, mid and post shift
guestionnaires were developed. Copiesarein Appendix Il. The Army’s
standardized hest index questionnaire was the mgjor source of the

questions regarding symptoms.



Consent Form

The consent form used by participantsisin Appendix 111.

Data Analysis

The outline of the dataandlysisisin Appendix IV.

Add-On Study

The Occupationa and Environmental Medical Program at Harborview

Medica Center collected urine to measure mRNA response to heat stress.

A copy of their protocol is contained in Appendix V.
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Table | — Comparison of Individuals Who Had Problems Concentrating on the Post-shift Questionnaire but

not the Pre-shift Questionnaire (cases) versus Those without Chronic Problems (controls) Concentrating

AM. PM. — TAM. PM. —
([;Fr’g_ systolic | systolic 353’;;0' IC | giastolic | diastolic EIO(')' gj""c
blood blood blood blood
post) pressure pressure Pressure | yressure | pressure | PresSUre
a1 | Cae ] ] / 7 ] / ]
Control 0.2 1334 129.1 32 933 908 27
AP o= 0.8 119.1 114.1 50 89.7 84.4 53
Control 0.2 138.9 138.4 05 90.8 90.2 0.6
s | o 05 113.8 117.2 37 816 745 65
Control 0.2 1423 1474 35 97.9 953 54
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Table Il — Comparison of Individuals Who Had Problems Remembering on the Post-shift Questionnaire but

not the Pre-shift Questionnaire (cases) versus Those Without Chronic Problems (controls) Remembering

AM. P.M. . AM. P.M. . :
(%F:Q_ systolic | systolic asg:éonc diastolic | diastolic acc'; gﬁto"c
blood blood blood blood
post) pressure pressure
pressure pressure pressure | pressure
Day 1 Case -0.5 134.0 132.0 2.0 89.3 85.0 4.3
Control 0.3 133.3 128.9 3.3 93.6 91.2 2.6
Day 2 Case 1.3 112.4 105.8 6.7 84.6 78.9 5.7
Control 0.2 137.1 136.3 0.8 91.3 90.1 1.2
Day 3 Case 0.3 120.9 117.2 3.7 81.0 74.5 6.5
Control -0.1 133.4 147.4 -3.5 94.0 95.3 5.4
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Table Il — Comparison of Individuals Who Had Problems Thinking on the Post-shift Questionnaire but not
the Pre-shift Questionnaire (cases) versus Those Without Chronic Problems (controls) Thinking

AM. PM. — TAM. PM. —
([;Fr’g_ systolic | systolic 353’;;0' IC | giastolic | diastolic EIO(')' gj""c
blood blood blood blood
post) pressure pressure Pressure | yressure | pressure | PresSUre
a1 | Cae ] ] / 7 ] / ]
Control 0.2 1334 129.1 32 933 908 27
AP o= 13 119.3 1110 8.2 87.7 81.7 6.0
Control 0.2 135.2 134.1 11 90.7 89.2 15
Case 03 . . . . . .
Day3 I ontrol 0.1 130.9 137.3 11 914 883 58




