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8 32 27.8 281 297 2837 279 289 299 28.5
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11 34 28.1 345 355 3032 285 347 358 3069
12 34 277 339 344 2971 274 332 348 2962

° o = 4 aa
waramsnareugineidiwaliimsinsedineadd laoldmmaseunun
] 1 1 Q’l’ J 4 1 1 4 { ! . -
dumsnaaeuTaoudailungud 4 danun 4 nguiivelfinileduniednadreiuannsoda

mandouldanniosduuuylfedigndes Awmsn 4.4 4.5 4.6 4.7uaz 4.8



47
MINN 4.4 HAMINATOUYUNYINGY T,

ﬂ’q'llﬁﬁa (Group Statistics)
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AT u
(AYING
guugil HS-3600-T, 12 31.6583 2.09044 0.60346
{4 4
wivshad ey -T, 12 31.7333 1.97039 0.56880
1 g 1 d‘ = é L o
nqueedafidiudaszdeiuuaziy (Independent Samples Test)
gaUNgil
EMINATeY auyAnenny  auAnima
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ASNATOUULY t ilenadauAIIIIRY () -0.90 -0.90
fundo Aosmdase (df) 22 21.923
sanuulslsiu arudidsdgmuada 2-nw) 0.929 0929
AMANAIRUYBIR IR EY -0.750 -0.750
amuuanAvesnulslsuveurumie 0.82927 08297
Arennuidetiud 95% -1.79481 -1.79516
1.64481 1.64416

v s

SINHANSNATOULLY Lavene 92WUNMADA F 1y 0.043 uaziianisdiAy

t 4 R .
NEaR (P=0.837>0.05) dofuSimnedahmamulslsiuvess T, fildnnniecdied

&l § 1 o :" . . . I v
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1 1 i " 4 4 é 3 " o [} 0’1‘ v
NAuRdevesd T, #ildninmTesdiadnlunaziniesdeominnnSoudfouinlud

o

uanaved1liud1ney (P=0.929 > 0.05)
AINN 4.5 wansNAToUgUUAING Tw

ﬂduﬁaa (Group Statistics)

3

. .4 doadleauu sunBevesdnudzauy
MInaaew S Aunde u
AT MATFIUVBUALIVDD
guuQil HS-3600-Tw 12 29.6333 2.27410 0.65648
ndoaftad1etu -Tw 12 29.7583 2.33645 0.67448
nq'uﬁ'amthaﬁtﬂu§ﬁiz§aﬁuuazﬁu (Independent Samples Test)
QauUHg
SIEMINATOY TUYANMANY  auYANAIAN
wlsibsanumay wlsdsauluminu
mMIinagoauLiyl Lavene (F) 0.032
annuven sl (Sig) 0.859
MINATBLLLY ¢ onageunUTIAY (0 -0.133 -0.133
Aunde Aoamdase (df) 22 21.984
anuulsilsau arwinfsdidgnieada 2-n) 0.896 0.896
ANNUANANA U YEIRIRAY -0.1250 -0.1250
ANUUANAIUBIMANNLYSUs VB uRuIM A 0.94121 0.94121
sz mudesiudi 95% -2.07695 -2.07703
1.82695 1.822703

INHANITNATOULL Lavene 9ZWUIAIADA F MINU 0.032 waslinie
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o e

ag1iitivd Ay (P=0.896 > 0.05)
AT 4.6 HaNISNAABURUNYINGN T,

ntjuaﬁﬁ (Group Statistics)

y A oA y oA
IV Y ARagvaITIUAUUY

pINaaeY Sou  Auade u
naIgI N1ﬂi§1ﬂ1’ﬂ\1!ﬁﬂ!ﬂﬁﬂ
gunil HS-3600-T, 12 327017 1.93130 0.55752
' ] ‘3
wsesfiadediu -T, 12 329250 1.99095 0.57474

\ o U 4 - & Qs o/
nguded1aiiudasedaiuuaziu (Independent Samples )

QNI

TemInazey augAnImANY  o@AnmANY

wlsdsauvinu  wlsdsadlaimnu

MINAABUUUY Lavene (F) 0.053
annumiduvesnuulsilsiu (Sig) 0.821
mInage UL t enageun iy (1) -0.167 -0.167
Aunfv Memdasy (df) 22 21.980
Anuulsilsau aididsddgmeada 2-ne) 0.869 0.869
AIuUARAF B IR IRGY -0.1333 -0.1333
AU eItIANNLY T VB UMD 0.80072 0.80072
Mo 95% -1.79392 - -1.79401
1.52725 1.52734

o (Y

INHANISNATBVLUY Lavene 9SHUNMADA F 110U 0.053 wazlinnisvd

=n. 2

b ] )
YeadA (P=0.821>0.05) duiuSamnedshammnlsdsauvesi T, fldnniniesile
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ag1liud Yy (P=0.869 > 0.05)
MTNN 4.7 wansnaasuguUiingy WBGT

AQUADA (Group Statistics)

) D4 drudfioan  dundavesdadioau
MInaaeu 1 Aunde u
AT UAIGIUVBIAHINAD —
QUHQN HS-3600- 12 30.6817 2.05127 0.5215
WBGT
doaitadrety 12 30.7200 2.05315 0.5926
WBGT
nq'uﬁmdnﬁﬁ‘luﬁﬂszéaﬁuuazﬁu (Independent Samples Test)
Qangi
UMINATOY mE@nNMANN  FAENMANN
whsdsumay  wdsdsaumiiu
mInaaauLyy Lavene (F) 0.005
manumtuvesnuulsdsau (Sig) 0.947
MIMAROULLY t ienageunImify () -0.046 -0.046
Aunde mewndase (4o 22 22
annuulsdsau arwihisdifignaaaa 2-n) 0.964 0.964
AMILANAAUYe IR IR AL -0.0383 -0.0383
AnuuAnaNveIma ULl uve uRumie 0.83781 0.83781
fgaennuderiiui 95% -1.77585 -1.77585
1.69918 1.69918
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WARRANTY CLAUSE

METROSQONICS, INC. warranis each new instroment manu-
factired and soldto be freefrom defects inmaterial, workmanshipand
consinuction, exceptforbatteries which maybe contained therein, and
that whenusedinaccordance with this ovmer's menual will performbo
applicable specifications foraperiod ofone year afler original defivery.

if examination by METROSONICS, INC. discloses that the
product has been defective, then our obligation islimited to repairor
replacement, atour option, of the defective unit orits components.

METROSONICS, INC. is not responsible for products which
have been subject to misuse, aiteration, accident or for repairs not
performed by METROSONICS, INC.

Instruments mustbe retumed properly packed withtransporta-
tion chearges prepaid o METROSONICS, INC.; refum transportation
charges will be F.0.B. factory. No parts shall be retumed unless a
‘retum suthorization number is received, which will be furnished by
request.

Hiability, andis inlieu of any atherwamanty, of merchantibifify orfitness.

METROSONICS, INC. shall not be responsible for any incidental or

consequential damages arisingfrom any breach of warranty.

Manual #2044-003 REVB
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Chapter 1
INTRODUCTION

The Metrosonics hs-3600 Heat Stress Monitoris a
portable instrument for measuring the high humidity,
temperature and radiantheat conditions thatcan cause
heat stroke and other heat induced ilinesses.

This simple to operate instrument contains all three
temperature sensors needed to instantly compute the
WBGT indoor and outdoor indices. The three individual
temperatures and both indices can be displayed in
either °C or °F on the easy-to-read LCD.

Extremely rugged, the hs-3600 is packaged in a
lightweight aluminum extrusion, which is gasketed to
withstand rough handling and harsh environments.

_Anoutputoptionis available whieh allows datatobe
recorded by connecting the hs-3600 to a datalogger
(such as Metrosonics di-3200). Call Metrosonics
Sales Department at (716) 334-7300 for more infor-
mation on this option.

-

Chapter 2
GETTING STARTED

The hs-3600 is composed of 4 assemblies:

+  Signal processing assembly
«  Drybulbsensor

= Wetbulb sensor

+ Globesensor .

The instruments’ circuitry is housed in an alumi-
num extrusion. -Each sensor assembly has a plug-in
connector allowing disassembly for storage.

An internal switch is used to select the desired
" temperature scale (Centigrade or Fahrenheit) (see "Se-
lecting Temperature Scale” later in this chapter).

One front panel switch is used to turn the hs-3600
on and off, and to select the desired temperature to

display.

a2
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The available temperétu re selections are:

«  Naturally aspirated wetbulb temperature
(WB)

« Globetemperature (GT)

»  Drybulbtemperature (DB)

« Indoorwetbulb globe temperature
(WBGTin =.7TWB + 3 GT)

«  Qutdoorwetbulbglobe temperature
(WBGT out= 7WB + 2GT + .1DB)

CONNECTING THE SENSORS

To connect the sensors to the hs-3600:

1.

Look at the symbols located on the top of the
unitto determine the appropriate connectorfor
each sensor. With the instrument display
facing you, the dry bulb is located on the left,
the globe in the center, and the wet bulbis on
the nght.

Alignthe black locking tab on the sensorbase
with the locating groove on the connector, and
then plug-in the sensor.

To remove a sensor assembly, depress the
locking tab located at the connector’s base,
and pull the sensor straight up.

Wet Bulb Sensor Preparation

The wet bulb sensor requires some preparation
eachtime the instrumentis used. Youwillneedtoplace
a clean cotton wick over the sensor fube and a sponge
inthe reservoirarea. Forproper operation, the sponge
and wick MUST be kept damp with distilled or deminer-
alized water. Ordinary tap water can be demineralized
using the demineralization resins that came with the

unit.

4.
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To prepare the wet bulb sensor:

1.

2.

3.

Slide the wick over the sensar, as far as it will
go. :

Slide the sponge over the covered sensor so
that it is in the reservoir area.

Pour distilled or demineralized water over the
sponge until it is saturated (dampening the
sponge will facilitate water passage over the
wick).

Toremove the wick and sponge:

1.
2.

Pull the wick straight upwards off the sensor.
Once the sponge is out of the reservoir area,
pull onthe spongetoslide the wick and sponge
offthe sensor.

Demineralizing Tap Water
Todemineralize tap water:

1.

Coverthe bottom ofthe water supply bottle that
came with the hs-3600 with the demineraliza-
tion resins.

Fill the bottle with tap water.

Cover and shake for about 30 seconds.

5.

NOTE: Theresins may be used for several refills of tap
water. Replace resins when blue resins become light

brown.

IMPORTANT!

Individual sensors are serialized for a given unit.
The serial numbers are located on the base of each
sensor and on the back of the unit. Interchanging
sensors between units may induce emorsofupte 1.0°C
(1.8°F). If asensor is broken, the entire unit should be
returned to Metrosonics, Inc. for a replacement as
recalibration is necessary.

-6-
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BATTERY

Thehs-3600is powered by a9 volt alkaline battery,
with a nominal lifetime of 250 hours. When the battery
becomes low, an amrow («) will appear on the hs-3600
display.

Battery Replacement
The procedure for replacing the battery is very
simple and can easily be performed within seconds.
To change the battery:

1. Tumthe hs-3600 off.

2. With the instrument display facing you, un-
screw the left side endcap screw and then
remove theendcap.

3. Tilt the unit slightly so that the battery slides
out of the battery holder.

4. Slide the fresh battery, terminal first, into the
battery compartment, with the + and - termi-
nals matching the diagram on the inside of the
unit.

5. Replace the endcap and tighten the screw. If
the endcap is NOT seated comectly or the
screw is NOT tightened correctly, the hs-3600

will NOT be watertight.
7-

Chapter 3
OPERATION

The instructions in this chapter assume you have
reviewed Chapter 2 in this manual. If you have NOT
reviewed Chapter 2, you should do so at this time.

These instructions also assume that you have
followed the instructions in Chapter 2 (i.e. you have
installed a battery and connected the sensor assem-
bhes).

ON/OFF

One switch controls the basic funcfions of the hs-
3600. Toturn the unit onand begin displaying tempera-
ture readings, simply rotate the switch located on the
front panel, from the "OFF" position to the desired
temperature function:

WB: Wetbulb temperature

GT: Globe temperature

DB: Dry bulb temperature

WBGTin: Indoorwetbulb globe temperature
WBGTout: Qutdoorwet bulb globe
temperature 8-
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To tumn the hs-3600 off, simply rotate the switch
back 1o the off selection.

The hs-3600 does NOT require any warm-up time;
it is fully operational and accurate when turned on.
However, ifthe monitoris moved fo anewarea, allowthe
sensors time to stabilize their temperature before tak-
ingreadings. Typical response times, forwide tempera-
ture changes, are as follows:

Wet Bulb: <5 min
Globe: <15 min
Dry Bulb: <5 min
WBGTin: <15 min
WBGTout: <15min

L] L] - - .

-9-

SELECTING TEMPERATURE SCALE

Centigrade or Fahrenheit temperature scales are
indicated on the display. A switch, located inside the
instrument allows selecting which temperature scale
will be displayed. To change between the two scales:

1. Tumthe hs-3600off.

2. With the instrument display facing you, un-
screw the left side endcap screw and then
remove the endcap. A yellow slide switch will
be exposed {located fo the right of the battery
compartment).

3. Push the switch down for °C or up for °F as
indicated in the following drawing.

di

4. Replace the endcap and tighten the screw.

SN
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Chapter 4
SERVICE INFORMATION

Inthe eventthe hs-3600 needsrepairor service, call
the Metrosonics Service Department at (716) 334-
7300.

The Service Department will try to determine the
cause of the apparent maifunction and provide the
necessary support to correct the problem.

In some cases, problems (or misunderstandings)
can be corrected over the phone, therefore, before
retuming the hs-3600 to the factory forservice, discuss
all problems with the Service Department.

Chapter 5
SPECIFICATIONS
AND ACCESSORIES

SPECIFICATIONS

Operating Range: 0 to +70°C (+32 to +158°F)
Measurement Accuracy: +05°C (30.9°F)
Measurement Resolution: 0.1°C (0.1°F)

Display: 3% digit LCD, 0.4 inch (10mm) height, "«"
low battery indicafor

Update Rate: 1/second

Battery: 9 volt alkaline, NEDA type 1604A; nominal
battery life is 400 hours.

Tripod Mount: %-20 UNC thread

Case: Aluminum extrusion, 7.5 x 2 x 2 inches
(19x5x5cm)

Environmental: Watertight, short term immersion in
accordance with {EC Standard 529-1978. 0 to 90% non
condensing humidity; -40 to +70°C storage temperature
ETL Classified for use in hazardous locations:
Division |, Class |, Groups A, B, C & D, Class Il, Groups
E, F & G, Class {li.

Total Weight {including sensors): 1.2 Ibs. (0.5 kg}
Specifications subject fo change without notice.

-12-.
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ACCESSORIES

ba-004 Replacement Batteries: Foureach standard
9voltalkaline batteries. MN-1604A type batteryrecom-
mended for normal operation and longer battery life.
dm-371 Demineralization Resins: Teneach20gram
packages of resins used to demineralize tap waterfor
Wet Bulb use

mf-371 Mounting Fixture: Rugged wall mounting
fixture forhs-3600 :

mt-371 Tripod: Sturdy, collapsible tripod to hold hs-
3600 Heat Stress Monitor during field measurements.
sc-360 Storage Case: Carrying caseforhs-3600 and
operating supplies

sk-371 Supply Kit: Includes one water supply bottle,
ten replacement wicks and fourreplacement sponges.
ca-300 Analog Output Cable (for Analog Output
Option ONLY)

-13-

Appendix |
WORK AREAS

The WBGTin and WBGTout values may be corre-
lated to a suggested length of “Stay-Time" for an
individual performing various tasks, under various
Physiological Heat Exposure Limits (PHEL). Charts
have been published, and are based upon extensive
testing of large samples of people working in various
environments. These charts are statistical averages,
and should be used ONLY as a guide; any particular
individual may not fit a particular curve. -

PHEL Charts:

To use the PHEL charts: .

1. Obtainthe WBGT valuefromthe hs-3600, inthe
environment the work is {o be performed in.

2. Using Figure 2, draw a horizontal line from the
WBGT axis through the curves.

3. Determine the degree or work effort 1o be
performed, from Figure 1. Note which curve
numbers (| thru VI) are recommended.

4. Decide which curve to follow, based upon the
work/rest cycle desired from Figure 1.

-14-
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5. Drawaverficalline formthe intersection ofthe
desired curve and the horizontal ling, to the
axis {abeled "HRS" This value is the total
length of time that a person could perfarm the
task, with the work/rest cycle chosen.

As an example, assume that an individual is to
perform a task defined as "Average Moderate Work".
Table 1 recommends 3 different work/rest cycles:

« 10 min work/50 min rest (Curve I)

« 20 min work/40 min rest (Curve i)

+ 30 min work/30 min rest (Curve VI)

1fthe WBGT value, as read onthehs-3600is95"F,
ahorizontalline drawn from 95°F through the curves of
Figure 2 reveal the following:
| Curve | Work Level Cycle Stay Time
| 10 min work/50 min rest 4. 1hrs
L] 20 min work/40 min rest 3hrs
Vi 30 min work/30 min rest 1.25hrs

if the individual chooses the 20 minute work/40
minute rest cycle, he should remain in the given
environment no longer than 3 hours, total.

~15-
PHEL CURVES FOR
INTERMITTENTWORK-REST
ok O, Mo, Minutes WorkNo. Minutes Reat
Shrving 450 - - - - 1
Average Light Wiarx a75 - ' L} [ v
T e | | [ ||
Average ModerxieWarnk 125 i [ ' ] - ] -
o 50 ] v - - -
Lower Heavy Work
| Average HeavyWork L] ] "] - - -
UppesHsavyto wm | w f - | -] -]~
LowerVery HeavyWarnx
Average Very Heavy| 225 N - o
Work 250 v 1 - .

*AB IOicaten in Tatie S 0T ASHRAE Handvook of Fundamentals.

Figure 1
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PEVEIOLOGICAL HEAT EXPOSURE (0TS (PHEL)

4%

*Obtained from a paper written by: Commander, Medical Service
Corps., U.S. Navy, Heat Stress Division - A.R. Dasler, Ph.D., at the
Naval Medical Research Institite, Bethesda, Maryland, entitied:
Heat Stress, Work Function and Physiclogical Heat Exposure Limits
inMan. 57

ACGIH Charts:

These Threshold Limit Values (TLVs}refertoheat
stress conditions under which it is believed that nearly
allworkers may be repeatedly exposed withoutadverse
health effects. The TLVs shownin Figure 3 are based
on the assumption that nearly all acclimatized, fully
clothed workers with adequate water and salt intake
should be able to function effectively under the given
working conditions without exceeding a deep body
temperature of 38°C.

PERMISSIBLEHEATEXPOSURE
THRESHOLD LIMIT VALUES
(Values are given in °C WBGT)
Work Load

‘Work-Rest Regimen . Light Moderete Heavy
Continuous Work 30.0 267 2.0
75% Work -
25% Rest, each hour 306 280 259
50% Work - , )
50% Rest, each hour 314 284 279
25% Work -
75% Rest, each hour 322 311 300

Figure3
-18-.
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PERMISSIBLEHEATEXPOSURE
THRESHOLD LIMIT VALUES
5o a5
M0
] o “1ss
@ %
v [
o L
a -]
¥ xl- 1 ®
LEGEND 78
. CONTINUOUS
s TG WORK - 25% REST EACH HOUR
— s — SO%WORHK - 50% REST EACH HOUR
w— o ome S8 WORK - 7% REST EACH HOUR 0
2% i 1 | | ] ¥
100 200 00 400 500
bty
0 W0 (200 1600 2000
Biutr
Rate of Work
Figure4-
-18-
Work-Rest Regimen:

The permissible exposure limits specified in Figure 3
and Figure 4 are based on the assumption that the
- WBGT value of the resting place is the same or very
close to that of the workplace. Wherethe WBGT ofthe
work area is different from that of the rest area a time-
weighted average value should be used forboth environ-
mental and metabolic heat. Whentime-weighted aver-
age values are used, the appropriate curve on Figure 4
is the solid line labeled "continuous”.
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Appendix il
ATHLETIC ACTIVITIES

In July 1984, the American College of Sports
Medicine (ACSM) published a position statement on
*Prevention of Heat Injuries During Distance Running.™

Tobe competitive, the long distance runnermustbe
in excellent physical condition, exceeding the physical
fitness of most industrial workers. For long distance
races such as the marathon, the fastest competitors
run at 12 to 15 miles perhour, which mustbe classified
asextremelyhard work. Whenthe thermal environment
reaches even moderate levels, over-heatingcanbe a
problem.

To reduce the risk of heat-induced injuries and
illnesses, the ACSM has prepared alist of recommen-
dations which would serve as advisory guidelinesfobe

- followed during distance running when the environ-
mental heat load exceeds specific values. These .
recommendationsinclude (1) races of 10km orlonger
should not be conducted when the WBGT exceeds
28°C (82.4°F); (2) all summer events should be

4

-21-

scheduled for early moming before 8 a.m. or after 6
p.m.;(3) race sponsors mustprovide fluids; (4) runners
should be encouraged to drink 300-360 mL of fiuids 10
to 15 minutes before the race; (5) fluid ingestion at
frequent intervals during the race should be permitted
with water stations at 2-3 km intervals forraces 10 km
or longer, and runners should be encouraged to drink
100-200 mL ateach water station; (6}runners should be
instructed on recognition of early signs and symptoms
of developing heatillness; and (7) pravision should be
made for care of heat-illness cases.
in these recommendations the WBGT is the heat
stress index of choice. The red flag high risk WBGT
index value of +23 to +28°C (+73.4 10 +82.4°F) would
indicate all runners must be aware that heat injury is
possible, and any person particularly sensitive toheat -
or humidity should probably nof run. Anamber flagis
moderate risk witha WBGT of +18t0 +23°C(+64 4 to
+73.4°F). tis assumed that the air temperature and
humidity and solarradiation are likelytoincrease duning
the day. : g ‘
* American Coflege of Sports Medicine, Prevention of heat injuries
during distance running - ACSM position statement. Med. Sci.
Sparts Exer. 1984; 16:1X-XIV.

22.
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Appendix il
ao-3600
ANALOG OUTPUT OPTION

Analeg Outbut to datalogger (dI-3200)or recorder.

SPECIFICATIONS:
OutputLevel: 10 mv/degree of displayed reading
Accuracy: 10.7 degrees

GND O«—j-3 OUTPUT
OUTPUT CONNECTOR
-23-
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369143 Moo.? Puianikss RD, Preslcasa , Muang , Saroutprakern 10380
Tel £ 02-7013319, 0B5-0174554,083-5876354  Fax : (2-7013319

| Certificate No. : SLEL07TTO!

| Work OrderNo. 4 998/11/2008

| Caltbration Date s 011008

| tosue Date s o108

CustomierCode  :+  POR0

| ComomerAddros 1 1024 Suttisen Rd, Dindeeng Buagkok 10400

Eqeipment i HEAT STRESSMONITOR  Ramge 1t 25-35C
| Manutactarer - :  THODSAPHON eiohutln © 01°C.
| Madein : THAWAND ¢ NA
Sertal No. 't STOU-THOI

Model t NA

| gavirommens ¢ Tempi(C)2542  Hamid i (%RH)S0£10.

This certificate mey ot b reprodnced ofher than i fal except with the pior wriien spproval of
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Certificution - S11167IT01 -

Customer : THODSAPHON

Equipment: HEAT 8TRESS Manufucturer :THODSAPHON Muade In ¢ THAILAND
MONITOR

Model 1 N/A - Seriat No: STOU - THOY Identification Ne: THODSAPHON-0{

Range :25-38°C Resotution : 0.1'C Callbration Date: 07/11/2008

Method of Calibration : Calibeation result as shown bolow is performed by comparision with standard
Temperature calibrator and temperature charmnber as not sdjustment

. UUC Resding ( 'C)

TEMPERATURE ( C) , ; ; pa— Correction
TABLE 1 WB Channel

250 %1 | 82| 251 25.1 B

B30 s | 352 | 381 351 Y
TABLE : DB Channel

250 249 | 48 | 249 | s 02

350 149 | 349 | 348 usg 0.2
TABLE : GT Channcl '

25.0 251 | 252 | 251 25.1 01

80 380 | 381 | 380 350 00

Uncertainty of Measurementls s + 0.058°C
The reported uncértainty measurement was hased on standard uncertainty multiptied by ueowmggefnmx*z
providing a level of confidence of spproximately 95%

Reference Standard

Standard © CalDate
Tegnp. Calibrator 18/1/2008
Temperature chamber 14172008
Tracebility

This calibration certificata is traceable to national standard, with realize the units of the measurement according
to the International System of Unit (S1).through Technology Intrument Co.Ltd. Calibsation Laboratory, Thailand
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