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SAFETY CONSIDERATIONS 

This apparatus has been designed and tested according to Class Ill of IEC Publication 
348, Safety Requirements for Electronic Measuring Apparatus, and has been supplied in 
safe condition. The present Instruction Manual contains information and warnings which 
should be followed by the user to ensure safe operation and to retain the apparatus in 
safe condition. 
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USES 

• Measurement of all physical parameters neces
sary for the evaluation of heat stress using the 
WBGT-index 

• Measurement of air temperature, globe tempera
ture and natural wet bulb temperature 

• To establish acceptable working conditions in hot 
environments such as steel works, glass works, 
construction sites, etc. 

• Development of work/rest schedules in hot envi
ronments 

• Evaluation of complaints concerning hot thermal 
environments 

• Assessment of the effectiveness of changes to 
ventilation systems inside buildings 

• Research into hot environments 

FEATURES 

• Measurements in accordance with ISO 7243 

• Easy operation 

The WBGT- Heat Stress Monitor 
Type 1219 with its WBGT Transducer 
MM 0030 is a unique, compact, direct
reading instrument for estimation of the 
heat stress experienced by a working 
person in hot environments. It is ex
tremely simple to operate and may be 
used both inside buildings and on out
door workplaces such as building sites. 
Results can either be obtained directly 
from the easy-to-read, 3 lfz element, liq
uid crystal display, or stored in the non
volatile memory for subsequent display 
and/or plotting. 

Measurements obtained comply with 
the requirements of ISO 7243-1982 
"Hot environments - Estimation of the 
heat stress on working man, based on 
the WBGT-index (wet bulb globe tem
perature)" 

BP0463-11 
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WBGT- Heat Stress Monitor 

• Self-test routines ensure correct functioning of in
strument 

• One small portable unit enables measurement and 
automatic calculation of the WBGT heat stress in
dex 

• Three WBGT Transducer input channels 

• No recalibration when transducers are changed 

• Data recording of up to 8 hours in non-volatile 
memory 

• Stores 60 evenly distributed measurements of 
each parameter throughout pre-selected mea
surement period 

• Stores mean, maximum and minimum values for 
each transducer element and also for the WBGT
index 

• Automatically registers the "maximum 1 hour 
mean value" of the WBGT -index 

• Analogue outputs 

• Several power options available; internal battery, 
mains or DC supply 

• Data conversion between o C and oF 
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1. Normal WBGT -index: 
WBGT = 0,7 · tnw + 0,3 · t9 

2. WBGT -index when high solar load exists: 
WBGT = 0,7 · tnw + 0,2 · t9 + 0,1 · ta 

3. Weighted WBGT -index when heat stress is uneven 

WBGT . WBGT head + 2 · WBGT abdomen + WBGT ankles 
wetghted 4 

where all units are in oc or °F 

and tnw = natural wet bulb temperature 
t9 = globe temperature 
ta = air temperature 

841318 

Fig. 1 Definiti ons of WBGT according to IS O 7243 

Introduction 
The WBGT-index is a well known 

and widely used method for estimat
ing the heat stress experienced by a 
person in hot working environments. 
Determination of the WBGT -index 
necessitates the measurement of natu
ral wet bulb temperature (tnw), globe 
temperature (tg) and in certain cir
cumstances the air temperature (ta)· 
The definitions for the WBGT -index 
under different conditions are given in 
Figure 1. 

The WBGT- Heat Stress Monitor 
Type 1219 consists of a portable, bat
tery or mains powered instrument 
which simultaneously senses globe, air 
and natural wet bvlb temperature via 
a three-in-one WBGT Transducer. Up 
to three WBGT Transducers can be 
connected simultaneously. The Trans
ducers are connected by cables, fitted 
with water-proof connectors, to the 
Type 1219. 

Fig. 2 The WBGT Transducer MM 0030 
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Measurements obtained using the 
WBGT -Heat Stress Monitor can be 
read directly from the Display, or 
stored in the non-volatile Memory and 
subsequently plotted on an X - Y Re
corder such as B & K Type 2308. Lev
el Recorders, such as B & K Types 
2309 and 2317 may also be used. 

The WBGT Transducer 
MM0030 

The measurement of the WBGT-in
dex is automatically performed by the 
WBGT-Heat Stress Monitor fitted 
with a WBGT Transducer (Figure 2). 
The WBGT Transducer (MM 0030) 
consists of three separate transducer 
elements, which measure natural wet 
bulb, air and globe temperature re
spectively. All three temperature mea
surement devices are based on ex
tremely accurate, platinum (Pt100) re
sistance temperature sensing 
elements. 

Air Temperature Transducer: 
A cut-away diagram showing the es

sential parts of the Air Temperature 
Transducer is shown in Figure 3. The 
platinum resistor is surrounded by a 
cylindrical radiation shield which is 
open at both ends. This shield reduces 
the influence of environmental ther-

Thermal 
Radiation 

Shield 

50 mm 

Pt 100 Temperature 
Sensing Element 

Support 

841273 

Fig. 3 The A ir Temperature Sensor 



Fig. 4 The Globe Temperature Sensor 

mal radiation, whilst allowing air to 
circulate freely past the sensor. Since 
platinum has a well defined tempera
ture coefficient, air temperature can 
be accurately measured by a change in 
its resistance. 

Globe Temperature Transducer: 
The Globe Temperature Transduc

er shown in Figure 4 consists of a 
PtlOO temperature sensing element 
situated in the centre of a 150 mm 
diameter globe. The globe is made 
from 0,4 mm copper sheet, coated 
with optically black lacquer which has 
an emission coefficient of 0,98. The 
temperature measured, at the globe 
centre, is an equilibrium temperature 
caused by radiative and convective 
heat exchange between the globe and 
the environment. Thus, the globe tem
perature is influenced by air tempera-

ture, radiant temperature and air ve
locity. 

Wet Bulb Temperature Trans
ducer: 

The Wet Bulb Temperature Trans
ducer shown in Figure 5 is constructed 
from a PtlOO temperature sensing ele
ment mounted inside a gilded copper 
cylinder. The cylinder is packed with 
a heat conducting silicon compound 
and is surrounded by a moistened cot
ton wick. The dimensions of the sen
sor are as specified by ISO 7243. A 
40 ml reservoir of distilled water en
sures that the wick is kept moist. The 
temperature sensor is not protected 
from environmental radiative effects 
and is only ventilated naturally. 
Therefore, the temperature measured 
is the natural wet bulb temperature 
(tnw), which is influenced by air veloci-

ty, air temperature, radiant tempera
ture and humidity. 

The WBGT-Heat Stress 
Monitor Type 1219 

A system configuration of the 
WBGT - Heat Stress Monitor Type 
1219 is shown in Figure 6. Signals 
from the Transducers are fed into an
alogue circuits which provide signal 
conditioning. The analogue signals are 
then converted to digital data via a 
ten bit AID Converter. 

Inputs 
Up to three WBGT Transducers 

can be connected simultaneously to 
the WBGT-Heat Stress Monitor via 
sockets on the front panel. This en
ables WBGT measurements to be ob
tained simultaneously either at differ-
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Fig. 5 The Wet Bulb Temperature Sensor 

ent heights at one location or at three 
separate locations. 

Although the three input sockets 
are identical, the Type 1219 automati
cally selects the input from "Ch. B", 
unless another input channel is select
ed manually. The input to "Ch. B" can 
also be weighted as described in the 
section on the weighted WBGT - in
dex. 

Microcomputer System 
The Microcomputer system consists 

of a CPU (Central Processing Unit), 
digital clock, a ROM (Read Only 
Memory) for program and algorithm 
storage and a RAM (Random Access 
Memory) for storage of the measured 
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data. Immediately after switching 
"On" a data check function ensures 
that the data stored in the Memory is 
the same as that which was recorded. 
The Type 1219 also incorporates a 
D/ A Converter which provides linear
ized analogue signals to the analogue 
outputs on the rear panel of the Type 
1219. 

Memory 
When the Heat Stress Monitor is 

switched off the RAM is powered by a 
small built-in lithium battery. This in
ternal battery ensures that the data 
are retained (for more than 5 years) 
even when the Monitor is switched off, 
or the main power supply is discon
nected. A series of up to sixty mea-

surements of each parameter can be 
retained in the Memory. The mean, 
maximum and minimum values for 
each parameter and each WBGT -in
dex are also recorded, as is the value 
and start time of the "maximum 1 
hour mean WBGT". This data storage 
capability is available for all three in
put channels simultaneously. 

Display 
The Type 1219 has a large 3 1/2 ele

ment Liquid Crystal Display (LCD). 
As well as providing numerical data, 
this Display provides indications of 
the measurement units used, whether 
the displayed data is current or from 
the memory and a battery low indica
tion (see Figure 7). 

The WBGT -Heat Stress Monitor 
incorporates a number of self-test 
functions. When these tests discover 
either a hardware fault or a data error 
an appropriate error message appears 
on the Display. When the memory 
data check indicates that the stored 
data is erroneous, a flashing data dis
play is obtained. 

Outputs 
The WBGT -Heat Stress Monitor 

has three output sockets on the rear 
panel (2 BNC and one 8-pin DIN). 
Output of either real-time measure
ments or recorded data are possible 
via these sockets. 

The WBGT -index obtained from 
the "Ch. B" input channel is always 
available from the BNC socket la
belled "Ch.B WBGT". The second 
BNC output provides an analogue 
voltage corresponding to the value of 
the parameter selected for the Dis
play. This output can thus be deter
mined by the input and parameter 
pushkeys selected. The 8-pin DIN 
"Recorder Control" socket provides 
the necessary signals to control Level 
or X-Y Recorders . 

An X-Y Recorder such as B & K 
Type 2308 as shown in Figure 9, or 
one of the B & K range of Level Re
corders may be used to obtain perma
nent records of measurements. Special 
Recording Paper (in either oc or °F) 
is available for use with the B & K 
X- Y Recorder Type 2308. An example 
of a recording is shown in Figure 10. 

Power Supply 
The Type 1219 is supplied with 6 

alkaline batteries (QB 0004). Alterna
tively, rechargeable NiCd cells (avail
able as optional accessories) may be 
used. If the battery supply should run 
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down, the warning "BAT" appears on 
bottom left-hand corner of the Dis
play. 

Rechargeable cells can be charged 
in-situ using Battery Charger ZG 0113 
(both available to order) or any other 
suitable DC power supply. An option
al Mains Power Supply (ZG 0199) en
ables the Type 1219 to be powered 
continuously from the mains and also 
to recharge installed batteries. 

Controls 
All pushkey controls are situated on 

the front panel of the Monitor and are 
grouped according to their function. 
The four main groups are "Display", 
"Averaging Time [h]", "Recall Memory 
Content" and "Value". 

Three separate pushkeys on the 
left-hand side of the front panel are 
for selection of the input channel to be 
displayed. When the channel is select
ed the Light Emitting Diode (LED) in 
the pushkey is lit. 

On the right-hand side of the Dis
play are three function pushkeys 
("°CjOF", "Direct Sunshine", and 
"Elapsed Avg. Time") and the "Power 
On" switch. 

Units 
The "°C/0 F'' pushkey can be used 

to convert displayed data from oc to 
°F or vice versa. 

Direct Sunshine 
The "Direct Sunshine" pushkey is 

for use in outdoor environments with 
solar load (i.e. when the Globe is ex
posed to direct sunshine). Under such 
circumstances ISO 7243 specifies that 
a modified relationship (see Figure 1) 
is used to calculate the WBGT - index. 
This modified formula incorporates 
the air temperature (t8 ) and reduces 

Fig. 8 Application of the Heat Stress Mon
itor in "Direct Sunshine" 
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the influence of the globe temperature 
in the calculation of the WBGT-in
dex. The modified WBGT-index is 
automatically calculated by the Type 
1219 when the "Direct Sunshine" 
pushkey is activated. 

Elapsed Averaging Time 
The "Elapsed Avg. Time" pushkey 

provides an indication of the length of 
time that recording of data has been 
in progress. The indicated time (in 
hours and minutes) is from the time 
that the recording was set to "Run". 
The "Elapsed Avg. Time" pushkey can 
also be used in conjunction with the 
"Max./ 1 h" pushkey to establish the 
commencement time of the "maxi
mum 1 hour WBGT-index". 

Display 
The "Display" section consists of 

five pushkeys which are used to select 
the measured value for the Display. 
On switching on the Type 1219 an in
ternal check is performed by the in
strument. During this check the Dis
play indicates three zeros and a down
ward facing arrow. Upon a successful 
completion of this check the Ch.B 
WBGT -index is calculated and auto
matically displayed. The displayed 
value is updated every 8 seconds. Indi
vidual transducer measurements of 
Globe, Air and Wet Bulb tempera
tures can also be displayed by select
ing the appropriate pushkey. The fifth 
pushkey in the "Display" section is for 
the display of the weighted WBGT
index. 

Weighted WBGT 
To obtain a weighted WBGT-index, 

one WBGT Transducer (MM 0030) 
must be connected to each of the three 
input channels. If three WBGT 
Transducers have been connected, the 
Type 1219 can calculate and display a 
weighted WBGT -index using the 
formula in Figure 1, with the "Ch. B" 
input being weighted, by a factor of 2. 

Fig. 11 Application of the "weighted 
WBGT -index" 
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Fig. 9 Recording of output from the Heat Stress Monitor using a B & K Type 2308 X-Y 
Recorder 
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Fig. 10 Graph obtained from a Type 2308 X-Y Recorder connected to the Type 1219 

ISO 7243 specifies that these 
WBGT measurements should be per
formed at positions corresponding to 
the height of the head, abdomen and 
ankles of the individual under investi
gation, and that the abdominal value 
should have the greatest weighting. 
For a standing person the distances 
above the ground are 1,7; 1,1 and 
0,1 m respectively, whilst for a seated 
person the respective heights are 1,1; 
0,6 and 0,1 m. As the greatest weight
ing is given to the measurement at the 
abdominal level the WBGT Transduc
er connected to the Channel B input 
should be placed in this position. 

Averaging Time [h] 
The "Averaging Time [h ]" section, 

situated directly under the Display 
consists of five pushkeys. These con
trols are for setting recording period 
duration, and also for initiation and 
termination of the recording. 

Four recording periods (1, 2, 4 and 8 
hours) are available. To select one of 
these recording durations the appro
priate pushkey should be depressed. 

In order to start a recording the 
"Run" pushkey must be pressed whilst 
the appropriate "Averaging Time [h]" 



pushkey is kept depressed. This dou
ble key system is a design feature of 
the Type 1219 which ensures that data 
previously stored in the memory are 
not lost through accidental activation 
of the "Run" pushkey. 

Similarly, the double key system 
must be used to prematurely termi
nate a recording by holding down an 
"Averaging Time [h]" pushkey and 
pressing the "Run" pushkey. 

Recall Memory Content 
The five pushkeys in the "Recall 

Memory Content" section are subdi
vided into "Manual" and "Recorder" 
subsections. Data stored in the Memo
ry of the Type 1219 can be replayed on 
the Display by pressing the "Step" 
pushkey. Each time this push key is 

activated the next stored measure
ment appears on the Display. The in
dividual measurements are numbered 
from 1 to 60, and the index number 
appears briefly before the actual mea
surement is displayed. The individual 
data for weighted WBGT, WBGT, 
Globe-, Air- and Wet-bulb tempera
tures can thus be obtained on the Dis
play by pushing the appropriate "Dis
play" pushkey. The "Manual" push
keys can also be used to display 
recorded data during the actual mea
surement period. 

The three pushkeys in the "Record
er" subsection are used to output re
corded data via the rear panel outputs 
onto an X-Y Recorder such as the 
Type 2308 or a Level Recorder such as 
Type 2317. The Type 1219 provides 

WBGT-Heat Stress Monitoring Set Type 3531 

A complete WBGT-Heat Stress 
Monitoring Set Type 3531 consisting 
of Type 1219 with its WBGT Trans
ducer MM 0030, various accessories 
and a specially designed, light-weight 
carrying case may be ordered. 

The carrying case (Figure 12) is 
made from water-proof, impact resis
tant polyurethane foam and is for 
storage of the Type 1219 both during 
measurements and during transport. 
The case also serves as a base for the 

Fig. 12 Carry ing Case KA 2008 with accessories for use with the Heat Stress Monitor 

"Zero" and "F. S." (Full Scale) calibra
tion signals enabling correct adjust
ment of the Recorder's input amplifi
ers. 

Value 
The five pushkeys in the "Value" 

section are used to select either the 
current values of any of the measured 
parameters or to retrieve the "Mean", 
"Max." or "Min." values from the 
memory. These values are automati
cally calculated and stored by the 
Type 1219. There is also a "Max./ 1 h" 
pushkey for retrieval of the calculated 
"maximum one hour mean WBGT" 
value from the memory. This push key 
can also be used in conjunction with 
the "Elapsed Avg. Time" pushkey to 
determine the start time of the "maxi
mum 1 hour mean WBGT". 

extension rods on which the WBGT 
Transducer can be mounted at the 
correct measurement heights (Figure 
13). 
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Applications 

The WBGT- Heat Stress Monitor 
Type 1219 can be used in places such 
as factories, building sites, bakeries 
etc. where heat stress is a potential 
problem. The Type 1219 can be used 
to determine whether a heat stress 

problem does exist and to establish its 
severity. In conjunction with guide
lines such as ISO 7243 the Heat Stress 
Monitor can be used to establish or 
modify work/rest schedules to allevi
ate heat stress problems and improve 

Fig. 13 Use of Carrying Case KA 2008 as a support for mounting the WBGT Transducer 

efficiency. It may also be used to study 
whether environmental controls such 
as increased air flow, or reduction in 
humidity levels have been effective in 
reducing heat stress. 

Specifications Type 1219 and WBGT Transducer MM 0030 
Stated measurement ranges and accuracies 
are for combination of Type 1219 and trans
ducer. 

WBGT TRANSDUCER MM 0030 

GENERAL: 
Cable Length: 3 m 
Connection Plug: Waterproof 11-pin plug 
Mounting: Standard 3fa in camera thread 
Mounting Holes for B & K Tripod: 15 and 
28 mm diameters 
Storage Temp:- 25 to 75° C (- 13 to 16JOF) 

GLOBE THERMOMETER TRANSDUCER: 
Range: 5 to 100° C (41 to 212°F) 
Accuracy: 

5 < t9 < sooc range: Better than ± 0,5°C 
(41 < t9 < 122°F : Better than ± 0,9° F) 
50 < t9 < 100° C range: Better than ± 1,0° C 

(122 < t9 < 212°F: Better than ± 1,8°F) 
Response Time: 7 minutes to 90% of step 
change 

WET BULB TEMPERATURE TRANSDUCER: 
Measurement Range: 5 to 40° C (41 to 88° F) 
(wet bulb temperature) 
Accuracy: Better than ± 0,5° C ( ± 0,9° F) 
Response Time: 5 minutes to 90% of step 
change 

AIR TEMPERATURE TRANSDUCER 
Range: 10 to 60° C (50 to 140°F) 
Accuracy: Better than ± 1 ,ooc ( ± 1 ,8° F) 
Response Time: 50 s to 90% of step change 
(in still air) 

WBGT METER TYPE 1219 

GENERAL: 
Working Range: 5 to ssoc (41 to 131 ° F) 
Battery Life: Min. 10 hours per battery set 
Storage Temp: - 25 to 75° C (- 13 to 167° F) 

INPUTS: 
Number of Transducers: Maximum of 3 
MM 0030 units 

DATA RECORDING: 
Recording Periods: 1, 2, 4 and 8 hours 
Storage: 60 values of "current" temp. evenly 
spaced throughout selected measurement 
period; Mean, Max. & Min. temperature; start 
time and mean value of the hour with highest 
WBGT -index. Mean, Max. & Min. temperature 
values are updated every 8 seconds. Records 
individual transducer data and WBGT -index. 
Non-volatile memory ensures permanent data 
storage 

DISPLAY: 
3 112 character LCD. Data read-out selected 
via pushkeys 
Units: °C, ° F, h:min 
Resolution: 1 decimal place 

OUTPUTS: 
2 BNC sockets (plug JP 0035) provide linear
ized DC analogue outputs for Recorders (1 
output proportional to Display value, other 
proportional to Ch. B-WBGT) 
Voltage Range: 0 V to + 5 V (50 mV ;oc or 
27,8 mV/° F) 
Minimum Load Impedance: 200 fl 
Recorder Control: 8-pin DIN socket for Level 
or X-Y Recorder (e.g. Types 2317 or 2308) 

EXTERNAL POWER SUPPLY: 
7-pin DIN plug for external power supply 
(9 - 15 V) or Battery Charger ZG 0113 

WEIGHT: 3,7 kg incl. batteries (8,1 lbs) 

DIMENSIONS: 
Height: 133 mm (5,2 in) 
Width: 210 mm (8,3 in) 
Depth: 200 mm (7,9 in) 

ACCESSORIES INCLUDED WITH 1219 
WBGT Transducer. .... .. ..... .. ................ .. MM 0030 
6 Alkaline Batteries (IECLR20) .. ... ...... QB 0004 
2308 Recording Paper (S.I) ................. QP 3573 
2308 Recording Paper (Imperial) ....... QP 3574 
2 BNC Coaxial Plug ..... ... ....................... . JP 0035 
1 7-pin DIN plug ......... ..................... ..... ... JP 0703 
1 8-pin DIN plug ...................................... JP 0802 

ACCESSORIES INCLUDED WITH 
WBGT-HEAT STRESS MONITOR SET 
TYPE 3531 
WBGT -Heat Stress Monitor ......... ... Type 1219 
Transducer Carrying Case* ................ KA 2008 

ACCESSORIES AVAILABLE: 
Additional WBGT Transducer ..... .... .. . MM 0030 
Portable Tripod .. ...... .... .. .... .. ........ ... ... .. .. UA 0587 
Recording Paper for 2308 (S.I) .. .... ..... QP 3573 
Recording Paper for 2308 (impe-
riai) ........ ... .... ............. ... ......... .. ...... ..... .. .... . QP 3574 
Recording Paper for 2317 ........... .... ... . QP 0102 
Rechargeable NiCd Cells (6 re-
quired) .. .. .. ..... .... .. ........................... ........ .. QB 0008 
Battery Charger ............ .. ... ............. ....... ZG 0113 
Mains Power Supply .... .... .... ... .. ............ ZG 0199 
Extension Cable for 
MM 0030(1 0 m) .... .. ... .. ... .. .. .... .. ...... .. ... ... AO 0280 
Control Cable .......... .. ..... ........................ AQ 0034 
Coaxial Cable ........................................ AO 0087 
Extension Rod ........................................ UA 0840 
5 m. roll of Cotton Socking .. ............... QA 0143 

* The Transducer Carrying Case includes 2 
Extension Rods, Scissors, Plastic Bottle for 
distilled water and 5 m roll of Cotton Sock
ing 



2.1. FRONT PANEL 

2. CONTROLS 

---~~---------------------------------------------------

Input Ch . A 

Input Ch.B 

Input Ch.C 

WBGT - Heat Stress Monitor 
Type 1219 

Memory 
Oat a 

Battery 
low 

r--Averaging Time [h}----, Run 

' - . 
1 2 4 8 - -Start/Stop 

WBGT ,-Transducer---, 

Direct Elapsed 
C I f Sunshine Avg. Time 

Power 
On 

,-Manual --, ,-Recorder ----, 

Step Reset Zero F.S. Start 

l___Recall Memory Content------.! 

Weighted WBGT Globe Air Wet Current Mean Ma•. Min. Ma.. i 1 h 

Briiel& Kj<llr 

Fig. 2. 1. Front panel of WBGT -Heat Stress Monitor Type 1219 

The front panel controls of the Type 1219 can be conveniently grouped 
into the following sections: 

1 . Power switch 
2. Input section 
3. Display controls 
4. Averaging Time controls 
5. Recall Memory Content controls 
6. Value controls 
7. Unit selection 
8. Direct Sunshine control 
9. Elapsed Averaging Time 

All controls (with the exception of 2 pushkeys and the "Power" switch) 
on the front panel of the Type 1219 have red LEOs which are lit when 
the pushkey is activated. Some operations require the use of combina
tions of controls. 
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2.1.1. Power Switch 

On- Off: 

2.1.2. Input Section 

Ch.A: 

10 

Two pole switch for turning the instrument "On" and "Off". When in 
the "Off" position data in the Memory remains unaffected and is re
tained. The Memory is independently powered by an internal lithium 
battery which has a life of at least five years. 

Input Ch.A 

Input Ch.B 

Input Ch. C 

Fig. 2.2. Input section and controls of Type 1219 

The Type 1219 has three input sockets on the left-hand side of the 
front panel. Beside each input socket is a pushkey which selects the 
input signal from that socket for display. The LED in the pushkey is lit 
when the input has been selected. 

When the Type 1219 is switched "On" the Ch. 8 Input is automatically 
selected for display. Each of the other channels may be selected man
ually by pressing the appropriate pushkey. When recording measure
ment data, the Type 1219 automatically stores the data from all three 
inputs. If no Transducer is connected a zero value is displayed and 
stored. 

Pushkey with LED for selection of Channel A Input for display or re
play via the output sockets. 



Ch.B: As above but Channel B is selected. 

Ch.C: As above but Channel C is selected. 

2.1.3. Display Section 

DISPLAY: 

WBGT Weighted: 

WBGT: 

3 1/2 element Liquid Crystal Display (LCD). Displays current and re
corded data. Also displays indicators for the measurement units, if 
battery is low and if displayed data is from the Memory. ___ ...... __ _ 

WBGT - Heat Stress Monitor 
Type 1219 

Memory 
Data 

Battery 
low 

r-Averaging Time(h}~ Run 

Start/Stop 

' C 1.· 

OF 

h:min 

I 
VVBGT r-----Transducer~ 

Weighted VVBGT Globe Air Wet 

. . . . . 

I 
L-----Display -------' 

Fig. 2.3. Display section controls of Type 1219 

There are five pushkeys in the Display section, which are used to select the parameter 
for display. 

Push key with LED used to obtain the weighted WBGT -index value on 
the Display. In order to obtain a valid weighted WBGT -index it is nec
essary to connect three WBGT Transducers MM 0030 to the 
WBGT -Heat Stress Monitor. The Transducers should be positioned at 
different heights (See Section 3.4.6 for details). 

Push key with LED used to display the measured WBGT -index value on 
the Display. The value displayed depends on the input channel select
ed. 
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Globe: 

Air: 

Wet: 

Pushkey with LED used to obtain the measured globe temperature on 
the Display. The displayed value depends on the input channel select
ed. 

Pushkey with LED used to obtain the measured air temperature on the 
Display. The value displayed depends on the input channel selected. 

Pushkey with LED used to obtain the measured wet-bulb temperature 
on the Display. The value displayed depends on the input channel se
lected. 

2.1.4. Recording Time Controls 

1: 

2: 

4: 

8: 

Run: 

This section consists of four AVERAGING TIME [h] pushkeys and one "Run" pushkey. 

r--Averaging Time [b) -:---J Run 

• 
1 2 4 8 

-. ~ Start/Stop 

Fig. 2.4. Recording time controls of Type 1219 

Pushkey with LED for selection of a one hour recording period. "Cur
rent" measurements of all parameters are recorded every minute. The 
pushkey must be held down whilst the "Run" pushkey is pressed in 
order to initiate (or prematurely terminate) the recording period. If a 
one hour recording has been used, the LED on the "1" pushkey will be 
lit when data is replayed from the Monitor Memory. 

As above except a two hour recording period is selected. "Current" 
measurements of all parameters are recorded every two minutes. 

As above except a four hour recording period is selected. "Current" 
measurements of all parameters are recorded every four minutes. 

As above except an eight hour recording period is selected. "Current" 
measurements of all parameters are recorded every eight minutes. 

Pushkey with LED used to initiate the recording of data in the Monitor 
Memory. As a safety feature to prevent accidental loss of memory 
contents the "Run" pushkey must be used in conjunction with an AV
ERAGING TIME [h] pushkey to initiate the recording. The same combi
nation of pushkeys can also be used to prematurely terminate a re
cording that is in progress. 

2.1.5. Recall Memory Content Controls 
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Five pushkeys, four with LEOs for recall of data stored in the Memory of the Heat Stress 
Monitor. This section of controls is further subdivided into "Manual" and "Recorder" 
sections. 



Step: 

Reset: 

Zero: 

F.S.: 

Start: 

r- Manual --, r-- Recorder ----, 
Step Reset Zero F.S. Start 

Fig. 2.5. Data recall controls of Type 1219 

Pushkey with LED used to step forwards through the data stored in the 
Memory. The values are shown on the Display and are preceded by 
the sample number. The desired parameter for display is selected by 
pressing the appropriate DISPLAY and INPUT pushkeys. 

Pushkey used to terminate the replaying of stored data from the Mem
ory onto the Display of the Heat Stress Monitor. When pressed real
time measurements are displayed. 

Pushkey with LED used to calibrate the Zero position on a Recorder 
prior to replaying stored data from the Type 1219. 

Pushkey with LED used to calibrate the Full Scale deflection on a Re
corder prior to replaying stored data from the Type 1219. 

Pushkey with LED used to initiate the replaying of stored data from the 
Type 1219 to a Recorder. The measurements replayed are first select
ed using the desired INPUT and DISPLAY pushkeys. 

2.1.6. Value Controls 

Current: 

Mean: 

Five pushkeys with LEOs for selection of output data. These pushkeys can also be used 
whilst a recording is in progress. 

Current Mean Max. M in. Max./1 h 

Fig. 2.6. Value selection controls of Type 1219 

Pushkey with LED which when lit indicates that the current value of the 
measured parameter is being displayed. The LED is also lit when the 
individual samples of each parameter are being replayed from the 
Memory. 

Pushkey with LED which when lit indicates that the mean value stored 
in the Memory is being displayed. This pushkey is used in conjunction 
with the DISPLAY push keys to obtain the mean values for the different 
parameters. 
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Max: 

Min: 

Max./1 h: 

2.1.7. Unit Control 

2.1.8. Direct Sunshine 

Direct Sunshine: 

2.1.9. Elapsed Averaging Time 

Elapsed Avg. Time: 

2.2. REAR PANEL 

Ch.B WBGT: 
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Pushkey with LED which when lit indicates that the maximum value 
stored in the Memory is being displayed. This pushkey is used in con
junction with the DISPLAY push keys to obtain the maximum values for 
the different parameters. 

Pushkey with LED which when lit indicates that the mm1mum value 
stored in the Memory is being displayed. This pushkey is used in con
junction with the DISPLAY push keys to obtain the minimum values for 
the different parameters. 

Note: This pushkey can also be used as a "hardware" check for all 
three inputs and all sensors. If a "Min." value of zero is obtained when 
any DISPLAY push key is selected, then either a disconnection or pow
er loss has occurred during the recording of that parameter. 

Pushkey with LED which when lit indicates that the "maximum one 
hour mean" value of either the WBGT -index or the weighted WBGT
index is being displayed. (See Section 3.4.6 for details). This pushkey 
can also be used in conjunction with the "Elapsed Avg. Time" pushkey 
to obtain the start time of the "maximum one hour mean WBGT" (see 
Section 3.4. 7 for details). 

Pushkey used to change the units in which measurements are dis
played. The Monitor can be set to preferentially display either oc or oF 
(See Section 3.4.3). 

Pushkey with LED which when activated, changes the way in which the 
WBGT -index is calculated by incorporating the air temperature mea
surement. (See Section 3.4.5 for further details). 

Pushkey with LED used during a recording period to obtain a display 
of the length of time that has elapsed since the recording was started. 
It can also be used in conjunction with the "Max./1 h" pushkey to de
termine the start time of the "maximum 1 hour mean" WBGT value 
(see Section 3.4.8 for details). 

BNC output socket accepting plug JP 0035 for connection of a DC 
recorder or other suitable device. The output is proportional to the 
WBGT value as determined by the Transducer connected to the Chan
nel B input. Output voltage is 50 mV/°C or 27,8 mV/°F (Maximum out
put voltage 5 V). Minimum load impedance 200 Q. 



DISPLAY VALUE: 

RECORDER CONTROL: 

EXT. POWER SUPPLY: 

Ext. Power 
Supply 

+9V to 
+15V 

Recorder Control 

& 
Charge voltage may 
be epplied on.ly wflen 
using rechargeable 
battariaa. 

Display Ch.8 
Value WBGT 

·~"""""''' SOmV t•c 

Fig. 2. 7. Rear panel of Heat Stress Monitor Type 1219 

BNC output socket accepting plug JP 0035 for connection of a DC 
recorder or other suitable device. The output is determined by the 
parameter selected for Display using the pushkeys on the front panel. 
Output voltage is 50 mV/°C or 27,8 mV/°F (Maximum output voltage 
5 V). Minimum load impedance 200 0. 

8-pin screw-lock socket accepting DIN plug JP 0802 or JP 0808 (with 
screw locking collar) or Control Cable AQ 0034 for connection to X-Y 
Recorder Type 2308 or Level Recorder Type 2317. Electrical connec
tions are shown in Figure 2.8. 

External View 

Pin 8 Pin 7 
X-out 

00 
Pul'e o,;, 

Pin 5 Pin 4 
Remote Stop Pen Down 

I0,1JLF 

-=- Chassis 
Pin 2 841 377 

Fig. 2.8. External view of RECORDER 
CONTROL socket of Type 1219 

Socket with screw-lock accepting standard 7-pin DIN plug JP 0703 or 
JP 0710 (with screw-locking collar). For recharging Ni-Cd batteries if 
these are installed in place of the alkaline cells supplied, and/or 
powering the instrument whether or not batteries are installed. The 
connections are shown in Fig. 2.9. 
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BATTERIES: 

FUSE: 

16 

Pin 3 
+ 12 V; 0,4 A DC 
to charge NiCd 

batteries 

External View 

Pin 2 
ov 

Pin 1 
+9 V to + 15 V 
to power the 

instrument 
externally 

84137f 

Fig. 2.9. External view of EXT. POWER 
SUPPLY socket of Type 1219 

A WARNING! - Before attempting to recharge cells in battery compart
ment ensure that rechargeable batteries are installed. 

Screw for opening the battery compartment of the Type 1219. Read 
the power supply instructions in Section 3.2 before attempting to fit or 
replace batteries. 

Fuse-holder accepting 1 A slow-blow fuse to IEC 127 Ill, VF 0010. See 
Section 3.2. 



3. OPERATION 

3.1. PRELIMINARY 

3.1.1. Environment and Handling 

The WBGT -Heat Stress Monitor Type 1219 is a readily transportable instrument de
signed to operate in a temperature range of between +5° to +55°C (+41° to +131°F) 
and may be operated in conditions of up to 90% relative humidity (non-condensing). The 
Transducer MM 0030 can be operated in ambient temperatures up to 75°C (167°F). A 
10 m Extension Cable AO 0280 (available as an optional accessory) can be used to 
protect the Monitor by distancing it from the Transducer(s). 

Other than observance of the instructions relating to power sources, no special handling 
precautions are necessary for the Type 1219 itself. However the WBGT Transducer 
should be treated with care and kept in the Carrying Case KE 2008 when not in use. 

The validity of the wet bulb temperature measurements is dependent on the cotton sock 
(wick) being clean and wet. Therefore, the Protection Cover should always be placed 
over the Wet Bulb Sensor when not in use. The user should ensure that there is suffi
cient distilled water in the reservoir, before commencing measurements. The cotton 
sock should also be replaced as soon as it begins to get dirty. 

The Water Reservoir for the Wet Bulb Sensor should only be filled with distilled water. 
The Reservoir has a capacity of approximately 40 ml and has a Water Level Indicator to 
show when the Reservoir is half empty. The centre core of the Water Level Indicator 
appears black when there is sufficient distilled water in the Reservoir, and reflects light 
when a refill is recommended. Under most measurement conditions there should be 
sufficient water in a full Reservoir for at least 8 hours of measurements. 

To fill the water reservoir proceed as follows, referring to Fig. 3.1: 

1. Unscrew the Protection Cover of the Wet Bulb Sensor. 

2. Unscrew the Water Level Indicator. 

3. Fill the Water Reservoir with distilled water using the supplied plastic bottle fitted 
with the nozzle cap. 

4. If the cotton sock has been replaced or is completely dry, drip some distilled water 
onto the top of and around the sides of the sock to ensure complete wetting of the 
sock. 

5. Screw the Water Level Indicator into its socket, and wipe off any excess water. 

6. Screw on the Protection Cover of the Wet Bulb Sensor and return the WBGT Trans
ducer to the Carrying Case if it is not to be used immediately. 
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Protection Cover for 
Wet Bulb Thermometer 

Wet Cotton Wick 

Reservoir __ --+-
Housing 

Pt 100 Temperature 
Sensing Element 

(dimensions as specified) 
by ISO 7243 

Distilled Water 
Reservoir 

Base Plate 

84127511 

Fig. 3. 1. Details of Wet Bulb Sensor of the Type 1219 WBGT Transducer 

To replace the cotton sock proceed as follows, referring to Fig. 3.1.: 

1. Disconnect the WBGT Transducer MM 0030 from the Type 1219. 

2.. Ensure the Protection Cover is fixed over the Wet Bulb Sensor. 

3. Unscrew the Water Level Indicator and empty as much of the distilled water as 
possible from the Reservoir of the Wet Bulb Sensor. 

4. Unscrew the Reservoir Housing from the Base Plate of the Transducer. 

5. Slide the old cotton sock together with the Retaining Spring up over the Wet Bulb 
Sensor. 



6. Remove the Retaining Spring from the old cotton sock. 

7. Unravel a length of the supplied cotton socking (reorder code QA 0143). A length of 
at least 110 mm is required, enabling the end to be frayed and spread out around 
the base of the Sensor. Using the thread supplied, tie a knot in the sock before 
cutting the sock (Fig. 3.2). 

Fig. 3.2. Preparation of cotton sock for the Wet Bulb Sensor 

8. Carefully slide the cotton sock over the Wet Bulb Sensor. 

9. Fray the end of the sock as shown in Fig. 3.3. 

Fig. 3.3. Fitting the cotton sock over 
the Wet Bulb Sensor 

10. Slide the Retaining Spring over the sock and down towards the base of the Sensor. 
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3.1.2. Mounting 

11. Screw the Reservoir Housing back onto the Baseplate of the Transducer and refill 
the Reservoir with distilled water. 

12. Wipe off any surplus water from the Reservoir Housing and screw in the Water 
Level Indicator. 

The WBGT -Heat Stress Monitor may be used free-standing on its four plastic feet, or 
tilted by means of the metal stand attached to the front pair of feet. 

Fig. 3.4. WBGT -Heat Stress Monitor Type 1219 mounted in Carrying Case KA 2008 
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1 2 4 8 -- -

Fig. 3.5. WBGT -Heat Stress Monitor Type 1219 tilted using front 
stand 

The specially designed Carrying Case KA 2008 can also be used to house the instrument 
during actual measurements (see Figs. 3.4 and 3.9). 

3.2. POWER SUPPLY 

The WBGT -Heat Stress Monitor has a battery compartment and is supplied with six 
Alkaline Batteries. However, several other options are available and a list of the possible 
means of powering the Monitor is given below: 

1. Six Alkaline Batteries QB 0004 (Type IEC LR20) in battery compartment. Minimum 
life of a battery set is about 20 hours. 

2. Six rechargeable NiCd cells QB 0008 in battery compartment. These can be re
charged up to 500 times (Battery Charger ZG 0113 available as an option). Minimum 
life for each full charge is approximately 10 hours. 

3. Mains Power Supply ZG 0199 used externally, via the EXT. POWER SUPPLY socket. 

4. External DC supply or other supply with ratings 9 V to 15 V DC and 400 mA, via the 
EXT. POWER SUPPLY socket. 
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3.2.1. Batteries 

The WBGT -Heat Stress Monitor is supplied with six Alkaline Batteries QB 0004. Replace
ment cells may be ordered from B & K, or other cells of the same size may be used. The 
use of ordinary non-alkaline dry cells is not recommended, because of the risk of dam
age to the Monitor caused by chemical action in such cells after they are exhausted. 
Rechargeable NiCd cells QB 0008 may also be installed in the battery compartment. 

3.2.2. Installation of Batteries 

22 

Access to the battery compartment is on right-hand side panel of the Type 1219 
(Fig. 3.6). To insert or replace cells in the battery compartment: 

1. Remove the side panel of the Monitor by unscrewing the fastening screw marked 
"Batteries" on the rear panel of the Monitor. 

2. Slide the side panel backwards until the battery compartment is completely exposed 
and remove the used cells. 

3. Load the six replacement cells into the battery compartment in pairs, as shown in 
Fig. 3.6, taking care to place each cell the correct way round. There are arrows 
marked inside the battery compartment indicating in which direction the positive 
stud should point. 

4. Replace the side panel of the Monitor and secure it by turning the fastening screw 
on the rear panel. 

5. Label the Monitor clearly to indicate whether the cells are rechargeable or not. 

A WARNING: It is possible for cells to leak if they are abused so NEVER -

(a) Attempt to recharge cells the wrong way round; 
(b) Mix different makes or types of cell in the battery compartment; 
(c) Mix discharged cells with charged cells; 
(d) Attempt to recharge non-rechargeable cells. 

Fig. 3.6. Fitting batteries into the Type 1219 battery compartment 



3.2.3. Battery Charger ZG 0113 

Rechargeable cells installed in the battery compartment of the Type 1219 may be re
charged in situ using Battery Charger ZG 0113 (Fig. 3.7) or other suitable battery charg
er. Battery Charger ZG 0113 (available as an optional accessory) is suitable for use with 
50 to 400 Hz single-phase AC mains. A mains voltage range of either 100 to 130 V or 
200 to 240 V may be selected by the choice of colour-coded conductors in the mains 
cable. There are three of these conductors, one of which should be cut back. To use the 
Charger on 1 00 to 130 V, cut back the brown conductor and connect the supply between 
the blue and black conductors. To use it on 200 to 240 V, cut back the black conductor 
and connect the supply between the blue and brown. Connect the 7-pin DIN plug on the 
Charger to the EXT. POWER SUPPLY socket on the Rear Panel of the Type 1219. The 
ZG 0113 delivers approximately 0,4 A DC when used to recharge QB 0008 cells installed 
in the Type 1219. 

The Monitor may be used to take measurements while the Charger is connected and 
supplying current provided rechargeable cells are installed. This arrangement can use
fully extend the period for which the Monitor may be operated on its batteries. It must 
not be used like this with non-rechargeable cells, and it should not be used with no cells 
installed. 

A WARNING: Ensure that only rechargeable cells are installed in the battery compartment 
of the Monitor before applying charging current. 

QB 0008 cells take approximately 14 hours to charge at the maximum permitted charg
ing-current (0,4 A) from complete exhaustion to full charge, and proportionately longer at 
lower charging-currents. No harm will result from continuing to charge these cells after 
they have become fully charged. However, if the instrument is used only infrequently, 
unnecessary overcharging of the cells can shorten their long lifetime. 

Fig. 3. 7. Battery Charger ZG 0113 

3.2.4. Mains Power Supply ZG 0199 

The Mains Power Supply ZG 0199 (Fig. 3.8), available to order, may also be used to 
provide power for the WBGT -Heat Stress Monitor. It may be powered from 50 to 400Hz 
single phase AC mains, and when adjusted as described in its Instruction Manual can 
accept voltages of 1 00, 115, 127, 220 or 240 V. 

To use the ZG 0199 for powering the instrument, and/or recharging NiCd cells if they are 
fitted, connect one end of Control Cable AQ 0035 to the EXT. POWER SUPPLY socket 
on the Rear Panel of the Type 1219, and the other end to the OUTPUT socket on the 
ZG 0199. The ZG 0199 provides sufficient current to simultaneously recharge cells and to 
power . the instrument. 

A WARNING: If non-rechargeable cells are installed in the battery compartment of the Type 
1219, the OUTPUT SELECTOR switch on the ZG 0199 must be set to DRIVE VOLTAGE 
"On" - CHARGE "Off". 
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Fig. 3.8. Power Supply ZG 0199 for external use with Type 1219 

To charge rechargeable cells installed in the Type 1219, set OUTPUT SELECTOR on the 
ZG 0199 to DRIVE VOLT AGE "Off" - CHARGE "On". 

If a Mains Power Supply is connected to the Type 1219 and switched on, power will 
automatically be taken from it in preference to any installed batteries. However, if bat
teries are installed, switching off the Mains Power Supply will cause the Type 1219 to 
continue to run from its batteries, unless the Power Switch on the Type 1219 is also 
switched to the "Off" position. 

3.2.5. External DC 
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An external DC source, such as a car battery, may be used to power the WBGT -Heat 
Stress Monitor via the EXT. POWER SUPPLY socket on the Rear Panel. This has the pin 
connections shown in Fig. 2.9 and accepts the 7 -pin DIN plug JP 0710 supplied. The 
FUSE fitted in the instrument protects circuits inside the Monitor, but it is recommended 
that the connections from an external source should be protected by a slow-blow fuse or 
other current-limiting device of not more than 1 A rating. 

Pin 1 carries current only to power the Type 1219 (not to charge any fitted batteries). 
Internal power conditioning permits acceptance of a voltage range of +9 to + 15 V DC. 
The power required will be more or less independent of voltage supplied, so lower 
voltages will have to deliver more current than higher ones. 

Pin 3 carries current to charge fitted batteries, which should therefore be only of re
chargeable types if this pin is used. Provided the external supply fulfils the requirements 
for both charging and powering the instrument (12 V, 1 A), it may be connected to both 
pins 1 and 3. NiCd rechargeable batteries may be charged via pin 3 from a power 
supply whose open-circuit voltage exceeds + 12 V DC only if it is current-limited to not 
more than 0,4 A. (Current-limiting can easily be achieved by wiring a suitable resistor in 
series with pin 3). At this current QB 0008 NiCd batteries take approximately 14 hours to 
receive a full charge. 

Pin 2 is common to both charge and power inputs. The battery and external power 
circuits are completely isolated from the measurement circuits, outputs and all exposed 
metalwork of the Heat Stress Monitor. This isolation prevents earth-loops occurring 
when more than one instrument share a common supply source. It is not intended to 
have to withstand potentially hazardous voltages. 



3.3. CALIBRATION OF THE HEAT STRESS MONITOR AND TRANSDUCER 

The WBGT -Heat Stress Monitor Type 1219 and its Transducer are calibrated during 
manufacture, and no adjustments by the user are required. 

The measurement accuracy of the Type 1219 stated in the Specifications section is the 
sum of the separate tolerances of the electronic measuring circuits and the various 
Transducers. These tolerances are small enough to ensure mutual interchangeability be
tween all manufactured units of the Heat Stress Monitor and Transducers. 

A simple calibration or function test for all the sensors may be carried out by placing the 
WBGT Transducer inside an insulated, dark box which has no internal air movement. 
Under such conditions, and provided that the Protection Cover is fitted to the Wet Bulb 
Sensor, all three sensors will give the same reading (within tolerances given in the 
Specifications). For a check on absolute values, place the bulb of a calibrated mercury 
thermometer inside the box and compare the measurement obtained with the data from 
the three sensor elements. 

3.4. MEASUREMENTS USING THE WBGT -HEAT STRESS MONITOR 

This section describes how to use the Type 1219 for taking measurements of heat stress 
levels. Interpretation of the data obtained is given in Chapter 4. For additional theoreti
cal and background information about these measurements, and applications literature, 
please contact your B & K representatives. Before use the Type 1219 should be provided 
with a suitable source of power, either the batteries supplied or one of the other alterna
tives described, as explained in section 3.2. 

3.4.1. Setting up the Transducers 

Up to three WBGT Transducers MM 0030 can be connected to the WBGT -Heat Stress 
Monitor at the same time. Each WBGT Transducer comprises three separate sensing 
elements (Figs. 2 to 5 in Chapter 1) which measure the different parameters necessary 
for determining the WBGT heat stress index of a thermal environment. The wet bulb 
sensor requires occasional refilling with distilled water (See Section 3.1.1 for details). 

The Transducers can be connected to the Monitor via the input sockets on the Front 
Panel of the Type 1219. Although all three inputs are identical, the Channel B input is 
automatically selected for the Display, whenever the Type 1219 is switched "On", where
as the other two inputs must be selected manually. Therefore, for the sake of conve
nience, when only one Transducer is used it should be connected to the central input 
socket (Channel B). 

The Transducer(s) can be mounted either on an optional Portable Tripod UA 0587 or 
using the Extension Rods UA 0840 and Carrying Case KA 2008 as shown in Fig. 3.9. The 
Transducers should be positioned so that they are exposed to the same thermal envi
ronment as the person under investigation. 

ISO 7243 recommends that three WBGT measurements should be performed, if the envi
ronment surrounding the person under investigation is not homogeneous. These mea
surements are to be performed at the heights given in Table 3.1, and should preferably 
be carried out simultaneously. If the environment is known to be practically homoge
neous (i.e. variation of the WBGT -index of less than 5%), then single WBGT measure
ments at abdominal level are permissible. 
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m 

1,1 

0,1 

Fig. 3.9. Methods of mounting the WBGT Transducers 

Recommended + heights of transducers above ground 

Standing person Seated person 

ankle level 0,1 m 0,1 m 

abdomen level 1,1 m 0,6· m 

head level 1,7 m 1,1 m 

~ISO 7243 
If only one WBGT measurement is to be made the abdomen height should be used 

T00572GBO 

Table 3.1. Recommended measurement heights for the WBGT Transducers 

3.4.2. The Self-Test Routine 
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Each time the Heat Stress Monitor Type 1219 is switched "On", a short self-test routine 
is automatically initiated. This routine checks the operation of the ROM, RAM and data 
stored in the Memory. During the self-t~st routine the arrow on the right-hand side of the 
Display points down towards "h: min". 



Upon a successful completion of the self-test routine, the arrow in the Display points to 
either * " °C" or " ° F" and the LEDs in the "Ch. 8", "W8GT" and "Current" pushkeys are 
lit. The Monitor is then ready for use. 

When replaying data from the Memory, a flashing Display may sometimes be obtained. 
The flashing Display indicates that the data stored in the Memory of the Type 1219 may 
not be the same as that which was recorded. If possible these data should therefore be 
discarded and the measurements repeated. However, if necessary the data may still be 
output via the rear panel sockets. A flashing Display may also indicate that loss of 
power has occurred before the end of the preset measurement period, or that the re
cording has been prematurely terminated. 

If the Monitor is more than five years old, a flashing Display may also indicate exhaus
tion of the built-in lithium cell which powers the Memory when the Monitor is switched 
"Off". Contact your local 8 & K representative for further details. 

The error message "E 1" indicates a hardware fault. If this message is obtained, the 
Type 1219 should then be serviced. For repair contact your local 8 & K service represen
tative. Under no circumstances should repair be attempted by persons not qualified in 
the service of electronic instruments. 

3.4.3. Selection of Measurement Units 

The Type 1219 is normally preset for automatic selection of o C units, whenever the 
Monitor is switched "On". Changing to ° F units requires activation of the "°C/F 0

" push
key. However, an internal switch enables the preferential automatic selection of oF units. 
To change the preferential measurement unit: 

1. Ensure the Monitor is switched "Off" and any external power supply disconnected. 

Fig. 3. 10. Position of the preferential unit selection switch 

* See Section 3.4.3. 

Switch No. 2 
towards the 

front panel for 
oc ; away for °F 
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2. Unscrew the two screws at the top of the rear panel of the Monitor, and remove the 
top panel of the Monitor by sliding it away from the front panel. 

3. Set the switch marked "2" on the second circuit board towards the Front Panel for 
o C or towards the Rear Panel for oF (See Fig. 3.1 0). 

4. Replace the top panel of the Monitor and the two retaining screws. 

3.4.4. Obtaining Measurements 

Measurements of natural wet bulb temperature, air temperature, globe temperature and 
calculation of the WBGT -index can be obtained directly using the Type 1219 together 
with WBGT Transducer MM 0030. Weighted WBGT values may also be obtained provided 
three WBGT Transducers are connected (see Section 3.4.6). 

To obtain data on any of these parameters: 

1. Connect one or more WBGT Transducers to the Type 1219 and set the Transducers 
in the correct measurement positions (see Section 3.4.1 ). 

2. Switch on the Type 1219. When the arrow points up (indicating "°C" *) the self-test 
routine has been completed satisfactorily and measurements can be obtained and 
displayed. 

3. On completion of the self-test routine the Type 1219 automatically displays the 
WBGT -index as measured by the Transducer connected to the "Ch.B" input. If no 
Transducer is connected to this channel "0.0" is obtained on the Display. 

4. To select an alternative input channel for display, activate the appropriate INPUT 
channel pushkey. 

5. To obtain other measurement data such as weighted WBGT (see Section 3.4.6), 
globe temperature, wet bulb or air temperature, press the appropriate DISPLAY 
pushkey. 

3.4.5. WBGT Measurements in Direct Sunshine 
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When WBGT measurements are to be performed outdoors in sunshine a correction 
should be incorporated in the calculation of the WBGT -index. This correction incorpo
rates air temperature in the calculation of the WBGT -index according to the equation: 

where 

WBGT = 0,7 tnw + 0,2 t9 + 0,1 ta 

tnw = natural wet bulb temperature, 
t9 = globe temperature, 
ta = air temperature. 

This modified WBGT -index is automatically calculated by the Type 1219 when the "Di
rect Sunshine" pushkey is activated. 

* See Section 3.4.3. 



3.4.6. WBGT Measurements in Non-uniform Thermal Environments 

In many situations where WBGT measurements are required, the environment is liable to 
be very variable. For example, the upper part of a person's body may be exposed to 
high levels of thermal radiation, whilst the lower part is shielded by machinery. In such 
circumstances ISO 7243 recommends that the weighted WBGT -index is used. 

The weighted WBGT -index requires that three WBGT values be obtained (preferably 
simultaneously) at levels corresponding to ankle, abdomen and head heights (see Table 
3.1 ). The weighted WBGT -index is then determined using the equation: 

WBG T weighted 
WBGTanktes + 2 WBGTabdomen + WBGThead 

4 

This equation places additional emphasis on the WBGT measurement obtained at ab
dominal level. 

With three WBGT Transducers connected to the Type 1219 it is possible to display direct 
measurements of the weighted WBGT -index by activating the "WBGT Weighted" push
key. 

Note: The Transducer connected to Channel 8 is given twice the weighting of the other 
inputs when the "WBGT weighted" pushkey is activated. Thus, the Transducer connected 
to this input should be placed at abdominal height (Table 3.1 ). 

3.4.7. Period and Duration of Measurements 

Determination of the WBGT -index in accordance with ISO 7243 allows only the estima
tion of the heat stress to which a worker is subjected at the time that the measurements 
are carried out. It is therefore recommended that measurements of WBGT -index be 
carried out at the period corresponding to the maximum heat stresses, i.e. generally 
during the hot summer period and in the middle of the day. 

Measurements from the individual sensor elements and a calculated WBGT -index can be 
obtained very rapidly using the Type 1219. However, the WBGT -index is based on a 
steady state measurement and therefore a suitable measurement time should be allowed 
to enable the individual sensors to reach steady state conditions, in as far as the envi
ronment allows. For the globe temperature sensor approximately 10 minutes should 
therefore be allowed. 

If analyses of the work-place and of the activity have shown that any one of the relevant 
parameters is not constant over time, a representative mean value should be deter
mined. The environmental analyses can be done automatically by the Type 1219 by 
recording over a suitable measurement period (see Section 3.5). 

ISO 7243 recommends that the calculation of mean values be based over the 1 hour 
period of work/rest, which is most representative of exposure to heat in the situation 
under consideration. If it is not possible to determine the most representative hour for 
measurements, a longer measurement period should be recorded and the maximum 1 
hour mean value obtained using the "Max./1 h" pushkey (see Section 3.4.8). 

The variations may be due to environmental fluctuations, or because the worker under 
investigation moves from one location to another during the course of his work. In the 
latter case the WBGT Transducer should also be moved so that it is subjected to the 
same thermal conditions as the worker, for the same length of time. 
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3.4.8. Elapsed Averaging Time 

The Type 1219 incorporates a digital clock which can be used to provide two types of 
information. 

1. Pressing the "Elapsed Avg. Time" pushkey during a recording period provides a 
display (in hours and minutes) of the length of time that has elapsed since the 
recording period was started. 

2. When reviewing recorded data on the Display, activating first the "Max./1 h" push
key and then the "Elapsed Avg. Time" pushkey produces a display of the start time 
of the hour over which the "maximum 1 hour mean WBGT value" occurred. 

3.4.9. Evaluation Report 
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An evaluation report of the heat stress to which an individual is subjected in a given 
situation should be compiled on each occasion WBGT measurements are performed. 
The report should include the following information: 

1. Site where evaluation was carried out (e.g. factory, workshop, work-place); 

2. When the evaluation was performed (year, month, day and hour); 

3. Name of investigator; 

4. Detailed results of the measurements or estimations of the parameters; 

5. Mean WBGT value and comparison with the reference values given in the standard; 

6. Details of type of clothing worn by the individual under investigation; 

7. Details regarding the type of activities and measured or estimated metabolic rates. 
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Fig. 3. 11.a Front side of WBGT Recording Paper for use with Type 2308 



MEASURED RESULT 
Avg. Time 12 hrs. 

Mean Max. 
Star ted 10:15 am 

WBGT 21 8 28 . 8 

Globe 37 . 3 51 1 
Ch 
A 

Air 23 8 31 . 2 

Wet 15. 2 21 3 

WBGT 

Ch. 
Globe 

B 
Air 

Wet 

WBGT 

Ch 
Globe 

c 
Air 

Wet 

X W.WBGT 

Max./1h 
Elapsed 

WBGT Avg . Time 

Ch. A 11 . 15 26 . 1 

Ch. B 

Ch. C 

OP 3573 

~ F 

Min 

15 . 8 

23 . 2 

18 . 4 

10 . 9 

w 
WBGT 

Comments: 
Measurements made in a laboratory containing two heat sources. 
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Fig. 3. 11.b Reverse side of WBGT Recording Paper for use with Type 2308 

Much of this information can be noted on the specially designed Recording Paper for the 
X-Y Recorder Type 2308 shown in Fig. 3.11 (order numbers: QP 3573 for measurements 
in oc, or QP 3574 for measurements in °F). This Recording Paper can also be used for 
manual plotting of data. 

3.5. RECORDING DATA IN THE WBGT-HEAT STRESS MONITOR MEMORY 

In addition to real-time measurement capability, the Type 1219 contains a Memory in 
which up to 60 samples of each measurement can be stored. The Memory is non-volatile 
as it is powered by an internal lithium battery (life-time at least 5 years) and the data 
are not lost when the Heat Stress Monitor is switched "Off". Thus, measurements can be 
obtained and recorded on-site and the Heat Stress Monitor returned to the laboratory 
for subsequent analyses of the stored data. 

The 60 sets of data are automatically spaced evenly throughout the recording period. 
Thus, the time between recorded measurements is dependent on the recording period 
selected. For example, for a 1 hour averaging time the measurements are spaced at 1 
minute intervals, whilst for the 8 hour averaging time the spacing is 8 minutes. 

In addition to recording WBGT, Globe, Air and Wet Bulb temperatures the Heat Stress 
Monitor also calculates and stores the mean, max. and min. values for each of the above 
mentioned parameters. During the recording period , the mean, max. and min. values are 
updated every 8 seconds. 

The Type 1219 also calculates and stores the "maximum 1 hour mean" WBGT value and 
the time at which this period started (see Fig. 3.11 ). This measurement is designed to 
comply with the recommendations in ISO 7243 that the time base for measurement of 
the WBGT -index be 1 hour and that the measurement be conducted at the period corre
sponding to the maximum heat stresses. 
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To record data proceed as follows: 

1. Set up the Transducer(s) as described in Section 3.4.1. 

2. Connect the Transducer(s) to the respective input(s). For measurements with only 
one Transducer, any of the three inputs can be used, but the "Ch. 8" input is auto
matically selected for display when the Monitor is switched "On". 

3. Switch "On" the Heat Stress Monitor and allow it to run through the self-test routine 
(see Section 3.4.2). When the LEDs in the "Ch. 8", "W8GT" and "Current" push keys 
are lit, the Monitor is ready for use. 

4. If the measurements are to be performed outdoors in direct sunshine, press the 
"Direct Sunshine" pushkey. 

5. Select the duration of the recording period (1, 2, 4 or 8 hours) by pressing one of 
the four AVERAGING TIME [h] pushkeys. 

6. Keeping the selected AVERAGING TIME [h] pushkey depressed, press the "Run" 
pushkey. This combination of pushkeys erases the existing memory contents and 
initiates the recording period. 

Note: The dual key system is designed to prevent accidental loss of Memory con
tents. The original contents of the Monitor Memory are erased only when the "Run" 
pushkey is activated by the combined action of both an AVERAGING TIME [h] push
key and the "Run" pushkey. 

When the Type 1219 is recording data, LEOs on the input channel selected for display, 
the selected AVERAGING TIME [h] and "Run" pushkeys are lit. Current data from all 
Transducers can be displayed during recording by selecting the appropriate pushkeys as 
described in Section 3.4.4. The latest mean, maximum and minimum values can also be 
reviewed on the Display during the recording period by pressing the appropriate INPUT 
and VALUE pushkeys. 

Similarly, data stored in the Monitor Memory can be reviewed on the Display of the 
Monitor during the recording period (see Section 3.6 item 2 onwards, for details). An 
indication of the time for which the recording has been in progress can also be obtained 
on the Display by pressing the "Elapsed Avg. Time" pushkey (Section 3.4.8). 

3.6. REPLAYING DATA FROM THE MONITOR MEMORY 
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Data stored in the Memory of the Heat Stress Monitor can be shown on the Display. 
Alternatively, recorded data can be plotted (via the outputs on the Rear Panel) using 
Level Recorders such as the 8 & K Type 2317 or X-Y Recorders such as 8 & K Type 
2308. For further details regarding connection , setting up and output to these instru
ments refer to Chapter 5. 

To show recorded data on the Display, proceed as follows: 

1. Switch on the Type 1219 and allow the self-test routine to run. 

2. On successful completion of the self-test routine (see Section 3.4.2), select the de
sired W8GT Transducer by activating the requisite INPUT pushkey. 



Note: This step is only necessary if either the "Ch.A" or "Ch.C" inputs are required 
since the "Ch.B" input is automatically selected for display by the Monitor on com
pletion of the self-test routine. 

3. The Monitor automatically selects the WBGT -index on completion of the self-test 
routine. To select another parameter press one of the DISPLAY switches (i.e. 
WBGT -weighted, WBGT, Globe, Air or Wet). 

4. Press the "Step" pushkey in the RECALL MEMORY CONTENT section. The Type 
1219 will briefly flash a sample number from 1 to 60 onto the Display, which is then 
replaced by the desired measurement data. 

Note: Data from the Memory is always accompanied by an upward pointing arrow 
on the left of the Display. 

It is possible to step forwards through all 60 recorded measurements of one parameter 
by repeatedly pressing the "Step" pushkey. Alternatively, all the measurements obtained 
at one specific time interval can be displayed in turn by selecting the appropriate INPUT 
and DISPLAY push keys. 

To terminate the replay of stored data on the Display press the "Reset" pushkey. The 
Display on the Monitor will switch to the "Current" value of the parameter last displayed. 
The Monitor also automatically reverts to the "Current" value when the "Step" pushkey 
has been pressed 61 times. 
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4. INTERPRETATION OF WBGT-INDEX 

4.1. INTRODUCTION 

The WBGT -index provides a means of estimating the thermal stress to which an individ
ual is exposed whilst working in hot environments. Calculation of this index is based on 
measurement of physical parameters (globe temperature, natural wet bulb temperature 
and in some situations air temperature). However, thermal stress is also dependent on 
the production of heat inside the body (see Section 4.2) and the heat exchange between 
environment and the body (Section 4.3.2). These factors must also to be considered 
when assessing heat stress levels. 

4.2. INTERNAL HEAT PRODUCTION 

The quantity of heat produced by the body is an important element of heat stress and its 
determination is therefore essential for heat stress evaluation. It can be assumed that 
the quantity of heat produced by the body is equivalent to the metabolic energy or rate. 
Although metabolic rate is the total quantity of energy produced by the body, it is rea
sonable to assume that for most industrial situations this energy is utilised mainly for the 
production of heat and that a negligible amount is expended in the form of external 
work. 

4.2.1. Simple Classification of Metabolic Rate 

Metabolic rate can be determined either by measuring the oxygen consumption of the 
individual or by estimation using various reference tables. These two techniques require 
some expertise and should therefore only be carried out by a qualified practitioner. 
However, for the purpose of evaluating heat stress using the WBGT -index it is sufficient 
to classify most industrial activities into one of the five categories given in Table 4.1. In 
situations where there is doubt as to the correct class, the higher class should be used 
for safety reasons. In circumstances where there is difficulty in intepreting the data, the 
most accurate estimation of metabolic rate is that measured directly on the individual. 

4.2.2. Mean Metabolic Rate 
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The evaluation of heat stress is based on consideration of the mean metabolic rate. 
When several activities are undertaken by an individual, during the period under investi
gation, a mean classification of metabolic rate needs to be calculated. This can be done 
using the formula: 

M = ( m t X t t) + ( m 2 X t?} + ... + ( m a X f0 ) 

(1 + (2 + ... + tn 
(4.1) 

where m1, m2 , ... , mm are the measured or estimated metabolic rates obtained during 
time t1, t2 , ... tn; 



and t1 + t2 + ... + tn = T = 1 h 

The values for metabolic rates for different activities can be obtained from Table 4.1. 

Metabolic rate range, M 

Value to be used 
Class related to for a mean for calculation of 

0 
Resting 

1 

Low 
meta
bolic 
rate 

2 

Mod
erate 
meta-
bolic 
rate 

3 

High 
meta
bolic 
rate 

4 
Very 
high 

meta
bolic 
rate 

a unit skin skin surface mean metabolic 
surface area area of 1,8 m2 rate 

w w 

M< 65 M< 117 65 117 

65 < M< 130 117 < M< 234 100 180 

130 < M< 200 234 < M< 360 165 297 

200 < M< 260 360 < M< 468 230 414 

M> 260 M> 468 290 522 

Examples 

Resting 

Sitting at ease: light manual work (writing, 
typing, drawing, sewing, book-keeping); 
hand and arm work (small bench tools, in
spection, assembly or sorting of light mate
rials); arm and leg work (driving vehicle in 
normal conditions, operating foot switch or 
pedal). 

Standing: drill (small parts); milling machine 
(small parts); coil winding; small armature 
winding; machining with low power tools; 
casual walking (speed up to 3,5 km/h). 

Sustained hand and arm work (hammering 
in nails, filling); arm and leg work (off-road 
operation of lorries, tractors or construction 
equipment); arm and trunk work (work with 
pneumatic hammer, tractor assembly, plas
tering, intermittent handling of moderately 
heavy material, weeding, hoeing, picking 
fruit or vegetables); pushing or pulling light
weight carts or wheelbarrows; walking at a 
speed of 3,5 to 5,5 km/h; forging. 

Intense arm and trunk work; carrying heavy 
material; shovelling; sledge hammer work; 
sawing, planing or chiselling hard wood; 
hand mowing; digging; walking at a speed 
of 5,5 to 7 km/h. 

Pushing or pulling heavily loaded handcarts 
or wheelbarrows; chipping castings; con
crete block laying. 

Very intense activity at fast to maximum 
pace; working with an axe; intense shovel
ling or digging; climbing stairs, ramp or lad
der; walking quickly with small steps, run
ning, walking at a speed greater than 7 
km/h. 

T00553GBO 

Table 4. 1. Metabolic rates for various activities and values to be used in calculations (from ISO 7243) 
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ISO 7243 specifies that a time base ( T) of one hour be used in the calculation of the 
mean value. Thus, the period of work/rest of 1 h, which is most representative of expo
sure to heat in the situation under consideration, should be selected. 

Example 4. 1. 

An operator wearing standard clothing (i.e. thermal insulation index of approximately 
0,6 clo) is engaged in different types of work and a representative hour is broken up as 
shown in the table below. Calculate the mean metabolic rate (M). 

Time in 
Type of Activity 

Metabolic rate in W 
minutes from Table 4.1. 

10 light assembly work 180 

25 pushing a moderately heavy trolley 297 

8 Carrying a heavy casting 414 

7 Driving a fork lift truck 180 

10 Chipping castings 414 

from equation 4.1: 

M = (10 X 180) + (25 X 297) + (8 X 414) + (7 X 180) + (10 X 414) 
1 0 + 25 + 8 + 7 + 1 0 

M = (1 800) + (7 425) + (3312) + (1260) + (4140) 
60 

M = 17 937 = 299 W 
60 
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4.3. WBGT REFERENCE VALUES 
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Reference values for the WBGT -index are specified in ISO 7243. These reference values 
can be used for comparison with the values measured using the Type 1219 to determine 
whether corrective actions, such as changing work/rest schedules, increasing ventilation 
etc., are necessary. 

The specified reference values correspond to levels of exposure, under the conditions 
specified, to which nearly all individuals can be exposed without harmful effect, provided 
that there are no pre-existing pathological conditions. These reference values were de
termined for normally clothed individuals (i.e. thermal insulation index lc1 = 0,6 Clo) ex
posed to different environmental conditions. The reference values for individuals who 
are in good health and physically fit for the activity being undertaken, are given in Table 
4.2. 

The reference values are representative of the mean effect of heat on an individual over 
a fairly long period of work. They do not take into account peak values of heat stress to 
which an individual may be subjected for short periods (i.e. a few minutes). Such peak 
values may occur either as a result of a particularly hot environment, or of a short burst 
of intense physical activity. In such circumstances, heat stress may exceed the permissi
ble values without the reference values representative of a mean activity or mean envi
ronment being exceeded. 



Metabolic 
rate class 

0 
(resting) 

1 

2 

3 

4 

Metabolic rate, M Reference value of WBGT 

Total 
Related to a unit (for a mean skin Person acclimatized Person not acclimatized 
skin surface area surface area of to heat to heat 

1,8 m2
) 

W/m2 w oc oc 

M < 65 M < 117 33 32 

65 < M< 130 117 < M< 234 30 29 

130 < M< 200 234 < M< 360 28 26 

200 < M< 260 360 < M< 468 No sen- Sensible No sen- Sensible 
sible air air move- sible air air move-

movement ment movement ment 
25 26 22 23 

M> 260 M> 468 23 25 18 20 
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Table 4.2. Reference values of WBGT (from ISO 7243) 

The appropriate reference value to be used in a given situation is also dependent upon 
the metabolic rate. If there are doubts regarding which metabolic rate should be adopt
ed, the reference value corresponding to the higher metabolic rate should be used. If 
measurement or estimation is impossible, the class 4 metabolic rate (See Table 4.1) 
should be used. 

4.3.1. Acclimatization 

Increased reference levels of the WBGT -index for acclimatized individuals are also set 
out in Table 4.2 according to ISO 7243. Acclimatization is a result of a physiological 
adaption process which increases the tolerance of a person to hot environments. Accli
matized individuals exhibit less physiological strain for the same amount of heat stress 
than non-acclimitized individuals. 

Acclimatization may be achieved by means of repeated controlled exposure in an accli
matization chamber. Alternatively, the individual can initially work for short periods with 
frequent rest periods and then gradually increase the length of the working periods 
whilst reducing the frequency and duration of the resting periods. 

4.3.2. Modification of Reference Values 

Modification of the reference value may be required if the clothing worn is not a stan
dard working garment (permeable to air and steam, with a thermal insulation index 
lc1 = 0,6 Clo). Modification will be dependent upon the the special properties of the cloth
ing and the environment being considered. In general, wearing of clothing which is im
permeable to water vapour requires a reduction of the reference value. On the other 
hand, wearing of reflecting clothing may result in an increase of the permissible refer
ence values. 

In circumstances when the characteristics of the clothing ensemble differ significantly 
from the specified reference clothing, consultation with a specialist is recommended, 
owing to the difficulties in estimating the necessary corrections. 
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4.4. USE OF THE MEASURED WBGT -INDEX VALUE 

If measured WBGT -index values exceed the reference values given in ISO 7243, some 
form of further action should be taken. This may take the form of either: 

1. attempting to reduce the heat stress at the workplace under consideration by ap
propriate methods (e.g. control of the environment, of the level and duration of 
activity, of the length of time spent in the environment, and using individual protec
tion); 

2. or instigation of more detailed analyses of the heat stress in accordance with more 
elaborate methods. 

4.4.1. Sample Calculations Using the WBGT -index 
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Measurements in an iron foundry provided the following information: 
65% of the time is spent in chipping castings 
25% is spent moving the castings which are moderately heavy 
10% is spent resting 
The wet bulb temperature was found to be 21 o C and the globe temperature was 50° C. 

Calculate the WBGT -index and the mean metabolic rate. How long should the rest peri
od be in each hour, if the ISO 7243 recommendations are to be met? 

1]. WBGT index 

WBGT = 0,7 tnw + 0,3 t9 = (0,7 X 21) + (0,3 x 50) 

WBGT = 14,7 + 15,0 = 29,7°C 

For calculation purposes this can be rounded to 30°C. 

2]. Mean metabolic rate 

According to ISO 7243 a typical one hour period should be used for the calculations. 
Therefore, the following times are produced, assuming that the total percentage times 
spent in each operation are the same for each working hour; 

65% spent chipping = 39 minutes 
25% spent moving castings = 15 minutes 
10% resting = 6 minutes 

from Table 4.1 each operation can be assigned a typical metabolic rate for calculation 
purposes. Thus; 

metabolic rate for chipping operations is 414 W 
metabolic rate for moving castings is 297 W 
metabolic rate for resting is 117 W 

The mean metabolic rate M can be determined using equation 4.1 together with the data 
from Table 4.1. 



M= (39 X 414) + (15 X 297) + (6 X 117) 
39 + 15 + 6 

3]. Rest period 

- (16146) + (4 455) + (702) 
- 60 

= 21 303 = 355 w 
60 

From Table 4.2, the mean metabolic rate should not exceed 234 W when the WBGT
index is 30°C in order to comply with the ISO 7243 standard. 

Let the period spent chipping be tc and that spent resting tr 

Thus, 

and 

M= 234 = (tc X 414) + (15 X 297) + (tr X 117) 
39 + 15 + 6 

60 = fc + 15 + fr 

from the second of these equations 

substituting for tc in the first equation 

M= 234 = 414(45- fc} + (15 X 297) + (tr X 117) 
60 

_ 18 630 - 414 fc + 4 455 + 117 fc 
- 60 

rearranging the equation 

297tr = 9 045 

tr = 31 minutes 

To what temperature should the globe temperature (t9 ) be reduced if the original work/ 
rest schedule is to be maintained? 

From Table 4.2 the WBGT for a class 2 mean metabolic rate should not exceed 28°C. 

Therefore 
WBGT = 28 = 0,7 tnw + 0,3 t9 

= (0, 7 X 21) + 0,3 t9 = 14,7 + 0,3 t9 

0,3 tg = 28-14,7 = 13,3 
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4]. Mean WBGT Calculation 

The workforce are now provided with a rest-room where the t9 is 20° C and the tnw is 
11 oc in which they spend their entire rest periods. What effect will this have on the 
mean WBGT? 

WBGT in the rest-room is 

WBGTr = 0,7 tnw + 0,3 t9 

= (0,7 X 11) + (0,3 + 20) = 7,7 + 6,0 = 13,7 

Mean WBGT is calculated on the same basis as mean metabolic rate (i.e. using eqn. 4.1) 

WBGT = ( WBGTworkplace ~ timeworkplace) ~ ( WBGTr X timerest-room) 
flmeworkplace + t1merest-room 

(30 X 54)+ (13,7 X 6) _ 1620 + 82,2 
60 - 60 

1 702,2 = 23 4oc 
60 . 



5. USE OF TYPE 1219 WITH OTHER B & K INSTRUMENTS 

5.1. LEVEL RECORDER TYPE 2317 

5.1.1. Connection 

The B & K Level Recorder Type 2317 is a general purpose Level Recorder which may be 
connected to the WBGT -Heat Stress Monitor Type 1219. Recording Paper QP 0102 
should be fitted into the Type 2317. For full operating details, the Instruction Manual of 
this instrument should be consulted. 

Pen Lift 

& Standby 

S.gnal Mode 
DC-,--., r AC 
Un, + log. 

OC Offset . 

Paper Speed 
mm/ s 

AC Averaging AC Oyn, Range 

Slo;l rFaS1 
V;br .. 1 rR•verb. 10 ~ dB 

Fine Sensitivity . .. 

Coarse Sensitivity 
Cat Fvll Sc:ak! 

On • 8 low 
Paper Drive '---Power __J Pen Speed 

Level Recorder 
Type 2317 

B<ilel& Kjaer 

In~ Normal 

Out : Reduced 

Fig. 5. 1. Level Recorder Type 2317 

In order to either record real-time measurements directly from the Type 1219, or for 
replaying data stored in the Monitor Memory, a Coaxial BNC Cable (AO 0087) is re
quired. This Cable should be connected to the Ch.B WBGT output socket if this is the 
only measurement required. Alternatively, for all other parameters the DISPLAY VALUE 
socket should be used. The other end of the Cable should be connected to the SIGNAL 
INPUT socket of the Type 2317. A Remote Control Cable (AQ 0034) should also be 
connected from the RECORDER CONTROL socket of the Monitor to the REMOTE CON
TROL socket of the Type 2317. 

The pin connections for the RECORDER CONTROL socket via which control pulses are 
sent between the Monitor and the Type 2317 are shown in Fig . 2.8. If an extension for 
the Remote Control Cable is required , one can be made using the information in this 
figure. 
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5.1.2. Calibration 
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AO 0087 BNC Cable 

wsGT-Heat I J~.,~)~ 
Stress Monitor L__ _______________ _j__, 

Type 
1219 

AQ 0034 Remote Control Cable 

84 1513 

Fig. 5.2. Connection of Level Recorder Type 2317 to Heat Stress Monitor 

To calibrate the Level Recorder using the signals from the Monitor proceed as follows: 

1. Fit Recording Paper QP 0102 to the Level Recorder. 

2. Set the following controls on the Level Recorder: 

PEN LIFT & STANDBY: 
SIGNAL MODE: 
AC AVERAGING: 
AC DYN. RANGE: 
DC OFFSET: 
FINE SENSITIVITY: 
PAPER SPEED: 
COARSE SENSITIVITY: 
PAPER DRIVE: 
POWER: 
PEN SPEED: 

"Out" 
"DC Lin+" 
"Fast" 
"50 dB" 
To be adjusted 
"-12 dB" 
"Ext." 
"3,16 V" 
"In" 
"On" 
"Out" 

3. Switch on the Monitor and allow the self-test routine to run (see Chapter 3 for 
power supply details etc.). 

4. Press the "Zero" pushkey on the Monitor, and adjust the DC OFFSET on the Level 
Recorder until the pen lines up with the right-hand line on the Recorder Paper. The 
"Zero" output from the Monitor corresponds to oo C or 32° F depending on the units 
selected. 

5. Press the "F.S." pushkey on the Monitor, and adjust the FINE SENSITIVITY on the 
Level Recorder until the pen lines up with the left-hand line on the Recorder Paper. 
The "F.S." output from the Monitor corresponds to 100°C or 212°F depending on 
the units selected. 

The Level Recorder paper is now calibrated to between ooc and 1 oooc (or 32°F and 
212° F). If a greater resolution is required, for example to make WBGT -index recordings, 
which are typically between 20° C and 40° C (68° F to 104 oF), proceed as follows: 

1. Follow steps 1 to 5 above. 

2. Adjust the DC OFFSET until the pen lines up with the right-hand line on the Record
er Paper. 

3. Adjust the FINE SENSITIVITY to the "0 dB Cal." position. 



4. Adjust the COARSE SENSITIVITY to "1 V". 

The Level Recorder is now calibrated for the range between 20°C and 40°C (68°F and 
104° F). 

5.1.3. Replaying Data from the Memory 

1. Connect and calibrate the Level Recorder as described in Sections 5.1.1. and 5.1.2. 

2. Select the desired measurement Transducer by activating the appropriate INPUT 
push key. 

3. Select the parameter to be replayed by pressing the appropriate DISPLAY push key 
on the Monitor. 

4. Press the "Start" pushkey on the Monitor and allow a set of data to be replayed 
from the Monitor Memory. The replaying of memory data is completed when the 
display arrow pointing towards "Memory Data" disappears and the LED on one of 
the AVERAGING TIME [h] pushkeys is extinguished. 

5. Repeat items 2 to 4 for other parameters. 

5.1.4. Real-Time Recordings Using Type 2317 

Fig. 5.3. Making real-time recordings using the Monitor together with the Level Recorder Type 2317 

1. Connect and calibrate the Monitor as described in Sections 5.1.1. and 5.1.2. 

2. Connect a Transducer to the Monitor as described in Section 3.4.1. 

3. If measurements of the WBGT -index are to be made outdoors, activate the "Direct 
Sunshine" pushkey if this is necessary (see Section 3.4.5). 

4. Select the Transducer to be plotted on the Level Recorder, by pressing the appro
priate INPUT pushkey. 

5. Select the desired parameter to be plotted by pressing the appropriate DISPLAY 
push key. 
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6. Set the PAPER SPEED switch to a suitable paper speed. This will to some extent 
depend on the duration for which recordings are to be made. 

7. Start the plot by pressing the required AVERAGING TIME [h] and "Run" pushkeys. 

Pressing the AVERAGING TIME [h] and "Run" pushkeys simultaneously clears all data 
from the Monitor Memory. However, it is also possible to obtain real-time recordings 
without erasing the Memory. In order to obtain additional recordings in this manner 
proceed as follows: 

1. Follow steps 1 to 5 described above. 

2. Disconnect the Recorder Control Cable from the Level Recorder. 

3. Press "Start" on the Monitor and allow the data from the Memory to be replayed. 

4. When the LED in the "Start" pushkey is extinguished, real-time recordings are plot
ted on the Level Recorder without being stored in the Memory. Set the PAPER 
SPEED switch to a suitable paper speed. This will to some extent depend on the 
duration for which recordings are to be made. 

5.2. X-V RECORDER TYPE 2308 
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The X-Y Recorder Type 2308 may be connected to the WBGT Heat Stress Monitor Type 
1219 in order to obtain permanent graphical records of measurements stored in the 
Monitor's Memory. Two types of Recording Paper are available; QP 3573 for measure
ments in oc and QP 3574 for measurements in °F. For full operating instructions the 
Instruction Manual for the X-Y Recorder should be consulted. 

Fig. 5.4. Recording stored measurement data using the X- Y Recorder 
Type 2308 



5.2.1. Connection 

5.2.2. Calibration 

In order to replay data stored in the Monitor Memory a BNC Coaxial Cable AO 0087 and 
a Remote Control Cable AQ 0034 are required. The Coaxial Cable should be connected 
to the DISPLAY VALUE to enable output of all recorded parameters. (Alternatively, the 
Ch.B WBGT output socket may be used, if this is the only measurement required.) The 
other end of the cable should be connected to the Y-INPUT socket of the X-Y Recorder. 
Note: There are two Y-INPUT sockets on the X-Y Recorder, either of which may be 
used. 

The Remote Control Cable should be connected from the RECORDER CONTROL socket 
of the Monitor to the REMOTE 1 socket of the X-Y Recorder. 

The pin connections for the RECORDER CONTROL socket, via which control pulses are 
sent from the Monitor to the X-Y Recorder, are shown in Fig. 2.8. If an extension for the 
Remote Control Cable is required, one can be made using the information in this figure. 

To calibrate the X-Y Recorder using the signals from the Monitor proceed as follows: 

1. Connect a mains supply to the X-Y Recorder and mount a pen on the pen holder as 
described in the Instruction Manual for the instrument. 

AO 0087 BNC Cable 

I 

AQ 0034 
Remote Control Cable 

I 
'Grroom:l Qllllll'llllll' 

91111ftllllll' 

WBGT- Heat Stress Monitor 
Type 1219 

.l 
-·. 

. ~ 
F 

X- Y Recorder 
Type 2308 

• i =-·it 

•;~ ••• 
•;~ ••• 

84 1515 

Fig. 5.5. Connection of X- Y Recorder Type 2308 to Monitor for recording 
stored measurement data 

2. Switch on the Monitor and allow the self-test routine to run (See Chapter 3 for 
details of powering etc.). 

3. Place a sheet of preprinted Recording Paper (either QP 3573 or QP 3574) on the 
platen of Recorder and align the paper with the left and bottom edges of the platen. 

4. Set the FUNCTION SELECTOR switch on the X-Y Recorder to "Paper Hold" and 
smooth the paper down. 

5. Set the other controls on the X-Y Recorder as follows: 

SWEEP RATE: 
SWEEP: 
Y-RANGE: 
Y-SWEEP: 

"20 mm/s" 
"Hold" 
"20 mV/mm" 
"Ext." 
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5.2.3. Replaying 
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Y-POLARITY: 
Y-GAIN: 
X-RANGE: 
X-SWEEP: 
X-POLARITY: 
X-GAIN: 

"Norm." 
"Cal." click-stop position 
"20 mV/mm" 
"Ext." 
"Norm." 
"Cal." click-stop position 

6. Change the FUNCTION SELECTOR switch to "Servo On" and activate the "Zero" 
pushkey on the Monitor. The pen carriage of the X-Y Recorder will move. The 
position of the carriage and pen should then be adjusted using the Y ZERO SET and 
X ZERO SET knobs on the X-Y Recorder, until the pen is positioned above the Zero 
circle on the Recorder Paper. To ensure that the pen is in the correct position it can 
be lightly pushed down to make a mark on the paper. Continue adjustment until this 
mark coincides with the dot at the centre of the zero circle. 

7. Press the "F.S." pushkey on the Monitor. The pen carriage of the X-Y Recorder will 
move. The position of the carriage and pen should then be adjusted by reducing the 
gain, using the Y GAIN and X GAIN knobs on the X-Y Recorder, until the pen is 
positioned above the F.S. circle on the Recorder Paper. To ensure that the pen is in 
the correct position it can be lightly pushed down to make a mark on the paper. 
Continue adjustment until this mark coincides with the dot at the centre of the F.S. 
circle. 

8. Press the "Zero" pushkey on the Monitor and check the zero position. If necessary 
readjust the Y ZERO SET and X ZERO SET knobs. 

1. Connect and calibrate the X-Y Recorder as described in sections 5.2.1 and 5.2.2. 

2. Select the INPUT to be recorded by pressing the appropriate pushkey on the Moni
tor. 

3. Select the parameter to be recorded by pressing the appropriate DISPLAY pushkey 
on the Monitor. 

4. Press the "Start" pushkey on the Monitor. 

Control pulses from the Monitor result in different types of dotted line being used for the 
different parameters. This together with the use of different colour pens enables all 
measurement data to be clearly reproduced on a single graph. 

Note: If solid line plots are preferred, the FUNCTION SELECTOR switch on the X-Y 
Recorder can be set to "Pen Down". 

The Monitor also provides a pulse signal which marks the Averaging Time that was used 
for the recording and indicates whether or not the "Direct Sunshine" formula for calcu
lating the WBGT -index was selected. 

Additional information such as mean, maximum and minimum values of all parameters 
can be recorded manually on the reverse side of the Recording Paper (see Fig. 3.11 ). 
Space is also provided for a sketch of the measurement site and for comments such as 
activity levels. The Recording Paper can thus provide the foundation for the full report
ing of measurements as required by ISO 7243. 



6. SERVICE AND REPAIR 

The WBGT -Heat Stress Monitor Type 1219 is designed and constructed to provide the 
user with many years of safe, reliable operation. However, should a fault occur which 
impairs its correct function and operating safety, then it should be immediately discon
nected at the mains source and be secured against unintended operation. For repair 
consult the separate Service Instruction Manual available for the Type 1219 or contact 
your local B & K service representative. Under no circumstances should repair be at
tempted by persons not qualified in the service of electronic instruments. 
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