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Environmental sampling in areas where 
flammable materials are present, such as mines, 
tunnels, refineries, and chemical plants, necessi­
tates the use of intrinsically safe or explosion­
proofed electrically operated devices, The type 
of hazardous atmosphere dictates the require­
ments for safe operation. The designation of 
the classification of the hazard, the provisions 
for operating under hazardous conditions, and the 
agencies responsible for approving the equipment 
are described in the following paragraphs. 

The nature and degree of hazard existing in 
a particular location are denoted by modified 
National Electrical Code (1) specifications of 
Class I, II, or III; Group A, B, C, D, E, F, or 
G; and Division 1 or 2, 

The class designation typifies the nature of 
the hazardous material. 

Class I locations contain flammable gases 
or vapors in the air in quantities sufficient to 
comprise an ignitable explosive mixture. 

Class II locations are those in which com­
bustible dusts are present in concentrations suf­
ficient to result in fire or explosion. 

Class III locations are those in which the 
combustible material is fibrous or flyings not 
normally suspended in the atmosphere in quanti­
ties to produce ignitable mixtures. 

Group designations are more specific sub­
classifications of the nature of the hazard. 

The Groups recognized in Article 500 are: 
Group A, atmosphere containing acety­

lene. 
Group B, atmosphere containing hydro­

gen or gases of equivalent hazard such as 
synthetic gas. 

Group C, atmospheres containing ethyl 
ether vapors, ethylene, or cyclopropane. 

Group D, atmospheres containing gaso­
lene, hexane, naphtha, benzine, butane, pro­
pane, alcohol, acetone, benzol, lacquer sol­
vent vapors, or natural gas. 

Group E, atmospheres containing metal 
dusts including aluminum, magnesium and 
their alloys, and othe r metals of similar 
hazardous characteristics. 

Group F, atmospheres containing coal, 
coke, or carbon black dusts. 

Group G, atmospheres containing flour, 
grain, or starch dusts. 

Divisions define the probability of hazardous 
materials being present in ignitable concentra­
tions. 

Division 1 is a location where the ignition 
probability of the atmosphere is relatively high, 
i.e., where 

(a) hazardous concentrations exist continu­
ously, intermittently, or periodically 
under normal conditions, or 

(b) hazardous concentrations exist frequently 
because of repair or maintenance oper­
ations or leakage of equipment, or 

(c) breakdown of equipment or unexpected 
failure might create hazardous concen­
trations and also cause failure of elec­
trical equipment. 

Division 2 is a location which is presumed 
to be hazardous only in abnormal situations, 
i.e., as a result of accident which results in con­
tainer failure. Some of these are: 

(a) locations where flammable liquids or 
gases are handled, processed, or used 
but are normally confined in closed con­
tainers or systems. 

(b) areas which are rendered non-hazardous 
by forced ventilation, which could be­
come a hazard if the ventilating equip­
ment fails. 

(c) areas adjacent to Division 1 locations 
where hazardous concentrations of va­
pors or gases could be transferred, 
unless prevented by positive ventilation 
with adequate protection against venti­
lation failure. 

The nature of the fire and explosion haz­
ards of specific materials is a function of their 
relative ease of ignition. The various param­
eters constituting the relative ignitability are 
given for specific gases, liquids and solids in 
numerous publications. (2,3,4,5,6,7,8,9,10,11) 

Equipment and associated wiring approved 
as intrinsically safe may be used in any haz­
ardous location for which it is approved. In­
trinsically safe equipment and wiring is incap­
able of r e leasing sufficient electrical ener gy 
under normal or abnormal conditions to cause 
ignition of a specific hazardous atmospheric 
mixture. Abnormal conditions inc lude acci­
dental damage to any part of the equipment or 
wiring, insulation or other failure of electrical 
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components, application of over-voltage, adjust­
ment and maintenance operations, and other sim­
ilar conditions. 

The application of the principle of intrinsic 
safety to electrical equipment and wiring for _use 
in hazardous location represents an approach 
which is quite different from the normal methods 
such as explosion-proof p·rotection. In an in­
trinsically safe system, safety is provided by the 
design of the system, not by the addition of pro­
tective measures to the system. Safety, there­
fore, exists for the life of the equipment, during 
maintenance, and in spite of maintenance. 

For sampling in mines or tunnels or other 
underground areas where electrical or other 
sources of power are unavailable or difficult to 
obtain, battery operation is most desirable. Re­
chargeable batteries of the lead-acid, nickel-cad­
mium, or silver-zinc types are suitable for this 
purpose. 

For coal mines, in particular, where methane 
gas is an ever present hazard, the U.S. Bureau 
of Mines has specified the requirements for the 
electrical circuits of equipment and instruments 
for use in methane atmospheres. These require­
ments, given in the appropriate Bureau of Mines 
Schedules, contain the following: 

1. All intrinsically safe equipment must be 
intrinsically safe for methane atmospheres. 

2. All possible combinations of failures must 
be considered in determining whether or not 
energy levels might rise above a permissible safe 
leve 1 under fault conditions. 

3. All possible modes of failure must be 
considered. 

Instruments approved by the U.S. Bureau of 
Mines for use in methane atmospheres are listed 
in a series of publications. (12, 13, 14, 15, 16) 

Other hazardous concentrations can be en­
countered by the industrial hygienist in his sam­
pling of the environment. The specifications for 
electrical requirements for these conditions have 
been prepared by the Instrument Society of 
America in their latest publication. ( 17) 

Suitable equipment for use in specific atmos­
pheres is approved by Underwriters Laboratory 
(18) or by Factory Mutual Engineering Corpora­
tion. (19) 

When intrinsically safe instruments or equip­
ment cannot be obtained, then explosion - proof 
housings are required. The use of explosion­
proof housings is based on the fact that in many 
types of electrical equipment the quantity of en­
ergy available to a combustible mixture during 
normal operation or during probable and non­
preventable faults is well above that required for 
ignition. One way in which such equipment can 
be employed safel1y in a hazardous location is to 
provide an enclosure so constructed that, if igni-

tion does occur around the equipment, the flame 
cannot propagate outside the enclosure and spread 
to the surrounding atmosphere. In order to per­
form this function the enclosure must contain the 
internal explosion forces without damage and 
cool any gases which escape so that they cannot 
ignite the flammable mixture surrounding the 
enclosure. Explosion-proof enclosures are not 
gas-tight. It is expected that gas or vapor will 
enter the enclosure and be ignited if there is an 
ignition source. 
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