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Gas and Fume Generation 
At the Blast Site 

Gases an d fUllles are generated as a result of explosives detonation at a blast site. 
Th is chapter discusses only those gases produced by th e detonation of commercial 
explosives. Since fracturing of the rock has potential to allow th ese detonation gases 
to either (1) acculllu late in the muckpile or (2) migrate out of the blasted area , they 
should be ventilated as soon as possible. 

Underground opera tions install ventilation systems to exchange the air, but slllface 
operations rely on natural ventilation to th e open air. To faci litate the ventilation, the 
blaster-in-charge should encourage early muckpile excavation to avoid any potential 
of accumulation of detonation gases. 

DETONATION GASES 
The heaving action of an explosive is a result of the large guantities of rapidly 
expanding hot gases produced as it detonates . Idealiy, a detonation produces on ly 
stea m (H

2
0 ), carbon dioxide (CO,), and nitrogen (N ,) as a result of the reaction. 

However, in the real world the detonation of explosives in a blasting operation also 
produces the three toxic gases: (1) nitrogen dioxide (NO,), (2) ni tric oxide (NO), 
and (3) carbonlllonoxide (CO) (ISEE, 1998). T he quantities of CO, NO, and NO, 
released by the explosive varies according to conditions of use and its formulation by 
th e l1unufacturer. 

Anyth ing that tends to cool the detonation process increases the formation of 
oxides of nitrogen. Some of the factors that increase toxic fum es are poor product 
formulation, inlproper LIse, inadequate priming. insuiflCient water resistance, degree 
of confmement, reactivity of the explosive ingredients with th e rock or other material 
being blasted, and incomplete product reaction. [n general, poor performance of an 
explosive in a blast tends to increase the production of toxi c fumes. Fumes should nOt 
be confused with smoke, which is composed mainly of stearn and the solid products 
of combustion or detonation. Excessive exposure to smoke, especially that produced 
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by dynamite, can ca use severe headaches and should be avo ided. The heada che may 
be the resu lt of small particles of unreacted or partially rea cted explosive ingredients 
in the sl110 ke. Explosives 1l1a llu i:lctu rers are able to provide products that minimi ze 
toxic fumes production and should be consulted when blasting in locations w here 
sufficient natura'! or forced ventilation may not be sufficient to dissipate the fumes. 

In an effort to protect workers, extensive research has been done on the toxic 
fumes generated by the detonation of explosives. M any countries have test procedures 
and formal or informal requirementS in place for th e mC! ximUll1 permitted fum es 
production by a given amount of explosives (S treng, 1971 , Karmakar and Banerj ee, 
1984, and International Society of Explosives Engineers, 1998). In the U.S. , the 
system used for guantifying the toxic gases prod uced by an explosive is th e Institute 
of Makers of Explosives ([ME) fum e class. The IM E fume classification is based on 
th e toxic gases produced by the detonation of a 32 milli meter by 200 millimeter (1 X 
inch x 8 inch) ca rtridge of explosive in the Bichel Gauge (See fi gure 28.1). 

Explosives produ ci ng less than 4.53 liters (0.16 ft3) toxi c fumes are ra ted IME 
fume class 1. IME fume classes 2 and 3 produ ce larger quanti ties of toxic fumes. 
Blasters who wish to shoot blasting agents undergroun d in a state requiring I ME fum e 
class 1 explosive are faced wi th a dilemm a. Blas ting agents will not reliably detonate 
at full order when initiated by a blasting cap as a 32 millimeter by 200 millimeter 
(1 X inch x 8 inch) cartridge so it is not possible to determine I ME fume class usi ng 
the Bichel Ga uge. Therefore, exp losive manufacturers ca lculate fum es quantities 
based on thCrIl10dynamics to assign fume classes for those products. Internatio nally, 
me.1Sllrements of th e toxic fum es. produced by blasting agentS in large scale 1l1ining 
operations have been conducted but these have been carried 011 as resea rch and no 
standardi zed test procedure has been developed . (Streng, 1971 ) (Mainiero, 1997). 
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F({!/Irc 28.1 - Birbel Gallge used Jor determi"illg rhe qll al/tiTles of toxic gases l'e1eased by 
a cartridge oj explosi"c. (Courtesy: R. Mailliero) 
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[n the US., the US. Mines Safety and Health Administration has placed limits 
on [he toxic fUlnes that ll1ay be produced by permissible explosives for blasting in 
underground coal mines. These are detailed in the US. Code of Federal Regulations 
Tide 30, Part 15 and are based on measurements made in the Large ChamberTest (See 
figure 28.2). In this test, 0.454 kilogram (1 pound) of explosive is loaded unstemmed 
in a cannon at one end of the chamber. Follo\ving detonation of the explosive, the 
fumes in the chamber are sampled and analyzed. Based on the quantity and types of 
toxic gases produced, the explosive is approved or rejected as a permissible explosive 
(Santis, J 995). 

Figure 2S.2 - Large Chamber IIsed for determillillg the toxic jit/Iles produced by permissible explosives. 
(Courtesy: R. !Hniniero) 
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TOXIC HAZARDS OF CO, NO, AND N0
2 

co is an odorless, colorless gas that can cause illness an d death by asphyxiation . In 
general , the first symptoms include headache, f.1tigue and Iightheadedness. At high 
exposures to CO, skin flu shing, rapid heart rate, and lowered blood pressure OCCLIr. At 
eve n hi gher exposure levels, decreased attention span is followed by nausea, vOllliting, 
impaired coordination, fainting, coma, convulsions, and , finally death. 

NO is a colorl ess gas. Symptoms of exposure include redness of the eyes, abdominal 
pain , coughing, headache, dizziness, blue skin, lips, or fingernails, shortness of breath, 
and convulsions. Exposure to NO will always include simultan eous exposure to N0

2 

since NO is continuously converted to N0
2 

in the atmosphere. 
N0

2 
is a brown gas w ith a punge nt odor. It is very corrosive and will CJuse severe 

burns to the skin , eyes, an d lun gs in sufficiently high concentrations. Symptoms 
include a burning sensation to ski n, eyes, or lungs, sore throat, cough, dizziness, 
headache, sweating, labored breathing, nausea, shortn ess of breath , and vomiting. The 
symptoms for NO, poisoning may be delayed. A person exposed to NO, may feel 
only minor symptotTIs at first. The actual damage to th e lungs may not sho\v up 
until several hours later, at which time the lu ngs become congested with fluid and 
breathin g becomes labored. 

T he symptoms of CO, NO, and NO, exposure are similar to those of the flu 
and other illnesses . People exposed to these toxic gases may think they are coming 
down with a cold, the flu , or are suffering from food poisoning. If a worker becomes 
ill on the worksite, it is a good idea to stay on the side of cauti on and seek medical 
attention . 

Blasters working in underground or confined enVirOllll1ents have long been aware 
of the hazards of these gases and know that rhey must ensure adequate ventilation 
to quickly dilute them below harm fu l levels before returning to their work stations. 
Blasters ar surface mines and construction operations have not been as concerned 
abou t blasrin g fun"les as their coun terparts in undergro und min es\ bel ievin g that 
fumes would be adeq uately dispersed in the open air ([SEE, 1998). 

Surface blasters, however, must be aware that toxic fumes have the potential to 
create hazards in the ir operations. Sonle large surface min es detonate up to two 
million pounds of blasting agent in a singl e shot. Some of th ese shots produce a 
red or orange colored cloud, which indicates the presence of NO, (Barnh art, 2004), 
(Ba rnhart, 2003), and (Lawrence, [ 995) and is unsafe to breathe. 

The CO in the gaseous products released immediately after a blas t is not as much 
of a concern as the NO and NO, since CO is much less toxic than NO and NO,. 
The CO danger lies with the gas that remains in the gro und after th e blast which is 
released to the atmosphere during loading operations or may migrate through the 
ground and coll ect in confined spaces. 
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TOXICITY LEVELS 
As previously mentioned, the toxic gases of primary concern for blasting operations 
are NO., No." and Co. o.ne common way to express the toxicity o f th ese gases 
is the o.SHA Permissible Exposure Limit or PEL. The PEL is the time weighted 
average concen tration, usually expressed as parts per million (ppm), that must not be 
exceeded during an 8 hour work day. The PEL for No." NO., and Co. are 5,25, and 
50 ppm, respectively (N lo.SH , 1994). Toxicity of gases may also be expressed as the 
concentration Immediately Dangerous to Life and Health , or IO LH. Workers shou ld 
never be exposed to concentrations above th e IOLH without specialized respiratory 
protection. The IDLH levels have been set based on the beli ef that a worker would 
be able to escape to fi'esh air without loss of life or irreversible health effects. The 
IOLH for No." NO., and Co. are 20, 100, and 1,200 ppm, respectively (N lo.SH, 
1994). 

The only reliable way to detect the presence of toxic gases following a blast is 
with an instflunent designed to detect these gases . These instruments Illay be used 
to monitor the gases being released by a muck pile or determine whether th e air in 
a confined space near a blast is safe to breath e. 

CONFINED SPACE 
The National Institu te for o.ccupational Safety and Health (N lo.SH) defi nes 
a conflll ed space as "a space "vhich by des ign has linlited open ings for entry and 
ex it, unfavorable natural ventilation \l"Ihi ch could contain or produce dangerous 
air cOl1tam.inants , and wh.ich is not in tended for continuous employee occupancy" 
(See N lo.SH web site). An example o f a confined space near a construction blast 
might be a manhole or an excavation for uti li ty lines. The o.ccupational Safety and 
Health Administration (o.SHA) guidelines for confined space safety should always be 
fo llowed since a dangerous atmosphere may result fron1 1l1Jny so urces in additions to 
blasti ng (See o.SHA web site). Figure 28.3 shows a worker using a multi-gas monitor 
to measure blasting fumes in a 1113nhole. 011 a trenching project. 
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Figure 28.3 - Worker using a /IIulli-gas mQ/litor to measure blasfillgJlllllcs ;1/ 11 mallhole. 011 (I treuchi/lg projf~c f. 

(COIlaes}': R. Mail/iero) 

CO MIGRATION 
J n rare cases blasting fum es may travel hundreds of feet throu gh the ground and 
collect in the basement of a structure adjacent to a blastin g site. In these cases the 
culprit is likely Co. NO and NO, do not travel far through th e ground due to soil 
and ground water absorption (Mainiero, 2007). CO, being odorless and colorless, 
nlJY build lip in a basenlent or other confined space \vithollt any warn ing or tell ta.le 
odor. Since 1988, th ere have been eighteen documented incidents of CO migration 
in th e United States and Canada; th e confined space typically being a home and in 
one case a sewer manhole vault (NIOSH, 1998), (Eltschlager, Schuss, Kovalchuk, 
2001), (NIOSH, 2001), and (Sa ntis, 2001) . There have been thirty-nine suspected 
or medically veri fied carbon monoxide poi sonings caused by blasting-generated 
CO, \\flth one fatality. fn one in cident in Kittann ing, Pennsylvania, blasting fumes 
traveled 450 feet from a coal strip mine into a home, poisoning a couple and their 
baby. Fortunately, all three recovered followlng treatm ent in a hyperbari c chanlber 
(Elcschlager et a!. 2001) and (NJOSH, 2001). 

The only way to detect th e CO is with an instrument. Fortunately many 
homeowners have installed monitors to detect CO that may be produced by 3 fau lty 
furnace or space heater. These monitors work just as well in detectin g CO that may 
come from a blast. [fa home nea.!' a blast does not have CO monitors, a blaster should 
consider g ivin g or loaning the homeowner one for the duration of the blasting . 
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