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5. MONITORXNG AND CONTROL 

This chapter provides an overview of the current methods and some 
tutu= porsibilitics for monitoring and contmlling diesel  exhaust emissions In 
t h e  workplace. based on extensive r v v f e w s  and key publications. In order 
to inject more reality in to  this d¶scussion, there w i l l  appear reported 
pollutant levels in a f e w  Ontario and U.S. mines and other uorkpLaces. 

5.1  MONITORING 

A wide variety o€ analytical techniques have been used to monitor the 
hundreds of components comprising diesel exhaust. Most of these techni- 
ques a r e  too expensive and time eonsuming to be particularly effective in 
regularly mearuring worker exposure. The few which might be useful for 
this purpose are discussed below. 

5.1 . I  Gases and Vapours 

A s  can be seen in Table 5-1, there arc  a number of methods used to 
measure gas-phase atmospheric pollutants. A r e a  monitoring may be carried 
out ulth stain tubes, optical-spectroscopic methods, elcctrochemicd cells 
and chemiluminescence for a variety of different gas-ph8se pollutants. 
Electrochemical cells may also be used for personal monitoring. For example. 
Johnson and co-workcn use nondispersive infra-red rpectroscopy for 
carbon monoxide urd carbon dioxide measurement chetrnihmincscence for 
nitric oxide and nitrogen dioxide measurement, and UI electrochemical 
methad for sulphur dioxide fn their extensive and continuing studies of air 
quality In dieselized 1niines.*1*~*4~305 

S.1.1.1 S t a b  tubes:306 Stain tubes, often d l e d  "Draeger tubes" after 
on. of thefr amjor manufacturers, am commonly used to measum workplace 

quality. They consist of sealed tubes which contain r e q e n t s ,  adsorbed 
rupport medium (usually silica gel), which change colour when the 
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TABLE 5-1 Measurement Methods for Diesel Exhaust 

natal a i d e  detoctor8 CO, NO, ~ 0 2 ~  cx4 

Has8 spenroaretry nut useful for the inorganic gase8, but 
8 povrrful tool, whan coupled uitb 
gas chr-tograph, t o r  organics 

Cas chranatogt8phy Organics, not oftaa wed for the 
inorganic 9rsu 

3 
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ipecffic gas they are to analyze reacts with them. To use. the tube is 
broken open a t  each end and a known volume of the  air being tested is drawn 
through. The length or intensity of the d o u r  change along the  tube gives 
an approximate indication of the amount of gas present. 

. These tubes have the  advantage of low cost, s b p l i d t y  of opemtion and 
almost hstantaneou8 indication af the pollutant concentration. Their 
accuracy fn normal use, however, in Icldom better than p lus  or minus 25 
percent, which might make them unsuitable for regulatory purposes. They 
are M U  used in Ontario mines-to fulfill the monitoring requirements of-the 
Diesel Code w i t h  respect to carbon monoxide a d  nitrogen dioxide.**6 

5.1.1.2 Electrochemical cells: An electrochemical cell acts as a fuel cell 
and generates o current  proportional to the  concentration of the monitored 
gas in an dr sample. The ur  under test in bubbled thmugh an electrolyte 
which ierves as one half-ceLl of the galvanic cell. A membrane separates 
this half-cell from the reference half-cell, the nature of which depends upon 
the gas being measured. Carbon and Johnson used such an electrochemical 
cell to monitor sulphur dioxide in mine cnvironrnents.305 

- 

As is the case w i t h  many liquid-electrolyte qrllvanic cells, these cells 
have a significant disadvantage; they are rubfect to changes in voltage due  
to polarization effects occuring at the electrodes. Aa a result daily calibra- 
tion of the cells is often necessary. Over the longer t e r m  (three to SLK 

months) replacement usually becomes nectssaly because of corrosion 
problems .306 Recently electrochemical mud-polymer-efectrolyte (SPE) 
sensor cells have been developed which US. no Uqufd electrolyte, eliminating 
Such problems as corrosion or  containment. Carbon monoxide SPE cella are 
now uideiy ured in steel m u  and ltrr department. u wel l  as regulatory 
rgencier. Sensors for nitric oxlde and nitrogen dioxide have also recently 
boen developed. 307 

i 
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5.1.1.3 Optical apcctroscopy: Carbon monoxide urd cnrbon dioxide 
have atrong absorption bands in the infrared region of the spectrum. w i t h  
the result that infrared sectrwcopy ia r convenient method for their 
measurement. For other gases. the ultraviolet region may be ured. Nitric 
oxide, for example, has strong m d  very rharp absorption bands in the 
region 200 to 230 nm, while ru lphur  dioxide may be measured 8t 310 nm. 
Some care is  necessary to assure that that ramplc is free of dust particles 
and,  for infrared rpectroscopy, water vapour. Corlson and Johnson, for 
example, measured carbon monoxide and carbon dioxide in  mine atmospheres 
using non-dispersive infrared absorption techniques. 305 

I 

An important advantage for some regulatory purposes is the fact that 
spectrometers may be used for continuous rnersurement of the pollutants 

5 .1.1.4 Chemiluminescence: In many chemical reactions, the product 
molecules mry be formed in an electrochemically excited state, which then 
relaxes to the ground electronic state with the emission of aght. Thls 
process is chem~uminescenca and a technique based on it ha6 been used to 
measure nitric oxide and nitrogen dioxide in diesel exhaust Ozone 
is reacted w i t h  nitric oxide in the exhaust gases and e lec t ronid ly  excited 
nitragen dioxide is formed. The chemiluminescence. detected by 

photomultiplier. is proportional to the concentration of nitrogen dioxide 
formed and thus to the quantity of nitric oxide originally present. In order 
to measure total nitragen oxides (including any nitrogen diordde in the 
original umpte) by this technique, any n l t q e n  dioxide prrrent must ba 
r e d u c d  to nit& oxide prior to ita intmductbn into p e  detection chamber. 
Either a thermal converter or atalptic converter ia ordinartly ured for thio 
reduction. The level of nitrogen dioxide is rimply the difference between 
the two measurements (NO, mfnus NO). 
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5.1.2 Mesel Particulates 

Total particulates -- that  is, both diesel particulates and others such as 
silica dust -- may be measured w i t h  konimeter or by g r a v i m e t r f d y  deter- 
mining the partfculates on a Alter. In order to measure the concentration of 
diead particulates in particular, the total particulate sample must be 
treated, either by burning off its carbonaceeus portion or by extracting the 
diesel par t ic lutes  w i t h  organic solvents to produce the soluble organic 
fraction, SOF 

5.1.2.1 Total p a r t l c d ~ a t e s : ~ ~ ~  The konimeter is the main instrument 
now used to measure operational dust levels in mines. In the View of mort 
researchers, this instrument w i l l  measure respirible dust ranging in size 
f r o m  0.5 to flve microns. Air (five mL) in drawn through a smal l  orifice in 
the konimeter where it impfnges on a gtass sffde coated with adhesive. The 
particles trapped on the slide are  counted visually with a microscope or w i t h  
an electronic scanner; the dust  concentration is expressed as particles per 
cubic centimeter of air, ppc. The rude in heated in air to remove combust- 
ible material and then the particles on it are recounted. The dftference 
between the t w o  particle counts constitutes an estimate of the proportion of 
diesel particulates in the original sample. The konimeter uses a grab or 
random spot sample approach and provides no information on 1 miner's time- 
weigh ted-average exposure. 

A grsvimetric method of measurement may be more useful for personal 
monitoring. With thir technique air fa drawn through a pra-weighted fflter 
paper, rilver membrane or glass-fibre filters: the dust concentration is then 
determined gravimetric&lp. With silver membrane or gIass-fibm filters , the 
weight of the sample m y  be determined befom and after cornbusdon and an 
errtimate of the dieselderived partlcuhtes made. . 

The mterr used to trap total particulates do not differentiate between 
nspk8ble  and non-nsptrable fraction8 of airborne dust. There am, 

c 



100 

howeverr rkt-specific d l e c d o n  devfcer which are basically miniature 
cyclone cdec tor t .  These operate on the principle that, for a given velocity 
of air passing through the cyclone, only partfcler greater than a a m a i n  Bite 

wil l  be collected; a d e r  particles will pa88 right through. By u d n g  a train 
of cyclone collectors and carefully adjusting the rfr flow through them, it is 
possible to assure that the 6nal oollector w i l l  t rap most (ray 95 percent) of 
the respirable particles but not the larger, non-respirable ones. The 
collected respirable particles may then be determined gravimetrically and the 
combustion technique described above may then be used to estimate the 
rmount of diesel particdater. Cyclone colfecton am being introduced far 
measurement of 8illcr dust in dliu rtgubtionr denling w i t h  mine 
environments .310 

All diesel particulate measurement methods relying on combustion w i l l  be 
romewhat inaccurate becaure diesel root fs not the only component of toto1 
particuloter affected by combustion. Weight lorres after combustion may 
a180 reflect the loss of water of  crystalbation fkom adneral particles, oil and 
fuel trapped during sampling and any combustible ore dust present fn the 
atmosphere. In a dieselized mine, diesel particulates represent an estimated 
80 percent of the total combustible, respirable dust, 

5,l.Z.Z Soluble oiqanic fraction (SOFI: The major health concern is* of 
course, the organic molacules adsorbed on root particles. These may be 
measured in a gm.8 ray by extracting the particulates trapped on a filter 
(or mllected in a cyclone) with organic solventi, evaporating the rrolvmnt 
and then weighing the residue. Such solvents as hexanr md dichloro- 
methane arm usod for thia purpase. Meaaurement of the SOF i m  ured, for 
example, to determine the effectfvenesr of various engines and emission 
control option8 In reducing Ievela of the more toxic pallutants in diesel 
exhauat .s 

5.1.2.3 AnrtYEi8 of polynudear aromatic hydracrrrbons ( P M S ) :  Poly- 
nude- aromatic hydrocarborn am the component of the rolublr orginfc 

- 
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fraction that have raised the greatest mncern with respect to the health 

affecm of diesel exhaust. They also pase a complex monitoring problem 
because : 

The P A H  pailution found . .. consists of an extremely wmplex mixture 
of indlvfdual P A H  compounds. In some caaes more thnn 100 compound8 
have been identified in the partdculate matter I r o m  workplace envlron- 
ments. This means that, for a complete characterization of the potential 
hazardous compounds fn -me of these workplace enYrcOnmenW, 
analytical techniques w i t h  v e q  high resolving power . -  high rensitivity 

repmduci3ility for quantitative measurements art and 
necessary . -311 

Gas chromatography, 311n312 high pressure liquid chromato- 
graphy312*313 and thin layer  chromatography314n315 u e  -the techniques 
used to measure PAHs in environmental samples. For details on these 
techniques, the reader is referred to I comprehensive review contained In 
the Ontario Wnistrp of the Envfronmcnt'r report, Polynuclear Aromatic 
-Hydrocarbons .313 These techniques have been used, for example, to 
measure PAHs in diesel exhaust,316 the air of Ontario c i t i e ~ , ~ 1 ~  and Ontario 
mine atmospheres31s as  well as for rtudies intended to identify the contri- 
bution of diesel vehicles to the total PAH revels in the vicinity of 
highways .317 

5 .1.3 Carbon Dioxide as a Surrogate Measure of Diesel Exhaust Levels 

About 99 percent of the carbon from the combumtfon of diesel fuels i8 
expelled as carbon dioxide. Extensive work by Johnson and co-uorkars has 
demonstrated linear reintionships bet ween carbon dioxide levels and carson 
monoxide, nitrogen oxides, and dieseI particulates measured in working mine 
en~ i ron rnen t r .~  This finding led Johnson to propose using carbon dioxide as 
a surrogate measure of air quality in dieselized mining environments. 

The r p p m c h  has a number of attractions. Carbon dioxide levels are 
far higher thrn thare of other exhaust pollutantr Cfrrctfonr of a percent, 
compared to ppm quantities). ReXatively robust  instruments are av.il.ble 
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(using non-dispersive Fnfrrred absorption techniques) and these m y  be 
located fn mines or even mounted on mine vehicles to provide a continuoua 
monitor of carbon dioxide levels in the vicinity wf the vehicle operator. 
Carbon dioxide measurement can abo  provide a ready check on the efficiency 
w i t h  which the ventilation system ia removing diesel exhaust. 

This monitoring option is not universally accepted. It has been argued 
that It does not measure what would be amsidered a harmful rubstance; 
that the variations in the toxic pollutants with engine type. engine bad and 
fuel are not reflected in carbon dioxide levels. I Others have stated that the 
attachment of monitoring devices to mine vehicles would be an unnecessary 
expense and menn additional maintenance. as well as unwarranted anxiety 
among workera. 

4 

5 .2 POLLUTANT LEVELS FOUND IN OCCUPATIONAL ENVIRONMENTS 

The potentkrl magnitude of the problem posed by diesel exhaust may be 
seen through a brief examination of acturl pollutant lavds reported in 
dieselized workplaces. The data presented here am far from comprehen- 
sive. however. because such a data-collection effort would be beyond the  
scope of this project. 

5.2 .l Undcrqround Mining 

Table 5-2 presents pollutant level. found during the late 1970s fn four 
mines, two louted. ih the United States and two in Ontario. AU row miner 
are trrcMasr opmntionr. Whita Pine is a copper mine: Euohey Creek, a lrrd 
&ne: Ojibway, ul t  &ne: and Dendron, unnium mine. Interestingly 
the pollutant levels are similar in's lour mines, perhaps because they are 
fakly representative of trackless mining in gencnl. %om important, the 
actual levels for gaseous pollutants are dl considerably W o w  the current 
TLVS. * 
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exhaust leveIa may become uncomfortably high at tlmes (after d, there moy 
be 200 buses rtartinq and warming up  in one enclosed apace), thfs work 
practice reduces the eight-hour the-weighted-average expoeure. All 
rtorage areas have carbon monoxide rnonitorrr ret to round m alarm tf the 
carbon monoxide level exceeds 35 ppm. 

Each bus must pass a daily inspection, which includes visual inspection 
of exhaust smoke. . h y  bus emitting excessive smoke is withdrawn from 
service for correction of the problem. In addition, the buses undergo 
regular 32,000-mile services . 
5.3.3 Loading Docks 

W e l l  designed docks can substantially reduce exposure to diesel exhaust 
of employees working in them. One loading dock facility, seen during a visit 
to a manufacturing plant, was enclosed and ventilated, while dual bays were 
separated by floor to ceiling partitionu. A t rac tor t ra i le r  delivering a load 
back8 up to the dock and the rear of the trailer flts into a sed on the ware- 
house door. This prevents air passing from the dock into the warehouse. 
Unloading of the trailer can then take place without exposing workers to 
exhaust fumes, even LI the tr8ctort8 engine is running. In winter, the 
tractor-trailer area can be closed by a roller-blind outside the door. These 
contml techniques, besides coping adequately with worker exposum to 
exhaust, reduce heat losses from the warehoure area. 

The u m c  company. w h i c h  had continual dtliveries and shipmentr, has a 
pmctica of unhooking the  tractor &om the trailer once the trailer k kr 
porition. The tractor 1. then free to pick up an unloaded trailer from 
another hay and drive off for another lord while the warehouse c r e w  
unln8ds the delivend trailer. 

The NIOSH 8urv.y a t  a Marruchuuettr factory dready  referrud to above 
outlines iome generally appllcrble approaches ured to improve air quality in 
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302 Vehicles that had to keep their engines an enclosed loading dock. 
running during unloading (because of the need to power l u x a a r y  equipment 
or  starting problems in cold weather) were hooked up to a flexible exhaust 
hose vented to the outside by m extractor fan. This control meaaum was 

rimple to instoll and reduced exhaurt levela considerably, both hi the 
loading area and in the surrounding offices. The NIOSH report aho itated 
that the company had introduced regulations governing the maldmum t i m e  a 
vehicle would be allowed to run its engine while waiting to unload. 

5.3.4 Diesel Repair Shops 

The game approaches to diesel exhaust emissions are followed in both 
independent repair  rhops (i.e.. those establishments whose income is 
generated by the service and repair  of diesel vehicles) and "captive" shops 
(i.e.. in-house operations which maintain bnd repair diesel vehicles, and 
indeed railroad locomotives. for their organizations). There is, however, a 
w i d e  variation in the quality of contml measures used in differsnt ertablish- 
ments; larger enterprises and wcstptiven rhops iend to be more stringent than 
smaller operations. 

S .3 .I . l  Ventilation: The most effective ventilation reg ime  in individual 
ven:iZPtlon hoses on vehicle exhausts complemented by general-area ventila- 
tis.?. 

General-area ventilation practices range from installed ventilation ducts 
(which vent shop-air to the outside) to the rimple use of oeiling fans. to 
merely opening the garage doors when the fumes get too bad. 

\ 
Installed diesel exhaust extraction systems (DEESI are usucrlly designed 

to flt vehicles with v e r t i a l  exhaust stauks (the common oonfigur8tion k 
heavy- and mediurn-goods vehicles). Problems ar&e when the shop has to 

' repair vehicles wfth undar-dung exhausts w the DEES hoses m y  not be 
long enough to accommodate under-vehicle exhausts. To bo effective, the 
DEES ihould have an extraction fan of sufficient capacity to remove exhaust 

I '  


