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Safety Data Sheet
Note:  NAP = not ap pli ca ble

           NAV = not avail able                                                                                                                                                   sam ple for il lus tra tion only                           

Sec tion 1 — Iden ti fi ca tion

Prod uct Iden ti fier   Solve-All Other Means of Iden ti fi ca tion   S-A999

Rec om mended Use   gen eral pur pose sol vent Re stric tions on Use   none

Sup plier   

Solve-All Inc.

987 Any Street

Any where  City, Prov ince X9X 1Z1

Tele phone   1-800-XXX-9876

Emer gency Tele phone   1-XXX-234-5678

                                         24/7 avail abil ity

Sec tion 2 — Haz ard ous In gre di ents

GHS Clas si fi ca tion Flam ma ble Liq uid - Cat e gory 3;  Acute Tox ic ity: In ha la tion gas/vapour - Cat e gory 3; Spe cific Tar get Or gan - Sin gle Ex po sure: 
Nar cotic Ef fects - Cat e gory 3; As pi ra tion Haz ard - Cat e gory 1

            Dan ger

Haz ard State ments Flam ma ble liq uid and vapour. Toxic if in haled. May cause re spi ra tory ir ri ta tion or drows i ness and diz zi ness. May be fa tal if
swal lowed and en ters air ways. May be harm ful in con tact with skin.

Pre cau tion ary State ments    Keep away from heat, hot sur faces, sparks, open flames and other ig ni tion sources. Avoid breath ing  gas, va pours, 
spray. No smok ing. Keep con tainer tightly closed. Bond and ground con tainer and re ceiv ing equip ment. Wear pro tec tive gloves/cloth ing/ eye/ face
pro tec tion. If on skin or hair rinse with wa ter. Take off im me di ately all con tam i nated cloth ing. In case of fire, use car bon di ox ide, dry chem i cal, “al co hol 
foam” to ex tin guish. Use in well-ven ti lated area. Store in a well-ven ti lated place. Keep cool. Dis pose in se cure land fill. IF IN HALED, re move per son to
fresh air and keep com fort able for breath ing. Call a POI SON CEN TRE or doc tor. IF SWAL LOWED, im me di ately call a POI SON CEN TRE; do NOT in -
duce vom it ing.    

Other Haz ards Ir ri tates nose, throat, eyes. Causes dry skin.

Sec tion 3 —  Com po si tion/In for ma tion on In gre di ents

Chem i cal Iden tity Com mon Name CAS Other Unique Iden ti fi ers Con cen tra tion %

Pe tro leum Dis til late:        
15 to 20% Ar o matic 

80 to 85% Aliphatic
paint thin ner, min eral spirits 8052-41-3

NAP

NAP
100 %

Chem i cal Im pu ri ties  NAP NAP NAP NAP

Sta bi liz ing Ad di tives NAP NAP NAP NAP

Sta bi liz ing Sol vents 

none          
NAP NAP NAP NAP

Page 1 of 4



16                                                                                                                              GHS Reference Manual

Sec tion 4 — First-Aid Mea sures

First-Aid Mea sures Symp tom/Ef fects of Acute or De layed Ex po sure Im me di ate Med i cal and Spe cial Treat ment

In ha la tion   Re move vic tim to fresh air. Call 
a Poi son Con trol Cen tre.

In ges tion If swal lowed, im me di ately call a
Poi son Con trol Cen tre; do NOT in duce
vom it ing.

Skin Con tact  Wash skin with wa ter for at
least 15 min. Soap may be used.

Eye   Rinse eyes with wa ter for at least 15
min utes. 

Acute head ache, diz zi ness, con fu sion. Death can
oc cur at high con cen tra tions.

De layed NAV

Fol low in struc tions as noted for each route
of ex po sure.

Sec tion 5— Fire-Fight ing Mea sures

Suit able Ex tin guish ing Me dia   car bon di ox ide, dry chem i cal, al co hol foam

Un suit able Ex tin guish ing Me dia   Do not use wa ter as it may cause fire to spread.                                                  

Spe cific Haz ards Aris ing from the Haz ard ous Prod uct   NAP                                                                     

Spe cial Pro tec tive Equip ment and Pre cau tions for Firefighters  Wear NIOSH-ap proved Self-Con tained Breath ing Ap pa ra tus (SCBA) and 
turn out gear.

Sec tion 6 — Ac ci den tal Re lease Mea sures

Per sonal Pre cau tions, Pro tec tive Equip ment and Emer gency Pro ce dures  These ap ply to small quan ti ties < 5L only. For larger quan ti ties, call 
Emer gency Re sponse Ser vices and ask for help from the HazMat Team. Ex tin guish all sources of ig ni tion. At tempt this pro ce dure only when
equip ment is avail able and work ers have prac tised this ac tiv ity. Wear PVA or NEO PRENE gloves to pro tect against skin con tact. Wear
NIOSH-ap proved or ganic vapour res pi ra tor if above TLV. Wear Safety glasses or gog gles, and where splash ing can oc cur, wear faceshield
and PVA or NEO PRENE apron or chem i cal pro tec tive suit (TYVEK).

En vi ron men tal Pre cau tions   Pre vent from en ter ing sewer. 

Meth ods and Ma te ri als for Con tain ment and Clean ing Up  Con tain and cover us ing sand to sup press vapour emis sion or a prod uct rated
for use with spills of hy dro car bons. Us ing a shovel, col lect into a 20 L metal pail con tain ing a lid.

Sec tion 7 — Han dling and Stor age

Pre cau tions fo Safe Han dling Use min i mum quan tity needed. Keep con tainer closed. Bond and ground dur ing liq uid trans fer.

Con di tions for Safe Stor age (in clud ing any in com pat i bil i ties) Store in cool ven ti lated area, no ig ni tion sources. Bond and ground con -
tainer. In com pat i ble with some rub bers/plas tics.

Sec tion 8 — Ex po sure Con trols/Per sonal Pro tec tion

Ex po sure Lim its ACGIH TLV -TWA 525 mg/m3  (100 ppm)
En gi neer ing Con trols  Use lo cal ex haust to con trol be low TLV. Use
gen eral ven ti la tion to con trol be low TLV.

In di vid ual Pro tec tion Mea sures Wash hands be fore eat ing, drink ing, or smok ing. Wear hand cream or gloves to pro tect against skin con -
tact. Do not smoke while work ing with this prod uct.

Page 2 of 4
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Sec tion 10 — Sta bil ity and Re ac tiv ity

Re ac tiv ity   Re acts with strong ox i diz ers, liq uid ox y gen, chlo rine. Chem i cal Sta bil ity   sta ble

Pos si bil ity of Haz ard ous Re ac tions  none known
Con di tions to Avoid   (elec tro static dis charge, shock, vi bra tion) (me -
chan i cal im pact: sta ble);   (static dis charge: NAV)

In com pat i ble Ma te ri als   some rub bers/plas tics
Haz ard ous De com po si tion Prod ucts car bon di ox ide, car bon mon -
ox ide

Sec tion 11 — Tox i co log i cal In for ma tion

Route of Ex po sure Car ci no ge nic ity  not known Germ Cell Mutagenicity  not known

In ha la tion ü In ha la tion  Can cause ir ri ta tion of nose, throat, and lungs. 

In ges tion ü In ges tion Cough ing and chok ing al most immediately fol lowed by vom it ing, sore throat, and burn ing sen sa tion in mouth.

Skin Con tact ü Skin  Causes dry skin.

Eye Con tact ü Se ri ous Eye Dam age/Eye Ir ri ta tion    eye ir ri tant

Re spi ra tory or Skin Sen si ti za tion    none ob served Re pro duc tive Tox ic ity    none known

As pi ra tion Tox ic ity   can oc cur if prod uct is in gested and en ters air ways; pul mo nary edema (fluid in lungs)

Spe cific Tar get Or gan: Sin gle Ex po sure  (Acute Ex po sure)     
head ache, diz zi ness, con fu sion. Death can oc cur at high con cen tra -
tions.

Spe cific Tar get Or gan: Re peated Ex po sure  (Chronic Ex po sure)   
pos si ble dam age to liver, kid neys; pos si ble ef fects on ner vous sys -
tem.

De layed and Im me di ate ef fects, and Chronic Ef fects from Short and Long-Term Ex po sure   not known

Nu mer i cal Mea sures of Tox ic ity

LD50 (Spe cies/Route)     NAP LC50 (Spe cies)  1340 ppm (cat); 1980 ppm (rat)

Page 3 of 4

Sec tion 9 — Phys i cal and Chem i cal Prop er ties

Phys i cal State   liq uid Col our clear, colour less Par ti cle Char ac ter is tics   NAP  Prod uct is a liq uid.

Odour   ker o sene or paint-like Odour Thresh old   4 to 5 mg/m3 Melt ing Point/Freez ing Point   NAV

Boil ing Point or Ini tial Boil ing Point and Boil ing Range 

1507 to 2007  C

Flammability   Flam ma ble when liq uid or sprayed.

Flash Point   38.77 to 60° C 
closed cup

LFL 0.9%     UFL 6.0% Auto-Ig ni tion Tem per a ture   2267 to 260° C

De com po si tion Tem per a ture   NAP Ki ne matic Vis cos ity   0.0114 cm2/s

pH   NAP Sol u bil ity (in Wa ter)  in sol u ble

Par ti tion Co ef fi cient, n-octanol/wa ter (log value) 3.16-7.15 Den sity and/or Rel a tive Den sity  (H20 = 1)   0.78

Vapour Pres sure   2 mm Hg @ 20° C Rel a tive Vapour Den sity   (air = 1)   5
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Sec tion 12* —  Eco log i cal In for ma tion

Ecotoxicity (aquatic and ter res trial, if avail able)          Not known.

Per sis tence and Degradability          NAV

Bioaccumulative Po ten tial    If Solve-All en ters wa ter, soil, or sed i ment, mi cro or gan isms may break down the con stit u ents 

Mo bil ity in Soil     A  large amount of Solve-All con tam i nat ing the soil will move through the soil into ground wa ter.

Other Ad verse Ef fects         NAV

Sec tion 13* —  Dis posal Con sid er ations

Waste Res i dues    va pours, liq uid con tained in solid or mixed in the liq uid in clud ing oil or vol a tile liq uid

Safe Han dling     Re fer to Sec tion 6: Per sonal Pre cau tions, Pro tec tive Equip ment and Emer gency Pro ce dures or in for ma tion re lat ing to re -
cov ery of spilled prod uct. Waste liq uid pack aged in a drum poses no haz ard dif fer ent from the new prod uct de scribed in this doc u ment.

Dis posal Method   This prod uct is a fuel and can be in cin er ated pro vided that con tam i na tion by highly haz ard ous ma te ri als has not oc -
curred. Where con tam i na tion by such sub stances has oc curred, dis pose in se cure land fill. Prod uct is a fuel. In cin er a tion can oc cur. The user 
is re spon si ble for haz ard eval u a tion of the waste and com pli ance with ap pli ca ble laws. Fol low la bel warn ings.

Sec tion 14* — Trans port In for ma tion

UN Num ber     1268 UN Ship ping Name     Pe tro leum Dis til lates, NOS

Trans port Haz ard Class(es)  3.1 Class 3: Flam ma ble Liq uid Pack ing Group     III

En vi ron men tal Haz ards Yes No Trans port in Bulk     Fol low re quire ments of IBC Code. Fol low re quire -
ment of Trans por ta tion of Dan ger ous Goods Act and Reg u la tions (Can -
ada).ma rine pol lut ants ü

oth ers NAV Spe cial Pre cau tions   none

Sec tion 15* — Reg u la tory In for ma tion

Safety, Health, and En vi ron men tal Reg u la tions, Can ada

• WHMIS Clas si fi ca tion   flam ma ble liq uid; acute tox ic ity; toxic (eye, skin, lung ir ri tant; poi son if in gested). This prod uct has been clas si fied

ac cord ing to the haz ard cri te ria of the Con trolled Prod ucts Reg u la tion and in cludes all re quired in for ma tion in the SDS.

• Do mes tic Sub stances List/Non-Do mes tic Sub stances List

• CEPA - Na tional Pol lut ant Re lease In ven tory

USA

• Toxic Sub stances Con trol Act

Other Ju ris dic tions   NAP 

Sec tion 16 — Other In for ma tion

Pre pared by   I. M. Nophool

Tele phone   800 - XXX - 9881

Date of Re vi sion   2018 10 30

SDS up dated to con form to the Ca na dian Haz ard ous Prod uct Reg u -
la tion SOR/2015-17

*Sec tions 12 to15 are not re quired by WHMIS 2015 or OSHA. Pre sented here for il lus tra tive pur poses only are the re quire ments for these
sec tions taken from Sched ule 1 of the Con trolled Prod ucts Reg u la tion, 2015 (Can ada) and the GHS 7th re vi sion, UN 2017.

Page 4 of 4



Section 1 – Identification

Over view

This sec tion spec i fies the name of the prod uct and its 

in tended use (Fig ure 1.1). It also in di cates the or i gin of

the prod uct. This sec tion is an im por tant re source for ob -

tain ing fur ther information about the prod uct dur ing nor -

mal use and emergencies. The chem i cal or prod uct may

not be a haz ard ous chem i cal prod uct. That is, it may not

con tain haz ard ous ingredients to which the GHS ap plies. 

A man u fac turer or supplier, importer or employer can

pro duce a SDS vol un tarily, even though not re quired to

do so.

Prod uct Iden ti fier

Prod uct iden ti fier in di cates the ex act name of the

prod uct (Fig ure 1.2). A prod uct can have many iden ti fi -

ers. Some ex am ples in clude the chem i cal name, ge neric

name, brand name, trade name, code num ber, or code

name. The man u fac turer or sup plier must spec ify a

unique  iden ti fier for each prod uct. That is, two dif fer ent

prod ucts from a sup plier can not have the same prod uct

iden ti fier. How ever, a sup plier can sell a prod uct un der

more than one name. 

Com panies some times mar ket pure sub stances or

ge neric mix tures un der trade names rather than the

chem i cal name. This strat egy at tempts to cre ate loy alty

to the prod uct name. Mar keters of house hold prod ucts

have used this ap proach for many years. As a re sult,

many aliases or al ter nate names ex ist for many pure sub -

stances and ge neric mix tures. These re flect the di verse

or i gins of the chem i cal in dus try. A sup plier could mar ket

a prod uct in dif fer ent in dus tries un der the name by which 

it is known in each. Thus, a sup plier can sell the same

prod uct or chem i cal un der dif fer ent names.

The name of the Prod uct Iden ti fier in the SDS must

match that in the GHS La bel on the container. The re -

ceiver of the ship ment should en sure that this is the case

on ar rival at the load ing dock. This is the first point of as -

sur ance that no mis match ex ists  prior to use of the prod -

uct.

107

Sec tion 1 — Iden ti fi ca tion

Prod uct Iden ti fier   Solve-All Other Means of Iden ti fi ca tion   S-A999

Rec om mended Use   gen eral pur pose sol vent Re stric tions on Use   none

Sup plier   

Solve-All Inc.

987 Any Street

Any where  City, Prov ince X9X 1Z1

Tele phone   1-800-XXX-9876

Emer gency Tele phone   1-XXX-234-5678

                                         24/7 avail abil ity

Fig ure 1.1 Sec tion 1 of SDS for Solve-All.

Product Identifier

Hazard Statements TFlammable liquid and vapour. oxic if 
inhaled. May cause respiratory irritation or drowsiness and 

Maydizziness. May be fatal if swallowedand enters airways.
be harmful in contact with skin.

Precautions Keep away from heat, hot surfaces, sparks, open
flames and other ignition sources. Avoid breathing  gas, vapours,
spray. No smoking. Keep container tightly closed. Ground and 
bond container and receiving equipment. Wear protective
gloves/clothing/ eye/ face protection. If on skin or hair rinse with 
water. Take off immediately all contaminated clothing. In case of 
fire, use carbon dioxide, dry chemical, “alcohol  foam” to 
extinguish. Use in well-ventilated area. Store in a well-ventilated
place. Keep cool. Dispose in secure landfill. , IF INHALED
remove person to fresh air and keep comfortable for breathing. 

. , immediately call a Call a POISON CENTRE IF SWALLOWED
; Do induce vomiting. Dispose in securePOISON CENTRE NOT

landfill in accordance with local regulations.

Solve-All

Danger

Solve-Al l Inc. 987 Any Street  Anywhere City  Province X9X 1Z1 1-800- -9876XXX

Fig ure 1.2 The prod uct iden ti fier is the name iden ti fy ing the
chem i cal prod uct on the La bel and in the SDS.



Other Means of Iden ti fi ca tion 

This may re fer to a ref er ence num ber or name as -

signed to a prod uct by the sup plier or man u fac tur ing

com pany. 

Rec om mended Use and Re stric tions on Use

These boxes in di cate the ex pected use of the prod -

uct. When you re ceive a SDS, take the time to read this

in for ma tion (Fig ure 1.1 and Fig ure 1.3). The pre sumed

use may not match the ac tual one. The im por tance of

com par ing the haz ard be tween ac tual and pre sumed con -

di tions can not be over stated. In for ma tion pre sented later

in the SDS re flects the level of haz ard sug gested by pre -

sumed use of the prod uct. If the cir cum stances of ac tual

use are too dif fer ent, pre cau tion ary mea sures may not

ap ply.

 Con sider the fol low ing ex am ple to il lus trate this

point. Many prod ucts have spe cific ap pli ca tions. A

vapour de greas er nor mally is used in a con tained en vi -

ron ment. An ex pe ri enced in dus trial hy giene pro fes -

sional can pre dict ex po sure un der these con di tions. This

forms the ba sis of con trol mea sures stated in the SDS.

Un usual uses of the prod uct could in clude wip ing with

rags or brush ing or spray ing onto sur faces. Ex po sures

oc cur ring dur ing these sit u a tions could dif fer con sid er -

ably from those ex pected. If ac tual use pro duces greater

ex po sure than an tic i pated, pro tec tive mea sures rec om -

mended in the SDS may not be ad e quate. Sim i larly, if ac -

tual use pro duces less ex po sure than an tic i pated, the

pro tec tive mea sures may be too strin gent. Fol low Re -

stric tions on Use, if any. If none, it is still very important

to follow the Recommend Use as noted above. 

N Have the stu dents high light this box. These

terms tend to be over looked when peo ple scan the SDS.

This box con tains crit i cally im por tant in for ma tion that

in di cates the fo cus taken by the au thor of the SDS in pre -

par ing this doc u ment. 
Rec om mended Use, to a trained eye, in di cates the

po ten tial for ex po sure dur ing nor mal use of the prod uct.

This should be re flected in the pro tec tive mea sures.

Sup plier

The sup plier is the com pany from which the prod uct

is pur chased. The man u fac turer is the ac tual man u fac -

turer of the prod uct (Fig ure 1.4). This sec tion may or may 

not dis close the name of the man u fac turer pro vided that 

ei ther the name of the man u fac turer or sup plier ap pears.

For ex am ple, the man u fac turer may sup ply the haz ard -

ous chem i cal prod uct to the end-user. In this case, since

there is no sep a rate sup plier, the name of the man u fac -

turer must ap pear. Or ga ni za tions pro duc ing a haz ard ous

chem i cal prod uct for fu ture sale or dis posal are the man -

u fac turer or sup plier.

The sup plier sells or oth er wise pro vides the prod uct

to the end-user. The sup plier can be a man u fac turer, pro -

ces sor, dis trib u tor, packager, im porter, or seller. 
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Figure 1.3 Rec om mended use re fers to the ex pected use of the
prod uct.

Figure 1.4 The man u fac turer is the ac tual man u fac turer of the
prod uct. The sup plier can be the man u fac turer, pro ces sor, dis -
trib u tor, packager, im porter, or seller.



Emer gency Tele phone Num ber

The emer gency tele phone num ber pro vides a means

of mak ing con tact with the man u fac turer or sup plier dur -

ing an emer gency sit u a tion. 

Chem i cal man u fac tur ers, sup pli ers, dis trib u tors,

and im port ers uti lize emer gency tele phone num bers in

dif fer ent ways. In large or ga ni za tions during nor mal

busi ness hours, this num ber could reach a plant med i cal

cen tre or in dus trial hy gien ist or safety pro fes sional. In

smaller or ga ni za tions, this num ber could  reach a nurse

or lab chem ist or reg u la tory af fairs of fice.

In some com pa nies the num ber con nects to the of -

fice of plant se cu rity dur ing off-shifts. This pro vides a

cen tral ized con tact who can sum mon re sources who are

more likely to be de cen tral ized dur ing the off-shifts.

Other com pa nies have out sourced this func tion to ex ter -

nal med i cal service pro vid ers.

  Some SDSs pro vide the tele phone num ber for

emer gency com mu ni ca tion ser vices. CANUTEC is the

Ca na dian Trans port Emer gency Cen tre. An other emer -

gency num ber that may ap pear in SDSs is that of

CHEMTREC™ in the U.S.A. The first point of con tact 

at these emer gency com mu ni ca tion ser vices is a com mu -

ni ca tor who pro vides in for ma tion from a col lec tion of

SDSs num ber ing over one mil lion. Sec ond, the com mu -

ni ca tor may ini ti ate a call to the 24-hour emer gency con -

tact of the man u fac turer. This could lead to a

teleconference in volv ing in dus try ex perts, first re spond -

ers, med i cal pro fes sion als, and spe cial ists in poi son con -

trol.

QUES TIONS AND AN SWERS

1.  The prod uct iden ti fier in the SDS re ceived for a

ship ment does not match the Label on the con tainer.

What should we do?

Call the sup plier or man u fac turer im me di ately to ex -

plain the sit u a tion. Ask them if a mis take has oc curred. If

this has hap pened, ask them to send the ap pro pri ate SDS.

If they re ply that no er ror has oc curred, de mand that they

ex plain the dis crep ancy. If the ex pla na tion is not sat is fac -

tory, re turn the prod uct, and look for an other sup plier.

2. A ship ment of “Im proved J-solvent” ar rived in the

plant with out an SDS. How ever, we found one for

the old J-solvent. Is it all right to use this  SDS with

the new ship ment?

Ab so lutely not! The fact that the prod uct is now

“im proved” sug gests that the man u fac turer changed the

for mula. The orig i nal SDS prob a bly does not ap ply. For

this rea son, do not rely on the orig i nal. Cease us ing the

prod uct un til the sup plier has pro vided the up dated SDS.

3. The Supplier sec tion of the SDS is blank. Is this ac -

cept able?

No. What is im por tant is a re li able source of in for -

ma tion that is avail able if needed.

4. Dur ing an emer gency we tele phone our sup plier and 

find that their num ber has been dis con nected. What

should we do?

Sev eral al ter nate sources of information could as sist 

dur ing emergencies. These in clude (no par tic u lar or der)

• the man u fac turer (if avail able)

• the dis trib u tor (if avail able)

• the importer (if avail able)

• poi son con trol cen tres

• CANUTEC (613-996-6666) in Canada

• CHEMTREC (800-424-9300) in U.S.A.

• HAZMAT re spond ers (911)

De ter mining the most suit able al ter na tive be fore an

ac ci dent oc curs is strongly rec om mended.

5.  How can I de ter mine if our use for a prod uct is

equiv a lent to the ex pected one?

An swering this ques tion com pe tently with out the

ex per tise of an in dus trial hy giene pro fes sional is vir tu -

ally im pos si ble. At tempting to an swer this on one’s own

could pro duce se ri ous con se quences even as sum ing full

dis clo sure of avail able in for ma tion. If there is any doubt

what so ever, con tact the pre parer of the SDS or the emer -

gency num ber and ask for as sis tance. This is a le git i mate

cus tomer re quest.
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6. Our use for a prod uct does not match that in di cated

by the SDS. What should we do?

There are sev eral op tions avail able:

• Change the ap pli ca tion so that it matches the ex -

pected use.

• Change the prod uct to one suited to the ap pli ca tion.

• Con tact the pre parer of the SDS for as sis tance.

• Con tact the emergency number con tained in the

SDS for as sis tance.

• Ob tain as sis tance from an industrial hy giene

professional.

Con ducting this en quiry is ex tremely im por tant.

Rec om men da tions con tained in the SDS pre sume cer tain 

facts about the ap pli ca tion. If the ac tual use is in con sis -

tent with as sump tions made in pre par ing the SDS, the

rec om men da tions may not ap ply.

7. If we fol low the in struc tions con tained in the SDS

and GHS La bel for us ing the prod uct, are we com -

ply ing fully with the re quire ments of other reg u la -

tions?

In a word, no. Other reg u la tions may re quire

assessment and mon i tor ing of worker exposure. This is

in de pend ent of any rec om men da tions con tained in the

SDS or GHS La bel. The rea son ing be hind this re quire -

ment is that con di tions of use vary widely. No one can

pre dict with cer tainty the exposure of persons ex posed to 

the haz ard ous chem i cal prod uct. In ad di tion, stan dards

for workplace exposure can vary con sid er ably from one

ju ris dic tion to an other. These may dif fer from those con -

tained in the SDS.

8. Whom should we con tact to as sess our chem i cal

han dling pro ce dure?

A num ber of or ga ni za tions can pro vide as sis tance.

Po ten tial sources of as sis tance in clude

• the man u fac turer or supplier

• trade and industry as so ci a tions

• la bour or ga ni za tions

• uni ver sity and col lege health and safety cen tres

• industrial hy giene consultants

• suppliers and man u fac turers of pro tec tive

equipment and cloth ing
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Sec tion 11 — Tox i co log i cal In for ma tion

Over view

This sec tion pres ents tox i co log i cal in for ma tion

known about the haz ard ous prod uct or its in gre di ents

(Fig ure 11.1). Tox i col ogy is the study of the poi son ous

ef fects of chem i cal and bi o log i cal sub stances and phys i -

cal agents on in di vid ual or gans and tis sues, as well as the

whole an i mal (Fig ure 11.2). These ef fects can in clude

the abil ity to cause dis ease, to pro duce sen si ti za tion, and

to af fect re pro duc tion, as well as other ef fects.

Some sub stances af fect the whole an i mal, while oth -

ers af fect in di vid ual or gans such as the eye, liver, lungs,

brain, and so on. A sub stance also may af fect a spe cific

tis sue within an or gan such as the cor nea in the eye, cer -

tain nerves, white blood cells, or in vol un tary muscles. 

Ad e quate in for ma tion about ef fects of ex po sure ex -

ists for only a small num ber of sub stances. For the vast

ma jor ity, there is lit tle or no in for ma tion. Many chem i -

cals are mix tures. Of ten some in for ma tion is avail able

about in di vid ual in gre di ents, but not the mixture.

De spite this un cer tainty, re cent work place ex pe ri -

ence is more pos i tive than neg a tive. Many sub stances,

such as or ganic sol vents, pro duce sim i lar, re vers ible ef -

fects. The hu man body has the abil ity to mod ify many

classes of chem i cal. These mod i fi ca tions usu ally de tox -

ify the sub stance and enable rapid elimination. 

In re cent years the news me dia have bom barded the

pub lic about the neg a tive as pects of chem i cals. This con -

stant bar rage would sug gest that peo ple should be dy ing
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Fig ure 11.2 Haz ard ous chem i cals of ten af fect spe cific orgrans.

Sec tion 11 — Tox i co log i cal In for ma tion

Route of Ex po sure Car ci no ge nic ity  not known Germ Cell Mutagenicity  not known

In ha la tion ü In ha la tion  Can cause ir ri ta tion of nose, throat, and lungs. 

In ges tion ü In ges tion Cough ing and chok ing al most immediately fol lowed by vom it ing, sore throat, and burn ing sen sa tion in mouth.

Skin Con tact ü Skin  Causes dry skin.

Eye Con tact ü Se ri ous Eye Dam age/Eye Ir ri ta tion    eye ir ri tant

Re spi ra tory or Skin Sen si ti za tion    none ob served Re pro duc tive Tox ic ity    none known

As pi ra tion Tox ic ity   can oc cur if prod uct is in gested and en ters air -
ways; pul mo nary edema (fluid in lungs)

Biohazardous In fec tious Ma te rial (WHMIS 2015 only)   NAP

Spe cific Tar get Or gan: Sin gle Ex po sure  (Acute Ex po sure)     
head ache, diz zi ness, con fu sion. Death can oc cur at high con cen tra -
tions.

Spe cific Tar get Or gan: Re peated Ex po sure  (Chronic Ex po sure) 

pos si ble dam age to liver, kid neys; pos si ble ef fects on ner vous sys -
tem.

De layed and Im me di ate ef fects, and Chronic Ef fects from Short and Long-Term Ex po sure   not known

Nu mer i cal Mea sures of Tox ic ity

LD50 (Spe cies/Route)     NAP LC50 (Spe cies)  1340 ppm (cat); 1980 ppm (rat)

Fig ure 11.1 Sec tion 11 of SDS for Solve-All.



in ep i demic num bers from ex po sure to small quan ti ties

of chem i cal sub stances in food, wa ter, and air. We can’t

stop eat ing, drink ing wa ter, or breath ing. See Ta ble 11.1.

Though dated 1985, this ta ble still ap plies to day. As well, 

the fol low ing facts sug gest that the hy poth e sis of mass

chemical poisoning is not correct.

Life ex pec tancy for the av er age per son has dra mat i -

cally in creased over the course of the last cen tury. It is

still in creas ing. Life ex pec tancy re flects length of life

lived. Con sider the fol low ing:

• Al most with out ex cep tion, peo ple who work live

lon ger than peo ple who do not. This char ac ter is tic

is known as the healthy worker ef fect. Ep i de mi o -

log i cal stud ies have shown the healthy worker ef -

fect in many in dus tries for at least a cen tury.

(Ep i de mi ol ogy is the study of dis ease oc cur ring in

groups of peo ple. It is a tool used to iden tify causes

of dis ease.)

• Chem i cal ex po sures in the work place have de -

creased con sid er ably as con trol tech nol o gies have

im proved.

• Con sum ers are per mit ted to pur chase many chem i -

cal prod ucts for un con trolled use in the home. 

There have been, of course, many tragic sit u a tions

in volv ing overexposure to chem i cals in in dus try and the

home. The home is a ma jor lo ca tion for ac ci dents of var i -

ous kinds. Trag e dies in in dus try and the home have

prompted con sid er able leg is la tion over the last 150

years. Con sumer-ori ented leg is la tion has im proved the

flow of in for ma tion through la bel ling on pack ages. The

in tent of the GHS is to cover all haz ard ous chem i cal

prod ucts whether used in industry or in the home.

In for ma tion pro vided in this sec tion forms the ba sis

for se lect ing con trol mea sures and per sonal pro tec tion

that pro vide de fence to pre vent con tact by the body with

the ma te rial. This in for ma tion also forms the ba sis for

spec i fy ing first re sponse and first-aid mea sures. These

min i mize the dam age caused by ac ci den tal ex po sure.

Large doses of any sub stance usu ally pro duce an effect

within a short period.

Ta ble I.1 in the In tro duc tion chap ter spec i fies the

haz ard classes and cor re spond ing cut-off/con cen tra tion

lim its which de ter mine whether a chem i cal prod uct is

con sid ered to be haz ard ous. The use of chem i cals meet -

ing these spec i fi ca tions re quire the ap pli ca tion of haz ard

com mu ni ca tion el e ments as de ter mined by the GHS,

namely, la bels and safety data sheets (SDSs). The GHS

ap plies to all chemical products deemed hazardous.

Many haz ard ous chem i cal prod ucts are mix tures.

Some times tox i co log i cal in for ma tion is avail able for all

com po nents of the mix ture. Usu ally the mix ture it self is

not tested. Where test ing is in com plete, the GHS re -

quires clas si fi ca tion based on the known in gre di ents  to

rep re sent the mix ture. This is a hit and miss ap proach.

Un for tu nately, noth ing better ex ists at this time. While

this is hardly a sat is fac tory ap proach, there is no better al -

ter na tive avail able. This state ment may sound apol o -

getic. How ever, many years of in dus trial ex pe ri ence

prove that this ap proach has a rea son able ba sis. Many

chem i cal sub stances were used for many years be fore

tox i co log i cal test ing be came widely avail able. In those

times, the only basis on which to draw conclusions was

human experience.

Some prod ucts con tain bi o log i cally ac tive ma te rial.

This can in clude life forms such as bac te ria, fungi,

yeasts, moulds, vi ruses, pro to zoa, and higher life forms.

Other bi o log i cally ac tive sub stances can in clude en -

zymes, se cre tions, wastes, and other con tents for merly

found in liv ing cells. The ef fects of these life forms and

cel lu lar prod ucts on hu mans can range from neg li gi ble to 

caus ing dis ease or death. 

Tox i co log i cal In for ma tion

Tox i col ogy is the study of the ef fects of sub stances

on liv ing or gan isms. It de rives from the Greek word

toxos or poi son. Tox i col ogy is a young sci ence. Ma jor ef -

fort in the 20th cen tury fo cussed on the area of in dus trial 

tox i col ogy. In dus trial tox i col ogy is con cerned with ef -

fects of chem i cals used or pro duced in the work place en -

vi ron ment. In dus try com monly uses sev eral thou sand

chem i cals. Yet, full or even par tial in for ma tion about

their ef fects on hu mans ex ists for only very few. This

frus trat ing lack of in for ma tion ap pears re peat edly in

Safety Data Sheets. The right to know has in di cated to

peo ple in the work place just how lit tle is ac tu ally known

about chem i cal sub stances. Yet, peo ple have worked

safely with many of the same sub stances both in the

home and at work for many years. Lack of knowl edge

cre ates un cer tainty. Un cer tainty leads to fear. Fear can
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Ta ble 11.1

Risks in Ev ery day Life: Commins, B.T., The Sig nif i cance of As bes tos and Other Min eral Fibres in En vi ron men tal Am bi -

ent Air. Maid en head, Eng land: Commins As so ci ates, 1985.   Re pro duced with per mis sion.

Se lected risk sit u a tion, mainly U.S. data Ef fect Life time* risk (per 100,000)

Ex tra High Risk

smok ing

smok ing

death (all causes)

can cer only

21900

8800

High Risk 

mo tor ve hi cle (U.S.A., 1975) death 1600

El e vated Risk

fre quent air line pas sen ger

cir rho sis of liver, mod er ate drinker

mo tor ac ci dents, pe des tri ans (U.S.A., 1975)

ski ing, 40 hours per week

death

death

death

death

730

290

290

220

Mod er ate Risk

light drinker, one beer per day

drown ing, all rec re ational causes

air pol lu tion, (U.S.A.), benzo(a)pyrene

nat u ral back ground ra di a tion, sea level

fre quent air line pas sen ger, cos mic rays

can cer

can cer

can cer

can cer

can cer

150

140

110

110

110

Low Risk

home ac ci dents (U.S.A., 1975)

cy cling

per son shar ing room with smoker

di ag nos tic x-rays (U.S.A.)

(risk level where few would com mit their own re sources to re duce risk; 
Royal So ci ety, Lon don, 1983)

death

death

can cer

can cer

death or in jury

88

75

75

75

70

Very Low Risk

per son liv ing in brick build ing, ad di tional nat u ral ra di a tion

vac ci na tion for small pox, per oc ca sion

one trans con ti nen tal air flight per year

sac cha rin, av er age U.S.A. con sump tion

con sum ing Mi ami or New Or leans drink ing wa ter

Risk level where very few would con sider ac tion nec es sary, un less
clear causal links with con sumer prod ucts; Royal So ci ety, Lon don,
1983)

can cer

death

death

can cer

can cer

death or in jury

35

22

22

15

7

7

Ex tremely Low “Rare-Event” Risk

one trans con ti nen tal air flight per year, nat u ral ra di a tion 

light ning

hur ri cane

char coal broiled steak, one per week

en vi ron men tal as bes tos risk**, 1985 Commins re port

World Health Or ga ni za tion for drink ing wa ter (1984)

(Fur ther con trol not jus ti fied; Royal So ci ety, Lon don, 1983)

*as sum ing a 73 year life-span

**ex cludes pos si ble ef fects of smok ing

can cer

death

death

can cer

can cer

death or in jury

4

3

3

3

1 or less

1

0.7



lead to re fusal to work. This sce nario has al ready oc -

curred with dev as tat ing con se quences. This sit u a tion

and the man date through the GHS for worker ed u ca tion

and train ing cre ates both a prob lem and an op por tu nity

for em ploy ers. The prob lem is the need for or ga ni za tions

to con duct ex ten sive train ing in chem i cal safety. The op -

por tu nity arises from the fact that the more that peo ple

learn about chem i cals used in in dus try and the home, the

more likely they are to re al ize that chem i cals can be used

safely.

Suc cess ful train ing re quires more than su per fi cial

pre sen ta tion of in for ma tion about the ef fects of chem i cal

prod ucts. The lim i ta tions of this ap proach have been ev i -

dent for years to reg u la tors and oth ers in volved with

chem i cal haz ard com mu ni ca tion. This task re quires sen -

si tiv ity to ward the per cep tions and fears of peo ple. The

GHS can be come highly po lit i cal as peo ple re al ize that

in dus trial tox i col ogy has many more ques tions than an -

swers. Around 1530 Paracelsus, a Swiss phy si cian, said

that ev ery sub stance, start ing with the air we breathe and

the food we eat is poi son ous or toxic (Fig ure 11.3). All

that sep a rates a harm ful ef fect from a tol er a ble or ben e fi -

cial one is the dose. For ex am ple, the ox y gen we must

breathe for sur vival is toxic. Too lit tle ox y gen in air will

kill us, as will too much. Pure wa ter is toxic. Drunk in too

large a quan tity it too will kill us. Glucose, a nat u ral com -

po nent of blood and an im por tant source of en ergy, also

is toxic. Ob vi ously we can not stop breath ing, eat ing, or

drink ing wa ter. So then, what is hap pen ing here? How

can sub stances es sen tial for our sur vival be toxic?

Nic o tine, a very po tent drug con tained in cig a rettes

and other to bacco prod ucts, is ex tremely toxic. Yet, very

few smok ers die from nic o tine poi son ing. Nic o tine also

is sold as a pes ti cide. Pre scrip tion and non pre scrip tion

drugs of ten are very toxic. They are the main kill ers in

suc cess ful at tempts at sui cide. Many peo ple have suc -

cess fully poi soned them selves us ing bar bi tu rates. Ethyl

al co hol also is a toxic sub stance. Con sumed quickly a

large bot tle of whisky or other spir its will kill. Pe ri od i -

cally, we see re ports about in di vid u als who have died fol -

low ing rapid con sump tion of al co holic bev er ages. These 

trag e dies of ten fol low acts of bra vado and re sponse to

dares about abil ity to con sume drinks rap idly. Yet, drunk

slowly over a long pe riod, the ef fects are al most un no -

tice able.

The im por tant fac tors here are the dose rate and the

amount or dose. The dose rate (Fig ure 11.4) is the speed

with which a sub stance en ters the body. The dose is the

amount of sub stance that en ters the body. The ef fect pro -

duced by a sub stance de pends on both the dose rate and

the dose. Dose dif fers from  ex po sure. Ex po sure is the

quan tity of sub stance out side the body avail able for en -

try.
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Fig ure 11.3 Any thing that we con sume can be poi son ous de -
pend ing upon the dose (amount) that en ters the body.

Fig ure 11.4 At dose x the first mea sur able ef fect oc curs. As the
dose in creases the ef fects be come more se ri ous, and pos si bly 
irriversible. The most se ri ous ef fect is death.



In for ma tion about the ef fects of sub stances re sults

from both hu man and an i mal stud ies. Stud ies us ing lab o -

ra tory an i mals have pro vided by far the larg est amount of 

in for ma tion. Ob vi ously, test ing us ing hu mans is lim ited

due to the eth ics in volved.  Hu man stud ies usu ally in -

volve the fol low ing sit u a tions:

• con trolled ex per i ments us ing vol un teers

• ac ci den tal or de lib er ate over doses

• use in small-scale sit u a tions such as lab o ra to ries

• in dus tries pro duc ing or us ing the sub stance

The other sources of in for ma tion are stud ies car ried

out on bi o log i cal test sys tems or an i mals. Ob tain ing use -

ful in for ma tion from these stud ies of ten is very dif fi cult

and frus trat ing. Bi o log i cal test sys tems cre ate un cer -

tainty since they are iso lated from the whole or gan ism. 

Sin gle-celled or gan isms are vastly less com plex

than hu mans or even other an i mals. Lab o ra tory an i mals

of ten re spond to a sub stance dif fer ently from hu mans. To 

make mat ters worse, dif fer ent types of an i mals of ten re -

spond dif fer ently from each other. For ex am ple, mice of -

ten re spond dif fer ently from rats, guinea pigs, or

ham sters. Large an i mals such as dogs, cats, or chim pan -

zees of ten re spond dif fer ently from small ro dents. Pre -

dict ing which an i mal be haves the same as a hu man male

or fe male in iden ti cal cir cum stances is not pos si ble. 

The goals of stud ies in in dus trial tox i col ogy are to

de ter mine

• ef fects of the sub stance 

• dose rate pro duc ing the ef fect

• amount of sub stance nec es sary to pro duce an ef fect 

• lim its for hu man ex po sure that avoid the ap pear ance 

of ad verse ef fects

The usual ap proach taken in an i mal test ing is to in -

tro duce a known amount of sub stance into the body and

to ob serve what hap pens. These stud ies em ploy groups,

since in di vid ual an i mals do not be have equally in a given 

sit u a tion. Some an i mals are much more sen si tive to the

chem i cal than the main group. Other an i mals are much

less sen si tive than the main group. Pre dict ing how a par -

tic u lar an i mal will re act com pared to the group is im pos -

si ble. Some stud ies use thou sands of an i mals and may

run through sev eral gen er a tions. The an swer to the ques -

tion posed may take years to ob tain. This is small con so -

la tion for peo ple who have be come ac cus tomed to

re ceiv ing in stant an swers to ques tions. Tox i col ogy poses 

com plex ques tions that re quire con sid er able fi nan cial,

hu man, and an i mal re sources. No won der so lit tle is

known about the many chem i cals used in in dus try. Much

of what is known is based on work place ex pe ri ence.

The way in which the sub stance is in tro duced into

the body is ex tremely im por tant. This can have con sid er -

able in flu ence on the re sults ob tained. To il lus trate, most

test ing in volves a rel a tively small num ber of an i mals.

One test for can cer-caus ing abil ity in volves in jec tion of a 

mas sive quan tity of sub stance into the body cav ity. The

pres ence of a grossly ab nor mal quan tity of sub stance it -

self causes con sid er able stress to the an i mal. Some times

un der these con di tions ex cess lev els of can cer oc cur. The 

ques tion then be comes what caused the can cer, the sub -

stance or the stress caused by the pres ence of the gross

amount of sub stance. This type of test is com pletely un -

rep re sen ta tive of nor mal ex po sure. The gross amount of

sub stance in volved may com pletely over load the body’s

abil ity to re move it. What is the rel e vance of such a test

when nor mal ex po sure is so much lower? Need less to

say, re sults ob tained from this type of test are very con -

tro ver sial. 

Fol low ing are routes of en try used in ex per i men tal

stud ies:

• in ha la tion (inh)

• in jec tion into the skin (intradermal or id)

• in jec tion into mus cle (in tra mus cu lar or im)

• in jec tion into the ab dom i nal cav ity (intraperitoneal

or ip)

• in jec tion into the blood (in tra ve nous or iv)

• in jec tion into the or gan of in ter est

• in jec tion into the stom ach (ga vage)

• skin con tact (der mal)

• con tam i nated wa ter drunk by the an i mal (oral) 

• con tam i nated food eaten by the an i mal (oral)

To be most use ful from the per spec tive of the work -

place, the test must re flect a plau si ble route of ex po sure

of work ers. The main routes of en try are in ha la tion, skin

con tact, and in ges tion. A mas sive in jec tion into the ab -

dom i nal cav ity (belly) of an an i mal is un likely to re flect

even ac ci den tal ex po sure of a per son. Re sults ob tained in

un or tho dox tests de serve cau tious in ter pre ta tion. At

best, re sults from an i mal tests pro vide an ed u cated guess
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about the ef fect of sub stances on hu mans. For this rea son

a safety fac tor is built-in when the re sults are ap plied to

hu mans.

Tox i co log i cal in for ma tion pro vides the ba sis for

clas si fy ing the prod uct ac cord ing to its rel a tive tox ic ity

(or abil ity to kill or in jure by poi son ing). The GHS does

not de fine the term, “per son”. One view of the mean ing

of this term is that it could in clude the fe tus. This view -

point, how ever, has lost any foun da tion in law based on

re cent de ci sions from the Su preme Court of Can ada.

These de ci sions re lat ing to so-called foe tal rights have

con sis tently up held the view that the fe tus has no rights

to pro tec tion in Ca na dian law. Work place ex po sure lim -

its are in tended for pro tec tion of adult work ers, even

though the fe tus is con sid ered to be con sid er ably more

sen si tive to chem i cal agents than is the mother. Pru dent

em ploy ers, on learn ing about the preg nancy of a worker

who is ex posed to chem i cal sub stances, should seek

med i cal ad vice and ad vise that in di vid ual to do the same.

An other out come from the de ci sion that one or more 

in gre di ents is a haz ard ous in gre di ent and that the prod -

uct, ma te rial, or sub stance is haz ard ous, is that the GHS

la bel ling re quire ments ap ply. This means that the GHS

haz ard pictograms (See In tro duc tion, Fig ure I.1.) must

be used to de scribe the na ture of the haz ard(s) posed by

the in gre di ent(s). Some sit u a tions do not re quire a sym -

bol. (See In tro duc tion, Ta ble I.2.).

Route of Ex po sure

This box in di cates likely routes of ex po sure by the

haz ard ous chem i cal prod uct or its in gre di ents into the

body (Fig ure 11.5). The most im por tant routes of en try in 

work place sit u a tions are in ha la tion, in ges tion, skin con -

tact, and eye contact.

 In ha la tion re fers to the abil ity of the sub stance to

en ter the body through the re spi ra tory sys tem. Ta ble HH

1.3 Acute Tox ic ity In ha la tion de scribes cri te ria and other 

in for ma tion re gard ing in ha la tion tox ic ity. In ha la tion is

the main route of en try of air borne sub stances. The rea -

son is fairly sim ple. Gases and va pours pen e trate to the

site of gas ex change at the end of the re spi ra tory tree

(Fig ure 11.6). De pend ing on par ti cle size, solid and liq -

uid par ti cles also can pen e trate to this depth. The in te rior

of the lung re sem bles a clus ter of hol lowed-out grapes

that are at tached to the stems. The area of these sur faces

is about 70 m
2
. These sur faces are com pletely un pro -

tected against at tack. The bound ary be tween the in te rior

of the lung and the blood is only one cell thick.  

In ges tion re fers to the abil ity of the sub stance to en -

ter the body by mouth (Fig ure 11.7). This usu ally oc curs

dur ing con sump tion of candy, food and drink, and cig a -

rette smok ing. In ges tion is an im por tant route of en try for 

some sub stances. This is es pe cially true where the hands

and skin of the face be come con tam i nated, and the per -

son eats, drinks, smokes, or ap plies cosmetics on the job. 
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Fig ure 11.5 Routes of ex po sure are worded in green. Routes of
en try are worded in black.

Fig ure 11.6 The re spi ra tory sys tem has a sur face area of 70 m2

(about 750 ft 2), about the size of a ten nis court.



Au to mo tive bat tery scrap yards pro vide a vivid il lus -

tra tion of this sit u a tion. There is lit tle lead in the air in

these workplaces, yet work ers have shown high lev els in

the blood. This sit u a tion can hap pen just as eas ily at

home dur ing home plumb ing with lead-based sol der.

Lack of at ten tion to per sonal hy giene is the ba sis for this

prob lem. This ap plies in the work place and in the lunch -

room. Peo ple should not eat, drink, smoke, or ap ply cos -

me tics in workplaces with out first wash ing their hands

and faces. Care ful at ten tion to per sonal hygiene is

extremely important.

The skin con tains about 1.8 m
2
 of partly pro tected

sur face. The skin is struc tured in lay ers start ing with the

epi der mis on the sur face. The epi der mis con tains lay ers

of dead cells. These con tin u ously shed as flakes. The epi -

der mis is sim i lar in func tion to a suit of ar mour. Pen e trat -

ing the epi der mis are sweat glands, se ba ceous (oil)

glands, and hair fol li cles. These pro vide a path way into

the deeper lay ers of the skin. Sub stances en ter the skin by 

skin con tact and skin ab sorp tion (Fig ure 11.8). Skin con -

tact re fers to the abil ity of the sub stance to en ter the body 

by caus ing dam age to the skin. Cor ro sives dam age and

de stroy the skin. (See Ta ble HH 2 Skin Cor ro sion for

more in for ma tion.)  By de stroy ing the var i ous pro tec tive

lay ers these sub stances gain ac cess to the in ner tis sue

where blood ves sels are lo cated. Some sub stances re -

move pro tec tive fatty ma te ri als from the skin. The skin

dries and may crack open fol low ing pro longed con tact.

By so do ing, these sub stances gain en try into un der ly ing

tis sue. There are am ple op por tu ni ties for sub stances to

make con tact with the skin when pro tec tive equip ment is

not used. In ap pro pri ate equip ment may fail to pro tect. 

Skin ab sorp tion refers to the ability to enter the body by

per me ation across the in tact skin. The term Skin Ab sorp -

tion is not dis cussed in the GHS. It ap pears that skin con -

tact is an all en com pass ing term. That is, to be ab sorbed

through the skin, a sub stance must first make con tact

with the skin. For better un der stand ing of how sub -

stances en ter the body, the con cept is in cluded here.

Per me ation is a mo lec u lar pro cess that oc curs with -

out caus ing ap par ent dam age. The skin acts as an ef fec -

tive bar rier against the en try of many sub stances.

For tu nately, only a rel a tively small num ber have the abil -

ity to per me ate the skin. Sub stances en ter ing the body by

this route pass through un al tered. There are many ex am -

ples of sub stances that can per me ate the skin in clud ing

(but not lim ited to) liq uids, such as ben zene, methyl al co -

hol, mer cury, nic o tine, PCBs, and pes ti cides, and

hydrogen cyanide gas (Figure 11.9). 

Po ten tial or ac tual skin ab sorp tion com pli cates the

eval u a tion of ex po sure. Ex po sure eval u a tion in these sit -

u a tions could re quire mon i tor ing of biological fluids.

Eye con tact (Fig ure 11.20) re fers to the abil ity of

the haz ard ous chem i cal prod uct to en ter the body by a
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Fig ure 11.8 The skin con sists of sev eral lay ers. Skin con tact re -
fers to the abil ity of a chem i cal to en ter the body by dam ag ing the
skin. Skin ab sorp tion re fers to the abil ity of a chem i cal to en ter
the body by pass ing through in tact skin. Skin sur face is about 1.8
m2 (20 ft2).

Fig ure 11.7 The in te rior of the stom ach is a hos tile, ex tremely
acidic en vi ron ment. Many sub stances un dergo chem i cal change
in the stom ach be fore ab sorp tion into the body. Be cause of this,
the ac tual sub stance that causes the dam age may not be the one
taken in by mouth.



path in volv ing the eye or abil ity to dam age the eye. Some 

sub stances dis solve into the flu ids that bathe the eye.

Oth ers at tack the mem branes that sur round the eye. The

un pro tected eye also is es pe cially sus cep ti ble to at tack by 

cor ro sives or ir ri tants. Ta ble HH 4 Se ri ous Eye Dam age/

Eye Ir ri ta tion de scribes cri te ria and other in for ma tion re -

lated to eye con tact haz ards. 

Skin Cor ro sion

Ta ble HH 2 Skin Cor ro sion de scribes cri te ria and

other in for ma tion re gard ing skin cor ro sion. Some sub -

stances are cor ro sive to bi o log i cal ma te ri als and other

sub stances (Ta ble PH 17 Cor ro sive to Met als). A cor ro -

sive at tacks a ma te rial and de grades or de stroys its struc -

ture. pH is one in di ca tor of the cor ro sive ness of a

sub stance. Sub stances hav ing a high or low pH are po -

ten tially cor ro sive. (See pH in Sec tion 9.) There are other 

cor ro sives be yond ac ids or caustics.

Cor ro sive sub stances can cause con sid er able in jury

and dam age to the re spi ra tory sys tem, the eyes, and the

skin. A cor ro sive at tacks hu man tis sue, caus ing vis i ble

de struc tion (Figure 11.21). 

Caus tics cause greater dam age in the eye than the

same quan tity of acid. Ac ids dam age the sur face layer of

tis sue and gen er ally do not pen e trate deeper. (One no ta -

ble ex cep tion is hy dro flu oric acid.) Caus tics pen e trate

deeper than ac ids, thereby gain ing ac cess to more tis sue.

Hydrofluorine acid pen e trates the skin in search of cal -

cium.

Skin Ir ri ta tion 

Ta ble HH 3 Skin Ir ri ta tion de scribes cri te ria and

other in for ma tion re gard ing skin ir ri ta tion. Ir ri tants act

first on the most sen si tive sur faces of the body: the re spi -

ra tory sys tem and the eyes. Moist en ing by body flu ids

en ables con tact with the var i ous forms of ma te ri als in
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Fig ure 11.21 A cor ro sive chem i cal causes vis i ble de struc tion of
or ir re vers ible al ter ations in liv ing tis sue by chem i cal ac tion at the
sire of con tact.

Fig ure 11.9 Ex am ples of sub stances that can per me ate the skin.

Fig ure 11.20 Eye con tact can oc cur from var i ous ex ter nal sub -
stances when the eye is un pro tected.



which ir ri tants can oc cur: gas or vapour, mist, fume, dust

or smoke, and bulk liq uids. The greater the sol u bil ity of

the sub stance in the body fluid, the greater is the po ten tial 

for producing irritation.

Ir ri tants also af fect the skin (Fig ure 11.22). The skin, 

how ever, is less sen si tive than the eye or the re spi ra tory

sys tem be cause of the pro tec tive outer layer. Sweat and

se ba ceous glands moisten and lu bri cate the skin. These

open ings to the out side pro vide a po ten tial route of en try.

The gaps in the skin are es pe cially sen si tive to nee -

dle-like fibres such as found in fi brous glass. Many or -

ganic sol vents degrease the skin by dis solv ing the oils.

This can lead to dry ness and ir ri ta tion.

This in for ma tion forms the ba sis of the need for se -

lect ing con trol mea sures and per sonal pro tec tion. These

pro vide lines of de fence to pre vent con tact by the body

with the ma te rial. This in for ma tion also forms the ba sis

for spec i fy ing first re sponse and first aid mea sures.

These min i mize the dam age caused by accidental

exposure.

Se ri ous Eye Dam age/ Eye Ir ri ta tion

Ta ble HH 4.1 and Ta ble HH 4.2 de scribe cri te ria and

other in for ma tion re gard ing se ri ous eye dam age/ eye ir -

ri ta tion, re spec tively.  Se ri ous eye dam age re fers to ir re -

vers ible ef fects, while eye ir ri ta tion re fers to reversible

effects.

Re spi ra tory or Skin Sen si ti za tion

Ta ble HH 5 de scribes cri te ria and other in for ma tion

re gard ing re spi ra tory sensitizer. Ta ble HH 6 de scribes

cri te ria and other in for ma tion re gard ing skin

sensitization. 

Some sub stances cause sen si ti za tion. Sen si ti za tion

is an un pre dict able pro cess that in volves the im mune

sys tem (Fig ure 11.23). Sen si ti za tion oc curs in a small

pro por tion of peo ple (around 10 per cent) ex posed to

some sub stances. A rel a tively small num ber of chem i cals 

used in in dus try are known sensitizers. Sub stances of bi -

o log i cal or i gin form the larger group com pared to in or -

ganic ma te ri als. The main source of in for ma tion about

sensitization is workplace experience.

Sensitizers play no fa vour ites on or off the job. They

are pres ent in con sumer prod ucts in clud ing cos me tics,

hair sprays, de odor ants, food prod ucts, laun dry and soap

prod ucts, build ing ma te ri als, cloth ing fab rics, and so on.

All of these prod ucts are pro duced by in dus try. Some of

the sen si tized peo ple work in plants man u fac tur ing these

prod ucts. Sen si tized us ers can dis con tinue use of the

prod uct. Sen si  t ized work ers must seek other

employment.

Sensitizers af fect the re spi ra tory sys tem and/or the

skin. The skin is much less sen si tive due to the lay ers of

dead cells on the out side sur face. The re spi ra tory sys tem

pos sesses no ar mour. Sen si ti za tion oc curs in an un pre -

dict able man ner. Some peo ple are af fected af ter one ex -

po sure. Oth ers are af fected af ter many ex po sures. Once

the sen si ti za tion de vel ops, it does not nor mally dis ap -
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Fig ure 11.23 A sensitizer causes a sub stan tial pro por tion of ex -
posed peo ple or an i mals to de velop an al ler gic re ac tion in nor mal 
tis sue af ter re peated ex po sure.

Fig ure 11.22 An ir ri tant causes re vers ible in flam ma tion of liv ing
tis sue by chem i cal ac tion at the site of con tact. The ir ri tant ef fect
is not cor ro sive.



pear. The only way to pre vent on set of symp toms is to

avoid or pre vent ex po sure. 

Sen si ti za tion of the re spi ra tory sys tem causes

asthma-like symp toms. An ep i sode in volv ing the re spi -

ra tory sys tem oc curs soon af ter ex po sure be gins. This re -

ac tion could be trig gered by the var i ous forms in which

the sensitizer may oc cur in the air: gas or vapour, fume,

dust, mist or smoke. The air ways de crease in di am e ter

dur ing an ep i sode. Asthma causes ex treme dif fi culty

dur ing ex ha la tion. 

Sen si ti za tion of the skin usu ally fol lows con tact

with the sub stance. Con tact can oc cur dur ing care less use 

or ac ci den tal spills or splashes, or con tact with air borne

forms. Fur ther con tact pro duces re ac tions sim i lar to

those caused by poi son ivy: hives, red den ing,

blotchiness, swell ing, and so on. The skin re ac tion is de -

layed by sev eral hours fol low ing the be gin ning of con -

tact. This in di cates that a dif fer ent im mune mech a nism is 

op er a tive.

Med i cal der ma tol ogy (skin dis ease) and al lergy

jour nals con tin u ally re port cases of al lergy pro duced by

ex po sure to an end less list of chem i cal sub stances. These 

in ci dents may be iso lated, spe cial cases. The ques tion

that arises is, when does  an iso lated, spe cial case rep re -

sent the ini tial warn ing about the sen si tiz ing po ten tial of

a sub stance? Once again, this re quires an ap pli ca tion of

pro fes sional judg ment.

Germ Cell Mutagenicity

Ta ble HH 7 de scribes cri te ria and other in for ma tion

re gard ing germ cell mutagenicity. Mutagenicity re fers to

the abil ity of an agent to pro duce a mu ta tion or change in

the ge netic code of a cell. Mu ta tion is a nat u rally oc cur -

ring part of the pro cess of hu man evo lu tion. A num ber of

agents, in clud ing ion iz ing ra di a tion and some chem i cal

sub stances, can cause mu ta tion. 

From the stand point of sur vival, some mu ta tions are

ben e fi cial, oth ers are neu tral, and still oth ers are del e te ri -

ous. The pro cess of evo lu tion is made pos si ble by mu ta -

tion. Or gan isms re ceiv ing ben e fi cial mu ta tions flour ish.

Some mu ta tions, such as the colouration of cer tain flow -

ers, have no ef fect. These are neu tral, so long as pol li nat -

ing in sects have no pref er ence about col our. Hu man hair

col our is neu tral. Change in the col our of an in sect, how -

ever, can in crease its vis i bil ity to prey. This mu ta tion has

a neg a tive im pact. Mu ta tions are merely events.

In ter ac tion be tween the or gan ism and its en vi ron ment

de ter mines whether the mu ta tion is ben e fi cial, neu tral, or 

del e te ri ous. 

In hu mans, the cells most af fected by mu ta tions are

eggs in fe males and sperm-pro duc ing cells in males (Fig -

ure 11.24). These cells po ten tially af fect fu ture gen er a -

tions. As men tioned, mu ta tion is a nat u rally oc cur ring

pro cess. 

A mu ta tion in an egg is more likely to be ex pressed

in a child. Eggs in hu man ova ries are pro duced prior to

birth. Each woman has a fi nite num ber of sev eral thou -

sand from which her chil dren will re sult. Usu ally one egg 

ma tures dur ing each men strual cy cle. Not ev ery egg that

ma tures is fer til ized. Hence, a mu ta tion in a sin gle egg

may not be car ried on to a child. 

The sperm-pro duc ing cells in the tes tes con tin u -

ously pro duce sperm.  Each ejac u la tion con tains mil lions 

of sperm. A mu ta tion in a sperm cell, or even the cell that

pro duced the sperm cell, is not likely to be passed on to a

child.

About one per son in 30 is born with a ge netic dis -

ease. About 9% of peo ple are se ri ously af fected at some

point in their lives by ge netic dis eases, such as di a be tes,

that run in fam i lies. 

At this time many sub stances are known. Ini tial test -

ing cen tred on work place and other man-made chem i -

cals. More re cently these stud ies have ex am ined foods
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Fig ure 11.24 A mu ta tion to a sin gle sperm or a sin gle egg is not
likely to be passed on to a child.



and other sub stances in our di ets. Nat u rally-oc cur ring

mutagenic sub stances form a part of the nor mal diet (Fig -

ure 11.25). In cluded in the list are such fa mil iar sub -

stances as caf feine, theobromine (tea), charred

sub stances in foods, nat u ral prod ucts found in mush -

rooms, pep per, pea nuts, and other plants. Some sub -

stances oc cur ring nat u rally in ed ible plants (so-called

health foods) are ex tremely po tent. Among the known

muta gens are some work place chem i cals. No one knows

whether there is a level of ex po sure below which no

effect occurs. 

Car ci no ge nic ity

Ta ble HH 8 de scribes cri te ria and other in for ma tion

re gard ing car ci no ge nic ity. Can cer is an ex am ple of a dis -

ease that re sults from ex po sure to some chem i cals. Can -

cer is one of the most emo tional of all top ics for hu man

dis cus sion. The fear of get ting can cer fol low ing a work -

place ex po sure has prompted law suits. Why is this so?

Can cer is a fact of hu man ex is tence. Can cer ac tu ally

is a num ber of dis eases. Some form of can cer will kill 20

to 25% of the peo ple in our so ci ety. Said an other way, the

odds of our dy ing from can cer are roughly 2 in 10. Heart

and cir cu la tory dis eases, which are the ma jor kill ers, re -

ceive much less at ten tion and con sid er ably more ac cep -

tance than can cer. An un dis pu ta ble truth is that ev ery one

dies from some thing. Old age is not listed in mor tal ity

sta tis tics as a cause of death. Yet, peo ple gen er ally are not 

aware that this is the case. Per haps this is a part of the rea -

son that can cer re ceives so much at ten tion. 

Car ci no ge nic ity of a sub stance re fers to its abil ity to

cause can cer in var i ous an i mals, in clud ing hu mans. Can -

cer is a nat u rally oc cur ring pro cess which, to this day, is

only partly un der stood. Can cer af fects many types of an -

i mals from fish to pets. 

Health au thor i ties have kept sta tis tics on can cer in

hu mans since the early part of the 20th cen tury. They in -

di cate that can cer is pri mar ily a dis ease of old age. The

lon ger peo ple live, the greater is the prob a bil ity of de vel -

op ing can cer. Peo ple are liv ing lon ger. Life ex pec tancy

has in creased dra mat i cally since the be gin ning of the

20th cen tury. The rea sons in clude

• pre ven tion and treat ment of dis ease

• re duced in fant mor tal ity (death) rate

• re duced poi son ing through better qual ity food

• better ac com mo da tion

• re duced fre quency of ac ci dents

Thus, as we live lon ger, more and more peo ple are

ex pected to die from the dis eases of old age, can cer in -

cluded.

Some facts about can cer are worth know ing. The oc -

cur rence of al most all forms of can cer has ei ther re -

mained con stant or de creased slightly dur ing at least the

last 30 years. A no ta ble ex cep tion, lung can cer, has in -

creased dra mat i cally in both gen ders, but re cently, es pe -

cially in women. The only rea son able ex pla na tion for

this trend is the smok ing of to bacco and other sub stances, 

since air and wa ter pol lu tion are less now than in pre vi -

ous years. The oc cur rence of skin can cer also is in creas -

ing, due in part to our suntanning hab its and the thin ning

of the ozone layer.

The in ci dence of can cer in dif fer ent parts of the

body re flects where one lives. While cer tain forms of

can cer oc cur at very low lev els in Can ada, oth ers oc cur at 

very high lev els. There is no sin gle lo ca tion on earth that

has the low est rate of all forms of can cer. On the other

hand, the con verse also is true. Eth nic groups em i grat ing

to other parts of the world de velop the same can cer rates

as na tive in hab it ants of the adopted coun try within one or 

two gen er a tions. Life styles of cer tain re li gious groups

pro mote lower in ci dence of can cer.
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Fig ure 11.25  Com mon sub stances in the diet con tain muta -
gens.



Re cent stud ies have shown the pres ence of nat u -

rally-oc cur ring car cin o gens in many food prod ucts in -

clud ing so-called health foods. Some ex am ples of foods

con tain ing car cin o gens in clude pea nuts, pep per, mus -

tard, ger mi nat ing sprouts, mush rooms, corn, and oth ers.

Our diet is rid dled with these sub stances. Yet, the in ci -

dence of can cer has ei ther re mained the same or de -

creased, ex cept as noted ear lier. Hu mans are ex posed

through their lives to a “sea of car cin o gens”, some of

which are man-made and the rest of which are nat u ral.

This is the con di tion through which the hu man spe cies

evolved and through which it will con tinue to do so. 

The vast ma jor ity of can cer spe cial ists sup port the

view that up to 80% of can cer is caused by only a small

num ber of fac tors (Fig ure 11.26). 

• un bal anced diet

• smok ing

• ex cess con sump tion of al co holic bev er ages

• ex po sure to the sun 

Ag ing, ge net ics, and oc cu pa tion ac count for the re -

main ing in ci dence. Oc cu pa tion is thought to be re spon si -

ble for no more than 5% of can cer. 

De ter min ing car ci no ge nic ity in a sub stance is dif fi -

cult for a num ber of rea sons. A par tic u lar an i mal spe cies

such as the mouse is not nec es sar ily af fected by a sub -

stance that causes can cer in hu mans. Some sub stances

not af fect ing hu mans, cause can cer in mice. In ad di tion,

some sub stances af fect males and fe males dif fer ently. To

com pli cate things even fur ther, can cer usu ally de vel ops

long af ter ex po sure first oc curs. Can cer may de velop

even af ter ex po sure has stopped or been re duced be low a

level con sid ered safe. 

No one knows at this time whether there is a safe

level of ex po sure to car cin o gens (Fig ure 11.27). Ex per i -

ments ca pa ble of an swer ing this ques tion re quire thou -

sands to mil lions of test an i mals. This scale is nec es sary

to sep a rate nat u ral events from those caused by ex po sure

to the test sub stance. There is ev i dence that peo ple can

tol er ate some ex po sure to cer tain in dus trial car cin o gens.

This is the ba sis for set ting Thresh old Limit Val ues for

safe level of ex po sure to these sub stances.

A num ber of re search or ga ni za tions pro duce lists of

car cin o gens. There is dis agree ment from one list to an -

other. Two sources are Ap pen dix A of the Thresh old

Limit Val ues and Bi o log i cal Ex po sure In di ces pub lished

by ACGIH, and Group 1 or Group 2 in the IARC Mono -

graph on the Eval u a tion of the Car ci no genic Risk of

Chem i cals in Hu mans pub lished by the World Health Or -

ga ni za tion. IARC is the In ter na tional Agency for Re -

search on Can cer.

The cri te ria used by the GHS for clas si fy ing car ci -

no ge nic ity likely will cause con sid er able dif fi culty for

in dus try. This re sults from the chain-like pro duc tion and
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Fig ure 11.27 Sci ence can not pre dict what hap pens at low 
doses.

fig ure 11.26 Many ex perts be lieve that 80% of can cer is caused
by un bal anced diet, ex cess al co hol, smok ing, and suntanning.
Ag ing, ge net ics, and oc cu pa tion ac count for the re main ing in ci -
dence.



hi er ar chi cal dis tri bu tion net works that ex ist. Cer tain pet -

ro chem i cals, for ex am ple, con tain trace quan ti ties of

ben zene. Ben zene is a known hu man car cin o gen. Ben -

zene may oc cur in the prod uct above the cut-off of 0.1%

for car ci no ge nic ity. If the prod uct is not tested for car ci -

no ge nic ity, tech ni cally it be comes a sus pected car cin o -

gen. Yet, work place ex pe ri ence with these prod ucts has

pro duced no ev i dence of ex cess can cers con sis tent with

ex po sure to ben zene. On the other hand, ex er cis ing “pro -

fes sional judg ment” and not fol low ing reg u la tions to the

let ter could cause fu ture re per cus sions. 

An other sit u a tion sim i lar to the pre ced ing re lates to

use of chem i cals whose in gre di ents are ex empt from dis -

clo sure ac cord ing to a Con fi den tial Busi ness In for ma -

tion (CBI) agree ment and are used as in gre di ents in other

prod ucts.

These sit u a tions high light the po ten tial for the GHS

to work against it self. If prod ucts such as these are need -

lessly clas si fied as po ten tially car ci no genic, fear over

past and con tin ued use could take quite a toll. On the

other hand, fail ure to clas sify cor rectly, com pounded by

CBI, along with sub se quent dis clo sure of this sit u a tion

could pro voke prod uct li a bil ity suits. 

Re pro duc tive Tox ic ity

Ta ble HH 9 de scribe cri te ria and other in for ma tion

re gard ing re pro duc tive tox ic ity. Some sub stances in ter -

fere with re pro duc tive pro cesses in hu mans and other an -

i mals (Fig ure 11.28). Re pro duc tive ef fects in clude

ste ril ity, or other ad verse ef fects on the re pro duc tive ca -

pac ity of a per son. This in for ma tion usu ally is de ter -

mined from an i mal stud ies due to the sen si tive na ture of

the sub ject. Oc ca sion ally work place ex pe ri ence has con -

trib uted the in for ma tion.

Lead is a well-known re pro duc tive toxin that af fects

fe males. At tempts on med i cal grounds to bar women of

re pro duc tive age from jobs that in volve ex po sure to lead

have clashed with hu man rights leg is la tion re gard ing

dis crim i na tion.

Dibromochloropropane or DBCP is a well-known

re pro duc tive toxin that pro duces ste ril ity in males.

DBCP is a pes ti cide. Ev i dence for the ac tion of DBCP

arose from cof fee-ta ble dis cus sions by work ers about

their in abil ity to fa ther chil dren.

As pi ra tion Tox ic ity

Ta ble HH 12 de scribes cri te ria and other in for ma -

tion re gard ing as pi ra tion tox ic ity. As pi ra tion tox ic ity  in -

cludes se vere acute ef fects, such as 

• chem i cal pneu mo nia 

• vary ing de grees of pul mo nary in jury or death, fol -

low ing the en try of a liq uid or solid di rectly through 

the oral or na sal cav ity, or in di rectly from vom it ing, 

into the  tra chea and lower re spi ra tory sys tem

Biohazardous In fec tious Ma te rial (Can ada:

WHMIS 2015 only)

Ta ble HH 13 de scribes cri te ria and other in for ma -

tion re gard ing biohazardous in fec tious ma te rial. In

WHMIS 2015 biohazardous in fec tious ma te ri als re fer to

biohazards caused by mi cro or gan isms or tox ins pro -

duced by mi cro or gan isms (Ta ble 11.2). This in for ma tion 

will af fect the fast-grow ing bio tech nol ogy in dus try.

There is no limit noted on the con tent of prod ucts con -

tain ing biohazardous in fec tious ma te ri als.

Spe cific Tar get Or gan: Sin gle Ex po sure 

(Acute Ex po sure, Fig ure 11.29) 

Ta ble HH 10 de scribes cri te ria and other in for ma -

tion re gard ing spe cific tar get or gan: sin gle ex po sure.

This box pro vides in for ma tion about ef fects of acute ex -

po sure to the prod uct. Acute ex po sures in the work place
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Fig ure 11.28 Some sub stances in ter fere with re pro duc tive pro -
cesses in women or men or both. Re pro duc tive ef fects in clude
ad verse ef fects on the re pro duc tive ca pac ity of a per son or even
ste ril ity.



are short-term. They of ten re sult from ac ci dent sit u a tions 

in volv ing a large quan tity of the chem i cal. 

 Acute ex po sures of ten oc cur dur ing ac ci dent sit u a -

tions in volv ing gross con tact with solid, liq uid, or gas -

eous ma te ri als. Ac ci den tal ex po sures dur ing stor age,

han dling, use, pro duc tion, or dis posal com monly in -

volve fail ure of equip ment or hu man er ror. Some ex am -

ples of ac ci dent sit u a tions that lead to acute ex po sures

in clude

• es cape of com pressed gases

• over flow, de luge, con tainer rup ture, dust clouds in -

volv ing sol ids, splashes, over flow, sprays, de luge of 

liq uids

• gas or vapour sprays or clouds 

Mas sive short-term con tact with many sub stances

usu ally pro duces an acute ef fect. Acute ef fects may oc -

cur im me di ately at the time of ex po sure or fol low ing a

de lay pos si bly last ing hours. These ef fects of ten are re -

vers ible, dis ap pear ing af ter the ex po sure has ceased.

They may, how ever, be per ma nent. Acute ex po sure pro -

duces ef fects on the part of the body most vul ner a ble to

at tack. The oc cur rence of re vers ible acute ef fects has

played an im por tant role in the set ting of ex po sure lim its

for work place ex po sure. (Re fer to dis cus sion about ex -

po sure lim its in Sec tion 8.) Acute ef fects uti lized in set -

ting ex po sure lim its in clude ir ri ta tion, nar co sis (loss of

sen sa tion), drows i ness, nui sance, or other forms of

stress. 

The in for ma tion pre sented in the SDS is most ap pli -

ca ble to sit u a tions in which some one has re ceived a sus -

pected overexposure. In clear-cut sit u a tions, the

symp toms may match in for ma tion con tained in the SDS.

This de tec tive work is best done by an in dus trial hy gien -

ist and phy si cian af ter the vic tim is safely treated. The

rea son for this cau tion is that overexposure to many in -

dus trial prod ucts pro duces the same symp toms. The ac -

tual cause can dif fer con sid er ably from that per ceived by

the un trained per son.

In gre di ents of con sumer prod ucts of ten are the same 

as those found in in dus trial prod ucts. Peo ple use con -

sumer prod ucts rou tinely at home, nor mally with out in -

ci dent. The ef fects of overexposure are the same in ei ther

case. The GHS con sid ers the use of con sumer prod ucts in 

the work place to cause pri mar ily acute ex po sure haz -

ards. 

The ge neric cut-off val ues (Ta ble I.1 in the In tro duc -

tion) ap ply uni formly in all ju ris dic tions. How ever, if

there is in for ma tion that an in gre di ent in a mix tures falls

be low the cut-off limit, the mix ture should be clas si fied

as such. A mix ture should not con tain in gre di ents that

would cause the prod uct to in crease the haz ards of the

pure sub stance. Any in for ma tion per tain ing to use of val -

ues other than the GHS cut-off lim its must be readily

avail able upon re quest.

Spe cific Tar get Or gan: Re peated Ex po sure

(Chronic Ex po sure, Fig ure 11.29)

Ta ble HH 11 de scribes cri te ria and other in for ma -

tion re gard ing spe cific tar get or gan re peated ex po sure.

This box in di cates ef fects of chronic or long-term ex po -
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Fig ure 11.29 Acute and chronic ex po sure haz ards. Which is
worse, one blow from a 10 000 g (10 kg) ham mer or 10 000 blows
from a 1 g ham mer?

Ta ble 11.2 — Bi o log i cally Ac tive Ma te rial
Found  in Some Prod ucts

Life Forms Con tents of Liv ing Cells

• bac te ria

• fungi

• yeasts

• mould

• vi rus

• sporozoa

• higher life forms

• en zymes

• se cre tions

• wastes

• cell struc tures



sure to the prod uct. More typ i cally, work place ex po sures 

are smaller-scale and long-term, or chronic ex po sures.

Chronic ex po sures may oc cur over a pro longed pe riod of 

time, pos si bly for many years. Chronic ex po sure lev els

usu ally are much lower than those ex pe ri enced dur ing

ac ci dent sit u a tions. They likely are low enough that ex -

posed work ers ex pe ri ence no ob vi ous signs or symp toms 

in dic a tive of prob lems. This lack of warn ing cre ates re -

sis tance in some peo ple about heed ing pre ven tive mea -

sures. The clas sic ex am ple is cig a rette smok ing. De spite

an iron clad case against the safety of cig a rettes, ap prox i -

mately 30% of the adult pop u la tion still con tin ues to

smoke.

De layed and Im me di ate Effects, and Chronic Ef -

fects from Short- and Long-Term Ex po sure

The lack of out ward ef fect  fol low ing  long-term ex -

po sure is part of the co nun drum re gard ing ef fects from

chronic ex po sure. The la tency pe riod, the time be tween

the start of  ex po sure and on set of some ef fects, of ten is

very long. Ten to twenty years is not un com mon. Hence,

con cern about ef fects from ex po sure to chem i cals at lev -

els low enough not to pro duce rapid in di ca tors of prob -

lems is nat u ral. A per son chron i cally ex posed could

re ceive a to tal long-term dose far in ex cess of the amount

needed to cause death dur ing an acute ex po sure. Al co hol

is a prime ex am ple of this. A large bot tle of spir its or

whisky con sumed dur ing a short time can and does kill.

Yet, the same bot tle con sumed grad u ally by the same

per son dur ing a pe riod of sev eral weeks would pro duce

no ob vi ous ef fect. Caf feine is an other ex am ple. The caf -

feine equiv a lent of 250 cups of cof fee taken in a short

time in pill form has killed peo ple. Yet,  250 cups of cof -

fee con sumed over a nor mal time-frame produces no

deleterious effect.

Sub stances en ter ing the body dur ing chronic ex po -

sure un dergo sev eral pos si ble fates. The body may elim i -

nate them un changed fol low ing the ex po sure. The body

uses sev eral ap proaches to elim i nate sub stances. These

in clude ex ha la tion in the breath or ex cre tion in the urine

or sweat. The liver mod i fies some sub stances to make

them eas ier to ex crete. 

The body me tab o lizes some sub stances and uses

them as a source of en ergy. Ethyl al co hol and other al co -

hols are an ex am ple.

Some sub stances ac cu mu late in the body. The

amount that can ac cu mu late dur ing chronic ex po sure

could eas ily ex ceed that needed to pro duce se ri ous acute

ef fects. Lead is a prime ex am ple. Small amounts of lead

cir cu late in the blood. The body stores sur plus lead in

bone. If the amount cir cu lat ing in blood de creases rap -

idly, stored lead dis solves to re place it. Lead can pro duce

se ri ous chronic ef fects be cause of this re cur ring ex po -

sure. Rapid re lease of large quan ti ties of stored lead

could cause se ri ous acute ef fects. 

The body can tol er ate small ex po sure to many sub -

stances. When dam age oc curs, the body un der takes re -

pair. Re pair is a nor mal func tion oc cur ring at all times.

Small doses of some toxic chem i cals pro duce no mea sur -

able ef fect, no mat ter how long the ex po sure. The prob -

lem oc curs when the ex tent of dam age ex ceeds the abil ity 

of the body to per form re pair.

There are sev eral types of chronic ef fects. Chronic

ef fects usu ally dif fer from the acute ef fects pro duced by

the same sub stance. 

Some chronic ef fects are re vers ible. That is, they

dis ap pear grad u ally af ter ex po sure ceases. To il lus trate,

the body is able to re pair some of the lung dam age af ter

smok ing ceases. Other chronic ef fects are per ma nent.

Dam age pro duced by some sub stances is ad di tive. This

means that dam age pro duced by each ex po sure adds to

that pro duced ear lier. The over all ef fect may not ap pear

for many years. In some cases the dam age be comes

worse with in creas ing time. 

Some chronic ef fects do not ap pear for many years

af ter the start of ex po sure. De layed ef fects can oc cur

even af ter the ex po sure has ceased. Can cer and some

types of lung dis ease, such as as bes to sis and sil i co sis, are

ex am ples of de layed ef fects. Cir rho sis or scar ring of the

liver is an ex am ple of a de layed ef fect caused by pro -

longed over con sump tion of ethyl al co hol.

Test ing to de ter mine chronic tox ic ity is a com plex

and costly pro cess. Thus, only a small num ber of prod -

ucts ac tu ally will be tested. Man u fac tur ers likely will

rely on data ob tained for in di vid ual in gre di ents. 

The pre am ble to the Thresh old Limit Val ues (See

Ex po sure Lim its in Sec tion 8.) in di cates that a small per -

cent age of work ers may ex pe ri ence dis com fort from

some sub stances at con cen tra tions at or be low TLV™

lev els (ACGIH 1998). The TLVs con tain large safety
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fac tors and are based on the low est No Ef fect Level for a

sub stance (Fig ure 8.2). This can oc cur due to vari a tions

in in di vid ual sus cep ti bil ity. In di vid u als may be hy -

per-sus cep ti ble be cause of ge netic fac tors, age, per sonal

hab its (e.g., smok ing, al co hol, or drug con sump tion),

med i ca tion, or pre vi ous ex po sure. These in di vid u als

may not be ad e quately pro tected from the ad verse health

ef fects. A smaller per cent age can be af fected due to ag -

gra va tion of a pre ex ist ing con di tion or de vel op ment of

an in dus trial ill ness. To bacco smok ing is spe cif i cally

men tioned for po ten tially en hanc ing the ef fect of a

chem i cal and for re duc ing the body’s defences. Pre ex ist -

ing med i cal con di tions ag gra vated by chem i cal ex po sure 

in clude: asthma and bron chi tis, an gina, and liver and

kid ney con di tions.  

Nu mer i cal Mea sure of Tox ic ity

These may in clude LD50, LC50, acute tox ic ity es ti -

mates (ATEs), and oth ers where ap pli ca ble. Ta bles HH

1.1, HH 1.2, and HH 1.3 de scribe acute tox ic ity (oral,

der mal, and in ha la tion re spec tively). These ta bles in -

clude range es ti mates, acute tox ic ity point es ti mates, and

other in for ma tion.  

LD50 or le thal dose to 50% is the amount of a sub -

stance needed to kill 50%, or half, of a group of an i mals.

LD50 is a stan dard mea sure in tox i col ogy of the rel a tive

tox ic ity of pure sub stances and mix tures. The tox ic ity of

sub stances var ies over a wide range (Ta ble 11.3). Acute

tox ic ity de scribed by the GHS is based on a sin gle dose

or mul ti ple doses, oral or der mal, fol low ing  24 hours or

by in ha la tion af ter 4 hours. Ref er ence tests are pub lished

by the Or ga ni za tion for Eco nomic Co op er a tion and De -

vel op ment (OECD) for LD50 oral (by mouth, Fig ure

11.30) and der mal (skin ap pli ca tion, Fig ure 11.31).

The usual unit of dose is mg/kg (mil li gram per ki lo -

gram) of body weight (Fig ure 11.32). To il lus trate the

mean ing of this unit, con sider a crys tal of col oured dec o -

ra tor’s sugar. This weighs about 2 mg. Now grind the sin -

gle crys tal of sugar, that is dyed red, into a fine pow der,

and then spread the pow der through out a 1 kg bag of

sugar. This is the same as ad min is ter ing a whole-body

dose of 2 mg/kg to an an i mal. 

Mice weigh only a few grams, while larger an i mals,

such as rats, weigh in the ki lo gram range. Tox i col o gists

ex press the units in mg/kg to main tain con sis tency. 

There are sev eral ap proaches to the re quire ment for

re port ing LD50. The first is to de ter mine the LD50 based

on test ing of the ac tual chem i cal prod uct us ing the ref er -

enced test pro to col. The re al ity of this ap proach is that

test ing of the ac tual prod uct us ing the ref er enced test

pro to col is un likely ow ing to the cost of de ter min ing this

in for ma tion. As de sir able as this ap proach may seem, the 

rel e vance of the find ings to worker ex po sure still re -

mains an un an swer able ques tion. There is no pre dict able

link be tween hu man and an i mal sus cep ti bil ity to a par tic -

u lar sub stance. This is learned by ex pe ri ence. A more

likely ap proach to the re quire ment for re port ing LD50 for 

un tested mix tures is to use pre vi ously pub lished in for -

ma tion for in di vid ual in gre di ents.

De ter min ing the LD50 of a mix ture con tain ing one

or more un tested in gre di ents is not pos si ble. The GHS

de fines the value for the most acutely toxic tested in gre -

di ent(s) pres ent in a con cen tra tion of 1% or more to rep -

re sent the mix ture. While there is no sat is fac tory way to

deal with this prob lem, this is the only prag matic ap -

proach avail able. 
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Fig ure 11.31 LD
50
 der mal is the amount of sub stance en ter ing

the body through the skin needed to kill 50% of a group of an i -
mals.

Fig ure 11.30 LD
50
 oral is the amount of sub stance needed to kill

50% of a group of an i mals dur ing a test last ing 24 hours.



De ter min ing the LD50 for the GHS pur poses is a dif -

fi cult task. The avail able sources from the tech ni cal lit er -

a ture may con tain data from stud ies in volv ing dif fer ent

types of an i mals. The re sults from one study may con tra -

dict those from an other. Ob vi ously, the de ci sion about

the ap pro pri ate value to choose for the LD50 of the

mix ture re quires judg ment from a com pe tent pro fes -

sional. 

LD50 is an ex tremely im por tant quan tity. Un for tu -

nately, its di rect use ful ness in the work place is very lim -

ited. As men tioned ear lier, there is no con fi dent link

be tween hu man and an i mal sus cep ti bil ity to a par tic u lar

sub stance. This in for ma tion (and that con tained in the

next sub sec tion) pro vides a means to com pare rel a tive

acute tox ic ity of dif fer ent haz ard ous chem i cal prod ucts.

The larger the LD50, the less acutely toxic is the haz ard -

ous chem i cal prod uct. 

In prac ti cal terms, the best use for this in for ma tion is 

to in flu ence pur chas ing de ci sions. If sev eral prod ucts are 

avail able, the one hav ing the larg est LD50 (least acutely

toxic in gre di ents) would be best choice, all other things

be ing equal. End-us ers should not base choice solely on

the LD50. There are many other fac tors to con sider.

LC50 is the con cen tra tion of sub stance in air needed

to kill 50%, or half of a group of an i mals dur ing an ex po -

sure (Fig ure 11.33). LC50 is a stan dard mea sure in tox i -

col ogy of the rel a tive tox ic ity of pure sub stances and

mix tures. LC50 can vary over a wide range. LC50 has

greater po ten tial im por tance than LD50, since in ha la tion

is by far the most im por tant route of en try into the body

and is also the ba sis for vir tu ally all ex po sure lim its for

haz ard ous chem i cal sub stances. In ha la tion pro vides a di -

rect path into the in te rior sur faces of the lung. Un like the

stom ach, the in ter nal en vi ron ment of the lung is not

chem i cally hos tile. Sub stances en ter ing the body

through the lung are un likely to be al tered dur ing the pro -

cess. Un like the skin, the bar rier be tween the in side sur -

faces in the lung and the in te rior of the body is ex tremely

thin, only one cell thick. This per mits easy ac cess by

chem i cal sub stances.

The GHS re quires the LC50 to be based on acute or

short-term ex po sure last ing four hours (or by con vert ing

ex ist ing data gen er ated from 1 hour ex po sures by di vid -

ing by a fac tor of 2 for gases and va pours, and by 4 for

dusts and mists. Tests may be  ref er enced from those 

pub lished by the Or ga ni za tion for Eco nomic Co op er a -

tion and De vel op ment (OECD) for LC50.  The phys i cal

form of the sub stance, gas or vapour, dust, mist or fume

com pli cates the test ing and in ter pre ta tion of the re sults.
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Ta ble 11.3
Ap prox i mate LD50 of a 

Se lected Va ri ety of Chem i cal Agents

Agent An i mal Route LD50 mg/kg)

• ethyl al co hol

• so dium chlo ride

• fer rous sul fate

• mor phine sul fate

• phe no bar bi tal, so dium

• DDT*

• picrotoxin

• strych nine sul fate

• nic o tine

• d-tubocurarine

• hemicholinium-3

• tetrodotoxin

• di oxin (TCDD)**

• botulinus toxin

mouse

mouse

rat

rat

rat

rat

rat

rat

rat

rat

rat

rat

guinea pig

rat

oral

IP

oral

oral

oral

oral

SC

IP

IV

IV

IV

IV

IV

IV

10000

4000

1500

900

150

100

5

2

1

0.5

0.2

0.10

0.001

0.00001

IP = intraperitoneal, IV in tra ve nous, SC = sub cu ta ne ous 

LD50s are listed ac cord ing to av er ages of near est round fig -
ures from many sources. The prin ci pal sources are Barnes,
C.D. and Eltherington, L.G. Drug Dos age in Lab o ra tory An i -
mals - A Hand book. Berkely: Uni ver sity of Ca lif. Press,
1964. I. Spector, WS. (ed.), Hand book of Tox i col ogy, Vol. 1.
Phil a del phia: W.B. Saunders Co., 1956. Goldenthal, E. I.
Com pi la tion of LD5o Val ues in Newbom and Adult An i mals,
Toxicol. and Appl. Pharmacol., 18:185 (1971). 

*DDT = p,p’ - DDT; dichlorodiphenyltrichloroethane

**TCDD = 2,3,6,7 tetrachlorodibenzodioxin

Fig ure 11.32 Grind a crys tal of col oured sugar into a fine pow der.
Then spread the pow der evenly through out a 1 kg box of sugar.
This is the same as a whole body dose of 2 mg/kg.



Gas  is the gas eous form of a sub stance. Gases have

no shape and fill any con tainer into which they are

placed, given suf fi cient time. Gases are con verted to liq -

uids usu ally by si mul ta neously cool ing and com press -

ing. Vapour is the gas eous form of a solid or liq uid.

Va pours are con verted to the solid or liq uid form by cool -

ing or com press ing. Dust is an air borne sus pen sion of

solid par ti cles. Dusts are pro duced by me chan i cally

break ing down larger solid ma te ri als. Dusts may dis -

solve in body flu ids or they may be in sol u ble. Large par -

ti cles are trapped in var i ous parts of the re spi ra tory

sys tem. Small par ti cles may en ter the air sacs at the end

of the re spi ra tory tree. Mist is an air borne sus pen sion of

liq uid drop lets. Mists can de velop from dis rup tion of liq -

uids, an ex am ple be ing spray paint ing, or by con den sa -

tion from a vapour, an ex am ple be ing the for ma tion of

fog when mois ture-laden warm air cools. As with dusts,

the par ti cle size of drop lets in a mist can vary. How ever,

since they are liq uids, these par ti cles can mix readily

with body flu ids fol low ing ini tial con tact. Fume is an

air borne sus pen sion of solid par ti cles pro duced by con -

den sa tion of vapour. Welding is a major producer of

metal fume. 

 Prior to the cre ation of the GHS, tox ic ity mea sure -

ments were pro vided in mg/m
3
 (mil li grams per cu bic

metre of air) For many us ers, this may still be the pre -

ferred case. The GHS uses mg/l (mil li gram per litre). To

con vert mg/l to mg/m
3
, mul ti ply the fig ure for mg/l by

1000.

A cu bic metre mea sures 1 m on each side. This is

about the same as the vol ume of a bale of peat moss. To il -

lus trate the mean ing of mil li grams per cu bic metre, con -

sider a small crys tal of dec o ra tor’s sugar (Fig ure 11.34).

This weighs about 2 mg. Grind the sugar crys tal into a

fine pow der and dis trib ute this evenly into the cu bic

metre of air. This would pro duce a con cen tra tion of 2

mg/m
3
. 

To il lus trate the con cept of parts per mil lion, con -

sider a small eye drop per (Fig ure 11.35). This has a vol -

ume of 2mL (milli litres). There are 1000 mL in 1L and

1000 000 mL in 1 m
3
. Fill ing the eye drop per with chlo -

rine gas and emp ty ing it into a con tainer hold ing 1 m
3
 of

air pro duces a con cen tra tion of 2 ppm.

Cal cu lat ing part per mil lion quan ti ties is the same as

cal cu lat ing percents. For ex am ple,

2 green apples

 apples
 x 100% =  8%

25

Sim i larly,  

50 mL vapour

2 000 mL container
 x 1000 000 ppm =  25 000 ppm

A more likely ap proach to the re quire ment for re -

port ing LC50 for un tested mix tures is to use pre vi ously

pub lished in for ma tion for in di vid ual in gre di ents. 
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Fig ure 11.34 Grind ing a crys tal of sugar into a fine pow der, then
dis trib ut ing the powder evenly through out a box con tain ing 1 m3

of air pro duces a con cen tra tion of 2 mg/m3.

Fig ure 1133 LC
50
 is the con cen tra tion of a chem i cal in air needed

to kill 50% or half, of a group of an i mals.



Val ues for dusts and mists are ex pressed as mg/l.

Val ues for va pours also use mg/l un less the va pours in -

clud ing mix tures are ap proach ing the gas eous phase.

Then they are ex pressed as ppmV. 

De ter min ing the LC50 of a mix ture con tain ing one

or more un tested in gre di ents is not pos si ble. The GHS

de fines the value for the most acutely toxic tested in gre -

di ent(s) pres ent in a con cen tra tion of 1% or more to rep -

re sent the mix ture. While there is no sat is fac tory way to

ad dress this prob lem, this is the only prag matic ap proach

avail able. See. 3.1.3.4 in the GHS doc u ment..

De ter min ing the LC50 for the GHS pur poses is a dif -

fi cult task. The avail able sources from the tech ni cal lit er -

a ture may con tain data from stud ies in volv ing dif fer ent

types of an i mals. The re sults from one study may con tra -

dict those from an other. Ob vi ously, the de ci sion about

the ap pro pri ate value to choose for the LC50 of the mix -

ture re quires judg ment from a com pe tent pro fes sional. 

LC50 is an ex tremely im por tant quan tity. Un for tu -

nately, its di rect use ful ness in the work place is very lim -

ited. As men tioned ear lier, there is no con fi dent link

be tween hu man and an i mal sus cep ti bil ity to a par tic u lar

sub stance. This in for ma tion pro vides a means to com -

pare rel a tive acute tox ic ity of dif fer ent haz ard ous chem i -

cal prod ucts. The larger the LC50, the less acutely toxic is

the haz ard ous chem i cal prod uct. 

In prac ti cal terms, the best use for this in for ma tion is 

to in flu ence pur chas ing de ci sions. If sev eral prod ucts are 

avail able, the one hav ing the larg est LC50 (least acutely

toxic in gre di ents) would be best choice, all other things

be ing equal. How ever, end-us ers should not base choice

solely on the LC50. There are many other fac tors to con -

sider. 

Acute Tox ic ity Es ti mates (ATEs) gen er ally are cal -

cu lated from LD50/LC50. The GHS doc u ment  pro vides a 

ta ble of ATEs (Ta ble 3.1.1) con tain ing five cat e go ries for 

oral, der mal, gases, va pours, dusts and mists with sup -

port ing notes to ex plain the pro cess of ob tain ing these

measures.

While a valu able and in ter est ing read, the ta ble is

use ful mostly for those pro fes sion als in volved in the ac -

tual clas si fi ca tion of prod ucts but is be yond the scope of

this doc u ment.

QUES TIONS AND AN SWERS

1. An SDS we re ceived says the prod uct meets OSHA

re quire ments for haz ard dis clo sure. The sales per son 

says that this SDS is sat is fac tory for meet ing re -

quire ments. Is this true?

It is pos si ble that the state ment is cor rect. How ever,

leg is la tion in a coun try other than the U.S. is dif fer ent

from that in the U.S. What meets re quire ments in the one

coun try may not meet those in the other. If nec es sary, a

user should point out that this is not a sat is fac tory cri te -

rion for ex emp tion from the re quire ments in all ju ris dic -

tions.  A sup plier wish ing to re ceive ex emp tion must in

all cases fol low the for mal ap pli ca tion pro ce dure per -

tain ing to Con fi den tial Busi ness In for ma tion (CBI).

2. The in for ma tion in cluded in this sec tion is fright en -

ing. We are learn ing that chem i cals we have used for 

years could cause dis ease or kill. What do you feel

about this?

There is no de ny ing nor gloss ing over this fact.

How ever, cer tain other facts need to be con sid ered.

Most, if not all haz ard ous chem i cal prod ucts can be han -

dled in a safe man ner. The proof of this is work place ex -

pe ri ence. While this is not per fect for ev ery one,

rel a tively few per sons are af fected ad versely. The main

cause of com pen sa tion claims is trau matic in jury. Trau -

matic in ju ries in clude falls, trips, cuts and abra sions, am -

pu ta tions, back in ju ries, and so on. By far the larg est
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Fig ure 11.35 Emp ty ing an eye drop per of chlo rine gas (2 mL) into 
a box con tain ing 1 m3 air (1 000 000 mL) pro duces a con cen tra -
tion of 2 ppm.



sin gle cause of oc cu pa tional ill ness is skin dis or ders.

These ac count for al most half the claims.

3. Our work ers are learn ing about the dan gers of

chem i cals that we have used for years. They are con -

sid er ing to re fuse to work. What should we say to

them? 

Re fusal to work is a worker’s le gal right. This de ci -

sion rests solely with the per son. No amount of per sua -

sion should be tried, as this will make the sit u a tion worse.

The first step in this pro cess is for man age ment or

su per vi sion to see the area of use as it ac tu ally is, not as

they might wish it to be.  Man age ment and the workforce

work in the same en vi ron ment and are ul ti mately ex -

posed to the same haz ards. Man age ment must be con -

vinced that they have done the right thing in the area of

use. This means not ex pos ing any one in clud ing them -

selves to un due risk. For many haz ards, con di tions can

be eval u ated by rel a tively sim ple mea sure ment. If all

con cerned thor oughly be lieve that the haz ards are con -

trolled, then it is pos si ble to proceed to the next step. 

To day’s workplaces are a dra matic im prove ment

over con di tions ex ist ing even a few years ago. Haz ards

are con trolled to some ex tent in most areas of use. Op er -

at ing ex pe ri ence is an ex tremely im por tant fac tor in com -

plet ing this pic ture. Plants whose re tir ees live in good

health to ages at least the in dus trial av er age can point out

this fact. This re al ity coun ter acts the ab stract fear cre ated 

by in for ma tion about po ten tial haz ards as pre sented in

the SDS. An other way of look ing at this ques tion is the

gen eral ex pe ri ence found in a par tic u lar in dus try or trade

group. This in for ma tion is readily ob tain able from oc cu -

pa tional health and safety li brar ies, from trade as so ci a -

tions, and from work ers’ com pen sa tion boards.

Sta tis tics have shown that the home en vi ron ment is

more haz ard ous than the work place en vi ron ment. More

ac ci dents oc cur at home than at work. The av er age

house hold also con tains many chem i cal prod ucts. A cur -

sory re view of the la bels dem on strates that many con -

sumer prod ucts con tain the same sub stances as found at

work. One dif fer ence is that the la bel on a con sumer

prod uct prior to the GHS did not pro vide the com plete

list of in gre di ents. This was not avail able to the con -

sumer. The GHS ex tends to con sumer prod ucts. As the

GHS is adopted by in dus try, con sumer prod ucts la bel -

ling will re flect its con cepts. 

An other dif fer ence is that a boss is re spon si ble for

the way in which a per son uses a prod uct at work. There

is no such su per vi sion at home. In dus try pays dearly

when ac ci dents oc cur and an in jured per son files a com -

pen sa tion claim. These costs cre ate a real in cen tive to

pre vent ac ci dents. This in cen tive does not ex ist in the

home. Peo ple be have dif fer ently at home than at work

when us ing haz ard ous chem i cal prod ucts and ma te ri als. 

Rel a tively sim ple and in ex pen sive means are avail -

able for eval u at ing some con di tions pres ent in

workplaces. These can pro vide al most im me di ate an -

swers to con cerns. The so lu tion to the prob lem of worker

con cerns is ed u ca tion. Ed u ca tion and dem on stra tion of

con cern pro duce con fi dence and al lay fears.

4. The phrase, “not avail able”, ap pears many times in

this sec tion of the SDS. Is this ac cept able?

Tech ni cal in for ma tion is avail able for many haz ard -

ous sub stances. As men tioned ear lier, many haz ard ous

chem i cal prod ucts are mix tures of other sub stances. In

most cases, the prop er ties of the mix ture re flect the prop -

er ties of the in gre di ents. Tox i co log i cal test ing is still

very much in its in fancy, even for pure sub stances. This

lack of cer tainty pro duces many more ques tions than an -

swers about in di vid ual prod ucts. Sev eral re search or ga -

ni za tions and gov ern ment agen cies have as signed

pri or i ties for tox i co log i cal test ing. This in volves choos -

ing the most sus pi cious can di dates first. These groups

have rec om mended test ing for rel a tively few chem i cals

out of the ex tremely large num ber in ex is tence.

The man u fac turer or sup plier bears the ul ti mate re -

spon si bil ity for ver i fy ing in for ma tion pre sented in

SDSs. The best pro tec tion for the em ployer’s in ter ests is

to scru ti nize the SDS and to chal lenge the sup plier. If

there is any doubt, con tact the Supplier or Man u fac turer,

if known, to de ter mine the thor ough ness of the re search

car ried out.

5. The SDS says that the sup plier has ob tained Con fi -

den tial Busi ness In for ma tion ex emp tion from dis -

clo sure of haz ard ous chem i cal in gre di ents. How can 
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we de ter mine whether there is an ex po sure prob lem

in our plant?

This ques tion is vir tu ally im pos si ble to an swer.

With out know ing what is ac tu ally pres ent the em ployer

can not de ter mine ex po sure. The oc cur rence of work-re -

lated ef fects in peo ple ex posed to the haz ard ous chem i cal 

prod uct is one in di ca tion of a prob lem. Un for tu nately,

since the prob lem oc curs only af ter the fact, this is not a

de sir able method of ap proach. Per haps the Sup plier or

Man u fac turer, if known, and the user can work out a

method of ap proach. Many Man u fac tur ers pro vide ser -

vices to cus tom ers un der the con cept of Prod uct Stew -

ard ship.

6. Which is the most im por tant route of en try?

In ha la tion (breath ing) is the most im por tant route of

en try. The rea son is the ease with which sub stances can

en ter the body by pass ing through the lungs.

7. I can’t un der stand the terms used in some of the

boxes in this sec tion. They sound too med i cal. What

can I do?

As you have iden ti fied, this sub ject is highly tech ni -

cal. Pub li ca tions from the Ca na dian Cen tre for Oc cu pa -

tional Health and Safety are writ ten for the lay man and

ap pear to be help ful.

8. The SDS uses the term, “overexposure”.  How can

we de ter mine whether or not the con di tions in our

plant are all right?

De ter min ing the level of ex po sure (and pos si ble

overexposure) re quires a for mal as sess ment. The as sess -

ment in volves mea sur ing the con cen tra tions of air borne

con tam i nants and com par ing them against the ex po sure

lim its in your ju ris dic tion. This task re quires tech ni cally

qual i fied peo ple. These re sources may be avail able in ter -

nally. Ques tion 8 in Sec tion 1 lists ex ter nal re sources.

See also ques tion 5 in this Sec tion.

9. Why do man u fac tur ers of house hold prod ucts use

the same chem i cals as those found at work. Aren’t

safer sub sti tutes avail able?

While this re quest seems rea son able, the an swer re -

flects the re al ity of our in dus tri al ized so ci ety. Vir tu ally

all chem i cal prod ucts can be han dled safely, pro vided

that their prop er ties are known and ap pro pri ate pre cau -

tions are taken. This ap plies both at home and at work. If

a per son dis re gards warn ings and in struc tions about han -

dling, then ad verse con se quences could hap pen. Even

so-called safer sub sti tutes have their own haz ards and

cre ate their own prob lems. There are un for tu nately no

easy fixes, only choices. 

10. We use tolu ols  (to lu ene) in our plant. The SDS says

that it con tains 0.5% ben zene. Ben zene is a car cin o -

gen. Should the la bel in di cate toluoals as car ci no -

genic. 

Con sid er able tox i co log i cal test ing on to lu ene has

oc curred over the years. The pre parer of the SDS could

rely on anal o gies be tween com mer cial grades, such as

the one de scribed and purer forms when mak ing the clas -

si fi ca tion.

11. How is ex po sure eval u ated for prod ucts hav ing

more than one route of entry?

Test ing of bi o log i cal flu ids such as blood and urine

is re quired in these cir cum stances. Work place drug test -

ing, a sub ject cur rently be ing hotly de bated, uses sim i lar

sam pling tech niques. Un for tu nately bi o log i cal mon i tor -

ing de ter mines ex po sure only af ter the fact. Ob vi ously,

this ap proach is not the pre ferred first line of in ves ti ga -

tion.

12. If there is so lit tle in for ma tion avail able about sub -

stances, how can they pos si bly be safe to use?

As men tioned in the text, rel a tively few sub stances

have re ceived ex ten sive tox i co log i cal test ing. The main

source of in for ma tion is hu man ex pe ri ence. Many sub -

stances act in the body by the same mech a nisms. What is

true for one of ten is true for many oth ers. This ob ser va -

tion sim pli fies eval u a tions some what. It also sup ports an
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ap proach known as the method of anal ogy. This gen er -

ally has pro duced sat is fac tory re sults. The ap proach

taken in set ting work place stan dards is to per mit no ex -

po sure be yond that caus ing min i mal ef fects. Of ten these

stan dards in cor po rate a safety fac tor to en sure fur ther

pro tec tion.

13. Would you pro vide a good ex am ple where the

chronic ef fects of ex po sure were very dif fer ent from 

the acute ef fects?

Ben zene was widely used in the chem i cal in dus try,

and at one time was con sid ered to be the per fect sol vent.

The short-term ef fects of overexposure in clude diz zi -

ness, head ache, and a sen sa tion of  lightheadedness (feel -

ing high). These ef fects also are typ i cally ob served

fol low ing overexposure to many or ganic sol vents.

Long-term ex po sure to low lev els has pro duced blood

dis or ders in clud ing anae mia and leu ke mia.

14. What is the best way to avoid the ef fects men tioned

in this sec tion?

Start by read ing the SDS thor oughly. Each SDS

costs con sid er able money and ef fort to pro duce. The sole 

pur pose is to pro vide us ers with in for ma tion for their

pro tec tion. That said, fol low the pre ven tive mea sures ex -

actly, un less proven un nec es sary. Set up stan dard pro ce -

dures in cor po rat ing the in for ma tion in the SDS. Pre pare

for emer gen cies and other un ex pected oc cur rences. Con -

tact the Sup plier or Man u fac turer, if known, for guid ance 

and fur ther in for ma tion when ever there is the slight est

doubt about the use or han dling of the prod uct.

15. There is no LD50 or LC50 stated for sev eral of the in -

gre di ents. How does the GHS treat this?

This sit u a tion cre ates prob lems for the GHS, as well

as other chem i cal haz ard in for ma tion sys tems. What is

asked here is in for ma tion about the un known. Pro vid ing

this, of course, is plainly im pos si ble. As a mat ter of pol -

icy the GHS uses data about the most haz ard ous chem i -

cal in gre di ent(s) to rep re sent the mix ture. Un for tu nately,

this ap proach can not ad dress in gre di ents whose tox i col -

ogy is not known and that are more toxic than known in -

gre di ents. It does pro vide a po si tion for com par i son in in -

di vid ual sit u a tions un til the knowl edge base expands.

16. I have for got ten how to do percents. Would you ex -

plain their mean ing. Let’s as sume that a prod uct

con tains 6% w/w of a haz ard ous in gre di ent. What

does this mean?

To cal cu late per cent, di vide one quan tity by an other

hav ing the same units and mul ti ply by 100 per cent. To

an swer the spe cific ques tion:

    6 kg

100 kg
x 100% 6%=

  17. The LD50 of nic o tine is ap prox i mately 1 mg/kg. A

typ i cal cig a rette re leases 2.5 mg of nic o tine into the

air. How many cig a rettes re lease enough nic o tine to

kill? 

The av er age man weighs 70 kg.This ques tion, while

a mat ter of in ter est, dem on strates some prac ti cal re al i ties

of tox i col ogy. To be gin, the amount of nic o tine needed to 

kill the 70 kg man is

 70 mg x 
 1mg

  kg
70 mg=           

The num ber of cig a rettes re quired is

70 mg x 
cigarettes

2.5 mg
 cigarettes= 28

Ob vi ously,  re sults of sim ple tox i co log i cal cal cu la -

tions such as this do not ex plain what oc curs in real life.

The rea son is that the hu man body is an ex tremely com -

plex bi o log i cal sys tem. The re sults of tox i co log i cal tests

must be in ter preted only by ex perts.

18. Us ing the in for ma tion dis cussed in this sec tion per -

tain ing to nu mer i cal mea sures, de scribe de sir able

qual i ties to look for in work place prod ucts.

•  large ATE(s)

•  large LD50
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•  large LC50
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B
be hav iour 10, 25-26, 33, 115, 128, 143-144, 154-155,

161
bioaccumulate 105
bi o log i cal mon i tor ing 189
blend ing 113, 147
blood 153, 169, 172-175, 183, 189-190
boil ing 8, 17, 60-61, 65, 73, 103, 143, 147, 159
bond ing and ground ing 30, 134, 151

C
CAALL-OSH 3
CAS 7, 12, 15, 111-115, 117
CANUTEC 109, 202
Chem i cal Haz ard Com mu ni ca tion — A His tory 1, 172
Cog ni tive Learn ing The ory 25, 27
Con fi den tial Busi ness In for ma tion v, 9, 12, 181, 187,

189
caf feine 183
can cer v, 45, 93-94, 173, 179-181, 183
car bon di ox ide 15-17, 111, 123, 125, 144, 156, 164  
car bon mon ox ide 17, 145, 150, 160, 167
car cin o gen (car ci no ge nic ity) 4, 12, 17, 21, 50, 93-94,

112, 136, 169, 179-181, 189
cardiopulmonary 121
caus tic 153, 165, 176
chronic 8, 17, 105-106, 136, 169, 182-183
cig a rettes 36-37, 172, 190

cir rho sis 171, 183
closed sys tems 137
cloud 19, 62, 150, 157-158, 182
coat ings 163
co ef fi cient 8, 17, 106, 128, 131, 143, 154
col our 2-4, 8, 17, 28, 143-144, 146, 157, 178, 184-185
com bus ti ble liq uid 6, 61, 134, 148-149 
com bus ti bles 149-151
com bus tion 35, 57-58, 123, 125, 149-152, 165-167
com bus tion prod ucts 7, 166
com pressed air 139
com pressed gas 59, 144, 182
con cen tra tion limit 3, 115, 170
con cen tra tion %  8, 15, 113, 115
con cen tra tion span 43
con fine ment  64-65, 73, 128, 131
con struc tive feed back 28, 43
con sumer prod ucts v, 5, 44, 90, 93, 95, 171, 177, 182,

188
See Also house hold prod ucts

con tact with wa ter 50, 56, 67, 112, 128, 131, 148-150
con tain ment 8, 16, 20, 30, 42, 127-130, 137, 155-158,

161
con trol mea sures 108, 136, 141, 170, 177
con vert ing 186
cor nea 84-85, 169
cor ro sion in hib i tor 11
cor ro sive 50, 74, 81-82, 112, 175-176
cra dle-to-grave pro cess 195-196
crys tal li za tion 134, 162
cut-off/con cen tra tion lim its 3, 170

D
de cant 30
de com po si tion 8, 17, 65, 114, 143, 147, 152, 162,

165-166
de fi cien cies v, 11, 113
def la gra tion 57, 149
de greas er 108
de layed ef fects 120, 183
de luge shower 42, 119-121
depolymerization 16-166
det o nate 63-65, 72-73, 164
de tox ify 169
di a be tes 178
dil i gence 116
dis claimer 201-202
dis ease 169-170, 178-179, 183, 187
dis posal of  9, 20, 30, 40, 143, 165, 194-196, 199 
dis solve 59, 128, 130-131, 144, 154-155, 176, 183,

186
dis tri bu tion iii, 44, 146, 154, 181
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dis trib u tors 2, 109
dose 170, 172-173, 180, 183-185
dose rate 172-173
drop lets 144, 146, 186
drug abuse 135
dust (def i ni tion) 186 
dust cloud 62, 150, 182

E
ed u ca tion and train ing vi-vi, 1, 19-20, 28, 44-46, 172
ed u ca tion level 20
egg 145, 178
Elab o ra tion Model 28
elim i nate 11-12, 46, 53-55, 113-116, 119, 137, 183
elim i na tion 169
em bryo 95-96
emer gency first aid 119, 121
emer gency num ber 109-110
emer gency pro ce dures 7, 16, 18, 30, 127, 195
emer gency re sponse 16, 30, 109
emul sion 144
end-user 1, 13, 108, 127, 185, 187, 197, 199
en gi neer ing con trols 8, 16, 30,  133, 137
epi der mis 81, 175
equi lib rium 156-157, 159
evap o ra tion 114, 156, 159
Events of In struc tion 27
ex plo sives 50-52, 63, 72, 112, 143
ex po sure lim its 12, 16, 113, 131, 135-136, 145, 157,

159, 174, 182, 183, 185, 189, 199
ex tin guish ing agent 123-124, 155
eye con tact 8, 17, 139, 164, 174, 176
eye wash 42, 119-121

F
faceshields 140
Fac tory Mu tual 123
Fed eral Ca na dian En vi ron men tal Pro tec tion Act 195
fe tus 95-96, 174
fil ter ing res pi ra tors 139
firefighting  125
fire pro tec tion 2, 13, 42, 123-124
fire tet ra he dron 123
fire tri an gle 123-124
first aid mea sures 177
first re sponder 109
first re sponse 119-121, 170, 177
flam ma ble aero sol 57
flam ma ble gas 4, 50, 53-56, 69, 112, 148, 150, 163
flam ma ble liq uid 6, 15, 18, 34, 50, 60-61, 111-112,

149, 197, 199
flam ma ble mix ture 150
flam ma ble range 50, 150
flam ma ble solid 50, 62, 112, 148
fog (def i ni tion) 186
free rad i cals 123-124
freez ing point 8, 17, 143, 146-147, 159

fume (def i ni tion) 186
G

gas (def i ni tion) 186
gas ex change 174
gas o line 114, 149-150, 156-157
gas o line en gine 150
gen der 145, 179
ge netic code 21, 178
ge netic dis ease 178
ge netic her i tage 135
gog gles 16, 34, 36-37, 39, 137-138, 140

See Also safety glasses
good ven ti la tion 33, 141

H
han dling prac tices 133
Haz ard Com mu ni ca tion Stan dard v, 2, 19
haz ard dis clo sure 187
haz ard in for ma tion v-vi, 10, 12, 20-21, 42-43, 46, 190, 

201
haz ard ous chem i cal be hav iour 161
haz ard ous com po nent 116
haz ard ous waste v, 9, 30, 195-196
hear ing 25, 52, 69, 90, 93, 95
heat load 138
home en vi ron ment 188
house hold prod ucts 107, 146, 154, 189
hu man evo lu tion 178
hu man rights 31, 181
hu man tis sue 176
hy dro car bons 16, 103, 129, 149, 167
hy dro car bon sol vents 155
hy dro flu oric acid 121, 176
hy dro gen 19, 114, 124, 128, 145, 150-152, 154, 158,

163-166, 175
hy dro gen cy a nide 128, 163, 166, 175
hy dro ly sis 165-166

I
IARC 180
ig nita bil ity 147-150
il lit er acy 21, 45
im pair ment 135
im per vi ous 130, 138
im porter v, 2, 13, 45, 107-109
in com pat i bil ity 30, 134, 161, 167
in com plete com bus tion 166-167
in di vid ual dif fer ences 31
in di vid u al ized 25
in dus trial hy giene 8, 10, 108-110, 135, 159, 202
in ges tion 8, 16-17, 119, 140, 171, 173-174, 176
in ha la tion 4, 8, 15-17, 34-35, 50, 77-80,

98-99,101-102, 111, 114, 119-120
ini ti a tors 163-164
in jury 5, 20, 59, 119-120, 136, 171, 176, 181, 188
in sol u ble 17, 128, 130, 143-144, 154, 186
in sta bil ity 54, 134, 143, 161-162
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in ven tory 9, 18, 30, 44, 199
ir re vers ible 81-82, 84, 86, 136, 176-177
ir ri tants 139, 176-177
ir ri ta tion 4, 15, 17, 34-35, 50, 83-85, 88, 100, 111-112, 

135-136, 159, 169, 176-177, 182
L

la bel for mat 3, 4
lack of test ing 12
lack of warn ing 144
la tency pe riod 183
LC50 17, 78-79, 169, 184-187, 190-191 
LD50 17, 75-76, 78-79, 169, 185, 187, 189, 190-191 
lean mix ture 150
learn ing dis abil ity 21
liquefied gas 59
lo cal ex haust 16, 137-138, 141
loss of con tain ment 137, 161
Lower Ex plo sive Limit 149
Lower Flam ma ble Limit 53, 149-150
lung can cer 179
lung dis ease 183

M
main te nance 30, 32, 158
Ma te rial Safety Data Sheet vi, 1-2, 5, 12, 117

See Also MSDS
me chan i cal im pact 17
mem ory 22-26,  28, 42
mer cury 155, 157, 175

See Also mm Hg
mg/kg 75-76, 98-99, 101-102, 103-104, 184-185, 190
mi cro or gan isms (or tox ins) 18, 120, 134, 181, 193
min eral spir its 15, 113-114
mis in for ma tion 12
mis matches 144, 146
mist (def i ni tion) 186
mJ 60, 150-151
mm Hg 17, 143, 156, 159, 161

See Also mercury
mo ti va tion 26-27, 31, 46
MSDS 1-2, 5, 113, 202

See Also Ma te rial Safety Data Sheet
mutagenicity 5, 17, 21, 50, 90-92, 112, 169, 178
mu ta tion 90-92, 178

N
nar co sis 136, 182
nar cotic ef fects 15, 100, 111, 135
nat u rally-oc cur ring car cin o gens 180
nat u ral rub ber 34, 39, 140
ne cro sis 81
ner vous sys tem 17, 119, 154, 169
NFPA 2, 13
nic o tine 172, 175, 190
NIOSH 2, 16, 123, 134
non haz ard ous 1, 113, 142
nonpolar liq uid 154

nor mal ex po sure 173
nose 15, 17, 34, 111, 139, 144-145, 169
not ap pli ca ble 12
not avail able 12
nui sance 135, 142, 182

O
Oc cu pa tional Safety and Health Act  2
octanol/wa ter par ti tion co ef fi cient 105, 154
octanol 8, 17, 105, 128, 131, 145, 154-155
odour 8, 17, 35-37, 39, 135-136, 144-146, 158-159
odour thresh old 17, 145, 158
of fice staff 45
old age 179
open cup test ers 148
open sys tem 137
or ganic sol vents 169, 177, 190
Or ga ni za tion for Eco nomic Co op er a tion and De vel op -

ment 184, 186
or gans 98-99, 101-102, 119, 135, 142, 169
OSHA 2, 13, 18-19, 117, 187, 193, 195, 197, 199
other sup plier 109, 112
out dated 11-12
ova ries 178
overexposure 40, 119-120, 127, 141, 170, 182,

189-190
ox i da tion 164-165
ox i dizer 17, 58, 70-71, 123-124, 148, 163, 166, 168
oxyfuel 150
ox y gen 17, 58, 114, 121, 123-124, 148, 152, 157,

162-164, 168, 172
P

Paracelsus 172
per for mance-based 29, 32
per for mance ob jec tive 29-31, 36, 39
per ma nent 5, 23, 143, 145, 182-183
per me ation 140, 175
Per mis si ble Ex po sure Lim its 136
per ox ides 50, 64, 72-73, 112, 124, 163-164, 167
per sonal hy giene 133, 140-141, 175
per sonal pro tec tive equip ment 8, 30, 46, 52, 113, 119,

127, 130, 133, 138, 140
pes ti cides 175
pH level 154
phys i cal be hav iour 128
phys i cal state 8, 17, 143-144, 158
pictogram vi, 3-4, 7, 49, 104, 174
plas tics 16-17, 133, 143, 147-148, 164-167
po lar liq uid 154
poly mer iza tion 163-165
poly ure thane 140, 152, 166
pre ex ist ing con di tions 135, 184
pres sur ized gases 128
pri vacy 31
pro ce dural con trol 133
pro cess equip ment 148
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prod uct iden ti fier 5, 7, 15, 107, 109, 112
prod uct stew ard ship 22, 128, 189
prod uct test ing 13
pro pri etary 1, 12, 116, 150
pro tec tive foot wear 34, 36-37, 39
pro tec tive gloves and cloth ing 140
pure sub stances 107, 114, 135, 143-144, 146-148, 164, 

184-185, 188
pyrophoric 50, 53-54, 66-67, 112, 148, 150

Q
qual ity con trol 10
qual ity of in for ma tion v, 12, 201

R
range of con cen tra tion 115, 150
re ac tive flam ma ble ma te rial 148
re ac tiv ity 8, 17, 30, 127-128, 131, 134, 161-162, 167
readily ac ces si ble 119-120
re ceiv ing area 147
rec og ni tion skills 144
recordkeeping 40
re cov ery prod ucts 128
re cy cling 106, 195
re fuse to work 188
Re in force ment The ory 25
rel a tive vapour den sity 8, 17, 143, 157-158

See Also vapour density
re leases 56, 69, 127-128, 146-147, 163, 190
re me dial pro grams 21
re pack ag ing 113
rep e ti tion 23-26, 28
re pro duc tion 169
re source peo ple 44
res pi ra tors 20, 139
re spi ra tory prob lems 139
re spi ra tory pro tec tion 77, 86, 117, 139
re spi ra tory sys tem 119, 139, 174, 176-178, 181, 186
re ten tion 22-24, 42
re vers ible 81, 83, 85, 143, 169, 177, 182-183
re wards 25-26, 33
route of en try 174, 177, 185, 189
rub ber gloves 34, 130
run away re ac tions 163

S
safety-re lated ac ci dents 138
safety con tain ers 134
Safety Data Sheet v-vi, 1-3, 5, 10-12, 15, 22, 42, 45,

113, 116-117, 170, 201, 202
safety fac tors 119, 135
safety glasses 16, 34, 36-37, 39, 138, 140

See Also goggles
SDS for mat 3
se ba ceous glands 177
sense of smell 136 144-145
sen si tiv ity 21, 86, 144, 150, 172
sen si ti za tion 17, 87-89, 112, 167, 177-183

sensitizers 89, 140, 177
sight 25, 119
skin ab sorp tion 136, 175
skin can cer 179
skin con tact 16-17, 35, 88, 119, 129, 136, 169,

173-175
skin re ac tion 83, 88-89, 178
slip ping and fall ing 138
sludge 144, 153
slurry 144
So cial Learn ing The ory 25, 46
sol u bil ity 8, 17, 103, 105, 128, 131, 143, 154
sorbents 129
spe cific grav ity 155-157
sperm 91, 178
spill con trol 128-129
spon ta ne ous com bus tion 35, 151-152, 165
sta bil ity 8, 17, 30, 52, 134, 161
stan dard pro ce dure 29-31, 33, 36, 39, 42-45, 190
static dis charge 8, 17, 61, 136, 153,167
ste ril ity 181
Stoddart sol vent 114
stom ach 153, 173, 175, 185
sub li ma tion 156
suit able ab sor bent 129
sus cep ti bil ity 135, 184-185, 187
sweat 175, 177, 183

T
task anal y sis 29-30, 34
tes tes 178
theobromine 179
TLV-C 136
TLV-STEL 136
TLV-TWA 136
TLVs 13, 135-136, 142, 183, 201
tox i co log i cal data 201
tox i co log i cal in for ma tion 8, 17, 21, 113, 117, 169-170, 

174
tox i co log i cal prop er ties 114, 128, 202
tox i co log i cal test ing 172, 190-192
trade as so ci a tions 22, 45, 188
trade names 107
Trans port Can ada 109
tri par tite con sul ta tive pro cess 3
tur bu lence 137

U
unit of dose 184
un tested 184-185, 187, 189
up date 18, 109, 135, 201-202
urine 153, 183, 189
U.S. De part ment of La bor v, 2
Up per Ex plo sive Limit 150
Up per Flam ma ble Limit 150

V
vapour (def i ni tion) 186
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vapour de greas er 108
vapour den sity 157

See Also rel a tive vapour density
vapour for ma tion 147, 156
vapour pres sure 9, 17, 143, 156-157, 159
vi o lent 64, 73, 124, 153, 161, 165
vo ca tional train ing 22
vol a tile 18, 60-61, 78, 100, 128, 137, 147, 156, 159,

195

vol a til ity 103
W

World Health Or ga ni za tion 170, 180
white blood cells 169
worker ed u ca tion vi, viii, 1, 19, 44, 46, 172
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