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What is Industrial Hygiene?

� Industrial hygiene is the science of anticipating, 
recognizing, evaluating, and controlling workplace 
conditions that may cause workers' injury, illness or 
death. 

� Industrial hygienists use environmental monitoring and 
analytical methods to detect the extent of worker 
exposure and employ engineering, work practice 
controls, and other methods to control potential he alth 
hazards.

Percivall Pott 
F.R.S., 1714 – 1788

English surgeon, one of the founders of orthopedy, and the first scientist to demonstrate 
that a cancer may be caused by an environmental car cinogen.

“Every body is acquainted with the 
disorders to which painters, plumbers, 
glaziers and the workers in white lead are 
liable; but there is a disease as peculiar to a 
certain set of people which has not, at least 
to my knowledge, been publickly noticed; I 
mean chimney sweeper’s cancer”… 

Young boys with testicular cancer as 
early as twelve years old due to soot 
(creosote) exposures!
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300 Years Later
What Have We Learned?

• Chimney sweeps in England were young children and 
rarely bathed due to the association of water with water 
borne diseases

• Whereas in France bathing was more common and 
chimney sweeps did not develop scrotal cancer

• In Germany sweeps wore thick tight-fitting pants & 
shirts which prevented contact of the soot to the s kin

• PPE & Bathing are basic industrial hygiene measures  !

SOLID & LIQUID PARTICULATES & GASESSOLID & LIQUID PARTICULATES & GASES

What is SMOKE?

��
���
��

���

The airborne solid and liquid particulates and gase s
evolved when a material undergoes pyrolysis or comb ustion,
together with the quantity of air that is entrained  or 
otherwise mixed into the mass. 
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Smoke & The Routes of Entry
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Ultrafine Particle Exposure During Fire Suppression
Is It an Important Contributory Factor for Coronary Heart Disease 

in Firefighters?
C. Stuart Baxter, PhD, Clara Sue Ross, MD, JD, Thomas Fabian, PhD, Jacob L. Borgerson, PhD,

Jamila Shawon, MS, Pravinray D. Gandhi, PhD, James M. Dalton, MArch, and James E. Lockey, MD, MS

� Conclusions: Exposure to ultrafine particles 
during fire suppression should be considered a 
potential contributing factor for CHD in 
firefighters. 

� Of major significance is their predominance 
during overhaul, where firefighters frequently 
remove respiratory protection.

� © 2010 American College of Occupational and Environmental Medicine
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NIOSH Mice Study Finds 
Nanotubes Lung Cancer Risk

� Can exposure to mulyi-walled carbon 
nanotubes promote lung cancer ?
� Preliminary answer: YES!
� 1.3 tumors  in 50% of the control saline mine
� 3.3 tumors in 90% of the 1��

/	
�/���
�����

�-0���.���	�
� http://nanotech.lawbc.com/2013/03/articles/united-states/federal/niosh-

announces-new-findings-on-lung-tumor-formation-in-laboratory-mice-
exposed-to-multiwalled-carbon-nanotubes/

Routes of Exposure: Ingestion

� Ingestion may occur after inhalation 
exposure when mucus is brought up 
the respiratory tract and swallowed

� Poor work practice can result in hand-
to-mouth transfer

� Ingested nanoparticles do translocate 
to other organ systems

� SWCNT delivered into gut for treating 
Alzheimer’s disease were found in liver, 
brain and heart

� Ingestion of colloidal silver can result in 
permanent discoloration of skin, nails 
and eyes
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Exposures of Fire Fighters 
during Training Exercises

Dr. Brian E. McCarry, Lorraine Shaw, 
Don Shaw and Sujan Fernando

Department of Chemistry and Chemical Biology
McMaster University
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Routes of Chemical Exposures

• Inhalation Exposures – Should 
be low, except when not wearing 
SCBA (e.g., during knockdown 
and overhaul).

• Ingestion Exposures - Should 
be minimal for fire fighters.

• Dermal (Skin) Exposures –
Surprisingly little is known about 
skin exposures to fire chemicals. 

&0

Personal Air Sampling Equipment and 
Skin Sampling Sites on Fire Fighters

"	��2�����0/���'� ���
������
+�����������,

���
�� �
+��	�	,

5����2���������0/���' ��B
���
���	���

+��	���
���
 ���,

���
����
���
���
������
���
�� �
	������

��������0/��������� .
 ����
������	�
���������
�����
���	�

 ���

������	

���	�

��������

����

&F



15

��������0/�������&���6����������
����

&G

=��� C������

1��� C�����	



16

Take-home Messages

• Exposures to particles and gas–phase 
chemicals in fire training exercises exceed 
Occupational Exposure Limits.

• Skin vs. air exposures:
� Skin exposures correlate roughly with air 

concentrations.
� Particle-phase chemicals more predominant on skin 

than in air.
� Even rather low concentrations of chemicals in air can 

result in significant skin exposures.

?&
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Take-home Messages

• Exposures at 5 sites essentially identical.
• Result: a ‘whole body’ exposure.
• Finger exposures higher due to post-fire 

handling of sooty gear.

• Recommendations:
� Shower thoroughly at fire hall after a fire.
� Change into clean clothes to go home.
� Don’t wear uniform & underwear home.

?>
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Take-home Messages

• Reliable urinary markers of wood smoke exposures 
(hydroxyPAH and methoxyphenols) confirmed.

• Exposures to smoke chemicals varied greatly.
• In highest exposures, hydroxyPAH levels equaled 

levels found in average US smoker.
• After 24 hours hydroxyPAH and methoxyphenols in 

urine returned to pre-exposure levels.

• Recommendations:
� Make sure SCBAs are properly fitted on fire fighters.
� Drink lots of fluids after fire.
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Take-home Messages – Part 5

• New chemical markers of particulate smoke exposure 
identified. 

• No chemical markers of particulate exposure exist.
• Additional urinary smoke markers also identified.
• Ten chemicals identified in urine which showed more 

than 1000x increases following smoke exposure. 

• Recommendations:
� These new markers should be investigated in detail 

so see how useful they are as measures of smoke 
and particulate exposures.
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Conclusions
� Much of the early nanoEHS research has focused on 

simple systems of limited relevance to human health 
(e.g., cytotoxicity)

� Some nanoparticles can translocate throughout the body 
after exposure via inhalation, ingestion or contact with 
skin

� Some nanoparticles can induce unwanted health effects 
in animals or cell cultures

� WSIB study indicates firefighters are receiving a whole 
body exposure to the skin and particles and chemicals 
are being absorbed into the body

It makes sense to control exposure to those 
nanomaterials for which preliminary hazard data show 

unwanted health effects or hazards are unknown
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