Occupational Toxicology

By: Dr Zohreh Yazdi ’j
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GENERAL CONCEPTS OF TOXICOLOGY

(Continued)

FOOD CHAIN EXPOSURE

F\/ We Could Potentially Eat Toxic Food
/

b

GROUND CONTAMINATION BARLEY




INTRODUCTION TO TOXICOLOGY

(Continued)

TOXIN - a poisonous substance that is a specific
product of the metabolic activities of a
living organism and is usually very
unstable, notably toxic when introduced
Into the tissues, and typically capable of
Inducing antibody formation., etc.

TOXICITY - The effect a specific quantity or dosage of
a specific toxin has on a living
microorganism. This is not an absolute!




GENERAL CONCEPTS OF TOXICOLOGY

(Continued)

EVERYTHING IS TOXIC;
IT ALL DEPENDS ON THE DOSE

How Well the Body Accepts a Substance Depends on:

M The Type of Substance.
M The Amount (Dose) Absorbed.
M The Period of Time Over Which It Is Absorbed.

M The Susceptibility/Sensitivity of the Person Exposed.




Dose
THE KEY CONCEPT in Toxicology

=4 Father of Modern Toxicology

o Paracelsus—1564

Dose alone determines toxicity




Job Process
Aerospace and other specialty metal work
Artificial nail application
Artificial nail removal
Artificial leather making, fabric coating
Auto body painting
Battery recycling
Bathtub refinishing
(arburetor cleaning (car repair)
(ement manufacture
Commercial refrigeration
(oncrete application

Custodial work

Dry cleaning

Beryllium

Methacrylate

Acetonitrile, nitroethane
Dimethylformamide

Isocyanates

Lead and cadmium fumes and dust
Methylene chloride

Methylene chloride

Sulfur dioxide

Ammaonia, sulfur dioxide

Chromic acid

Chlorine (hypochlorite + acid mixes)

Chlorinated hydrocarbon solvents



Epoxy glue and coatings use
Explosives work

Fermentation operation

Fire fighting

Fumigation

Furniture stripping

Furniture and wood floor finishing
Gas-shielded welding

Gold refining

Hospital sterilizer work

Indoor forklift or compressor operation
Manure pit operation

Metal blade specialty cutting
Metal degreasing

Metal plating

Microelectronics chip etching

Microelectronic chip doping

Trimellitic anhydride
Nitrate oxidants
(Carbon dioxide

Carbon monoxide, cyanide, acrolein

Methyl bromide, methyl iodide, Vikane (sulfuryl fluoride), phosphine

Methylene chloride
Isocyanates

Nitrogen dioxide

Mercury vapor

Ethylene oxide, glutaraldehyde
(arbon monoxide

Hydrogen sulfide

Tungsten carbide-cobalt
Chlorinated hydrocarbon solvents
(yanide, acid mists
Hydrofluoric acid

Arsine gas, diborane gas



Paint stripping
Paper pulp work

Nanl and hat bk dicinfatina

Methylene chloride

Chlorine, chlorine dioxide, ozone

FUUI d1iU UL LU UISHIELLUN
Pottery glazing and glassmaking
Radiator repair

Rayon manufacturing

Rubber cement glue use

Rocket and jet fuel work
Sandblasting, concrete finishing
Sewage work

Silo work with fresh silage

Sheet metal flame cutting or brazing
Structural paint refurbishing
Tobacco harvesting

Water treatment or purification
Welding galvanized steel

Welding solvent-contaminated metal

LINUIINE, UIUIIIE
Lead dust

Lead fumes

Carbon disulfide

n-Hexane, other solvents
Hydrazine, monomethylhydrazine
Silica dust

Hydrogen sulfide

Nitrogen dioxide

Cadmium fumes

Lead fumes and dust

Nicotine

Chlorine, ozone

Zinc oxide fumes

Phosgene




EXxposure

« EXxposure: Acute, sub acute, sub chronic,
chronic

* Dose, Dosage

 Toxicity: acute, chronic, local, systemic,
reversible



Dose

All Interactions between
chemicals and biological systems follow a
Dose-Response Relationship




Dose

Woman Dies after Water-drinking Contest: Water
Intoxication eyed in ‘Hold Your Wee for a Wii’ contest Death

SACRAMENTO, California—A woman
who competed in a radio station’s
contest to see how much water she
could drink without going to the
bathroom died of water intoxication,
the coroner’s office said Saturday.

F + Associated Press



Dose-Response relationship

 Dose-Response Relationship

— Relationship between the dose of a chemical
and the response that is produced by that
chemical in a biological system

 Dose-Response Curve

— Show the relationship between the time of
exposure to a specific amount (dose) and the
effects (response) a material has on an
experimental group
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Dose-Response Curves
“The Dose Makes the Poison”

Maximum Response

___________________ - 1.0

Approx.
Linear

o5 Range
EC.,
| A— 0
0 20 40 6080 100 01 10 10 100

Concentration Concentration
Arithmetic Scale Logarithmic Scale




Dose-Response Relationship
“The Dose Makes the Poison”

Effective Dose Lethal Dose
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Some chemicals have both therapeutic
and toxic effects: Vitamin A

3 >

e Lo Too high: Anorexia,

Blindness, .

. anemia, nose bleeds,
dry skin, .. :
. muscle and joint pain
Increased
infections

_____________ - = = Threshold

Adverse response

Dose
© 2008 Society of Toxicology



Organs Respond to Chemicals in
Various Ways

Desired Effects
Nutritive

Blood Organs Therapeutic




Some Chemicals Are Transformed by

the Body (

Metabolized) to Aid Excretio

1

Liver and other Organs

Detoxication
}
Less Toxic Metabolic Product
Kidney Liver Lung
Urine Feces / Bile expired Alr

© 2008 Society of Toxicology



Some Chemicals are Partially
Converted to Products that are More Toxic
than the Parent Substance

Liver and other Organs

Activation

|

More Toxic Metabolic Product

© 2008 Society of Toxicology



Toxicological Paradigm

Toxicokinetics Toxicodynamics

What We do to the Chemical What the Chemical Does to Us

- e = -

Internal Biologically Early Altered

Dose

— Effective —— Biological—— Structure & — Disease
Dose Effect Function

Exposure—™*




Biotransformation

Metabolism

* major mechanism for
terminating the biological
activity of chemicals

 frequently the single most
Important determinant of the
duration and intensity of the
harmacological response to a




Routes of Entry Into the Human Body

FOUR PRIMARY ROUTES

INHALATION

INGESTION

ABSORPTION

INDECTION




GENERAL CONCEPTS OF TOXICOLOGY

(Continued)

INHALATION Breathing and smoking causes

us to inhale substances which

enter the lungs. Substance
iInhaled into the lungs are
readily absorbed into the blood
stream.

M INHALATION
M INGESTION
M ABSORPTION
M INJECTION




GENERAL CONCEPTS OF TOXICOLOGY

(Continued)

INGESTION Swallowing a substance causes

penetration into the Dblood

stream via the stomach and
small intestine.

M INHALATION
M INGESTION
M ABSORPTION
M INJECTION




GENERAL CONCEPTS OF TOXICOLOGY

(Continued)

INDECTION

Injection occurs when substances
are forced through this skin. This
can occur as a result of such
means as compressed air, or by
having the skin abraded by a
penetrating object.

M INHALATION
M INGESTION
M ABSORPTION
M INJECTION




Classification of toxic agents

Toxic agents can be classified by their:

» Physical State,

P Chemical Structure,
»Size,

» Site of Injury,

» Mechanism of Action,
P Clinical Effects.



Physical State:

» A metal such as lead may be harmless
in solid form, moderately toxic as a
dust, and extremely toxic as a fume.




Chemical Structure:

» Chemical structure can determine toxicity. Often one
but not another isomer of a compound possesses
toxicity.

» For example, aromatic amines are carcinogenic when
substituted in other than the parapositions.

» The stability of a substance and the presence of
impurities, contaminants, or additives can also affect
toxicity.




Size:

» Nanoparticles are engineered structures that are less than 100 n
in size. These structures have demonstrated unique physical and
chemical properties, which may be independent of the dose. Thei
small size and unique shape may facilitate absorption, theoretically
allowing them direct access to the central nervous system via the
olfactory nerve or causing increased fibrosis in the lung similar to
asbestos.

» Due to their unique properties, these materials may display altered
biological activity, which may result in positive health effects (eg,
antioxidant effects, improved absorption for drug delivery), or
negative health effects (eg, unexpected toxicity, oxidative stress),
or the results may be mixed.

» These materials are used in a number of products including:
computers, food storage containers, clothing, cosmetics, and
medications.




Site of Injury:

» Toxic agents can be described in terms of
their  effects on target  organs
(hepatotoxins, nephrotoxins, etc).




Mechanism of Action:

» Simple asphyxiants (inert gases, such as carbon
dioxide) act by displacing oxygen in tissue
without causing other toxic effects.

» In contrast, chemical asphyxiants such as carbon
monoxide actively interfere with the delivery or
utilization of oxygen by combining with
hemoglobin to form carboxyhemoglobin, which
decreases the oxygen-carrying capacity of the
blood and inhibits release of oxygen to tissues.




Clinical Effects:

1. Onset of effects—Toxic effects can be immediate, as
occurs with some irritants that cause direct damage to
tissues at the point of initial contact, usually resulting in
inflammation; or delayed, as with chemical carcinogens.

2. Reversibility of effects—Whether or not the toxic
effects of a substance are reversible depends on the
capacity of damaged cells to regenerate or recover. For
instance, brain and other nervous system cells have little
capacity to regenerate, whereas liver and muscle cells are
more likely to regenerate or recover after injury.




Factors Affecting Clinical
Response to a Toxic Agent:

The following factors affect the dose-
response relationship and the clinical
response of humans to a toxic agent:

A. Duration, Frequency, and Route of
Exposure,

B. Environmental Factors,
C. Individual Factors.




Duration, Frequency, and
Route of Exposure:

» The severity of injury is related to the
duration, frequency and route of
exposure.

» For example, ethylene glycol is toxic when
ingested but poses little threat in the
workplace except when sprayed or
heated.



Environmental Factors:

» Toxicity is affected by atmospheric
pressure, temperature, and humidity.

» For example, a concentration of
carbon monoxide that has little effect
at sea level can cause impairment of
work capacity at an altitude of 5000 ft.

» Chemicals are more readily absorbed
through skin that is injured or wet with
perspiration and has increased blood
flow in response to heat and humidity.




Individual Factors:

» That determine
“susceptibility”
include:

1. Racial And

Genetic
Background,

2. Age And Maturity, s.

3. Gender,

N o uoa

Body Weight,
Nutrition,
_ifestyle,

mmunologic And
Hormonal Status,

Presence Of
Disease Or Stress.



» These factors are not independent of one
another. For instance, genetic factors
determine many of the other factors, and
poor nutrition can affect immunologic
status.

» While much concern about the effect of
age on individual susceptibility has
focused on the fetus, the elderly also
metabolize many chemicals less
efficiently. As the work force ages, this
may become an increasing concern.

» The effect of nutritional deficiency on
susceptibility to toxic agents has been of
concern in developed countries primarily
during war or famine, but it is relevant in
developing countries as they industrialize.




» There is controversy about the role of
genetic factors and the development
and use of genetic screening tests to
identify individuals with increased
susceptibility to toxic agents in the
workplace.

» Examples of genetic traits that might \

increase the risk of toxicity from
exposure to chemicals or radiation
glucose-6-phosphate  dehydrogenase
(G6PD) deficiency, sickle cell anemia,
and a1-antitrypsin deficiency.




MATERIAL SAFETY DATA SHEET Page: 1
Mietal Clesner

HEA&ALTH

R i 1 12 TH00E

Prinded: 1280072000
D Crgalicad:  12ADIMTNS

1. Product and Company [dentification

Product Gode: O ST9
Product Mame: Metal Cleanear
Manufacture r Name and Address
Company Mame: PPG Industries, Inc.
4325 Hosanna Drie
PO Blose @
Adeson Park, PA 15101
Emergency Contact 1 Emergenay Medical®Spill Info: (BB -1 300
Informaticon Contact Technioal Fnformation (E14)2653 -G 10
Chemical Famiby: AICICE
2. Composition/information on Ingredients
Haz andous Comporisn ks (Chemical MNeamas CAS S Pasrucaslanps OEHA TWA ACCIHH TWA Criwer Lim ies
1. Bihancl, 2-Bulceoy- 114-M52 e e e =) 2% ppm [S12E ppm hix data
2. Dietiylens ghood momncbutyl ether 112845 | 100 200 % | ek Estab. Mck Estab, Mo dafa
& Phosphors acd TG 6D | S0.0 - 400 % | 1 mgimd 1 mgém3 hor data,

3. Hazards Identification

mergency Cheny

Harmbil or fatal 1Eswallowed. May be corroave This product contans amatenal swhich causes slan burns
This product contains a material which causes irreversable eye damage. May be harmbBul i f abzorbed through the
skin Wapor andfor spray mist heernful 1 finhaled. WVapor immitates eyes, nose, and thro= Vapor genersted at
el evated temperatures irmtates eyes, nose, and throat

Route{s) of Entry: Inhalafion? Mo Sk Mo EvesT Mo Ingesticn? Mo

Potential Health Effects (Acute and Chronics)
IMGESTION: Harmmbul or Fata 1f sweallowsed,

EYE COMTACT: This product contans a matenial which canses irreverable eyve daenage.

SKIM CONTACT, May be corrostve. This product contans amaenal whaich canses slan burns. May be harmbul
i1f shsorbed throught the skan

THHALATION: WVapor andfor spray rmust harmbul 1f inhal ed. Vapor imtants eyes, nose, and throat Vapor
generated ot elevated temperatures umitates the eves, nose, and threat. Fepeated exposure to high vapor
concentrat ons may cauce imitaton of the respiratory system 2nd permanent bran and nervous systemn damage.

CHRONIC OVEREXPOSURE: Awvod long-term and repested contact, This product contans an ethylene senes
glvcol ether andfor acetate which has been shown to cause adwerse effedts on the lndneys, lewer, blood andfor
blood-forming tssue, This product contains diethylene glycol monobutyl chter (DEGBEE), DEGBRE consumed in
drinlang water at low leve s by rats for 30 days caused mmjury to either the hiwver, ladney, spleen, or testes.

Loansed b A ¥ Systems, Ive,: MRS MSOE, (o) A W Sypslems, Ine, H Formal
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MEASUREMENT OF TOXICITY

DER MILLION - ppm

PER BILLION - ppb

DER TRILLION - ppt

. DOSE - LDg,

. CONCENTRATION - LC,,
HOLD LIMIT VALUE - TLV
ATELY DANGEROUS TO
LIFE AND HEALTH - IDLH




MEASUREMENT OF TOXICITY

% PARTS PER MILLION - ppm

ONE PART IN ONE MILLION PARTS



MEASUREMENT OF TOXICITY
(Continued)

% PARTS PER BILLION - ppb

ONE PART IN ONE BILLION PARTS



MEASUREMENT OF TOXICITY

Lethal Dose - LD,

The LDg, is the dosage, when administrated to laboratory
animals, results in 50% fatalities. The expression is made in
milligrams of the substance administered per body weight of
the animal expressed in kilograms (mg/kg). LD, typically
refers to dermal dosages.

When extrapolated to humans, the lethal dose of an average
person who weighs w kilograms IS LD50x W.




LD., Relative Toxicity

LB VA TICHARO)

Ethyl Alcohol 10,000
Sodium chloride 4,000
Morphine sulfate 900

Strychnine sulfate 2
Nicotine 1
Hemicholinium-3 0.2
Dioxin (TCDD) 0.001
Botulinum toxin 0.00001




Example of Toxicity Classification

Toxicity | ) Inhalation

Classification | mag/kg ma/kg |
Supertoxic <5 <250

Extremely | o 250-1 000 250-1.000
toxic

| Very toxic 1,000-10,000 | 1,000-3,000

mzﬂerﬂtﬂlv 10,000-30,000 | 3,000-10,000

Slightly toxic =30, 000 =10,000




ffect _ route of administration

Routeof |
Administration

Oral

Subcutaneous |

Intramuscular

Intrapertoneal

Intravenous 45

Mouse toxicity data
“Di-isopropylfluore phosphate; rabbit toxicity data.




Toxicity variance between organisms
(Pesticide: chlorfenvinfos)

Route of
' Administration

Oral

Intravenous

Oral

Intravenous

Oral

Intravenous




MEASUREMENT OF TOXICITY

Lethal Concentration - LCg,

The LC., Is the concentration of a material that,
normally express as parts per million (ppm) by
volume, that when administrated to l|aboratory
animals, kill half of them during the period of
exposure. LC.,typically refers to airborne dosages.




THRESHOLD LIMIT VALUE - TLV

The TLV is the upper limit of a toxin concentration to which an
average healthy person may be repeatedly exposed on an all-
day, everyday basis without suffering adverse health effects.
TLV is Typically used for workplace exposure determinations.

« Gaseous substances in air, are usually express in:
parts per million (ppm).

« Fumes or mists in air, are expressed in:
milligrams per cubic meter (mg/m?).

TLV values are set by the American Conference of Governmental
Industrial Hygienist (ACGIH).




EXPOSURE MODEL
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Terms and Definitions

ACGIH: Threshold Limit Values
OSHA: Permissible Exposure Limit
NIOSH: Recommended Exposure limit
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 Environmental Monitoring = TLV*
* Biologic Monitoring = BEI
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Biological Monitoring as a tool in Occupational
Medicine
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Personal monitoring

Area monitoring

Environmental
air pollution A= Health impairment
L
f Accumulation

Excretion

Biological monitoring
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The role for biological monitoring

S bl aezlse o ol ples Wl oo (Sislom b ©
— Inhalation
— Ingestion
— Skin Absorption

1 2hE 2l Hekhie 4 (Soielen b ©
— PPE
— Engineering controls

— Human factors
— Regulations (b 4.t ;o happrovals (olgas)

77



$8 odldivl (S ol g il JI Sl Sl 4

Jowily pbolid b (ol leoslon 5l 6nSel2) loa b gl Jois
Plse 455 5o aSsl 5l B8 s plend Slge v 5l ey Ol g Blacl
(983 &) ot M thigy sl

R A RN DR e
38 ol go Sl 31 Wilgs e 00V L g oleosds ool

L.’. gl d’)‘b )‘) Jwal.s C)Jao uﬁl.w.o.o.w‘ o‘) BE 09>1$ LJ“’L“ Ji{o oL 6LQ-°‘)
(20 skl 5l b 7Y Sl fan ) (98 o 0)lg wlos (o (35165

J'?.L“*’S 9 LS‘ dé)"' 9 (eI xsd asJJ*‘S sl (O LS)lS Carog (o) y
Lgo).é cblas>

78



dg>lge O, Iuiliw/

(Threshold Limit Value)

Sloy sl 5 Silw (Time Weighted Average)

Aol i i ian eashiasiisy sk le it SLsNTVVA
295 6,8 e 5 Gl aia o 0 55, 0 Doe el A cid ¢l &S
75 BB Oless o o8l a0 sl ool g Lagi) S 18 O (5 5me
okl olse 4 e Lagd TWA 5 ols 092y (ludl (b Comaz 30
A dlgs ol 8l des yo SLLSS blage

4

4
4

79



BEI
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Biologic Exposure Indices 5 yxo
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Examples of chemicals that can be assessed by
biological monitoring

Biological monitoring (measuring the chemical itself)

In blood Lead, cadmium, polychlorinated biphenyls
In urine Cobalt, nickel, 4,4’methylene bis-(2-chloroaniline)
In breath Tetrachloro ethylene, carbon monoxide

Biological monitoring (measuring a metabolite)

In blood Bromide From methyl bromide exposure
In urine Mandelic acid From styrene
Trichloroacetic acid From trichloroethylene
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Biological Monitoring

Assessment of overall exposure to chemicals by
measurement of the chemicals or their breakdown
products in

urine and breath
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S0 Agal Gla)

Sampling Time

Recommended Sampling
Time

Prior to shift

16 hours after exposure
ceases

During shift Any time after 2 hours of
exposure
End of shift As soon as possible after

exposure ceases

End of the workweek

After four or five consecutive
working days with exposure

Discretionary

At any time
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Table 3.1 List of important medical journals and their internet addresses

Journal Internet Address
Free access journals

Journal list www.freemedicaljournals.com

General Medical Journals [Impact factor]

Lancet [18.3] www.thelancet.com

Mew England Journal of Medicine [34.8]  www.nejm.com

IAMA [21.4]) httpy//Jama.ama-assn.org
British Medical Journal [7.2] http/ fwww. bmj.com)/

Occupational Health Journals

Occ Env Med [1.8] http«//oem.bmjjournals.com/

Scand JW Environ Health [1.8] httpy www.ttLh/internet/english/

1 0cc Environ Med [1.5] WWW.[0EM. O

Arm J Ind Med [1.5] http/fwww.interscience.wiley.com/jpages/0271-3586

Occ Med [0.7] http//occmed.oupjournals.org/

Int J Occ and Environ Health [—] http/fwww.ijoeh.com

Int Arch Occup Environ Health [1.4] http://link.springer.de/link/service/journals/00420/index.htm
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