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GENERAL FINDINGS

• There are few studies comparing men 

and women in the workplace

– Suitable cohorts hard to find

– Apparent lack of interest 
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GENERAL FINDINGS
• Animal tests showed small differences, 

often restricted to a single species.

– Differences show with a protein deficient 

diet

– Differences related rates of metabolism
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GENERAL CONCLUSION

• There appears to be no basis for concluding 

that non-pregnant women are more or less 

susceptible

– However where the toxic effects of specific 

chemicals are known, appropriate 

protective measures must be taken
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We 

could 

say this 

one is 

in the 

bag…..
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HOWEVER ………...

• Preconception

– All workers of child bearing age must be 

protected

– The effect on germ cells (male and female) 

could cause decreased fertility or birth 

defects



Sexual and Developmental Differences

….….AND……..

• Post-conception

– The fetus must be protected

• Civilian labor force participation rate 

WOMEN'S AGE % WORKING

16-19 58.2

20-24 82.0

25-34 41.7

35-44 82.8



Potential Adverse 

Reproductive Outcomes
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Infertility 10-15% (couples)

Recognized spontaneous 

abortions

15-20% (pregnancies)

Stillbirths 2% (pregnancies)

Low birth weight 7% (live births)

Neonatal deaths 0.70% (live births)

Infant deaths 1% (live births)

Birth defects (all) 7% (live births)

Central nervous system defects 2%

Cardiovascular defects 2.50%



Causes of Birth Defects

Chromosomal anomaly 5%

Genetic transmission 20%

Radiation 1%

Infection 2-3%

Maternal metabolic imbalance (e.g. 

diabetes)

3-5%

Drugs and chemicals 2-3%

Unknown 63-67%
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What do we do with 

the TLVs?
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Check to see if the TLVs take 

into account pregnancies

Acrylic Acid Amitrole

Carbon monoxide Chloroform

Dibutyl Phthalate N,N-Dimethyl Acetamide

Epichlorhydrin 2-Ethoxyethanol

Ethyl Chloride Ethylene Oxide

Hexafluoroacetone Indium & Compounds

Lead Arsenate Lead Chromate

Mercury (Inorganic) 2-Methoxyethanol
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TLVs set on other effects but will 

protect for reproductive effects

Acrylonitrile Benomyl

Carbon Disulfide b-Chloroprene

Ethyl Benzene Ethylene Dibromide

Glycerin Mist Hexachlorobenzene

Lithium Hydride Mercury (Aryl Compounds)

Nitromethane Parathion

Trichloroethylene Warfarin
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Read the Documentation –

pregnancies may be covered

• TLV for Chlorobenzene based on slight liver 

changes.

• Based on rats exposed by inhalation to 50 or 

75 ppm chlorobenzene.

• Also reported that rats exposed by inhalation 

at up to 450 ppm for two generations showed 

no adverse reproductive effects.

• Reproductive effects not likely
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When it is unclear whether or 

not a pregnant worker would 

be protected

• Reduce the TLV by 30% to take into 

account the increase respiratory volume 

expected during pregnancy.

However…..
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• There is a similar increase in renal 

blood flow

• This would decrease the biological half-

life of the chemical by about 30% if the 

material is  eliminated through the 

kidneys (see Appendix A - Routes of 

Elimination).

However….
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• A further complication arises when there 

are unusual works schedules. 

• The reduced half-life could result in 

increased effective exposure levels 

under some work schedules such as 4 

10-hr days (see section of Adjustments 

for Unusual Work Schedules).

Sexual and Developmental Differences



Other Sources

• Navy Environmental Health Center 

Bureau of Medicine and Surgery in their 

publication REPRODUCTIVE AND 

DEVELOPMENTAL HAZARDS: A 

GUIDE FOR OCCUPATIONAL 

HEALTH PROFESSIONALS

• A good extensive list
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Other Sources

• Minnesota Department of Health has 

their Health Risk Values. These air 

pollution exposures include chemicals 

with reproductive effects.
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ILO (Health hazards in the 

electronics industry ïHow would 

you adjust these?
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Chemical name Roll of kidney in route of 

elimination from TLVs

Effect

Antimony Dominant Birth defects

Arsenic Dominant Miscarriage

Benzene nil Male sterility

Cadmium 99% Miscarriage

Carbon disulfide <1% Birth defects

Carbon monoxide nil Male sterility



Use NAOEL and Uncertainty 

Factors

John Jankovic and Frank Drake in their article A Screening Method 

for Occupational Reproductive Health Risk. AIHA Journal (57): 

641-649 (July 1996).
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Factor Magnitude Comment

Transplacental 

carcinogen

10 The toxin does not have a 

threshold

Animal to human 

extrapolation

10 Used in all cases where the 

NOEL or LOEL were from 

animal studies

Variation between 

humans

10 This takes into account the 

most sensitive persons. 

LOEL 10 The preferred starting point is 

the NOEL. If only a LOEL is 

available, the factor is used.

Study Design 10 Use if the study was 

inadequate.

High animal dose 0.1 Use if the animal dose was 

>1000 mg/kg/day

Maternally Toxic 0.1 Use if the effects were only 

noted at maternally toxic 

levels.



Calculate the occupational 

reproductive guideline (ORG).

ORG = NAOL for Humans

Uncertainty Factor
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Examples of Calculated 

Guidelines Compared with TLVs

Chemical name Uncertainty Factor ORG 

(mg/m
3
)

TLV (mg/m
3
)

Acetaldehyde 100 14.4 45 (STEL)

Benzene 1000 0.05 0.5

Carbon disulfide 100 8.4 3.1

Epichlorhydrin NA 0.38 1.9

Glycidol 1000 0.09 2

Lead 1000 0.01 0.05

Mercury (Inorganic) NA 0.01 0.03

Nitrogen dioxide 10 0.18 5.6

Toluene 10 9.6 20
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Nursing infants

• A safe workplace must be provided for 

mothers who breast feed.

• Persons not employed in the workplace 

should not be affected by risks arising 

from the workplace.
• To protect infants, physicians may remove 

nursing mothers from the workplace.
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Estimating effective dose of the infant
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Calculating the REDC

REDC = Relative Effective Dose of the 

Child 

REDC = 0.0011PB:APO:W
0.35

WHERE:
PB:A = Blood:Air partition coefficient

PO:W = Oil:Water partition coefficient
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REDC Assumptions

1. The motherôs exposure will be by inhalation.

2. Distribution is primarily in central and fat tissue 

compartments plus a third mammary/milk 

compartment.

3. Absorption by the childôs gastrointestinal tract is 

100 percent.

4. Chemical metabolism and urinary excretion by the 

mother and child are ignored.
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Assumptions continued

5. Effective dose is the area under the blood 

concentration vs. time curve.

6. The REDC does not take into account toxic 

metabolites. The potential toxicity for short-lived 

reactive metabolites should be proportional for 

both the mother and the child.

7. Milk contains 4 percent fat.
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Assumptions continued

8. PB:A is in the range of 2-25 and P0:W is in the range 

of (100 ï1500). (Under this last condition the 

effective dose of the child is less than 35% of the 

motherôs dose. Low PO:W chemicals do not readily 

distribute to fat tissue and are quickly eliminated 

presenting little risk to the child. High PO:W

chemicals are readily stored and partition easily to 

milk resulting in long-term release and distribution 

to the child for high infant risk

9. The work shift is for an 8-hr. day. Extending the 

work shift from 8 to 12 hours increases the REDC 

by 0.1.
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EXAMPLES OF REDC

• Nursing mothers want to know if their 

infants are at risk if they are exposed to
• 1,1 dichloroethylene

• MEK

• ethanol

Material PO:W PB:A REDC

1,1 Dichloroethylene 30.2 5.0 0.02

MEK 1.0 202 0.22

Ethanol 0.48 2516 2.1
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STEPS TO ASSESS OCCUPATIONAL 

EXPOSURES DURING PREGNANCY

• Determine type and level of occupational exposure

• Determine level of other exposures

• Determine stage of pregnancy

• Determine obstetrical and general health of worker

• Obtain information with respect to possible effects of 

exposure on pregnancy and determine risk 

associated with exposure

• Determine what safety measures exist and their 

efficiency

• Explore strategies to minimize risk
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CONCLUSIONS

• There is little specific data the industrial hygienist 

can use to modify standards to meet the needs 

of the atypical worker based on sexual 

differences

• However, failure to understand these effects can 

result in increased risk to workers.

• The industrial hygienist must recognize these 

potential problems and work with other 

professionals such occupational physicians.
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WORKSHOP QUESTION

Management recommends that women 

not be allowed to work in some parts of 

the lead smelter because of possible 

harmful reproductive effects.

The union lawyer has hired you for your 

professional advice in the preparation of 

a legal challenge. What is your advice?
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TIME SPENT PER DAY

HOME

60%

WORK

25%

OTHER 

BUILDINGS

7%

TRAVEL

6%

OUTSIDE

2%
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OTHER EXPOSURES

Worker exposure may not end with the 

end of the workday:

– Second job - workers with unusual work 

shifts may have time for a second job

– Hobbies

– Environmental exposures
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MOONLIGHTING

• Difficult to assess

– may not be aware that they exist

– exposure levels may be unknown

• The impact of moonlighting may be 

estimated by treating it as overtime

• The hygienists role may be restricted to 

counseling or limited advice
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HOBBIES

• Difficult to assess

– may not be aware that they exist

– exposure levels may be unknown

– Length of exposure variable or seasonal

• The hygienists role may be restricted to 

counseling or limited advice
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ENVIRONMENTAL POLLUTION

• The hygienist must be aware of all potential 

sources and routes of exposure

– food

– water

– air

• If the workplace is in an area with high 

pollution levels, they should be taken into 

account

• TLVs assume a zero background
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AIR POLLUTION

Hickey and Reist have done the hard 

work
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Ce = environmental exposure

Cn = occupational limit

Fp = exposure adjustment factor
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EXAMPLE

What should the CO TLV (25ppm) be adjusted to if 

the environmental exposure level is 5ppm
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T1/2 = 3-4 hr Ce/Cn = 5/25 = 0.2

Fn   = 0.94 TLVadj = 23.5
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Sensitization

• The TLVs represent conditions under 

which it is believed that nearly all workers 

may be repeatedly exposed day after day 

without adverse effect

• However some workers will react to a 

chemical at a lower level
Sensitizing Material TLV Reaction Level for

Sensitized Workers

TDI 0.005 ppm <0.001 ppm

Ethylenediamone 10 ppm 6 ppm

MDI 0.005 ppm 0.0014 ppm
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What leads to sensitization?
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HEREDITY
• Heredity helps determine the likelihood 

that you will become sensitized

• A family history of allergies would 

suggest an increased likelihood of 

becoming sensitized

• In the white population in the United 

States:

– Easily sensitized 15%

– Less easily sensitized 15-30%

– Not sensitized 55-60%
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ENVIRONMENT
• Environmental conditions determine 

what you will be sensitized to

– Pattern of exposures

• repeated exposures (usually)

• 4-5 exposure

• intermittent high level exposures

– Presence of sensitizing materials

• capable of producing an antigen-antibody 

complex

• large molecules (plant, animal)

• small reactive molecules (TDI)
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CROSS SENSITIVITY
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ROUTES OF ENTRY
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OCCUPATIONS OF CONCERN
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Allergic Respiratory Reactions

• Hypersensitivity pneumonitis - discrete 

episodes of fever, cough, and chest 

tightness

• Anaphylactic reaction - flushing, light 

headedness, fall in blood pressure, 

respiratory airway obstuction
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Allergic Contact Dermatitis

• 45% of occupational diseases related to 

skin conditions (most contact dermatitis)

• Usual sites back of hand, inner wrist, 

forearms

• If forehead, eyelids, ears, face, neck -

suspect dusts or vapors
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Residual Issues

• The dose needed to produce 

sensitization is unknown but assumed 

to be greater than that needed to cause 

a reaction in a sensitized worker

• Increased reaction when skin damaged

• Light complexioned / redheads more 

sensitive

• Sex related differences likely due to 

differences in exposure 


