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1. Purpose
This guide is written as both a text for undergraduate 
courses in industrial hygiene and a practical field 
manual for entry-level and experienced practicing 
industrial hygienists. This guide, along with the most 
current methods for specific biological monitoring 
protocols and more theoretical texts, will enable the 
practicing professional to further excel in the conduct 
of good science in the field.

2. Scope
This guide covers the general basics of biological 
monitoring from the perspective of a field industrial 
hygienist and also constitutes a field manual for the 
trainee industrial hygienist. The guide is also suitable 
for undergraduate students because it contains a 
slide presentation and a question-and-answer section 
(Appendix I). The guide cannot answer advanced 
questions about the entirety of biological monitoring, 
but many books and scientific articles are available for 
that purpose. Such advanced topics include analytical 
methods, advanced toxicological mechanisms, 
toxicokinetics, and advanced risk assessment for 
specific chemicals.

3. Definitions and 
Abbreviations
For the purposes of this guideline document, the 
following terms and definitions apply. The AIHA 
Glossary of Occupational Hygiene Terms should be 
referenced for any terms not defined in this section.

Absorbed dose: The amount (mass or moles) of 
exposing chemical that actually enters into the 
bloodstream through any external routes of 
exposure.

Accuracy: The term that describes how close the 
data are to the true values. Accuracy is usually 
expressed as the percent (%) relative error and is 
positive or negative.

ACGIH: The abbreviation for the American 
Conference of Governmental Industrial Hygienists.

Action level: The value that triggers an action to start 
control procedures, which varies with agencies.

Adduct: The product of a reaction that occurs 
between a macromolecule of the body and the 
exposing chemical or a metabolite.

Administrative rotation: The process that reassigns 
the worker through different job descriptions to 
reduce exposure.

Aerodynamic diameter for an aerosol: The 
diameter of the spherical water droplet that has 
the equivalent volume at the same conditions of a 
solid or liquid aerosol particle.

Aerosol: The airborne particles that are solid or liquid.
Alveoli: The anatomical sites in the lungs where 

oxygen and carbon dioxide exchange occur.
Analysis: The procedure applied to identify and 

quantify an element, compound, or material.
Antibody: The protein that a living organism is 

stimulated to make from B lymphocytes when a 
foreign antigen is present.

Antigen: A large macromolecule that triggers an 
immune response.

Baseline sampling: Sampling of a biological 
specimen prior to worker exposure.

Behavioral change: A condition that describes a 
change in attitude, nervous state, or behavior.

Biochemical epidemiology: The correlation of 
chemical markers measured in bodily media with 
epidemiologic variates.

Biologically effective dose: The amount (mass or 
moles) of an exposing compound that actually 
reaches a target organ.

Biological equivalent values: The values of 
biological markers that correlate to external 
guidelines.

Biological exposure index (BEI®): A guidance value 
that is published by ACGIH for assessing biological 
monitoring results.

Biological monitoring: The measurement of 
chemical markers in bodily media that are 
indicative of external exposure to chemical, 
physical, or biological agents.

Biomarker: The determinant or marker that is 
measured in a biological system.

Blank: A sample that does not contain the analyte; 
there are many possible blanks.

Blood: The red-colored fluid contained in arteries 
and veins that is pumped by the heart, providing 
the body with nutrition, oxygen, and waste 
removal.

Boiling point: The temperature at which a liquid 
completely changes into the gaseous state at 
a specified external pressure and at which the 
vapor pressure of an analyte becomes equal to the 
external pressure.

Breathing zone air sampling: The air sampling that 
is collected near the worker’s lapel.

Cancer: The condition where cells grow and divide 
without control.
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for doing biological monitoring should be articulated 
as part of the protocol. When that justification is no 
longer valid, stop the program.

Some biological monitoring programs need to be 
open ended because the purpose is surveillance. For 
these programs, the data should be summarized at 
least annually as part of the overall exposure assess-
ment process and the results should be compared 
against the justification and purpose of the program. A 
permanent biological monitoring program is rare.

6. Sampling and Analysis
6.1 Introduction to Sampling
Sample collection is a most important part of the 
sampling-analysis chain and, like traditional air 
sampling, can be a major responsibility of the 
industrial hygienist.

6.1.1 Sampling Personnel
Because biological monitoring involves biological 
fluids, only properly accredited personnel can take 
blood, urine, and breath samples. Blood sampling, 
being invasive of the body, must be left to physicians, 
nurses, and phlebotomists for legal reasons. The 
training of an industrial hygienist facilitates exhaled 
breath sampling methods. However, there are few 
numerical guidelines for exhaled breath(8) (see 
questions 13 and 14 in Appendix I), unlike urine 
sampling (see questions 8–12 in Appendix I).

An informed-consent approach under the supervi-
sion of an on-call clinician, together with the industrial 
hygienist, is the best method to prepare the worker for 
urine and breath sampling. Also see Section 5 for the 
broad overall elements of a biological monitoring pro-
gram to see where the sampling and analysis efforts 
fit in.

At present, the major sampling and analytical 
concerns of industrial hygiene personnel in biological 
monitoring relate to the following:

• training and educating the worker and the 
administration on the need for the sampling

• procuring and managing the sampling containers 
for use for biological monitoring

• sending the collected sample for analysis in the 
appropriate containers and with the appropriate 
labeling

If there is an OSHA-mandated regulation that is 
applicable (for benzene,(4) lead,(5,6) and cadmium(7)) the 
industrial hygienist or occupational health specialist 

must be able to perform the stated aspects of the ap-
propriate standard. See also question 5 in Appendix I 
relative to the requirements for lead(5,6) and benzene.(4)

Often the only specialist on site, the industrial hy-
gienist or occupational health professional needs to 
ensure that the worker understands what they have to 
do in the sampling scheme and why. The consent pro-
cess is an effective way to inform the worker of what 
is to happen and allow questions before the sampling 
occurs. (Appendix IV contains sample consent forms 
for unregulated and regulated chemicals.) Because 
such a form usually has to be approved by the compa-
ny’s lawyers, the process will also help the administra-
tion understand the need for biological monitoring.

If the worker has already given blanket consent at 
the initial time of employment to provide whatever 
samples the employer requests, the sampling proce-
dure information in the appropriate consent form, BEI 
documentation, or laboratory directions can be provid-
ed to generate questions before the sampling begins.

6.1.2 Sample Collection and Shipping
Because sample contamination and shipping are 
always concerning, it is best to contact your analytical 
laboratory, which will inform you of the correct 
containers, preservatives, labeling, holding times, 
shipping containers, and insulation. Some laboratories 
even provide the sampling containers/preservatives, 
labels, insulation, and shipping containers as part 
of the analysis price. Some laboratories provide free 
preservatives when requested. The laboratory should 
also supply detailed written instructions concerning 
the proper use of the sample containers, timing of the 
sample, and shipping precautions. The appropriate 
training in all the above may be necessary.

Immediately before collecting samples, it is import-
ant to make adequate preparations such as removing 
contaminated clothing, washing hands or skin, and 
showering. It is important to collect samples using only 
the specified container(s), avoiding any intermediate 
collection vessels or sample transfers that have not 
been specifically designated in the sampling plan. Ex-
tra steps or apparatus increase the possibility of sam-
ple contamination, especially in the case of metals. 
Sources of metal contamination include the environ-
ment in which the sample is collected; the worker from 
whom the sample is drawn; sample collection devices 
used for blood collection, such as needles, sample col-
lection containers, and preservatives; and the hands 
(including gloves) of the person collecting the sample. 
For organic analytes, environmental contamination is 
a concern when testing for nonmetabolized organic 
compounds but is generally not a problem if testing for 
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urine is transferred to a standard sample container 
with preservative immediately after it is spiked. The 
sample must be mixed.

Because of the limited volume of available materi-
al, at least in comparison to urine, the techniques for 
spiking blood samples are somewhat different. To 
calculate the quantity of analyte to add, the amount 
of blood in the tube can be estimated to within 5% 
by filling a spare tube with water to an equivalent 
level and then measuring the amount of water in a 
graduated cylinder. To have the minimum effect on 
the sample, the spiking solution should be of mini-
mum volume with a correspondingly higher concen-
tration, for example, 10‒20 µL spiked into 5‒10 mL 
of blood. The sample must be mixed.

In any event, the actual concentration of the mate-
rial of interest should be determined for a portion of 
unspiked sample as well. This allows the determina-
tion of the recovery from the spiked sample. Ideally, 
spikes should be submitted in duplicate unless the 
reproducibility of the analysis is known.

Spiked samples should be prepared over a range 
of concentrations, for example, 0.1, 0.5, 1.0, and 2.0 
times the regulatory level or BEI guideline. To be a 
reliable indicator of method performance, the spiked 
sample concentration should be at least 2–5 times 
greater than the unspiked sample. Spikes at low 
levels (0.1) are best prepared using samples from 
the control population for which the background 
concentration is expected to be lowest.

All handling of potentially infectious biological flu-
ids must be done in compliance with OSHA’s blood-
borne pathogens standard.(12)

6.7.2.6 Frequency of QC Samples. The frequency of 
submitting samples of known concentration, blanks, 
and duplicates normally reflects the availability 
of the samples and the ease and expense of 
obtaining them. Duplicates will normally be most 
easily obtained, followed by blanks. Commercially 
available or specially prepared spikes can be difficult 
to obtain and are more expensive, so they might not 
be utilized as frequently.

On a routine basis, at least one set of duplicates 
and preferably a blank as well should accompany 
each set of samples submitted to the laboratory. 
This allows an ongoing evaluation of the repro-
ducibility of the laboratory’s testing. Generally, the 
quantitative results of the duplicate samples should 
agree within 10%–20% of one another; however, the 
reproducibility of an analysis is method dependent. 
Therefore, consult with the laboratory for the ex-
pected method variation. Because of the difficulties 
involved in preparing the samples, spikes may be 

used on a less frequent basis. However, the rou-
tine submittal of either known spikes or purchased 
standard reference materials should be a part of a 
periodic evaluation of the laboratory. Depending on 
the numbers of samples submitted and the criticality 
of the analytical results, the submission of spikes 
may be done at a frequency that varies from month-
ly to annually.

6.7.2.7 Corrective Actions. If some data points are 
suspected to be erroneous, it may be possible for the 
laboratory to reanalyze the sample(s) in question. 
This might not be possible if the lab discards samples 
soon after analysis or if the sample is totally consumed 
in the analysis. If the parameter being measured is 
used to assess chronic exposure, and the half-life of 
the parameter is very long compared with the time 
elapsed since the sample was taken, another sample 
can be collected from the individual for analysis.

Poor results on QC samples or unexpected results 
from the control population may require the basic 
design of the biological monitoring effort to be re-
considered. Consult the documentation for the BEIs 
or the analytical lab for “reference” (nonoccupation-
ally exposed) concentration ranges.

Elevated control values can be caused by con-
taminated sampling equipment, inadequate an-
alytical methodology and method, exposure from 
unanticipated sources, or, especially in the case of a 
nonspecific parameter such as ß2-microglobulin for 
cadmium, confounding effects possibly unrelated to 
the compound of interest. Recoveries from reference 
or spiked samples should generally fall in the range 
of 75%–125% of the nominal value. Intra-run coeffi-
cients of variation should be less than 10%.

Values outside these ranges can be caused by in-
adequate analytical method, sample decomposition 
(especially if the analyte is an organic compound), or 
inadequate spiking and mixing techniques.

7. Using Results
7.1 Control Programs
The results of biological monitoring reflect exposure 
from all routes, such as inhalation, oral ingestion, and 
skin absorption, as tempered through marker half-
times that are dependent on(19) the following:

• exposing a chemical and the physical state of its 
challenge (solid, liquid, or gas)

• physical activity (workload) and whether heat 
stress is present for the worker
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• PPE, local emission source controls, general 
workplace controls, and general worker training 
regarding their use

• validity of sampling, storage, transport, and 
analytical procedures for the marker

These specific areas are under the control of indus-
trial hygienists. Other factors that may be important 
include the following:

• genetic factors of the worker, including gender, 
race, ethnicity, and family traits

• homeostatic factors such as body temperature, 
pH of blood and urine, circadian rhythms, type 
of symbiotic microorganisms in the body, and 
integrities of the immune and endocrine systems

• controllable lifestyle factors such as diet; 
tobacco usage, alcohol, caffeine, and drug 
intake; and chemical exposures in the home, 
during commuting, and during recreation

• uncontrollable factors such as medications, 
medical conditions, shock, depression, 
schizophrenia, trauma, oxygen lack, aging, 
seasonal factors, and injury; also, environmental 
factors such as geography, altitude, local 
temperature and humidity, indoor air pollution, 
home pollution, commuting mode, types of 
recreation, and past workplace exposures

The practicing industrial hygienist should seek the 
help of physicians, chemists, toxicologists, epidemiolo-
gists, biostatisticians, and experienced professionals to 
best understand all factors that influence biomarkers. 
The industrial hygienist must know how to ask for help 
in the way that is best understood by other experts as 
well as by workplace management and workers.

7.1.1 Exposure Assessment
The specific areas under the control of industrial 
hygienists are the first four bullets in 8.1.1—that is, 
exposure assessment. The following paragraphs 
consider each bullet with the role of biological 
monitoring specified.

7.1.1.1 The Exposing Chemical and the Physical 
State of Its Challenge (Solid, Liquid, or Gas). 
Determination as to whether inhalation or skin 
exposure might dominate as exposure routes may 
be determined by the following:

• reference to the appropriate current 
documentation of the threshold limit values(5)

• knowledge of the specific unit processes(20)

• an understanding of the physical and chemical 
properties on the safety data sheets for the 
chemicals used in the unit process and whether 
they are known to permeate the skin (Refer to 
the PubChem website of the National Library of 
Medicine, https://pubchem.ncbi.nlm.nih.gov/. The 
NIOSH Pocket Guide and skin notation guides 
also provide information on skin permeation.)

Some generalizations include the following:

• Unenclosed hot processes usually signal a great 
potential for inhalation exposure, as do dusty 
workplaces and the use of solvents with vapor 
pressures >10–3 mmHg at 25°C. The major role 
of biological monitoring would be to confirm 
inhalation exposure as obtained concurrently by 
personal breathing zone air sampling.

• Handling solvents without PPE or using 
incompatible gloves or chemical-resistant 
clothing that do not provide adequate resistance 
from the specific chemical can result in the 
potential for chemical contact with skin. When 
performing dermal sampling, the industrial 
hygienist must observe the exposure situation to 
identify potential sampling sites on the exposed 
or ill-protected skin for skin patch placement(21) 
or direct sampling of the exposed skin(21) using 
NIOSH methods, if possible.(11) The major role 
of biological monitoring in this case would be 
to show whether the lack of PPE contributed 
to skin absorption after skin exposure through 
solvent splashes in addition to the known 
inhalation exposure. Even if PPE is worn, 
biological monitoring would show whether the 
PPE is an effective barrier to exposure.

• The chemicals that expose the skin will 
probably have a much longer body half-time 
(t0.5) than the same chemical that is inhaled. 
This is unless skin absorption occurs fast, as, 
for example, for dimethyl sulfoxide that is in 
either its pure state or a mixture. Some time is 
usually necessary to permeate the skin layer 
consisting of the outer cuticle (epidermis or 
stratum corneum); the underlying dermis, which 
contains sweat glands, hair roots, fat glands, 
and blood capillaries in a matrix of collagen 
and elastin; and then, through the next layer, 
the hypodermis, which contains connective 
tissue, fat, arterioles, capillaries, and venules. 
The t0.5 is longer for water-soluble neutral and 
weakly acidic compounds that are resisted by 
the cuticle. In contrast, exposure to organic 
bases such as aniline; basic aqueous solutions 
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Table 7-4. Medical Screening and Medical Surveillance Endpoints for Generalized Chemical Exposure and to Asbestos

Endpoint
Chemical Exposure

1 1A 2 3 4
Preplacement exam +a,b +a,b +a -q +s,t
Periodic exam +c +c,l +c,l -q +t,u
Emergency/exposure exam and 
tests – – +a +a –

Termination exam +d – +n – –
Exam emphasis e m o -q +a,t
Work/medical history +f +f +p -q +a
Chest X-ray +g +g -,o -q -v
Pulmonary function test +h +h -,o -q -v
Other required tests – – -,o -q -v
Evaluation of ability to wear 
respirators + + + +q +

Additional tests if deemed 
necessary + + + + +

Written medical opinion +i +i +i +r +w
Employee counseling +j,k +j,k +j +j +x
Medical removal plan – – – – –

Key:
1 = Asbestos workers (General Industry)
1A = Asbestos workers in construction and shipyards
2 = HAZWOPER workers
3 = Laboratory personnel
4 = Personnel who need to wear respirators for protection

a, Standard lists specific factors, such as personal air exposures and/or years of exposure, biological indices, employee age, and amount 
of time/year; periodic exams may be required at varying time intervals, depending on exposure circumstances; b, no examination is 
required if previous exam occurred within a specific time frame and provisions of the standard were met; c, annual; d, within ±30 days 
of termination; e, respiratory, cardiovascular, gastrointestinal; f, standard form required; g, specialized requirements; h, B reader, board 
eligible/certified radiologist or physician with expertise in pneumoconioses required for X-ray interpretation and classification; h, forced 
vital capacity (FVC) and forced expired volume in 1-s (FEV1) measurements; i, physician to employer; employer to employee; j, by 
physician; k, includes informing employee of increased risk of lung cancer from combined effect of smoking and asbestos exposure; l, 
can be more frequent if determined to be necessary by physician; m, pulmonary and gastrointestinal; n, if no exam within 6 months of 
termination/reassignment; o, determined by physician; p, emphasis is on symptoms related to handling and exposures to hazardous 
substances and health hazards, fitness for duty, and ability to wear PPE; q, when required by specific standards in Table 7-3 or others; 
r, physician to employer; s, evaluation questionnaire or exam required or follow-up exam when deemed necessary by physician or other 
licensed health professional; t, specific protocol required; u, specific protocol required; v, as determined by physician or other licensed 
healthcare professional; w, by physician or other licensed healthcare professional to employer and to employee; x, by physician or other 
licensed healthcare professional.

Source: Medical Screening and Surveillance Requirements in OSHA Standards: A Guide (OSHA 3162-01R), 2014.(34) PREVIEW
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• Hazardous chemicals in laboratories (29 CFR 
1910.1450[g])

• Respiratory protection (29 CFR 
1910.134[e]/1926.103)

Tables 7-3 and 7-4 summarize OSHA guidance 
on medical screening and medical surveillance 
related to chemical exposure. It should be noted 
that medical screening and surveillance guidelines 
also exist for bloodborne pathogens,(36) compressed 
air environments,(36) cotton dust,(36) noise,(36) and 
ionizing radiation (as contained in 10 CFR 835 for 
the Department of Energy and as memorialized be-
tween OSHA and the Nuclear Regulatory Commis-
sion OSHA Directive CPL 2.86 of 1989). Any known 
toxicological interactions with the toxic effects of 
chemicals bring these other medical screening and 
medical surveillance endpoints into effect as well.

Previously, according to 29 CFR 1910, any occu-
pational illness, no matter how transient or short-
lived, had to be recorded by the employer in its 
OSHA 200 log. The legal definition of an occupation-
al illness was then “an abnormal health condition 
caused or contributed to by a noninstantaneous 
event or exposure in the work environment” (https://
www.osha.gov). Subjective symptoms such as the 
feeling of malaise, headache, or nausea were not 
recordable if there was no apparent association 
with the work environment. These guidelines have 
changed.

According to the current 29 CFR 1904.39, the 
employer must orally report to OSHA (at the nearest 
office or by calling 800-321-6742) within 8 hr of a 
fatality or hospitalization of three or more employees 
as a result of a work-related incident. This includes 
heart attacks and any fatality or multiple hospital-
izations within 30 days of the incident. Employers 
must record in the OSHA 300 log new work-relat-
ed injuries and illnesses that meet one or more of 
the general recording criteria or meet the recording 
criteria for specific types of conditions. An injury or 
illness is now an abnormal condition or disorder. In-
juries include cases such as, but not limited to, a cut, 
fracture, sprain, or amputation. Illnesses include both 
acute and chronic illnesses such as, but not limited 
to, a skin disease, respiratory disorder, or poisoning 
(including that after excess exposure to lead, cad-
mium, or benzene). Regardless of where signs or 
symptoms surface, a case is recordable in the OSHA 
300 log only if a work event or exposure is a discern-
ible cause of the injury or illness or of a significant 
aggravation to a preexisting health condition.

Recordable work-related injuries and illnesses 
are those that result in one or more of the follow-

ing: death, days away from work, restricted work, 
transfer to another job, medical treatment beyond 
first aid, loss of consciousness, or diagnosis of a 
significant injury or illness. Work is considered 
restricted when, as a result of a work-related injury 
or illness, (a) the employer keeps the employee from 
performing one or more of the routine functions of 
their job (job functions that the employee regularly 
performs at least once per week) or from working 
the full workday that they would otherwise have 
been scheduled to work; or (b) a physician or other 
licensed healthcare professional recommends that 
the employee not perform one or more of the routine 
functions of their job or not work the full workday 
that they otherwise would have been scheduled to 
work. “Medical treatment” means any treatment not 
contained in the list of first aid treatments. It does 
not include visits to a healthcare professional for ob-
servation and counseling or diagnostic procedures. 
“First aid” means only those treatments specifically 
listed in 29 CFR 1904.7.

Examples of first aid include the use of nonpre-
scription medications at nonprescription strength 
and the application of hot or cold therapy, eye 
patches, or finger guards.

Because of its broad nature, OSHA’s General Duty 
Clause can also be used to ensure safe workplac-
es. OSHA has cited employers under this clause for 
failing to protect workers from dermal exposure that 
led to health effects, even though air concentrations 
were below the permissible exposure limit and re-
spiratory PPE was properly used. Because biological 
monitoring could have led to the detection of the 
exposure but air sampling could not, biological mon-
itoring could be required to test the effectiveness of 
any control measures.

If the industrial hygienist wishes to determine 
which medical screening and surveillance endpoints 
might be used for a specific chemical not shown in 
tables 7-3 and 7-4, the following procedure is sug-
gested:

• Read the current ACGIH documentation of the 
threshold limit values and BEIs(9) and note which 
target organs and blood and urine markers are 
mentioned.

• Consult a textbook,(36) OSHA publications,(34) 
other reference books, or the most recent 
scientific review that provides blood, breath, 
and urine target organ markers for the exposing 
chemical. If the biological sample collection is 
noninvasive of the body, the industrial hygienist 
may be able to collect the sample. However, if 
blood sampling is involved, the worker must be 
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The information in Appendix I is provided for those 
who require basic biological monitoring information. 
The reader who has no background in biological 
monitoring should first view the slide presentation, 
then read and answer questions Q1 through Q18 in 
this appendix. Responses should then be checked 
against the Appendix I answers. The reader should 
answer these questions again relative to benzene and 
lead, then check the answers against the Appendix I 
answers. Readers should repeat this exercise until they 
get the answers right. Once readers feel they have a 
good grasp of the scientific principles, they should read 
Sections 6 through 8 plus the case studies of interest. 
The reader is then ready to do a question-and-answer 
series on another chemical of interest. The references 
for Appendix I apply only to this appendix.

The following background is necessary for industrial 
hygienists who want to understand or do biological 
monitoring:

• sufficient chemistry knowledge to understand 
units and chemical notation

• practical personal breathing zone air sampling 
experience

• an understanding of industrial unit processes
• comprehension of the principles of toxicology
• knowledge of data management
• ability to use the literature of industrial hygiene, 

including safety data sheets (SDSs), to find 
information

U.S. industrial hygienists should also possess (1) the 
most recent Documentation of the TLVs® and BEIs® of 
the American Conference of Governmental Industrial 
Hygienists,(1) (2) the most recent edition of the annu-
al ACGIH TLVs and BEIs,(2) and (3) the most recent 
NIOSH Pocket Guide to Chemical Hazards.(3)

Industrial hygienists in other countries should have 
their country’s equivalent publications. If there are no 
such publications, use the same-language publica-
tions of an appropriate country near you.

A textbook on industrial hygiene is also useful. The 
two of note in English are the following:

• Niland J, Elam LA. Fundamentals of Industrial 
Hygiene, 7th ed. Itasca, IL: National Safety Council, 
2021.

• Anna DH (Ed.). The Occupational Environment: 
Its Evaluation, Control, and Management, 3rd ed. 
Fairfax, VA: AIHA, 2011.

Industrial hygienists must use professional observa-
tional judgment in assigning the importance of expo-
sure routes because this is a major trigger for the use 
of biological monitoring. Judgment requires a mixture 
of theoretical knowledge, practicality, and experience.

An understanding of some basic concepts discussed 
in the following paragraphs is also required for every 
chemical exposure before biological monitoring is 
contemplated.

The essential uses and relevant physical properties 
of the specific compound in the specific workplace(1) 
must be considered. At 25°C, compounds with vapor 
pressures > 10–3 mmHg pose primarily a vapor inha-
lation hazard. When hot processes are present, some 
chemical vapors may condense to produce both fume 
and vapor inhalation exposures. The use of dusts, 
sprays, nozzles, and moving vehicles can produce 
aerosols that cause a particle inhalation hazard as 
well as simultaneous skin deposition. All chemicals, 
whether they are volatile or not, pose skin irritation/
absorption problems on skin contact. Poor personal 
workplace hygienic practices and inadequate house-
keeping may make the oral and skin routes of expo-
sure critical to the dose ultimately absorbed by the 
body.

Knowledge of specific exposure scenarios, condi-
tions, and symptoms of overexposure for each specific 
workplace exposure is needed. This presupposes both 
the knowledge of the specific unit processes in the 
workplace(1,4) and availability of SDSs to define and 
state the composition of the chemicals used. The near-
er the worker is to the emission source, and the longer 
the worker is exposed near the source, the higher the 
exposure potential. This is the classic time-and-motion 
workplace study.

An understanding of data from analytical chemis-
try laboratories is necessary. The analytical methods 
must have sufficient sensitivity (How much can be 
reliably quantified?) and selectivity or specificity (What 
else is in the workplace that might interfere?).(5,6) This 
is often dependent on workplace, analytical method, 
and sampling method as well as workplace chemicals.

Regulatory or recommended guidelines(2,3) must be 
known. These differ from country to country. The doc-
umentation of the TLV(1) includes a section devoted to 
non-U.S. guidelines for each chemical. Every chemical 
to be monitored should have its individual information 
available or compiled.

Appendix I: Introduction to Biological Monitoring;  
Questions and Answers
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• Breathing in (inhalation) of the vapor (dominant 
because the vapor pressure is high and the boiling 
point low) or aerosol (droplets produced by spray 
nozzles or splashes; adsorbed benzene on dust 
particles);

• Skin exposure (dermal exposure) to benzene liquid, 
benzene in solvent mixtures, or benzene vapor; or

• Exposure by mouth (oral exposure) to benzene 
in contaminated food and dust or inhalation of 
aerosols > 10 µm in aerodynamic diameter (the 
nonrespirable size component that does not reach 
the lung alveoli).

The industrial hygienist should compile a list of 
exposure situations specific to location and worker 
within the specific workplace. This should be keyed 
to whether potential exposure is most likely through 
inhalation, spills, or both and whether personal protec-
tive equipment (PPE) is worn. A qualitative estimate of 
exposure potential should be assigned based on prox-
imity to an emission source, length of time near the 
emission source, and the degree of physical activity of 
the worker. Work observations may be necessary to 
make the assignments more quantitative and discrim-
inative. For those workers with respirator PPE, only 
workers wearing quantitatively fitted negative pres-
sure respirators or those wearing supplied air types 
should be assigned as having low risk from inhalation. 
For those workers wearing gloves, the gloves must be 
known to protect against both benzene and the other 
major components in the liquid to be assigned as hav-
ing low risk from skin absorption. Consult the literature 
of the glove manufacturer to assess this situation, as 
the same glove types from different glove manufactur-
ers differ in protectiveness.

A1.2.1.4 Symptoms of Overexposure
These symptoms are important to know because the 

TLVs are not protective of all workers, and certainly 
not susceptible ones. Therefore, the industrial hygien-
ist must be aware of the following clinical symptoms 
of benzene toxicity:

• irritation to the mucous membranes
• lung congestion
• headache
• dizziness
• nausea
• dry skin
• scaly dermatitis

Also, very high benzene exposures induce a condi-
tion identical to scurvy, which is caused by a vitamin C 
deficiency. This is a classic effect.

The aforementioned items should be used as a 
checklist for each worker.

A1.2.1.5 Air Sampling and Analysis
Workplace air analysis for benzene is either by 

calibrated direct-reading devices,(47) calibrated por-
table gas chromatographs,(48) area air sampling,(49) or 
personal breathing zone air sampling.(50,51)

Many air monitoring guidelines for worker health are 
shown as personal breathing zone samples over  
8 hr.(1,2) Industrial hygienists who do personal breath-
ing zone air sampling must ensure that the require-
ments are met as stated in the appropriate NIOSH 
method for minimum/maximum air volumes, minimum/
maximum sampling flow rates, storage, transport, 
labeling, field blank, and reporting.(50,51) Passive 
samplers and dynamic samplers may be used, and 
industrial hygienists must be aware of the strengths 
and weaknesses of these techniques. An increasing 
trend is to use data-logging capability for personal di-
rect-reading breathing zone air sampling that provides 
the exposure profile relative to time as well as time-in-
tegrated data for any time range sampled (e.g., any 
15- or 30-min range). The industrial hygienist must 
directly calibrate the direct-reading device and not just 
assume the accuracy of relative response factors.

The industrial hygienist should compile the air sam-
pling methods for the chemical that are actually used in 
the specific workplace, keyed to the worker sampled.

A1.2.1.6 Workplace Air Sampling Guidelines
For guidelines from OSHA, NIOSH, and ACGIH, see 

Table A1-5.

Table A1-5. Workplace Air Sampling Guidelines
Occupational Safety and Health Administration (OSHA)(3)

• Permissible exposure limit (PEL), 1 ppmv
• Short-term exposure limit (STEL), 5 ppmv
National Institute for Occupational Safety and Health 
(NIOSH)(3)

• Recommended exposure limit (REL), 0.1 ppmv
• STEL, 1 ppmv
• Immediately dangerous to life and health (IDLH), 5 ppmv
American Conference of Governmental Industrial 
Hygienists (ACGIH)(2)

• Threshold limit value (TLV), 0.5 ppmv (skin; A1 cancer)
• STEL, 2.5 ppmv
• TLV BASIS: cancer.

Note: 1 ppmv = 3.19 mg/m3.
Sources: NIOSH Pocket Guide to Chemical Hazards by NIOSH, 
2021(3) and 2021 TLVs® and BEIs® by ACGIH, 2021.(2) 
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This section provides a summary of various published 
studies. They are not necessarily examples an 
industrial hygienist could follow.

Case Study 1
Importance of Biological Monitoring for Urinary 
1-Hydroxypyrene (1HP) in Assessing Dermal 
Exposure for Coke Oven Workers: Biological 
Monitoring to Represent a Class of Compounds
Despite the fact that it has long been recognized that 
airborne polynuclear aromatic hydrocarbons (PAHs) 
pose a health risk, the industrial hygiene community 
has been slow to recognize the importance of dermal 
exposure as a significant route for these substances. 
However, numerous studies have called attention to 
the importance of dermal exposure as a significant—
if not the major—route of exposure for most 
occupational settings involving PAHs. These studies 
have focused on monitoring for a metabolite of pyrene, 
1-hydroxypyrene (1-HP), which is excreted in the urine 
of exposed workers. Although pyrene has much less 
carcinogenic potential than other components of PAHs, 
it predominates in PAHs and is useful as a marker of 
exposure to PAHs as a class. Jongeneelen summarized 
the results of studies involving PAH exposure and 
published guideline recommendations for 1-HP in 
the urine of workers for two industries: coking and 
primary aluminum production.(1) The concentration 
that corresponded to no genotoxic effect was 1.4 µmol/
mol creatinine. The 95th percentile in nonoccupational 
exposed nonsmoker controls was 0.24 µmol/mol 
creatinine, but it was 0.76 µmol/mol creatinine for 
smokers. Other markers for biological monitoring have 
had limited application. Some have included urinary 
hydroxyphenanthrenes, thioethers, and mutagenicity 
and blood hemoglobin-benzo(a)pyrene protein adduct 
and white cell PAH-DNA adducts. All the markers are 
confounded by smoking or exposure to products of 
combustion outside of the workplace.

Several occupational studies emphasize the value of 
monitoring for 1-HP in the urine of workers in assess-
ing the importance of controlling dermal exposure and 
the efficacy of personal protective equipment (PPE) 
and work practices in limiting exposure. In one study 
of coke oven workers, a 37% reduction in the amount 
of increase of 1-HP over a 4-day workweek was 
measured on average for workers who used “extra” 
hygienic measures (clean work clothing, new gloves, 

and daily face washings) versus a workweek in which 
these hygienic measures were not enforced.(2)

In another study by the same author, a 35% reduc-
tion in 1-HP levels was demonstrated for creosote 
workers who wore coveralls to reduce dermal expo-
sure.(3) The authors noted that additional reductions in 
exposure were probably needed because significant 
skin exposure was still evident even with the wearing 
of the coveralls.

There have even been dramatic demonstrations of 
the importance of biological monitoring in assessing 
dermal exposure. In one such study, a “shadow” con-
trol was used to measure differences in 1-HP levels 
between a coal liquefaction worker who performed 
normal work tasks and the 1-HP levels in the urine of 
an occupational physician who followed the worker on 
their work routine over the course of four 12-hr work 
shifts but avoided skin contact.(4) A similar upward 
trend in the levels of 1-HP present in the urine was 
seen over the workweek for both the operator and the 
shadow control; however, an order of magnitude higher 
level of 1-HP (15.83 mmole/mole creatinine for opera-
tor vs. 1.07 mmole/mole for the shadow control) was 
measured at the end of the workweek for the operator 
who had dermal contact with work surfaces during the 
workweek. In this same study, other workers perform-
ing similar work indicated comparable 1-HP levels in 
their urine over a workweek. Based on the measure-
ment of the inhaled dose during the workweek for these 
workers, the authors calculated that the dermal route 
of exposure accounted for more than 70% of the total 
exposure to the coal liquefaction products.

There was a biological exposure index proposed 
that is not quantitative for a urine sample at the end of 
a shift at the end of a workweek.(5)

The 2021 biological exposure index is 2.5 µg/L of 
urine at the end of the shift at the end of the work-
week with a baseline sample necessary.  The concen-
tration was calculated on the basis of the pyrene to 
benzo[a]pyrene ratio in the PAH mixture exposing the 
worker.(6)
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Case Study 2
Biological Monitoring for Estrogens and 
Progestins as Indicators of Occupational 
Exposure in the Reformulation of Hormone 
Replacement Therapy Products: Saliva 
Biological Monitoring
At a pharmaceutical facility located in the midwestern 
United States, a compliance officer for OSHA 
responded to an employee complaint related to 
overexposure to estrogens and progestins.(1) Estrogens 
are natural or synthetic steroids that promote growth 
and development of the female reproductive system. 
Progestin is a generic term referring to steroids that 
have a biological activity similar to progesterone: 
it acts to prepare the uterus for pregnancy. In men, 
overexposures to these compounds can produce 
enlargement of the breasts and decreased libido. 
In women, overexposures can cause menstrual 
irregularities, breast tenderness, and edema. 
Estrogens and progestins may also pose a cancer risk, 
acting either directly as carcinogens or as promoters.

The company supplied hormone replacement thera-
py products to customers via a mail-order service. The 
drugs were reformulated to produce capsules, creams, 

dermal patches, and suppositories. They were used 
for therapeutic purposes to relieve postmenopausal 
symptoms and osteoporosis in women. The hormones 
consisted of very fine powders compounded into the 
final drug form. A variety of work operations including 
sieving and blending were performed, which created 
respirable aerosols that posed a respiratory hazard to 
the employees. The powder also deposited on surfac-
es and was readily absorbed by the skin, posing an 
additional hazard due to skin contact.

One of the tests used to regulate dosage for cus-
tomers was a saliva test that was submitted to the 
company for analysis. One employee, concerned about 
her exposure, submitted saliva samples collected 
during her menstrual cycle for analysis of progester-
one and estradiol. Progesterone levels ranging from 
25–900 pg/mL were detected. These were well above 
normal progesterone levels, which peak below 200 pg/
mL during the menstrual cycle. Estradiol levels for this 
same individual measured from undetectable to 25 pg/
mL versus normal levels of undetectable to 5 pg/mL.

Based on these biological monitoring results, a com-
plaint was filed with OSHA. OSHA then initiated an 
inspection. As part of the inspection, the compliance 
officer measured surface contamination levels in office 
areas for progesterone of 300 µg/100 cm2, and surface 
area levels averaged over 1000 µg/100 cm2 in the lab-
oratory and inventory areas of the facility. Personal air 
sampling of two employees measured 53 and 80 mg/
m3 based on an 8-hr TWA, which far exceeds a man-
ufacturer’s recommended exposure limit of 12.5 µg/m3. 
Short-term, higher exposures were measured during 
some operations. A personal air sample from an em-
ployee sieving progesterone powder was 1700 µg/m3.

Deficiencies in personal protective equipment, work 
practices, and lack of ventilation controls were deter-
mined to be significant causes of the overexposures. 
The saliva testing for hormones proved to be a defini-
tive indication of overexposure and demonstrated the 
need for better controls to limit both inhalation and 
dermal routes of exposure.
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1: Two Templates for Compounds Without a 
Specific OSHA Health Interview Form 
(Use company letterhead for all forms.)

A. General Format
1. Purpose
In this section, provide information as to what will be 
tested and why.

The industrial hygienist may wish to include a state-
ment such as, “These samples will not be used for oth-
er purposes, such as drug testing or genetic testing.”

2. Description of Procedures
In this section, describe in detail what the worker will 
be asked to do, how long the procedure will take, 
and how often the worker will be asked to provide a 
sample. Also state how soon results will be available. 
It is advisable to separate the sampling and testing 
processes into two paragraphs.

3. Access to Results
In this section, describe who will have access to 
individual results, how the worker will be informed 
of the results, and who else will have these personal 
results.

Next, describe who will have access to the aggregate 
data without identifiers for all the workers, where data 
will be kept, and how to ask for the aggregate data.

Entities that might have an interest in access to the 
aggregate data include the following:

• workers at this facility
• union representatives
• management (local and corporate)
• health and safety officers and health professionals
• government agencies

4. Confidentiality of Data
Identify specific procedures that will maintain 
confidentiality or state that test results will not be 
confidential. Identify where test results will be kept. 
Because data are not protected from subpoena in 
most cases, you may wish to include a statement such 
as, “Confidentiality will be maintained to the extent 
allowed by law.”

5. Risks and Discomforts
Identify known physical, social, legal, and 
psychological risks in this section, along with 
procedures to minimize risks. For example, for blood 
collection, state that “There is a slight risk of bruising 
and infection at the site, but the risks will be minimized 
by having a certified phlebotomist, nurse, or physician 
(whoever is appropriate) draw the blood.”

6. Additional Information
Identify a contact person to answer questions. For 
example, write, “If you have questions now, please 
ask. If you wish to have additional information, please 
call the Health and Safety Office” (or provide other 
contact information here).

7. Right to Refuse Testing
State the company policy on the right to refuse testing, 
as well as the consequences of refusing testing.

8. Signature
Include a statement such as this: “Your signature 
below indicates that you have read the information 
in this agreement and have had a chance to ask any 
questions you have about the testing. Your signature 
also indicates that you agree to participate in this 
testing program. You will be given a copy of this 
agreement.” Workers should sign two copies—one 
for themselves and one for the person collecting the 
sample. You may wish to have a witness signature line 
as well, but especially if the worker asks for it.

B. Specific Example of a Consent Form 
for Compounds Without a Specific OSHA 
Health History Interview Form
Consent Form for Biological Monitoring 
Note: All eight parts of this form are shown with 
sample text. You would want to modify the form to fit 
your situation and needs.

1. Purpose
In this workplace, there is a biological monitoring 
program for the following chemical exposures: (insert 
chemicals/materials/exposures here). In our biological 
monitoring program, measurements are performed 
on human samples such as urine, blood, breath, 

Appendix IV: Consent Forms for Biological Monitoring

PREVIEW
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hair, or saliva (select the biological media that are 
applicable). These measurements are made to assess 
your exposure to workplace chemicals so that the 
appropriate control measures can be determined. Your 
samples will not be used for other purposes, such as 
drug testing or genetic testing.

2. Description of Procedures
Urine sampling: The sampling process will take 
approximately 10 min of your time and will be 
performed up to 4 times per year. You will be provided 
with a container and asked to urinate in the cup at 
the (end or beginning) of your shift. Please wash your 
hands or shower before providing the sample if you 
have just finished working. If your urine is determined 
to be unusually concentrated or dilute, you may be 
asked to provide another sample on another day, as 
such samples cannot be used for testing.

Urine testing: Your sample will be labeled with a 
code and sent to Laboratory X, and the results will be 
available in 2 weeks from (calendar date).

3. Access to Results
Only you and the industrial hygienist will know your 
personal test result. Depending on the results, you 
may be invited to participate in a medical consultation 
or evaluation based on the opinion of the medical 
professional. You will be informed of your individual 
result by the industrial hygienist in the facility, who will 
notify your physician if you give written permission for 
this to happen. Other persons can also be informed if 
you request this in writing.

The test results will also be reported as group 
results, without your name being linked to any one 
result. The following will have access to the group 
results:

• you and other workers at this facility
• union representatives
• management (local and corporate)
• health and safety officers
• government agencies

These group results will be kept in the Health and 
Safety Office (insert contact information) and will be 
available after a written request to (contact informa-
tion here).

4. Confidentiality of Data
To make sure that your test result is private, the 
sample will be given a code when it is collected. The 
list that links your name with the sample code will 
be kept in a locked filing cabinet in the Health and 
Safety Office (insert contact information or insert other 
place/contact information here). To prevent any other 
testing being done on your sample, we will destroy 
the sample when the test is completed. Information 
that might specifically identify you (such as the date 
the sample was collected) will be removed from group 
(aggregate) data. Confidentiality will be maintained to 
the extent allowed by law.

5. Risks and Discomforts
There are no physical risks associated with urine 
collection. You may feel embarrassed at being asked 
to provide a urine sample. To minimize this risk, we will 
provide a private area for sample collection.

6. Additional Information
If you have questions now, please ask. If you wish to 
have further information, please call the Health and 
Safety Office (contact information or other contact info 
here).

7. Right to Refuse Testing
Our company policy is that you have the right to refuse 
to participate in this testing program. You also have 
the right to withdraw at any time.

8. Signature
Your signature below indicates that you have read the 
information in this agreement and have had a chance 
to ask questions about the testing. Your signature also 
indicates that you agree to participate in this testing 
program. You will be given a copy of this agreement.

_________________________________________________
Signature    Date

_________________________________________________
Job Title  

(Agreement administered by ______________________ )PREVIEW
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2: Occupational Health History Interview 
Form, With Reference to Cadmium 
Exposure
OSHA standards for lead and cadmium have a health 
history interview form that should be completed. An 
example for cadmium exposure follows.

Directions
(Determine whether the employee can read and 
understand English. If not, the employer should provide 
a translation of the document into an idiom/language 
that the employee can understand. The following 
information is to be explained and understood by the 
employee and signed prior to the interview.)

Please answer the questions you will be asked 
as completely and carefully as you can.
These questions are asked of everyone who works 
with cadmium. You will also be asked to give blood 
and urine samples. The doctor will give your employer 
a written opinion on whether you are physically 
capable of working with cadmium. Legally, the doctor 
cannot share personal information you tell him/
her with your employer. The following information 
is considered strictly confidential. The results of the 
tests will go to you, your doctor, and your employer. 
You will also receive an information sheet explaining 
the results of any biological monitoring or physical 
examinations performed.

If you are just being hired, the results of this inter-
view and examination will be used to:

1. Establish your health status and see if working 
with cadmium might be expected to cause 
unusual problems;

2. Determine your current health status and see if 
there are changes over time; and

3. See if you can wear a respirator safely.

If you are not a new hire, OSHA states that ev-
eryone who works with cadmium can have periodic 
medical examinations performed by a doctor. 

The two reasons for this are as follows:

1. If there are changes in your health, either because 
of cadmium or some other reason, to find them 
early and

2. To prevent kidney damage.

Please sign below.

I have read these directions and understand them:

_________________________________________________
Employee Signature

_________________________________________________
Date

Thank you for answering these questions.

(Suggested Format)

Name   __________________________________________

Age   ____________________________________________

Social Security #   ________________________________

Company   _______________________________________

Job  _____________________________________________

Type of Preplacement Exam:
[    ] Periodic
[    ] Termination
[    ] Initial
[    ] Other

Blood Pressure ______________  Pulse Rate  _________

1. How long have you been employed at the above 
listed job?
[    ] not yet hired
[    ] number of months
[    ] number of years

2. Job Duties, etc.: 

_________________________________________________

_________________________________________________

_________________________________________________

_________________________________________________

_________________________________________________

_________________________________________________
PREVIEW
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Web URLs are an important aid to obtaining up-to-
date information. An ongoing problem is that internet 
web addresses change regularly. If any of the links do 
not work, the best thing to do is back up to the link of 
the home agency and work from there. Also, use any 
search capabilities of the organization’s website. All 
links begin with “https://”.

American Conference of Governmental Industrial 
Hygienists (ACGIH) BEI Committee
https://www.acgih.org/about/volunteer-leadership/
committees/#1608053053065-33cf5ff7-607c 

AIHA Biological Monitoring Committee
https://www.aiha.org/get-involved/volunteer-groups/
biological-monitoring-committee

Centre de Toxicologie du Québec
Interlaboratory program for metals and inorganics: 
www.inspq.qc.ca/en/ctq/home

Environmental Protection Agency
• For the worker protection standard for pesticide 

workers: https://www.epa.gov/pesticide-worker-
safety

• For dermal exposure assessment: https://www.
epa.gov/expobox/exposure-assessment-tools-
routes-dermal

Summary of the Occupational Safety and Health Act
https://www.epa.gov/laws-regulations/summary-
occupational-safety-and-health-act

Exemptions from the Worker Protection Standard
https://www.epa.gov/pesticide-worker-safety/
exemptions-worker-protection-standard

Protect Yourself from Pesticides: Guide for 
Agricultural Workers (English – Spanish)
https://www.epa.gov/pesticide-worker-safety/protect-
yourself-pesticides-guide-agricultural-workers-
english-spanish

Exposure Assessment Tools by Lifestages and 
Populations – Occupational Workers
https://www.epa.gov/expobox/exposure-assessment-
tools-lifestages-and-populations-occupational-
workers

Worker Protection Standard Inspection Manual
https://www.epa.gov/compliance/worker-protection-
standard-inspection-manual 

Lead Abatement for Workers, Student, Chapter 7: 
Abatement Methods
https://19january2017snapshot.epa.gov/lead/lead-
abatment-workers-student-chapter-7-abatement-
methods_.html

Lead Abatement for Workers, Students, Chapter 9: 
Soil Abatement and Exterior Dust Cleanup
https://19january2017snapshot.epa.gov/sites/
production/files/documents/wkrch9_stu_eng.pdf 

Pesticide Worker Safety
https://www.epa.gov/pesticide-worker-safety

Safety Information Related to the Worker Protection 
Standard
https://www.epa.gov/pesticide-worker-safety/worker-
protection-standard-materials

Contact Us About Pesticide Worker Safety
https://www.epa.gov/pesticide-worker-safety/forms/
contact-us-about-pesticide-worker-safety 

Prediction of Agricultural Worker Safety Reentry 
Times for Organophosphate Insecticides
https://cfpub.epa.gov/si/si_public_record_report.
cfm?Lab=ORD&TIMSType=&count=10000&dir 
EntryId=32393&searchAll=&showCriteria=2&simple 
Search=0&startIndex=50001

Revised Methods for Worker Risk Assessment
https://www.epa.gov/pesticide-science-and-
assessing-pesticide-risks/revised-methods-worker-
risk-assessment 

Safety Zones
https://www.epa.gov/emergency-response/safety-zones 

National Institute for Occupational Safety and 
Health (NIOSH)

• For literature references and analytical methods 
for an OSHA regulated substance: https://www.
cdc.gov/niosh/docs/2003-154/

• For NIOSH analytical methods including biological 
monitoring methods: https://www.cdc.gov/niosh/
nmam/default.html

Appendix V: Some Important Internet URLs for  
Biological Monitoring

PREVIEW
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