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Preventive/Occupational Medicine GOAL #1

Reduce worker exposure

Potentially harmful agents

Best knowledge

Levels, without adverse effects

“Assessment of Exposure” or “Exposure Assessment”

This simply states 2 different ways of stating the same thing.  Some people will use the term “assessment of exposure” and others will use “exposure assessment” when referring to the procedures in making the environmental measurements within the work area.

- Traditionally, “goal #1” this has been done through sampling and measurements taken from workplace air (Industrial Hygiene Sampling). 

- Simple and General IH practices.

Preventive/Occupational Medicine GOAL #2 

-  Our 2nd goal in this occ health arena is to relate the “external measurements” of workplace air parameters to the estimate of what is actually taken up in the body “internal burden”.

- This is NOT an easy process to complete with total accuracy

-  In the past 10-15 years, advances in analytical chemistry and technology has provided great interest in developing measurements from biologic media to be used along with environmental data to assess actual personal exposure.

**  Bottom Line: The rational is that an estimate of the amount of chemical that has actually entered the body - so called “internal Dose” - is likely to yield a better prediction of the potential toxic effects than simple measurements of concentrations in air, leaving much to assume for an accurate internal dosing.

External exposure ( Internal exposure (dose)

This is where we are trying to get.  We search many parameters to arrive at an internal DOSE.

For example; many folks simply believe that “exposure = Disease”. That is simply not true. There are many parameters that must be considered or addressed in creating a accurate equation

- Other considerations include:


-- concentration


-- duration


-- chemical contaminant characteristics


-- absorption


-- Uptake in the body


-- Distribution in the body


-- Target tissue, etc…etc…

** Exposure = Disease is NOT that simple.

Methods

Traditional - Workplace/ambient measures: IH/Env

difficult correlation

assumptions

Current

Search  for the “internal dose”

Analytical advance - combine Biological media with IH/Env; greater tendency towards accuracy 

Definitions

Biological: pertaining to biology; pertaining to, caused by, or affecting life or living organism

Monitoring: A systemic or repetitive health-related activity designed to lead, if necessary, to corrective action (prevention)

Biological Monitoring (BM): The measurement and assessment of agents or their metabolites either in tissues, secreta, excreta, expired air, or any combination of these to evaluate exposure and health risk, compared to an appropriate reference. Definition is International Panel consensus, based upon the groups involved.


-- EEC = European Environmental Council


-- NIOSH = National Institute of Occupational Safety and Health


-- OSHA = Occupational Safety and Health Administration

- KEY POINT: --BM is the assessment/evaluation/screening/looking for either “the actual chemical itself” or “its metabolite” in a representative body tissue.

**  Therefore,  BM is a preventive activity to make known that there has actually been an “exposure”. BM should not at all be confused with diagnostic procedures

Meaningful Bio Monitoring (4)

There are four factors to ensure meaningful measurements when doing BM’ing 

#1  Compound/metabolite are present in some body tissue, fluid, or excreta suitable for sampling  - If the product or its metabolite are not or can not be found present in some body tissue, then BM’ing is for naught…

#2  Valid/practical methods of analysis and sampling available  - Even if we know that the product or its metabolite is present in tissue, if we don’t have valid means of analysis, then Bm’ing is for naught…

#3  Adequate measurement strategy (the samples are representative) - If both #’s 1 and 2 are met, then the sample must TRULY represent the actual bio-kinetic measurements.  In other words, the tissue or metabolic processes have not either artificially increased or decreased the concentration of the compound…

#4  Meaningful interpretation of results - No result is useful if it can not be properly interpreted.


-- Measurements of the ambient air are compared to hygienic standards, although they are based upon insufficient knowledge.


-- But there are even less regulatory standards or guidelines exist 
for biologic measurements….This leaves room for a great deal of subjective judgement.


** This subjective judgement would be less of a factor tending towards greater accuracy if we had greater knowledge of the dose-effect or dose-response of various compounds.


** Unfortunately, there exist only a few compounds, mainly metals that significant tox data is known.

Test Results

Prerequisite knowledge - In order to have complete and proper test result information, you should have adequate prerequisite knowledge regarding the chemical in question properties such as its “toxic effects” or its ability as being “carcinogenic”

Relationships - concept of DOSE-RESPONSE curves/relationship
Dose response 

Dose effect

Dose Effect/Response

- two sets of curves on the silde

the left is an example of “non-carcinogen” ..i.e. taking a prescription medication the right:  carcinogenic

Feasibility of BM - Determined by:

A knowledge of the toxicology and kinetics of the compound of interest

Practical aspects: simple, accurate, cost, worker acceptance, low risk

Limitations/Advantages of BM

Limitations

Presumes worker exposure has already occurred 

** Using the worker as a walking sampling devise

Invasive


** esp Blood draws……others

Effectiveness is heavily dependent on adequate tox data (few)


** FEW,  again the metals are best known

Test result interference


** ie;  Medications, ETOH, smoking, Pregnancy  ect…

T1/2


**  Rapid or prolonged T1/2


**  Irritants -- not absorbed

Advantages; BM takes into account exposures from ALL different sources, including “non-occupational” exposures.
Skin absorption

Internal accumulation (body burden)

PPE

Differences in physical activity, working habits, personal hygiene

Non-occupational exposures

Biological Monitoring  - We must now look at measures of sampling the environment utilizing typical IH protocol which can be useful in conjunction with BM in search for internal body burden.

Prior to gathering specimen for BM 
 

Industrial hygiene measures - Environmental data

Searching for Internal accumulation (body burden)

Exposure Estimation - a typical definition of Industrial Hygiene measures.  The terms “Environmental Monitoring and Industrial Hygiene are synonymous terms.

Environmental Monitoring (IH)

Analytical Methodology is advanced

Analysis is easy, (grab air/swipe) 

Low concentrations can be measured

Practically all chemicals can be detected and analyzed

Long track record: Exposure-effect and exposure-response curves are available for most chemicals

Air measurements are traditional and basis for regulations

IH measurements don’t account for:

Physical and chemical properties of particles 

Alternative absorption routes (skin, GI)

Respiratory volumes

Individual variability of time, place, specific process

Body Burden - When looking for total body burden estimates you must have knowledge of chemical properties and its actions within the human body. The estimate of the total body dose is:

Dependent on the Chemical

Based on kinetic properties in the body

Chemicals with long T1/2 (Metals) - Concentration in blood or urine reaches plateau (long term)

Chemicals with short T1/2 (solvents) - Reflects equilibrium. Concentration in blood or urine does not reach a plateau; rapid change

Reflect recent exposures

*Specimen collection time = useful data

Need frequent samples in order to obtain a representative picture of the amounts actually absorbed

May have multiple T1/2’s - distributions among body compartments

ie. Lipid soluble organic solvents - T1/2 is min. for blood and vascular organs

Urinary excretion 

Reflects the final common pathway

T1/2’s generally longer

Kinetically preferable in BM

Specimens of BM

Blood, Urine, Breath, Hair, Skin

Literally, any body tissue, fluid, or excreta whatsoever

Blood

easy to obtain

invasive 

may require consent

Urine

easy to obtain

non-invasive

Blood vs. Urine

depends upon the analytic and kinetic factors of the compound in question

Hair

Very easy to obtain

Extensively studied

Indicates exp. over several months

SOUNDS GREAT!!! - BUT…

Hair (trace elements)

intrinsic sources“ - Trace Elements” from the hair matrix, sweat, sebum,.

extrinsic sources - the NUMEROUS compounds of chemical “stuff” we humans put in our hair like shampoos, many various “chemicals”, *DUST*- Dust in and of itself is a major factor for erroneous lab values from hair samples.

Overall - Not Recommended for BM

Breath (exhaled air)

Used for volatile solvents

VOC equilibrium b/w alveolar and blood

Concentrations vary with breath phase 

low: if from airway dead space

high: if from alveolar air space

Problems encountered

Difficult obtaining true alveolar air

Transportation and storage of samples

In-general: Not reliable 

Future technology - portable, dedicated, mass spectrometers that automatically correct concentration by carbon dioxide content of specimen; an attempt for true alveolar air

Effect Monitoring (EM) - different from BM because here we are actually looking for an effect (adverse) that is occurring in the body and not the source of chemical or metabolite. 

Measuring an effect

Not a measure of a particular substance or its metabolite

Conceptually: quite contradictory to prevention, because here we assume that exposure AND uptake into the body has already occurred.

Term confusion

Biological Monitoring (BM)

Effect Monitoring (EM)

Medical Surveillance (MS) the term that most people have heard in the past which is “medical Surveillance”, which is the same as the term “effect monitoring”.  

EM is not truly BM, but instead it is Medical surveillance (MS)

EM = MS

Often folks use the terms MS and BM interchangeably, which is really a misnomer.  

Effect Monitoring Examples

Non-adverse effects - depression of the 5-ala dehydratase and elevation of ZPP in erythrocytes

Adverse effects (non-reversible) - increased B2-MG and RBG

Lacks specificity

ie. ZPP also elevated in iron-deficiency anemia

Microglobulin elevation in tubular dysfunction, immunologic disorders, and viral illness

Sources of Test Variation: 

Diurnal variation in body fluids

ex. Urine mercury is highest in the morning

Volume of urine

Dependant on hydration

Usually standardize to a constant relative density (usually 1.018 or 1.024)

chosen correction can change values by 1/3. 

Correction to creatinine excretion

Not dependent on hydration status

dependent on body mass

Use of timed specimens

Diet

Common source of trace elements and even organic chemicals - ex.  Phenol, cresols, hippuric,  and mandelic acids (also excreted post xylene and styrene exposure)

Environmental exposure  - Ex. Cadmium, mercury, lead, DDT, PCB’s; BM: Need local reference values for non-exposed population

Cigarette smoking

Contains benzene, carbon monoxide, hydrogen cyanide, cadmium

Can cause significant error

Individual Physiologic variation

Rigorous standardization of sample hour - early morning drawing takes care of diurnal variation and fasting requirements

Avoid pre-sample physical stress

seated 15 min. before blood sampling

Tourniquet application < one minute

BM Collection and Storage: Variations

*Contamination (trace elements) - Collecting BM samples can be coupled with many factors that must be addressed to avoid contamination of the sample.  These are things to think about.

Sources:

*air in workplace or laboratory 

worker’s skin or cloths

specimen containers, additives, or reagents

because proper cleaning of the skin is difficult, it is better to use only venous blood vs. capillary blood from the fingertip for trace element sampling. Fingertip areas can often be rough and calloused and therefore cleaning of the area may not be as easy as the venous sample areas.

Contamination (Environment)

urine > blood  - urine is more easily contaminated than blood, especially when the item of interest is “dust”.

urine: shower and change of clothes

blood: user technique is important in avoiding contamination

leaching from stainless steel needles - For the collection and monitoring of certain toxicants, needles should not be used because of the possibility of leeching into the specimen; giving erroneous results

 Nickel, chromium, manganese, and cobalt (CCMN) - For (CCMN) monitoring: suggest collection through plastic cannulae, or use urine specimen

trace elements - Glass and plastics 

urine storage: assure containers are acid washed

General purpose evac tubes - cadmium (cd) and lead (pb); assure with company absence of contam.

Chemical deterioration

Typical of organic chemicals

Stability: refrigeration or freezing; reduce headspace

Interpretation of Results

Clinical chemistry - reference value (1); unexposed pop.

Biologic monitoring - reference values (2); unexposed pop. and Exposed pop. (Occupational )

Agencies of Interest - OSHA; NIOSH; ACGIH

--- These agencies all have suggested or regulated standards/guidelines as to the “acceptable” levels of toxicants

Review of Terms

TLV: Threshold Limit Value

TWA: Time Weighted Average

PEL: Permissible Exposure Limit

REL: Recommended Exposure Limit

BALs are indirectly derived from existing air standards as: “the average concentration in the biologic specimen that corresponds to an 8 hour exposure to the IH standard level.

BAL Compliance thus means that about half of the workers have taken up more and half of them taken up less than the “acceptable” amount. 

Think “most workers protected”. So, more in line with the TLV ideology of “most of the workers are protected", you set the BAL at the lower 95 % CI of avg. Some exposure above and below “acceptable” amount, (ie: average)

Risk estimation - not purely health based; completely dependent on “data based” behind the workplace air standard

Risk estimation and comparison - BM - tends reflect personal absorption and the comparison is strictly air data; omits other exposure routes

Joint considerations - technologic, economic, administrative, other non-scientific measures

Legal Status

Varies: enforceable to non-enforceable

Admin guidelines:

Measure: how, when, frequency

Action taken when “busting standards or GLs”

Robustness -(the confidence interval around the given value) depends upon many issues
chemical 

chemical form

process at hand

Bottom Line: “certain risk is accepted” 

Common Use 

BEI’s: **Only a single type of BAL**

Cadmium, Lead, Benzene, Pesticides

Cadmium (Cd)

Characteristics

soft, silver-white, electro+, metal

common in ores - (lead, copper, and zinc)

+ in human tissue; non-essential mineral = environmental exposure

Uses

corrosion resistant - electroplating

alloys: bearings, solder, jewelry

sulfides: rubber pigments, paints

sterates: plastic stabilizers, ie..PVC

Absorption

inhalation (10-40%) 

ingestion (10%) : increased in various nutrient deficiencies

dermal (minimal)

Blood - protein bound within the RBC - esp: Hgb and metallothionein

Misc

accumulates in Liver and kidney

tissue protection if “bound”

Slow excretion; kidneys (bile, saliva, hair,nails)

Cadmium: Air Standards (IH) - not all agencies agree on the exact same levels of acceptable exposure.

ACGIH 

inhalable particulate:  .01mg/m3 as TLV -TWA

respirable fraction: .002 mg/m3 as TLV - TWA

OSHA

.005 mg/m3 as PEL - TWA (5ug/m3)

NIOSH

REL - TWA

none established for Cd

Cadmium  (Bio-M)

Blood - recent months exposure

Urine - body burden reflection; long term, chronic exposure

Who is covered: who gets tested?

At or above the “Action Level” (AL)

>30 days/yr

AL = 1/2 of PEL(5ug/m3) = 2.5ug/m3 

29 CFR 1910.1027 Requires:

Blood Cadmium: CdB < 5ug/L

Urine Cadmium: CdU < 3ug/gm crt

Beta-2 MGs: B2M-U < 300ug/gm crt  **units are to be standardized

Extensive protocols for test results

Lead - Requires:

Blood Lead (Pb)

Zinc protoporphyrin (ZPP)

Benzene

PEL = 1ppm (part per million)

AL = .5ppm

Parameters on “who”:

> AL for 30 days/yr

at or above the PEL for 10 days a yr.

Requires: CBC, PFT

Traditional testing: urinary phenol (metabolite)

Pesticides

Monitors the inhibitory effect on blood cholinesterases

Plasma CHE

RBC CHE
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