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How to integrate Occupational
Health Data — Back to Basics

Exposure Monitoring (OREP), Biological Monitoring,
Medical Surveillance, Data Analysis and Reporting

The case of Chromium (VI)

Dr. Murray Coombs

Volker Schillack Analytical Toxicologist
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Risk Assessment Matrix — MSDS/Research/Science

HAZARD CONSEQUENCE CRITERIA
TYPES OF IMPACT

Score Human Health & Safety (Generic)

None (No toxic, harmful, corrosive, irritant or asphyxiant
effects) (Chemicals: ACGIH A5 carcinogens, Those with
no OELs)

o

Environment

Financial

Public Perception

PROBABILITY CRITERIA

INCREASING PROBABILITY SCORE =

1

2

6.
e 1 Xir
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<= 3H0IS ALIMIAIS ONISYIHONI

Minor injuries (No lost time) Or reversible health effects  |Local off-site effects, Reversible |Loss < Local
(e.g. awkward posture) (<6 months) R100 000
Chemicals: CONTROL BAND 1 VL VL L L M
ACOH A4 & IARCSS. (1) ) () ) ()
Iritants, defatting agents, mild skin sensitisers
Moderate inures (lost time) Or reversible significant health |Locally significant Loss R100 000 - (City
effects (e.g. repetitive tasks) Long term effect R 1m
Chemicals: CONTROL BAND 2 (Reversible in > 6 months) VL L M M M
ACGH A3 & IARC 28 Or @ @) ©®) ®) (10)
Severe dermatitis Regionally significant effect
OEL6-60 PPM: OEL 0.1mg/m3 (dust) (reversible <6 months)
Single major injury (hosp) Or multiple disabling injuries Or |Regionally significant Loss R 1m - Region
irreversible significant health effects (e.g. noise, poor Long term effect R 10m
manual handling) (Reversible in >6 months> L M M
Chemicals: CONTROL BAND 3
ACGH A2 & IARC 2A @) () ©)
OEL 0.6-4.9 PPM, OEL <0.01 mg/m3 (dust)
Multiple major injuries/disabilities Or life threatening health |National significant Loss R 10m - R |National
effects (e.g. ionising radiation, avian flu) Reversible effect 100m
Chemicals: CONTROL BAND 4 (>1 year)
ACGH A1 & IARC 1 L M
Potent resp sensitisers (4) @)
OEL <3.6PPM, OEL <0.01mg/m3
Multiple fatalities or Extreme health hazard Internationally significant effect |Loss >R 100m [International
Chemicals: CONTROL BAND 5 (irreversible)
ACGHA1 &IARC 1 M
Mutagen, teratogen, potent resp sensitisers (5)
OEL <3.500M, OEL <0.01 mg/m3 (dust)
IKELIHOOD Unlikely ever 1 incident / 10yra 1 incident / year 1 incident / month 1 incident / week
EXPOSURE FREQUENCY Once / year Quarterly Monthly Weekly Daily
SO‘EE;}?E'?EZSSNS’E?UE"C‘)CES fHF;iCZiAB'LLTE (O;fEX:’_OS)URE) (OUT OF 25) EXPOSURE DURATION <1 hr/ week (<10%) 1-5 hr / week (10%) 5-19 hr / week (10-50%) | 20-40 hr / week (50-100%)|  >40 hr/ week (>100%)
se in Phase One of azard Identification : — -
Use EXPOSURE SCORE (Freq x Duration x Intensity)/3 in Phase Two of HRA (Detailed HRA) EXPOSURE INTENSITY Enclosed sealed process Manualev;:;mth loca Semi-enclosed process M::;:Lf;pr;;t;n Manuu:;ri‘:: :tc:dnon'
Use MEASURED TWA instead of Exposure Score if the value has been measured
MEASURED TWA EXPOSURE As per table or <50% of As per table or 50-70% of | As per table or 75-100% of |As per table or 101-200% of  As per table or >200% of
where known) prescribed limits prescribed limits prescribed limits prescribed limits prescribed limits
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Health Risk Assessment: The OREP

The Occupational Risk Exposure Profile:

« Single Occupational Group
* Inherent Requirements
 Hazard Exposures

Uses:

« Cornerstone of future risk reduction strategies, including
Medical Surveillance design.

Bringing Health to Business
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A summary of:
The key Inherent Requirements of a job

The key hazards (risks) to which the job (employees) are exposed

Key legal imperatives include:

Inherent Requirements: Employment Equity Act and Labour
Relations Act & Codes of Practice, as well as many statutes
specific to occupations (Aviation, Drivers, Divers, construction
workers, etc.)

Hazards/Risks: Occupational Health & Safety Act & Regulations,
Including Hazardous Chemical Substance Regs

Bringing Health to Business




Diagrammatic representation of an

OREP
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The information in the OREP is as follows:

General information about the job (yellow)

A checklist of the Inherent Requirements of the Job (blue)

A checklist of the hazards to which the job is exposed (red)

The information directs the components of the Occupational
Health Programme by:

Ensuring that hazard exposure information is available to all
parties (“Risk Assessment beneficiaries”)

Establishing minimum health requirements in advance.

The information directs any training needs, as prescribed by the
Hazardous Chemicals Substances regulations.

The information determines placement requirements for the
various occupations, improving the effectiveness of the Human
Resources personnel. This provides protection from the Labour
Relations and Employee Equity Acts, which require rational and
defendable approaches to employment/placement strategies AND
incapacity management.

Presenting the required data for all the beneficiaries of the Risk
assessment in a manner that enables rapid implementation.
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Spot the hazard/risk
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. O,
Chromium (V1)

 Chromium is a hard metal with a melting point of
1900°C and a boiling point of 2672°C. Chromium
(V1) is one of the most common valence types
found in the workplace; the other is chromium (llI).

. The solubility of Cr(V1) varies from very water-
soluble to insoluble, depending on the chemical
form. Water-soluble hexavalent chromium
compounds include chromic acid, chromium
trioxide, and the monochromates and dichromates
of sodium, potassium, ammonium, lithium, cesium,
and rubidium (alkali chromates).

Bringing Health to Business
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Cr (VI) OEL/TLV-TWA

 The TLV-TWA for water-soluble Cr(VI) compounds is 0.05mg
Cr/m3@4), Soluble chromates are assigned an Al, confirmed
human carcinogen, notation, based on the IARC

classification for all chromates as human carcinogens
(Group 1).

* The basis of the TLV-TWA is “to minimise the potential for
respiratory tract irritation and cancer, dermatitis, and
possible kidney damage.”

Bringing Health to Business
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programme of medical survelillance

4.4.1 The following steps should be included in any program:

(a) Risk assessment to determine the potential exposure to and routes of absorption of an HCS, as
required by regulation 5.

(b) Identification of target-organ toxicity, so as to direct medical screening.

(c) Selection of appropriate tests and testing schedule. Tests should have the desirable operating
characteristics of high sensitivity, specificity, reliability and predictive value. The frequency of
testing is laid down in general terms by regulation 7(2) , but should in any case be based on an
understanding of the nature of the hazard and the natural history of any adverse effects.

(d) Development of action criteria. These are provided for some HCSs in the form of BEIs in Table 3
of Annexure 1. Criteria for interpreting lung function testing have also been published in the
medical literature. However, in many cases, the occupational health practitioners will have to
develop pragmatic criteria in the context of the specific workplace.

(e) Standardisation of test process. Quality control needs to be exercised both in the testing site and
in the laboratory contracted to carry out analyses. Consistency over time should be sought so as
to make longitudinal measurements comparable.

(HCS Regs)

Bringing Health to Business




Designing and implementing a programme of ].)"(.
medical surveillance (cont.)

(f) Ethical considerations. Information and training of employees as required by regulation 3(1)
should include the rationale for doing medical surveillance, and the consequence of abnormal
findings. An employee must be notified of the results and interpretation of his/her tests and any
recommendations made. The confidentiality of personal medical records is laid down by
regulation 9.

(g) Determination of employees fitness to remain in that job. [Regulation 7(3) ]. Results may be
compared against the action criteria (BEI if relevant), and preferably also the employees previous
results to determine whether individual action needs to be taken. Action may include repeating
the test, further medical examination, removal of the employee from further exposure, and
notification of the employer. Co-operation of employees can be best secured by a policy of
protection of conditions of service in case of medical removal from a particular job.

(h) Evaluation of control. An abnormal finding in an employee, or a pattern of findings in a group of
employees, may point to inadequate primary control of exposure. In such cases the employer
needs to be notified of such details of the medical findings as are necessary to evaluate the
workplace problem and take remedial action.

(i) Record keeping. This includes both medical records and exposure information for every
employee. While the employer is responsible for record keeping in terms of regulation 9, the
contents of personal medical records may be accessible to the occupational medicine
practitioner, the employee, and any person nominated by the employee in writing.

Bringing Health to Business ® 0 o =
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DATA COLLECTION

BIOLOGICAL MONITORING (BM), BIOLOGICAL
EFFECT MONITORING (BEM), MEDICAL
SURVEILLANCE (MS)

* Biological Monitoring

 BEI Sample data (Chromium (V1))
« BEI Process

« MS Process (SASOM)

Bringing Health to Business
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Biological monitoring is the measurement and
assessment of workplace 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 (HCS Act).

Bringing Health to Business
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« BElIs are reference values intended as guidelines to be used
In the evaluation of potential health hazards in the practice of

occupational hygiene.

« BEIs do not indicate a sharp distinction between hazardous
and non hazardous exposures. For example, it is possible for
an individual’s determinant concentration to exceed the BEI
without incurring an increased health risk.

Bringing Health to Business
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 If measurements in specimens obtained from a worker on
different occasions persistently exceed the BEI, the cause of
the excessive value should be investigated and action taken
to reduce the exposure.

« BEIs apply to 8 hour exposures, 5 days per week. Although
modified work schedules are sometimes used in various
occupations. ACGIH does not recommend that any
adjustment or correction factor be applied to the BEIs (i.e.
the BEIs should be used as listed, regardless of the work

schedule)

Bringing Health to Business




BEI's

 The BEIls should be applied by a knowledgeable
occupational health professional. Toxicokinetic and
toxicodynamic information is taken into account when
establishing the BEI; thus, some knowledge of the
metabolism, distribution, accumulation, excretion, and
effect(s) is helpful in using the BEI effectively.

« The BEIl is a guideline for the control of potential health
hazards to the worker and should not be used for other
purposes. The values are inappropriate to use for the
general population or for non occupational exposures. The
BEI values are neither rigid lines between safe and
dangerous concentrations nor an index of toxicity.

Bringing Health to Business O
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The main source of inconsistency in information on exposure
Intensity by air monitoring and biological monitoring is the
variability of the following factors:

Physiological and health status of the worker

Occupational exposure sources

Environmental sources

Individual lifestyle sources

Methodological sources

Bringing Health to Business
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» The significance of these effects must be accessed individually for each
situation. Drugs, pollutants, or co-exposure to another chemical can alter
the relationship between the intensity of occupational exposure and the
level of the determinant in the specimen either by adding to the level of
the determinant or by altering the metabolism or elimination of the studied
chemical.

« The documentations provide specific information on the effects of these
factors. The timing indicates when the samples should be collected with
respect to the exposures. It must be carefully observed because
distribution and elimination of a chemical or its metabolic products as well
as biochemical changes induced by exposure to the chemical, are
kinetics events.

Bringing Health to Business
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 The BEI's are applicable only if collection is conducted at the
specified time. The quality control program of the laboratory
performance is essential to reduce analytical errors and bias
In the results

* It is essential to consult the specific documentation before
designing biological monitoring and interpreting BEI's.

« Action on unexpected values should not be based on a

single isolated measurement but on measurements of
multiple sampling.

Bringing Health to Business
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Chromium (V1)

Possible Nonoccupational Expoosure

Chromium is a naturally occurring metal (occurring mainly
In the trivalent state) and is a required trace metal for
humans. Dietary intake and smoking are the most
Important sources of nonoccupational chromium
exposure. The average amount of chromium ingested
daily by adults is about 25 pug. Municipal water supplies
and ambient air frequently contain traces of
chromium.®8) Urinary concentrations in the general
population are a median value of 0.4 ug/L (range, 0.24-
1.8).09.10)
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Chromium (V1)

Absorption

The absorption of chromium is dependent on the valence
and solubility of the particular chromium species. The
degree of absorption decreases with increasing
particle size and increases with increased water
solubility of the chromium compound.®*") Soluble
forms of Cr(VI) in the form of fumes, vapors, or mists
are readily absorbed by inhalation.®:11)

Hexavalent chromium entering the body by any route is
reduced to trivalent chromium [Cr(lID)].

Bringing Health to Business
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Metabolic Pathways and Biochemical Interactions

«  Soluble Cr(VI) readily crosses cell membranes
and is reduced enzymatically to Cr(lll)

Bringing Health to Business
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MEDICAL SURVEILLANCE

 BIOLOGICAL MONITORING
Biological monitoring is a planned programme:
excreta or exhaled air s collected and analyzed|
detect and quantify exposure to, or absorption
be harmful to the body/health.

BIOLOGICAL EFFECT MC
Biological effect monitoring
biochemical change cause:
degree of change being be
and not associated with a b

AVAILABLE TESTS
Chemical Exposure Profiles

CHEMICAL-METABOLITE SPECIMEN MNEMONIC  CONTAINER
" INDUSTRIESAND OCCUI oot e e ke

Acetone. Blood ACETB FLUORIDE 1
" OCCUPATIONALDISEAS - guvses e

7 BIOLOGICAL HAZARDS

ARTICLES

 Assessment of confounders in biological monitoring

~ - Biological monitoring and statistical analysis - Part 2
ARTICLES
“ Biological monitoring in industry: are we on the right
track?

" LEGISLATION

 Biological monitoring of co-exposures: Suppression of
metabolism in employees exposed to a mixture of
chemicals, drugs or medications

" REPORT TEMPLATES

Biological monitoring of exposure to chemicals in the
environment and workplace:
~ - The relationship between external and internal doses
rganic solvent vapours
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Summary of Toxicology

0.

The toxicology of chromium and different chromium
compounds has been extensively reviewed.(1.3:5.11,26-28)
levels of Cr(VI) can cause irritation of the upper
respiratory tract and, in extreme cases, ulcers in the
nasal septum. Irritation has not, however, been shown
to be associated with induction of cancer.(?? Local,
topical exposure effects, e.g., to Cr mists are not
necessarily associated with systemic effects in general.
Chromium VI compounds may cause adverse effects to
the skin, respiratory tract, and, perhaps, the kidney.
Chromium Il compounds are less toxic.

Bringing Health to Business
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« Toxic effects vary widely with the
solubility and physical form of the
compound.

« Exposure to high ambient levels of
Cr(VI) can cause irritation of the upper
respiratory tract and, in extreme cases,
ulcers in the nasal septum. Irritation has
not, however, been shown to be
associated with induction of cancer.

« Chromium VI compounds may cause
adverse effects to the skin, respiratory
tract, and, perhaps, the kidney.
Chromium Il compounds are less toxic.

Bringing Health to Business
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Chromium (V1)

Kinetics

The elimination of chromium is triphasic, as observed in
stainless steel welders, particularly those using MMA
welding techniques.(16-20.24,42.43) The half-lives were
about 7 hours, 15 to 30 days, and 3 to 5 years.(D

A physiologically based pharmacokinetic model for the
iIngestion of Cr(lll) and Cr(VI) in humans has been
developed.®* The model does not include a physiologic
lung compartment.

Bringing Health to Business
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Elimination

The principal route of elimination of water-soluble Cr(VI) is the urine.®:15)
Soluble chromium compounds are slower elimination follows, as
documented in workers with high chronic exposure who may maintain
elevated concentrations of chromium in the urine for many years.(16)
Intracellelar reduction and trapping of reduced chromium forms (e.g.,
erythrocytes and to some extent, bone and kidney) may be important
determinants related to sequestration and subsequent delayed excretion
of chromium. Chronic exposure to chromium increases renal clearance
of chromium. Chromium (V1) is reduced in humans and eliminated in the
urine as Cr(lll).

Concentration of chromium in pre-shift samples reflects past exposure,
whereas post-shift sample values reflect both past and current
exposures.

Bringing Health to Business
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BEI Examples: Chromium (VI) (US)

Determinant:

Sampling Time:
BEI:
Notation:

Determinant :
Sampling Time:
BEI:

Notation:

Bringing Health to Business

Total chromium in urine
Increase during shift

10 pg/L

B

Total chromium in urine

End of shift at end of workweek
25 ug/L

B
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BEI Examples: Chromium (V1) (GER)

Determinant: Total chromium in urine
Sampling Time: Increase during shift

BEI: 10 ug/L

Notation: B

Determinant : Total chromium in urine
Sampling Time: End of shift at end of workweek
BEI: 25 ug/L

Notation: B

Bringing Health to Business
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BEI Examples: Chromium (VI) (SA)

Determinant:

Sampling Time:
BEI:
Notation:

Determinant :
Sampling Time:
BEI:

Notation:

Bringing Health to Business

Total chromium in urine
Increase during shift

10 ng/g creatinine

B

Total chromium in urine

End of shift at end of workweek
30 ug/g creatinine

B
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Sampling and Storage

Urine should be collected in acid-washed plastic bottles.
To minimize sample contamination, specimens should
be collected after the worker has showered and
changed clothes. Timing of urine collection for pre-shift
specimens is not critical. Urine specimens collected at
the end of the shift should represent a collection period
In the bladder of at least 2 hours to be representative of
exposure during the entire shift. Urine specimens
should be refrigerated or frozen until analysis.
Preservatives used to stabilize the urine must be
checked for chromium content before use.

Bringing Health to Business
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e Chromium in whole-blood erythrocytes has been
suggested as an indicator of exposure to water-soluble
chromium. However, there is insufficient validated
Information to support its use in assessing uptake of
chromium.®1) |In addition, the low concentrations
normally present make sample analysis difficult. No BEI
IS recommended for blood samples.

Lewalter et al - Germany

* Not industrial exposed: < 4.0 ug/100ml
* Action level: 17 ug/100ml

« Suggested BEI: 5 - 54 ug/100ml

Bringing Health to Business
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Chromium (VI) Exposure Risk group record

Air pg/m3

100

80 -

60

ug/g

40

20 -

1 2 3 4 5

assays
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BEI Examples: Single Company

"
Exposure — Plant breakdown
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Data Analysis and Reporting: Report

sample - Chromium

[Lahoratory Tests] Causes
01 January 2007 to 31 December 2007

0] 0{0]0[0 0 0 0 g R 0

NMumber of Tests
Lo RSN A B S B S ) B TN B oo B O R ]
(% ]

Unassigned Not Work Related
Work Related Possibly Work Related

B Unassigned W Mild [ Severe M lloderate [ Borderline [ Error!

- printed on: 10-March-2008 12:39
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Exposure

Company A - Exposure Aug 2008-April 2011 (Chromium (VI) Red cell)

O *Action level : 1.1-4.9 ug/l
40%

H *Not Industrial Exposed : <
1.0 ug/l
40%

B *BEI (Biological Exposure
Index) : 5-54 ug/l
20%

Bringing Health to Business
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SA Industry Exposure Aug 2008-April 2011 ( Chromium (VI) Red cell)

O *Action level : 1.1-4.9 ug/l
38%

B *Not Industrial Exposed :
< 1.0 ug/l
43%

B *BE| (Biological Exposure
Index) : 5-54 ug/l
19%

Bringing Health to Business




Data Analysis and Reporting: Report

"n
sample - PAH

PA SA Industry - PAH Exposure
80%
60%
2011
0,
40% M 2010
2008 @ 2009
20% 2009
M 2008
0%
*Not Industrial
Exposed : <1.0 *Action level :
umol/mol 1.1-1.3 umol/mol *BEI (Biological
. Exposure Index) :
Patient Volume - 2341 . ~1.4 umol/mol
Urine

Bringing Health to Business




BEI Examples: Graphical representation ].)0(.
(Chromium) — Timeline P 0S
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Data Analysis and Reporting: Interactive ].)6(.
Exposure Dashboard

EBE CHEMICALS COMPANY DASHBOARD

% Employees Exposed HIV Management Scorecard

-®- Factory floor - IT - Marketing HR -9~ Exec office BB No Activity [l Low I Moderate High

Fitness for work assessments % Medicals performed
100
Temp Unfit - g 50
2
Unfit l -
0 25 50 100 125% 150
No of employees I | 3
”i,: tory floos 1 Marketing HR Exec office
-, m: L N d B H B Facrory Floor IT BB Marketing HR
[ office B Target Surveyed
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Thank you
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Data Analysis and Reporting: Report ].)6(.
sample - Chromium CLAIT
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Data Analysis and Reporting: Report

0.

sample - Chromium

[Laboratory Tests] Abnormal
01 January 2007 to 31 December 2007

124 9
101

()]
i)
i
— 8 1
e (N =
o 61
E _______________________________________________________________________
= 4
N e I e e e e e S T

2 4

0 .

Abnormal
B Work Related B Mot Work Related [ Possibly Work Related

- printed on: 10-March-2008 12:38
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Data Analysis and Reporting: Report

sample - Chromium

[Lahoratory Tests] chart Blood tests comparisans
01January 2007 to 31 December 2007

Mumber of Tests

LFT Blood anganese

B Normal [l Mild O Severe [l Moderate

- printed on: 10-March-2008 12:44
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HEALTH RISK ASSESSMENTS

THE OREP
o Definition

« Risk Assessment Matrix & Sample

—

-
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DATAANALYSIS & REPORTING

« Report sampling

A

Bringing Health to Business



Bringing Health to Business



0
BEI| Notations eliXir

ORGANISATIONAL HEALTH

« “B” (background): the determinant may be present in biological specimens
collected from subjects who have not been occupationally exposed, at a
concentration which could affect interpretation of the result. Such background
concentrations are incorporated in the BEI value.

*  “Ng” (nonquantitative): Biological monitoring should be considered for this
compound based on the review; however a specific BEI could not be determined
due to sufficient data.

« “Ns” (nonspecific): The determinants are nonspecific, since it is also observed
after exposure to other chemicals.

« “Sq” (semiquantitative): The biological determinant is an indicator of exposure to
the chemical, but the quantitative interpretation of the measurement is
ambiguous. These determinants should be used as screening tests if
guantitative tests are not practical or as confirmatory tests if the quantitative test
IS not specific and the origin of the determinant is in question.

Note: It is essential to consult the specific BEI Documentation before designing
biological monitoring protocols or interpreting BEIs

Bringing Health to Business




BEI's

 The BEIls should be applied by a knowledgeable
occupational health professional. Toxicokinetic and
toxicodynamic information is taken into account when
establishing the BEI; thus, some knowledge of the
metabolism, distribution, accumulation, excretion, and
effect(s) is helpful in using the BEI effectively.

« The BEI is a guideline for the control of potential health
hazards to the worker and should not be used for other
purposes. The values are inappropriate to use for the
general population or for non occupational exposures. The
BEI values are neither rigid lines between safe and
dangerous concentrations nor an index of toxicity.
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Data Analysis and Reporting: Report

sample - Chromium

Laboratory Interpretations
01 January 2007 to 31 December 2007
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e According to the International Agency for Research on
Cancer (IARC),® there is sufficient evidence in humans for
carcinogenicity of Cr(VI) compounds in chromate
production, chromate pigment production, and chromium
plating industries. Five cancer epidemiology studies Iin
chromate production and plating and painting have been
published since the IARC review.(29-33) Taken as a whole,
there is evidence that past, relatively high exposures in the
chromate production industry were associated with
significantly increased risk for lung cancer. However,
changes in manufacturing processes in the late 50s and
early 60s, resulting in lower exposures, may have reduced
lung cancer risk to background rates. IARC® found limited
evidence for carcinogenicity of welding fumes and gases
(Group 2B).
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« The recommended BEls apply to water-soluble and
sparingly soluble Cr(VI) compounds. Chromium in
urine, collected at the end of the shift, represents the
sum of long-term exposure, plus exposure during the
workday. The net increase in urinary chromium
excretion during the work-shift is a better indicator of
daily exposure than a concentration measurement in
urine collected at the end of the shift. For dalily
exposure estimates, both a pre-shift and a post-shift
urine sample must be collected and analyzed.
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