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111. I Cost Methodology 
GENERAL INDUSTRIES, MARITIME, AND CONSTRUCTION 
The compliance cost estimates presented in this section are based upon Shaw's analysis of the 
requirements contained in OSHA's February 7,2006, draft hexavalent chromium regulatory text 
for general industry, shipyards, and construction. Costs associated with meeting other standards 
(e.g., compliance with OSHA's open tank standard, etc.) are not included in the development of 
the cost estimates. The methodology outlined in this chapter reflects the guidance for ancillary 
provisions, as described under OSHA's Primary Choice Regulatory Alternative for the revised 
PEL. 

Five types of costs are calculated in this section: capital costs, capital charges, up-front costs, 
up-front charges, and annual operation and maintenance (O&M) costs. Capital costs and capital 
charges are associated with material that has a useful life of more than one year. Up-front costs 
are one-time charges to meet requirements of the standard. Annual O&M charges occur every 
year. All costs that are presented in the subsequent costing tables are annualized over ten years. 

W Capital cost items include all engineering control equipment, sampling pumps, warning 
signs/labels, shower facilities, changing areas, HEPA vacuums for housekeeping, and computer 
file space. These items are purchased in the first year but have various years of useful life. 

To account for the useful life of the equipment (including engineering controls), the capital costs 
are annualized based on the useful life of the item and a 7 percent discount rate. This annualized 
capital cost is termed capital charge. Detailed capital costs for each industry sector that have 
been annualized using a 7 percent discount rate are included later in this chapter. Capital costs 
that have been annualized using a 3 percent discount rate are included in the summary tables, but 
the details are not included in this report. 

Up-front costs are those costs which only occur in the first year (e.g., conducting initial exposure 
monitoring, conducting initial medical exams, and conducting initial training). To account for 
up-front costs in the annualized costs, it was estimated that up-fiont costs are annualized over 10 
years with a 7 percent discount rate. Up-front costs for each industry sector that have been 
annualized using a 7 percent discount rate are included later in this chapter. Up-front costs that - N:\3\806674 OSHA\ Final Cr Cost Rptdoc 
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have been annualized using a 3 percent discount rate are included in the summary tables, but the 
details are not included in this report. 

Annual O&M costs are costs associated with routine O&M. These costs include conducting 
annual exposure monitoring, conducting annual medical exams, conducting respirator fit-testing, 
maintenance on shower and changing facilities, conducting annual physicals, conducting routine 
housekeeping operations, <and fulfillment of annual recordkeeping requirements. 

* 

This section presents an analysis of how the estimated costs for each requirement of the revised 
regulatory text were developed. All costs are presented in 2003 dollars. The analysis presents 
the costs for affected industries to come into compliance with new revised PEL of 20 pg/m3, 10 
&m3, 5 pg/rn3, 1 pg/m3, 0.5 pLg/m3, and 0.25 pg/m3 for hexavalent chroinium. 
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Explanation 
~- Meters and sensors 

Shipping . _. 

Assodated piping, electrical equipment, and 
materials 

Spares. bonding, engineering, startup, 
shakedown, and contingency 

Replacement p e s  and labor 

Inspection 

Rolling 12-months ending in March; Average 
Revenue per Kilowatthour from Retain Sales 
to Ultimate Consumers (Industry). Electric 
Power Monthly June 2003. Energy 

- Information Administration 

P m e z t  perigd 
Interest rate 

ENGINEERING CONTROLS 
OSHA requires that all feasible engineering controls be used for reducing personal exposures 
prior to implementing the use of personal protective equipment (PPE). When engineering 
controls are required to meet the revised hexavalent chromium PEL, that is, when exposure to 
hexavalent chromium is reasonably believed by the employer to occur greater then thirty days 
per year, Shaw developed cost estimates for technologically feasible engineering controls as 
discussed in the report “Industry Profile, Exposure Profile, Technological Feasibility Evaluation, 
and Environmental Impact for Industries Affected by a Revised OSHA Standard for Hexavalent 
Chromium (General Industry, Construction, and Maritime Sectors).” The direct cost of each 
type of engineering control was estimated based on discussions with equipment manufacturers 
and vendors; consulting catalogs, product literature, journal articles, and company websites; 
engineering judgement based on previous experience; and other sources, as relevant to each 
capital cost item. 

- 
-WJ 

Cost factors were then applied to determine other costs (instruments, freight, installation, etc.) 
associated with the controls. These cost factors were obtained from a cost engineering reference 
text “Process Design and Economics for Chemical Engineers, 4‘h Edition” by Peters and 
Timmerhaus, supplemented by engineering judgement based on previous experience. The table 
below shows the cost factors used to calculate the total annualized cost. =-a# 

Freight (5% of direct) = 

Installation (44% of direct) = I 
I Startup and Contingency (31% of direct) = 

I Maintenance (5% of capital) = 

Inspection (1% of capital) = __ 

I Electricity Cost ($O.O484O/kwh) = 

I Useful Life (1 0 years) = 

I Discount Rate (7%) = 
Annualized Factor For Initial Costs for 

Engineering Controls (14.24% of capital) = t- Escalation Factor (1.038) = 

Based on useful life and discount rate 

Chemical Engineering Magazine Plant Cost 
Index or similar (current yearlpast year) 
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Detailed cost estimates for industry sectors calculated with a discount rate of 7 percent are 
included later in this chapter. Summary (but not detailed) cost estimates for industry sectors 
calculated with a 3 percent discount rate are also included. 

Based on thc exposure profiles developed for each affected industry sectcrr, Shaw estimated the 
number of large and small establishments that required controls to meet the revised PEL. The 
number of controls required at each establishment was also estimated based on knowledge of the 
affected industry sector as based on site visits, NIOSH HHE reports, OSHA IMIS data, 
engineering judgment based on previous experience, and other data as presented in “Industry 
Profile, Exposure Profile, Technological Feasibility Evaluation, and Environmental Impact for 
Industries Affected by a Revised OSHA Standard for Hexavalent Chromium (General Industry, 
Construction, and Maritime Scctors).” In general, the percent of facilities requiring controls was 
estimated to be equivalent to the percent of workers estimated to be exposed to hexavalent 
chromium over the revised PEL, as developed in the Exposure Profile. 

Because HEPA (high efficiency particulate air) filter vacuums are required under the 

not included in the engineering control section. However, because the construction and maritime 
draft hexavalent chromium regulatory texts did not include a housekeeping ancillary provision in 
their original incarnation, HEPA filter vacuums were included in the engineering controls for the 
construction and maritime industries, if required. The construction industry is covered under 
Section 3 1 (Construction), as well as the construction industry segments of Sections 2 (Welding), 
3 (Painting), and 26 (Woodworking) in the industry profile. The maritime industry is covered 
under the maritime industry segments of Sections 2 (Welding), 3 (Painting), and 26 
(Woodworking) in thc industry profile. 

housekeeping ancillary provision of the revised standard, HEPA filter vacuums were typically -Ah - 

Lastly, OSHA does not requirc facilities with less than 30 days of exposure to hexavalent 
chromium to install engineering controls to reduce hexavalent chromium exposures. Respirators, 
rather than engineering controls, may be used to achieve the’PEL in these establishments. 
Industries estimated to be exposed to hexavalent chromium less than 30 days per year include 
Sections 9 (Printing Ink Producers), 10 (Plastic Colorant Producers and Users), 17 (Chromium 
Dye Producers), 20 (Textile Dyeing), and 22 (Printing). 
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EXPOSURE MONITORING (INITIAL AND PERIODIC) 
Under this provision of the revised hexavalent chromium standard, the employer must determine 
if any employee is exposed to hexavalent chromium above the revised PEL. This determination 
can be made by either of two methods: 

ul 

1. Full-shift (8-hour), time-weighted-average (TWA) exposure measurements of each shift, 
for each job classification, in each work area are collected and analyzed. The work area 
is defined as the portion of the plant or establishment where the workers conduct their 
daily job activities. The exposure monitoring must be done initially (after the standard 
takes effect) and then semi-annually or quarterly, depending on the results of the initial 
monitoring (as discussed below). However, the employer is not required to conduct 
initial monitoring if exposure monitoring satisfylng the requirements of the revised 
standard has been conducted within the past twelve months or if the employer has 
“objective data” demonstrating that exposures cannot be at or above the action level. If 
two consecutive initial exposure measurements - taken at least seven days apart - are 
below the action level, monitoring may be discontinued. Otherwise, if initial exposure 
measurements show exposures above the action level but below the PEL, semi-annual 
exposure monitoring (every 6 months) must be conducted until two consecutive readings 
are below the PEL. If the initial monitoring results show exposures above the PEL, then 
quarterly exposure monitoring (every 3 months) must be conducted until two consecutive 
readings are below the action level at which time the monitoring becomes semi-annual. 
When periodic monitoring demonstrates that exposures are below the action level, 
monitoring may be discontinued. However, additional monitoring must be performed if 
there is any change in the workplace that may result in employees being exposed at or 
above the action level. 

2. Alternatively, the employer may determine the 8-hour TWA exposure for each employee 
on the basis of air monitoring data or objective data demonstrating the exposure of 
hexavalent chromium associated with a specific process, operation, or activity. 

In the cost estimate, Shaw estimated that each establishment would conduct periodic monitoring 
as discussed in Option 1. It was proposed that Option 1 would provide a more conservative cost 
estimate. Facilities having objective data would reduce the cost of exposure monitoring. 

This provision has associated capital, up-fiont, and annual O&M costs. These costs were 
determined by the following equations and variables: 
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Up-Front Cost -- 
EMUFCOST = ((SAMPCOST * JOBCAT * SHIFTS * #SATdPS * #INIT * 

%INITADD) + (ADMINTIME * NONSUPEWAGE * JOBCAT * 
SHIFTS * #SAMPS * #INIT * %INITADD * %LEARN) + 
(INITCONTTIME * CONTCOST * #INIT * %INITADD * 
(%LEARN + %CONT)) + (TRAINTIME * NONSUPEWAGE * 
%LEARN) + (TRAINFEE * %LEARN) + ((NONSUPEWAGE + 
SUPWAGE) * NOTETIME * JOBCAT * SHHFTS * #SAMPS * 
#INIT)) * #PLANTS 

Capital C&t 
EMCAPCOST = PSPCOST * #PSP * %LEARN * #PLANTS f %LEARN * 

#PLANTS * #CU * CUCOST 

Quarterly Laboratory Analysis Cost 
EMQUARTLAB = (SAMPCOST * JOBPEL * SHIFTS * #SAMPS * 4 * 

%NOTQUART * %ABOVEPEL) * #PLANTS 

Ouarterly Administration Cost 
EMQUARTADMIN= (ADMINTIME * NONSUPEWAGE * JOBPEL * SHIFTS * 

#SAMPS * 4 * %NOTQUART * %ABOVEPEL * (%INHOUSE + 
%LEARN)) * #PLANTS 

Quarterly Contractor Cost 
EMQUARTCONT = (QUARTCONT'rIME * CONTCOST * 4 * %NOTQUART * 

%ABOVEPEL * %CONT) * #PLANTS 

Quarterly Cost of Emplo_ye Notification 
EMQUARTNOTE = (((NONSUPEWAGE + SUPWAGE) * NOTETIME * JOBPEL * 

SHIFTS * #SAMPS * 4) * %NOTQUART * %ABOVEPEL) * 
#PLANTS 

Quarterly O&M Cost 
EMQUARTCOST = EMQUARTLAB + EMQUARTADMIN + EMQUARTCONT + 

EMQUARTNOTE 

Semi-Annual LaboratorLAnalysis Cost 
EMSEMILAB = (SAMPCOST * JOBAL * SHIFTS * #SAMPS * 2 * %NOTSEMI * 

%AROVEAL) * #PLANTS 

Semi-Annual Administration Cost 
EMSEMIADMIN = (ADMINTIME * NONSUPEWAGE * JOBAL * SHIFTS * 

#SAMPS * 2 * %NOTSEMI * %ABOVEAL * (%INHOUSE + 
%LEARN)) * #PLANTS 
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Semi-Annual Contractor Cost 
EMSEMICONT = (SEMICONTTIME * CONTCOST * 2 * %NOTSEMI * 

%ABOVEAL * %CONT) * #PLANTS 

Semi-Annual Cost of Employee Notification 
EMSEMINOTE = (((NONSUPEWAGE + SUPWAGE) * NOTETIME * JOBAL * 

SHIFTS * #SAMPS * 2) * %NOTSEMI * %ABOVEAL) * 
#PLANTS 

Semi-Annual O&M Cost 
EMSEMICOST = EMSEMILAB + EMSEMIADMIN + EMSEMICONT + 

EMSEMINOTE 

Annual O&M Cost 
EMO&MCOST = EMQUARTCOST + EMSEMICOST + ((EMCAPCOST) * 

PSPFACT) 

Capital Charge 
EMCAPCHG = EMCAPCOST * EMCAPCRF (where n = PSPLIFE, i = 

DISCRATE) 

Annualized Cost of Exposure Monitoring 
EMCOST = EMO&MCOST + EMCAPCHG 

Variables 
#CU 
#INIT 

#NOTSEMI 

#PLANTS 
#PSP 
#SAMPS 
$ABOVEAL 

%ABOVEPEL 

%CONT 

%INHOUSE 
YOINITADD 

%LEARN 
%NOTQUART 

Number of calibration units required 
Number of initial exposure measurements required to be satisfied 
with semi-annual monitoring requirements 
Percent of plants not performing semi-annual monitoring 
requirements 
Number of plants represented by the model input 
Number of personal sampling pumps required 
Number of samples per exposure measurement 
Percent of plants that have an employee in at least one job category 
above the AL 
Percent of plants that have an employee in at least one job category 
above the PEL 
Percent of plants that will continue to use an outside contractor for 
monitoring 
Percent of plants already with in-house monitoring capabilities 
Percent of plants that have not satisfied the initial monitoring 
requirement 
Percent of plants that will develop in house monitoring capability 
Percent of plants not performing quarterly monitoring requirements 
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ADMINTIME 

CONTCOST 

DISCFtATE 
EMCAPCHG 
EMCAPCOST 
EMCOST 
EMO&MCOST 
EMQUARTADMIN 
EMQLJARTCONT 
EMQUARTCOST 
EMQUARTLAB 

cucos'r 

EMQUARTNOTE 

EMSEMIADMIN 
EMSEMICONT 
EMSEMICOST 
EMSEMILAB 

EMSEMINOTE 

EMUFCOST 
INITCONTTIME 

JOBAL 
JOBCAT 
JOBPEL, 
NONESUPEWAGE 
NOTETIME 

PSPCOST 
PSPCRF' 
PSPFACT 

PSPLIFE 
QUARTCONTTIME 

SAMPCOST 
SEMICONTTIME 

SHIFTS 
SUPEWAGE 
TRAINFEE 

In-house administrative time (e.g., for pump calibration and report 
writing) per sample, in hours 
Cost per hour for an outside industrial hygiene contactor 
Cost of a calibration unit 
Discount rate 
Annualized capital cost 
Capital cost of exposure monitoring 
Total annualized cost 
Total annualized O&M cost 
Administrative cost of associated with quarterly monitoring 
Cost of outside contractor for quarterly monitoring 
Quarterly monitoring O&M cost 
Cost of laboratory processing samples associated with quarterly 
monitoring 
Cost associated with notifying employees of quarterly monitoring 
results 
Administrative cost of associated with semi-annual monitoring 
Cost of outside contractor for semi-annual monitoring 
Semi-annual monitoring O&M cost 
Cost of laboratory processing samples associated with semi-annual 
monitoring 
Cost associated with notifying employees of semi-annual monitoring 
results 
Up-front cost of exposure monitoring 
Time, in hours, for an outside contractor (industrial hygiene 
technician) to conduct the initial monitoring 
Number of job categories exposed at or above the action level 
Total number of job categories (covering each work area) 
Number of job categories exposed at or above the PEL 
Non-supervisory wage rate, $/hr 
Time, in hours, to notify an employee of the exposure monitoring 
results 
Cost of a personal sampling pump 
Capital recovery factor for capital cost of exposure monitoring 
Annual O&M cost of a personal sampling puitnp as a percentage of 
capital cost (assumed to be 10% of capital cost) 
Usehl life, in years, of a personal sampling pump 
Time, in hours, for an outside contractor (industrial hygiene 
technician) to conduct quarterly-annual monitoring 
Variable cost per sample (e.g., laboratory analysis) 
Time, in hours, for an outside contractor (industrial hygiene 
technician) to conduct semi-annual monitoring 
Number of work shifts 
Supervisory wage rate, $/hr 
Flat fee for training course 
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TRAINTIME Number of hours of training required to develop in-house monitoring 
W capability 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA M I S  data, engineering judgment based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were detennined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

The capital cost (EMCAPCOST) equation applies the cost of personal sampling pumps and 
calibration units to plants that currently do not monitor in-house but will develop the capability 
to do so (and, therefore, will need to invest in one or more personal sampling pumps), as 
represented by %LEARN. The unit cost of personal sampling pumps is PSPCOST. This cost 
includes the purchase of a pump, charger, hosdclip assembly, and filter holder. The unit cost of 
a calibration unit is CUCOST. EMCAPCOST is annualized to determine an annualized charge 
for the capital cost of exposure monitoring (EMCAPCHG) using a useful life for personal 
sampling pumps of 10 years (PSPLIFE = 10 years) and a discount rate of 7 percent (DISCRATE 
= 7%) and 3 percent. 

-sleep. 

The up-front cost (EMUFCOST) equation contains six terms. The first term calculates the cost 
of processing “breathing zone air samples” (laboratory analysis). The variable cost, 
SAMPCOST, is estimated to be $60 per sample. SAMPCOST is applied to all job categories 
because all job categories are required to be monitored initially. It is also applied to all work 
shifts. Each work area is also represented because job categories are distinguished by work area. 
When more than one worker was employed per job category per shift, Shaw estimated that up to 
three exposure monitoring samples were collected for that job category and shift. #INIT equals 
two, reflecting that initial monitoring will have to be conducted twice - with readings below the 
action level - in order for the requirement of semi-annual monitoring to be waived. Finally, the 
term applies to all plants that have not satisfied the initial monitoring requirement (because, for 
example, they have not conducted monitoring in the past year), as represented by YOINITADD. 
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- The second term in the up-front cost equation applies only to plants that already have in-house 
~ 

monitoring capability (represented by %INHOUSE). Such plants will incur administrative costs 
in performing the initial monitoring in-house. Nonsupervisory administrative time - for such 
tasks as calibrating personal sampling pumps, collecting samples, sending samples to a 
laboratory for analysis, and preparing a written report documenting the results - of one hour per 
sample (ADMINTIME = 1 hour) is estimated. 

The third term estimates the cost to pay an outside industrial hygiene contractor to conduct initial 
monitoring. It applies to plants that will develop the capability to monitor in-house (it is 
estimated that they will not develop this capability before initial monitoring is required) and to 
plants that will continue to use an outside contractor (represented by %CONT). The contractor 
will require time to travel, survey operations, take the measurements, and report the findings. 
The contractor's time to conduct initial monitoring, INITCONTTIME (and also 
QUARTCONTTIME and SEMICONTTIME), is estimated at a minimum of 12 hours, ranging 
up to 28 hours, based on previous exposure monitoring experience. The contractor's time 
depends on the industry/process sector and the number of potentially exposed workers. In 
addition to % day to prepare a written report, one day will be required to visit the plant and take 

fewer, two days will be required if JOBCAT x SHIFTS is 13 to 24, and three days will be 
required if JOBCAT x SHIFTS is 25 or more. This recognizes that the tiime required depends on 
the number of job categories and shifts that need to be monitored. The contractor is estimated to 
be a junior industrial hygiene technician. 

measurements if the combination of job categories and shifts (JOBCAT :Y SHIFTS) is 12 or 44 

The fourth and fifth terms address the costs of training for plants that wit1 develop in-house 
monitoring capability. It is estimated that two days of training (TRAINTIME = 16 hours) will be 
necessary for the staff industrial hygienist or a qualified technician (nonsupervisory wage rate). 
In addition, there is a flat fee for a training course. 

The sixth term addresses the cost of notifying the employee of the results of monitoring. Within 
15 working days after the receipt of the results of any monitoring performed under this provision, 
the employer shall notify each affected employee individually in writing of the results. In 
addition, within the same time period, the employer shall post the results of the exposure 
monitoring in an appropriate location that is accessible to all affected employees. It is estimated 
that 15 minutes (0.25 hours) of the supervisor's and nonsupervisor's (employee sampled) time 
will be required to notify the employee of the results for each sample. 
N \3\806674 OSHA\ \Final Cr Cost Rpt doc 
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“ The annual O&M cost of exposure monitoring (EMO&MCOST) is made up of three terms: the 
cost of conducting quarterly exposure monitoring for employee with exposures to hexavalent 
chromium above the PEL (EMQUARTCOST), the cost of semi-annual monitoring for 
employees with exposures above the AL (EMSEMICOST), and the maintenance cost for 
personal sampling pumps and calibrations units. The quarterly and semi-annual exposure 
monitoring costs are similar to the cost of initial exposure monitoring in that they include costs 
for laboratory analysis, in-house administrative costs, industrial hygiene contractor costs, and the 
cost of employee notification of monitoring results. They do not include the cost of training time 
and training fees for the development of in-house monitoring capabilities, as these are treated as 
cost incurred only during the first year. In addition, the annual O&M cost of exposure 
monitoring (EMO&MCOST) has a final term included for the upkeep of capital equipment such 
as personal sampling pumps and calibration units. This term is represented by the quantity 
EMCAPCOST x PSPFACT, which estimates that the annual cost of upkeep of capital equipment 
is 10 percent of the total capital of the equipment. 

A term in the annual O&M cost is the cost associated with the quarterly monitoring of employees 
with exposures above the PEL (EMQUARTCOST). This term is comprised of four costs: the 
cost of laboratory analysis of samples (EMQUARTLAB), the cost of in-house administrative 
time (EMQUARTADMIN), the cost of thc use of an outside industrial hygienist to conduct 
monitoring (EMQUARTCONT), and the cost of employee notification of monitoring results 
(EMQUARTNOTE). 

- 
The quarterly cost of laboratory analysis (EMQUARTLAB) equation calculates the cost of 
processing “breathing zone air samples” (laboratory analysis). The variable cost, SAMPCOST, 
is estimated to be $60 per sample. SAMPCOST is applied to all job categories with exposures 
above the PEL (represented by JOBPEL). It is also applied to all work shifts. Each work area is 
also represented because the job categories arc distinguished by work area. When more than one 
worker was employed per job category per shift, Shaw estimated that up to 3 exposure 
monitoring samples were collected for that job category and shift. This value is multiplied by 
four because quarterly monitoring will occur four times per year. This is then multiplied by the 
percentage of establishments that have employees with exposures above the PEL 
(%ABOVEPEL) and by the percentage of establishments that do not perform quarterly exposure 
monitoring in the baseline (%NOTQUART). Finally, this cost is multiplied by the number of 
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plants represented by the model input to yield the annual cost to that particular industry from 
quarterly laboratory analysis. 

The second term of the quarterly cost of exposure monitoring is the cost of in-house 
administrative time (EMQUARTADMIN). Establishments will incur adrninistrative costs in 
performing the quarterly monitoring in-house. Nonsupervisory administrative time - for such 
tasks as calibrating personal sampling pumps, collecting samples, sending samples to a 
laboratory for analysis, and prcparing a written report documenting the results - of one hour per 
sample (ADMINTIME = 1 hour) is estimated. ADMRVTIME is multiplied by the number of job 
categories above the PEL, the number of shifts worked at the establishment (JOBPEL), and by 
the number of samples taken (#SAMPS). This cost is then multiplied by four because the 
quarterly monitoring will occur four times per year. The resultant cost is multiplied by the 
percentage of establishments that have employees with exposures above the PEL 
(%ABOVEPEL) and by the percent of establishments that do not perform quarterly monitoring 
in the baseline (represented by %NOTQUART). This cost is then multiplied by the quantity 
(%INHOUSE + %LEARN). This quantity (%INHOUSE + %LEARN) represents the percentage 
of establishments that will have in-house monitoring capabilities after the first year. Finally, the 
cost is multiplied by the number of plants represented by the model input to yield the annual cost 
to that particular industry for quarterly in-house administrative time for exposure monitoring. 

The third term in the quarterly cost of exposure monitoring is the cost to pay an outside industrial 
hygiene contractor to conduct quarterly monitoring (EMQUARTCONT). It applies to plants that 
will continue to use an outside contractor (represented by %CONT). The contractor will require 
time to travel, survey operations, take the measurements, and report the findings. The 
contractor's time to conduct quarterly monitoring, QUARTCONTTIME, is estimated at a 
minimum of 12 hours, ranging up to 28 hours, based on previous exposure monitoring 
experience. The contractor's time depends on the industry/process sector and the number of 
potentially exposed workers. In addition to '/2 day to prepare a written report, one day will be 
required to visit the plant and take measurements if the combination of job categories and shifts 
(JOBPEL x SHIFTS) is 12 or fewer, two days will be required if JOBPEL x SHIFTS is 13 to 24, 
and three days will be required if JOBPEL x SHIFTS is 25 or more. This recognizes that the 
time required for sampling depends on the number of job categories and shifts that need to be 
monitored. The contractor is estimated to be a junior industrial hygiene technician. The 
contractor's time to conduct quarterly monitoring is multiplied by the cost of an outside 
contractor (CONTCOST). This cost is then multiplied by four because exposure monitoring will 
N.\3\806674 OSHA\. Final Cr Cost Rpt doc 
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occur four times per year. This cost is then multiplied by the percentage of establishments that 
will continue to use an outside contractor for exposure monitoring (%CONT), the percentage of 
establishments that have an employee with exposure above the PEL (%ABOVEPEL), and the 
percentage of establishments that are not performing quarterly exposure monitoring in the 
baseline (represented by %NOTQUART). Finally, this cost is multiplied by the number of 
plants represented by the model input to yield the annual cost to that particular industry for 
quarterly cost of hiring an outside contractor to conduct quarterly exposure monitoring. 

-%d 

The final term in the quarterly cost of exposure monitoring is the cost of employee notification 
time of exposure monitoring results (EMQUARTNOTE). Within 15 working days after the 
receipt of the results of any monitoring performed under this provision, the employer shall notify 
each affected employee individually in writing of the results. In addition, within the same time 
period, the employer shall post the results of the exposure monitoring in an appropriate location 
that is accessible to all affected employees. It is estimated that 15 minutes (0.25 hours) of the 
supervisor’s and nonsupervisor’s (employee sampled) time will be required to notify the 
employee of the results for each sample. This wage rate is represented by the quantity 
(NONSUPEWAGE + SUPWAGE). This rate is then multiplied by the time it takes to notify 
each employee (NOTETIME), the number of job categories exposed above the PEL (JOBPEL), 
the number of work shifts (SHIFTS), the number of samples (#SAMPS), and then multiplied by 
four to since the quarterly monitoring will occur four times per year. This cost is then multiplied 
by the percentage of plants that do not conduct quarterly exposure monitoring in the baseline 
(%NOTQUART) and by the percentage of establishments that have employees with exposures 
above the PEL (%ABOVEPEL). Finally, this cost is multiplied by the number of plants 
represented by the model input to yield the annual cost to that particular industry for the 
quarterly cost of hiring an outside contractor to conduct quarterly exposure monitoring. 

-e 

A term in the annual O&M cost is the cost associated with the semi-annual monitoring of 
employees with exposures above the AL (EMSEMICOST). This term is comprised of four 
costs: the cost of laboratory analysis of samples (EMSEMILAB), the cost of in-house 
administrative time (EMSEMLADMIN), the cost of the use of an outside industrial hygienist to 
conduct monitoring (EMSEMICONT), and the cost of employee notification of monitoring 
results (EMS EMINOTE). 

The semi-annual cost of laboratory analysis (EMSEMILAB) equation calculates the cost of 
processing “breathing zone air samples” (laboratory analysis). The variable cost, SAMPCOST, 
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is estimated to be $60 per sample. SAMPCOST is applied to all job categories with exposures ra 
j above the AL (represented by JOBAL). It is also applied to all work shiits. Each work area is 

also represented because job categories are distinguished by work area. When more than one 
worker was employed per job category per shift, Shaw estimated that up to three exposure 
monitoring samples were collected for that job category and shift. This value is multiplied by 
two because semi-annual monitoring will occur two times per year. This is then multiplied by 
the percentage of establishments that have employees with exposures above the AL 
(%ABOVEAL) and by the percentage of establishments that do not perform semi-annual 
exposure monitoring in the baseline (%NOTSEMI). Finally, this cost is .multiplied by the 
number of plants represented by the model input to yield the annual cost to that particular 
industry fi-om semi-annual laboratory analysis. 

The second term of the semi-annual cost of exposure monitoring is the cost of in-house 
administrative time (EMSEMIADMIN). Establishments will incur administrative costs in 
performing the semi-annual monitoring in-house. Nonsupervisory administrative time - for such 
tasks as calibrating personal sampling pumps, collecting samples, sending samples to a 
laboratory for analysis, and preparing a written report documenting the results - of one hour per 

categories above the AL, the number of shifts worked at the establishment (JOBAL), and by the 
number of samples taken (#SAMPS). This cost is then multiplied by two because the semi- 
annual monitoring will occur two times per year. The resultant cost is multiplied by the 
percentage of establishments that have employees with exposures above the AL (%ABOVEAL) 
and by the percent of establishments that do not perform semi-annual monitoring in the baseline 
(represented by %NOTSEMI). This cost is then multiplied by the quantity (%INHOUSE + 
%LEARN). This quantity (%INHOUSE + %LEARN) represents the percentage of 
establishments that will have in-house monitoring capabilities after the first year. Finally, this 
cost is multiplied by the number of plants represented by the model input to yield the annual cost 
to that particular industry for semi-annual in-house administrative time for exposure monitoring. 

sample (ADMINTIME = 1 hour) is estimated. ADMINTIME is multiplied by the number of job - 

The third term in the semi-annual cost of exposure monitoring is the cost to pay an outside 
industrial hygiene contractor to conduct semi-annual monitoring (EMSEMICONT). It applies to 
plants that will continue to use an outside contractor (represented by %CONT). The contractor 
will require time to travel, survey operations, take the measurements, and report the findings. 
The contractor's time to conduct semi-annual monitoring, SEMICONTTIME, is estimated at a 
minimum of 12 hours, ranging up to 28 hours, based on previous exposure monitoring 
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experience. The contractor's time depends on the industry/process sector and the number of 
potentially exposed workers. In addition to % day to prepare a written report, one day will be 
required to visit the plant and take measurements if the combination of job categories and shifts 
(JOBAL x SHIFTS) is 12 or fewer, two days will be required if JOBAL x SHIFTS is 13 to 24, 
and three days will be required if JOBAL x SHIFTS is 25 or more. This time recognizes that the 
time required depends on the number of job categories and shifts that need to be monitored. The 
contractor is estimated to be a junior industrial hygiene technician. The contractor's time to 
conduct semi-annual monitoring is multiplied by the cost of an outside contractor 
(CONTCOST). This cost is then multiplied by two because exposure monitoring will occur two 
times per year. This cost is then multiplied by the percentage of establishments that will 
continue to use an outside contractor for exposure monitoring (%CONT), the percentage of 
establishments that have an employee with exposure above the AL (%ABOVEAL), and the 
percentage of establishments that are not performing semi-annual exposure monitoring in the 
baseline (represented by %NOTSEMI). Finally, this cost is multiplied by the number of plants 
represented by the model input to yield the annual cost to that particular industry for semi-annual 
cost of hiring an outside contractor to conduct semi-annual exposure monitoring. 

W 

The final term in the semi-annual cost of exposure monitoring is the cost of employee 
notification time of exposure monitoring results. Within 15 working days after the receipt of the 
results of any monitoring performed under this provision, the employer shall notify each affected 
employee individually in writing of the results. In addition, within the same time period, the 
employer shall post the results of the exposure monitoring in an appropriate location that is 
accessible to all affected employees. It is estimated that 15 minutes (0.25 hours) of the 
supervisor's and nonsupervisor's (employee sampled) time will be required to notify the 
employee of the results for each sample. This wage rate is represented by the quantity 
(NONSUPEWAGE + SUPWAGE). This quantity is then multiplied by the time it takes to 
notify each employee (NOTETIME), the number of job categories exposed above the AL 
(JOBAL), the number of work shifts (SHIFTS), the number of samples (#SAMPS), and then 
multiplied by two to since the semi-annual monitoring will occur two times per year. This cost 
is then multiplied by the percentage of plants that do not conduct semi-annual exposure 
monitoring in the baseline (%NOTSEMI) and by the percentage of establishments that have 
employees with exposures above the AL (%ABOVEAL). Finally, this cost is multiplied by the 
number of plants represented by the model input to yield the annual cost to that particular 
industry for semi-annual cost of hiring an outside contractor to conduct exposure monitoring. 

T m l v  
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The total annualized cost of exposure monitoring (EMCOST) is comprised of two terms, the 
annualized capital cost of exposure monitoring equipment (EMCAPCHG), which is determined 
by multiplying the capital cost of exposure nionitoring equipment (EMCAPCOST) with the 
capital recovery factor for exposure monitoring equipment (PSPCRF), and the annual O&M cost 
of exposure monitoring (EMO&MCOST), which has been determined previously. The sum of 
these two factors yields the total annualized cost of exposure monitoring. 
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REGULATED AREAS 
The revised hexavalent chromium standard requires that regulated areas be established in general 
industry where exposures to hexavalent chromium exceed the PEL. These areas must be 
demarcated with warning signs. There is also a requirement to affix warning labels to shipping 
and storage containers; however, the Hazard Communication Standard already requires this. 
Therefore, incremental costs are attributed only to warning signs. 

W 

These are capital costs, and these costs were determined by the following equations and 
variables: 

Capital Cost 
RACAPCOST = ((SIGNCOST * #SIGNS * (JCPEL)) + (SIGNTIME * 

NONSUPEWAGE * #SIGNS * (JCPEL))) * %SIGNADD * 
#PLANTS 

Capital Charge 
RACAPCHG = RACAPCOST * SIGNCRF (where n = SIGNLIFE, i = DISCRATE) 

Annualized Cost of Regulated Areas 
RACOST = 

Variables 
#PLANTS 
%SIGNADD 

-w 

#SIGNS 
JCPEL 
NONSUPEWAGE 
S IGNCO S T 

SIGNLIFE 
SIGNTIME 
RACAPCOST 
RACAPCHG 

RACOST 
SIGNCRF 

DISCRATE 

RACAPCHG 

Number of plants represented by the model plant 
Percent of plants requiring additional warning signs for regulated 
areas 
Number of warning signs required for each regulated area 
Number of job categories exposed above the PEL 
Non-supervisory wage, $/hr 
Unit cost of OSHA-regulation warning signs with mounting 
materials 
Useful life, in years, of a warning sign 
Time, in hours, to mount a warning sign 
Total capital cost of regulated areas - signs and labels 
Annualized capital charge for the total capital cost of regulated 
areas-signs and labels 
Annualized cost of regulated areas 
Capital recovery factor for the total capital cost of regulated areas- 
signs and labels 
Discount rate 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
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on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous .e 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practicc with the revised hexavalent chromium standard ancillary 
provisions. 

The capital cost for this provision comprises the cost of two warning signs (#SIGNS = 2) for 
every regulated area and the cost of nonsupervisory time to mount the signs. The unit cost of a 
warning sign is SIGNCOST. The warning signs are 14” x 20” semi-rigid industrial signs with 
custom wording. The number of signs at each facility depends on the number of process areas 
that require these signs. Each job category constitutes a separate regulated area. The number of 
regulated areas was estimated after accounting for engineering controls to be installed in the 
facility, if necessary to reduce worker exposure below the revised PEL. An estimated $3.84 is 
added for mounting materials. - 
The time to mount a warning sign, SIGNTIME, is estimated to be % hour. Because the revised 
standard has specific wording requirements for warning signs, it is projected that all plants will 
require new signs for their regulated areas (%SIGNADD = 100%). 

Finally, the capital cost is annualized (RACAPCHG) using a useful life fix warning signs of ten 
years (SIGNLIFE = 10 years) and a discount rate of 7 percent (DISCRATE = 7%) and 3 percent. 

In the summary tables, the estimated cost for regulated areas has been included in the estimate 
cost of the communication provision. 
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RESPIRATORY PROTECTION 
Under this provision of the revised hexavalent chromium standard, employers must provide all 
workers exposed above the 8-hour PEL with respirators and ensure that the employees use them 
during: 

.*crc 

Periods necessary to install or implement feasible engineering controls and work 
practices, 

Work operations, such as maintenance and repair activities, for which engineering and 
work practice controls are not feasible, 

Work operations for which an employer has implemented all feasible engineering and 
work practice controls and such controls are not sufficient to reduce exposures to or 
below the PEL, and 

Work operations where employees are exposed above the PEL for fewer than 30 days per 
year and the employer has elected not to implement engineering and work practice 
controls to achieve the PEL. 

Therefore, if engineering controls and work practices cannot reduce exposures to concentrations 
below the PEL, supplementary use of respirators becomes necessary. Also, facilities with less 
than 30 days exposure to hexavalent chromium are not required to install engineering controls 
and may use respirators to achieve the PEL. I h s  provision has associated capital and annual 
O&M costs. These costs were determined by the following equations and variables: 

_i 

Capital Cost 
RESPCAPCOST = (((HALFUSERSPEL + HALFUSERSAL) * (1 - %HALFBASE)) * 

HALFCOST + ((FULLUSERSPEL + FULLUSERSAL) * (1 - 
%FULLBASE)) * FULLCOST + ((AIRUSERSPEL + 
AIRUSERSAL) * (1 - %AIRBASE)) * AIRCOST + 
((HLMTUSERSPEL + HLMTUSERSAL) * (1 - %HLMTBASE)) * 
HLMTCOST) * #PLANTS 

O&M Cost 
RESPO&M = (((AIRUSERSPEL * (1 - %AIRBASE) * (RESPTIME * SHIFTS * 

#DAYS * NONSUPEWAGE + (#DAYS * SHIFTS * 
(RESPTIME * SHIFTS * #DAYS * NONSUPEWAGE + (#DAYS / 
#FILTDAYS) * CRTRDGCOST + (#DAYS * SHIFTS * 
(RESPTIME * SHIFTS * #DAYS * NONSUPEWAGE + (#DAYS / 
#FILTDAYS) * CRTRDGCOST + (#DAYS * SHIFTS * 

RESPCLEAN))) + (FULLUSERSPEL * (1 - %FULLBASE) * 

RESPCLEAN))) + (HALFUSERSPEL * (1 - %HALFBASE) * 

RESPCLEAN))) + (HLMTUSERSPEL * (1 - %HLMTBASE) * 
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(RESPTIME * SHIFTS * #DAYS * NONSUPEWAGE + (#DAYS * -* 

SHIFTS * RESPCLEAN)))) * #PLANTS) + ((AIRUSERSAL * (1 - 
%AIRBASE) * (RESPTIME * SHIFTS * #DAYSUPSET * 
NONSUPEWAGE + (#DAYSUPSET * SHIFTS * RESPCLEAN))) 

* #DAYSUPSET * NONSUPEWAGE + (#CbAYSUPSET / 
#FILTDAYS) * CRTRDGCOST + (#DAYSlJPSET * SHIFTS * 
(IIESPTIME * SHIFTS * #DAYSUPSET * NONSUPEWAGE + 
(HDAYSUPSET / #FILTDAYS) * CRTRDGCOST + 
(#DAYSUPSET * SHIFTS * RESPCLEAN))) + (HLMTUSERSAL 

NONSUPEWAGE + (#DAYSUPSET * SHIFTS * RESPCLEAN)))) 
* #PLANTS 

+ (FULLUSERSAL * (1  - %FULLBASE) * (RESPTIME * SHIFTS 

RESPCLEAN))) + (HALFUSERSAL * (1 - %HALFBASE) * 

* (1 - %HLMTBASE) * (RESPTIME * SHIFTS * #DAYSUPSET * 

Capital Charge 
RESPCAPCHG = RESPCAPCOST * RESPCRF (where n = RESPLIFE, i = 

DI S CRATE) 

~ Total Annualized ______. Cost _ _ _ _  for Respiratory - Protection 
RESPCOST= RESPCAPCHG + RESPO&M 

Variables 
#DAYS 

#DAYSUPSET 

#FILTDAYS 

#PLANTS 
%AIRBASE 
%FULLBASE 
%HALFBASE 
YoHLMTB ASE 
AIRCOST 
AIRUSERSAL 

AIRUSERSPEL 

CRTRDGCOST 
DISCRATE 
FULLCOST 
FULLUSERS AL 
FULLUSERSPEL 

A 
Number of operating days per year thd a resplirator is worn by a 
worker because exposures are above the PEL after engineering 
controls are implemented 
Number of operating days per year that employees above the AL 
must wear respirators because of process ups& 
Number of days a respirator filter cartridge may be in use before it 
must be changed 
Number of plants represented by the model plant 
Percent of the workers using air-supplied respirators 
Percent of the workers using full-face respirators 
Percent of the workers using half-mask respirators 
Percent of the workers using blasting helmet air-supplied respirators 
Unit cost per worker for an air-supplied respirator 
Number of workers requiring air-supplied respirators because above 
AI, 
Number of workers requiring air-supplied respirators because above 
PEL 
Cost of replacement cartridges (2 cartridges per mask) 
Discount rate 
Unit cost per employee for a full-face respirator 
Number of workers requiring full-face respirators above AL 
Number of workers requiring full-face respirators above PEL A 
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HALFCOST 
HALFUSERAL 
HALFUSERSPEL 
HLMTCOST 
HLMTUSERSAL 

HLMTUSERSPEL 

NONSUPEWAGE 
RESCRF 
RESPCAPCHG 
RESPCAPCOST 
RESPCLEAN 
RESPCOST 
RESPLIFE 
RESPO&M 
RESPTIME 
SHIFTS 

Unit cost per employees for a half-mask respirator 
Number of workers requiring half-mask respirators above AL 
Number of workers requiring half-mask respirators above PEL 
Unit cost per employee for a blasting helmet air-supplied respirator 
Number of workers requiring blasting helmet air-supplied respirators 
above AL 
Number of workers requiring blasting helmet air-supplied respirators 
above PEL 
Non-supervisory wage rate, $/hour 
Capital recovery factor for respirators 
Capital charge for respirator protection 
Total capital cost for respirators 
Cost of materials to clean one respirator 
Total annualized cost of respirator protection 
Useful life of respirators 
Total annualized O&M cost 
Time, in hours, for an employee to clean a respirator 
Number of shifts per day 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

-rcr“ 

The percent of workers already using respirators was estimated from the NIOSH report, 
“Respirator Usage in Private Sector Firms, 2001,’ (U.S. Department of Labor, Bureau of Labor 
Statistics, September 2003). It was estimated that the percent of workers using respirators was 
equal to the percent of firms supplying respirators. While the report did not distinguish between 
large and small establishments at the 2-digit SIC Code, it did provide differentiation between 
large and small establishments for industry overall (general industry, construction, and maritime 
together). The overall ratio between large and small establishments was then multiplied by the 
2-digit SIC Code data to estimate respirator usage for large and small establishments at the 2- 
digit SIC Code level. 
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Although the revised hexavalent chromium standard only specifies respirators for workers 
exposed to hexavalent chromium above the PEL, Shaw estimated that workers in general 
industry exposed to hexavalent chromium above the AL would choose to' wear respirators 30 
days per year due to process upsets or by their preference. 

OSHA's respiratory protection regulation [29CFR1910.134] requires that workers who wear 
respirators have a medical evaluation to determine their fitness to wear a respirator. For those 
respirator wearers who have annual physical examinations provided by the employer (either 
before the revised hexavalent chromium standard, or as a result of the revised hexavalent 
chromium standard), no additional costs were estimated to be required to specifically meet this 
standard, since any requirements could be met at the time of that examination at little or no 
additional cost (Compliance Cost Analysis Current and Proposed Respiraiory Protection 
Standards, Centaur, 1986). The cost for this medical evaluation has been included in the cost of 
medical surveillance and is not included in the respiratory protection costs. 

The capital cost equation considers the cost of supplying workers with respirators. This cost 
equation has four terms. The first term represents the capital cost for hallLmask respirator, the 
second term represents the cost for full-face respirators, the third term represents the cost for air- 
supplied respirators, and the last term represents the cost for a blasting helmet with full-face 
supplied air respirator. The type of respirator for each job category of workers within an 
industqdprocess sector was specified in the technological feasibility chapter. 

Each of the four terms for the capital cost equation has three parts. These parts include the 
following items: the number of workers in a job category within an industqdprocess sector 
requiring respirators (e.g., half-mask, full-face, and air-supplied), the percentage of the plants 
within a job category presently not supplying respirators (e.g., half-mask, full-face, <and air- 
supplied), and the cost of a respirator (e.g., half-mask, full-face, and air-supplied). These three 
items are multiplied together to obtain the cost for supplying each type of respirator. Next, these 
costs are added together (half-mask cost plus full-face cost plus air-supplied cost). This cost 
represents the average cost per plant for supplying respirators. Lastly, the unit cost of respirators 
per plant is multiplied by the number of plants in the industqdprocess sector to obtain the capital 
cost for each job category within the industry/process sector. 
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The capital charge cost equation considers the annual cost of supplying respirators for workers 
exposed above the PEL as an 8-hour TWA based on the useful life of the equipment. The 
difference between the capital cost equation and the capital charge equation is that, in the latter, 
the costs of the respirators and support equipment are annualized using a capital recovery factor. 

=W 

The annual O&M cost equation has two components. The first component accounts for the 
annual cost for supplying niiscellaneous parts for the respirators (e.g., air for the air-supplied 
respirators and cartridges for the half-mask respirator and full-face respirator) while the second 
component accounts for the routine O&M cost (cleaning) of the respirators. The two 
components of the O&M cost equation are added together and multiplied by the number of 
plants in the industry/process sector. 

The annual O&M cost for respirator protection includes costs for employee time to clean a 
respirator, the cost of cleaning materials per respirator cleaning for respirators, and the cost of 
replacement filter cartridges for half and full face respirators. The term representing the cost for 
the employee's time cleaning a respirator is represented by the tern1 (RESPTIME x #SHIFTS x 
#DAYS x NONSUPEWAGE). This cost represents the amount of time it takes an employee 
(RESPTIME = 10 minutes) to clean one respirator times the number of shifts per day times the 
number of days that the respirator is in service per year times the wage rate of the employee. 
This value is then multiplied by the number of times each type of respirator is in service times (1 
minus percent of that particular type of respirator being used in the baseline). This is applied for 
all four types of respirators used. 

V'  

The second term is the cost of the cleaning materials for each respirator, represented by 
(RESPCLEAN x #SHIFTS x #DAYS). This cost is the cost of material to clean one respirator 
(RESPCLEAN) times the number of times one respirator of each type is cleaned per year 
represented by (#SHIFTS x #DAYS). This cost is then multiplied by the number of respirators 
in service times (1 minus percent of that particular type of respirator being used in the baseline). 
This cost is applied for all four types of respirators used. 

The final term of note in the respirator protection O&M cost equation accounts for the fact that 
full-face and half-face respirators require additional filter cartridge changes per year. This 
maintenance generates an additional cost for replacement filters. The term is (#DAYS / 
#FILTDAYS) x FILTCOST. This equation states that there are a certain number of days per 
year that a respirator is in use with its cartridges (#DAYS). This number is divided by the -- N:\3\806674 OSHA\. . .\Final Cr Cost Rpt doc 
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number of days that the filter cartridges may be in use before they must be per changed. This 
division gives the number of times that the filter cartridges must be changed be year. The 
number of filter cartridge changes per year (represented by #DAYS / #FII,TDAYS) is then 
multiplied by the cost of new filter cartridges (FILTCOST) to provide the cost per respirator for 
replacement filter cartridges. This number is then multiplied by the number of respirators in 
service times a factor (1 minus fraction of that particular type of respirator being used in the 
baseline). This cost is only applied for half and full-face respirators. 

The second large bracketed term takes into account the operation and maintenance cost 
associated with the use of respirators by employees exposed above the aclion level during 
process upsets. This is not a cost directly incurred by the revised standard, but it was included in 
cost analysis for general industry to account for the fact that there may be times when plant 
operations are upset and employee exposure may arise from being above the action level to being 
above the PEL. This term is the same as the first term with the exception that the number of 
employees wearing each type of respirator is only the number of employees who are exposed 
above the action level but below the PEL. Also, the number of days per year that the respirators 
are worn has been changed to represent the number of days per year that process conditions may 
become upset. The number of days per year that process conditions may become upset is e 
estimated at thirty days per year. 
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RESPIRATOR FIT TESTING 
The revised hexavalent chromium standard mandates the following items: 1) annual qualitative 
or quantitative fit-testing for employees wearing a tight-fitting, air-purifying respirator and 
whose exposure to hexavalent chromium does not exceed 10 times the PEL (qualitative fit- 
testing will be estimated because it is less expensive), 2) annual quantitative fit-testing for 
employees wearing a tight-fitting, air-purifying respirator and who are exposed at greater than 10 
times the PEL, and 3) annual quantitative fit-testing for employees wearing a tight-fitting, 
supplied-air respirator or a self-contained breathing apparatus (SCBA), regardless of exposure 
level. Therefore, there are associated annual costs. Employees who have exposure to hexavalent 
chromium above the PEL are required to undergo medical examinations. It is estimated the cost 
of medical questionnaires for respirator use and any medical examinations will be conducted at 
that time, and therefore, no cost was incurred in the respirator fit testing section for these 
employees. Employees with exposure above the AL and below the PEL are not required to 
receive medical examinations for their exposures and are also not required by the Revised 
Standard for general industry to wear respirators. In the respiratory protection section, it was 
estimated that employees with exposures above the AL will wear respirators during process 
upsets because their exposures at that time may increase above the PEL. Therefore, the cost of 
fit testing, medical history questionnaires, and any medical examinations for respirator usage are 
incurred by employees with exposures above the AL. 

llcI 

Total O&M Cost 
FITO&MCOST = ((QLFITMTRLS * QLFITEMP) + ((QLFITTIME + QLFITTECH) * 

NONSUPEWAGE * QLFITEMP) + (QNFITCOST * QNFITEMP) 

%FITBASE) * #PLANTS + ((EMPAL * MEDHISTTIME * 
NONSUPEWAGE) + (EMPAL * MEDHISTCOST) + ((EMPAL * 
RESPEXAMTIME * NONSUPEWAGE) + (EMPAL * 
%FITBASE) 

+ (QNFITTIME * NONSUPEWAGE * QNFITEMP)) * (1 - 

RESPEXAMCOST)) * %EMPMEDEXAM) * #PLANTS * (1 - 

Total annualized cost of respirator fit testing 
FITCOST = FITO&MCOST 

Variables 
#PLANTS 
%EMPMEDEXAM 

%FITBASE 

Number of plants represented by the model plant 
Percent of employees that will require a medical exam for respirator 
use 
Percent of plants conducting annual respirator fit-testing in the 
baseline 
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EMPAL 

FITCOST 
FITO&MC:OST 
MEDHISTCOST 
MEDHISTTIMB 
NONSUPEWAGE 
QLFITEMP 
QLFITMTRLS 
QLFITTECH 
QLF ITTIME 
QNFITCOST 

QNFITEMP 
QNFITTIME 
RESPEXAMCOST 
RESPEXAMTIME 

Number of employees who wear respirators for more then 5 
hourdweek and who are above the AL and below the PEL in the 
model plant 
Total annualized cost of respirator fit testing 
Total annualized O&M Cost 
Cost of medical history questionnaire 
Employee time to complete medical history questionnaire, in hours 
Non-supervisory wage rate 
Number of employees requiring annual qualitative fit-testing 
Cost of materials per qualitative fit-testing 
Time, in hours, for a technician to conduct orie qualitative fit-test 
Time, in hours, for an employee to be qualitative fit-tested 
Cost of an industrial hygiene technician contractor per quantitative 
fit-test 
Number of employees requiring annual quantitative fit-testing 
Time, in hours, for an employee to be quantitative fit-tested 
Cost of a medical exam for respirator use 
Employee time for medical exam for respirator use, in hours 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgmlent based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

The percent of workers already being fit-tested was estimated from the NIOSH report, 
“Respirator Usage in Private Sector Firms, 2001” (US. Department of Labor, Bureau of Labor 
Statistics, September 2003). It was estimated that the percent of workers being fit-tested for 
respirators was equal to,the percent of firms supplying respirators (i.e., if a firm supplies 
respirators, it also k?-tksts). ,$&le the report did not distinguish between large and small 
establishments at the 2-digit SIC Code, it did provide a differentiation between large and small 
establishnients for industry overall (general industry, construction, and maritime together). The 
overall ratio between large and small establishments was multiplied by the 2-digit SIC Code data 
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to estimate respirator usage (and fit-testing) for large and small establishments at the 2-digit SIC -- Code level. 

The cost equation for calculating the annual O&M cost for general industry contains several 
terms. The first term calculates the cost of annual qualitative fit testing and is comprised of two 
smaller terms. The first of these smaller terms calculates the cost of the materials used for 
qualitative fit testing by multiplying the number of employees who require qualitative fit testing 
by the cost of materials per fit test. This is represented by (QLFITEMP x QLFITMTRLS). The 
cost of qualitative fit test materials are estimated to be $0.07 per fit-test, i.e., QLFITMTRLS = 

$0.07. The second smaller term calculates employee time to be fit-tested (QLFITTIME = ?4 
hour), and the time for a technician - estimated to be plant staff - to conduct the fit testing 
(QLFITTECH = ?4 hour per fit-test). This is represented by (QLFITTIME + QLFITTECH) * 
NONSUPEWAGE * QLFITEMP. QLFITEMP and QNFITEMP include both employees with 
exposure to hexavalent chromium above the PEL and above the AL. 

The next term is comprised of two smaller terms and calculates the cost for conducting 
quantitative fit testing for employees. The first of these smaller terms calculates the cost of an 
industrial hygiene technician to conduct quantitative fit test by multiplying the cost of an 
industrial hygiene technician contractor per quantitative fit-test by the number of employees that 
require quantitative fit testing. This cost is reprcsented by the quantity (QNFITCOST * 
QNFITEMPPEL). The second smaller term represents the cost of employee time to be 
quantitatively fit tested. The time, in hours, for an employee to be quantitative fit-tested is 
multiplied by the number of employees that require quantitative fit testing and by the non- 
supervisory wage rate of these employees. This cost is represented by (QNFITTIME * 
NONSUPEWAGE * QNFITEMPPEL). The cost of a quantitative fit-test, QNFITCOST, 
presumes that an industrial hygiene technician contractor using a Port-A-Count will visit the 
plant. This will cost approximately $30 per employee (QNFITCOST = $30) for fit-testing four 
or more employees. If 16 workers are fit-tested during one day, then the total contractor's cost is 
$480 ($30 x 16). The minimum daily cost by the contractor is $120; therefore, it is $40 per 
employee if three employees are fit-tested, $60 per employee if two are fit-tested, and $120 if 
one employee is fit-tested. 

- 

The first two terms are added together and multiplied by the number of plants represented by the 
model input and by the quantity (1-percent of plants conducting annual respirator fit-testing in 
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the baseline) to apply the cost of respirator fit testing only to those plants that are not conducting -+ 
respirator fit testing in the baseline (represented by #PLANTS * (1 - %FITBASE)). 

The second cost incurred under respirator fit testing is the cost of medical evaluations and 
examinations to determine if an employee may wear a respirator. OSHA’s respiratory protection 
regulation [29CFR1910.134] requires that workers who wear respirators have a medical 
evaluation to determine their fitness to wear a respirator. 

It is estimated that employees with exposures above the AL (and therefore are not required to 
undertake medical examinations for their exposure to hexavalent chromium under the revised 
standard for general industry) will be required to fill out a medical history questionnaire, which 
will be reviewed by a licensed physician. It is estimated that 23 percent of these employees 
would “fail” the medical questionnaire and be required to undertake a medical examination for 
respirator use. The factor of 23 percent was obtained from information contained in OSHA’s 
“Preliminary Regulatory Impact and Regulatory Flexibility Analysis of the Proposed Respirator 
Protection Standard (29 CFR 1910.134)”. 

There are costs attributable to employee time to fill out questionnaire, the cost of the - 
questionnaire itself and review by a licensed physician, employee time for medical examinations, 
and the cost of the examinations themselves. 

The cost of employee time to fill out the medical history questionnaire is (determined by 
multiplying the number of employees who wear respirators for more then 5 hourdweek and who 
are above the AL and below the PEL in the model plant by the time that iit takes to fill out the 
medical history questionnaire and by the non-supervisory wage rate. This is represented by the 
term (EMPAL * MEDHISTTIME * NONSUPEWAGE). 

The cost of the medical history questionnaire and review by a licensed physician is determined 
by multiplying the number of employees who wear respirators for more then 5 hourdweek and 
who are above the AL and below the PEL in the model plant by the cost of the medical history 
questionnaire. This is represented by (EMPAL * MEDHISTCOST). It is estimated that the cost 
of the questionnaire includes the cost of physician review. 

The next cost that is calculated is that of a medical examination for employees that “fail” the 
medical history questionnaire. It is estimated that 23 percent of employee: will not pass the 
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medical history questionnaire and, therefore, will require a medical examination by a physician 
(%EMPMEDEXAM =0.23). The cost is determined by multiplying the number of employees 
who wear respirators for more then 5 hours/week and who are above the AL and below the PEL 
in the model plant by the cost of a respirator medical examination and by the percent of 
employees that “fail” the medical history questionnaire. This is represented by (EMPAL * 
RESPEXAMCOST * %EMPMEDEXAM). 

-U 

The cost of employee time to fill out the medical history questionnaire, medical history 
questionnaire review by a licensed physician, and medical examination cost are summed and 
multiplied by the number of plants represented by the model input and by the quantity (1 -percent 
of plants conducting annual respirator fit-testing in the baseline) to apply the cost of employee 
time to fill out the medical history questionnaire, medical history questionnaire review by a 
licensed physician, and medical examination cost only to those plants that are not conducting 
respirator fit testing in the baseline (represented by #PLANTS * (1  - %FITBASE)). 
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PPE mk 
Where skin or eye contact with hexavalent chromium is present or likely to be present after 
implementing the appropriate engineering controls, the employer is required to provide the 
appropriate personal protectivc equipment (PPE) to reduce worker exposure to hexavalent 
chromium at no expense to the employee. The PPE is typically in the form of eye protection, 
gloves, coveralls, etc. This provision has associated annual costs for protective work clothing 
and equipment. These costs were determined by the following equations and variables: 

Annual O&M Cost to Establishments that Do Not Supply PPE in the Baseline 
PPEO&MNOTSUPPLYBASE = ((EYECOST * EYEREPL * (1 - %EYEBASE)) + 

(GLOVECOST * GLOVEREPL * (1 - %GLOVEBASE)) + 
(CVAPCOST * CVAPREPL * (1 - YoCVAPBASE)) + 
(LAUNDER * LAUNDERCOST) * (1 - %CVAPBASE) + 
(GLOVEREPL * (1 / 60) * BAGT1M:E * NON- 
SUPERVISORY WAGE RATE * (1 .. %GLOVEBASE)) + 
GLOVEREPL / 1602 * BAGCOST * (1 - %GLOVEBASE)) 
* #PLANTS 

Annual O&M Cost to Establishments that Supply PPE but at Employees Expense 
PPEO&MSUPPLYNOTPAY = ((EYECOST * EYEREPL * (%EYEBASE) * (1 - 

YoEYElNDUSTPRACT)) + (GLOVECOST * GLOVEREPL 
* (%GLOVEBASE) * (1 - %GLOVE[NDUSTPRACT)) + 
(CVAPCOST * CVAPREPL * (%CVAPBASE)) * (1 - 
%CVAPINDUSTPRACT) + (LAUNDER * 
%CVAPINDUSTPRACT) + GLOVEREPL / 1602 * 
BAGCOST * (%GLOVEBASE)) * #PLANTS 

LAUNDERCOST) * (%CVAPBASE) * (1 - 

Annual PPE Cost 
PPECOST = 

Variables 
#PLANTS 
%CVAPB ASE 

YoCVAPINDUSTPRACT 

%EYEBASE 
%EYEINDUSTPRACT 

YOGLOVEBASE 
%GLOVEINDUSTPRACT 

PPEO&MNOTSUPPLYBASE + 
PPEO&MSUPPLYNOTPAY 

Number of plants represented by the rnodel plant 
Percentage of plants in the baseline that supplied coveralls or 
aprons 
Percentage of employers that will pay for coveralls or aprons 
according to industry practice under revised standard 
Percentage of plants in the baseline that supply eye protection 
Percentage of employers that will pay for eye protection 
according to industry practice under revised standard 
Percentage of plants in the baseline that supply gloves 
Percentage of employers that will pay for gloves according to 
industry practice under revised standard &%* 
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BAGCOST 

BAGTLME 
-71 

CVAPCOST 
CVAPREPL 
EYECOST 
EYEREPL 
GLOVECOST 
GLOVEREPL 
LAUNDER 
LAUNDERCOST 
PPECOST 

PPEO&MNOTSUPPLYBASE 

PPEO&MSUPPLYNOTPAY 

Unit cost of hexavalent chromium hazard labels for glove 
disposal bags 
Employee time to dispose of a pair of gloves in labeled 
container, in minutes 
The unit cost for coveralls or aprons 
The annual number of replacements for coveralls or aprons 
Unit cost of eye protection 
Number of replacement during the year for eye protection 
The unit cost for gloves 
Number of replacements during the year from gloves 
Total number of PPE laundered per year 
Unit cost of laundering one article of PPE 
Total annualized O&M cost for protective work clothing and 
equipment 
Total annualized O&M cost for establishments that do not 
supply protective work clothing and equipment in the 
baseline 
Total annualized O&M cost for establishments that supply 
protective work clothing and equipment in the baseline but 
have employees pay 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

--+ 

The percent of workers already being supplied PPE was estimated from the report, “PPE Cost 
Survey, Final Report” (Eastern Research Group, Inc., June 23, 1999). This report provided a 
differentiation between large and small establishments for industry (separated between general 
industry, construction, and maritime); although, it did not provide the percent of workers being 
supplied PPE at the 2-digit SIC Code. Therefore, Shaw estimated that the percent of workers 
supplied PPE was independent of SIC Code and only dependent upon the size of the 
establishment. - N:\3\806674 OSHA\. ..\Final Cr Cost Rptdoc 
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The percent of companies that pay for PPE was also determined from that report. These figures 
were separated by SIC Code; however, there was no differentiation between large and small 
establishments. Therefore, Shaw estimated that the percent of workers paying for PPE was 
independent of the size of the establishment and only dependent upon SIC! Code. 

The affected industry sectors were qualitatively characterized with respect to worker potential for 
inhalation, dcrmal, and inhalatioddermal exposures based on OSHA guidance and specific 
industry sector knowledge. PPE requirements were invoked for industry sectors with potential 
for dermal exposure after engineering controls were implemented. 

The annual cost equation considers the cost of supplying appropriate protective clothing to those 
employees where a hazard is present or likely to be present from hexavalent chromium in 
establishments that 1) do not supply appropriate protective clothing in the baseline and 2 )  do 
supply personal protective clothing to employees in the baseline but have their employees pay 
the cost. 

The first cost equation determines the cost to establishments that do not siipply protective work 
clothing and equipment to their employees in the baseline and will now be required to do so 
under the revised standard. The first term in this cost equation is the cost of purchasing eye 
protection for their employees. This cost is calculated by multiplying unit cost of eye protection 
by the number of replacements for eye protection required throughout the year and by the 
quantity (1 - %EYEBASE). This quantity (1 - %EYEBASE) represents the percentage of 
establishments that do not supply eye protection for their employees. 

The second term is the cost of purchasing gloves for their employees. This cost is calculated by 
multiplying the unit cost of gloves by the number of replacements for gloves required throughout 
the year and by the quantity (1 - %GLOVEBASE). This quantity (1 - %GLOVEBASE) 
represents the percentage of establishments that do not supply gloves for their employees. 

The third term is the cost ofpurchasing coveralls or aprons for their employees. This cost is 
calculated by multiplying the unit cost of coveralls or aprons by the number of replacements for 
coveralls or aprons required throughout the year and by the quantity (1 - ?XVAPBASE). This 
quantity (1 - %CVAPBASE) represents the percentage of establishments that do not supply 
coveralls or aprons for their employees. 

e- 

-\ 
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The fourth term is the cost of laundering articles of personal protective equipment for their 
employees. This cost is calculated by multiplying the unit cost to launder one article of PPE by 
the number of replacements for coveralls or aprons required throughout the year and by the 
quantity (1 - %CVAPBASE). This quantity (1  - %CVAPBASE) represents the percentage of 
establishments that do not supply coveralls or aprons for their employees. The product of all of 
these represents the cost of laundering personal protective equipment for their employees. 

-- 
The communication provision also requires that bags or containers of contaminated clothing to 
be removed for laundering (and in general industry, waste consigned for disposal) be labeled 
with the appropriate information (Danger, Contains Chromium VI, etc.). It is projected that the 
laundering company will be informed of the presence of hexavalent chromium in the laundry at 
the commencement of the laundering agreement. Laundering facilities typically collect dirty 
uniforms for cleaning. It is estimated that the laundering facility will assume the cost burden for 
labeling the contaminated laundry and include that cost in their laundering fee. 

The fifth term is the cost associated with employee time for glove disposal into appropriately- 
labeled disposal containers. It is estimated that the time required for an employee to dispose of 
one pair of gloves into an appropriately-labeled container (represented by BAGTIME) is 1 
minute. The number of replacement gloves used throughout the year is multiplied by the time it 
takes an employee to dispose of a pair of glove, by a factor of 1/60 which is the conversion of 
minutes to hours, and by the non-supervisory wage rate of the employee. The product of these 
factors is then multiplied by the term (1 -%GLOVEBASE). This quantity (1 -%GLOVEBASE) 
represents the percentage of establishments that do not supply gloves for their employees. 

U 

The sixth term is the cost associated with purchasing appropriate labels for glove disposal 
containers. The number of replacement gloves used throughout the year is divided by 1,602. 
The factor of 1,602 is the estimated number of gloves that can fit into a thirty-gallon garbage 
bag. This factor (1,602) was determined by using the shipping volume of a box of 50 pairs of 
disposable nitrile gloves. The shipping volume of the box of 50 pairs of gloves is 144.14 in3 or 
0.624 gallons. The shipping volume was divided by 100 gloves to yield the volume of one 
glove. It was then estimated that the disposed gloves would be placed in a thirty-gallon garbage 
bag. It was estimated that the bag would not be filled to its entirety but, rather, only filled two- 
thirds before disposal would occur. This velds an effective disposal volume of 20 gallons. The 
effective disposal volume was then divided by the volume of one glove (determined previously) 
to yield the number of gloves that would fit into one disposal bag. It was then estimated that one 

-@- N:\3\806674 OSHA\. . .\Final Cr Cost Rpt.doc 

111-33 



Final Report 

label was needed for each bag. The number of replacement gloves was dlivided by the 1,602 
factor, multiplied by the cost of a label for each bag (represented by BAGCOST), and multiplied 
by the quantity (1 - %GLOVEBASE). This quantity (1 - %GLOVEBASE) represents the 
percentage of establishments that do not supply gloves for their employees. The product of all of 
these terms is the cost of labels for glove disposal bags by establishments that do not supply 
gloves to their employees in the baseline. 

The sum of the six terms was multiplied by the number of plants represented by the model input 
to yield the cost to the industry for personal protective clothing by establishments that did not 
supply personal protective clothing to their employees prior to the passage of the revised 
standard. 

The second cost equation determines the cost to establishments that supply protective work 
clothing and equipment to their employees in the baseline but require the employee to pay the 
cost of the personal protective equipment. These companies will now be required to provide the 
personal protective equipment at no charge to the employee so under the revised standard. The 
first term in this cost equation is the cost of purchasing eye protection for their employees. This 

protection required throughout the year by the percentage of establishments that provide eye 
protection to their employees. This is then multiplied by the quantity (1 - 
%EYEINDUSTPRACT). This quantity (1 - %EYEINDUSTPRACT) represents the percentage 
of establishments that had employees pay for eye protection in the baseline. 

is calculated by multiplying the unit cost of eye protection by the number of replacements for eye dla. 

The second term is the cost ofpurchasing gloves for their employees. This cost is calculated by 
multiplying the unit cost of gloves, by the number of replacements for gloves required 
throughout the year, by the percentage of employers that provided gloves for their employees in 
the baseline, and by the quantity (1 - %GLOVEINDUSTPRACT). The quantity (1 - 
%GLOVEINDUSTPRACT) represents the percentage of establishments that had employees pay 
for gloves in the baseline. 

The third term is the cost of purchasing coveralls or aprons for their emplloyees. This cost is 
calculated by multiplying the unit cost of coveralls or aprons, by the number of replacements for 
coveralls or aprons required throughout the year, by the percentage of employers that provided 
coverall or aprons for their employees in the baseline, and by the quantity (1 - 
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%CVAPINDUSTPRACT). The quantity (1 - %CVAPINDUSTPRACT) represents the 
percentage of establishments'that had employees pay for coverall or aprons in the baseline. U 

The fourth term is the cost of laundering articles of personal protective equipment for their 
employees. It was estimated that, since the employer had the employee pay for personal 
protective equipment, they would also require the employee to launder personal protective 
equipment at the employees' expense. Under the revised standard, the employer is required to 
clean, launder, repair, and replace all protective clothing at no expense to the employee. This 
cost is calculated by multiplying the unit cost to launder one article of PPE, by the number of 
replacements for coveralls or aprons required throughout the year, and by the percentage of 
establishments that do supply coveralls or aprons for their employees in the baseline. The 
product of all of these factors represents the cost of laundering personal protective equipment for 
their employees, who were provided personal protective clothing in the baseline. 

The communication provision also requires that bags or containers of contaminated clothing to 
be removed for laundering (and in general industry, waste consigned for disposal) to be labeled 
with the appropriate information (Danger, Contains Chromium VI, etc.). It is projected that the 
laundering company will be informed of the presence of hexavalent chromium in the laundry at 
the commencement of the laundering agreement. Laundering facilities typically collect dirty 
uniforms for cleaning. It is estimated that the laundering facility will assume the cost burden for 
labeling the contaminated laundry and include that cost in their laundering fee. 

-W- 

The fifth term is the cost associated with purchasing appropriate labels for glove disposal 
containers. The number of replacement gloves used throughout the year is divided by 1,602. 
The factor of 1,602 is used as the estimated number of gloves that can fit into a thirty-gallon 
garbage bag. This factor (1,602) was determined by using the shipping volume of a box of 50 
pairs of disposable nitrile gloves. The shipping volume of the box of 50 pairs of gloves is 144.14 
in3 or 0.624 gallons. The shipping volume was divided by 100 gloves to yield the volume of one 
glove. It was then estimated that the disposed gloves would be placed in a thirty-gallon garbage 
bag. However, it was estimated that the bag would not be filled to its entirety but, rather, only 
filled two-thirds before disposal would occur. This yields an effective disposal volume of 20 
gallons. The effective disposal volume was then divided by the volume of one glove 
(determined previously) to yield the number of gloves that would fit into one disposal bag. It 
was then estimated that one label was needcd for each bag. The number of replacement gloves is 
divided by the 1,602 factor, multiplied by the cost of a label for each bag (represented by 
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BAGCOST), and multiplied by the percentage of establishments that provided gloves for their 
employees in the baseline. The product of all of these terms is the cost of labels for glove 
disposal bags by establishments that supplied gloves to their employees i n  the baseline but are 
now required to label disposal bags. The cost of employee time for the disposal of gloves into 
appropriately labeled containers was not included because it was estimated that, prior to the 
passage of the revised standard, employees were already disposing of gloves into a container, 
and it would take the employee no additional time to dispose of gloves into the correctly-labeled 
container. 

The sum of the final terms is finally multiplied by the number of plants represented by the model 
input to yield the cost to the industry for personal protective clothing by establishments that 
supplied personal protective clothing to their employees but did so at the employees’ expense 
and will now be required to provide the personal protective clothing at nci expense to the 
employee after passage of the revised standard. 

The total cost of personal protective equipment to the entire industry under the revised standard 
is the sum of 1) the cost to industry for personal protective clothing by establishments that did 
not supply personal protective clothing to their employees prior to the passage of the revised 
standard and 2) the cost to industry for personal protective clothing by establishments that 
supplied personal protective clothing to their employees but did so at the employees’ expense 
(and will now be required to provide the personal protective clothing at no expense to the 
employee after passage of the revised standard). 
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HYGIENE AREAS 
The revised hexavalent chromium standard requires employers to provide clean change rooms 
when protective clothing and equipment is provided and to provide hand-washing facilities to 
employees who work in jobs where there is dermal exposure. The change rooms must be 
equipped with separate storage facilities for street clothes and for protective clothing and 
equipment. The cost for installing showers was also estimated as an option. These costs were 
determined by the following equations and variables: 

Capital Costs 
HNDWSHCAPCOST = 

Capital Charge Costs 
HNNDWSHCAPCHG = 

Capital Costs 
SHWRCAPCOST = 

Capital Charge Costs 
SHWRCAPCHG = 

=-i 

Capital Costs 
CHRMCAPCOST = 

Capital Charge Costs 
CHRMCAPCHG = 

HNDWSHCOST * #HNDWSH * %HNDWSHADD * 
#PLANTS 

HNDWSHCAPCOST * HNDWSHCRF (where n = 
HNDWSHLIFE, i = DICRATE) 

SHWRCOST * #SHWRS * %SHWRADD * #PLANTS 

SHWRCAPCOST * SHWRCRF (where n = SHWRLIFE, i = 
DISCRATE) 

CHRMCOST * EMPEXPDERM / SHIFTS * %CHRMADD * 
#PLANTS 

CHRMCAPCOST * CHRMCRF (where n = CHRMLIFE, i = 
DISCRATE) 

O&M Costs 
SHWRCHRMO&MCOST = [(SHWRVAR * EMPEXPDERM) f (SHWRTIME/60 * 

NONSUPWAGE * EMPEXPDERM) + (JANTIME160 * 
JANWAGE * #SHWRS)] * DAYS * %SHWRADD * 
#PLANTS 

O&M Costs 
HNDWSHCHRMO&MCOST = [(EMPEXPDERM * HNDWSHVAR + 

(JANTIMEHNDWSW60) * #HNDWSH * JANWAGE] * 
#DAYS * %HNDWSH * #PLANTS 
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Variables 
%CHRMADD 

%HNDWSH 
%SHWRADD 

#HNDWSH 
#PLANTS 
#SHWRS 
CHRMCAPCHG 
CHRMCAPCOST 
CHRMCOST 
CHRMCRF 
CHRMLIFE 
DAYS 
DISCRATE 
EMPEXPDERM 

HNDWSHCAGCHG 
HNDWSHCAPCOST 
HNDWSHCOST 
HNDWSHCRF 
HNDWSHLIFE 
HNDWSHCHRMO&MCOST 

HND W SHVAR 
SHWRCHRMO&MCOST 
JANTIME 

J ANTIMEHNDW SH 

JANWAGE 
NONSUPWAGE 
SHIFTS 
SHWRCAPCHG 
SHWRCAPCOST 
SHWRCOST 
SHWRCRF 
SHWRLIFE 
SHWRTIME 
SHWRVAR 

Percent of plants requiring additional change room 
facilities 
Percent of plants requiring additional hand washing units 
Percent of plants requiring additional showers and 
employee showering 
Number of hand washing units required per plant 
Number of plants represented by the model plant 
Number of additional shower heads needed per plant 
Annualized capital charge for CHRMCAPCOST 
Capital cost of change room facilities 
Cost per employee for change room facilities 
Capital recovery factor for CHRMCAPCOST 
Useful life, in years, of change room facilities 
Number of operating days per year per plant 
Discount rate 
Total number of employees at the plant with dermal 
exposure 
Annualized capital charge for HNDWSHCAPCOST 
Capital cost of hand washing facilities 
Cost of a hand washing unit 
Capital recovery factor for HNDWSHCOST 
Useful life, in years, of hand washirig units 
Annual O&M cost for hand washing units and change 
rooms 
Variable cost, per hand washing unit (soap, water, etc.) 
Annual O&M cost for showers and change rooms 
Daily janitorial and maintenance time, in minutes, per 
showerhead 
Daily janitorial and maintenance time, in minutes, per hand 
washing unit 
Janitorial wage rate, $/hour 
Nonsupervisory wage rate, $/hour 
Number of work shifts per plant 
Annualized capital charge for SHWRCAPCOST 
Capital cost of showers 
Cost per showerhead 
Capital recovery factor for SHWRCIAPCOST 
Useful life, in years, of showers 
Time, in minutes, to shower per employee 
Variable cost per shower (soap, clean towel, water, etc.) 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
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on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 

tri 

provisions. 

The percent of establishments already having hygiene areas was estimated fi-om the NIOSH 
report, “PPE Cost Survey, Final Report” (Eastern Research Group, Inc., June 23, 1999). 
Although this report does not contain data regarding hygiene areas, Shaw estimated that facilities 
that provide workers with PPE also provided workers with changing areas, showers, and 
handwashing facilities. The report did not provide any estimate of the percent of workers being 
supplied PPE and hygiene areas at the 2-digit SIC Code. However, the report did provide a 
differentiation between large and small establishments for industry overall. Therefore, Shaw 
estimated that the percent of workers supplied PPE and hygiene areas were independent of SIC 
and only dependent upon the size of the establishment. 

The affected industry sectors were qualitatively characterized with respect to worker potential for 
inhalation, dermal, and inhalatioddennal exposures based on OSHA guidance and specific 
industry sector knowledge. Hygiene areas were invoked for industry sectors with potential for 
dermal exposure after engineering controls were implemented. 

-- 

In the capital cost equation for showers (SHWRCAPCOST), a unit shower-head cost is 
SHWRCOST and is applied to every additional shower head that is needed at plants that do not 
have the required shower facilities in the baseline, represented by %SHWRADD. Fifty square 
feet of floor space per shower head are included. SHWRCOST also includes a building 
enclosure (painted concrete block), a building heater, and a water heater. The number of 
additional shower heads needed, #SHWRS, follows the specifications of 29 CFR 1910.141. A 
useful life of 10 years (SHWRLIFE = 10 years) and a discount rate of 7 percent (DISCRATE = 

7%) and 3 percent are used in determining the annualized capital cost of showers 
(SHWRCAPCHG). 

W N:\3\806674 OSHA\. . .\Final Cr Cost Rpl.doc 

111-39 



Final Report 

A capital cost is calculated for change room facilities, (CHRMCAPCOST). The unit cost per 
employee i s  CHRMCOST. CHRMCOST includes lockers with separate storage facilities, a 
bench, and 10 square feet of floor space per locker. It also includes pro rate shares (based on 
floor space) of the costs of a building enclosure and building heater included in 
SHWRCAPCOST. This is based on the assumption that the change room and showers share the 
same building. The capital cost of change room facilities is annualized over a useful life of 10 
years (CHRMLIFE = 10 years) using a discount rate of 7 percent (DISCRATE = 7%) and 3 
percent. 

A capital cost is calculated for hand washing units, (HNDWSHCAPCOST). The unit cost per 
unit is HNDWSHCOST. HNDWSH includes a utility basin, fixtures, and local pipe work. This 
is based on the assumption that the hand washing unit is built near existing hot and cold water 
lines. The capital cost of hand washing units is annualized over a useful Life of 10 years 
(HNDWSWLIFE = 10 years) using a discount rate of 7 percent (DISCRATE =7%) and 3 percent. 

The annual Q&M cost equation for showers and change rooms (SHWRCHRMO&MCOST ) 
considers the cost of worker time to shower and dry off (changing clothes is not considered 
because this is done anyway without showering) and the variable cost per shower for such items 
as soap, clean towels, and water, Incremental janitorial and maintenance time is also included. 
It is estimated that 7% minutes are needed to shower and dry off (SHWR'TIME = 7.5 minutes). 
This must be done once a day per employee (after each shift worked). The variable cost per 
shower (SHWRVAR) is estimated to be $0.50. One minute per day of janitorial time 
(JANTIME = 1 minute) will be needed for each new shower head. The number of operating 
days that the workers handle products containing hexavalent chromium, therefore, requiring 
showering is captured by DAYS. The incidence of incremental showering is captured by 
%SHWRADD, which is also used for the incidence of new showers needed in the capital cost 
equation. Therefore, it is estimated that if showers exist in the baseline, they are being used to 
the extent required by the revised standard. 

The annual O&M cost equation for hand washing units and change rooms 
(HNDWS HCHRMO&MCOST ) considers the variable cost associated with hand washing 
activities for such items as soap, water, etc. Incremental janitorial and maintenance time is also 
included (JANTIMEHNDWSH). This is estimated to be 10 minutes per hand washing unit. 
Everything in this equation is multiplied by the number of days per year (DAYS) that the 
employees contact hexavalent chromium, and therefore, require hand washing. The incidence of e 
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incremental hand washing is captured by %"DWSH, which is also used for the incidence of 
new hand washing units needed in the capital cost equation. Therefore, it is estimated that if 
hand washing units exist in the baseline, they are being used to the extent required by the revised 
standard. 

W 

The cost analysis for the construction and maritime industries are conducted in a slightly 
different manner even though the requirements of the revised standard are essentially the same. 
The difference arises from the fact that construction sites are rarely in the same location for 
extended period of time, and therefore, the use of permanent fixtures and structures is not always 
feasible. This effects the costing for two items, the showers and change rooms. 

The unit cost for shower facilities in construction industries increased to account for the fact that 
a mobile shower facility will be purchased by the employer for use at various construction sights. 
The second change is the for change areas. Rather then using a permanent structure, tents, 
chairs, and storage bins are used as a moveable change area for employees in the construction 
and maritime industry. 
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HOUSEKEEPING as1 
The housekeeping provision of the revised hexavalent chromium standard calls for surfaces 
contaminated with hexavalent chromium to be vacuumed with HEPA-filtered (or an equally 
effective filtration method, i.e., wet cleaning methods) equipment. For this provision, there are 
associated capital and annual O&M costs. These costs to establishments that use HEPA 
vacuums only for the housekeeping requirenients were determined by the following equations 
and variables: 

Capital Cost 
HSKCAPCOST = 

O&M Cost 
HSKO&MCOST = 

Capital Charge Cost 
Capital Charge Cost = 

#I’LANTSNEWHEPA * HEPACOST * #HE:PA 

((FILTCOST * #HEPA * #FILTS * #PLANTSNEWHEPA) + 
HEPAO&MFACT) + (%NOTRCRA * #BAGS * DISPOSALCOST 
+ (#PLANTSNE:WHEPA / (#PLANTS) * #DAYS * 
JANTIMEHEPA * JANWAGE)) * #PLANTS 

HSKCAPCOST * I-IEPACRF (where n = HE.PALIFE, i = 
D ISCRATE 

Total Annualized Cost of Housekeeping 
HSKCOST = 

Variables 
#BAGS 

#DAYS 
#FILTS 
#HEPA 
#PLANTS 
#PLANTSNEWHEPA 
%NOTRCRA 
D IS CRATE 
DISPOSALCOST 
FILTCOST 
HEPACOST 
HEPACRF 
HEPALIFE 
HEPAO&MFACT 

HSKCAPCHG 
HSKCAPCOST 
HSKCQST 

HSKO&MCOST + HSKCAPCHG 

Number of additional garbage bags required per establishment per 
yeas 
Number of operating days per year 
Annual number of replacement filters per HEPA vacuum 
Number of additional HEPA vacuums required 
Number of plants represented by the model plant 
Number of plants requiring new HEPA vacuums 
Pcrcent of plants not disposing of chromium under RCRA 
Discount rate 
Unit cost of garbage bags and disposal 
Unit cost of HEPA vacuum replacement filters 
Unit cost of HEPA vacuums 
Capital recovery factor for housekeeping 
Useful life, in years, of a HEPA vacuum 
Annual O&M cost of HEPA vacuums as a percentage of capital cost 
(assumes 5% of capital) 
Housekeepirig capital charge 
Total capital cost of housekeeping 
Total annualized housekeeping cost -- 
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HSKO&MCOST 
JANTIMEHEPA 

JANWAGE Janitorial wage rate, $/hour 

Total annualized O&M cost for housekeeping 
Janitorial time, in hours per day, to HEPA vacuum hexavalent 
chromium spills 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

The unit cost of a HEPA vacuum and filter is HEPACOST. The capital cost is calculated by 
multiplying HEPACOST by the number of new HEPA vacuums that are needed, #HEPA, and 
the number of plants that do not have the required equipment in the baseline, 
#PLANTSNEWHEPA. The capital cost is annualized using a useful life for HEPA vacuums of 
ten years (HEPALIFE = 10 years) and a discount rate of 7 percent (DISCRATE = 7%) and 3 
percent. 

-- 
The annual O&M cost followed from the need to replace filters and to operate and maintain the 
HEPA vacuums. Two replacement filters are estimated to be needed annually. The annual cost 
to operate and maintain HEPA vacuums is estimated as five percent of the capital cost 
(HEPAO&MFACT = 5%). In addition, disposal of chromium waste must occur in accordance 
with RCRA. This cost is determined by multiplying the amount of chromium waste generated 
(#BAGS) with the cost of proper disposal under RCRA (DISPOSALCOST), estimated to be 
$500, with the percent of plants not disposing of chromium waste under RCRA (this percentage 
should always be zero in this cost analysis because the cost of disposal is incurred by RCRA not 
the revised chromium standard). In addition, a term is included for the labor cost of custodial 
personnel to clean hexavalent chromium spills. This term is the ratio of the number of plants 
requiring new HEPA vacuums to the number of plants represented by the model plant 
(#PLANTS NEWHEPA / #PLANTS) multiplied by the number of operating days per year, the -- N:U\806674 OSHA\. . .\Final Cr Cost Rpt.doc 
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daily janitorial time (JANTIMEHEPA) (in hours per day) to clean hexavalent chromium- +4 
containing spills with a HEPA vacuum, and the custodial wage rate (JANWAGE). 

The construction and maritime industries were exempted from the housek:eeping requirement in 
the original proposed regulation. In the event that HEPA filter vacuums are recommended for 
the construction or maritime industries to reduce worker exposure to hexavalent chromium, the 
HEPA filter vacuums are included in the engineering control section of that industry. 

It is feasible in several industrics to use wet methods entirely or wet methods in conjunction with 
HEPA vacuums to satisfy the housekeeping requirements set forth in the Revised Standard. 
These industries include Sections 10 (Plastic Colorant Producers and Users), 20 (Textile 
Dyeing), 21 (Colored Glass), and 22 (Printing). The cost equations for these sections were 
modified to include the costs associated with wet method cleaning. The cost equations for these 
industries are shown below. 

Capital Cost 
HEPACAPCOST = 

O&M Cost 
HSKO&MCOST = 

Capital Charge Cost 
HSKCAPCHG = 

#PLANTSNEWHEPA * HEPACOST * #HE:PA + #PLANTSMOP * 
#MOPS * MOPBUCKCOST 

rl*, 

((FILTCOST * #HEPA * #FILTS * #PLANTSNEWHEPA) + 
HEPAO&MFACT) + (#PLANTSMOP * #MOPS * MOPCOST) + 
(((#SPILLDAYS * SPILLCOST) + (JANTIMESPILL * JANWAGE 
* #SPILLDAYS)) * #DAYS) * #PLANTSMOP + (%NOTRCRA * 
#I3AGS * DISPOSALCOST + (#PLANTSNIEWHEPA / 
(-#PLANTS) * #DAYS * JANTIMEHEPA * JANWAGE)) * 
#I' L,ANTS 

HSKCAPCOST * I-IEPACRF (where n = HE.PALIFE, i = 
DISCRATE 

Total Annualized Cost of Housekeeping 
HSKCOST = HSKO&MCOST + HSKCAPCHG 

Variables 
#BAGS 

#DAYS 
#FILTS 
#HEPA 
#MOPS 

Number of additional garbage bags required .per establishment per 
year 
Number of operating days per year 
Annual number of replacement filters per HElPA vacuum 
Number of additional HEPA vacuums required 
Number of additional mops and buckets required 
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#PLANTS Number of plants represented by the model plant 

#PLANTSNEWHEPA Numbcr of plants requiring new HEPA vacuums 
w #PLANTSMOP Number of plants requiring new mops and buckets 

#SPILLDAYS 
%NOTRCRA 
DISCRATE 
DISPOSALCOST 
FILTCOST 
HEPACAPCOST 
HEPACOST 
HEPACRF 
HEPALIFE 
HEPAO&MFACT 

HSKCAPCHG 
HSKCOST 
HSKO&MCOST 
JANTIMEHEPA 

JANTIMESPILL 
JANWAGE 
MOPBUCKCOST 
MOPCOST 
SPILLCOST w 

Number of wet spills per day 
Percent of plants not disposing of chromium under RCRA 
Discount rate 
Unit cost of garbage bags and disposal 
Unit cost of HEPA vacuum replacement filters 
Total capital cost of housekeeping 
Unit cost of HEPA vacuums 
Capital recovery factor for housekeeping 
Useful life, in years, of a HEPA vacuum 
Annual O&M cost of HEPA vacuums as a percentage of capital cost 
(assumes 5% of capital) 
Housekeeping capital charge 
Total annualized cost 
Total annualized O&M cost for housekeeping 
Janitorial time, in hours per day, to HEPA vacuum hexavalent 
chromium spills 
Janitorial Time to cleanup spill (hours) 
Janitorial wagc rate, $/hour 
Unit cost of mops and buckets 
Cost of mops 
Cost of water per spill 

With respect to cost incurred by the use of HEPA vacuums, the cost equations for industries that 
use a combination of wet methods and HEPA vacuums are identical to the cost equations for 
industries that use only HEPA vacuums for the housekeeping requirements in the revised 
standard. Therefore, the following discussion will only address the terms of the cost equations 
that relate to wet method cleanup only. 

The capital cost of housekeeping (represented by HEPACAPCOST) was modified to include a 
second term that accounts for the capital spent for wet method cleaning equipment. The second 
term is the product of the number of plants that require new mops and buckets with the number 
of additional mops and buckets required at an establishment and the unit cost of mops and 
buckets. It is estimated that a mop will be a 16 02. cotton cut end mop and the bucket will be a 
35 qt. mop bucket and squeeze wringer. 

The second term of the annual O&M cost of housekeeping (represented by HSKO&MCOST) 
addresses the purchase of new mops throughout the year. The cost is determined by multiplying 
the number of plants that require new mops and buckets by the number of additional mops and - N:\3\806674 OSHA\. . .\Final Cr Cost Rpt.doc 
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buckets required and the unit cost of a single mop. It is estimated that all establishments that 
required additional mops and buckets during the first year will only require additional mops in 
subsequent years. 

The third term of the annual O&M cost of housekeeping (represented by HSKO&MCOST) 
addresses the cost of the additional water use and janitorial time for using wet methods to fulfill 
the housekeeping requirements of the Revised Standard. An average of water commodity 
charges in areas serviced by Cincinnati Water Works was used in conjunction with an estimate 
that 5 gallons of water would be required to clean any spills. The average water commodity 
charge is $1.44/ccf. This yields cost of $0.0096 per spill. This number was then multiplied by 
the number of spills that occur per day to yield the cost of water per day lor cleaning spills. The 
cost of water per day for cleaning spills is then added to a quantity that represent janitorial time 
per to clean spills using wet methods. This quantity is determined by multiplying the number of 
spills that occur per day with the janitorial time required to cleanup spills and with the janitorial 
wage rate. The janitorial time to clean spills using wet methods is estimated to be % hour. The 
sum of the cost of janitorial time to clean spills per day and the cost of wilter to clean spills per 
day is then multiplied by the number of days the establishment operates per year and with the 
number of plant that require new mops and buckets to yield the combined cost of water for spill 
cleanup and employee time per year for the industry. 
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MEDICAL SURVEILLANCE 
The revised hexavalent chromium standards require employers to provide a “limited medical 
examination” to employees exposed to hexavalent chromium in an emergency, to employees 
with signs or symptoms of exposure to hexavalent chromium, and annually to employees 
exposed at or above the revised hexavalent chromium AL 30 days per year. Facilities with less 
than 30 days exposure to hexavalent chromium are not required to do medical surveillance. 

w 

The limited medical exam has the following requirements: 

1) Detailed medical and work history, with emphasis on past, present, and 
anticipated future exposure to hexavalent chromium; any history of respiratory 
system dysfunction, asthma, dermatitis, skin ulceration, or nasal septum 
perforation; and smoking status and history 

2) Physical examination assessing skin and respiratory tract 

3) Any additional tests deemed appropriate by the examining physician. 

The comprehensive medical exam requires these same elements, as well as the following (for 
employees with abnormal limited medical exam results): 

Py 
1) Physical examination assessing the eyes and the respiratory, cardiovascular, renal, 

and gastrointestinal systems 

2) Chromium in red blood cells testing 

3) At the discretion of the examining physician, a 14” x 17” or reasonably standard- 
sized posterior-anterior chest x-ray 

4) At the discretion of the examining physician, pulmonary function test to include 
forced vital capacity (FVC) and forced expiratory volume at one second (FEVl) 

3) Blood analysis of blood urea nitrogen and serum creatinine 

4) Urinalysis including specific gravity, total proteins, amino acids, uric acid, pH, 
glucose, and a microscopic examination of centrifuged sediment 

For both limited and comprehensive medical exams, employers are required to obtain fkom the 
examining physician a “written medical opinion” summarizing the results. 

The medical surveillance provision has associated up-front and annual O&M costs. These costs 
were determined by the following equations and variables: 
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Up-Front Costs 
MEDUFCOST = (((POTEXEMP - (LIMEMPPEL + LIMEMPDERM)) * 

LIMEMPDERM)) * LIMFULLTIME * NONSUPEWAGE) + 
LIMFULLCOST) + ((POTEXEMP - (LIMEMPPEL + 

((POTEXEMP - (LIMEMPPEL + LIMEMPDERM)) * %PREVABN 
:' COMPFULLCOST) + ((POTEXEMP - (LIh4EMPPEL + 
ILIMEMPDERM)) * %PREVABN * COMPFULLTHME * 
NONSUPEWAGE) + (POTEXEMP * MEDRECORD * CLWAGE)) 
* #PLANTS 

4- 

~- O&M Costs 
MEDO&MCOST = ((((LIMEMPPEL + LIMEMPDERM) * LIMFULLCOST) + 

((LIMEMPPEL + LIMEMPDERM) * LIMFU LLTIME * 
NONSUPEWAGE) -I- ((LIMEMPPEL + LIME,MPDERM) * 
(TRNOVER / 2) * COMPFULLCOST) + ((LIMEMPPEL + 
LIMEMPDERM) * (TRNOVER / 2) * COMP FULLTIME * 
NONSUPEWAGE) 4 ((LIMEMPPEL + LIMEMPDERM) * 
TRNOVER * (COMPFULLTIME * NONSUPEWAGE + 

LIMEMPDERM) * LIMPARTCOST + (LIMEMPPEL + 
ILIMEMPDERM) * LIMPARTTIME * NONSUPEWAGE) + 
((LIMEMPPEL + LIMEMPDERM) * (TRNOVER / 2) * 
(TRNOVER / 2) * ADDMEDTIME * NONSLJPEWAGE)) * 
ADDMEDCOST) + ((LIMEMPPEL + LIMEMPDERM) * %ALABN 
* ADDMEDTIME * NONSUPEWAGE) + ((LJMEMPPEL + 
LIMEMPDERM) * %ALABN * REASSESSTIME * SUPEWAGE) + 

* NONSUPEWAGE * 8 * MRPLEN))) * #PL4NTS 

COMPFULLCOST))) * ( I  - %BASEMED) + (((LIMEMPPEL + 

COMPPARTCOST + (LIMEMPPEL + LIMEMPDERM) * -lirrJlt 

%BASEMED + (((LIMEMPPEL + LIMEMPDERM) * YoALABN * 

((I - %TRANJOB) * (LIMEMPPEL + LIMEMPDERM) * %ALABN 

Variables 
#PLANTS 
%ALABN 

%BASEMED 
%DERMS&S 
%PREVABN 

YoTRAN JOB 

ADDMEDCOST 
ADDMEDTIME 

Number of plants represented by the model plmt 
Percent of employees exposed at or above the ,4L 30 days per year 
(and therefore requiring a limited or comprehe:nsive medical exam) 
who will be found to have abnormal results 
Percent of plants with annual medical testing in the baseline 
Percent of dermal1 y exposed employees with "signs and symptoms" 
Percent of previously exposed employees who will be found to have 
abnormal exam results 
Percent of plants that have jobs available for employees with abnormal 
exam results 
Cost of additional medical testing after exam results are abnormal 
Employee time, in hours, for additional medical testing after exam 
results are abnormal 11$ 
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W 

CLWAGE 
COMPARTCOST 
COMPFULLCOST 
COMPFULLTIME 
COMPPARTTIME 
LIMEMPDERM 

LIMEMPPEL 

LIMFULLCOST 
LIMFULLTIME 
LIMP ARTCOST 
LIMP ARTTIME 

MEDO&MCOST 
MEDRECORD 

MEDUFCOST 
MRPLEN 

NONSUPEWAGE 
POTEXEMP 

REASSESSTIME 

SUPEWAGE 
TRNOVER 

Clerical Wage, $/hr 
Cost of a partial comprehensive medical exam 
Full cost of a comprehensive medical exam 
Employee time, in hours, for a full comprehensive medical exam 
Incremental employee time, in hours, for a partial medical exam 
Number of employees above the AL requiring a limited medical exam 
b/c of dermal "signs and symptoms" after the implementation of 
engineering controls 
Number of employees requiring a limited medical exam b/c > AL after 
the implementation of engineering controls 
Full cost of a limited medical exam 
Employee time, in hours, for a full limited medical exam 
Cost of a partial limited medical exam 
Incremental employee time, in hours, for a partial limited medical 
exam 
Total annualized O&M cost 
Clerical time per employee, in hours, to establish detailed medical 
records 
Total up-front cost of medical surveillance 
Length of time medical removal protection benefits are required for 
employees that have abnormal exam results and cannot switch to a job 
that does not have exposure to hexavalent chromium in days 
Non-supervisory wage rate, $/hr 
Total number of potentially exposed employees above the AL and 
workers with "signs and symptoms" before the implementation of 
engineering controls. 
Supervisory time, in hours, for workplace reassessment after exam 
results are abnormal 
Supervisory wage rate, $/hr 
Employec turnover rate 

Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

The percent of workers experiencing signs and symptoms of dermal exposure was estimated 
using data from "U.S. Department of Labor, Bureau of Labor Statistics, Occupational Injuries 
and Illnesses, Total Recordable Cases of Skin Disease, 2001". This data was available for 2- 
digit SIC Codes. 
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The cost o € a  limited exam was estimated to be $125, based on the cost of physical exams in 
Maryland (Professional Judgement, OSHA, 2005). 

The industry turnover rate was estimated using data from “U.S. Department of Labor, Bureau of 
Labor Statistics, Job Openings and Labor Turnover Estimates, July 2002 -- July 2003.” The 
average monthly job turnover rate was calculated and multiplied by 12 to determine the annual 
rate. The annual job turnover rate for each industry is shown in Table 111.3. 

The up-front cost of medical surveillance (represented by MEDUFCOST) is the cost of 
providing medical surveillance to employees with exposure above the PEL prior to the 
implementation of engineering controls to lower employee exposures. 

The first term in the up-front cost of medical surveillance is the cost of a lull limited medical 
examination to all employees who are potentially exposed to airborne hexavalent chromium or 
who show signs and symptoms of exposure to hexavalent chromium. This cost is determined by 
multiplying the number of employees who are potentially exposed to airborne hexavalent 
chromium at levels higher than the AL by the cost of a full limited medical examination. The 
term, (POTEXEMP - (LIMEMPPEL + LIMEMPDERM)), represents the number of employees 
with potential exposure to hexavalent chromium at levels above the AL and employees with 
signs and symptoms of exposure to hexavalent chromium. The quantity, (LIMEMPPEL + 
LIMEMPDERM), is subtracted from POTEXEMP because, during the first year, the upfront cost 
of medical surveillance and the annual O&M cost are added together; subtracting the term 
(LIMEMPPEL + LIMEMPDERM) from the up-front cost equation avoids double counting the 
employees represented by LIMEMPPEL and LIMEMPDERM. 

The second term of the up-front medical surveillance cost equation is the cost of the employee 
time to receive the full limited medical examination. This cost is determined by multiplying the 
number of workers potentially exposed to airborne hexavalent chromium at levels higher then 
the AL by the amount of time required for an employee to undergo a full limited medical 
examination by the non-supervisory wage rate of the employee. Again, fix reasons stated 
previously, the term, (POTEXEMP - (LIMEMPPEL + LIMEMPDERM)), represents the number 
of employees with potential exposure to hexavalent chromium at levels above the AL and 
employees with signs and symptoms of exposure to hexavalent chromium. 
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The third term of the up-front medical surveillance cost equation is the cost of comprehensive 
medical examinations for employees who have abnormal medical exam results. This cost is 
determined by multiplying the number of employees who are potentially exposed to airborne 
hexavalent chromium at levels higher than the AL by the percentage of previously exposed 
employees who will be found to have abnormal test results (represented by %PREVABN) by the 
cost of a full comprehensive medical examination. The percentage of previously exposed 
employees who will be found to have abnormal test result is estimated to be 0.5 percent of 
exposed employees based on information provided by OSHA. Again, for reasons stated 
previously, the term, (POTEXEMP - (LIMEMPPEL + LIMEMPDERM)), represents the number 
of employees with potential exposure to hexavalent chromium at levels above the AL and 
employees with signs and symptoms of exposure to hexavalent chromium. 

-W 

The fourth term of the cost equation for the up-front cost of medical surveillance is the cost of 
employee time to receive comprehensive medical examinations after the employee is found to 
have abnormal test results. This cost is determined by multiplying the number of employees who 
are potentially exposed to airborne hexavalent chromium at levels higher then the AL by the 
percentage of previously exposed employees who will be found to have abnormal test results 
(represented by %PREVABN) by the amount of time required for and employee to undergo a 
full comprehensive medical examination by the non-supervisory wage rate of the employee. 
Again, for reasons stated previously, the term, (POTEXEMP - (LIMEMPPEL + 
LIMEMPDERM)), represents the number of employees with potential exposure to hexavalent 
chromium at levels above the AL and employees with signs and symptoms of exposure to 
hexavalent chromium. 

-w 

The final term in the cost equation of the up-front cost of medical surveillance is the cost for 
plant personnel to prepare all information required by the revised standard to be provided to the 
physician or other licensed health care professional (PLHCP). This cost is determined by 
multiplying the number of employees who are potentially exposed to airborne hexavalent 
chromium at levels higher then the AL by the amount of clerical time required to prepare the 
information by the clerical wage rate for plant personnel. 

All five terms are multiplied by the number of plants represented by the model input to 
determine the cost of up-front medical surveillance to the entire industry. 
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The second type of cost associated with the revised standard are the annual O&M costs 
associated with employee medical surveillance. 

The first cost associated with the annual O&M cost of medical surveillance is the cost associated 
with annual medical surveillance incurred by establishments that do not have annual medical 
surveillance for their employees in the baseline. This cost is represented by a large quantity 
multiplied by (1 - %BASEMED). Each temi of this large equation will bse discussed below. 

The first cost contained in the first term is the cost of full limited medical examinations for 
employees in  establishments that did not provide annual medical Surveillance in the baseline. 
This cost is determined by multiplying the number of employees that require a limited medical 
exam because their exposure is above the AL after the implementation of engineering controls 
and those that require a limited medical examination because of dermal "signs and symptoms" 
after the implementation of engineering controls (represented by LIMEMPPEL + 
LIMEMPDERM) with the cost of a full limited incdical examination. 

The second cost contained in the first term is the cost of employee time to receive a full limited 
medical examination for employees in establishments that did not provide annual medical 
surveillance in the baseline. This cost is determined by multiplying the number of employees 
that require a limited medical exam because their exposure is above the ALL after the 
implementation of engineering controls and those that require a limited medical examination 
because of dermal "signs and symptoms'' after the implementation of engineering controls 
(representcd by LIMEMPPEL + LIMEMPDERM) with the amount of time required to undergo a 
full limited medical examination by the non-supervisory wage rate of the employee. 

The third cost contained in the first term is the cost of providing a chromium medical 
examination for employees at the termination of employment. It is estimated that, at the 
termination of employment, the employee will be provided a comprehensive medical 
examination. This cost is determined by multiplying the number of employees that require a 
limited medical exam because their exposure is above the AL after the implementation of 
engineering controls and those that require a limited medical examination because of dermal 
"signs and symptoms" after the implementation of engineering controls (Iepresented by 
LIMEMPPEL + LIMEMPDEIIM) with the quantity (TRNOVElU2) and !he cost of a full 
comprehensive medical examination. The employee turnover rate is divided by two, because 
medical cxaminations must be provided at the termination of employment". . .unless the last 
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examination.. .was less then six months prior to the date of termination." It has been estimated 
that half of the employee turnover occurs at the beginning of the year and the other half occurs at 
the end of the year. Therefore, based on this estimation at any time during the year, it has been 
greater then six months since their last medical examination for half of the employees that are 
leaving, and therefore, these employees require a medical examination. 

W 

The fourth cost contained in the first tenn is the cost of employee time for receiving a chromium 
medical examination for employees at the termination of employment. It is estimated that, at the 
termination of employment, the employee will be provided a comprehensive medical 
examination. This cost is determined by multiplying the number of employees that require a 
limited medical exam because their exposure is above the AL after the implementation of 
engineering controls and those that require a limited medical examination because of dermal 
"signs and symptoms" after the implementation of engineering controls (represented by 
LIMEMPPEL + LIMEMPDERM) with the quantity (TRNOVEW2) with the amount of time 
required to undergo a full comprehensive medical examination by the non-supervisory wage rate 
of the employee. 

The fifth cost contained in the first term is the cost of providing a chromium medical 
examination to all employees at the beginning of employment and the cost of employee time to 
receive the examination. It is estimated that, at the beginning of employment, the employee will 
be provided a comprehensive medical examination. This cost is determined by multiplying the 
number of employees that require a limited medical exam because their exposure is above the 
AL after the implementation of engineering controls and those that require a limited medical 
examination because of dermal "signs and symptoms" after the implementation of engineering 
controls (represented by LIMEMPPEL + LIMEMPDERM) with the employee turnover rate and 
the quantity cost of a full comprehensive medical examination plus the amount of time required 
to undergo a full comprehensive medical examination times the non-supervisory wage rate of the 
employee. The employee turnover rate has been used because it has been estimated that the 
amount of employees hired throughout the year is equal to the number of employees that leave 
the establishment throughout the year. 

- 

The second cost associated with the annual O&M cost of medical surveillance is the cost 
associated with annual medical surveillance incurred by establishments that have annual medical 
surveillance for their employees in the baseline. This cost is represented by a large quantity 
multiplied by %BASEMED. Each tenn of this large equation will be discussed below. 
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The first cost contained in the second term is the incremental cost of partial limited medical 
examinations for employees in establishments that provided annual medical surveillance in the 
baseline. This cost is determined by multiplying the number of employees that require a limited 
medical exam because their exposure is above the AL after the implementation of engineering 
controls and those that require a limited medical examination because of dermal "signs and 
symptoms'' after the implementation of engineering controls (represented by LIMEMPPEL + 
LIMEMPDERM) with the cost of a partial limited medical examination. 

The second cost contained in the second term is the incremental cost of employee time to receive 
a partial limited medical examination for employees in establishments that provided annual 
medical surveillance in the baseline. This cost is determined by multiplying the number of 
employees that require a limited medical exam because their exposure is above the AL after the 
implementation of engineering controls and those that require a limited medical examination 
because of dermal "signs and symptoms'' after the implementation of engineering controls 
(represented by LIMEMPI'EL + LIMEMPDERM) with the amount of time required to undergo a 
partial limited medical examination by the non-supervisory wage rate of the employee. 

The third cost contained in the second term is the incremental cost of providing a chromium 
medical examination to employees at the termination of employment. It is estimated that, at the 
termination of employment, the employee will be provided a comprehensive medical 
examination. This cost is detcrmined by multiplying the number of employees that require a 
limited medical exam because their exposure is above the AL after the implementation of 
engineering controls and those that require a limited medical examination because of dermal 
"signs and symptoms" after the implementation of engineering controls (:represented by 
LIMEMPPEL + LIMEMPDERM) with the quantity (TRNOVEWZ) and the cost of a partial 
comprehensive medical examination. Again, the employee turnover rate is divided by two for 
the same reasons as discussed previously. 

The fourth cost contained in the second term is the incremental cost of employee time for 
receiving a chromium medical examination to employees at the termination of employment. It is 
estimated that, at the termination of employment, the employee will be provided a 
comprehensive medical examination. This cost is determined by multiplying the number of 
employees that require a limited medical exam because their exposure is above the AL after the 
implementation of engineering controls and those that require a limited medical examination 
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because of dermal "signs and symptoms" after the implementation of engineering controls 
(represented by LIMEMPPEL + LIMEMPDERM) with the quantity (TRNOVEW2) with the 
amount of time required to undergo a partial comprehensive medical examination by the non- 
supervisory wage rate of the employee. 

=W- 

The third term of the annual O&M cost of medical surveillance is the cost of additional medical 
testing for those employees who have abnormal medical examination results. Abnormal results 
will require additional medical testing "as deemed appropriate by the physician." This cost is 
determined by multiplying the number of employees that require a limited medical exam because 
their exposure is above the AL after the implementation of engineering controls and those that 
require a limited medical examination because of dermal "signs and symptoms" after the 
implementation of engineering controls (represented by LIMEMPPEL + LIMEMPDERM) with 
the percentage of employees who will be found to have abnormal test results with the cost of 
additional medical testing. The percentage of employees who will be found to have abnormal 
test result is estimated to be 0.5 percent of exposed employees based on information provided by 
OSHA. 

The fourth term is the cost of employee time for those employees who require additional medical 
testing because of abnormal test results. This cost is determined by multiplying of the number of 
employees that require a limited medical exam because their exposure is above the AL after the 
implementation of engineering controls and those that require a limited medical examination 
because of dermal "signs and symptoms" after the implementation of engineering controls 
(represented by LIMEMPPEL + LIMEMPDERM) with the percentage of employees who will be 
found to have abnormal test results with the amount of time required for additional medical 
testing with the non-supervisory wage rate of the employee. 

lirr 

The fifth term is the cost for a supervisor's reassessment of a work area after an employee's 
medical results have been shown to be abnormal. This reassessment is not prescribed under the 
revised standard, but rather, it is expected to be undertaken by any responsible employer. This 
cost is determined by multiplying the number of employees that require a limited medical exam 
because their exposure is above the AL after the implementation of engineering controls and 
those that require a limited medical examination because of dermal "signs and symptoms" after 
the implementation of engineering controls (represented by LIMEMPPEL + LIMEMPDERM) 
with the percentage of employees who will be found to have abnormal test results with the 
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amount of time required for supervisory reassessment with the supervisory wage rate of the 
supervisor. 

The final term is included in the cost equation but does not incur any cost under the current 
standard. This term accounts for the option that if deemed necessary by the examining 
physician, abnormal results may also require the employer to remove the employee fiom work- 
with “medical removal protection benefits” (e.g., same pay). The cost of this would depend in 
large part on whether there is an available job to which the employee can be transferred. The last 
bracket term in the annual O&M costs is associated with the cost of medical removal protection 
The term, %TRANJOB, represents the percentage of plants in thc industry/process sector with 
suitable jobs available to transfer for employees with abnormal exam results. The length for time 
that medical removal benefits are received (MRPLEN) is set to zero, to account for the fact that 
medical removal benefits are not required under the current standard (setting the length of time 
to zero forces the whole term to zero, thereby incurring no cost). This term has been left in the 
annual O&M cost equation in case there are any regulatory alternative options which would 
require the medical removal protection. The cost would then be incurred by simply changing the 
length of time that medical removal benefits are allowed. 
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COMMUNICATION OF HAZARDS TO EMPLOYEES 
The revised hexavalent chromium standards call for training for all employees who are 
potentially exposed to hexavalent chromium. The training should address, among other things, 
the health hazards of working with and being exposed to hexavalent chromium, measures being 
taken (as required by the revised standard) to protect workers, the proper use of respirators and 
other personal protective equipment, the medical surveillance program, and emergency 
procedures. The employer will provide additional training when training is necessary to ensure 
that each employee maintains an understanding of the safe use and handling of hexavalent 
chromium and when workplace changes result in an increase in employee exposure to hexavalent 
chromium. 

w 

Up-front and annual O&M costs are associated with elements of the provision that are 
incremental to training in the baseline and to training that is already required by the Hazard 
Communication Standard and state and local right-to-know laws. In addition, the revised 
standard requires warning signs to be posted to notify employees that they are about to enter a 
regulated area before they enter the regulated area. These costs were determined by the 
following equations and variables: 

-w COMMUFCOST = ((POTEXPEMP * EMPTIMEINIT * NONSUPEWAGE) + 
(SUPTIMEINIT * SUPEWAGE) + (CLTIMEINIT * CLWAGE) + 
(POTEXPEMP * TRAINAIDCOST) + (POTEXPEMP / 
#EMPSESSION * EMPTIMEINIT * BILINGWAGE)) * #PLANTS 

COMMCAPCOST= %ADDSIGN * (JCPEL * #SIGNS) * SIGNCOST * #PLANTS 

COMMO&MCOST = (POTEXPEMP * TRNOVR * EMPTIMEINIT * NONSUPEWAGE 
+ POTEXPEMP / #EMPSESSION * TRNOVR * EMPTIMEINIT * 
TRNOVR)) * EMPTIMEA” * NONSUPEWAGE + 

* EMPTIMEANN * BILINGWAGE) + (SUPTIMEANN * 
SUPEWAGE) + (CLTIMEANN * CLWAGE)) * (%ANNTRAIN) + 
((POTEXPEMP) * TRAINAIDCOST)) * #PLANTS 

BILINGWAGE) + ((((POTEXPEMP) - (POTEXPEMP * 
(((POTEXPEMP) - (POTEXPEMP * TRNOVR)) / #EMPSESSION) 

COMMCAPCHG = COMMCAPCCOST * SIGNCFW (where n = SIGNLIFE, i = 
DISCRATE 

COMMCOST = COMMCAPCHG + COMMO&MCOST 
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Number of potentially exposed employees per training session 
Number of plants represented by the model plant 
Number of warning signs for entering each regulated area 
Percent of plants requiring warning signs that employee is entering a 
regulated area signs 
Percent of establishments that require annual training 
Bilingual trainer wage rate, $/hour 
Annual clerical time, in hours, to prepare for annual training 
Clerical time, in hours, for initial training 
Clerical sage rate, $/hour 
Capital charge 
Total capital cost of communication of hazards 
Total annualized cost 
Total annualized O&M cost 
Total up-front cost of communication of hazards 
Discount rate 
Employee time, in hours, for annual training 
Employee time, in hours, for initial training 
Number of job categories exposed above the PEL 
Number of workers potentially exposed to airborne hexavalent 
chromium and workers with dermal exposure 
Unit cost of OSHA-regulation warning signs with mounting 
materials 
Capital recovery factor for COMMCAPCOST 
Useful life, in years, of a warning sign 
Non-supervisory wage rate, $/hour 
Supervisory wage rate, $/hour 
Annual supervisory time, in hours, for initial and annual training 
Supervisory time, in hours, for initial training 
Cost per employee for training aids and materials 
Employee turnover rate 

Variables 
#EMPSES SION 
#PLANTS 
#SIGNS 
%ADDSIGN 

%ANNTRAIN 
BILINGWAGE 
CLTIMEANN 
CLTIMEINIT 
CLWAGE 
COMMCAPCHG 
COMMCAPCOST 
COMMCOST 
COMMO&MCOST 
COMMUFCOST 
DISCRATE 
EMPTIMEANN 
EMPTIMEINIT 
JCPEL 
POTEXPEMP 

SIGNCOST 

SIGNCRF 
SIGNLIFE 
SNONSUPEWAGE 
SUPEWAGE 
SUPTIMEANN 
SUPTIMEINIT 
TRAINAIDCOST 
TRNOVR 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
experiencc, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 
N U\806674 OSHA\ \Final Cr Cost Rpt doc 

111-58 



Final Report 

t The industry turnover rate was estimated using data from “U.S. Department of Labor, Bureau of 
Labor Statistics, Job Openings and Labor Turnover Estimates, July 2002 - July 2003”. The 
average monthly job turnover rate was calculated and multiplied by 12 to determine the annual 
rate. The annual job turnover rate for each industry is shown in Table 111.3. 

The first type of cost induced by the revised standard is an up-front cost of training all employees 
who are exposed to airborne hexavalent chromium and those that have eye or skin contact with 
hexavalent chromium (represented by COMMUFCOST). The first tern1 in this cost equation is 
the cost of employee time for initial training. This cost is determined by multiplying the number 
of employees who are exposed to airborne hexavalent chromium and those employees that have 
eye or skin contact with hexavalent chromium by the amount of employee time that is required to 
train an employee by the non-supervisory wage rate of the employee. 

The second term in the up-front cost of training cost equation is the cost of supervisory time to 
prepare the initial training. This cost is determined by multiplying the amount of time required 
by a supervisor to prepare the initial training by the supervisory wage rate of the supervisor. 

The third term the up-front cost of training cost equation is the cost of clerical time to prepare 
training aids and materials for the up-front training. This cost is determined by multiplying the 
amount of clerical time required to create training aids by the clerical wage rate of the employee. 

pi 

The fourth term in the up-front cost of training cost equation is the cost of training materials for 
the employees who are undergoing initial training. This cost is determined by multiplying the 
number of employees who are exposed to airborne hexavalent chromium and those that have eye 
or skin contact with hexavalent chromium (represented by COMMUFCOST) by the cost of 
training materials per employee. 

The fifth and final term in the up-front cost of training cost equation is the cost of a bilingual 
trainer to provide the training to the employees. This cost is determined by multiplying the 
quantity, employees who are exposed to airborne hexavalent chromium and those that have eye 
or skin contact with hexavalent chromium divided by the number of employees per training 
session, by the amount of employee time that is required to train an employee by the bilingual 
trainer wage rate. 
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The five ternis are then summed together and multiplied by the number of plants represented by rllLc 
the model input to determine the cost incurred by the entire industry sector for up-front training. 

The second cost incurred is the cost of signs that an employee is about to enter a regulated area 
(represented by COMMCAPCOST). The method for determining this cost is identical to the 
methodology contained in the regulated areas section. 

The third type of cost is the annual O&M costs (represented by COMMO&MCOST) incurred by 
establishments primarily as they hire new employees and are required to train them. This cost 
contains several terms and the terms are discussed below. 

The first term in the annual O&M cost equation is the cost associated with providing initial 
training to ncw hires, This cost contains two components. The first component is the cost 
associated with employee time for the training of new hires. This cost is determined by 
multiplying the number of employees who are exposed to airborne hexavalent chromium and 
those that have eye or skin contact with hexavalent chromium by the turnover rate for that 
industry sector by the amount of time required to provide initial training to an employee by the 
non-supervisory wage rate of the employee. The second component is the cost associated with 
the bilingual trainer’s time for initial training of new hires. This cost is determined by 
multiplying the quantity, the number of employees who are exposed to airborne hexavalent 
chromium and those that have eye or skin contact with hexavalent chromium by employee 
turnover divided by the number of employees per training session, by the amount of employee 
time required to train an employee by the bilingual trainer wage rate. 

The third, fourth, fifth, and sixth terms are costs associated with the annuid training of 
employees. Annual training is not required by the revised standard and is not a cost incurred by 
these cost models because the percentage of establishments that require annual training is set to 
zero. This cost is included simply for ease of determining costs associated with annual training 
as a possible regulatory alternative. 

The seventh term is the cost of training materials. This cost is determined by multiplying the 
number of employees who are exposed to airborne hexavalent chromium and those that have eye 
or skin contact with hexavalent chromium by the cost of training materials per employee. 
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All seven terms contained in the annual O&M cost equation are summed together and multiplied 
by the number of plants represented by the model input to determine the cost incurred by the 
entire industry sector for the annual O&M cost associated with the communication of hazards to 
employees. 

I 

The total annualized cost is determined by adding the capital charge cost of capital equipment to 
the annual O&M cost of the communication of hazards to employees. 
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RECORDKEEPING 
The revised hexavalent chromium standard has various requirements for recordkeeping: 1 ) 
records of all air monitoring for hexavalent chromium in the workplace shall be kept (general 
industry only); 2) records for each employee covered by medical surveillance will be established 
and maintained; and 3) a “certification record” will be prepared for all employees upon 
completion of training. Records on workers with dermal exposure will also be maintained. 
Although many plants no doubt currently maintain records, additional recordkeeping will 
probably be necessary to meet the specific requirements of the new standard. It is estimated that 
incremental recordkeeping requirements are the same at each model plant. 

Information that is contained in the exposure monitoring records must be maintained in 
accordance with 29 CFR 1910.1020 and must include: 

The monitoring date, duration, and results in terms of an 8-hour TWA for each 
sample collected, 

Name, social security number, ’and job classification of the: employees monitored, 
and all other employees whose exposures the monitoring is intended to represent, 

Description of the sampling and analytical methods and evidence of their 
accuracy, 

Type of respiratory protective device, if applicable, worn by the monitored 
employee, and 

Notation of any other conditions that might have affected !he monitoring results. 
The employer shall also keep a record of all assessments, corrective steps, and 
audits carried out in accordance with this standard. 

Infomation that is contained in the medical surveillance records for the employees must be 
maintained in accordance with 29 CFR 1910.1020 and must include: 

1) Name, social security number, job title, location within the plant or establishment, 

2,) Copy of physician’s written opinions and an explanation sheet for biological 

3) Copy of medical history and the results of any physical examination and all test 

4) Employee’s medical symptoms that might be related to the hexavalent chromium, 

and description of their duties, 

monitoring, 

results which are required to be provided, 

and 
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5) Copy of the information provided to the physician as required by the medical 
surveillance provision. The employer shall assure that these records are 
maintained for the duration of employment plus thirty years. 

Information that is contained in the exposure monitoring records must include the following 
items: the identity of the person who was trained, the signature of the employer or the person 
who conducted the training, and the date the training was completed. The certification records 
shall be prepared at the completion of training and the records shall be kept on file for three years 
beyond the date of training of the employee. 

There are capital and annual O&M costs associated with the provisions for recordkeeping. 
These costs were determined by the following equations and variables: 

Capital Costs 
RECCAPCOST = FILECOST x (EMPEXP) x #PLANTS 

Capital Charge Costs 
RECCAPCHG = 

O&M Costs 
M RECO&MCOST = 

Variables 
#PLANTS 
CLWAGE 
DISCRATE 
EMPEXP 

FILECOST 
FILECRF 
FILELIFE 
RECCAPCHG 
RECCAPCOST 
RECO&MCOST 
RECTIME 

SUPWAGE 

RECCAPCOST x FILECRF (where n = FILELIFE, i = DISCRATE) 

[RECTIME x CLWAGE x (EMPEXP)] x #PLANTS 

Number of plants represcnted by the model plant 
Clerical wage rate, $/hour 
Discount rate 
Total number of employecs at the plant to airborne hexavalent 
chromium and employees exposed dermally 
Cost per employee for computer file space 
Capital recovery factor for RECCAPCOST 
Useful life, in years, of computer file space 
Annualized capital charge for RECCAPCOST 
Capital cost of recordkeeping 
Annual O&M cost of recordkeeping 
Annual incremental clerical recordkeeping time per employee, in 
hours 
Supervisory wage rate, $/hour 

Unit costs of variables (and their basis) used to estimate the costs of ancillary provisions for all 
industries are shown later in Table 111.1. Cost estimates for these variables were estimated based 
on site visits, NIOSH HHE reports, OSHA IMIS data, engineering judgment based on previous 
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experience, and other data as presented in “Industry Profile, Exposure Profile, Technological 
Feasibility Evaluation, and Environmental Impact for Industries Affected by a Revised OSHA 
Standard for Hexavalent Chromium (General Industry, Construction, and Maritime Sectors).” 
Wage rates for all industry sectors were determined from U.S. Department of Labor, Bureau of 
Labor Statistics and are shown in Table 111.2. Table 111.3 shows a summary of the estimated 
current industry sector practice with the revised hexavalent chromium standard ancillary 
provisions. 

The capital cost equation accounts for the rather minimal cost of additional file space for 
employees exposed above the action level and employees with dermal exposure. To get the 
capital charge, the capital cost is annualized over a useful life of ten years (FILELIFE = 10 
years) at a discount rate of 7 percent (DISCRATE = 7%) and 3 percent. 

In the annual O&M cost equation, it is estimated that 1 ?4 hours of incremental clerical time will 
be needed annually to maintain and update records for every employee exposed above the action 
level (RECTIME = ‘/z hours) and for every employee with dermal exposure. 

Unit Costs of Ancillary Provisions 
The following tables show the unit costs of items associated with the cosling of the ancillary 
provisions of the revised chromium standard. Table 111.1 shows the base cost of the items, the 
source of the cost, and escalation factors used to convert the base cost to 2003 dollars. Table 
111.1 also lists the index used to escalate the base cost, if escalation was required to estimate the 
cost in 2003 dollars. 

Table I11,2 shows the loaded wage rates used for the individual industry sectors in the 
development of the total industry cost. These wage data were derived ficlm 2001 Bureau of 
Labor Statistics wage rate data and have been adjusted to account for benefits, etc. 

Table 111.3 shows a summary of the estimated current industry sector practice with the revised 
hexavalent chromium standard ancillary provisions. 
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$25.86 $36.20 $ 1  8.65 $29.74 
$2 1.93 $30.71 $15.83 $11.99 $25.23 
$20.04 $28.07 $14.46 $10.95 $23.05 

$12.29 $25.87 - 

$36.24- $1 8.68 $14.14 $29.76 
30 $22.49 
31 $25.88 

$31.10 I $16.03 I $12.14 I $25.55 - 32 I $22.2 1 
lource: U.S. Dept. of Labor, OSHA, Office of Regulatory Analysis. 
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Final Report 

Table 111.4 presents engineering control costs associated with the draft revised hexavalent 
chromium standard, classified by industry sector, job category, control technology, and revised 
PEL. Table 111.4 also includes information on the number of exposed workers in the baseline 
exposure profile, classified in various exposure ranges, with a discount rate of 7 percent. 

w 

Table 111.5 presents detailed engineering control costs associated with the draft revised 
hexavalent chromium standard, classified by industry sector, job category, and control 
technology. Table 111.5 also includes information on capital costs, O&M costs, totalized 
annualized costs, and detailed design information (e.g., acfm, length of ductwork) for each type 
of control technology with a discount rate of 7 percent. 

Table 111.6 presents a summary of estimated compliance costs in general industry associated with 
various provisions of the draft revised standard with a discount rate of 7 percent. 

Table 111.7 presents a summary of estimated compliance costs in maritime associated with 
various provisions of the draft revised standard with a discount rate of 7 percent. 

Table 111.8 presents a summary of estimated compliance costs in the construction industry 
associated with various provisions of the draft revised standard with a discount rate of 7 percent. - 
Table 111.9 presents a summary of estimated compliance costs associated with various provisions 
of the draft revised standard for governments (state and local) in the states that have State Plans 
which cover public employees with a discount rate of 7 percent. 

Table 111.10 presents a summary of total estimated compliance costs associated with various 
provisions of the draft revised standard for general industry (including maritime), construction, 
and governments (state and local) in the states that have State Plans which cover public 
employees with a discount rate of 7 percent. 

Tables 111.1 1 through 111.22 present summaries of each of the regulatory provision costs by 
industry sector and establishment size with a discount rate of 7 percent. The following tables are 
provided: 

Table Regulatory Provision 
111.1 1 Total Regulatory Costs 
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111.12 
111.13 
111.14 
111.15 
111.16 
111. I7 

111.18 
111.19 
111.20 
111.2 1 
111.22 

Engineering Control Costs 
Initial Exposure Monitoring Costs 
Periodic Exposure Monitoring Costs 
Respiratory Protection Costs 
Personal Protective Equipment Costs (not already supplied by industry) 
Personal Protective Equipment Costs (supplied, but not currently paid for by 
industry) 

Hygiene Area Costs 
Housekeeping Costs 
Medical Surveillance Costs 
Hazard Conmunication Costs 
Recordkeeping Costs 

Discount Rate 
The cost estimates supplied in Tables 111.4 through 111.10 were calculated using a discount rate of 
7 percent. Additional cost estimates are shown in Tables 111.23 though 111.29 using a discount 
rate of 3 percent. 

Table 111.23 presents engineering control costs associated with the draft revised hexavalent 
chromium standard, classified by industry sector, job category, control technology, and revised 
PEL. Table 111.23 also includes information on the number of exposed workers in the baseline 
exposure profile, classified in various exposure ranges, with a discount rate of 3 percent. 

Table 111.24 presents detailed engineering control costs associated with the draft revised 
hexavalent chromium standard, classified by industry sector, job category, and control 
technology. Table 111.24 also includes information on capital costs, O&M costs, totalized 
annualized costs, and detailed design information (e.g., a c h ,  length of ductwork) for each type 
of control te:chnology with a discount rate of 3 percent. 

Table 111.25 presents a summary of estimated compliance costs in general industry associated 
with various provisions of the draft revised standard with a discount rate of 3 percent. The 
estimated cost of the Primary Choice ranged from $174,952,994 for a PEL of 20 &m3 to 
$1,430,350,251 for a PEL of 0.25 pg/1n3 calculated with a discount rate of 7 percent. The 
estimated cost of the Primary Choice ranged from $172,296,077 for a PEL of 20 pg/m3 to 
$1,397,984,532 for a PEL of 0.25 pg/m3 calculated with a discount rate of 3 percent. 
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Table 111.26 presents a summary of estimated compliance costs in maritime associated with 
various provisions of the draft revised standard with a discount rate of 3 percent. The estimated 
cost of the Primary Choice ranged fiom $12,98 1,969 for a PEL of 20 pg/m3 to $8 1,422,419 for a 
PEL of 0.25 pg/m3 calculated with a discount rate of 7 percent. The estimated cost of the 
Primary Choice ranged fiom $12,699,563 for a PEL of 20 pg/m3 to $79,579,600 for a PEL of 
0.25 pg/m3 calculated with a discount rate of 3 percent. 

Table 111.27 presents a summary of estimated compliance costs in the construction industry 
associated with various provisions of the draft revised standard with a discount rate of 3 percent. 
The estimated cost of the Primary Choice ranged from $34,012,607 for a PEL of 20 pg/m3 to 
$396,548,673 for a PEL of 0.25 pg/m3 calculated with a discount rate of 7 percent. The 
estimated cost of the Primary Choice ranged from $32,911,437 for a PEL of 20 pg/m3 to 
$373,765,825 for a PEL of 0.25 pg/m3 calculated with a discount rate of 3 percent. 

Table 111.28 presents a summary of estimated compliance costs associated with various 
provisions of the draft revised standard for governments (state and local) in the states that have 
State Plans which cover public employees with a discount rate of 3 percent. The estimated cost 
of the Primary Choice ranged fiom $1,916,200 for a PEL of 20 &m3 to $7,136,556 for a PEL of 
0.25 pg/m3 calculated with a discount rate of 7 percent. The estimated cost of the Primary 
Choice ranged fiom $1,884,021 for a PEL of 20 pg/rn3 to $6,936,645 for a PEL of 0.25 pg/m3 
calculated with a discount rate of 3 percent. 

w 

Table 111.29 presents a summary of total estimated compliance costs associated with various 
provisions of the draft revised standard for general industry, maritime, construction, and 
governments (state and local) in the states that have State Plans which cover public employees 
with a discount rate of 3 percent. The total estimated cost of the Primary Choice ranged from 
$223,863,769 for a PEL of 20 pg/m3 to $1,915,457,899 for aPEL of 0.25 pg/m3 calculated with 
a discount rate of 7 percent. The total estimated cost of the Primary Choice ranged from 
$219,791,098 for a PEL of 20 pg/m3 to $1,858,266,602 for a PEL of 0.25 pg/m3 calculated with 
a discount rate of 3 percent. 

Tables 111.30 through 111.41 present su&aries of each of the regulatory provision costs by 
industry sector and establishment size with a discount rate of 3 percent. The following tables are 
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Table Regulatory Provision 
111.3 0 
111.3 II 
III.3:I! 
111.33 
111.34 
111.35 
111.36 

111.3':7 
111.3 13 
III.3'3 
111.412 
111.4!1 

Total Regulatory Costs 
Engineering Control Costs 
Initial Exposure Monitoring Costs 
Periodic Exposure Monitoring Costs 
Respiratory Protection Costs 
Personal Protective Equipment Costs (not already supplied by industry) 
Personal Protective Equipment Costs (supplied, but not currently paid for by 
industry) 
Hygiene Area Costs 
Housekeeping Costs 
Medical Surveillance Costs 
Hazard Corrununication Costs 
Recordkeeping Costs 

lli.2 Time Distribution of Costs 
The first year costs for each of the ancillary provisions and each of the industry sectors was 
estimated for each of the PELs. These first year costs are shown in Tables 111.42 - 111.57. 

116.3 Costs of Regulatory Alternatives 
This section discusses alternatives to the draft revised standard that OSHA is considering. 

Welding 
One possible engineering control available to reduce personal hexavalent chromium exposure 
during weldiing is to change from Shielded Metal Arc Welding (SMAW) to Gas Metal Arc 
Welding (GIMAW). The baseline engineering controls estimate that 60 percent of SMAW can be 
converted to GMAW. A smsitivity analysis was performed for possible PELs of 1 p g h 3  and 5 
pg/m3 to determine the cost of converting both 0 percent and 90 percent of SMAW to GMAW, 
respectively, in addition to the baseline control cost. Tables 111.58 and 111.59 present the 
estimated to tal annualized cost for all establishments (large, small, carbon, and stainless steel) for 
possible PELS of 5 pdm3 and 1 pg/rn3, respectively, and the various substitution rates (0%, 60%, 
and 90%) at a discount rate of 7 percent. 
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The total annualized cost for welding at a PEL of 5 pdm3 and a discount rate of 7% ranges from 
$172,987,080 for 0 percent substitution of SMAW with GMAW to $1 18,023,637 for 90 percent 
substitution of SMAW with GMAW. The total annualized cost for welding at a PEL of 1 pg/m3 
and a discount rate of 7% ranges from $344,037,804 for 0 percent substitution of SMAW with 
GMAW to $282,946,680 for 90 percent substitution of SMAW with GMAW. 

i_ 

The cost estimates in Tables 111.58 and 111.59 show that as the amount of SMAW equipment is 
replaced by GMAW equipment increases fi-om 0 percent to 90 percent: 

The cost of engineering controls decreases because less expensive controls are required to 
meet the PEL. 

The cost of exposure monitoring decreases because workers are exposed to lower 
concentrations of hexavalent chromium because of better controls. 

The cost of respirator protection decreases because thc welding emissions are better 
controlled and fewer respirators are required. 

The cost of medical surveillance decreases because fewer respirators are required. 

Steel Mills and Electroplating 
Steel mills sometimes coat the rolls of steel with zinc and other metals to improve the metal 
properties. These coating lines sometimes use hexavalent chromium chemicals and may be 
located within the steel mill facilities. When developing the cost estimates for electroplating and 
steel mills, these application groups were initially considered separately. A cost analysis was 
conducted to determine the effect of electroplating on steel mill costs. 

--- 

The estimated compliance costs for all (large, small, carbon, and stainless steel) steel mills 
associated with various provisions of the draft revised standard with a discount rate of 7 percent 
(not including electroplating) ranged from $3,117,664 for a PEL of 20 pg/m3 to $83,379,740 for 
a PEL of 0.25 pg/m3. The estimated compliance costs for all (large, small, carbon, and stainless 
steel) steel mills associated with various provisions of the draft revised standard with a discount 
rate of 7 percent (including electroplating) ranged from $3,258,397 for a PEL of 20 pg/m3 to 
$86,484,524 for a PEL of 0.25 pg/m3. The estimated cost increased approximately 4.5 percent 
and 3.7 percent for PELS of 20 pg/m3 to 0.25 pg/m3, respectively. 

The estimated compliance costs for all (large, small, carbon, and stainless steel) steel mills 
associated with various provisions of the draft revised standard with a discount rate of 3 percent 
(not including electroplating) ranged from $2,979,000 for a PEL of 20 &m3 to $78,75 1,144 for 
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a PEL of 0.25 pg/m3. The estimated compliance costs for all (large, small, carbon, and stainless -- 
steel) steel mills associated with various provisions of the draft revised standard with a discount 
rate of 7 percent (including electroplatting) ranged fi-om $3,125,771 for a PEL of 20 pg/m3 to 
$81,811,641 for a PEL of 0.25 pg/m3. The estimated cost increased approximately 4.9 percent 
and 3.9 percent for PELS 0 t 20 pg/m:’ to 0.25 pg/m3, respectively. 

Electroplat iw 
The estimatcd compliance costs for the entire electroplating application group associated with 
various provisions of the draft revised standard with a discount rate of 7 percent ranged fi-om 
$32,028,753 for a PEL of 20 pg/m3 to $596,490,307 for a PEL of 0.25 pg/m3. The estimated 
compliance costs for the entire electroplating application group associated with various 
provisions olf the draft revised standard with a discount rate of 3 percent ranged from 
$3 1,108,335 for a PEL of ;!O pg/m3 to $587,909,524 for a PEL of 0.25 pg/m3. 

The cost for an electroplating SECAL, no engineering controls (respirator use only), 
electroplatirg job shops, arid chrome conversion coating were also determined apart from the 
entire electroplating application group. 

SECAL (Sepgrate EnEinegrw Control Air Limit! 
A Separate Engineering Control Air Limits (SECAL) is an engineering control limit for certain 
processes in which the PEL cannot be achieved solely through engineering controls and work 
practices. PI, SECAL of 5 pg/m3 was evaluated for the electroplating industry. In this analysis, 
engineering controls were used to control personal hexavalent chromium exposures down to 5 
pg/1n3. Below 5 pg/m3, air-purifying respirators were used to protect workers to the applicable 
PEL. 

The estimated compliance costs for the entire electroplating application group associated with 
various provisions of the draft revised standard (including a SECAL of 5 pg/m3) with a discount 
rate of 7 percent ranged from $53,204,598 for a PEL of 20 pg/m3 to $331,128,014 for a PEL of 
0.25 pg/m3. The estimated compliance costs for the entire electroplating application group 
associated with various provisions of the draft revised standard (including a SECAL of 5 pg/m3) 
with a discount rate of 3 perccnt ranged from $52,295,577 for a PEL of 20 pg/m3 to 
$330,220,303 for a ?EL of0.25 pg/m3. 
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No Engineerinp Controls (Respirators Only) 
In addition to the SECAL described above, the option of requiring no engineering controls was 
explored. In this option, air-purifying respirators were estimated for all workers exposed to 
hexavalent chromium above the revised PEL. 

--- 
The estimated compliance costs for the entire electroplating application group associated with 
various provisions of the draft revised standard (including no engineering controls) with a 
discount rate of 7 percent ranged fkom $60,578,879 for a PEL of 20 pg/m3 to $271,925,737 for a 
PEL of 0.25 pg/m3. The estimated compliance costs for the entire electroplating application 
group associated with various provisions of the draft revised standard (including no engineering 
controls) with a discount rate of 3 percent ranged from $59,765,222 for a PEL of 20 pg/m3 to 
$270,884,058 for a PEL of 0.25 &m3. 

Job Shops 
The total cost for electroplating job shops was estimated as follows: 

1. The number of job shops performing decorative plating, hard plating, anodizing, 
conversion coating, and combinations of these processes was determined from Table 1-4 
of the electroplating profile. Based on the establishment distribution for job shops in 
Table 1 - 1 of the electroplating profile, these processes were distributed as 3 1 % large 
establishments and 69% small establishments. 

2. The exposure distribution in Table 1-9 of the exposure profile was used; however, several 
changes were made. All job shop platers and job shop chrome platers were kept. All 
captive shop platers and captive shop chrome platers were discarded. Thirty-four percent 
of the remaining workers (hard chrome, decorative chrome, anodizer, operator, 
help/operator, and conversion coater) were accounted for to match the number of workers 
shown in job shops in Table 1-1 of the electroplating profile. 

3. The economic impact for job shops was not divided between several NAICS codes, 
because job shops are only NAICS code 3328 13. 

4. The costing methodology proceeded as usual based on these plating lines and employees. 
The cost for a large individual job shop was the cost for all large job shops divided by the 
number of large job shops. The cost for a small individual job shop was calculated in a 
similar manner. 

The number of plating lines at a typical job shop was estimated as follows: 
1. Ten plating lines and three plating lines were estimated for each large and small plating 

establishment, respectively. 
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2. The percent of job shops performing decorative plating, hard plating, anodizing, 
conversion coating, and combinations of these processes was determined from Table 1-4 
of the electroplating profile. 

3. The percent of job shops was multiplied by the number of plating lines (10 or 3). If a 
coml)ination of plating techniques was listed in Table 1-4, the different plating techniques 
were divided equally between the different techniques. 

4. The itiumber of plating lines were added together (from the categories listed in Table 1-4) 
for eilch plating technique to provide the following estimate: 

Plating Lines Large Job Shops Small Job Shops 
Hard Chrome 2.1 0.6 
Decorative Chrome 3.5 1 .o 
Anodizing 1.3 0.4 
Conversion Coating 3.1 0.9 

The estimatcd compliance costs for electroplating job shops associated with various provisions 
ofthe draft revised standard with a discount rate o f7  percent ranged from $26,817,695 for a PEL 
of20 pg/m3 to $188,652,555 for a PEL of 0.2.5 pg/m3. The estimated compliance costs for 
electroplating job shops associated with various provisions of the draft revised standard with a 
discount ratc.: of 3 percent ranged from $26,33 1,885 for a PEL of 20 pg/m3 to $1 8 1,565,868 for a 
PEL 0f0.25 pg/m3. 

Chrome Cowersion Coatirix 
The estimatcd compliance costs for chrome conversion coating associated with various 
provisions of the draft revised standard with a discount rate of 7 percent ranged from $7,454,4 19 
for a PEL of20 pg/m3 to $77,063,040 for a PEL of 0.25 pg/m3. The estimated compliance costs 
for chrome conversion coating associated with various provisions of the draft revised standard 
with a discoimt rate of 3 percent ranged from $7,3 13,009 for a PEL of 20 pg/m3 to $76,083,309 
for a PEL 01’0.25 pg/m3. 

N:\3\806674 OSHA\. . .\Final Cr Cost Rpt.dos 



---’ 3 
a w 
-0 
C m 

a 
0 
-J 

I 
0 0 0 0 0 0 0 0 0  0 I ?  

m 9 ”  O L D  7. O 0  

r - 0  0 0  0 0  “ 
9 . - 
0 0  o m  m o  
v) N ( 9  
7 

N O  0 0  0 0  
m P 

N 
“. 
m N  0 0  0 0  m v )  x m 

0 0  0 0  0 0  

cno 0 0  0 0  
3 

w m  7 



o c  e e m  

o c  m w  

3 0 C> V> N 'nc 
A +e tr> (D N m l n  2" 

0 0 

2 
N 

N 
4 

0 0 0 0 0 0 0  
eetfttftootftffl z. g. 

F.42 
t9 

0 0 0 0 0 0 0  
t 9 t R t f t o o t f t w  ;;. g. 

. - m  N e e  ee 

4 

In 0 0 & 



C 
C c 
C 
C 
LT 

- 
C 
C 
- 
r 

n 
! 

C 
lr: 

C 

C 

C 

& 

c 

9 

2 
3 

m 
5 

r- z 

m 
N 

x m 
0 10 N 

m 
c? 

N 
N 

10 M M 

moot 0 0 0 ,  * 

OOC-JZ 0 0 0 ,  

C O O N  0 O O l  
N 

o o w o  0 0 0 ,  
' O N  

m o w r -  o o o <  " 

0V)ar- 
1 0 h O  O o 0 (  

g O W -  N O N .  2 0  P m o  
'D 

u) 

._ m 
m - c 

10 (D 

m m 

m P 

2 
r 

8 

N 10 

m r- 

IC 0 N 

- 0  0 

N 
O 0  r- 

N m  0 

m m  0 
N 

- 7  0 
N 

0 0 2  

- a  O 

- I C  0 
Ln 

e 
.a 
m 
3 

m 

- 
n 

r 
2 



3 3  

F? 

m 
(0 z h 

W 0 0 

k 



0 0 0 0 0  o o c  

0 0 0 0 0  O O C  

0 0 0 0 0  o o c  

0 0 0 0 0  O D E  

w o o m  0 0 -  
al 0 .n - . -  2 ‘4 r. m 

0 0 ;  
w o o m  w 
W 

m 
r 

0 m 
‘4 ”. m 

0 0 0 0 0  o o c  

0 0 0 0  0 0 0 0  0 0 0 0 0  

0 0 0 0  0 0 0 0  0 0 0 0 0  

0 0 0 0  0 0 0 0  0 0 0 0 ~  

0 0 0 0  0 0 0 0  O O O O h  

,- 

W O N . -  o o o o c  
5 

z Z O C :  N 

2 f O E  

N o m -  0 0 0 o F l  

0 0 0 0  o o o o m  N 0 0 0 0  

0 0 - 0  O N 0 0  O O Z W O  



0 0 0 0 0 0  w s m t f t - t . 3 ~  

Y) 

01 I 

z 
f 

0 0 0 0 0 0 0 0 0  
f f ) f f ) t f t b 9 t f t e 3 t = ? e ~  0 0  wt.3 0 t.3 

0 0 0  0 0 0 0 0 0  
t f t t f t * - t f t - - - *  0 0  C f ) -  0 t.3 

W 0 
0 N 

k 



W 0 
0 N . : 

0 o o o <  

0 o o o <  

0 O O O (  

0 O O O C  

I 

0 l n o o c  
IC a :  

0 r- m o o :  
". L 
P r  

0 O O O C  
c 

0 o o o c  

m 
m n 



0 0  ( 3 0  
et9 t * t e  

0 0  ( 3 0  
-69 t * *  

0 0  D O  
et9 -69 

y1 n 5f 

0 - O )  0 0 0  o o m  
00- mt9QV) -690 
t 9 -- N. -. 

f 
0 

N Z F :  t% 
e9-u 

g 

3 
3 
E 

LD m o o o c  
N (0 6 9 m t 4 f f  z z  

Lo 69 

x e 

o c  6 9 t t  

o c  * Y  

o c  t 9 f f  

o c  t 9 Y  

o c  C e Y  

o c  t . 9 w  

m T  

3 :  U I  
._ 'u .I 
? ! $  
3 1  2 :  
c i  
8 1  
0 1  zi 

$ 
m 
a ;  

+ c ._ 

$ 1  
a ,  v ) .  

ol 

c 
m 

.- c 

.- 
a .  

0 m 

(D 0 0 & 

' 
m 

c. 

8 
m D 

z 



m 



'U 
K m 

n 
0 
-J 

t 

o c >  0 t - o o o o o c  

P m 'a 

- 0  m ( o - ' a m m o m  
N. '9 

m - 0. -- 
Of 

O C ,  0 t - o o o o o c  m o  'a ( ~ ' a t e t e ' a o m  
'9 
F 

C? N. 

;J; m 7. 

(A 
M 

0 0  m t - 0 0 0 0 0 0  
M O  m ( ~ o ~ o m o m  '; z. ;. g :. '4 

c 
'Is te m m e  m 

O C I  m t - o o o o o c  
e 3 0  m L D O t e O t e O H  

C? *. y. g B '9 
N . -  m m  7-  m 

e* m m e9 

4 



a 

x 

o m  
7 

N O  N 

N O  

m m  
r 

- N  

0 0  

0 0  

0 0  

0 0 0 0 0  0 0 0  

0 0 0 0 0  O O N  

N O 0 0 0  00.- 

o o o o o  m o -  

m o o o o  o o o  

P O O O r n  o m 0  

N U ) N N O  0 0 0  
. - L O - -  

0 0 0 0 0  0 0 0  

o o c  

0 0 1  

0 0 1  

a m 1  
c 

0 Y ) c  

m o c  

Z O C  m 

O O C  

m 
r- * 

- 
N 

0 

0 
Y 

m m 

m m 

ul r- 

0 0 * 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

z s  w r n  

0 0  

o o o o c  

o o o o c  

o o o o c  

r - m m o c  -t 

r - O O O C  - 
O O O r n C  

0 P 0 0 0  

* * m o p :  



-D 
c m 
s m 
0 
0 
c 
.c 
0 
a, 
I- 

.- 

.- 
2 -c 
C 
0 
13 

i. 

3 
0 m 
a, .e 

I- 
O 
0 
a, m 
+d 

W 
a, 
m 
u 
0 
u) 

.- 

2 
u) 
rn 
0 
4-a 

0 
m 
C 
'C 
a, 
a, 
C 
0 
c 
W 

.- 

I- 

6 

h 
f 

m 
? 

ID ID 0 



-i- 
a W 

XI 
C m 

0 0 

0 0 

0 0 

N 0 
N 

0 0 

0 m 0 

0 0 

0 0 

0 0 0 0 0 0  

0 0 0 0 0 0  

0 0 0 0 0 L n  

O * O P O O  

o o * o * o  

r n O O O O O  

0 0 0 0 0 0  

0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0  

m o o o o o o o o  

0 0 0 0 0 0 0 0 0  

O N - - O O m O O  

O N O O m m O O m  

9 

a 



5 5 s  .- x 
m w  
z c  

b c 1 1  

0 

m 

w 

,a 
P 

c 







2 

P 

4- 
u) 
3 

73 

m 
0 
0 
v) 

8 
.- 

m w o  
2 3  

m m o  m m  
N 

m u 3 0  
E 8  

o o w  m 
N .-. 

m L D 0  
- P  
m P  

8 Z 5  
NU) 

0 0 0 2  m 
m m 

o o m  P W 

E E  u s  

U z  W Z N m  

r - m  N O O m  

0 0  O O N r n  

r m  N O L O O  
7- ..- 
0 0  0 0 0 0  

0 0  0 0 0 0  

0 0  0 0 0 0  

0 0  0 0 0 0  

o o o o c  z 
r - N O O C  m m  

P - N O O C  m m  

P - m o z u  m -  
r .-* 

O O O O C  

0 0 0  

0 0 0  

0 0 0  

0 0 0  

0 0 0  

0 0 0  

0 0 0  

0 0 0  
0 0 0  

In 
P-. N IC 



E 
i 
c c 

E 
c 
c 
1 
E 
t 

I[ 

m ._ c 
m 
?ti 

0 0  0 0 0 0 4  
fftm m m m v f e  

0 0  O O O O <  v f m  m m m m (  

0 0  0 0 0 0 '  m e  f f t v f m m e  

0 0  o o o o <  m v f  m m t f t m t  

0 0  o o o o <  m m  m m t e v f 9 t  

0 0  o o o o <  m m  m m m t e t  

c 

E! m 

0 0  m m  

0 0  v f m  

0 0  mtft 

0 0  e m  

0 0  m w  

0 0  m m  

n o  
._ e 2  
3 '5 

9 9  
P e  
E E  
8 8  
B B  

w e F  

L 
W L  
E l  
& S  

m ._ c 
.- C 
I i  

N N 

W 0 
0 N . * 



W -  -I 
W a 
U c m 
s; 
Is) 
0 
0 
C 
c u 
a, 
I- 

- 

- e c 
C 
0 
0 

2 
Is) 
a, 
m 
0 
+ 

L 

+ 0 
0 
a, 
(I) 

> 
2 

a, 
5 

v) 

v) 
+ 

8 
Is) 
C 
'E 
a, 
a, !z 
Is) 
C w 
.- 

a, - n 
F 

3 "  a 

c m x - m 
0 
c 

.- s 
E m  e c  
6 3  
* N 

0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0  

o o o r n o 1 7 ) o o  

O O O r n O O O O  

~ a ~ m m m o o  
r -  

o o o r n o o ( o y 1  

m 
t 
i: 
3 
C 
3 
C 
m 
? 

- 

m 
5 
0 

0 0 0 0 0 0  

0 0 0 0 0 0  

0 0 0 0 0 0  

0 0 0 0 0 0  

? m o o  
I. 

W O  
N 7 
m 

0 0 0 0 0 0  

c 
3 
D 

m 
cn 

r- N 

W 0 
0 N 

;;s s 

i 

P g 
0 
* I. W W 

-I: z 



0 0 0 0 0 0  m 64 m <e m te 

W 0 
0 N 

h 



-z- 
W 
IL 
-0 
C m 

- 
2 
Y c 
0 
0 

G 
23) 
a, c 

3 
n 
0 
7 
i 
0 
0 
a, cn 
c 

u) 
u) 
+ 

s 

0 0  

0 0  

0 0  

0 0  

N m *. 
2 

f .- 
Lo- 
N 

m 
Lo 

N 
fi 
b 10 

u) 
a 
m 
'4 
m 
P 
0 

m 
P 

; m 

Ln P r 

r 
N 



.-1 
LU 
LL 
-0 c m 

8 8  

8 8  

8 8  

8 8  

8 8  

W 8  

8 8  

0 0  
6 9 -  

W 0 
0 N . 
%&& 



3 
c 

m N 





B 
P 

a 
r 

Lo N 



4 4 4 a a 4  9 2 1 2 1 2 1  

d d S S  .-I. z z z z  z z z z  S S 9  

A - 
P 
w 

P 

S 6 4 S  6 6 6  6 4 6  z z z z  z z z  z z z  

S d S S  d S d  d S 4  z z z z  z z z  z z z  

g 
p 
a 
m 

0 p 
r , ,  
2 BE 
w 

,.La 
(D N 



B 
I +. 

5 .@ 
e 5 



x 
2 
.d 

.A in 

s 





1 





r. x 
V 
D CI 

S. C) 
W 

cn -_ 

I-- __ 
g 
c3 
C. 

n 
0 -3 

+- 
u) 

W 
13 m 
I-- 

_- 



8 S i E  * d 
I) 



x 





-0 c 
m 

' 
ID m 



V'  

5 
n 
D 

> 

i 

3 
c 

IC m 



9 s  6 6 6 6 6 9 6 6 6 6  z z  z z z z z z z z z z  5 

U 
f 1 4  

6 6 s  z z z  

6 6 6  z z z  

6 6 6  z z z  

6 6 6  z z z  



3 
L 

m m 



r 
0 c s 



- 
2 c c s 
u c 
m 
i5 
d 
J 
0 
0 

0 7 

W 
G 

4 c 

I i  









-i 
Abbreviations 

uglm3 
LOD 
PEL 
LEV 
SMAW 
GMAW 
TIG 
SAW 
FCAW 
c 0 2  
Ar 
HVLP 
ft/min 
HEPA 
HVAC 
ACG I H 
Cr(V1) 
DEC 
HVLV 

micrograms per cubic meter 
level of detection 
permissible exposure limit 
local exhaust ventilation 
shielded metal arc welding 
gas metal arc welding 
tungsten inert gas 
submerged arc welding 
flux cored arc welding 
carbon dioxide 
argon 
high volume, low pressure 
feet per minute 
high efficiency particulate air 
heating, ventilation. air-conditioning 
American Conference of Governmental Industrial Hygienists 
hexavalent chromium 
direct-shell evacuation control 
high volume, low velocity 
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LOD 
PEL 
LEV 
SMAW 
GMAW 
TIG 
SAW 
FCAW 
c o 2  
Ar 
HVLP 
Wmin 
HEPA 
HVAC 
ACGIH 
Cr(V1) 
DEC 
HVLV 

micrograms per wbic meter 
level of detection 
permissible exposure limit 
local exhaust ventilation 
shielded metal arc welding 
gas metal arc welding 
tungsten inert gas 
submerged arc welding 
flux mred arc welding 
carbon dioxide 
argon 
high volume, low pressure 
feet per minute 
high efficiency particulate air 
heating, ventilation, air-conditioning 
American Conference of Governmental Industrial Hygienists 
hexavalent chromium 
direct-shell evacuation control 
high volume, low veloaty 
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