Position Paper
U.S. Army Corps of Engineers
Criteria for the Application of 29 CFR 1910.120 (HAZWOPER)

Background

The U.S. Army Corps of Engineers (USACE), based upon more than 10 years of past experience
investigating and remediating hazardous, toxic, and radioactive waste (HTRW) sites across the
county, has recognized and concluded that onsite activities most often result in non-measurable
occupational exposures and almost never produce occupational overexposures to contaminants of
concern in excess of published standards. Despite this continual observation, and the fact that, in
many cases, sound industrial hygiene judgement can demonstrate that onsite activities will not
result in significant occupational exposures, 29 CFR 1910.120/ 29 CFR 1926.65 (HAZWOPER)
tends to be unilaterally applied to all hazardous waste site operations. This practice generally
continues due to the fact that OSHA has not provided a good definition of the phrase “employee
exposure or the reasonable possibility for employee exposure to safety or health hazards,” as it is
used in the HAZWOPER standard paragraph (2)(1). OSHA’s draft responses to Corps of
Engineers inquiries on this subject, and subsequent conversations between OSHA technical
experts and the USACE HTRW Center of Expertise have made it clear that OSHA expecis the
Corps of Engineers to formulate their own criteria which can demonstrate the absence of
occupational health hazards due to exposures to contaminants of concern, so that 29 CFR
1910.120/ 29 CFR 1926.65 may be judged not to apply to specific HTRW site work.

Objective

This position paper defines the occupational health hazard criteria which the USACE feels is
worthy of HAZWOPER application (here-after referred to as “applicability criteria”), and -
provides procedures which are consistent with EPA risk assessment methodology and good
construction practice for determining compliance with the applicability criteria. Results of
example calculations have been provided in Table 1 to illustrate the level of environmental soil
contamination necessary to exceed applicability criteria. ' ' L

HAZWOPER Standard Applicability Criteria

It is assumed that the inhalation intake from occupational exposures at or below the PEL (or
published exposure levels, e.g. a TLV) is acceptable to OSHA, and that a health hazard occurs
only when this intake is exceeded. Acceptable intake via the inhalation pathway can be calculated
according to the following standard EPA risk assessment method: : ' ‘

Acceptable Intake = CxIHR xET x I/BW ) :
(inhalation-based) ~ (C)-Concentration [mg/m®] = PEL (or pub exp level)
(THR)-Inhalation Rate [2.5m’/hr] ~ (5)
(ET)-Exposure time [8hr/day]  (5)
(BW)-Body Weight [70kg]  (5)
Acceptable Intake - [mg/kg-day]



Demonstration of Compliance with Applicability Criteria

Compliance with applicability criteria is demonstrated by determining the total worker intake via
all occupational pathways (ingestion, dermal absorption and inhalation), without regard for the
use of personal protective equipment. Intake from each of the individual pathways is estimated by
the following standard EPA risk assessment methods: .+

Ingestion Intake = CxIGRx1/BW. (1) \
L : (C)-Concentration [mg/kg] = Project-specific Soils Concentration
(IGR)-Ingestion Rate [5x10~kg/day] ~ (5)
(BW)-Body Weight [70kg]  (5) -
Ingestion Intake - [mg/kg-day]

Dermal Intake = CxAFxSAx 1/BWxABS (1)
(absorption) (C)-Concentration [mg/ 10°mg] = Project-specific Soils Concentration
1 : (AF)-Adherence Factor [2.7mg/cm’] (1)
(SA)-Surface Area [3160cm?] (1)
(BW)-Body Weight [70kg] (5)
(ABS)-Skin Absorption Factor [unitless] = Chemical Class Specific  (4)
Dermal Absorption Intake - [mg/kg-day]

Inhalation Intake = CxIHRxETx I/BW (1)
(C)-Concentration [mg/m’] *
(THR)-Inhalation Rate [2.5m’/hr]  (3)
(ET)-Exposure Time [8hr/day] (5)
(BW)-Body Weight [70kg]  (5)
Inhalation Intake - [mg/kg-day]

* The concentration used to calculate the inhalation intake is estimated by the techniques listed
“below, which take into account vapor and particulate matter emission rates and dilution in the
atmosphere.

Volatile Organic Compound (VOC) Emission Rate

The VOC emission rate from excavating‘soils contaminated with volatile organic compounds is
the sum of emission rates from the soil pore space and from diffusion and is expressed
mathematically as follows: "

ER =ERps+ ERpr  (2)

ER,,=PxQx098 (2)



C)(10,000)(S4
S (Co)(10,000)(54) "

C C.\=
122 X 106 =S| +|1.79 x 10° =2|?
P v P

where: (ER)-total soil emission rate of compound [g/sec] (2)
(ERys)-soil porosity emission rate of [g/sec] (2)
(ERp)-diffusion emission rate of [g/sec] 2)

(P)-vapor pressure of compound [mm Hg] = Compound-specific
(Q)-excavation rate [0.05m%/sec] = From USACE Experience
(0.98)-conversion factor [g/mm Hg - m’]  (2)

(C)-mass loading of compound in soil [g/len?®]  (2)
(10,000)-conversion factor [em”/m’]  (2)

(SA)-area of emitting surface [49m?] = From USACE Experience
(1.22x10°)-conversion factor [em’sec-mm Hg/g]  (2)
(1.79x10°%)-conversion factor [sec>-cm-mm Hg/g]  (2)

In most cases, contaminant data will be available as a soil concentration in units of mg/kg (ppm).
Assuming a typical bulk density of undisturbed soil, the mass loading, Cg, can be related to the
soil concentration as follows:

C; =(C) (1.5 glem®) (10%) (2)

(C)-Concentration of contaminant in soil [ug/g] (2)
(10)-Conversion Factor [g/ug] (2)

Particulate Emission Rate

The emissions of particulate matter (PM) from all transfer operations are expressed as follows:

1.3

% (0.0016)(1\/1)( “2%) |

.XVH o 14 (2)
)

E =

(E)-emissions [g] (2)

(k)-particle size multiplier [unitless] = 1.0 most conservative  (2)
(0.0016)-empirical constant [g/Kg]  (2)

(M)-mass of waste handled [Kg] = 1147 Kg (1 yd®) From USACE Experience
(U)-mean wind speed [2.25m/sec]  (3)



(2.2)-empirical constant [m/sec]  (2)
(Xipo)-Percent moisture content [%o] = 10% From USACE Experience

“Emission (E) is an expression of the particulate matter mass emitted to the air for every cubic yard
of soil moved. A particulate matter emission rate (PM ER) is obtained by multiplying E[g] by the
excavation rate. The excavation rate is a project-specific variable and will have to be determined
on a project-specific basis. A conservative excavation rate for particulate matter emissions based
on USACE experience (and used in the example calculations in Table 1) is 4 cubic yards per
minute which yields a PM ER of 0.013 g/sec. .

Airborne Concentrations

A common method used by risk assessment practitioners for translating emission rates into
airborne concentrations is Box Model Dilution (3). The mass per unit time emission rate is
converted to a concentration by dividing the emission rate by the flow rate of air passing through
an imaginary box over the construction area actively emitting contaminants to the air. The box
size should be determined on an activity-specific/ site-specific basis. The box size Q7Tm x27mx
27m) used in the example calculations is based on USACE construction experience and good risk
assessment practice (3). The flow rate of air passing through the box is calculated by multiplying
the surface area of one side of the box (54 m?) by the EPA standard default windspeed ‘
(2.25m/sec) (3). Therefore, for the example calculations, the flow rate(FR) is, 54m? x 2.25 m/sec
=121.5 m*/sec.

Vapor concentrations for the examples are calculated as follows:

Vapor Concentration (mg/m’) = ER (g/sec) x 1/FR (121 .5m’/sec) x 1000 mg/g
Contaminated particulate concentrations for the examples are calculated as follows:
C i (ug/mr%) - PM ER (0.013g/sec) x 1/FR (121.5 m*/sec) x C (s (ug/8)**

** Site-specific data should be used to determine soil concentration variables used in the
calculations. :

Example Calculation Results

The results from example calculations in Table 1 reflect the chemical concentrations (“soil action -
levels™) of various chemicals likely to be found in hazardous waste site soils/sludges which will
cause the above-described HAZWOPER standard applicablility criteria to be met or exceeded.
(Note: These calculations are conservative. The dermal and inhalation intake estimates assume
manual handling of contaminated soils/ sludges in an unrealistically calm atmosphere for an entire
work day. Soils/studges, whether contaminated or not, are rarely handled manually, but most
often handled with heavy equipment, allowing little chance for dermal contact to the extent
assumed in the calculations. Also, realistic (higher) wind speeds and atmospheric turbulence
would dilute emissions to lower than calculated concentrations.)



Recommendations

Past USACE experience performing hazardous waste site investigations and remediations, and
actual worker exposures from these activities, coupled with the “soil action levels” illustrated in
Table 1, indicate that “employee exposure or the reasonable possibility for employee exposure to -
safety or health hazards” from contaminants of concern is unlikely at many USACE managed
hazardous waste sites. ‘ L ‘o

Application of HAZWOPER to USACE managed hazardous waste projects should be based on
procedures recommended in this position paper and the following criteria: i

1. Contamination on the site must be well-characterized, either from previous
investigations or from good reliable historical information. :

2. Qualified occupational safety and health professionals in designated HTRW design
districts shall perform the calculations, using the above techniques, to demonstrate compliance
- with standard applicability criteria. : _ 3

3. The requirements of USACE Engineering Regulation (ER) 385-1-92, which internally -
implements the requirements of HAZWOPER, will be applied to the HTRW work, if the above-
described standard applicability criteria are met or exceeded. ‘ ! 3

4. All regular safety and occupational health requirements specified in USACE
Engineering Manual (EM) 385-1-1, The U.S. Army Corps of Engineer Safety and Health
Requirements Manual (except Section 28, Hazardous, Toxic and Radioactive Waste (HTRW) and
Underground Storage Tank (UST) Activities), and the following additional practices will be :
applied to the HTRW work, even if the standard applicability criteria are not met or exceeded.

a. The site supervisor in charge of the work will be trained to recognize potential hazards -
associated with HTRW activities, and will meet the training requirements specified 29 CFR
1910.120/1926.65 (e). ’ "

b. All unforseen hazards discovered while working onsite will be abated, if feasible, under
the requirements of 29 CFR 1910.120/1926.65, and/or will require that the remaining work be
performed in accordance with 29 CFR 1910.120/1926.65 (a)(1). :

References

1. EPA-540/1-89-002; Risk Assessment Guidance for Superfund, Volume 1, Human Health
Evaluation Manual (Part A), December 1989. ‘

2. EPA-451R-93-001; Models for Estimating Air Emission Rates from Superfund Remedial
Actions, March 1993. :

3. OSWER Directive 9285.7-01B, Human Health Evaluation Manual, Part B: “Development of
Risk-based Preliminary Remediation Goals.” : : :
4. EPA Region ITI Risk Assessment Technical Guidance Manual, Assessing Dermal Exposure
from Soil. , ' :

5. OSWER Directive 9285.6-03, Human Health Evaluation Manual, Supplemental Guidance:
“Standard Default Exposure Factors.” o ' S



. oo Anpiqeondde pasoxs o3 Aressaoou (qdd pue wdd moy)
[EULIOU SAOGE S[9AQ] S} S1BIISOWIP O PJosJes /5w 00001 "9[qemofe wnixew uey} JOMO] YO SUOHRIUSOUOD JIOS 4

10°6T 06T 9000 | %S00 LOO0 00001 8'9L 069 HOL
19°%1 91 9000 | %S00 LOO'0 =00001 L'€S - 0'881 Jaudnjo],
W0 |  yuETe 600°0 %l $00°0 00€L ¥10°0 $0°0 pea
87000 | ¢caSY 81000 %!l 1000 0081 €00°0 [0 | (WRIWPED
LT00°0 c-a8'l £200°0 %TE| 0000 009 | €00°0 100 JIUISTY
LETO yHTE 6210 %01 9L00°0 00901 P10 S0 INL
6T1°0 | gt 9z1°0 %bT £00°0 00s¥ P10 $0 d0d
SPI0| +ass 710 %9 £10°0 00181 | r1°0 $0 €g0d
LETO | yaTe 6710 %0l |  9L00°0 00901 AN “¢o | sueydexor,
TLTO0 | caro 95700 %0l | $1000 00IC 820°0 10 uLpuy
TLT0°0 §-Ar'9 95700 %01 S100°0 001 820°0 10 uourzei
ULTO |  vary 9570 %01 100 | 0001 870 0l Laa
LETO |  paze 671°0 %01 | 9000 - 00901 y1°0 ¢o| SuBPIOIUD
890°0| 91 ¥90°0 %01 |  8€000 |- 00£S 1L0°0 $T0 ULpIY
9LT00 SHY9 9700 %01 $100°0 0017 820°0 1o| uonpered
_ Kep Kep Sy _ JuyBu
S R I I i ) gy T e
[¥10], | wonepequy | uondiosqy | ‘diosqy | uonsoBuy 7108 | 21qe3daddy | peysygng
S[PAYT UOHJY [I0§,,

synsay uonenoe)) djdwexsy
[ 91qeL



Example Calculation - Parathion

Csan(soil concentration) - 10000 mg/kg
PEL/TLYV - 0.1 mg/m’

Acceptable Intake = PEL (0.1 mg/m®) x THR (2.5 m*/hr) x ET (8 hr/day) x 1/BW (70 kg)
=028 mg/kg-day

Site Specific Intake

Ingestion Intake = Cg,y) (10000 mg/kg) x IGR (5 x 10 kg/day) x 1/BW(70 kg)
= 0.007 mg/kg-day ‘
Absorp. Intake = C gy (10000 mg/ 10°mg) x AF(2.77 mg/cm’) x SA (3160 cm?/day) x 1/BW(70
kg) x ABS(.1)
=125 mg/kg day
Inhalation Dose

U@.25 miseq) |2
K(1)(.0016 glkg)M(1147 kg) ( (2.2 misec) )

E(g) = (

X,15o(10%) )1-4
@

E = .198 g/yd’ soil dumped

PM ER = E (.198 g/yd®) x Soil Excavation Rate (.067 yd*¥/sec) = .013 g/sec
Contaminant ER = PM ER (.013 g/sec) x Cony (10000ug/g) = 130 pg/sec
C Dilution in Box =ER (1 3x10* g/sec) x 1/FR(121.5m’/sec) = 1.07x10%g/m’
Inhalation Dose = Cx;, (.001 mg/m’) x THR (2.5 m®/hr) x ET (8 hr/day) x 1/BW (70 kg)
= 0003 mg/kg-day’
Total Dose: Ingestion - 0.007 mg/kg-day
Absorption - 0.125 mg/kg-day

Tnhalation - 0.0003 mg/kg-day

0.132 mg/kg-day

Acceptable = .028 mg/kg-day



Example Calculation - Toluene
Starting Soil Concentration - 10000 mg/kg
PEL/TLV = 188 mg/m’

Acceptable Intake = PEL (188 mg/m®) x [HR (2.5 m/hr) x ET (8 hr/day) x 1/BW (70 kg)
= 53.7 mg/kg-day

Site Specific Intake

Ingestion Intake = Cgy,(10000 mg/kg) x IGR (5 x 107 kg/day) x 1/BW (70kg)
=007 mg/kg-day
Absorp. Intake = C g,z (10000 mg/ 108 mg) x AF (.25 mg/cm® x SA(2910 cm?*/day) x 1/BW (70
kg) x ABS (.005)
= 5.2 x 10" mg/kg/day

Inhalation Intake
ER =ER,, + ERpye

C,(.015 glem*)(10000 em®Im 154(49 m?)

1
3 f: T R
C(0.015 g/cm‘) ol 179 x 1OQCS(O.OIS glemy | 3
P (30 mm Hg) P (30 mm Hg)

ERp; =

( 1.22 x 10% em?-sec-mm Hglg

ERpr= 4.7 g/sec
ER,, = P(30mm-Hg)(0.05m"/sec)(98g/mm Hg-m’) = 147 gsec
ER = 6.17 g/sec
CaDilution in Box = ER (6.17 g/sec) x | /FR (121.5m*/sec)
=051 g/m* = 51 mg/m’
Inhalation Dose = C, (51 mg/m®) x THR (2.5 m’/hr) x ET (8 hr/day) x 1I/BW (70 kg)
= 14.6 mg/kg-day
Total Dose Ingestion - 0.007 mg/kg-day
Absorption - 0.0005 mg/kg-day

Inhalation - 14.6 mg/kg-day
14.61 mg/kg-day

Acceptable Dose - 53.7 mg/kg-day



