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August 31, 1992 2680.02

ADDENDUX 1 TO THE
RGA ENVIRONMENTAL, INC., MAY 8, 1992
HEALTH AND SAFETY PLAN FOR THE
HARRIBON STREET GARAGE
UNDERGROUND TANK CLOSURE PROJECT
OAKLAND, CALIFORNIA

1.0 INTRODUCTION

This Addendum Number 1 to the May 8, 1992 Health and Safety
Plan (HSP), which was prepared by RGA Environmental, Inc.,
addresses health- and safety-related issues associated with
the planned underground tank closure at the Harrison Street
Garage in QOakland, California (herein referred to as "the
Site"). Specifically, this addendum provides an air
monitoring plan, describes precautions to be taken in
connection with ventilation during work in the basement area,
and stipulates the levels of personal protective equipment
(PPE), the site security and work zones, and the
responsibilities of health and safety personnel. The Addendum
does not address asbestos exposure. A qualified asbestos
contractor will remove all accessible pipe before commencement
of work addressed in the current HSP and this Addendum.

The current HSP and the Addendum shall be kept on site and
made available for reference during all field activities. All
site personnel and visitors must read the current HSP and
Addendum before accessing the Site. In addition to the
procedures and safeguards outlined in the current HSP and this
Addendum, Levine-Fricke personnel and contract/subcontract
employees shall follow applicable federal, State of
California, and local regulations.

2.0 BOIL STOCKPILING AND SAMPLING

Remedial activities to be conducted at the Site will require
excavation and stockpiling of soil that is affected and
unaffected. Excavated soil will be segregated into affected
and unaffected stockpiles to the extent possible, before being
removed off site. Affected soils will be stockpiled away from
the work area and covered with plastic sheeting. One sample
for every 50 cubic yards of soil will be collected from all
stockpiles for analysis of the chemicals of concern by a
state-certified laboratory. Analytical results will be used

2680/ Addencham. HSP/NAS 1
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to assess treatment and/or disposal methods. The
Levine+Fricke Site Safety Office (see Section 7.0) will
monitor soil stockpiling using an organic vapor analyzer (OVA)
or photoionization detector (PID). A record of the
concentrations detected will be maintained in the project
file. :

3.0 CHEMICALS OF CONCERN

Table 1 provides the chemicals of concern and their exposure
limits for planned field activities at the Site. This
includes investigation and analytical data from previous
reports prepared by Subsurface Consultants, SCS Engineers,
Chromalab, Inc., and RGA Environmental. Appendix A contains
chemical descriptions of these chemicals.

Mercury was detected at concentrations of 49.7 parts per
million (ppm) to 74.2 ppm in borings in the basement area.

The potential health hazard asscciated with soil containing
mercury at these concentrations is addressed in Appendix B.
Based on this evaluation, monitoring for heavy metals will not
be conducted.

4.0 AIR MONITORING PLAN

Air quality will be monitored inside the garage area and at
all access points during removal and/or remediation
activities. Monitoring will be conducted by the lLevine.Fricke
Site Safety Officer (see Section 7.0) or a qualified designee.
Air monitoring results will be maintained in an on-site log
book, which will be available for review and will become part
of the permanent project record. The proper operation and
calibration of all monitoring equipment will be in accordance
with the manufacturer’s instructions.

(Tagzgt§>outlines the tasks to be performed, each constituent
of concern, the monitoring device that will be used to detect
the constituent, and the frequency of sagg};ng,

5.0 BASEMENT VENTILATION

Ventilation in the basement area will include opening the
sidewalk vents and removing the "glass bottle" portion of the
sidewalk to increase the natural dilution ventilation within
the garage. In addition, one of more local fans will be
provided in the basement to improve air circulation if
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necessary. Carbon monoxide concentrations will be continually
measured in accordance with Table 2 to check that sufficient
air movement is occurring.

6.0 PERSONAL PROTECTIVE EQUIPMENT

€.1 Purpose

The purpose of Personal Protective Equipment (PPE) is to
protect employees from hazards and potential hazards they are
likely to encounter.

6.2 Description of Levels of Protection

Levels of protection have been defined by the EPA in the EPA
Standard Operating Guide, 1984, although there are numerous
variations and modifications possible with each level. The
levels are defined below.

» Level A requires a totally encapsulated, chemically
resistant suit with self-contained breathing apparatus
(SCBa) .

+ Level B requires provision of maximal respiratory protection

using supplied air or SCBA, with dermal protection being
selected on the basis of anticipated hazards.

+ Level C incorporates an air-purifying respirator that is
specific to the chemicals or particulates of concern. The
degree of dermal protection depends on anticipated hazards.

+ Level D is an industrial work uniform, including steel-toed
boots, hard hat, and safety glasses.

The type and material of PPE will be modified or upgraded to

accommodate the hazards present during each operation as
specified by the Site Safety Officer (see Section 7.0).

6.3 Inside the Garage Area

All personnel performing tasks within the exclusion zone
inside the garage area (nonbasement area) will wear the
following PPE:

« Tyvek coveralls taped at the boot and gloves

+ gteel=-toed boots

2680/ Addendum. HSP/NAS 3
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+ latex inner and nitrile outer gloves
» safety glasses
« hearing protection.

6.4 Inside the Basement Area

All personnel performing tasks within the exclusion zone
inside the basement area of the garage will wear the following
PPE: -

« NIOSH-approved half-face air-purifying respirator (APR)
equipped with a Organic Vapor cartridges

+ Tyvek coveralls taped at the boot and gloves

-

« steel-toed boots
+ latex inner and nitrile outer gloves
+ safety glasses

« hearing protection.

6.5 On the S8idewalk Outside the Garage Area

All personnel performing the tasks within the exclusion zone
on the sidewalk outside of the garage area will wear the
following PPE:

. Tyvek coveralls taped at the boot and gloves

L ]

steel-toed boots

» latex inner and nitrile outer gloves

safety glasses
+ hearing protection.

6.6 Action Levels

The Site Safety Officer (see Section 7.3) shall impose a
temporary stop work and contact the LevinesFricke Health and
safety Director immediately if the following conditions are
observed, or if there is a questions about site conditions:

2680/ Addendum. HSP/NAS 4
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+ uncontrolled dust generation

» indications of heat stress

» changes in the general health profile of on-site personnel,
including symptoms discussed in Appendix A and headaches,
dizziness, breathing difficulties, irritation to the eyes,
nose, throat, and hands

+ a lower explosive limit/oxygen reading in excess of 10

+ detection of benzene in the breathing zone using the
sensidyne pump and tubes.

o e to vel C Protectio
Detection of ambient air VOC concentrations in the breathing

zone at 50 ppm or greater on the PID or OVA will require
upgrading to Level C protection.

7.0 KEY PERSONNEL AND RESPONSIBILITIES

John Sturman Project Manager
{Levine-+Fricke)

Michael J. Stoll Site Safety Officer
(LevinesFricke)

Shari A. Samuels Health and Safety Director
(Levine+Fricke)

Dr. M. Joseph Fedoruk Certified Industrial Hygienist

7.1 Levine-Fricke Project Manager

The Levine<Fricke Project Manager, Mr. John Sturman, has the
ultimate responsibility for assuring compliance with the HSP
for all persconnel on site. As part of his duties, Mr.
Sturman will be responsible for the following:

1. informing the Levine:Fricke Health and Safety Director of
developments on the project

2. monitoring that all Levine+:Fricke personnel on site have
received the proper training and have bheen educated as to
the potential hazards anticipated on the Site, as well as
the procedures and precautions to be implemented on the
job

2680/ Addenchum. HSP/NAS 5
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3. informing all subcontractors and observers as to the
hazards expected at the Site and appropriate protective
measures (subcontractors and observers also will be given
a copy of Levine+«Fricke’s HSP for review)

4. securing all necessary resources to provide a safe and
healthy work environment for all personnel.

1.2 . alth and safe Director

The Levine+Fricke Health and Safety Director is Shari A.
Samuels. Ms. Samuels is responsible for the following:

1. monitoring the health and safety impacts of this project
on personnel performing work at the Site

2. assessing the potential health and safety hazards existing
on site

3. recommending appropriate safequards and procedures
4. modifying the HSP, when necessary

approving any changes in safeguards used or operating
procedures employed on site.

The Levine-Fricke Health and Safety Directer shall have the
authority to:

1. require that additional safety precautions or procedures
be implemented

2. order an evacuation of portions of the Site or shut down
any of the work activities if she believes a health or
safety hazard exists

3. deny access to the Site to unauthorized personnel and
restrict observers to the Support Zone (see Section 8.3.3)

4. require that any worker obtain immediate medical attention

S. approve or disallow any proposed modifications to safety
precautions or working procedures.

7.3 Bite safety Officer

The Site Safety Officer (SS0) designated by Levine+Fricke is
Michael J. Stoll, Staff Geotechnical Engineer.

2680/ Addendum. HSP/NAS 6
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The SSO, or a trained designated alternate, will be present at
the Site during work activities. The SSO shall be notified of
and approve activities in which persons may be reasonably
expected to be exposed to affected soils and/or ground water.

The S50 shall be responsible for the following:

1. mnonitoring that all Levine-PFricke and subcontractor
personnel complying with the requirements of the HSP

2. limiting access to the Contamination Reduction and
Exclusion Zones (see Section 8.0) at the Site

3. reporting unusual or potentially hazardous conditions to
the Levine-Fricke Health and Safety Director, the
Levine+Fricke Project Manager, and Alameda County
representatives

4. reporting injuries, exposures, or illnesses to the
Levine-Fricke Health and Safety Director, and the
Levine+*Fricke Project Manager

5. communicating proposed changes in work scope or procedures
to the Levine+Fricke Health and Safety Director and
Alameda County representatives for approval

6. recommending to the Levine«Fricke Health and Safety
Director, the Levine:Fricke Project Manager, and Alameda
County representatives additional safety procedures or
precautions that might be implemented

7. conducting required air monitoring.

The SS0 shall have the authority to:

1. order an evacuation of portions of the Site or shut down
any of the work activities if he/she believes a health or
safety hazard exists

2. deny site access to unauthorized personnel and restrict
observers to the Support Zones (see Section 8.3.3})

3. require that any worker, including the subcontractor’s
personnel, obtain immediate medical attention.

-MMMMML@M

Levine.Fricke will subcontract the services of M. Joseph
Fedoruk, M.D., Inc. Dr. Fedoruk is a Certified Industrial
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Hygienist (CIH). He will work directly with Levine.Fricke’s
Health and Safety Director to provide his professional
expertise to oversee and approve the procedures and safeguards
included in the HSP and Addendum.

8.0 SITE SECURITY AND WORK ZONES

8.1 Purpose

Controls must be implemented at the Site to reduce the
possibility of exposure to any chemicals of concern present
and to limit their transport from the Site by personnel or
equipment.

8.2 Control

A control system is required to ensure that personnel and
equipment working on hazardous waste sites are subjected to
appropriate health and safety surveillance and site access
control. The possibility of exposure or translocation of
chemicals of concern will be reduced or eliminated in a number
of ways, including the following:

- setting security or physical barriers at control points to
regulate and/or exclude unnecessary personnel from the
general area

« minimizing the number of personnel and equipment on site
consistent with effective operations

+« establishing work zones within the Site

- conducting operations in a manner that will reduce the
exposure of personnel and equipment

« minimizing the airborne dispersion of contaminants (using
dust control procedures:; vapor suppressing foam or water
will be made available, if necessary)

- implementing appropriate decontamination procedures for both
personnel and equipment

« spill control and contamination procedures (a vacuum truck
will be on call, if needed).

2680/ Addendum. HSP/NAS 8
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8.3 Fleld operations Work Zones

Work zones will be established based on anticipated
contamination and projected work activities. Within these
zones, prescribed operations will occur using appropriate
Personal Protective Equipment (see Section 6.0). Movement
between zones will be controlled at checkpoints. The planned
zones are as follows:

+ Exclusion {contaminate)
» Contamination Reduction
= Support (noncontaminated).

8.3.1 Exclusion Zone

The Exclusion Zone is the innermost area of the three
concentric "areas" and is considered to have contaminated
materials present. Within this area, the prescribed
protection must be worn by personnel. An entry checkpoint is
established at the periphery of the exclusion zone to control
flow of personnel and equipment between contiguous zones, and
to monitor that the procedures established to enter and exit
the zones are followed.

The Exclusion Zone boundary will be established initially on
the presence of the chemicals of concern within the area.
Subsequent to initial operations, the boundary may be
readjusted based on observations and/or measurements. The
boundary will be physically secured and posted and access will
be limited.

8.3.2 Contamination Reduction Zone

Between the Exclusion and the Support Zone is the
Contamination Reduction Zone (CRZ). This zone provides an
area to prevent or reduce the transfer of chemicals of concern
that may have been picked up by personnel or equipment
returning from the Exclusion Zone. All decontamination
activities occur in this area. The boundary between the
Support Zone and the CRZ is the contamination contrel line.
This boundary separates the potentially contaminated area from
the clean area. Entry into the CRZ from the clean area will
be through an access contrel point. Personnel entering at
this station will be wearing the prescribed PPE for work in
the CRZ. Exiting the CRZ to the clean area requires the
removal of any suspected or known contaminated PPE, and
compliance with the established decontamination procedures.

2680/Addencham. HSP/HAS 9
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8.3.3 Support Zone

The Support Zone is the outermost of the three concentric
"areas" and is considered decontaminated, or the "Clean Area."
It contains the field office Command Post for field operations
and other elements necessary to support site activities.
Normal street or Level D work clothes are appropriate apparel
for this area.

8.4 Zone Dimensions

Considerable judgment balanced with practical work
considerations will be used to ensure a safe working area for
each zone. Physical and topographical barriers may constrain
ideal locations. Zones will be established on site after work
areas are determined to allow enough room for all equipment
and personnel. When the zones are established, the Alameda
County representative will be notified to inspect the work
zones. Field/laboratory measurements may assist in
establishing the control zone distances. When not working in
areas that require the use of chemical-resistant clothing,
work zone procedures may still need to limit the movement of
personnel and retain adequate site control.

8.5 Decontamination Procedures
8.5.1 General

As part of the system to prevent or reduce the physical
transfer of chemicals of concern by pecple and/or equipment
from the Site, procedures will be instituted for
decontaminating anything leaving the Exclusion Zone and CR2Z.
These procedures will include decontamination of personnel,
protective equipment, monitoring equipment, cleanup equipment,
etc. Unless otherwise demonstrated, everything leaving the
Exclusion Zone should be considered contaminated.

Decontamination is addressed in two ways: the physical
arrangement and control of contamination zones, and the
effective use of decontamination procedures. The
decontamination process uses cleaning solutions, followed by
rinse solutions. Used solutions, brushed, sponges, and
containers must be properly disposed. 1In general,
decontamination at the Site may consist of rinsing equipment,
personnel, etc., with a detergent and water solution.
Reusable decontaminated PPE will be stored for air drying.

2680/Addendum. HSP/NAS 10
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8.5.2 Decontamination Solutions
Description - Usage
3 cups Alconox or Light contamination
TSP to 5 to 8 gallons of water ' :
Commercial Detergent- Organic contamination

Full strength or diluted

As with all alkaline cleaners, continuous or repeated contact
with the skin should be avoided. If an employee’s skin
becomes contaminated, he/she will move to the decontamination
area and remove contaminated clothing, and wash with a mild
soap/detergent and water to remove any contaminant from the
skin. He/she will then seek first aid treatment.

A rinse solution will be used to remove the contamination

solution and neutralize any excess decontamination scolution.

All personnel will follow these decontamination procedures:

1. When entering from the Exclusion Zone, remove heavy scil,
as necessary, from boots, gloves, and clothing by using a
towel or hose before entering the CR3Z.

2. At the decontamination area, step into a decontamination
tub(s) and brush boots and gloves clean.

3. Remove disposable suit and discard in proper container.
4. Step into a rinse tub(s), then remove boots.

5. Remove outer gloves and properly dispose.

6. Remove respirator and hard hat.

7. Remove inner gloves and dispose of properly.

Decontamination procedures may be modified, if necessary, with
the approval of the Health and Safety Director. :

8.5.3 Personal Decontamination During Medical Emergencies

In the event of personal injury, first aid personnel must
decide if the victim’s injuries are potentially the type that
would be aggravated by movement. If there is any doubt, or if
the victim is unconscious and cannot respond, no attempt
should be made to move the victim to the decontamination area.

2680/Addendum. HSP/NAS 11
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Only off-site paramedics may move such victims. If the
paramedics approve, the victim’s PPE will be cut off in the
CRZ. If the decision is made not to remove the victim’s PPE,
he/she will be wrapped in a tarp or similar cbject to protect
the ambulance and crew during transport. If the victim is
contaminated with material that threaten to cause additional
injury or immediate health hazards, the PPE will be carefully
removed and the victim washed appropriately.

8.6 B8ite Security

The work will be performed on weekends, when the garage is
closed. If it is necessary to continue any work on weekdays,
the Alameda County representative will be consulted to
determine the extent to which the garage must be shut down.
Fencing will be used to secure the gas tank area and prohibit
unauthorized access. Trench plates will be used to cover the
excavations at the end of each day.

At a minimum, all visitors entering the Exclusion Zone and the
CRZ must wear the protective clothing and equipment worn by
Levine+Fricke personnel. Permission to enter the work area
must be obtained from at least one of the personnel named in
Section 7.0. Visitor’s name and purpose of visit will be
recorded in the field notes.

2680/ Addendum. HSP/NAS 12
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B.0 APPROVALS

9,1 Levine+Fricke Personnel

LEVINE-FRICKE

This HSP Addendum 1, covering activities at the Harrison
Street Garage Site in Oakland, California, is approved by the

following personnel:

A

Shari A. Samuels
Health and Safety Director

John Sturman, P.E.
Project Manager

Thoma . JJohnson, R.G.
Qualit ssu e Reviewer

W\

Dr. M Joéeph-thQ£E¥LHCIH
Certified Industria ygienist

2680/Addendum. HSP/HAS
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9.2 Contractor and Subcontractor Personnel
Contractor and Subcontractor Agreement:

1. The Contractor certifies that the following personnel to
be employed on the Harrison Street Garage Site have met the
requirements of the Federal and California OSHA Hazardous
Waste Operations and Emergency Response Standard 29 CFR
1910.120 and GISO 5192.

2. The Contractor certifies that in addition to meeting the
OSHA requirements, it has received a copy of the HSP and this

‘Addendunm 1, and will ensure that its employees are informed

and will comply with both OSHA requirements and the guidelines
in this HSP.

3. The Contractor further certifies that its representative
has read, understands, and will comply with all provisions of
the HSP and this Addendum 1, and it will take full
responsibility for the health and safety of its employees.

Contrac | Signature Date

2680/ Addendum. HSP/NAS 14
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TABLE 1

EXPOSURE LIMITS AND
S8ELECTED CHEMICALS OF CONCERN
HARRISON STREET GARARGE SITE

OAKLAND, CALIFORNIA

OSHA PEL
Chemical Compound (ppm unless noted)

Barium | 0.5%

Benzene 1 |

Bromodichloromethane NA

Chloroform 2

Chromium 1%
‘ Ethylbenzene 100 H
H Lead 0.05 * H
|| Mercury 0.01 *

Methylene Chloride 500

PCBs 0.5%

PCE 100 l

Selenium 0.2 *

TCE 100 I

Toluene 100 I
" TPH as diesel NA I

TPH as gasoline

Xylene
Notes:
PCB - Polychlorinated biphenyls
PCE - Tetrachloroethene
TCE - Trichloroethene
TPH - Total petroleum hydrocarbons
PEL - Permissible Exposure Limit
ppm - parts per million
* - noted in milligrams per cubic meter

NA - Not Applicable

2680/ Addendums. HSP/NAS
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Task

TABLE 2
AR MOMITORING STRATEGY

Constituents
of
Concern

Instrument

Fraquency

Area:

Sump and Lift Area/Gasoline Pump Area

Soil boring sampling and
ll excavation

Benzene, toluene,
ethylbenzene, xylenes,
bromod{chloromethane,
PCE, TCE

PID (uith“appropriate
lamp; see Appendix C)
and OVA

Sensidyne pump and
benzene tubes

At start of work and 30
minutes to continuously.

Every & hours or if PID
or OVA detect 50 pem.

Monitoring well
installation

Benzene, toluene,
sthylbenzene, xylenes,
bromedichloromethane,
PCE, TCE

PID/OVA

Sensidyne pump and
benzene tubes

At start of work and 30
minutes to contimiously.

Every & hourg or if PID
or OVA detect 50 ppm.

Monitoring well survey

Benzene, toluene,
ethylbenzene, xylenes,
bromodichloromethane,
PCE, TCE

P1D/OVA

Sensidyne pump and
henzenes tubes

Start-up of work at each
wetl location.

Every & hours or if PID
or OVA detect 50 pom.

Monitoring well
devel opment

Benzene, toluene,
ethylbenzene, xylenes,
bromodichloromethane,
PCE, TCE

PID/OVA

Sengidyne punp and
benzens tubes

Start-up of work at each
well location.

Every 4 hours or if PID
or OVA detect 50 ppm.

Ground-water sampling

Benzens, toluene,
ethylbenzene, xylenes,
bromodichloromethane,
PCE, TCE

PID/OVA

Sensidyne pump and
benzene tubes

Start-up of sork at sach
location.

Every & hours or if PID
or OVA detect 50 ppm.

Excavation activities

PCBs

SKC personal air
sampling pump
(according to NIOSH
Method 5503; see

Apperdix D)

One 8-hour sample will
be collected the first
day of activity

Area: Basement

Soil sampling and
excavation

Benzene, toluene,
ethylbenzene, xylenes,
carbon monoxide,
fiammable vapors,
oxygen levels

- PID/OVA, CO meter,

ond 0, meter

Sersidyne punp and
benzene tubes

At start of work and 30
minutes to continuously.

Every & hours or if PID
or OVA detect 50 ppm.

Monitoring well
installation

Benzene, toluene,
ethylbenzene, xylenes,
carbon moncxide,
flammable vapors,
oxygen levets

PID/OVA, CO meter,
and 0, meter

Sensidyne pump and
benzene tubes

At start of work and 30
mirwtes to continuously.

Every & hours or if PID
or OVA detect 50 ppm.

} Menitoring well survey

Senzene, toluene,
ethylbenzens, xylenes,
carbon monoxide,
flammable vapors,
oxygen Levels

PID/OVA, CO meter,
and G, meter .

Start-up of work st each
well Location
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TABLE 2
AIR MONITORING STRATEGY

Constituents
of
Task Concern

Instrument Frequency

Monitoring well
development

Start-up of work at each
well location

Benzene, toluene,
ethylbenzene, xylenes,
flammable vapors,
oxygen levels

PID/OVA, CO meter,
and 0O, meter

Ground-water sampling Start-up of work at each

well location

Benzene, toluene,
ethylbenzene, xylenes,
fianmable vepors,
oxygen levels

PID/OVA, CO meter,
and 0, meter

Excavation activities PCBs SKC personal air
sampl ing purp
(according to NIOSH
Method 5503; see

Appendix )

One 8-hour sample will
be collected the first
day of activity

PCE - Tetrachloroethene

TCE - Trichioroethene

PCB - Polychlorinated biphenyl
PID - Photo ionization detector
OVA - organic vapor analyzer

R N N
{ ,
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CHEMICAL DESCRIPTIONS OF THE CHEMICALS br CONCERN
Barium

The soluble barium salts, such as the chloride and sulfide,
are poisonous when ingested. The insoluble sulfate used in
radiography is not acutely toxic. The chromate is a human

carcinogen. Some salts are skin, eye, and mucous membrane

irritants producing dermatitis.

The Permissible Exposure Limit (PEL) for barium is 0.5 mg/mﬁ.
Benzene

Benzene is a clear colorless liquid. Exposure to high
concentrations (3,000 parts per million [ppm]) may result in
acute poisoning, characterized by the narcotic action of
benzene on the central nervous system. Chronic poisoning
occurs most commonly through inhalation and dermal absorption.
Benzene is also a recognized carcinogen.

The PEL for benzene is 1 ppm.
Bromodichloromethane

Bromodichloromethane is a colorless liquid. Short-term
exposure to high concentrations of bromodichloromethane may be
narcotic. Bromodichloromethane is classified by the U.S.
Environmental Protection Agency as a Group B2, probable human
carcinogena

The PEL for bromodichloromethane is 200 ppm.

Chleroform

Chloroform is a colorless liquid with a pleasant, sweet odor.
Short-term exposure to chloroform vapor may cause headaches,
drowsiness, vomiting, dizziness, unconsciousness, irregular
heart beat, and death. Liver and kidney damage may result
from exposure to chloroform vapor.

The PEL for chloroform is 2 ppm.
Chromium

Chromium is a greenish-blue, odorless solid. Exposure to
chromium has been associated with lung changes in workers
exposed to chromium alloys. Chromium dust exposure may cause
minor lung changes.
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The PEL for chromium is 1 mg/m?'
Diesel Fuel

Diesel fuel is a gas oil fraction available in various grades
as required by different engines. Composition of diesel
varies in ratios of predominantly aliphatic, olefinic,
cycloparaffinic, and aromatic hydrocarbons, and additives.

Ingestion of diesel can lead to systemic effects such as
gastrointestinal irritation, vomiting, diarrhea, and in severe
cases, drowsiness and central nervous system depression,
progressing to coma and death. Aspiration of diesel fuel can
cause hemorrhaging and pulmonary edema, progressing to
pneumcnitis and renal invelvement.

Ethylbenzene

Ethylbenzene is a clear, colorless liquid. Exposure to high
concentrations of ethylbenzene vapor may result in irritation
of the skin and mucous membranes, dizziness, irritation of the
nose and throat, and a sense of constriction of the chest.

The PEL for ethylbenzene is 100 ppm.

Gasoline

Gasoline is produced from the light distillates during
petroleum fractionation; its major components include
paraffins, olefins, naphthenes, aromatics, and recently
ethanol. Gasoline also contains various functional additives
as required for different uses, such as antiknock fluids,
antioxidants, metal deactivators, corrosion inhibitors, anti-
icing agents, pre-ignition preventors, upper-cylinder
lubricants, dyes, and decolorizers. Lead additives in
particular were widely used in gasoline until the introduction
of vehicle catalytic converters.

Mild cases of gasoline ingestion can cause inebriation,
vomiting, vertigo, drowsiness, confusion, and fever.
Aspiration into the lungs and secondary pneumonia may occur
unless prevented. Gasoline can cause hyperemia of the
conjunctiva and other eye disturbances. Gasoline is a skin
irritant and a possible allergen. Repeated or chronic dermal
contact can result in drying of the skin, lesions, and other
dermatologic conditions.

The PEL TWA for gasoline is 300 ppm. The PEL STEL is 500 ppm.
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Lea
Lead (inorganic) is a bluish-white, silver, or gray odorless
solid. '

Short-term exposure to lead can cause decreased appetite,
insomnia, headache, muscle and joint pain, colic, and
constipation.

The PEL for lead is 0.05 mg/m&

Mercury

Mercury is a silvery, mobile, odorless liquid. Short-term
exposure to inhaled mercury vapors may cause headache, cough,
chest pains, chest tightness, and difficulty in breathing. 1In
addition, it may cause soreness of the mouth, loss of teeth,
nausea, and diarrhea. Liguid mercury may irritate the skin.

The PEL TWA for mercury is 0.1 mg/nf.
thyle C i

Methylene chloride is a colorless liquid with an odor similar
to chloreoform.

Methylene chloride is an anesthetic. Short-term exposure to
methylene chloride can cause mental confusion, light-
headedness, nausea, vomiting, and headache. Continued
exposure may cause increased light-headedness, staggering,
unconsciousness, and death. High vapor concentrations may
also cause irritation of the eyes and respiratory tract.
Exposure to methylene chloride may make the symptoms of angina
worse. SKkin exposure to the liquid can cause irritation. If
the liquid is held in contact with the skin, it can cause skin
burns. Splashes of the liquid into the eye can cause
irritation.

Methylene chloride is classified by the U.S. Environmental
Protection Agency as a Group B2 probable human carcinogen.

The PEL for methylene chloride is 100 ppm in air.
Perchloroethyle PCE

PCE, also known as tetrachloroethylene, is a colorless ligquid
with an ether-like odor.
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Short-term exposure to PCE may cause headaches, nausea,
drowsiness, dizziness, incoordination, unconsciousness,
irritation of the eyes, nose, and throat, and flushing of the
face and neck. 1In addition, it may cause liver damage with
such findings as yellow jaundice and dark urine. Liver damage
may become evident several weeks after exposure.

PCE is classified by the U.S. Environmental Protection Agency
as a Group B2 probable human carcinogen.

The PEL for PCE is 25 ppm in air.

Pol -] iphenyls (PCBs

PCBs pale yellow wviscous liquids with a mild hydrocarbon odor.
Exposure to PCBs may cause irritation of the eyes, nose, and
throat, and an acne-like skin rash. It also may injure the
liver, resulting in such effects as fatigue, dark urine, and
yellow jaundice. Skin irritation may result from repeated
skin contact.

The PEL for PCBs is 0.5 mg/m>"
Belenium

Selenium is a black, gray, or red odorless solid.

Prolonged exposure to selenium can cause paleness, coated
tongue, stomach disorders, nervousness, metallic taste, and a
garlic odor of the breath. Fluid in the abdominal cavity,
damage to the liver and spleen, and anemia have been reported
in animals.

The PEL TWA for selenium is 0.2 mg/m;.
he TCE

TCE is a colorless liquid with a sweet odor similar to
chloroform.

Short-term inhalation exposure to TCE can cause drowsiness,
dizziness, headache, blurred vision, incoordination, mental
confusion, flushed skin, tremors, nausea, vomiting, fatigue,
and cardiac arrhythmia. Irritation of the skin, mucous
membranes, and eyes also can occur.

TCE is classified by the U.S. Environmental Protection Agency
as a Group B2 probable human carcinogen.
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The PEL for TCE is 50 ppm in air.

Toluene

Toluene is a colorless liquid with a benzol-like odor.
Inhalation of high vapor concentrations may cause impairment
of coordination and reaction time, headaches, nausea, eye
irritation, loss of appetite, a bad taste, and lassitude.

The PEL for toluene is 100 ppm.
Xylenes

Xylenes are clear, colorless liquids. Exposure to high
concentrations of xylene vapor may result in eye and skin
irritation. Eye irritation may occur at concentrations of
about 200 ppm.

The PEL for total xylene is 100 ppm.
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APPENDIX B

HEALTH EAZARDS ASSOCIATED WITH BOIL CONTAINING
ELEVATED CONCENTRATIONS OF MERCURY .
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- M. Joseph Fedoruk M.D., Inc.

I Diplomate American Board of 1401 N. Tustin Avenue Medicine
Preventive Medicine, Suite 240 ,
. certified in Occupational Medicine : Santa Ana, California 92701 Toxicology
l Diplomate American Board of Toxicology Telephone: (714}550-7211
Certified Industrial Hygienist ' FAX: {714)550-7215 Exposure Assessment

June 21, 1991

Ms. Shari Samuels
Levine-Fricke

1900 Powell Street
Emeryville, California 94608

Regarding : mercury exposure potential at Oakland remediation project.

Dear Ms.Samuels:

The purpose of this letter is to provide you with my opinion regarding the potential health hazard
that soil containing mercury at concentrations of 70-80 ppm poses to remediation workers at a
Levine-Fricke project in Oakland, California. '

The potential health hazard of this mercury containing soil to industrial workers can be assessed by
determining the airborne concentration of mercury that could be produced from remediation
activities at this site which disturb the soil and comparing this predicted concentration to the
industrial exposure limit for mercury. To be conservative an assumption will me made that the
soil contains 100 ppm of mercury.

Since no specific information is available regarding the form of mercury which is present in the
soil, for the purpose of this assessment it will be assumed that the soil contains alkyl merc
compounds. Alkyl mercury compounds have the lowest Threshold Limit Value (TLV) of 0.01
mg/m3 (10 ug/m3) for an eight-hour time-weighted average of all mercury compounds. The
Cal/OSHA Permissible Exposure Limit (PEL) for alkyl mercury compounds is also 0.01 mg/m3
for an eight-hour time-weighted average. By contrast the TLV for aryl and inorganic mercury
compounds is 100 ug/m3 for an eight-hour time-weighted average and 50 ug/m3 for all other
mercury forms. :

The first step is to identify the concentration of mercury that is present in 1 mg of soil.
The concentration in the soil is assumed to be 100 ppm, therefore:

100 ppm = 100 mg/kg

100 mg/kg = 100 ug/g

100 ug/g = 0.1 ug/mg

Therefore 1 mg of soil will contain 0.1 ug of mercury assuming the soil contains 100 ppm or 100
mg/kg of mercury.

The next step is to identify what airborne concentration of dust could be produced at this site from




- . ’

soil disturbance associated with remediation activities. Although there are no published data
concerning airborne concentrations of suspended soil at various remediation projects it is extremely
unlikely, based upon personal experience, that the ambient dust concentrations could exceed 5
mg/m3. At this ambient dust concentration the airborne concentration of mercury would only be
0.5 ug/m3 which is 1/20 of the TLV or PEL for the species of mercury with the lowest exposure
limit. Even if the airborne dust concentrations were unrealistically high, such as 20 mg/m3, the
airbome mercury concentration would still only be 1/5 of the TLV or PEL.

There is no evidence to suggest that airborne concentrations of mercury due to airborne suspension
of soil at this site would approach the industrial exposure limit for the mercury, even if the soil
contained the mercury species with the lowest industrial exposure limit. Therefore based upon
information that soil at this site does not contain mercury in excess of 100 ppm, the hazard posed
by inhalation of this soil is low and there is no evidence to suggest that airborne concentrations of
mercury would exceed any regulated exposure limit.

The site safety plan should ensure that remediation workers utilize adequate dermal protective
equipment to prevent inadvertent dermal absorption of mercury as well as other compounds at this
site. Similarly although the airborne concentrations of mercury at this site are anticipated to be very
low, respiratory protection for other compounds at the site such as volatile organic compounds
will likely be required. The site safety plan should include adequate decontamination measures to
avoid inadvertent ingestion of any contaminated soil. The exact level of personal protective
equipment that would be required should be based upon an evaluation of exposure potential to al
compounds. '

I hope this information is of use in assessing the magnitude of the industrial hazard that mercury
containing soils pose to remediation workers at this site. If you have any further questions please
contact me directly.

Respectfully,

M. Joseph Fedoruk, M.D., CIH, DABT

Diplomate, American Board of Preventive Medicine, certified in Occupational Medicine
Certified Industrial Hygienist (Toxicological Aspects)

Diplomate, American Board of Toxicology
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. B. MOLECULAR 1ONIZATION POTENTIALS [CONT.) . B. MOLECULAR IONIZATION POTENTIALS (CONT.)
N:N-di-n-huyhalllm 7.1 UV, Diphosphorusdiarsenide 10.] El Ethy! trichloroacetate 10,44 P.. | Hexufluorouccrone 11,81
Dihydropysan 834 Pl Diphosphorus ‘ ’ Ethyne 11.41 r)l. | Hexafluorobenzene 9.3y !
) Diimide 9.85 EL tetrachloride 2.6 E.L Ethyne-d; 1,39 El { Hexaluoropropenc 10.3
b 3:1‘:32,‘,‘:‘ thane ol Pl | NNdiapropyiniline 715 UV, ' Ethynylbenzene 82 PL . 'Hewmehylbenzene 1.5
J R 1L Di-n-propyl disulfide 8,27 A, - . i Hexamethylenciming 8.6 .
Df\!th!um ioc!\ée 873 E.L Di-n-ﬁ;ox;:rl ether 9,27 ||:'| : Ferrous chloride 1.5 E ' a-hexunc ’ .11 !
Dfluhium oxide 6.8 E.lL Dl-i-propy! ether 9.20 P.L ' . F.(monm?‘:l:r)id ) “* | 2.hexanone .M
Dimethoxyborine 446 B, Di-n-propyl sulfide” 830  PI ‘ Fitiniind € 10.8 E 1,3 5-hexarricns 8.26
Lldimethoryethane  9.65  PL | Disilicon dioxide 100 - El o imer) 261 El | Ihexens " 9.4
Dimethoxymethana 10.00 AR Disulfur monoxide 10.3 El . Flunrfnc ; I 5'7 P'!‘ P 2.hexene (rrons) 9.6
N:N-dimct.hglw:umlde 8.8t Pl 2,3-dithinbutane 8.46 Pl ;orlne 0 ?.95 P'I. Y-hexene [irons) 9,12
Dumll‘wlamme - B4, PL ‘3, 4-dithiahexane 8.27 Pl :;_;:;::’ : ni:?:a 7'90 P ' 3.hexene-],S-diyne 9.46
‘ NtN-dlmclh?Ianillnn " TI4 AR M.n-dodecylaniling 14 uyv. Nworoaniline 7.81 P.l. ! Nen-hexylaniline 1.5
Dimethylarsine .90 ElL Durene - T P.L ;Iuorobcnzene 9'20 P:I: I Hydruzine 4,00
p 2,)-dimethylbuladiens Lm BRI, 3 4ee b 9 : Fluorocya thane | 3'0 £l ' Hydrazoic acid 10.3
g 22-dimehyloutane 1005 P | (ePORYduieAe 2 EL oot B ' " Hydrogen 15.427
Lee }:j:wgy}bmm TR Bt eri i' " dibromoethane 1075 P, o Hydrogen bromide (B 1162
ALy methylbutanone 9317 . AL, . " v : * ) {ny 214
\f‘ v\ 2D .;a-diu‘:e:hyi:l-z-bune?e, :.30 PL E::::: 4, :::gg g: g ;::?,:f;m::: Il%-gg ﬁ: . Hydrogen chloride u)l) 5;4
\.r,» N methyl chloroarsine . 9.9 Bl vhe ' ' fHy - 22,
'_gj‘l‘t\ e c«" Dimethyl disulids - 846 Pl Ethnnolc acid 10,35 (AR Fluoroform 13.84 IS'I . Hydrogen cyunide (1) 1173
Dimethyl ether . ... 10,00 P, Bthancle scld-dy, . 1071 w1, , Fluoromethanal K Ao aly 2
NN-dlrmlhylfonmm! 902 T PLC E‘g'“": 40D lg-ﬂ LA Flc‘mmmeimanle 1522 f, ! Mydrogen disullide » 102
S 2)dimethylluran v 808 Bl E'hMD (0D) |D-45 EL e "T"‘"’"’P ‘l"“’ bo1  pi | Hydrogen Duoride - 1377
.S-d}mclbyl-&-hepunont 904 P, E:h::: " :0:; . ;"' i, f';‘"“:‘::;:’or:::e Kl P Hydrogen fadide (1} 10.)8
. . N . M . ot ' K0
odimeyhydredne 175 Er, | Eibviamine €3 P © pNuorotolucne 8 PL | e e 1092
Dlmelhyl'mrcury "90 E'I. .N-ethylaniline 5 . Uw. . Fluorotribromomethane  10.67 L Hydrogen selenide o K8
) 2.2.dimcthyl-3-pentanons 8298 P:I: Ethylbenzens 3.76 Pl Fluoroirichioromethane 1137 p.L Hydrogen sclenide-dy 94X
N wﬁm{ \ 2 2 -dimelhylpmpme 10.35 Pl S::y: torun dlﬂuurlde :éﬂ E.l. . Fhé:mlriﬂuoromclhyl- 012 ol Hydrogen sulfide 1.4n R‘?l:
. “Dimethyl sulfide 869 Pl ¥l bromide 23 Pl ! nzene ' T | Hydrogen sulide-d, 1047 %
kL Dimethyl sulfoxide . -~ 845 pf, | Cihylbromoacetaie 10,13 Pl Formamide 1020 PL | yyarogen teliuride 9.138
i Dmclhy!uiﬂuoromlhyl o ";:":{‘I r-lb;,omobu;anmlc 985 Bl . + Formic acid 11.05 P'![‘ Hydrogen letluride-d, 414
© Ted o arsing T 9.2 EL E-:;\yrc-ht-o;:!:m i;;_" IEIt : lf':‘::::c acid-dy _‘;-i; E . 4-hydroxypyridine 920
mm 3?33:’1:'3&;; e 1:‘11;6 E-i' ‘Ethyl chloroacetate * 1020 P.I, uefura} 921 PL | Indene 881
i mnm:m v J- BL | Ehyl decaborans 90  EL E‘*"‘ﬁ a"—““{‘b" ‘?i El lodine o
traftoodds i ui.o‘ el Ethyl disulfane 9.4 ElL . G“ laclose 123 el lodine diflvoride 10.7
- +ie Ethylencimine 9.94 E.l ermane . ’ e lodine monobromide 9.3
NN-di-ncctylaalling 7.1 UY. | Ethylene oxide 10,565 P, " Germanium tetrachloride 11.90  B.L* 1y pop pgnachloride  10.M
Lidioxane o o 1048 . EL ‘Ethyl ethanoate 10.10 P.l: Germanium tctramethy! 9.2 E.l lodine pentalluoride 13.5
.“‘d‘om . .‘.“ 9.13 _ Pl E‘hyl hex.no;tc 9‘67 Pl d.glucosc 8.8 EL ‘Odiﬂe |¢fruﬁuorid¢ - s
e e T aa v | Ethlledide 933 R . ~ Glyclne 95 BL | jodinc uiftuoride 97
Dlphenylbuu dkﬁ 1'73 o U'V. Ethyl isothiocyanate %.10 Pl n-heptane - 10,07 P.L Todobenzene LR
Dphc ,l decs - Vo 1 Eihyl mergaptan 9,29 Pl ) w2-heplanone 9.3 P l-iodobutane 9.2
L Ipheny pcnuene. ) T4 U.Y. Ethyl melhanoate 10.61 Pl S "--\4-I|cpluﬁone 912 I 2iodobutane .0
Diphenylhéxadiens .~ 82 UV, | Bihyl nlirate 22 Pl : -heplene 954  EL | lodocthane 0
Diphenylhexaldene 7.6 A Ethy! propanoale 10,00 Pl . N-u-hcplyllnlll;\l 1.5 u.v. lodomethune .54
Dighenyloctatetraens 2.5 UV, | 2-ethyithiophene 8.8 E.l, 1,3-hexndiene 9.51  EL I-iodo-2-methylpropane  Y.1K
Diphosphine -~ 87 EL | Fthy! thincyanato sk vi, 7 ' 2dhenadiyne 1065 5. 2-odo-2-methylpropane 401

S T TR
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B, MOLECULAR IONIZATION I’OTEHTIALS (CONT)

J‘I 2 A!’I’ENDI:( W

rﬂ“"‘\ \; J"’ﬁ' Dimethyl disulfids -

}lwdk{\ '
u\ .
L unbuown
t Ted f
peswd o e SN

rsdinaakt

N,N-dl-n-hexylaniline 1.1

Dihydropytan 8.34
Diimide 9.85
Diiodomethane - '9.34 |
Diketene . .- 94
Dilithium lodide - . 8,13
Dilithiom oxide < 6.8
Dimethoxyboring .. ... 4,46
1,1-dimethoxyethane 9.6%
Dimethoxymethane - 10.00

N.N-dimethylacetamide _ 8.81

Dimethylamine 8.24 .
N N-dinuthylanlllna 7.04
Dimethylarsing -

2 I-dlmelhylbuudlcm
2 z-dlmethylbuuna X

2,3-dimethylbulans 3 ’
..‘71 J-dimethylbulanone . 9.I1
2, }-dimethyl-2-butene - © 8,30

Dimethy! chluromine 2.9

846
Dimethyl ether 5% 10.00
N N-dlmclhylfonmmldc 9.12
2,3dImethylfuran - 8.0

. J.S-d_lme_lhyl#hepllhom 9.4

I,)-dimethylhydrazine - 8,13

1 I-dimethylhydruino 115

Dimethyt mercury. - "= 8,90

I.I-dsmczhyl-l-penunone 8,98

22-d|methylpropnm - hONS
"'Dlmelhyl sulfide - . 7, B9

Dimethyl sull’oxldc
Dsmthyltrinuorom:thyl
lrsinef
Dimcthyhlnc ‘.
Dinitrogen dnﬂno:lde L
Dinitrogen.: . .. IR
tetrafiuoride o]
N N-di-n-oclylm!llne BN |

1,3-dioxane - oo10as
1 4-dioxane AP A
Dipheny! T 4
Diphenylaming - &+ T4
Dighenylbutadiens 1.5
Diphenyldecapentaene = 7.4
Diphenylhexadiene . P

Diphenylhexsteiene = 7.6 .
Diphenyloctateiraens 1.5
Diphosphine . .

uv,

PL
ElL
Pl
ElL
E.l,
EL
Elll
A8
P.L
PL

Pl
"PIL
o B
R A B

Pl
R

BRI

Bl
E.L
Pl

- R,
PRI

E.l
Pl
E.l
gl
ElL
Pl
Pl
Pl
Pl

E.L
ElL
EL

El
Uy,
EL
Pl
AN
UV,
Uy,
u.y,
uy,
U.Y.
LOA'S

ElL

Diphosphorusdlarsenide 10,3

Diphosphorus )
letrachloride 2.36
N N-di-a-prapylaniline ~ 7.1$
Di-a-propyl disulfide 8.27
Dil-n-propyl ether 5,27
Di-f-propyl ether 9.20
Di-a-propyl sulfide’ 8,30
Disilicon dloxide 10,0
Disulfur monoxide 10.1
2,3-dithiabutane 8.46
3 4-dhhiahexane 8.27
N-n-dadecylaniling 1.3

. 80
E:, é «\met |o.c3
poxy-l-bulene T893

|,2-epoxypropane .81
Ethanal 10.21
‘Ethane 11.65
Ethane-d, 11,70
Ethanolc acid 10,25
Ethanoic acid-d, 10.71
Ethanol 10,48
Ethanol-d (0D} 10,45
Ethene 10.51
Ethene-d¢ i0.52 -
Ethylamine 8.86
.Neethylaniiine 1.5
Ethylbenzene 8.96

Ethyl boron dlﬁuorlde 1.8

Ethyl bramide 10.29
Ethyl bromoacetate 10.13
Ethy! u-bromobulanaate 9.3
2-¢thyl-i-butens 921
Ethyl chloride 10,97
Ethyl chloroacetale * 10,20
Ethyl decabarane 2.0
Ethy! disulfane 9.4
Ethylencimine 9.94
Ethylene oxide 10.565
‘Ethyl ethanoats 10.10
Ethyl hexanoalts 9.67
Ethyl lodide 9.3
Ethyl isothiocyanate 9.10
Ethyt mercaplan 929
Ethyt methancate 10.61
Bthyl nltrate 1122
Ethyl propancate 10,00
2-ethylthiophene 8.8
Ethyl thincyanate 9.50

-@“’\:.-" .'-l, ?I,;’.\Ti‘_‘ ;9'3

——

El,

El
Uy,
AR
P.L
P.L
AN
EL
ElL
HAR
PL
Uy,
w1

Bl
ElL
P,
el
E.l,
LA N
E.L
P.l,
E.L
Pl
S,
Bl
Uy,
(A 8
E.L
Pl
A
Pl
E.L
AR
AN
E.l
El
El
P
- <Pl
Pl
Pl
Pl
PL
A
rL
Pl
ElL
i,

B. MOLECULAR IOHIZATION FOTENT!ALS {CONT.} .
- vnm e mmemtin nt St om —we———ra \ .
Ethyl lnchloroucclate 10,44 P l L I-Icnl'luoru.acclone l‘l lll
Ethyne 141 Pl Hexalluorobenzene 7.3
Ethyne-d, 11,39 E.l. 1 Hexulloropropene 10.3
Elhynylbenzene B.42 Pl ' 'Htxnm:lhylbcnf:qc 1.85
F Worid ¢ Heaameihylencimine K76
errous chloride ! p-hexune 1l
(monomcr}. . 11.5 E.l. i 2hexunone 934
Fc(r;fms ;hlande 10.5 Bl 1,3,5-hexatriene 8,26
tmer ; . t-hexene T 9B
f;:uon::n: 12'33 E} ! 2.hexenc (franx) 9.!1:
uortn ' " 3-hexene {truny) 9,12
o-Auoroaniline 7.95 PL 1ot d
p-Nuoroaniline 1.82 PL | Rydrazine 9.00
Fluorobenzehe 9,20 P.1. . Hydrazoic acid 0.
Fluorocyunomethane 130 E.lL ! Hydrogen 15.427
"':i".';“’;;;fl'hm o35 pL + Hydrogen bromide (1) 1142
ibro . 1o an 26
F:uorocltimnc l‘g(ﬁ I'i,: 1 Hydrogen chloride (1) 12,94
Flucroethene . . . my no
Mot Av p Ml eunide (s
" ' R )]
Fluoromethane 12.40 f"l ! Hydrogen disullide ¢ 102
o-fiuarophenol 865 Bl & Hydrogen Nuoride 1571
o-fhuor °‘°';’"‘° 81 P | Hydeogen iodide ) 10.M
m-{luorotoluene A A (n 19,4
p-fivorololuene 4.18 rl, Hydrogen peroxide 0wl
Fluorotribromomethane  10.67 P Hydrogen selenide v K8
Fluorowrichloromethane 11,77 el Hydrogen selenide-dq u. k% .
Fluaratriuaromethyl- : Hydrogen sulfide 10,40
benzene 912 BL | piirogen sullided,  10.47
Formamide 10.20 P, Hydrogen tellurids 9158
Formic acid .08 Pl. Hydrogen telluride.d, .04
Formic acid-d, l;;; IF;: 4-hydroxypyridine 9.70
furan AR
Furfurs 9.21 P.L Indene 8.8
gn .m{aduicb- lg T a Todine 9.2
galaclose 123 E {' lodine difluoride 10,7
Germane " lodine monabromide R
Germanium tetrachloride 1150 E.l lzd;:c monochloride 1.0
Germanium tetzamethyl 9.2 Ié{ Jodine pentaituoride 1.
d-glucose 3.8 o todine tetrafluoride 14.5
Glycine . 9.5 E. lodine trifluoride 9.7
n-heptane 1007  PL | Todobenzenc “;i
- y,
2-heptanone 333 PL ! lodobu'fﬂc o
\4 heptudone 9.12 P 2Liodobutune ot
1-heplene 954 .ElL loduethanc "--34
4 /)
it 7.5 u.v. Jodonmicthiune . 8
k;l;:hl:;tml::ellinc 9.5] E.l: 1.iodo.2-methylpropane ‘J.H:
o \ iodo-2- yu2
! 2,4-hexadiyne 10,65 5. 2-ipdo-2-methylpropane
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. , APPENOIX IV -
" B. MOLECULAR IONIZATION POTENTIALS ( 'i
-~ IALS {CONT.) . B, MOLECULAR IONIZATION POTENTIALS (CONT.) :
openaborane 1" EJ, Met : et tm o st e e e
I-iodopeatans o Bl | vmewtiobuadens 835 PL | Nomethylpyrralidine 806 L. Miioncinne oz !
1-lodopropanc 926 PL | 2mehyouanal 9 i \ a-methylatyrene 835 PL - oniroaniline ey
;  2dodopropans 917  PL° | methylbutanal 907 o ' J-methyl-2-thiabutanc 8. EL | mnitroaniline gr
o-jodotolucne T 862 RL 2-methylbulane lo.ll E.L . Methyl thiocyanate 10,063 pl _p-nitroanilie B.ys
. mlodotoluene . ... B.61 AP Methyl a-butanoate 10.07 o ! Molybdenum dioxide 54 EL. , Nirobenzeac 932
plodotoluene - - . " 8.50 PIL Methyt i-butanoate 9.98 L l Molybdenum | Nitrocthune - 10.n
Iron pemwubonyl 198 Pl S-methyl:2-butanon - 9-1 Pl el \'\{\ hexucarbonyl B.I2 pl. | Niwogen () 15.576
Isoleuéine - 9.8 El 2-methyl-1-butens : 9'”2_ rd. <‘r Lo (O e,lng Molybdenum monoxide 8.0 ElL (n 218
lsaprene 3345  P.J. J-methyl1-butane . 9' p Pl ¢ Molybdenum tefoxide  12.0 E.lL ! Nitrogen difluaride td
Lsothlocysnic asid 104 EL 2-methyl-2-butene " O "t Moncaluminum oxide 9.5 El, | Nitrogen dioxide 9.78
. n 8.68 . PI - i Monobromobenzcne By8 Pl | Nilrogen monofluoride 12.0
Kelene : 9.5 J-methyl-l-butyne 10.35 C ot ) )
£ & Meihyl Chloridi ”- E.lL Monobromodilluoro. I Hiteogen trifluoride 129
Lanthanum monoxide 48 EL Methyl chioroucetate l0-23 AR methane 12.0 El . Nitromethane 11,08
Lead tetramethyl - 5,0 El, Methylcyctohexa 9:: Pl Monobromoeihanc 10.29 P.L . penitrophenul 9%.52
Lithium (distomie) -~ 4,96 - 5. 4_m“hy!cycloh“':= 3'9 P, Monobronpethens 9,40 pI, I+nitropropane .51
Lithium iodide C e B.SS ‘B Methyleyclopenia g RAl Pl 1 Monobromomethang 10.53 LA : I-nitropropanc 10,71
+ Lithium oxide - 63 E.I ~Mf-lhrlcyclopr: ne 1045 ElL 1 ‘Moncbromotriluoro- p-nitrotoluenc - 9.52
33dudding ;- 885 BL | Methyl dichloroacetst ot L : methane g PRI Nitrous oxide 1248
24utidine. . . . .83 L | Methyldichloro 'C? ale I 44 rL ! ~ Monochlorobenzene 2.07 Pl | #-nonane .21
I.S-Iutldine R ¥ 1 S X { Methyl arsine 0.4 EL ) Monachlorocyclopropane 1 S.nonanone 9.10
Mo 4l e M::h;uii:‘g::“ﬁ . ‘:-’ EL ' . _ 10.00  EL | N-n-nonylaniline 7.8
: l,nu um dk:yclo- a et Methy! orice 1123 P.I. : Monachioroethans 10.97 P.L Naornicotine 9,0
pentadienide . 26 EL cthyl ethanoate 1027 PL . . Monochloroeihene 1000 P !-
Maleic anhydride - 9.9 | AN Methyl ethyl ether 9.81 E.L Monochloromethane 1 p1. | Octaflvoroactiophenone 1.25
Mercuric chloride - Bl Methyl ethy| sulfide 855 PL o Monochlorolriﬂuoromelhnn; " | Oswfuorotoluene 1u.4
-Mercurydim:thyl-.' ‘l:clhrl fluoride . 1280 ' S 1 ‘ 12.8 py | n-oclanc 10,24
id’ 7 -methylformamlde 9.25 Lo Manofluorobenzens 9.20 pl, | Jroctanone v.49
-methylfuran ' B.39 P.I. . : 4.pctanone 9.10
Methyl lodi : Monofluorodichioromethans '
cthy de 9.54 P.I . 11.06 El i 13,5, T-oclotletraene 1.3
Methyl isathioeyanale 913 ElL « . Monofluoroethane 12.00 El. 1-ocicne 9.52
| Methyl mercaplan 9.44 3| ' ' ' 2.0ctenc 911
| Methyt . Monofluorocthens 10.37 Pl ..
. ethyl methanoats 10,82 Pl Monofl {hane 12.80 5 v N-n-octyluniline 1.5
. methvlnaphthale . nofluoromethan . . ! N € .
. a-méthylaaphihslens 1.96 Pl ! Monoiodobenzene 413 Pl Osmium tetroxide 1%.6
. oy 1T R £-methyinaphthalens. 7.953% P.I. i Monolodocthane 2.1 Y Osmium trioxide 1.3
Methaneedg- . 1L19 ElL Methyl nitelte -1 El - Monpiodomethane 9.54 py,  Oxacyclobutanc Loon
Mehancioncd 1105 BL | Tmetbrlpenune ol P Monelithium oxide 90  EL  Owien 12,073
Methancic uid-d. 11.57 EI J-methylpeniane 1007 rlL : Monomethylarsine 9.7 EL Oxygen duﬂuondc 1.7
Methano) 1085. PI Methyl pentanoats 9,87 . P\ ; Owne 12.50
oLy 4-Meth Manomethyihydrazine B.63 E.L
Methanol-d OD 104" : 4-Methyl-2-penlanons 9,30 |
.( ) 11,04 E.lL . .
Methionine - 98 LEL 2-methyl-2-peniene-4-one  5.08 B, ] Naphthalene (1) RAS Penlaborane . 10.8
N-m‘hﬂ‘“‘mld‘ . 350 - PIL p-methylphenylamine 8.2 ElL d an 14.7 E.L 1,2-pentadiens 9.42
Nemethylaniline . * 135 - Pl 2-methylpropane 10.56 Pl . [{11)] 11.2 E.l. §,)-pentadiene B.64
Methylimine - 7. . 897 L 2-methylpropanal 974 . DI, 1-naphthylamine 730 r.l 1 4-pentadiene : 9.5%
. pmcthylaniline B4 El Methyl propanoate 10,15 P.l. i 2-naphthylamine 7.2% Pl 2.)-pentadicne .28
. Methylarsine ™~ - v ElL 2-methylpropanoic aeid 1002 Pl Mickel chloride 1.2 E.l Pentafluorobenzene 9. %4
© Methyl azide” g Bl | amebyldpdpanat 97 P Nickel tetracarbony) 828 P1 | Pemamelylentent 02
) l:'clhyl ben;om .U jg ¢ JEL | Bmehylpropene < 923 =Rl : ' :;“’."“ Ide (1) 32'5 5: "-';::ml :)un
ethylboron” -~ e 1 . tric oxide : ) 1 a-peniane g
¥ . : Methyl Fpropy! sulfide 8.7 E.I {n 30.6 El 2,4-pentunedione w7
,

difworide .. . . - 1284~ o
et oot A l15.4, E-l- Mcthyl r-pronvl sullide  #,80 EL ' . -... |, . Miuicwifde 8.8 BJ. 1 a-pemianuic ucid - .12
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B. MOLECULAR JIONIZATION POTENTIALS (CONT,} . B, MOLECULAR TIONIZATION POTENTIALS (CONT.)
2-penlanone 2.39 Pl Propanc : Lo P.I. Silicon tetrafinoride 15.4 Bl | ‘Thircyclobutane I K
3-pentanone 9.32 P.L Propadiene tote,  mr : Siticon tetramethyl 9.80 EL Thiscyclohexane A 1
l-pentene 9.30 P, | Propanoic acld 10.24 Pl ' Sodium (Nag 4.87 s. Thiscyclopentane .48
v 2L-peniene (cir) 9.11 . ElL 1-Propancl 1047 PRI Sodium azide 1.7 El Thircyclopropane .37
2-pentenc (1rans) 9.06  ElL 2-Propancl 1017 P Sodium hydroxide 9, El, Thisdloxane 8.50
n.pentyl ethanoate 9.92 AR Propanone 9,60 Pl ) Sodium lodide - 3.8 - "EIl’ 4-thisheptane 3.30
1-pentyne 10.39 E.l Propenal 10.10 .1, Stannane ' n. El 2-thispenisne " 8.80
Perchloryl fuoride - 13,6 E.l Propene 913 P, Stivine 958 Pl Y.thispentane 3,43
Perfluorcheptane . 128 ElL Prop-1-¢ne-2-0l 5.2 P ! Stilbens 195 U.V. | 4-this-l-pentane 3.70
+ Peefluoro-1-heptene 10.48 AR Prop-2-ene--ol . 9,67 PL t Styrene 8,41 Pl Ithiapropane 1.69
(n-pecQuorapropyl). . - .o Propenole acld | 10,90 A . Sulfur (Sy) ' 9.9 El Thicanisole 89
chloromethansg . - 1184 PRI Proplolactone 2.70 Pl e Sulfur (S} 10,5 E.l. l-thicbutano! 904
a-perfluoropropy! lodide 10,36 Pl n-propylamine 8,78 P.I, Sulfur {S,) 10.4 El.  tthiobutanol LW
(r-perfuaropropylys : Lpropylamine 8,72 LA B J ~Sulfur (S,) 9.9 el ‘Thioeihanoic scid 10.00
iodomethane 2.96 AR N-n-propylanitine 7.5 u.v, i Sulfur {Sy) 9.4 El, Thiocethanol 9.29
“{n-perfiucropropyl)- N-I-propylaniline 7.5 Uy, Sulfur (Sy) 2.2 E.J, : Thiomethanol 9.44
methyl kelone 30,58 BT, 1-propyibenzene 8.72 AR Sulfur (S} - 8.9 El. ' Thiophene _ BBE
* Perylene 115 LEAYA 2-propylbenzene 3.69 P, ! Sulfur dioxide 1234 s, i Thiophenol &1
Phenanthrene 7.8 s, Propylencoxide - 9,81 gl Sulfur hexnRuoride 19.3 El. | |«thiopropanol 2.2
Phenctole 843 Pl | Propylene sulfide 8.6 El : Sulfur .‘\h oxide 1.1 El ! Tinlctramethyl 1.3
Pienol T3S0 T PL. s-propyl clhenoate 10.04 Pl Lo ,\J;}P coL, \“‘E ?b, | Titentiom tetrachlordde 18,7
AR o ‘ L ctra Pl e . o
Phenylacetylene .. - 8.82 1 P f-propyl ethanoals 9,99 Pl .YM' L Iz“ ‘ schloroethane 11.10 X Titanilum trichloride ., "12.0
o-Phenylenediamine 800 T E f-propyl isothiocyanate 9.4 EJ, { Tclruchlz:oelhenc 9.32 P.l. Toluene (1) .12
m.Phenylenediamine .. - 7.96 E.. m-propyl methanoate 10,54 e ! Teirachloromethane 1147 P, (an 15.5
p-Phenylenediamine - 7.58 E.I. n-propyl nitrate - 11.07 N P i 1,2 ;4-|emnuoro- ' - {H) 17.5
Phenylhydrazine .. .64 P.l, 2-propyl thlophene 8.6 E.l, e ll;c;uene 9.61 Y o-toluldine L
Phenyl isocysnete-. . 877 PRI, Propyne , 10,16 P.I. . 1.2.3.5-1etrsfiuoros ’ . m-toluidine 1.50
Phenyt ls0lhio¢ylmtc 852 P Pyrazing 10.00 E.l benzene 9.5 p1 ptoluidine 1.50
Phosgene . 11.78 5. Pyrene 7.72 El 1.2.4.5-tetesfuoro- ’ o p-tolunitrile 9,74
Phosphine :; [ % El. Pyridazing 9.85 El, '| " benzene 9.3% Pl Trinzene 9.6
Phosphorous m:ld‘ R T X JEEE - Pyriding 9,266 s, Teiafluorocthene lﬂ.ll I"l' striazine B 0,07
" Phosphorus (Py) - HL1 - EL 1-pyridinccarboxaldehyde 5,75 El Tetrafuoromethan <|5'° E‘I. Tribromotthene 9.27
_ Phosphorus (P =i 0 127 EL 4-pyridinecarboxaldehyde : Teteshydrofuran 9'45 E-l’ Tribromofuotomethang_ 10.67
« o Phosphorus (P AR X B A 10,12 El. . Tﬂmh" dropyran - 9.2 pL. "Fribromomethane 10.51
Phosphprus arsenide  * 11,2 - LC.l. Pyrimidine . 9.91 o Tetr hydro yﬂ,ole B0 E'.l. 1,1 l-irichlorobutanene  9.54
. Phosphorus dichloride 9.0 El, Pyrrole 8.20 Bl Ahydropyrt . ’ ' richlor —QQ methane 11,77,
e ; _ 2,3,5,6-tetramethyl. © . :Ff' éz ] 'ﬁ bt € 513 >
Quadrloyclene 870 EL aniline 17 EL iehiofoet
' “ EL | Quinoline 830 P, 124, S-tetramethyl- Trichloromethane 1142
!’hosplm:us monochloride 9.6 El Quinone 9.68 P . - benzene - 3.0} Pl Trichloromethy! eihyl
Phosphorus }rltmnide 100 . EL tent . ) 3 22331 clumothylo ether 10.00
Phosphorus trichloride . 10,75 £1, | Sckmomdioxdde . 114 EL g 079  El | Trichlorovinylsllane 1079
2.picali | Sclenium dioxydifivorlde 13,15 E.L butane . . o Teicthylsmine 1.40
picaline 9,02 Pl Seleni . Tetramethy! germanium 9.2 El b
© J.picoline 9.04 P clenium oxydifluoride 12,50 El . g ! % £l Tricthylphosphine e
4-p|colme 9.04 Pl Silane 12.2 E.l Tetramethyl hydrazine 2. " Trifluoroacetophenone-.  10.2%
Piperi 248 - . Silicon carbide 9.} El, i Tetramethyl lead 8.0 E.l ' pge
periding = 849 E.L Silicon dichloride - " [ | 2,24 A-tetramethyl-d- _ 1,2, 4-uriflucrobenzent B
Polymelhytene Ton 3008 E.l Silicon dioxide “'7 E'I' i 'pcnlanone B.6$ Pl 1,1,5-trifluorohentens 9.)
Polagsiom (i) .. 409 s. sillcon monoluorida 7:25 P i Tetramethyl sllane 9.80 ElL. Trifluorcchioromethane  12.91
Potossium iodide _‘ S8 El . | Silicon monoxide ~ 10.8 EL . Tetramethyl tin 825 El. ! Trifuorcethane 10.4
‘Propanal 99 Py, Sllicon tetrachloride 1206 L i 2-thiabutsne B3S P, i Trifluoroethens 10,14
e ) - - ; +nd‘\\¢a~0-\ \,\,u\g, a1l
ST Lo oy e : L Y Ll Ay A
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~ APPENDIX IV

C. RADICAL IONIZATION POTENTIALS

- n
1,1, 1-trifluoro-2- v ‘ -
lodethane 1000 PJ \3 if&'i'f;:&fﬁ"""‘ o4 EL ; Acetyl 790 EL | Ethyleniminy! 16
- Trif " nyl benzene 847.. P Aliyl 8,16 E.l 07
o Tiuoroodemethare 1040 PL | Vi) boron difuorde 1106 ELL Amino N3 EL | e et bet!
Triluoromethylbenzene  9.68 Pl '::::y: b{‘?m;: ¢ 9.80 P ‘Aminocyclopentadienyl ’;Z E"' p-Ruorobenzyl 778
Triluoromethyl- ‘ viy 'I: °|’_}‘° 10.00 P, Anilino 11-6 E';' Fluorocyclopentadienyl  8.82
cyclohexane 1046 PL | yiteqe oreine 893 T i Atldo : 1| Fluorcimino 12.0
,1,)-triflvoropropene 109 © P, vindl 8 "}:“‘ 9.19  PL Benzoy! 740 EL Fluoromethyny) 1341
1,1, l-trifluoro-2,2,2- Vinyl uorlce h 10.37 Pl . Benzyl 1.16 Bl - Fluorophenyl 10.86
Irichlgroethane 178 | A nyl methyl ether 3.9} Pl ' Promocyclopeniadienyl  8.83 El. Fluaroxy 130
1,1,2-trifluoroe1,2,2- . Water (1) 12.59 PL- Bromomethynyl 10.43 EL Formyl 9.43
trichlorocthane 11,99 (AN (n 167 8. 2.butens1-yl N Bl Formyl-d, 9.81
Trimethoxyborine 89 El. {nn M2 S, n-butyl 8.64 ElL Hydrazy! 11.53
Trimethylaming 2 ¥ P.1. (tv) N4 S. -buty! B35 El Hydroperoxy 10.50
24,6-trimethylaniline 1.7 ElL Waler-d, 12.58 ElT, sec-buty! 193 E.lL Hydrosulfyl 620
: Trim:ll;yl arsine 83 - ElL | Wagrd 1260  ElL 3 r-butyl 742 EL Hydroxyl 13.53
12,)trimethylbenzene 848 Pl Xenon difiuoride s s : : ‘
" e . . p-chiorobenzyl 1.95 ElL 1310
I.l;..tl-tr:melhylbcn:ene .. 827 AR .Xenon tetrafluoride B X ElL ' Chlorodioxy .l E.L ::g::yl Y
1) Sseimethylbenzene .09 P gxylene 856 PRI o Chlorocyclopentadienyl 878 ElL. (0.4
2.2, )trimethylbutane 10,09 ' lsothiocysnato <
y 1009 EL | mexylene 8.56 P, Chtoromethyny) 129 - Bl
Trifacthylens oxide . -9.85 . . E.l. p-xylene 8,445 P.l. ‘] Chlorottiony 1.7 Bl Methenyl 10,39
Trimethy! hydrazine - > 7.93 . Bl 1 Chlorox 10.4 El « Methoxy 10.7
2,2,4-trimethyl ‘ Zing chlorlde 12.9 E.l 3 oroxy : { 5.82
“rimethy l""“‘“‘ Zine dimethy) 186 EL ! m-cysnobenzyl 858  El p-methoxybenzy 682
z,m phthalocyanine - 7 v p-cyanobenzyl 836 ElL Methyl o
; ) ot Cynocyclopentadienyl  9.44 ElL Methyl-d, 3]
Tnm:lhylphnsphlne R 1-cyanoethyl 9.76 Tl Mcthylmlopeﬂlldknyl 5.4
Trimethylsilane PC.B 5 =\ess than 0.0 b 2.cyano-1-¢yl 948 El | Mehyhydnol 5.2
Triphenylamine El, Cyanomethyl 1087  El Methylnitrosy! 8.2
Triphenylene:7: - - AL Jhe TP 1 H:& P 2.(2-cysnopropyl) 9.1% El 2.methyl-l-propen-1-yl  8.03
Tm-(p-mclhylphtnyl)- o vlative semitividies. ' Cyclobulyl 7.88 EX. m“:m“l,l Iﬂl
amine.” ’ A t .
loheptatrienyl 6,24 S. ethyny
Tﬂﬂg’"ﬂw | “‘"";*‘ fochion — £]0.2 buaie ot - Cyclohenp 76  EL | Monobromemely o
-, Amine s lerae sige ~ ntadleny! 868 EL anochioromethy .
’ Tris(e-propyl) amine: Ten o\‘?,. | 2t and praenceif (S gﬂ:pp:mﬂ 4 7.79 ElL Monofluaromethyl 9.3
| Tr::‘{;;iﬂ:lfromelhﬂ)- ‘ : '—-o : ™ . Cyclopropyl 8.03 El Nitrile 14.2
Tris(ulnuﬁ-zmthyl ehy—07. ' 1 Dibromomethyny! i1l BL m-nilzabenzyl 8.56
phogphorus - ot ) Dibrgmomeihyl 813 Bl Pentafiuoropheny! 10.6
2,3 A-trithlapentas | g;c:}:;g::::r;w' io B | 2eew m
g ;:::::M» R ; - Dihuorasmina 4 EL | g
Tungsien a,mde o Y- gil:uorgm:::y?yl 1:.:2 E} f-pentyl 1.3
Tungsien hexacarbonyl: = 318 Pl i bi "‘:‘?;'I“ dY | .20 B Pheny! :.”
Tungsien monoxide = 9.f El . : me hy ¥ l"“ 3 E.I.' Propargyl .
Tungsten trioxide 1.7 El, - Dimethylsily . . : E'!. Propionyl 1.66
. : Diphenylmethyl 1.3 . 1-propy! 1.7
Uranium dioxide - 43 El * Dithlomethylperoxy 9.4 El. 2-propyl ' v 3]
Uranium heunuoride_ 15.0 El Eihenyl 9.45 EL p-{l-propylbenzyl) 142
Uraniom monoride, . 41 A Fihary 1030 EL | 2-pyridylmethyl 517
Cranium _‘-".'_'»Chl'.“i“’.-e 'f_'rlll"" EL '-:..h).' .30 EL 3.pyridylmethyl 192
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: 4.pyridylmethyl 840, EI
Thioethoxy 51s EL

) Thiomethoxy 8,06 Bl .
v ‘Thiophenoxy 8.6 EJ
: Trichloromethy! - - 878 - ElL
Tritworomeihyl - - 1010 - El
Trimethylgermanyl ~ 80 El
Trimethyisiany! 746 El
Trimethylplumbyl 78 Bl
Trimethylsilyl 18 El

* . Tropylium . 624 - 5,

Vinpl T 94s ElL

Yinyleyelopentadienyl 84 - EL
o-xylyl HR X 1 S -
mexylyl -6 - ElL
«paylyl (146 TUEL
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Photoionization Detector Sensitivity

of Organic Compounds*

Marsha L. Langhorst

The Dow Chemical Company, USA, Analytical Laboratory, 574 Building, Midland, Michigan 48640

Abstract

Using a gas chromatograph equipped with a high
temparature photoionization detector, a wide varisty ol
organlc compounds was analyzed. Relative dstector
sensitivities wers determined on a molar basis and an a
welght basis and were normaiized against the detector
response for benzene. By analyzing sets of organic
compounds of like functionsality but ditferent numbers
af carbons, several conclusions were derived reiating
PID sensitivity 10 molecutar structure. in general,
retative PiD sensitivities should be compared on &
molar basis rather than on a weight basis. PID sensi-
tivity depends primarily upon carbon number,
functionsl! groups, and bonding type.

Introduction

The photoionization detector (PID) is designed to detect
species in the effluent from a gas chromatograph by utilizing
the principle of photoionization. Photoionization occurs when
the absorption of a photon by a molecule leads to ionization
via the reaction:

RH + hv—=RH* + ¢

where RH is an ionizable molecule and hv is a photon with an
energy 2 the ionization potential (IP) of the molecule.

With the development of a stable PID with a sealed UV
source {HMNU Systems, Inc., Newton Upper Falls, Massachu-
selts), interest in the detector has increased. The development
and performance of the detector have been documented (1-5),
as well as a number of diverse applications (6-12). By utilizing
UV lamps with different photon energies, the detector can be
easily modified for almost universal or quite select
detection of compounds. .

if the ionization potential of the compound is less than the
lamp energy, then the photoionization detector will respond to

“This paper was prasanted at the 1580 Pitisburgh Conference on
March 12, 1980, in Atjantic City, New Jersay [papar numbaer 415).

that molecule. As a result, tables of [Ps can be used (0
determine whether or not the detector may be useful {5).
However, these parameters of lamp energy and IP do not
indicate the relative detector sensitivity for various
compounds. This lack of information for concisely defining
the factors affecting PID sensitivity has limited its acceptance.

Some instrumental parameters effecting PID sensitivity
inctude: (A) lamp intensity, {B) lamp seal, and (C} flow rate
through the detector. The lamp intensity is adjustable with a
dial on the HNU Systems electrometer/power supply unit.
The intensity can be diminished if the detector window
becomes dirty or coated with material from column bleed or
samples. The lamp seal is optimized at the time the UV lamp is
installed in the detector. The sensitivity increases (almost
exponentially) as flow rate decreases (3). With high efficiency,
packed gas chromatography columns' flow rates between 8-12
cc/min can be normally used for high sensitivity.

Logically, the detector sensitivity also depends upon ioniza-
tion efficiency, a parameter related to the tightness with which
electrons are held wo a molecuie. By investigating detector
response for a wide variety of organic compounds, general
rules have been derived for predicting PiD sensitivity based
upon ofganic compound structure.

Experimental

The HNU Systems, Inc. high-temperature photoionization
detector, Model P1-51-02, was installed on a Hewlett-Packard
(Palo Alto, California) 5700 gas chromatograph (GC). Using
a 10.2 eV lamp, a wide variety of organic compounds was
analyzed on several different GC columns. Peak arecas werc
integrated with a Spectra-Physics (Arlington Heights, [Hlinois)
Systems | computing integrator. Relative detector sensitivities
were delermined on a molar basis and on a weight basis and
were normalized against the detector response for benzene.
Using the data obtained from analyzing sets of compounds of
like functionality but different numbers of carbons,
conclusions were derived that related PID sensitivity to
molecular structure.

The chemical standards were obtained from Supeko, Inc.,
{Bellefonte, Pennsylvania) {PolyScience Corp. analytical
standards kits, Miles, {llinois). The chemical purities were
all > 95%.
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lalcumlons

The molar sensitivity relative to benzene is calculated using

'1: following equation:

SM =

AB2)

B
« B0

B

Eq.1

where A is the peak area of compound of interest, A¢gzyisthe
ak arca of the benzene peak, 8 is the molar concentration of

Ee compound of interest (nmoles/ml), and B( BZ)

is the molar

ncentration of the benzene standard solution (nmoles/m)).
The relative sensitivity normalized to benzene on a weight
tsis is calculated using the following equation:

S =

AB2)

A C
« B0
c

Eq. 2

where C is the concentration of compound of interest (ug/mi)
and C( gz is the concentration of benzene in siandard solu-
1on (ug/ml).

Resuits and Discussion

The delector response relative 19 benzene on 2 molar basis
for a large number of organic compounds is detailed in Table
I. From these data, it can be concluded that PID sensitivity
depends upon the following chemical structure parameters:
(A) carbon number, {Bj functional groups (e.g.. -OH,
-COOCR, etc.), and (C) bonding type (e.g., double bonds,
aromatic, eic.). More specific conclusions are listed in Table
IL.

Tabie |. Sensitlvity of Compound Relative to Benzene on a Molar Basis (Benzene = 1.0)

\
|
| lmpouncs

SM (B2}  Compound SM (Bz) Compound SM (BZ)
a-ALKANES ALDEHYDES
'Huptane 0.032 1-Hexadecene 0.9% Butanat 0.30
Octans 0.080 1-Heptadecene 106 Pantanal 0.36
n-Nonane 014 1-Octadecene 1.10 Hexanal 0.41
n-Decane 0.23 1-Nonadecene 117 Heptanal 0.45
tndecane 0.30 Octanal G.49
Dodacane 0.37 ALKENES, DIENES, ALKYNES Nonanal 0.33
Tridecane 0.45
n-Tetradecane 0.53 2-Heplens 0.51 ALCOHOLS
Pentadecane 0.59 3-Heptene 0.58
'He!adecanu o.n 3-Methyl- 1-butens 0.52  1-Butanol 0.023
Haptadecans 0.72 1.9-Decadiens 1.07  1-Pentanol 0.053
n-Octadecane 0.79 2-Octyne 2.75  1-Hexanol 0.086
n-Nonadecane 0.86 1-Heptancl g.12
Eicosang 0.93 KETONES 1-Octanol 0.16
eneicoszne 1.03 1-Nonanal 0.20
Docosane 113 Acetone 035 1-Decanol 0.25
2-Butanone 0.40  j.yndecanal 0.29
ALKANES: BRANCHED & CYCLIC 2-Penlanone 0.45  1.Dodecanet 0.3
l 2-Hexanone 0.52 Isabutanot 0.029
2-Dimethylbutane ¢.037 2-Heptanons 0.99
.3-Dimethylbutane 0.032 2-Octanone 0.71 ESTERS
2-Methylpentane 0.011 2-Nonanone 0.78
sthylpentane 0.027 3-Pentanone 0.54 Methyl propionate 0.010
4-Dimethylpentane 0.080 3-Heptanons 0.68  Methyl butancate 0.039
Methythexzne 0.075 3-Octanone 0.73  Methyl penlanoate 0.082
2,3-Dimethylpentane G.10 4-Heptanone 0.70  Methyl hexancate 0.096
2, 4-Trimethylpentana 0.2 - 5-Nonanone 0.82 Methyl heplanoate 0.14
| - & 2,5-Dimethylhexane 0.15 Methyl oclancate 0.15
a 2 M.#-Trimethy{pemane 0.22 KETONES: BRANCHED & CYCLIC Methyl nonanoate ggg
-Methylheplane 0.13 _ Methyl decancate .
2,2,5-Trimethyihexane 0.26  3-Methyl-2-butanone 038" Methyl dodecanoate 0.48
lohaxane 0.18  3-Methy!-2-pentanone 0.60  Methyl tetradecancate 0.66
hylcyciohexane g.28  4-Methyi-2-Hexanone 062 metnyl hexadecanoate 0.82
hydronaphthatene 104  3-Methyl-2-heptancne 072 Ethyl acetate 0.020
2-Meihyi-3-pentanone 0.62 Ethyl butanoate 0.15
1-ALKENES 5-Methyl-2-hexanone 0.65 iyl hexancate 0.24
5-Methyi-3-heptanone 0.75  Eihyl octancate 0.32
eptene 0.54 3,3-Dimethy!- 2-butanone 065 Eihyt decanoate 0.51
-Octene 0.55 2.4-Dimethyi-3-pentanone 0.70 Eihyi dodecancate 0.70
1-Nonene 0.58 2.6-Dimethyi-4-heplanone 0.81  propyl acatate 0.025
Decens 0.67 Cyclopentanane 0.57  propyl butancate 0.21
Undecene 0.70 Cyclohexanons 0.62  gyryi acetate 0.044
e 0.73 2-Methylcyclohexanone 0.66
1-Tridecane .81 3-Methyicyclohexanone 0.66 AROMATIC HYDROCARDONS
Tetradecene 0.87 4-Methyicyclohexanons .63
ladecene 0.92 2.3-Bulanedions 045  Tolueae 1.08

{continued on nexi page)
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Table {. (continued)

SM (B

l Compound Compound SM (B2) Compound SM Bz}
(Arematic Hydracarbons) 1.3.5-Trichiorobenzene 1.26 Phthalates
1.7.4-Tnchiorobenze 1
Ethylbenzene 1.16 12 3_1,:(.'“,0,0““1!22 . EE bis(Methyljphihalate 0.56
a-Propylbenzene 12 1.2 4.5 Tetrachigrabenzene 128 DiEthyphtnalate 0.87
n-Butylbengene 1.27 133 2-Tetrachiorobenzene 140 pis{n-Butyt)phthaiate 1.06
n-Hexylbenzene 1.28 Pentachiorobenzene 1.32 Bis{2-Elhylhexyljphthalate 1.78
n-Octylbenzene 1.32 Hexachiorobenzens s 36  Butylbenzyipnthalate 1.78
n-Decylbenzene 1.69 =
o-Xylene 1.4 Chlarobenzenas average = 1 30 *
m-Xytene 1°5 —_— Halggenated
p-Xylene 1.20 —
Cumene 122 Chiorophenais Monochlorabenzene 1.30
p-Cymane 1z - Bromabenzene 1.82
Mesitylene 1.27 2-Chiorophendt 1.1%  |pdobenzene 2.50
3-Chlorophenol 1.32 1-Chiorg-2-fluosabenzene 0.98
PAMS/PNAS 4-Chlosophenol 1.30 {-Fiuoro-4-mitrebenzeng 0.1%
2.3-Dichlgrophenat 1.34
:i?::::;::e ; 3: 2.4-Dichlocophenol 1.34
Phenanthrene 2‘50 g.g-glc::oron:enail 1.3 Mixed Functionality
- r -
1.2-Benzanthracene 2.46 3'4-n:§mzrggn::gl : gg
Chrysene 2.96 : : p-Cresol 1.07
pyrene 302 3.9-Dichigrophenc 1.35 2 .4-Dimethyiphenpl 1.10
Triphenylene 308 2<3<4'ET|CHWI’ODHEHOI 1.28 2-Chioro-5-hy@raxy toluene 120
Eluarene 2 08 2.3.5 Trehlaraphenal 128 2 4-Dinwrotoluene 0062
Fluotanthens 285 2.3,6-Tnchiprophenol 1.47  A-Nstrophengl 6.29
Acenaphihene 3.06 2.4 5-Trichloropheng! 1.32 2.4-Cinitrgphenol 0.094
Biphenyl 1 88 2.4.6-Trichlorophenct 1.30 Diphenyloxige 2.10
p-Terphenyl 220 3.4.5-Trichioropher.s 1.20  wenzoluran 0 86
2.3.4 5-Tetrachloropheng! 1.14 {libenzo-p-dioxnA 0.93
2.3.4 6-Tetrachiorgphenol 1.43 Dibenzothiophene .31
SUBSTITUTED BENZEMES 2.3.5.6-Telrachigrophenol 1.38 4-Bramaginenyloxide 730
Pentachlorophenot 1.18  2-Chioronaphtnalene 204
Ring Actwvators ——
—_ Chlgrophenols average = 1 32
Phenol 103 — MISCELLANEOUS
niline 1.13 Paiyctionnaled Biphenyls —_—
1,2-Dimethoxybenzene 119 3-Hexene- 1-0l .46
2.3-Oschiorobmphenyl 218 HexachigrocyClanexane 0027
Ring Deactvators 4_4"-Dichigrobiphenyt 547  Hexachlorocyclopentadiene G.88
2.3 4-Tnchiaromphenyl 2 4D Hexachigro- 1 3-buiadiene 134
Nitrobenzene 029 2 2°.5.5 - Tetrachlorobipheny! 943  Mesiyloxge 0
Benzoi acid 030 2.3 4" 5-Tetrachicrobipheny! 239 1-Bromobutane 0.066
Benzaldehyde 096 3.3 4 4 -Tetrachigrotiphenyl 2 96 1-1odobulane 1.93
Acetophenone 094 2 7' 4.5.5-Pentachiorophenyl 3 45 1,2-Oibrumobutane 0.081
2.7°.3 4.5 -Pentachiorgtipheny! 2.80  Deiny! etner 0.36
Chigrobenzenes 2 9" 3.4.5.6-Hexachlorotwphenyl 265  Tewahydraturan 0.39
, 2.2'.4.4°.5.5" Hexachloruphenyl Pyridine 0.50
1.3-Dichlosobenzene 14 - oneny 2_60_ Isopentanal 0057
1.4-Dichlorobenzene 1.39 PCBs average = 2.53 tart-Pentanol 0.054
1.2-Dichlofobenzens 1.30 e 1.4-Butanedio! 0.10

Table 1i. Conctusions on a Molar Basls

a Senstivily INCTEAses as Carbon number increases.

Fof n-zlkanes, SM = 0.0715n - 0.457 where 5M = malar sensitmty
relative o henzene {Benzene = 1.0) and n = carbon aumber
Sensitwaty 1or atkanes < alkenes < aromatics.

Sensiwity of alkanes < alcohols < esters < aldehydes < kelones
Sengivity of Cyche compounds > noncyclic compounds

Senstvity of branched compounds > nonbranched compounds.
Sensitwity of Huorine-substituted < chipnne-substituted < bromine-

»

R I B

substiuted < iogine- substituted compounds

For subshtuted benzenes, nag activators {electron-relaasing groups), in-
crease sensilivily and fing deactivators {eleciron-withdrawing groups)
decrease sensitivity (excephon: halogenated benzenes).

SM = 0.715-0.475

In gencral, sensitivity increases as carbon number increases.
For n-alkanes, molar sensitivity is linearly related 1o carbon
number by the relationship:

wirere SM is the molar sensitivity relative 10 benzene and n is

the carbon number {(see Figure 1). This line was drawn for C,

through C,; n-alkanes. C, through C, alkanes were excluded
because they have ionization potentials greater than or equal
1o 10.2 ¢V and thercfore give little or no response when the

PID is equipped with a 10.2-2V lamp. Figure 2 shows relative

100

sensitivities normalized to benzene on a weight basis for
n-alkanes and l-alkenes. For alkanes, the relationship is
nearly linear at low carbon numbers. It was concluded that
PID sensitivities could be better compared on a moiar basis
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rather than on a weight basis.

Series of 1-alkenes, aicohols, aldehydes, ketones, and esters
were also analyzed. For these compounds, functional groups

and bonding structure also affect detector sensitivity as well as
carbon number (see Figures | and 3-4). At low carbon
numbers, the bonding type or functional group is the primary
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factor affecting sensitivity. At high carbon number, the plot
of SM vs. carbon number tends to paralle! or meet the line for
n-alkanes. That is, carbon number is then the predominant
factor affecting response. In general, the sensitivity of
n-alkanes < 1-alcohols < esters < aldehydes < ketones of the
same carbon number.

From the data in Table | 2 number of other conclusions can
be drawn. Sensitivity of alkanes < alkenes < aromatics. Figure
5 shows that branched compounds are generally more sensitive
than nonbranched compounds. This figure compares alkanes
with one, two, or three branching methyl groups attached.

Table 11 shows data 1o support the conclusion that cyclic
compounds are more sensitive than their noncyclic analogs.
For halogenated compounds, sensitivity increases in the order
fluorine-substituted compounds < chlorine-substituted com-
pounds < bromine-substituted compounds < iodine-substi-
tuted compounds. This is illustrated in Figure 6 with halogen-
ated benzenes.

For substituted benzenes, electron-releasing groups (nng
activators) increase sensitivily, and electron-withdrawing
groups (ring deactivators} decrease sensitivity relative to
benzene itself. Figure 7 lists activating and deactivating groups
and shows how these substituents affect molar sensitivity
relative to benzene. For alkyl benzenes and phthalates sensi-
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.
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0.19 |-
Branched-1 Alkanes
0.10 |-
0.05 |- Normal Alkanes
0 | i
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Figure 5. SM vs. carbon number for straight chaia vs. branched hydro-
carbons.
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tivity increases as the carbon number of the alkyl chain
increases (see Figure 8).

These general conclusions should increase the utility of the
P1D by giving the analyst a better understanding of its applica-
bility and performance. :
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FORMULA: mixture: Cyolyg.,Cly
[where x = 1 to 10)
M.M.: ca. 258 (42X C) ; CyHyC15);
ca. 326 (54% C1 ; CyoHsClg)

POLYCHLOROBIPHENYLS

METHOD: 5503
ISSUED: 2/15/84
REVISION #1: 8/15/87

OSHA: 1 mg/m® (42% C1);
0.5 mg/m® (54% C1)

NIOSH: 0.001 mg/m?® [1,2]

ACGIH: 1 mg/m® (42% C)); STEL 2 mg/m?
0.5 mg/m® (S54% C1); STEL ) mg/m
(skin) :

PROPERTIES:

42% C1: BP 325 to 366 *C; NP -19 °C;
d 1.38 g/m. @ 25 °C;

VP 0.01 Pa (8 x 10~5 mm Hg;

1 mg/m?) @ 20 *c (3]

8P 365 to 390 °C; MP 10 °C;
d 1.54 g/ml @ 25 °C;

VP 0.0004 Pa (3 x 10-% mm Hg;
0.05 mg/m?) @ 20 °C [3,4])

S4% C1:

. SYNONYMS: PCB; CAS #1336-36-3; 1,1'-biphenyl chloro (CAS #27323-18-8); chlorodipheny?, 42% C1

(Aroclor 1242; CAS #53469-21-9), and 54% C) (Aroclor -1254; CAS #11097-69-1)

SAMPLING

MEASUREMENT

SAWPLER: FILTER + SOLID SORBENT
(13-am glass fiber + Florisil,
100 mg/50 mg)

FLOW RATE: 0.05 to 0.2 L/min or less

VOL-MIN: 1L @ 0.5 mg/m?
~MAX: 50 L

SHIPMENT: transfer filters to
glass vials after sampling

SAMPLE STABILITY: unknown for filters;
2 months for Florisil
tubes [5]

BLANKS: 10X of samples

ACEURACY

RANGE STUDIED: not studied
BIAS: none identified

OVERALL PRECISION (s,.): not evaluated

!TECHNIQUE: GAS CHROMATOGRAPHY, ECD (®3Ni)

IANALYTE: polychlorobiphenyls

[}

!DESORPTION: filter + front section, S mL hexane;
! back section, 2 mL hexane

VINJECTION VOLUME: 4 ul with 1-ub backflush

]

! TEMPERATURE-INJECTION: 250 ~ 300 °C

-DETECTOR: 300 ~ 325 °¢
~COLUMN: 180 °C

b B B pm g

CARRIER GAS: N, 40 mi/min

]

{COLUMN: glass, 1.8 mx 2 mm ID, 1.5% OV-17/1.95%
H QF-1 on 80/100 me;h Chromosorb WHP

ICALIBRATION: standard PCB mixture in hexane

'RANGE: 0.4 to 4 pg per sample '[6]
]
SESTIMATED L0D: 0.03 ug per sample [6]

PRECISION (s.): 0.044 [S]

APPLICABILITY: The working range is 0.01 to 10 mg/m® for a 40-L air sample [5]. With

ficatigns, surface wipe samples

be analyzed [7,8].

INTERFERENCES: Chlorinated pesticides, such .as DOT and DOE, may interfere with quantitation of

PCB. Sulfur-containing compounds in_petrolewm products also interfers [9].
OTHER METHODS: This method revises Methods 5120 [10], 5503 (dated 2/715/84), and P&CAM 244 [S].

Methods 5121 [11] and PSCAM 253 [12] for PCB have not been revised.

w1587

MOSH Fansal of Analytical Methods




P

*

POLYCHLOROBIPHENYLS ' METHOD: 5503
REAGENTS! EQUIPMENT: ‘ '
1. Hexane, pesticide quality. 1. Sampler: 13-mm glass fiber fitter without binders
2. Florisil, 30748 mesh sieved from in a Swinnex cassette {Cat. No. SX 0001300,
30/60 mesh. After sieving, dry Millipore Corp.)} followed by a glass tube, T om
at 105 °C for 45 min. Mix the long, 6 nm 0D, 4 mm ID containing two sections of
cooled Florisil with 3% (w/w) 90/48 wesh deactivated Florisil. The front section

distilled water. is preceded by glass wool and contains 100 mg and

3. Nitrogen, purified. the backup section contains 50 mg; urethane foam

4. Stock standard solution of the between sections and behind the backup section.
PCB in methanol or isooctane Join the cassette and Florisil tube with PVC tubing,
(comiercially available). * 3/8" L x 9/32" 0D x 5/32° 10, on the outlet of the
cassette and with another piece of PYC tubing,
374" L x 5/16* OD x 3/16" ID, complete the union.

2. Personal sampling pump, 0.05 to 0.2 L/min, with
flexible connecting tubing.

3. Tweezers.

4. vials, glass, 4- and 7-mlL, with aluminum or
PTFE-1ined caps.

5. Gas chramatograph, electron capture detection
(S2N{), integrator and column (page 5503-1).

6. Volumetric flasks, 10-mL and other convenient sizes
for preparing standards.

7. Syringe, 10-ul.

*See SPECIAL PRECAUTIONS.

SPECIAL PRECAUTIONS: Avoid prolonged or repeated contact of skin with PCB and prolonged or
repeated breathing of the vapor 01,2,13].

SAMPLING: _

1. calibrate each personal sampling pump with a representative sampler in line.

2. Break the ends of the Florisil tube immediately before sampling. Connect Florisil tube to
suinnex cassette and attach sampler to personal sampling pump with flexible tubing.

3. Sample at an accurately known flow rate between 0.05 and 0.2 L/min for 3 total sample size
of 1 to 50 L. .
NOTE: At low PCB concentrations, the sampler was found to be efficient when operated at

flow rates up to 1 L/min, for 24 hours [8]. Under these conditions, the limit of

detection was 0.02 ug/m®.
4. Transfer the glass fiber filters to 7-mL vials. Cap the Florisil tubes with plastic (not

rubber) caps and pack securely for shipment.

SAMPLE PREPARATION:
5. Place the glass wool and 100-m) Florisil bed in the same 7-mi vial in which the filter was
stored. Add 5.0 mL hexane. ‘
NOTE: For surface wipe samples, extract each gauze pad with 25 mi hexane {71.
6. In a 4 mL vial, place the 50-mg Florisil bed including the two urethane plugs. Add z2.0m
hexane.
7. Allow to stand 20 min with occasional agitation.
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METHOD: 5503 POLYCHLOROBIPHENYLS

CALIBRATION AND QUALITY CONTROL:

8. Calibrate daily with at least five working standards over the range 10 to 500 ng PCR/mi.

a. Add known amounts of stack standard solution to hexane in 10-mL volumetric flasks and
dilute to the mark.

b. Analyze together with samples and blanks (steps 10 and 12).

c. Prepare calibration graph (sum of areas of selected peaks vs. ng PCBAWL).

9. Determine desorption efficiency (DE) at least once for each lot of glass fiber filters and
Florisil used for sampiing in the calibration range {step B}. Prepare three tubes at each
of five levels plus three media blanks.

a. Remove and discard back sorbent section of a media blank Florisil tube.

b. Inject known amounts of stock standard solution directly onto front sorbent section and
onto a media blank filter with a microliter syringe.

c. Cap the tube. Allow to stand overnight.

d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12).

e. Prepare a graph of DE vs. ug PCB recovered.

10. Analyze three quality control blind spikes and three analyst spikes to ensure that the
calibration graph and DE graph are in control.

MEASUREMENT :

11. Set gas chromatograph according to manufacturer's recommendations and to conditions given
on page 5503-1. Inject sample aliquot manually using solvent flush technique or with
astosampler.

NOTE 1: Where individual identification of PCB is needed, a procedure using a capillary
column may be used [14].

NOTE 2: If peak area is above the linear range of the working standards, dilute with
hexane, reanalyze and apply the appropriate dilution factor in calculations.

12. Sum the areas for five or more selected peaks.

CALCULATIONS:

13. Determine the mass, ng (corrected for DE) of PCB found on the glass fiber filter (w) and in
the Florisil front (We) and back (W,) sorbent sections, and in the average media blank
filter (B) and front (B¢} and back (By,) sorbent sections.

NOTE: If Wy > Wg/10, report breakthrough and possible sample loss.

4. Calewlate concentration, €, of PCB in the air volume sampled, Vv (L):

(W+Weebpy-B-Bg-8y) » 102
= - v . -

EVALUATION OF METHOD:

This method uses 13-mm glass fiber filters which have not been evaluated for collecting PCB.

In Method S120, however, Aroclor 1242 was completely recovered from 37-sm glass fiber filters
using 15 mL isooctane [12,15,16). With 5 mL of hexane, Aroclor 1016 was also completely
recovered from 100-mg Florisil beds after one-day storage [5]. Thus, with no adsorption effect
likely on glass fiber filters for PCB, 5 mi hexane should be adequate to completely extract PCB
from combined filters and front sorbent sections. Sample stability on glass fiber filters has
not been investigated. Breakthrough volume was >48 L for the Florisil tube at 75% RH in an
atmosphere containing 10 mg/m® Aroclor 106 [5)].
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Table 1. Composition of some Aroclors [3).

Major Components Aroclor 1016 Aroclor 1242 Araclor 1254
Biphenyl 0.1% <0.1% <0.1%
Monochlorobiphenyls 1 1 0.1
Dichlorobiphenyls 20 _ 16 0.5
Trichlorobiphenyls 57 & 1
Tetrachlorobiphenyls 21 2 21
Pentachlorcbiphenyls L} 8 48
Hexachlorobiphenyls <0.1 H 23
Heptachlorobiphenyls none detected <0.1 6
Octachlorobiphenyls none detected none detected none detected
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