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ére diving for law enforcemant ggencies often search for evidence or
retrieve bodfes. Support divers rarefy see clear, clean water and
routinely are enposed to everything contained in the murky water they dive
in.

Sport diving. There are two kinds of sport diving. Tha amateyr sport
diver dives for fun. The professiona)l sport diver earns his 1ivelihood
from daiving.

The amateur diver usually is une whe has had some formal training and
carries a certification card from one of the national certifying
organizations. His diving activities tend to be limtted to 3 few weekends
during the warm season and to a diving vacation every so often. He is an
underwater sightspar. Some amateurs, At they gain more experience, hacome
underwater explorers, photographers, and hunters. The exploring s often
in ana around sunken ships, and the-c are frequently located in highly-
polluted waters.

The professional diver usually fs an instructor teaching other sport
aivers. Uften he 15 3140 tn the retall business, selliag diving equipment
gr running charter <live trips. There are a few professional divers who
make thair living hunting for sunken treasures, ana there are a number of
professional aivers who are also professional underwater photographers.

Ulving Envirpnment

The oiring environment is a complex warld that has been subject of
counitless papers ano sclientific wrilings aver the years. GbGecaduse we are
primartly concerned with diving tnto contaminated waters, only three
parameters --wdter temperature, water currents, and water contamination--
will pe briefly discuszeer. These are not tke only parameters that affect
the diver, but they have the most direct pearing when a giver is expased to
contaminants present in the water ne dives into.

Water temperature ts of 2ajor concern to the diver. The primary
reason that the diver dresses in cumbersome diving suits 15 to protect
himself against the cold. Cold water temperature can result in hypothermia
and ultimately death Iif one (s not protected against ft. %m are
instances where the water temperature is too warm for comfort which fis
kacwn as hyperihermia. Such an example 1s near Ensenada on the Baja
Perinsula in Mexico. An underwater vent discharges geothermally-heated
water at over 100 degrees Celsius, which s the boiting point of water.
Generally, hot water is of human arigin and can be found near power plant
coolant discharge outlets, in nuclear reactor containment “ponds® and outer
cocling canals, and similar locations. Encapsulated divers will also be
sybjectea to hyperthermia because of thefr inability te “dump® internal
body heat.

water currents are usvaily something a diver considers wher he plans
his dive, something he must anticipate when swimming to the dive s3ite,
prepartng for uncerwater salvage 1ifts, aeployment of scientific dcata-
gathering equipment, ar when calcutating his self-contained air supply.
There are circumstances when the current becomes too strong to be
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compensated for by the diver’s skill. NOAA divers installing current
guuges will try to do the fnstaltation at slack water, but this is not
always pessible. Oivers participating in hydrographic surveying are
required t¢ determine accurately the Ilocatfon and depth of underwater
ocbstructions (such as wrecks)}. Quite often, these are lacated where
currents pose hazards. These conditions often farce the diyer to use SCUBA
when otherwise he would choose surface-supplied equipment, A surface-
supplied umbilical 1acreases the odds of becoming entangled, and an
especially strong current can put enough force on the wmbilical to pull a
aiver vp from the bottom.

The third environmental conditioca tenus to be more severe 1n the same
high current areas discussed above. Biclogical ana cheaical contamination
are significant problems in @most bharbors and bays. Hiological contami-
natfon results from sewage discharge, both treated and untreated, and from
agricultural feedlot runoff. Chemical contaminatton Is the result of
manufacturing pure products being accidentally spilled and chemical
byproducts being fintentionaliy released inte rivers and coastal waters.
Chemical contamination can take the form of corrosive substances or pofsons
that affect the human internal system on both an acute or chronic basis.

Another containation problem can be caused by the inadvertent spilling
of nuclear waste or the accidental discharge of radioactive coolant into the
natural water system.

Of these three contamination problems, the chemical one generally ts
obvious, one can usually zoell it or see discaloration; the nuclear one
generally 1s clearly wmarked, and there probably are people actively
fnvolved in cleaning it up; but the biotogical ane often is not at all
obvious. The water can appear clean and taste fine, yet be serfously
contaminated. Even the novice diver typically will stay away from water
that fs slicked and smells “funny.® The authorfties probably witl aot let
him enter nuclear-contaminated water, but unless the diver has speclalized
knowledge or routine access to someone who does, even an experienced diver
can find himself diviag in seriously contaminated water and subsequently
suffering the consequences.

lt should oo stressead that chemical contamination may also he unnoticed

when a reletively low concentration of a tasteless and pdorless substance
1S present.
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6.2 The USCE strike team arbitrarily assumed that divers would be
dispatched to spills of 10,000 gallons or more. This represents .6%X af the
43,382 spills, 280 over three years, or 93 events a year. However, the 280
spills represent 80.3% of the total volume of spills or 32,900,000 galions.

As Indicated, most spills are in river channels, followed by part and
harbors, then open coastal waters (primarily bays and estuaries),

6.1 Equipment problems {n chemically contaminated water environmeats,
primarity due to petrolewm products, is well documented. Oivers fraquently
entar these environments resulting in deterioration and failure of equipment.
The problem is not only expensive but can be life threatening, Eguipment
deterioration is responsible for at least one fatality and undoubtedly
responsible for many 1incidents of diver exposure to the contaminants.

6.4 There has been a very limited use of Remotely Operated ¥Yehicles
(ROV} technology in response to chemical release situations. Based on the
analysts of underwater activity that would normaily be usefvl fn response
to spill situations, ROVs may be able to contribute sigaificantly by allowing
certain underwater activities to be performed without having to risk placing
a diver in the water. The current state-of-the-art with these vehicles
limits thelr use primarily to inspectien and evaluation aof underwater
conditions to determine whether or not 3 diver 5 necessary and to diver
assistance tasks to increase the safety and effectiveness of the diver
while in these environments. Underwater visibitity and entanglement are
viewed as the two most serious potentlal drawbacks to effective use of RQVs
in these stituatijons.

Because ROV technolegy 1s so new, there will probably be more varied
and reliable uses of these vehicles in spill-response situations as develop-
went af the averall ROY {ndustry progresses.

SECTION 13 - SELECTION OF SPECIFIC SELF-COMTAINED EQUIPMENT AND PROCEDURES FOR
BIOLOGICAL HRAZARDS

13.1 As a result of earler NCAA work (4) 1t has been demonstrated
conclusively that divers do face biological hazard when they enter po)luted
waters. It has defined in general terms the scope of the bacteriological
hazard. The probability that a virological hazard exists as well canm be
axtrapolated from data available fn the lfterature,

13.2 To quantify the microbiological hazard a diver can be facing a
waterborne indicator organism, known to adhere to objects submerged in
water, i.e. Aeramonas spp., was studied in great dstail. Aeromonas spp.
have been fupTlcated in dizease and it ts now considared to be 2 pathogen
capable of cavsing wound {nfections, gastroenteritis, and other dJisease
states. Furthermore, 1t 1s associated with pollution. Aeromonas was found
fn significant numbers in almost every diving area examined In this study.

13.3 The ability teo disinfect or decontaminate a diving suit, from
bactertological contamination so that the diver is protected when removing
it, as well as support personnel assisting the diver and handling the gear,
was confirmed.
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13.4 In the absence of immediate, on-site, application of tests to
evaluate the extent of hazards at a particular diving site, 1t 15 recommended
that coastal areas {e.q. harbors and other sites near cities) routinely and
minimally be considered to be bacteriologically contaminated fram a diver
protection standpoint, and appropriate measures be taken to protect ths
diver.

13,5 The most effective bacteriologfcal protective gear and mode of
operation is as follows:

Suits: Tne standard open celludr negprene wet suit provides only thermal
protection, Designed to be flooded during diving, the wet suit provides ne
barrier betweaen the diver and thea water. Because of its surface texture the
wel suit picks up debris from the water, and c¢an not be adequately cleaned
and disinfected, resulting 1in the accumulation of infectious material and
subsequent infection.

Three brands of variable volume dry suits were tested undar the earler
ROAA study: Unisuit; Aguala; and Yiking., All provided excellent barriers
for diver protection, assuming no leakage at critical points, e.q. around the
face seal. Differences in effectiveness were apparent, however, especially
tn ease of disinfection, Through rinsing after use and spraying with a .isin-
fectant inside and out, followed by rinsing, should avoid possible infection
of the diver or support personnel.

Aquala and Viking suits responded very well, €ach was equally easily
disiafected. Treatment recommended is a fresh water rinse, S-min disinfection
contact time, thorough fresh water rinse, and air drying. Because of the
high humidity atmosphere Inside the suits, the interior should be exposed and
subjected to disinfection as well, Betadine, Amway, and Zepamine disinfect-
ants can be used with approximately equivalent results. They should te
applied using a pressurized spraying apparatus for bast effect.

Masks: AGA provided good protection, when properly sealed with the dry-
suft hood. Better protection, but limited visibility, was afforded by KMB
and Superlite 17 masks, Disinfection of these pieces of equipment ts best
accomplished by thorough rinsing, foullowed by wiping the interior with 70%
atcohgl and air-drying.

Adr Su?gl{: Demand mode appeared to be less of & problem than free
flow, especially when communications equipment was used with the masks. When
the free-flow mode was stopped and restarted, during periods of talking, the
diver received an asrgsc) of water in his/her face, a potentfalty hatardous
condition in polluted waters. Changes 1n the design of this eyuipment could
alleyiate the problem.

Clearly, the need exists for careful and thorough assessment of the
poteatial bactericlogical hazard ta divers in any give diving area, In
neral, clarity of water is not 2 good indication of microbiolaegical hazard
?:r lack of tt), even though pollution may be obvious. Bacteriolaglical
analysis should be done, if not regularly, then at least iaitially. ng
the mest common infections octurring in divers unpratected by suitable gear
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SECTION 20 - FIELD SAMPLING AND AMALYSIS

20.1 Sampling a chemical directly from i{ts container {is preferred.
However, if direct sampling is not possible, samples may be takenm close
dowmstresm of the container. Sampling methods may range from the use of
conventional sampling equipment to the use of remotely controlled vehicles
for sampling.

20.2 Once a sample has been taken, it must be analyzed. Conventional
portable analysis equipment will provide rough quantitative data about the
chemical which may or may not be adequate for identifying the chemical. The
time reguired for amalysis by portable equipment is generally only a few
minutes, [f mare precise identification of the chemical is required, mgbile
laboratories are available through various government agencies and will
provide precise analysis of the sample. Analysis by & mobile lab will require
from & few mtnutes to a few hours. 1f time allows, conventional laborataries
may be used fer sample analys!s. The total time reguired, including
transportation and analysis of the sample, 1s generally several hours.

SECTION 21 - HAZARD EYALUATIOM: “GO® QR "MO-GO"

21.1 Evaluations should be made to determine whether too much emphasis
's betng placed on ‘worst case®™ approaches when responding ta a hazardous
substance spill or release.

21.2 The Marine Safety Officer (NSO}, On-Scene Coordinator {05C} or
Response Officer (RO) must be allowed to make the decision that "ng divers"”
or surface personnel enter "highly" contaminated “hot® areas,

SECTEION 22 - GEWERAL DIVING AMD EMERGENCY PROCEDURES

22.1 Volatile substances must be constdered when using diving bells and
saturation systeds.

22.2 Prasent commercially available radio cosmunication systems do not
always supply reltable or completely intelifgible service. This situwatioan
complicates the surface suppart of diver tending and also adds additional
risk to operations.
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The sites of the seminars are proposed f- the following locations:

* washington, 0.C. (EPA Reglons 1, 11, (1!}
* Athens, G4 (EPR Reglons IV, !l

® Chicaga, IL (EPA Reglans ¥, Vit

* Seattle, WA {EPA Regions mx Ix, 1)

The seminars would be strengly recoemended for 0SC's, MSO's, TAT, FIT,
and USCH Strike Team personnel. [t is also hoped that these seminars would
be made open to the general commercial diviag I1ndustry along with other
interested govarnmental agencies. The following 1s a partifal Tist aof the
various organizations who have requested copies of the €inal Manual of
Practice:

Hational Oceanic and Atmospheric Administration
U.S. Kaval Surface Weapons Center, Dahlgren, VA
$. Navy Experimental Ofving Unit, Panama City, FL
S. Naval Medical Research Center, Bethesda, MD
S. Naval Supervisor of Salvage, Washington, OC
S, Naval Supervisor of Diving, Washington, DC
S. Coast Guard, National Strike Team, £11zabeth City, MC
$. Coast Guard Hesdquarters, Washington, DL

S. Army Corps of Engineers

U.S. Department of Enerqy

Undersaac Medical Society

Cousteau Soctlety

Association of Diving Contractors

¥Yiktng Diving Systems

Safety Sea Systems

Biving Systems International

Divers Institute of Technology

Suboceanic Consultants, Inc.

Nu¢ lear Startup Services

{ticean Corporation

Univarsity of Maryland

International Underwater Contractors

Hamilton Research Ltd.

¥irginia Highway Research Council

University of New Orleans

Diver Local YUnmion 1026

Webh Associates

SECTION 7 - HAZARDOUS SUBSTAMCES

7.1 Federal transportation regulations should be checked as to what
*types® and “classes” of chemical substances are carried by bulk water
transportation, 1.e, barges, tankers, This inforwation should be checked
against the JR8 Associates report eatitled: "Evaluaticn of the use of Divers
andfor Remotely Operated Vehicles in Waterways Contaminated by Hazardous
Substances Qischarges,” by Steven A. MclLellan, for amounts, frequency,
geographical locations and types of chemicals most freguently spilled or
relessed.

3-2









A number of diver monitoring systems would be utilized during hazardous
diving scenarios. The parameters that would be hard-wire telemetry monitored
will include internal heimet gases and temperature, diver electrocardiogram,
diver core temperature, and internal suit and helmet integrity.

SECTION 16 - HEAT STRESS IN ENCAPSULATED DIVERS

16.1 Information should be gathered in a readily available formate %o
2llow the appropriate on-scene supervisar to decide when the most appropriate
time/temperature level can be reached before utilizing body cociing davices.
It must be recognized that a trage-off exists in the carrying of the extra
weight and bulk of the cooling unit versus being warmer, but less encumbered.

16.2 Maintaining the diver cool during predive and postdive procedures
can be advantageous.

SECTION 17 - MEDICAL MONITOR(NG

17.1 Envirgnmental/site msonitoring for hazardous materials is considered
more appropriate tham routine medical mopitoring. The latter should be
conducted on A case by case dasis. Otherwise, @ compreheasive annual diving
physical should constitute adequate routine medical surveillance.

17,2 Appropriate immunizations should be aobtained by diving and support
personngl whg conduct operations in known polluted water. Routine: tetanus,
typhoid and palio. High risk areas: Gamma globultn and others, as approp-
riate.

17.3 Available information on afuatic pathogen abundance and distribu-
tion and their drug susceptability should be consolidated and made available
to medical personnet whp treat divers and support parsonnel.

17.4 A study should de conducted to determine if the contamination of a
diver might affect the way he can be medically treated, in the evenl he Is
injured. [f contamination does affect treatment, then best estimates of
proper treatment should bte developed where possible. Also, {f special
equipment is required, it ¢hould he secured. Ef no known treatment {s
available for a given contamination, the Diving Supervisar may elect to not
allow diving.

17.5 Spec¢imens should be Forwarded for processing to a designated
Jaboratory to provide a data base docuwmenting diver wounds, infections and
t11nessas directly associasted with expasure to the aquatic enviromment so
that a bedy of tnformatfon canm be gathered, from which guidelines for phy-
sicians and divers can be extracted te advance the everyday, practical medical
care of divers,

17.6 A seroconversion study should ba undartaken, whereby groups of
divers are moaitared prior to exposure, during and post-exposure Lo assess by
serological sethods actual exposure and fmmunological response.  Surface
support persoanel provide a useful central group, as would coemercial oyster-
men/divers to estimate chronic exposure ta marine pathogens. An annual survey






L. Location
1. Depth
2. Barriers/Obstacles
3. Available Access
4. Proximity to Medical Suppor.

SECTION 20 - FIELD SAMPLING & ANALYSES

20.1 [Investigate the use of a stalk mounted underwater video system
to remotely survey the Tocatiaa of sunken materials, drums or assess bolttom
conditions from & surface platform,

SECTIOM 21 - HAZARD EYALUATION: *=50" OR “"MO-GO*

21.1 The Supervisor should consider the complexity of the diving
cperation first (how deep, how long, weather conditions, etc.) and the problems
of the palluted atmasphera second.

21.2 A dacision "matrix" should be availadie, covering the following
ATEIS !’

a) Application of diving ogperations

b) Preparations for diving in polluted waters
c) Operational procedures for paliuted waters
d} Decontamination procedures

Emergency procedures

SECTION 28 - DECONTAMINATION PROCEDURES

28.1 Proper procedures ta safely rempve the chemical contaminants from
diving equipment and surface tending personnel must be develaped. These
procedures will depend an the type af contaminant and the degree of contact
by surface support and diviag personnel with the contaminant. These pro-
cedures must also address other areas of concern such as coantamination of the
divers support platform, maintenance of “¢lesn" asreas, and ather factors.

24.2 Decontamination studfes should be extended tc develop procedures
offering maximum effectiveness against pathagens and chemical agents and
least damage to diving gear,

24.3 Penetratign and offgassing of toxic material in breathing apparatus
and hosas must be considered. Appropriate sampling protocols should be
established.

24.4 There s a specific need to develop a pretocol and procedure to
test protective eguipment, dtving dress and helmets for contamination fol-
Towing decontamination operations, At what point or level of residual com-
tamination should a plece of equipment be disposed?

24.5 Contaminated diving equipment should be properly disposed of i{f
1ittle is kmown about the desorption or decontamination of the contaminant

from the equipment, 2.7



SECTION 4
DEVELOPMENT OF THE MANUAL OF PRACTICE

BACKGROUWD

At the direction of EPA Releases Cantrol Branch, JRR Associates pre-
pared a document entitled, “"Evaluatfon of the Use of Oivers andfor
Remotely Operated Yehicles (ROV) in Chemically Contaminated Waters.®

This report documented the steady fncreasa, over the past decade, {n
the waterberne transport of petroieum and chemical products in the U.S.
It 1s expected that this trend will continue, thus increasing the
potential for releases of these products into the waterways of the United
States.

A review of actual spil) data indicates that there are a significant
number of incidents of toxic materfals released to the waterways, amnd
that these releases may pose a serious problem for both public heaith and
safety, and for the protection of the environment. The location of the
majority of these releases indfcate that most spills occur in protected
rivers, chamnels, ports, and harbor areas of the U.S. 7These areas not
only have the most significant potential for exposing the general public
to texic substances, but 2lse create some of the most complicated
environments for spill response teams, primarfly rdivers, to respond
safely to these fincidents. Thase facts indfcate that efficient and safe
response team equipment and procedures must be developed. This wiil
permit the various groups responsibie for spill investfgation and cleanup
activities, inctuding underwater activity, to fulf#1) their mandated
assigments to protect the health and welfare of the public and the
environment.

A review of current requirements of various civilian, govermment, and
military agencies clearly demcnstriates a need For underwater activity
which {nvoives diving {1n response to chemical release sitcations,
Capabilities for underwater activity fn relation to damage assessment,
Yocation of prodects, contaimment/cleanup activities, environmental
assessment, research studies, and other activities require that divers
enter these contaminatad environments, Unfortunately, there 15 a wvery
l1imited capahility for efther govermment or private organizatiens to
entar these enviroments safely to perform necessary tasks, Euperfence
in these environments by all t‘zruups. govermment and private, has often
resulted in injuries, primarily chemical burns, to the dfvers andfor
surface support personnel. VYery 1ittTe informatfon is available on
Tow-level exposure to chemfcals that the divers or surface support
personnel aay have received in these environments. Only acute or
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immediate effects have been reported. Chronic, long-term toxicity has not
been {nvestigated. This 1is a serious problem that 1s fust now being
addressed by saveral government agancies.

Eguipment problems in chemically contaminated water environments,
primarily duve to petroleum preducts, are well docwented, Divers
frequently enter these envivoments and the result is deterioration and
fajlure of equipment, This problem {s not only expensive but can be life
thrutening. Equipment deteriaoration has been responsible for at least one
fatality [3) and 1s responsfble for many incidents of diver exposure to the
contaminants.

There has been very limited use of remotely-oparated vehicles (ROY)
technolegqy fn response to chemical release situstions. Based on the
analysis of underwater activity that would normally be useful in response
to spill situations, ROVs way be able to contribute significantly by
altowing certain underwater activities to be performed without having to
risk placing & diver in the water. The current state-of-the-art with these
vehicies 1imits their use primarily to inspection and evaluation of
underwater conditions 1in determining whether or not a diver is mecessary,
and i1f diving 1s possible to increase the safety and effectiveness of the
diver while in these environments. Underwater visibility and entanglement
are viewed &8s the two most serfous potential drawbacks to effect{ve use of
ROVs 1n these situations.

Because ROV technology fs so nmew, there will probably be more varied
and relfable uses of these vehicles 1n $pill-response situations as
development of the ROY fndustry progresses, (See Fiqure §.1)

An Interagency Agresment (#AD-13-F-2-826-u) between EPA and Matfanal
Oceanic and I'%spﬁerlc Kdministration (NGAR) was emacted in August 1981 to
improva and vpdate safety capabilities which {nvelve underwater hazardous
chemical cleanup responses. The work scope fncludes the assessment,
testing, evaluation, and demonstration of commercial underwater protective
suits, clothfng, support equipment, and breathing apparatus in waters
con}nimted with hazardous substances which may be injurious to a diver's
health.

Under the EPA/NDAR IAG, a workshop/seminar entitled, "Protection of
Divers in Waterways Receiving Hazardous Chemical, Pathogenic and
Radipactive Substances Discharges,” was held at the Undersea Medical
Society on Movember 9-11, 1982, The proceedings from this workshop are now
available (13). Participants at this meeting agreed unanimously that there
1s: (a}) no way that divers can be prevented from working in hazardous
environments, and (b) research and development are needed to modify
commercially avajlable diving dress and haTmet assemblies to protect divers
from hazardously-contaminated enviromments.

NOAA has axtensive involvement and axpertise in underwater diving.
NOAA's activities Include production of the HOAA Diving Manual, the develop-
ment of certification standards, and the operation of a diver certification
training pragram for civilian government divers. KOAA divers have partici-
peted Tn nueerous research programs which involved diving in waters
infested with pathogenic microorqanisms. To protect its divers against
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these microorganisms, procedures and equipment were modified or developed,

and then tested. MHOAA's experfence in the development of protectfon for

divers {in water contaminated with wmicrcorganisms 1s, in many respects,

applicable to protecting divers iIn waters contamirated with hazardous

substances. NCAA continues to strive to improve fts diver health -and

:fz? protection ce&pabilities by conducting additional research and
sting.

The successful &ccomplistment of various research and erational
functions of both NOAA and EPA is dependent upon these organizations being
&ble to have thefr own or commercial underwater divers operating safely in
waters that are pollutsd with agents that are harmful to diver health and
safety.

The performence of specific underwater functions during pollutien
cleanup or resparch effarts can save significant smounts of tfme and
resources. Appropriate safety procedures and equipment are needed, however,
in order to safeguard the hezlth 2nd welfare of underwater divers engaged
in these activities,

Numerous commercial diving suits and helmets bhave been reviewed for
chemical exclusfon and material competibiiity. Five specific diving
dresses have been modified and evaluated functfonally at the White Oak
Naval Underseas Weapons Tower located in Maryland, Equipment evaluations
at White Oak have heen performed during April, June, and Octobar of 1982,
and in February and March of 1983,

No degree of static Taboratory test will be adequate to determine the
effactiveness of suit and halmet modifications. Actual dive operaticns are
necessary to test egquipment changes. This 1s caused by the wvarious
complexities of body movements and "in-water™ positicns durfng underwater
work tasks. Seals and positien straps can easily fafl during stremuous
diving operations, thareby allowing leskage of contamfnants,

Many diving tanks exist 1in the varfous commsercfal companies and
governmental agencies which serve as training sftes for new diving
personnpel. However, none of these installations is capable of receiving
either a representative pollutant or surrogate contaminate to allow for
realistic, controlled testing and evaluation of newly modified diving
ear. The existing EPA (11 & Hazardous Materigls Simulation Environmental
est Tank (OHMSETT) §s capable of sfwulating open-water diving conditions
vhile rov;_d}ing su.table high-efficiency water treatment aperations [(see
Appendix “A").

Initfal evaluations of the modified commerctal diving dresses and
helmet assemblies were completed during March 1983 at OHHMSETT which is
Jocated at the Earle Naval Wemapons Station, leonardo, New Jersey. This
operation utflized & 5,000-gallon tank containing ammeniz and fluorescein
dye tracers in which the sufits were safely evaluated.

The modified he2lmets, which were successfully evaluated for chemical
exculsion, wers the Draeger Helmet System, the Desco “"Pot" UDfving Hat,
Diving Systems Intermat{onal Superlite-178 Helmet, Morss Engineering KX-12
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NMavy Deep Water Helmet System, and Safety Sea Systems Helmax Helmet. Six
different suit configuraticns werz evaluated along with the above stated
helmets. One diving dress was from Draeger with the remaining five
supplied by Yiking Technical Rubber. The fi{nal Marual of Practice (MOP)
protocol will describe the specific modification which were made to each
diving helmet and dress.

The Nanual of Practice (MOP) iz fntended to serve only as a gufdauce
dociment for Governmental agencies and private organf2ations responding to
incidents which require the interventfoen of underwater diving personnel,
These dive teams carry out specific work tasks in waterways whase environ-
mental quality may be acutely ar chrenically detrimental to personal health
The procedures and protocols as presented will cover:

a. Hazard Evatuation;
b. “When and How™ to Util{ze Divers {n Hazardous Enviromments;
c. Medical and Physfological Implications of Dver Exposure;

d. State-of-the-Art Review of Diver and Surface Support Hazardous
Enviromment Protection;

e. Decantamination Cperations for Diving Personnel and Equipment,

The publication and distridution of this “Interim Protocol® document
at this time, prior toc tha completfon of final field evaluation and
demonstration eof oodified aquipment and rnewly developed response
procedures, s needed to serve as a reference quide to safer underwater
opergtions. Fileld evaluation and shakedown of the procedures, techniques,
and equipment descripted herein need to be conducted prior to the fssuance
of a complete finalized MOP. The final protocol will &lso include specific
procedyres and {1lustrations of the equipment modifications to the various
diving dresses that have been evaluated.

The NOP will cover general procedural activities related to hazaed
evalvation, diver deployment and recovery, surface tending operatioms, and
eqiipment decontamination procedures. Specific dive team organization will
be detatled, describing each team members's job or task functfon. Both
fized diving platform {dockside) and shipboard cperational orgenizatian amd
logistics will ba presanted in the final protacol,

Operations will gsnerally fall in three scemarios: gross spillage of
chemical{s) resulting from tanker collisfons, sinkings, highway or rail
accidents releasing contaminants directly into a waterway, or pipeline
dischargas; larga ganeral areas cf contamination as the result of dumpsite
(land} leachate and surface runoff generation, hazardous material release
from open ocean dumping, long-term release from sunken drums and contairers;
and the trapping of hydrogen sulfide (H2S) in underwater hottom depres-
slons as the result of anserobic blologfcal activity, or high biological
contamination in waterwdys receiving sanitary sewaqe discharges.
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WORK TASK DESCRIPTION

Specific work tasks which diving personnel would be engaged in while
exposed to hazardous water enviromments could include, but not Timited to:

1, Classification/Deterwination of distribution and extent of
contamination resuliting from a vrelease of heavier-than-water
hazardous substances (salids and liquids);

2, Detarminatfon of the effectiveness of clean-up operations (e.gq.,
dredging of spillea hazardous substances);

3, Conducting clean-up operations {e.g., operation of handheld
dredges for vacuumming small pools of sunken hazardous substznces);

4, Placement and retrieval of underwater sampling, monitoring or
research equipment {e.g., sedimentation boxes, bottom benthos
boring units, etc.);

5. Lacation and recovery of sunken containers of hazardeus substances
{e.qg., drums, barrels, trailer truck container boxes, truck
tankers, etc,};

6. Evaluation of the fate and effect of contaminents upon the aquatic
environment,

AUDTENCE

The Manual of Practice (MOP) fs intended for & selected audience of
individuals who find it necessary to occasfonally operate on and under
hazardously contaminated waterways. The MOP {5 prepared for use by both
the diving supervisor, diver, and surface tenders. Specific targeted user
communities {nclude: On-Scene-Coordinators {0SC); Marine Safety Officers
(NS0); Military Diving Operations (i.e., Naval Supervisor of Ofving; Naval
Supervisar of Salvage; WNaval Experimental Diving Unit; Naval Explosive
Ordinence Bisposal: Army Corp of Engineers; Coast Guard Strike Team; NOAA
Hazardous Material Divfng tnft); NASA Space Shuttle Recovery Unit; Depart-
ment of £nergy Nuclear Contaimment Diving Unit; Department of Transpertation
Oridge Incpection tUnit; Association of Diving Contractors; regional, state,
and county governments; scientific ressarch agencies and academic erganiza-
tions; and police, fire, and volunteer underwater racovery units,

Comments, corrections, additions, or deletions are actively encountered
for fncorporation in the final MOP. Your fnput is welcomed. Please eddress
your information to:

Richard P. Traver Or. J. Norgan Wells, Jr.
Releases Control Branch Diving Pragram Office

U.S. Envirommental Protection Agency Hatfonal Oceanic & Atmoppheric Admin,
Raritan Depot - Moodhridge Avenue 6001 £xecutive Blvd.

“disen, WJ 08837 Rockville, M) 20852

(201) 321-6a77 -~ FIS 340-G677 {202) 443-80C7 - FTS 443-8007
Antheny P. Brown Lt. Richard Gaudiosi

Office of Health & Safety {(PM-273) Ship's Salvage Divéng Officer
U.S. Environmental Protection Agency Katfonal Strike Yeam

401 "M* Street, S.N. U.S. Coast Guard

Mashington, DC 20460 El{zabeth City, KC 27909
(212) 282-3650 - FTS 382-3650 (979) 931-0268 - FTS 931-0268
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SECVIUN §
PATHOLOGICALLY CONTAMINATED UMDERWATER OPERATIONS

haters are said to be polluted or contamfnated if they look odd, smell
funny, or 1f it is known that contaminants are being dumped into the water.
kater need not look oad ar smell funny to be contaminated, however. In the
past decade the worid-wide presence of a number of waterborme pathogeas in
poliuted waters definitely has been established, and infactions caused by
some thirteen different organisms have been docusented (Dally et al., 1980).

Dadly gnd his colleagues |1980} found viable organicm counts as high
as ¢ a 10° per wmillilitre (m)) $n the Anacostia Kiver in washington,
U.C., ana counts tn 750 per ml in the Mew York Bight. Coolbaugh and his
colleagues (1982) found total organise counts in the Moriolk, Yirginia
area of 14.0 x 10° per ml, counts ranging between 7.2 and 14.0 x 105
per al in the Seattie, WNashington, area, amd counts ranging from 7.8 to
14.0 x 1G5 per m) 1n the New York area.

Livers and their equipment were found to be yenerally contaminated
after diviny in these waters. The contamination was particularty evident
in the aiver's ears and throats. %Nouno infection of a diver following a
polluted water diye has also been reported. This repert wds able to trace
a severe wound finfection to two species of Aeromonas, one of which was
resistant to some antibfotics, 1his antibiotic resistance was found in
about mine percent of the Aeromonas isolated. The human diseases and
symptomatic reactions that have been traced to waterborsne pathogens or are
known to he caused by them are many and varied. Table 5.1 contains a
listing of most of tnese. The listing is not compiete, but it does
demonstrata the broad range of the contaminated water probles.

Somatimes aivers (deliberately or inadvertently) work in waters marred
by fecal pollution from sewage cutfall or other scurces. Herein, divers
could be at risk of a wide variaty of infections acquired by ingestion of
even small quantities of poiluted water. Among the most 1ikely pathogens
ot concern would be: (1) hepatitis A and B viruses, (2) 27 nm viruses that
cause gastroenteritis {(Morwalk agent and related viruses), (3) bacterial
pathogens that cause afarrheal :isease Including shigella, salmonella, ana
campyiobacter. Shigella has been shown to be capable of iattiating clinical
infection in healthy young adults when as few as 10 organisms are ingested.
Furthermore, epiaemiclogical evidence in at least one instance has incrimi-
nateo transmission of shigellosis occurring by divers swigming im contam-
inated river water., Campylobacter is alse capable ¢f Inittating clinical
infection when onrly a few hunared oryanicms are ingested.



TABLE 5.1,

Pathogen
Acanthamoeba species

Aaromonel species

Cepillerta ohllippnansis
Captllarta atieca

Caryack{ viruses

Dracunculns medfnens{s

Echimococcur granutosia

ECHD wiruses
Enteropathogenic Eicherfechia coff

Giardia Temblia

Hepatitis virus

Legionelle apecies
Leptospirs interrogansy

Mycobacterium tudberculosia
Maeglerin Fowlerd

Polio virus

Pseudomonss aeruginosa
Pseudomonas pseudomalied

Asovirys

Salmonella cpeties

Schistosoma mansond
Schistosone haematodiuve
Schistasoma japonicum

PATHOGENS EKWOWN OR SUSPECTED TO INHABIT POLLUTED
WATER AMD SOME OF THEIR ASSOCIATED D1SEASES

Anebic meningoencephalitis

ChoTers 1ike infectfons, septicemia,
preumonta

Nematode infection of intestimal or
hepatic capillaries

Pleurodynia, aseptic meningftis
Guines worm disease, resatode
Infectfon of subcutaneous tissuas
with systemic symptoas and local
ulcaration

Tapeworn infection with development
of cysts uswstly in Yiver or lung

Associated with asaptic meningitis

Digrrhea fn infants, occasionaily 1n
adults

Chronte enterocoltit(s and mild to
wmoderate dtarrhes

Infectious hepatitis
Pneumonia

Leptospirosis, hemorrhagie jaundice,
Canicols fever

Tuberculosis

Amebic meningoencephaiitis

Poliomyel tis

Urinary tract infections, celliulitis

Meliodosty, pulmonary {nfectfon, may
have car{ty formation, septicemia

Upper resplratory infectfons,
sastrointestinal dissase

Typhold fever, pcute gastroenteritis
Nematode {nfection of urinary or

intestinal capiltaries with damage of
wmicrocircalation

Vibrio %ki r.uoun! gﬂma
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Clinfcal Types of Intections That May Lceur Nore Frequently In Divers

The diver wearing a wet suit and using SCUBA 1s in intimate contact
with his aguatic environment. His skin, external auditory canals, nasal
passages, and oral Cavity all have some greater or lesser expesure to the
water in which he is diving. Accordingly, the following are infections of
the organ systems at risk that may become infected In the course of diving.
In most instances there has been & description in the medical Titerature
ascribing transmission of these infections through contact with an aguatic
enyironment .

Sinusitis

The sinuses represent spates or vaults within the cranial bones that
are lined with respiratory epithelium and communicate with the nasal and
aropharynyeal cavities by means of sinus ostia. Sinusitis 1s a well-
recognized medical prablem from which many divers suffer from time to
time. Ia the course of purulent sinusitis, the affected sinus fafls to
commynicate freely through its ostium and bacterial proliferation then
occurs in the poorly oraining sinus. Treatment involves measures to re-
establtsh adequate communication through the sinus ostivm and antibiotics
to suppress the bacterial purulent infection. Antiblotic therapy {s based
on the best estimate of the species of bacteria involved and their
sensitivity. It is concelvable that aquatic bacteria can calonfze the
sinuses ano play a role in sinus infection.

Jritls Externa

Purulent infection of the external auditary canal, otitis oxterma, fs
an annoying infection most often acquired tn the course of swimmfng or diy-
ing., The most frequent etiological agent, Pseudomonas aerugtnasa, is an
aquatic organism. Otitis externa is colloquially referred to as “swimmer's
ear.”

Conjunctivitis and Pharyngitis

There is no known evidence at present that incriminates the trams-
misston of conjumctfvitis or pharynigitis infections by means of aquatic
contact.

Meningitis

dccasionatly swimmers or divers in fresh water in the MNiddle Attantic
states develop a severe form of meningitis due to being infected with free-
living amebae of the genera Niegleria or Acanthameba. These amehae reach
the meningas by passages through the cribriform plate in the nasopharynges!
aree L]

Paeumonia

Theoretically, an fncreased incidence of pneumonia might occur in
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Fareign and Domestic

1977 1978 1979
Percent Percent Percent
Peuroleum and products 49.1 48.7 46.5
Coal and coke 12.3 10.0 11.9
Iron ore, iron and stone 6.6 7.8 7.8
Sand, gravel and stone 5.4 5.9 5.5
Grains 6.2 6.9 7.3
Logs and lumber 2.8 2.6 2.7
Chemicals 5.3 5.1 5.5
Seasheils 0.6 0.5 0.4
All other commodities 7 126 124
100.0 100.0 100.0

TABLE 6.1. PRINCIPAL COMMODITIES IN WATERBORNE COMMERCE, YZARS 1977,

1978 and 1979
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Figures.s Principal Commodilles Carried by Water
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Crude Petroleum

Residual Fuel Oil

Gasoline

Distillate Fuel Qi

Coke, Including Petroleum Coke
Lubricating Oils and Greases

Jet Fuel

Asphalt, Tar, Pitches

Liquified Petroleum Gases
Napiha, Mineral Spirits, Solvents
Xerosene

Otber Pezroleum and Coal Products
Asphalt Building Materials

Table §.2 Walerharne Commerce :

£-8

Perceat
$38
19.5

9.2
8.5
1.9
1.7
1.2
1.0
1.0
0.8
0.4
0.3
<D.}

Petroleusdt Praducts



-Miscellaneous Chemical Products

Ctiser Fervilizey Matzrial

Nirogenous Chemicul Fertifizers

Sodium Hydroxide {Caustic Soda)
Beuzene and Toluene

Phosphatic Chemical Fertilizers

Alcobols

Crude Coal Tar, Ol, Cas Producu

Plastdc Materials, Celluloge and Syntheuc Resing
Sulphusic Acid

Pouwssic Chemical Fertllizers

Palois, Yarnithes, Lacquers, Enamels

Soap, Deterpent, Cleasing Preparations

Cum and Wood Chemicals

Synihede Ricbber

Synibedc Fibers

[nsecricides, Fungicidas, Pesticides, Dicinfectants
Pharmaceuteals (Binlogical, Chemical, Mediciaal)
Dyes, Organic Pigmenns, Dycing and Taoning Materials
Radioactive Materials, Including Waites

Table ¢ .3 Waterborne Commerce:
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9.7
4.4
3.9
4.6
4.6
4.4
4.0
32
.4

0.4

0.4
02
a.l

<a.1
<i.1

Chemicals



Total Number
Spills
43,38 ‘

Alﬂdnhu—nn

Figore 5.5 All Petrodeum Product Spiths {1977 through 1980 )
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Type Walerhody

Li%

Pore aad
Hasvors
152%

Tow) Number
Spills
280 (0.6%)

Fgure 6.6 Location of Petrolsum Product Spiils > 10,000 Gailens (1977 threagh 1980)
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Geogruphical Area

Type Waterbody
Open intermal 2.3%

- 19T wathar 1gsdl 09,400,090 gafions) s Mol (Pacifc -Opun Cotmtisl) dtn wtheded.
970 sasbore ol well mplosions (re {),363.040 pallens) ia Lovaisss {{sland -Opes lotaraal} 80t incheded.

Figure g 7 Location of Petroleum Product Spills >50,080 Galtons (1977 through 980
{Modilied)
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Geographical Ares

Toug :i{ltll.mbct
1528 (45.9%)

Total Yolume
Spills
4 276,943 Gallons®
(95.3%)

JogAms Chitdt

i
!

21000 e w ssismmy
‘iuﬂ—nﬂm_qdwmu-tlﬂ Totalvd Bmd

Flgurr 5 Al Hazardous Chemicai Spifls >42 Gallonre (1977 through 1980 )
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Type Waserbady

Total Number
pills
747 (6459

Totwl Volume
Spills
4,255,423 Galloas
Pore aad Hesbun
A 19 emp « s0uEenery
B 12 i wem w aml e E = Snb vanapy @

Figure 5 9 All Hezardoas Chemical Spills (1977 (&rough 1930 )
({Excluding Beaches/Non Navigable)
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SECTION 7
HAZARDOUS SUBSTANCES

INTRODUCTION

At an Incident, respanse personne] m3y be expased to a number of sub-
stances that are hazardous because of thelr chemical, biologica!, or radlo-
1ogical characteristics.

Radiologtcal harards present a problem for response persannel. Radiv-
active materials can emit alpha or bata particles or gamma waves, all of
which can have a harmful effect on health If workers are exposed Lo excessive
amounts.

Binlogtcal agents are living organisms (ar their products) that can
cause sickness or death to exposed individuals.

Chemical hazards are classified into several groups, including fire,
toxic, corresive, and reactive hazards, A material may genecrate more than
one chemical hazard during an incideat, for example, toxic “ipors can he
released during chemicatl firec. The hazards can be 3 result of the physical
fchemical properties of a material or of its chemical reactivity with
other materials or the envirommsent ta which {t 1s exposed.

Many hazards may be present at any one incident. 1t is important to
understand the fundamentals of each and their relatfonships so that effective
safety oractices may be employed to reduce the risk to the public &nd respanse
personnel.

BIOLOGICAL HAZARDS

Biological hazards can cause infection or disease 1n persons who are
exposad. Biclogical hazards may involve plants or animals inciuding micra-
organisas, They are divided into flve categories: wiral, rickettsialf
chlamydial, bacterial, fungal, and parasitic.

Biotogical hazards, such as disease-causing agents, may be present at a
hazardous waste site or Involved 1n a spil). Like chemical hazards, they may
be dispersed throughout the enviromment via wind and water,

Many biological agents require a carrier to fnoculate a host. Hence,
controlling the agent may require controlling the carrier, For instance,
rabid rodents at a landfill may be a biclogical hazard. Rocky Mountain
Spottad Fever, which 1s carried by ttcks, s als¢ in this category.
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The same persone] protective requirements of a response to a chemfcal
hazard apply to biglogical hazards. Body coverings and respiratory protative
equipment should be utilized. Especially important is the need to mafnteain
personal cleanliness. Showering after removing protective clothing and
thoroughly washing exposed body parts, including hands and face, shouid help
remove any resjdual contamtnation.

RADIATION HAZARDS

Radigactive materials that may be encountered at & site can emit three
types of harmful radfation: alphe particlas, beta particles, and gamw waves.
All three forms harm livino organisms by imparting energy which {onjzes
molecules in the cells. Hence, the three are referred to 25 jonizing radia-
tien. [Lonfzation wmay upset the normal cellular function, causing disfuaction
or death.

. An alpha particle is postively charged. The beta is an electron posses-
sing a negative charge. Both particles have mass and emergy. Both are
emitted from the nucleus, They travel short distances in material before
interactions with the material causes them to lose their enerqy. The outer
layers of the skin and clothing gemerally protect against these particles,
Therefore, they are considered hazardous primar{ly when they enter the body
through inhalation or {ngestion.

Garma radiation is pure electromagnetic enerqy and ts wavelike, rather
than particulate, in nature, Gamma waves pass through all materials to some
degree. Clothing, including grotective gear, will not prevent gamma radiation
from {nteracting with body tissue.

Unlike many hazards that possess cartain properties to alert response
personnel (edor, irritation, or taste), radiation does not warn. Hence,
preventing the radicactive material from entering the body er protecting
against external radiation 15 the best protection. As with biclogical and
chemical hazards, the use of respiratory and personnel protective egquipment,
couptad with scrupulous personal hygiene, will afford good protection agafnst
particulate radiation.

CHEMICAL HAZARDS
Fire Hazards
Combustibility--

Combustih{lity s the ability of a material to act as a fuel, that is,
to burn. Materials tiit can be readily fgnited and sustain & fire are
considered to be combustible, while those that do not are called noncom-
bustible. Three elements ara required for combustion to occur: fuel, a n,
and heat, The concentration ef the Fuel and the oxygen must be high enoug
to allow fgnition and matntain the burning process. Combustion i a chemical
reaction that requires hest to gproceed:

heat
fuel 4 Oxygen ----=--=-=) aroducts
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Heat is supplied by the ingition source and is maintained by the
combustion, or it must be supplied from an external source. The relationship
of these three fire components is 1llustrated as a triangle in Figure 7.1,
Most fires can be extinguished by removing one of these components. For
example, water applied to & fire removes the heat, therehy extinguishing the
fire. when a material by {tself ganerates encugh heat to self-ignite and
combust, spontanecus combustion eccurs, efther as a fire or explosion,

Flammability--

Flammability 1s the ability of a material (1iquid or gas) to generate a
sufficiant conentration of combustible vapors under normal conditions to be
fgnited and produce a flame. 1t 1s necessary to have a proper fuel-to-air
(oxygen} ration (X fuel 1n air) to allow combustion. There 1s a range of fuel
concentrations in alr for each material where it can be ignited and sustain
combustion. This is called the Flammable Range. The lowest concentratjion
of fuel in this range is the Lower Flammable Limit (LFL}. Concentratioas
less than the LFL are not flammable because there is too 1ittle fuel - that
15, the mixtore 1S too "lean®. The highest ration that is flammable is the
Upper Flammable Limit (UFL). Concentrations graater than the UFL are not
flammable bacause there 15 too such fuel displacing the oxygem (ar too 1ittle
oxygen). This mixture {s too "rich®. Fuel concentrations hetwsen the LFL
and UFL are optimum for starting and sustaining fire. Example: The LFL for
benzere is 1.3% {13,000 ppm), the UFL is 7.1% ?71.000 ppm), thus the flammable
ranrge 45 1.3%X to 7.1%.

A flammable material is considered highly combustible if it cam burn at
awbisnt temperatures (§8°F). But a combustible material is not necessarily
flammable, because 1t may not be ignited easily or the ignition ma!ntained,
Pyrophoric matcrials will {gnite at room tesperature in the presence of a
gas or vaper or when & s1ight friction or shock is applied.

Note: The U.S. Department of Transportation {DOT), the Occupatigonal Safety
and Health Admintstration (0SHA), the National lnstitute for
Occupational Safety and Health (NIOSH), snd the National Fire
Protection Association (NFPA) have astablished strict definftions
for flammability based on the flash point of a material.

Gas or Yapor Explosions--

A gas or vapor explosion is a very rapid, vi¢lent release of enerqy. If
combystion fs extremely raptd, large smgunts of kinetic anerqy, heast, and
gasaous products are released. The majar factar contributfng to the explosion
is the confinement of a Flasmable material. bhen vapors or gases cannot
freely dissipate, Lhay enter the combystion reation more rapfdly. Confinement
also increases the snergy #ssocisted with these molacules, which enhances the
explostve process, Poorly ventilated buildings, sewers, drums, and buik
Iquid containers are examples of places where potentially explosive atmo-
spheres may exist.

Explosive qases/vapors exhibit an explesive range, which is the same 2s
the flammable range. The upper explosive limit (UEL) and lower explosive
1imit (LEL) are the UFL and LFL but fn confined areas. Most reference books
list either 1imits or flasmable )imits which are identical.
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OXYGEN

Flgure 7.1, The fire triangle. Each side of the triangie rep-
resents one of the nrecessary elements of & fire. The optimsm
situation, position number 1, §¢ the best fuel-to-oxygsn ratio,
with sufficient heat to ignite the fuel and support its combustiam.
Each corner illustrates the removal of one component: in number 2
there is tnsufficient fue! (concentrations below the Lower Flammable
Limit), {n number 3 there is not enough oxygen (concentrations
atove the Upper flammsble Limit), and in nusber 4 the heat source

is not sdequate. A fire can be deffned as a self-sustafaing,
fiaming combustion.



Summsry: Practical Considerations--

Fires and explosians require fuel, air {oxygen), and an ignition source
(heat}. At a hazardous materiale incident, the first two are not zasily
c¢ontrolled. Consequently, while working on-sita where a fire hazard way ba
prasent, the concentration of combustible gases in air must be menitored, and
any potential ignition scurce must he kept out of the area.

Most dangerous flammable substances:

are eastly ignited (e.q., pyrophorics).

-  require 17ttle oxygen to support combustion.

- have Jow LFL/LEL and a wide Flammable/Explosive
range,

Hazards related to fires and explosions:

- physical destruction due to shock waves, heat, and
flying abjects

- tnitlation of secondary fires or creation of flammable
cenditions.

- ralease of toxic and corrosive compounds into the
surrounding environment.

Explosive Hazards

Explosives~-

An explosive 15 & substance which undergoes a very repid chemical
transformation, producing large amounts of gases and heat. The gases pro-
duced, for example, nitrogen, oxygen, carbon monoxide, carbon dioxide, and
stream, due to the heat produced, rapidly expand at velocities exceeding the
speed of sound. This creates both a shock wave (high pressure wave front}
and nofse (trisance),

Types of Explosive Hazards--

H_i_%h ar detonating--Cheaica) transformation occurs very rapidly with
detonation rates as high as 4 miles per second, The rapidly expanding gas
produces & shock wave which may be fallgwed by combustion.

Primary high explostve: detonating wave produced in an extremely short
perfod of time. May be detonated by shock, heat, or friction. Examples are
tead azide, mercury fulminate, and lead styphnate.

Secandary high explosive: generally needs a hooster to cause it to

detanate, Relatively insensitive to shock, heat, or frictfon. Examples are
tatryl, cyclonite, dynamite, and TNT,

Low or deflagrating--Rate af deflagration up to 1000 feet per second.
Generally cmEusfion Toilmd by a shock wave. Examples are smokeless powder,
magnesium, and Molotov cocktail.
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Practical Consfderations--

High or low does not indicate the explosion hazard {or power} but only
the rate of chemical transformation,

Explosions can accur as & resuvit of reactions between many chemicals not
ordinarily considered as explosives. Ammon{um nitrate, a fertilizer, can
explode under the right conditions., Alkali metals and water explode; as will
water and peroxide salts. Picric acid and certain ether compounds become
highly explosive with age. Gases, vapors, and finely divided particulates,
when confined, can alsq explode if an {gnition source is present.

Toxic Hazards
Toxlicity=-

Taxic materials causa local or systemic detrimental effects in an
organism. Exposure to such materials does not always result in death, although
that is often the most immediate concern. Types of toxi¢ hazards can be
ciategorized by the phystalogical effect thsy have on the organism. A material
may induce more than one physialogical rasponse.

Types of Toxic Hazards--

Systemic palsons--Systemic poisans are chemical ageants which act on
specific target organs or organ systews (Table 7.1}, subgroup includes
anesthetics and mnarcotics, which may not be toxic in the classical sense
bacause they d8 not nacessariiy cause irreversible harm. ‘However, for re-
sponse personnel, these agents can be extrsmely hazardous because thay can
impair judgment and the thought processes. Anesthetics and narcotics depress
the central nervous system, resuviting in Joss of sensation or in stupor. 1If
concentrattons are great encugh, coma and death can occur,

Asghzgiants‘-Asphyxiants are agents which deprive the tissues of oxygen,
a con on called anaxia. This group 1s divided into simple and chemical
asphyxfants (Tahle 7.2). The simple asphyxfants act by diluting or displacing
atmospheric oxygen, which Towers the concentration of oxygen fn air,

Breathing air with low oxygen concentration causes insufficient oxygen
in blopd and tissues. This can cause headache, unconsciousness, and even-
tually death. Inert gases can be simple asphyxiants,

Chemical asphyxtiants act in one of two ways. Some prevent the uptake of
oxygen in the blood. Carbon monoxide, for example, interferes with the
transport of oxygen ta the tissues by strengly binding with hesoglobin to
form carboxyhemnglobin, which leaves 1nadequate hemoglobin available for
oxygen transport.

A secand type of chemical asphyxiant dees not permit normal pxygen

transfer either from the blood te the tissues or within the cell ftself,
Hydrogen cyanide 1s an example of this type.
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A common, and extremely tonic, example of a compound that fs both a
cheatcal and simple asphyxiant {s hydrogen sulfide. The chesical action,
actually that of a neurotoxic systemic poison, stops oxidation of the
respiratary issves, pardiyzing the lungs. The result i< tha® no alr enters
the lungs, which causes simple asphyxiation. Oxygen concentrations in the
lungs drop, causing death,

TABLE 7.1. SYSTEMIC PQISONS

Compounds Damaging

Anesthetics/Narcotics the Mervous System
Olefins Nethanol
Ethy) sther Carbon disulfide
Isopropy] ether Metals
Paraffinic hydrocarbons Organometatlics
Aliphatic ketanes
Altphatic &lcohols Compounds Oamaging
Esters Liver Function
Carbon tstrachloride
Tetrachlorgethane
Compounds Damaging Compounds Damaging
Kidney Function 8locd-Lirculatory System
Kalogenated hydrocarbons Aniline
Toluidine
Nitrobenzene
denzene
Phennls

TABLE 7.2, ASPHYXIARTS

Simpla Asphyxiants Chemical Asphyxiants
Aliphatic hydrocarbons Anilfne

Helium Methyl aniling
Nitrogen Cyanogen

Hydrogen hydrogen cyanide
Nitrous onide Tolutdine

Carbon diaxide Carbon monoxide
Nethane
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Irritants--Irritants are materials that cause inflammation of membranes.
The mechanise of irritation 1s either hy corrosive or drying action, and may
affect the ayes, skin, respiratory membranes, or gastraintestinal tract. The
irritant must come 1n direct contact with tissue to cause an inflammation
reaction. Consequently, skin, eye, and respiratory irritants are the greatest
concern for response personnel (Table 7,3},

TABLE 7.3. [RRITANTS

Skin [rritants Respiratory Ireitants
Acids Aldehydes

Alkalies Ammonia

Solvents Hydrogen chloride
Matallic salts Ozone

Det:rgents Nitroael dioxide

Skin exposure to frritating waterials, in high enough concentrations,
may result in caontact dermatitis, characterized by redness, itching, and
drying of the skin, These dermatitis-causing materials are called primary
{rritants. Organic solvents are examples of primary frritants, eliciting a
response in hours. Strong {or absolute) irritants are the acids and alkalies,
produc ing observahle effects within minutes, Extremely corrosive ageats can
cause skin ulceration and destroy tissuves.

If respiratory tissues are insulated by irritant gases or fumes, they
constrict tn a reflex fashion, accompanied by involuntary coughing. Tra-
chettis and branchitis are inflammations of the major air passages. Examples
of irritant qaszes are chlorine, amonia, orone, and sulfur dioxide. More
instdious irritating aqents can reach the terminal respiratory passages
(alveoll) deep in the Lings and mey result in pulmonary edema, pneumonta, and
eventually death.

It is fmportant to note that sany particulates such as dusts, although not
chemically active hazards, can be severly irritating.

Allergic Sensitizers--A sensitization to & chemical involves immne
mechanisms. When a forelgn substance called an antigen enters body tissue,
it triggers production of antibodies, which react with the antigen to make it
ianocuvcus. Upon first exposure to a specific chemical, there are no antibodies
in the body, After subssguent expesures, the concentration of antibodims
{ncreases unt!l a threshold is reached. At this point, the antibody level is
high encugh so that upen exposure to the cheaical, the anttgen-antibody
reactian, alse called an aliergic reaction, is severe enough to manifest
1tself in one or more symptoms. The body has become "sensitized® to that
chemical.

Skin and respiratory senzitizers may show the same symptoms as irritants
(for example, dermatitis, bronchitls, and conjunctivitic) and can ranga from
discomfort from potson ivy to a fatal reaction from fsocyanates (Table 7.4).
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TABLE 7.4, ALLERGIC SENSITIZERS

Skin Sensitizers Respiratory Sensitizers
Pojson vy Sulfur dioxide

Poison oak Isocyanates

Epoxy monomers

Kicke)

Formaldehyde

Taluene di-isocyanate

Mutagens, Teratogsns, and Carcinggens--An agent that can cause cancer in
an crganism 1s ca a carcinogen. Cancer occurs in the organism exposed to
the carcinogen, This differs from a mutagen, which changes a gene in a sperm
or egg cell of the parent. The parent is not affectad, but the offspring
suffer the consequences. Teratogenesis is &1so man!fested {n offspring but
Jiffers from mutagenesis in that if results from exposure of the esbryo ar
fetus to the agent itself. Wwhile some teratogens and carcinogens have been
{dentified, it is not possible to accurately "pinpaint® sutagens because of
the difficulty in observing mutagenic action fn cells. Table 7.5 lists some
taratogens and classes of carcinogens.

TABLE 7.5. CARCIMOGENS AND TERATOGENS

Carcinogens Teratogens
Halagenated hydrocarbons Clethylstitbestrol (DES}
Polynuclear aromatics Thatidomide

Argmatic amtnes

Routes of Exposure--
Thare are anly three pathways for substances to enter the body:

- Through contact with skin, eyes, and hair
- Inhalation
- ingestion

The primary function of the skin is te act as a barrier against entry of
foreign materials into the body. 1If this protective barrier ts avercome,
toxic chemicals entar. The barrier s greatly diminished by lacerations and
abrasions. Also, many organic solvents greatlty incrzase the permeability of
the skin to materials that would ctherwise not pass through it. Another
factor is that the skin pravides a 1arge surface ares for contact with toxic

agents.

Inhalatton s the most repid rovte, Tmmediately introducing toxic
chemicals to respiratory tissues and ths bloodstream. ©nce admitted to the
bload through the lungs, these chemicals are quickly transported throughout
the body te contact all of the organs.
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Health hazards to personnel from ingestion of materials are a lasser
concern than skin and respiratory hazards. The number of substances that can
be ingasted are limited--that 1s, it is difftcult to swallow vapors and gases.
Alep, ingestible materials only get to the mouth through hand-to-south con-
tact. Even then, toxicity by mouth it of a lowar order bacause of the acids,
alkalies, and enzymes fn the gastrointestinal tract. But these same condi-
tions may enhance the toxtc nature of a compound. While ingestion of tonic
cheafcals is not a great concern an-site, studies haye shown that gum and
tobacco chewers can absorb significant amounts of gaseous substances during
an B-hour day.

Measurement of Toxicity--

Generally, a given amount of a toxic agent will elicit a given type and
intensity of response. Called a dose-response relationship, It is the basic
for measurement of the relative harsfulness of a chemical, Because humans
cannot be used as test organisms, almost all toxicotogical data are derived
from other mammatian species, and resvlts are extrapolated to humans. The
test organism 1s chasen for its ability to simulate human response. For
example, most skin tests are performed on rabbits because their skin respanse
most closely resembles that of humans.

In much toxicalogical testing, the response measured is death, The test
dats are plotted on & dose-response curve, From this curve the dose, measured
fn milligrams (mg) of test agent per kilogram {kg) body weight of test
organisa, that killad a certain percentage of Lest organfsms can be calculated.
This dose is calied the lethal dose. Most often, expériments are designed to
measure the dose that kills 50% of the test organisms. This is the lethal
doze 50, or LOgg, and is a relative measurement of toxicity. If compound A
has an LDgp = fﬂw mg/kg and compound B has an L0gq = 500 mg/kg, compound B
is more toxic than compound A at that dose {Figure 7.2). A value similar
to the LDS? used for iohalation exposures is the lethal concentration 50, or
LCgp. and s measured as parts per million of toxic dgent per exposure time
{ppm/hr). Tablie 7.6 1llustrates the use of LO5g values as a ralative index
of toxicity.

Another important factor to consider when deterwining the toxicity of 2
material i¢ the relatienship betwsen concentration and exposure time.
Generally, and an acute axpasure refars to a large single dose received aver
a short perfod of time, A chronic exposure s several sma)l doses over a
longer period of time, The difference ({1n terms of deleterious effects) is
that a small acute exposure may result in no effect on an organism, while a
chronic exposure to the same dose may show an additive effect; that 1s, the
curulative dose may be harmful., On the cther hand, 2 large single dose in a
short pericd of time might be much more hazardous than the same dose
administered over a longer time,
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This illustration Indicates that compound A 15 more toxic
than B; that is, A gives the same response (50X deaths)
as B at a lower dose.
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From this illustration, compound € could be assumed to be
more toxic than coapeund D, based on LDgg. This could be
misleading because &t lower doses the s?guation 15 reversed:
at Lb2g. D is more toxic than C.

FIGURE 7.2. DOSE - RESPONSE CURVES
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The rate at which a chemica) reaction occurs dapends on the following
factors:

- Surface area of reactants availabla at reactions site -- for example,
a large chunk of coal ts combustible, but coal dust is explosive,
Physical state of reactant - solid, 1iquid, or gas

Concentration of reactants

Temperature

Pressure

Presence of a catalyst

TABLE 7,.6. RELATIVE INDEX OF TOXICITY

Probable Oral Letha) Dose for Humans

Toxicity Ratiag or Class Jose For Average Aduvlt

1. Practically nontoxic >15 g/kg More than 1 guart

2. Stightly toxic 5-15 g/kg Between pint and quart

3, Modarately toxic 0.5-5 g/kg Between cunce and pint

4, VYery taxic 50-500 mgfkg Between teaspoonful and ounce
5. Extremely toxic¢ 5-50 mq/kg Between 7 drops and teespoonful
8. Supartaaic >5 mg/kg A taste (less than 7 drops)

Source: Toxicologqy: The Basle Science OF Poisons, 2nd ed.
Casarret and DoulT (eds.)y, 1975,

Compatibility--

{f two or more harardous materials remain in contact indefinitely without
reactfon, they are compatible. Incompatibility, hawaver, does no necessarily
fndicate & hazard, For example, acids and bases (doth corrosive) react te
form salts and water, which may not be corrasive.

Many cpsratiaons on waste or accident sitec involve mixing or unavoidable
contact between different hazardous materials. It is igportant to know ahead
of time if such materials are ccmpatible. If they are not, then any number
of chemical reactions could occur. The results could range from the formation
of an fnnocuous gas to a violent explosion. Table 7.7 1llustrates what
happens when some incompatible materials are combined,

The fdentity of unknown reactants must be determined by chemical analysts
to establish compatihility. On the basis of their propertiss, a chemist then
should be able to determine any chemical reactfons resulting from mixing the
reactants. Judgfng the compatibility of more than two reactants is very
difficult and should be judged an a cne-to-one basis.
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Response persone! who must determine compatibfl{ties should refer to “A
Method for Determining the Compantibitity of Hazardous Wastes® (EPA §00/2-80-
076), published by EPA’s Office of Research and Development.

Sometimes the fdentity of a waste is impossible to ascertain due to
money and time constraints, In this event, simpia tests must be performed to
datermine the nature of the waterial or mixture. Tests such as pH, oxidation-
reduction potential, and flash point are useful. In addition, very smail
anounts of the reactants may be carefully combined to determine compatibility.

Practical Considerations--

If mater{als are compatible, they may be stored together in bulk tanks
or transferred to tank trucks for ultimate dispesal. Bulk contaimment of
wastes for transport requires only one chemical analysis, whereas one is
required for each drum or container transported.

Compatibility information is 2lso very imporiant in evaluating an ac-

cident involving several different hazardous meterials. The uitimate handling
and treatment of the materials may be partially based on such iaformation.

TABLE 7.7. HAZARDS DUE TO CHEMICAL REACTIONS {INCGHPMI*RILITIES]

- Generation heat - e.g., acid and water

- Fire - e.g., hydrogen sulfide and calcium hyp . hlorite

- Explosion - e.g., pleric acid and sodium hyoroxide

- Toxfc gas or vapor production - 2.g,, sulfuric acid and plastic
- Flacmable gas or vapor production - e.q., acid and metal

- Formation of & substance with 3 greater toxicity that the reactants
e.9., chiorinme and smmonfia

- Formation of shock - or frictign-sensitive compouns
- Pressurization of closed vessels - fire extinguisher

- SolubjTization of taxic substances - e.g., hydrochloric acid and
chromtum

- Dispersal of toxic dusts and mists

- Vialant polymerization - £.9., ammonia and acrylonitrile
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Practical Cons{derations--

The most immediate concern for response persornel is how the health of
site workars and the public can be protected. The following factors must be
cons {dered;

~ What toxic agent §s present?

- How will it enter the body?

- How will it affect the human body?
- How toxic 15 ft?

Answers to these and related questions will dictate how the public is
protected (a.g., a warning or evacuation of an area), how personne) are
protected (types of respiratory and protective gear employed), and what
monitoring (e.9., continuous or {ntermittent) is required.

Corresive Harards
Corrasian--

Corrasion is a procass of material degradation, Upon contact, a cor-
rosive matarial may destroy bedy tissues, metals, plastics, and other mat-
erfals. Technically, corrosivity is the ability of material to incredse the
hydrogen fon or hydronium 1onr cuncentration of a material, or to transfer
alectron pairs to or from itself or another material. A corrosive material
1s a reactive compound or element that produces a destructive chemical charge
in the material it {s acting upon. Common corrosives are the halogens,
aclids, and bases {Tadble 7.8). Skin irritation and burns are typical results
when the body contacts an aci{dic or basic material,

The corrosiveness of acids and bases can be compared on the basis of
their abi){ty to dissaciate (form 12ns] in sclution., Those that form the
greatest number of hydrogen fons (47) are the strongest acids, while thgse
that form the most hydroxide 1ons (OH") are the strongest bases. The H™ fon
concentratton in solution is called pH. Strong acids have a low pH (many H*
in so1ution;. while stronq bases have a high pH {few H* {n selutian; many OH-
in solutien}. The pH scale ranges from O to 14 as follows:

<--- fncreasing acidity neutral increasing hasicity--->
¢ 1 2 3 4 5 6 7 8 9 10 1) 12 13 14

pH Measurements are valuble because they can be done guickly on-site, providing
imaediate information about tha corrosive hazard.
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TABLE 7.8. CORROSIVES

Halogens Acids

Bromine Acetic acid
Chlorine Hydrochloric acid
Fluorine Hydraf1noric actid
lodine Kitrie acid
Oxygen (arone} Sulfuri acid

Basas {Caustics)

Potassiva hydroxide
Sadiam hydroxide

Practical Considerations--

Whan dealing with corrosive materials im the field, it ts imperative to
datermine:

- How toxic 1s the corrasive materfal? 1s 1t an irritant or doss it
cause severe burns?

- What kind of structural damage does 1t do, and what other hazards
can it lead to? For example, will it destroy contaimers holding
other hazardous materials, releasing them to the environment?

Hazards Oue to Chemical Reactivity
Reactivity Harards--

A reactive materia) 1s one that can undergo a chemical reaction under
certain specified conditions. Generally, the term *reactive hazard* is used
to refer to a substance that undergoes a violent or abnormal reaction in the
presence of water or under normal asbient atmospheric conditions. Ameng
these types of hazards are the pyrephoric Jiquids which will ignite in air at
or below noraal room temperature in the abseance of added heat, shock, or
friction, and the water-reactive flammable soldds which will spontanecusly
combust upon contact with water {Table 7.9).

Chem!cal Reactions--

A chemical reaction is the interaction of two or more substances,
resuiting in chemical changes. Exothermic chemical reactions, which give off
heat, can be the most dangerous. A separate source of heat s required to
maintain endothermic chemical reactions. Removing the heat source stops the
reaction.
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Chemical reactions usually occur in one of the following ways:

- Combinatian A ¢+ B --> AB

- Decomposition AB --> A + B

- Single replacesent A ¢ BC ~-> B + AC
- Double replacement A3 +CD --> AD + CB

TABLE 7.9, FLAMMABLE COMPOUMDS AND ELENENTS

Flammable Liquids Flammable Solids
Aldehydes Phosphorus
Ketones Nagnesium dust
Aminas Zirconivam dust
Ethers Titanium dust
Al{phatic hydrocarbons Aluminum dust
Aromatic hydrocarhons Zinc dust
Alcohols

Mitroaliphatics

Water-Reactive Flammable Solids Pyrophoric Liquids
Potassium Organcometallic compounds
Sodium Dimett 21 zinc
Lithium Tributyl aluminum

Physical Properties of Chemicals

Chemica) compounds possess iaharent properties which determine the type
and degree of the hazard they represent. Evaluating risks of an incident
depends on understanding thete properties and thelr relationship to the
environment.

Solub11ity--

The ability of a solid, 11quid, gas, ar vapor to dissolve {n a solvent
is s0lubility. An fnsoluble substance ca oe physically mixed or blended in
a solvent fgr a short time but 15 unchanged when it finally saparates. The
solubility of a substance is independent of its density or specific gravity.

The solubility of 3 material i3 important when determining its react-
ivity, dispersion, mitigation, and treatment, Solubility is genrerally given
in parts per million (ppwm).

DensityfSpecific Gravity--

The density of a substance is 1ts mass per unit volume, commonly expressad
in grams per cubic centimeter (g/cc), The density of water 1s 1 gfcc since 1
cc has a mass of 1 g.
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Specific grayity (Sp€) is the rat{o of the density of 2 substance {at a
given tewperature) to the density of water at the temperature of 1ts maximum
density (4°C).

Numerically, SpG fs equal to the density in 9/cc, but is5 expressed as 2
pure nusber without units. If the SpG of a substance {s greatar than 1 (the
Sp6 of water), it will sink in water, The substance will float on water if
its 5p6 1s less than 1, This is important when considering mitigation and
treatment methods.

Yapor Density—-

The dansity of a 9as or vapor can be coapared to the deasity of the
awbient atmosphare. If the density af a vapar or gas is greater than that aof
the ambient alr, then it will tend to settle to the lowest point. 1f vapor
derisity 1s close tao afir density ar lower, the vapor will tend to disperse in
the :tmnsphere. Vapor density is given in relative terms siailar to specific
gravity.

In ssttling, dense vapor creates two hazards. First, if the vapor
displaces enough air to reduce the atwmospheric concentration of oxygen below
16%, asphyxia may result. Second, {f the vapor 15 toxic, then inhalation
problems predominate even if the atmosphere §s not oxygen deficient. If a
substance 15 explosive and very densg, the explosive hazard may be close to
the ground rather than at the breathing zune {normal saspling heights}.

Yapor Pressure--

Tha pressure exerted by a vapor against the $ides of a closed container
is called vapor pressure. It is temperature dependent. As temperature
increases, $0 does the vapor pressure. Thus, more liquid evaporates or
vaporizas. The lower the boiling point of the Jiquid, the greater the vapor
pressure it will exert at a given temperature. VYalues for vapor prassure are
most ofter given as millimeters of mercury (mm Hg} at a specific temparature,

Boiling Point--

The boiling point is the temperature at which a liquid changes to a
vapor - that is, it is the temperature where the pressure of the 1iguid equals
atmosgheric pressure. The opposite change in phases is the condensatlon
point. Handbooks usually 1ist teeperatures as degrees Celsius (°C} or Fahran-
heit (*F). A major consideration with toxic substances 15 how they enter the
body. W¥ith high-boiling-point liquids, the most common entry is by body
contact. With low-boiling-point liquids, the inhalation route is the most
comnon and serigus.

Melting Point--

The temperature at which a sofid changes phase toc & Tiquid is the melting
potnt. This temperature is also the freezing point, since a 11quid can change
phase to & solid. The proper terminology depends on the direction of the
phase change.
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1f & substance has been transported &t A temperature that maintains &
s011d phase, then a change in temperature may cauvse the solid to melt. The
particular substance may exhibit totally different properties, depending on
phase. One phase could be inert while the other could be highly reactive.
Thus, 1t 13 imperative to recognize the possitility of a substance changing
phase due to changes in the ambiant temperature,

Flash point

If the amblent temperature in relatiaon to the material of concern s
right, thea it may give off encugh vapor at its surface to aliow ignition by
an cpan flan. or spark.

The minimum temperature at which a substance produces sufficlient flam-
mable vapors to fgnite is its flash point. If the vapor doss ignite, com-
bustion can continue as long as the temperature remains at or above the flash
point. :

The relative flammability of a substance 1s based on its flash point. An
accepted relatfon between the two is:

Kighly f1ammable: Flash point less than 100%F

Moderately flammable: Flash point greater than 100°F
but less than 200'F

Retatively inflammable: Flash point greater tman 200°F
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SECTICN 8
HAZARDOUS SUBSTAMCE [DERTIFICATION SYSTENS

INTRODUCT {ON

Hazardous materials are stored and transported in large quantities.
Frequently, some stored or transpoerted material 15 released, presenting a
potential hazard to the publfc and environment. Such an incident can be
managed more expeditiously when the hazardous material is specifically
identified and characterized. Unfartunately, the contents of storiage Lénks
or trucks may net be {dentified specifically or properly. Records or shipping
papers may be inaccessibla. Even with such information, an experienced person
is needed to define the hazards and thelr seriousness.

Because of the !mmediate need for information concerning a hazardous
material, two systess for hazard identification have bean developed. Both
help responders to deal with 3 hazardous material incident guickly and safely,
and both were devised for persons untrained in chemistry.

The first 1t the Wationa) Fire Protection Association (NFPA) 704 M
System, which is used mostly on storage tanks and smaller cotainers. The
second system fs used exclusively on containers and tanks transported in
interstate commerce. The U.3. flepartment of Transportation {DOT) is respon-
sible for this system. Its use, by way of placards and labels, Is reguired
under 00T regutations found 1n the Code of Federal Regulations 45 (49 CFR),

NEPA 704 N HAZARD IDENTLIFLCATION SYSTEM

Description

The NFPA 13 a standardized system which used aumbers and colors on a
sign to define the basic hazards of a specific material. The three, Health,
Flammabi1ity, and Reactivity, are identified and rated on a scale of 0 to 4
depending on the degree of hazard presented {Figure B.1).

The ratings for individual chemicals car be found in the NFPA "Guide to
Hazardous Materials". Qther references such as the U.5. {oast Guard manual,
CHRIS Volume 2, and the National Safety Council's "Fundameatals of Industrial
Hyglene™ cantain the NFPA ratings for specific chemicals, Such information
can be useful not only in emergencies but alsoc during Tong-term remedial
activities when extensive evaluatiom is required.
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FIGURE &-1.

Flammabi 11ty

Summary of Hazard Ranking System
Health Hazard (Blue)--

Rank Mumber

4

Jescription

Materials that an very shart
exposure could cause death or
major residual injury even
though prompt medical treatment
wis given.

Materials that on short exposure
could cause serinus temporary or
residual injury even though
prompt medical treatment was
given,

Materials that on intsnse or
continued exposure could cause
tesporary incapacitation or
possible residual injury unless
prompt medical treatment was
given.

HMaterials that on exposure would
cause jrritation but only minor
residual injury even if no treat-
ment was given.

Materials that on exposure under
fire conditicns woutd of fer na
hazard bayond that of ordinary
combustible material.
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HFPA 704 M HAZARD [DENTIFICATION SYSTEM

Examples

Acrylonitrile
Broad ne
Parathion

Aniline
Sodium hydroxide
Sulfuric acid

Bromobenzene
Pyridine
Styrene

Acetone
Mathanol



Flammability Hazard {Red)--

Rank Wumbar

4

0

Description

Materials that {1) rapidly or
coapletely vaporize at atmos-
pharic pressure and normal
ambient temperatures and burn
readily or {2} are readily
dispersed in air and burn
readfly.

Liguids and solids that can be
ignitied under almost all ambient
temperature conditieons.

Materials that must be moderately
heated or exposed to relatively
high amhient temperaturss before
ignition can occur.

Materials that must be preheated
before 1gnition can occur,

Matsrtale that will not burn.

Reactivity Hazard (Yellow)--

Rank Number

Fl

Description

Materials that in themselves are
readily capable aof detonation or
of explosive decomposition or
reaction at normal temperatures
and pressures.

Materials that (1) in themselves
arg capabie of detonation or
axplosive reaction byt requtre

a strong tnitiating source or

(2) must be heated under confine-
ment before inftiation or (3}
react explosively with water,

Materials that (1) in themselves
are normally unstable and
readily undergo violent chemical
chaage but do not detonate or (2)
may react violently with water
or (3) may fora potentially
explosiva mintures with water,
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Examples

1, 3-Batadiene
Propane
Ethylene oxide

Phasphorus
Acrylonitrile

2-Butangne
Kerosene

Sodium
fed phaspharus

Examples

Benzoyl peroxide
Picric acid
TAY

Diborane
Ethylene oxide
2-Nitroprapane

Acetaldehyde
Potassium



Rank Number Description ' Examples

1 Matertals that in themselves are Ethyl ether
normally stable but which can Sulfuric acid
(1) become unstable at elevated
towperatures or {2) react with
water with some release of
ensrgy but not violeatly.

0 Materials that in themselves are
normally stable, aven when
exposed to fire, and that do not
react with water,

Special Information (White)--

The white block denotes special information about the chemical, For
example, 1t may indicate that the material is radicactive by displaying the
standard radicactive symbol, or unusually water-reactive by displaying 2
large W with a2 slash through it {M). For & more comlete discussion of these
various hazards, consult the NFPA Standard 704 M.

DOT HAZARD INFORMATION SYSTEM

The DOT's Hazardous Naterials Transportation Administration regulates
aver 1,400 hazardous mater{als. The regulations require labals on small
containers and placards on tarks and tratlers. These placards and tabels
indicate the nature of the hazard prasented by the cargo. The classification
usad for the placards and labels is based on the United Nations Hazard Classes
(Table 8.1). The UN hazard class nimbder 1s found in the bottam corner of a
00T placard or label.

The various hazards ars defined in Table B.2.
TABLE 8.1. UM HAZARD CLASS SYSTEM

United Rations
Hazard
Class Number Description

Class A, B, and C Explesives

Honflammable and flammable compressed gases
flamable liquids

Flammable solids, spontaneously combystible
substances, and water-reactive substancas
Oxidizing materials, including organic
peraxides

Class A and & poisons, irritants, and etfologic
(disease-causing) materials

Radloactive materials

Corrosive materials (acids, alkaline liquids,
and certain corrosive liquids and solids)
Niscellaneous hazardous materials not covered
by any of the other classes
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To fecilitate handling a hazardous material incident, seme placards are
being altered to accept 3 4-digit identification number (Figure B8.2). This
number comes from the Hazardous Material Table in the 00T regulations, 49 CFR
172,10k, This !D numbeér also must bz written on the shipping papers or
manifest. In tha avant of an incidant, the 10 number on the placard will be
such sasier to obtain than the shipping papers. Once the nusher 1s obtained,
the 00T's "Emergency Response Guide Book" can be consulted. This book des-
cribes the proper methods and precautions for responding to release of each
hazardous material with an ID numbar. 7The DOV system goes one step further
in alding response personnel than the NFPA system. However, using both
systems when responding to hazardous eaterial inctdents will help ta identify
and characterize the materials involved properly.

hazard sysbdol

3 UN Hazard Class Number

Figure 8.2, MIDIFICATION OF DOT HAZARD IDENTIFICATION SYSTEM




TABLE 8.2. Haszardous Materials Definitioms

e HAZARDOUS MA'TERIALS TRANSPORTATION

al Mrwprrgeen

% HAZARDOUS MATERIALS DEFINITIONS

Tha falltwimg definlrises have basn shetracted (o the Coda of Fedaval
Reguleticns, Titls 4f-Tranepsetaron, Parte 100-177, Rafer eo

refarentsd ewclious (vr complate detalle. MOTH: Nulemading proposais 4ra Owk-
atgndimy or arwy eontsmplared coazarwing sopp of thems dalinicisms.

= Manna & schavamer ar maceTisd vhich has besn determinind
tha Secrarafy of Tiansportatios (6 ba cspable of posing «o untassonsble rlisk
te baslch, ssfwty, and pProperty wvhem trapapacied In commerce, and vhich hes
ha® v dewignated. (Sac. 172.8)

= A macerisk ssecing cthae dafinitios of mdre thed ofie hasard
ams is elas sgeardiag £6 tha sefaenca Jiven Im See. 173.2.

Ro2ss CLse] DEFLNLTIONY

S Eatlanird - Awy chemicel cowpoumd, miaturs, ar device, the

primary or commoa purpoea of vhich is to funstiea by amplosism,

L.e., vith evhsrentlally Inscamcanesus relesss ¢f pee eod haar,

atiless ich conppund. Ridtapy. or davjea La othearvise spacifi-
un! classified im Parte LJO-177. {3%ac. 171.30)

m Bacsasring ar sthatuige of magims bhasard. Tha nloe Ctyped al
Clase A explosiven are dafinad in Jec. 173.33.

in gesaral, fimctiom by repld cembosticn racher thea decosatlion
m and Iseluode some axplodive daviess such wp spwcisl [iveworia,

flash pendete, ate. Flaameble hajarg. (Sec. 173.88)

Cavtala typew of mswufscturwd argiclen coarnimiog Clase A of Claes
m 1 sxploaives, or beth, as eomponests but ia resericred quastities,

and coreain pypas of [irsvarha. Ninimm Sagpgd. (Bec. 1793.100)

M
4 eagarial dajigned (or diascisy vhieh hea bewn testad 1o accord-
w sace with Sec. 17).11¢e®) and fownd 1o b 89 insammitive ther
there 1a very 1lttle prwbabliity of ecldancal jmiclaticn o
sdan ar of rzansfcicn [(rom deflagratiom L0 datanacioa.
1Bac. 173 labeta)l

Ay 14quid havieg & tlash poisc abave 100°F. sud belew 20N'F. as
Wﬂ daterndmed by teale listad 4o Ssc. 173.1159(d). Zacwpelons sra
foumd 1w . 173.045(0).

tissus ar & lfnuid that has s srvers corcodlsn raram oa stedl. {Ses

w Aoy iiquid er solid that csvawe visibla daacrueiivm of hatsn akin
S3a¢. 173.240(a) sod (b) tor decasial

Agy 1iquid hawing 4 flaah poinc below 100°F. s¢ daceruined by
w tases Llnced tm Suc. E73.3150d). For exeepcions, ses %ax.17)-115(a)

- &ny liquid that ignizes Apmiunuuly in dry of
uEE Hgﬁnlﬂ L30°7, lBsc, 113,1130s2

Liversesed £ag = Aoy mararisl or miature heving In he contalvar ¢
pTesavIe m-iiq 40 pefa ax ID'F., ar & prvesery aacedding
104 pels st .: of scy llquid (Issmadle seteriel bhaving a

&

— L arec aeasuER SRERRALER. 20 uuAM AR JOXTY. (fve. }73:200{s)]
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TASLE 8.2 {Continued)

RASARE CAY |Any ¢owpressnd gas mescing thm fequizesants for lower Clamsabllicy

1imic, {lammabilfty liml¢ Tswge. [lame prejastiva, or flame pre=
pagarion eritaria aa spaciflad In Set. 173.300(n)

iny camprassed gas achar thag o flammable comprusesd gas.

Ay #8114 sdcerial, athar then sn wxplosive, vhich ia liable e
cawss Fifas throagh [riction, rerslsed hast (reom sanwfacturing

or procussing, ot which cam be {gatied resdily amd ubet Igmited
bural oe vigarcwaly asd parsilstestly 44 o cemaks » eefious Crame-
POTESLinn harawd. (Lac. 171.130)

An arpanis compound conteining the bivalemt 00 atructure sad
which may ba compidared n darivativa of hydrogen peroxide vhare
one of word o6f e dydropse atoms hewe besn raplacsd by ovpasie
radicals mupt b clagemd 42 an orgamic pevoxida wnless—(3ee
See. 173.151(e] for detatlet

A subatsace such ¢ chiorets, parminganats, Inotganic yarumide,
e & aitrage, that ytelds onygen teadily ta srimulaca rha sow—

bagiglan of g:iuu: sarcar. (Ses 3ec. 173.1351)
Eagively DeaAmalPagsas - Foleenons gaeen ot liguide of
aatute [ ]

amemt of che 9o, ar vapor of the

very
Lliquid, winsd victh aip s W (2ae. 133.026)

m:immﬁﬁ- Subacancan, ligulds, ¢f salids {focivdieg
procas and semd-sclide), other than Cleas A or IzviCatiny astar-
lale, vhich 4-s knowm ts be so ténic Bo man as to afford & hamavrd
£0o bamlin during trengportariomi otr which, la tha sbremce of
adaquate daca om haman toxi¢ity. are presumed to be TEALY (o wiu.
(Sws- L73.MA3)

A Liguid or selld wbetance vhleh apon coatact wikth (ire op vhen
expoded o air given off dangareus ar lntewssly Lericacimg fomss,
ot 0C [Aelinling A5 3¢ lponous sererinl, Clpgy 8. (See. 173.381)

An "atiologic sgeat" meass & visbla sicro=srgasiss, of Ite remin
which cucsas or say csyss human dlsemsw. (Sec. 171.168)

Any maverial, sr coshinatiom of sstaviels, that spectanecwslry
wuits ionisleg radlaciom, sewd hoving a speeific ect{vicy graster
cham 0,002 wicrosuriea par grem. ($ec. 172.349) XNOTE: Bee Bec.

17).389¢a) chrough {1} for dacalls.

{1) Aay mararfal thac may pose sa vareasnanhls risk to besleh and
aalacy or ymgcﬂ.y when cransperced iw commrce: mad (1) Does not
wrar any of the dalinitiems of ths achar hacard clasaas syweiliad;
or {J) Bas been reclassed am MM (wpecifically ar paruinalvaly)
accseding ta chis avdehapter [Sas. 17).5000e})

MSE: 4 meterlsl with a flashpeinr af 100°F. to I00°F. way sar be
elusnvd as an OFM Lf £t iw 4 hazardous waate or ia offerwd 15 2
paciaging having o tsted copacity of mare cham 110 gallowp.

& mararidl uhich han an anesrhatic, irvicacing, nonfous, towxlc, of
other pimllae peopeety acd vhieh ean cavse exttwmd anndyance or
disconfort to passengers and cowe 10 the evant of Japhage disriog
eranapareatine. [See. 173.500(8) (1)]




TABLE 8.2 {Continued)

vEFtHLTIONS

4 marerial {including & solid sham vat with water} cepsble of
eamsing dignificant dasegy t5 a tTapeport wehicla or veasel (rom
isabage during trecipercarion, Materisla weating oma BT both of
tha fallsuing eritevis ure ORr-B sagwrialar (I} A linuid evbstence
that has a correslon rate sxceeding 0.150 inch par yeo! (1LPT) an
sluminum {noacind TO73<TH} ar a kest t(wmperstute of 130°F. A
ateoprable tapr Lo dsscribed $a BAZE Standard 1-01-49, amd U1)
a’-euiuu, Asnignated by ows (n See. 173.180. (Swc. 139,300

) (2)

4 sararinl whieh has other {abarssr charncteristics ear dascribed
as an DEM-4 or DE-P Pux which sshas Lr wssltsble [o¢ abipmeut,
uless proparly idencifled sad prepared ler cramsportatien. Kseh
ORM-C emteorinl 1o gpecificnily namad in Sec. 172.301. (Ssc.
173,380{b3(3)}

A agturiel sasch ts & comaumer commdity vhilen, theugh othmivias
sdhject o the ¢egulaciaas of this subchsprar, prasaats e linlrad
Barard duricg tramapociation dus ee ita form, queaciry and peckeg-
log, They musr be wsterizls [or which sucapticow sfa previded i
Seu. 172.100. A &ipping daseriptiuw spplicatls to esch OBM-D
macerial ot ut’pr, af OEN-D materials iy found in Sew. 172.101.
I8ac. 123.300(0) {43]

A mrerial chac Lo wot tecluded In eay orhas haceed claas, hut im
subjact o the Taquirsasats of this ewdehaprar. Natstisls 1a this
class luclods (1} Wecsedsus wantas and (13) Tassrdeus subetsficay
as dsfioed im Sec, 171.8., [fac. 171.3000(M)(5)}

AE Gr7RARD TU TXFLAIN ADOITICONAL TREMS GERD 1M CREPARATION OF

MATAEDGEE MATENIALS FUA SNIMDIT. {Bec, 171.0}

i,

¥egas o meterinl thar is pachaged or diszributad in a forw Ilm-
ceoded sad weitsbis for aala chrowgh tetall aales agencias or
tascrussncalikise for copsvapeles bp Individwala fer purpoeas of
perscnal care o0r househeld uee. Tais izve slea includan drugs end
‘mdlefans. (Sac. 121.8)

DTS

Masan the minimw terparatura at which & suhstauce givan off flmm—
mabla wapers vhich fm ¢oucset with o sparh or flams will (gaita.
For Liquida, see 3sc. 173.113; far sslids, ¢ea Bec. 113.150.

YHeann rhat the sacecial (a problbited from bdelng oifared ar scsmpied
for transportation. 1 This prvhibiednn apply 10 thesa
asrarisle are diloted. PLabllised, or Incarpars duvitas

snd they afe ¢laased [a sccordomcs uith tha dafinicioas af has-
ardous matsciele. [Sec. 172.0010d43{1))

For tramsporistise purpesve, mpyoé 5 Barerish, and lcs wniztures
or anlutlons, that is Ldmatifjed by the larter "B s Calumm d
af the Eaaardous Pletacisla Tabla tv $ec. 172.10L wvhen alfared for
trgmpporestlon Im one package, or in sne Ccaiaport vahbicle 4€ Bar
paskaged, cwd vian the gumntity of the marsriel thareln wquasle
ar euceads the Efeparcable quamtity [(RQ). Por datelle. rafer to
Sec. 171.0 and Bee_ 192.)0%. Raxerdous Matwiielz tsble.




TABLE 8.2 (Continued)

? ETAngpOrCetivn puipiead, masan awy sstsfial rhat ie achjece

¢ the hesardows vestd senifast vequirewsnts #f tha Exvirowsescsel

recacriam Agemcy im CFR, Tictle 40, Part 1)), Chaptsr 7. (Sec. 171.0)

¢ datalle on cha Hasardows Weote aad Coasslidated Peredt Lsgulsciows

for %3 CFR, Titla 48, Parts 260-387 ead Parca 123-125. Quaatioas
rilng thass regulacicons. eall Tell Teve: (800) 4209346 ot

(am2) 334-1404
the suwivms onotar of & hacurdows saeerial; as apecified im
utt!_ agplicebls va rha parciawler hasesd claga, for vhich
ra fean the requiremswts of chis sab—

. 3.1180n}, 1” 193; 179,284, 173.3208,
IJ’J‘S wd 1!3.’“.

(ransperravics puTposws, westd Cha queutity of Masardsus subsipnes
foc he2ardoup weata specified ld tha Basardeua Patwitiel Tsila,
lum I ond fdonti{ied by cha Jatter “F" fn Colum 1. (Be¢. 171.3)

a wlid mbetince {facluding sluiges sas pajres) which asy
hosting or salif=lgaltion omfis conditions wormally
Inctidanr 1o trusapartation of which may, mpen cowtact with the stea-

phatd , -n‘arp an tmnecressa 14 Cempararura sad igmite. (Sae. L21.0)

tSec, 121.8)

& this handout 1a deaigeed as a traimiag sid fov all (atavested porrias vhe wiy
favalved with haawrdovs metsrlals. 1t dems wot relieve perems frva complyimg
wvith the Deparvaans of Itraasportatios Easardses Materisls Regelarzisms. Fime] smber.
for sse of chews DagaILclstasn sad dallaislong 1o feved fn C73, Ticia 43, Perce

Informtion 3etvices Divieien, BNYT-11
Otfien of Oparutiony aad Enforvesswt
Nataviale Tramsportative Detean

Rassarch sd Special Programe Adplafetratiss

a Toils weterial ety W8 reproduced withour sparial pecuissias frem thia
u and smy quastioms of commsars eveowiniag this handeut shwld be fivected
16 rhe addvans abewa.
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SECTION 9
USE OF THE HAZARDOUS SUBSTAMCE DATA SHEET
INTROOULT IO

A hazardous substance data sheet is an effective means of presenting
data on a particular compound and the ralated incident. It 1s much easier
for response personnel to have the necessary finformation in ane place than
continually to consult different sources which may or may not have the desired
data. Clondensing the informatfon on physical, chemical, and toxicological
properties of the compound and incident onto two pages also speads briefing
of any personnel arriving on site when time is fmportant. A< many sources as
possible should be aused to €i11 out the sheets as some Information on the
same property mdy vary from one reference to another.

FILLING OUT THE HAZARDOUS SUBSTANCE DATA SHEET

Under “Reme of Substance,” 1ist both tha common name and the name approved
by the laternational Union for Pure and Applied Chemistry (IUPAC). Both
should be entered, since it may be necessary to look up informetion. under
different names. If a compound uses more tham one coamon name, iist all
synonyms. Write {n the formula after the chemical name, hecause some ref-
erences index chemicals by their formulas.

Part 1 11sts the physical/chemical propertias of the compound. Ia the
far r1ght c¢olum 1labeled "Source,” enter the reference from which the
information was obtained. If the informatian 1s found tater to be incorrect
or conflicting, 1t may be corrected. 1t also makes it easfer to refer back
to a particular source {f additional information is needed. The properties
included in the data sheet are:

Narmal Physical State: Check the appropriate space for the physical
state of Eﬁe chemical at normal ambient temparatures {20°C-24°C).

Molecular Weight: Usually expressed in grams per gram-mole. This
ntormation s essential because neutralization or any other chem-

ical treatment would require the number of moles of chemical
prasent.

Density and Specific Gravity: Omly one is required. Density is
usually exprasse n grams per mitliliter. Specific gravity is
dimensionless. Indicate the temperature at which spacific gravity
is measured and circle the appropriate letter corresponding to
degress Fahreaheit('F) or Celsius(°C).
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Solubility: Water: Usually expracsed In parte per million or
miTY1grame per Titer, which are equivalent (that 1is, 1 ppm =
1 mg/t). Solubitity is temp. ature dependsnt.

Solubility: Enter any other material for which soluhility data are
needed, gor {nstance, recovering a spilled material by solvent
extraction may require solubility data for any one of a nusher of
orgenic compounds.

Boiliing Point: Expres.ed in degrees Fahrenheit ar Celgius. It f{s
the temperature at which the vapor pressure of the compound aquals
atmospheric pressure (760 mm wercury at sea level). The boiling
point is rafsed if any impuritiec are present,

Melting Point: Same as freezing point. Melting point 1s lowered
T any Impurities are present.

Vapor Pressure: Usually expressed in millimeters of mercury or
atmospheres at a given temperature. Strongly temperature dependent.

Yapor Density: Oimensionless guantity. Expressed relative to air.

Flash Point: Expresed in degrees Fahrenheit or Celsfus. [ndicate
whether the figure is based on an open cup or closed cup test.

Other: Enter any miscellaneous data, for 2xample blochemical oxygen
demand, autoignition tesperature, or odor threshold concentrations.

Part 1! 15 a compilation of five types of hazardous charcteristics. In the
far right column labeled “Source®, enter the veference from which the
infarmation was qobtained.
Section A list toxicological hazards:
Inhalation: Under “"Concentratjons,” enter the current TLY (Three-
hole Limit Yalue} concentration. This is important for selecting
lavels of protection for workers who will be tn the ares.

Ingestion: Enter the toxicity level in milligrams per kilogram
tmg%igi af the body weight.

Skin/Eye AbsorEtion - Contact: DOetermine from the references
ether ese harards exist.

Carcinogenic, Teratogenic, Mutagenic: It {s difficuit to cbtain

concenfra%‘lon data on these hazards, since very little 5 knowm

about the mechznisms which cause these effects.

Aguatic: Ususlly expressed in parts per million (ppm) for a
particular species.

Other: Enter an [MR (lmmediately Dangerous to Life or Health)
coancentration, or any other pertinent miscellaneous Information.
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Section B contains fire hazard data:

Combustibil{ty: Applies to any compound wshich can be oxidized in
alr.” KImost every organic compound 1s combustible,

Toxic By-products: 1f the compound is combustible, enter yes,
because aal combustion processes yield some carbon monaxide. List
the particular toxic by-products in the spaces below.
Flmhilit%{Exgiosiveness Limits: Expressed as a percentage by
valume in afr. Usuaily flammahle limits and explosive limits are
SyNONYMOUS.

Section C contains reacrivity data:
Reactivity Hazard: If the material {s reactive, indicate the
substances which are incompatible with the material.

Section D contains corrosivity data:
pH: Some references give the pH of an aqueous solution at a given
concentration. For finstance, the pH of 0.5% solution of sodium

hydroxide is 13, Thera 15 also space for listing the types of
matertals known to be corroded by the compound in gquestion.

Reutralizing Agent: Some references 115t neutralizing materials
which may help 2t an incident by bringing the pH of the affected
area to neutral {pH of 7).

Section E contains radicactivity data:

Backqround: List a background level., Background is usually on the
order of 0.0l mi11ireentgens per hour (mR/hour). See Part 2, "Field
Monitoring®.

Alpha, Beta, Gamma: Exposure rates on some elements may be found
Tn the ‘Haﬁ!o[og*ca'l Health Handbook," published by the U.S.
Oepartment of Health and Human Services.

Parts ILL, IV, and V of the sheet describe the specific Incident and recommend
safety measures. Sometimes, parts of the following sections will be Jeft
blank, simply because of a lack of accurate Ianformation. Enter available
incident informat{ion as promptly as possible, however, so that mittgation
measures can start.

Part 111 describes the incident:
vantity Involvad: Usually express in gallons, barrels, or liters for a
iTquiB. and pounds or kilograas for a solid.

Release Information: Indicate if the container(s) 1s (are) sti1l lteak-
{ng, and IT possible, the rate of discharge,
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Hunitnringqs%ﬂng Recommended; [ndicate what type{s) of monitoring
shou e Initia complietely characterize an inc{dent and if on-
site samples are necessary. See sections on Sampling and Field Moni-
toring.

Part 1Y, Recomeended Protection, covers:

Public: Based on tha data obtained in the first three parts and the
proximity of the {ncident to populated areas, make an initial public
hazard evaluation. The OHMTAQS reference segment Number 111, “Degree of
Hazard to Public Health,® is helpful in recommending actiom to protect
public health.

Enyironment: Uepending on the type of release and potential pathways of
dispersiaon, propose potential activities such as booming, skimming, or
chemical/physical treatment. OHMTADS segments 113, “Action Levels,® and
114, "“In Sity Amelioration,® can help deterwmine initial response activ-
{ties.

Worker: [Oecide on levels of protection for response personnel, once
again based on the physical, chemical, and toxicological properties of
the materfals in question. OHMTADS segment 108, “Personal Safety
Precautions,” aids {n this decision. See alsc "Standard Operating Safety
Guides," Part 5.

Part ¥, Recoamended Site Control, covers:

If enough informatfon 15 available, establish three work 20nmes (See
Standard Cperating Procadures, Part 6):

- Exclusion Zone (contaminated)
- Contanination Reduction Zone
- Support Zone (non-contaminated)

Hotline: Establish site boundary.

Any person who crosses the Hotline (the cuter boundary of the Exclusion
Ione) must be in the proper level of protection predesignated by the
site safety officer.

Decontamination Line: Based upen the toxicity of the compound(s) in-
volved, estabDiish & decontamination system in the Contamination
Reduction zone. “See Standard Operating Safety Guides,™ Part 7.

Command Post Location: Locate the command post. This decision is usu-
ally constrained by wind direction, accessibility, and logistical con
<{derations. Lt should alsp be a safe distance from the Hotlinme.



EXAWPLE OF DOCUMENTATION NEEDED TO COMPLETE A HAZARDOUS SUBSTANCE DATA
SHEET (PARTS 1 AND 11)

Benzene has been chose as an example. Faor purposes of {1lustration,
seven sources of information ware utfilized: .

"Condensed Chemical Dictionary® by Gessner G. Hawley
- *"The Merck Index"

- "Dangerous Properties of Industrial Naterials® by M. Irving Sax

- "NIOSH/OSHA Pocket Guide to Chemical Hazards®
- “Documentation of the Thrashold Limit Values (TL¥)*

- CHRIS, Volume 2
= DHMTAQS
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COMMON;

¥. HAZARDOUS SUBSTANCE DATA SHEET

SUBSTANCE :

A.

8.

CHEMICAL:
I. PHYSICAL/CHEMICAL PROPERTIES
SDURCE
Noymal Physical State: Gas Liquid Solid
Wolecular Height
Density g/ml
Specific gravity L' “F/oC
S0lubility: Water [ *F1%C
Solubility: ¥ A
Boiling Point “F7°C
Melting Paint T AL
Yapar Pressure iﬁ CF/C
Vapor Density FfoC
Flash Point __“F/*c
Other:
II. HAZARDOUS CHARACTERISITICS

TGUICOLOGICAL HAZARD HAZARD CONCENTRATIONS SOURCE
Inhatation Yes No
Ingestion Yes Mo
Skin/Eye Absorption Yes Ko
Skin/Eye Contact Yes No
Carcinogenic Yes Ho
Teratogenic Yes Ko
Mutagenic Yes No
Muatic Yes Ko
Other: Yes No
FIRE HAZARD CONCENTRAT IONS SOURCE
Combustibiiity Yes Ho
Toxic Byproducts: Yes No
Flaamabil ity Yes Ko

LFL

UfL
Exp)osiveness Yes No

LEL

UEL
REACTIVITY HAZARD Yes No CONCENTRATIONS SOURCE
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HAZARD

D. CORROSIVITY HAZARD Yes Ho

pH
Reutralizing agent:

E. RADIOACTIYE HAZARD Yes o
Backqround
Alpha Particles
Beta Particles
Gamma Radiation
ITi, DESCRIPTION OF INCIDENT:

Quantity Involved

CONCENTRATITONS

SOURCE

EXPOSURE RATE

SOURCE

Release Ianformation

Monitoring/Sampling Recoamended

IV, RECOMMENDED PROTECTION:

Public

Enviromment

Norker

V. RECOMMENDED SITE COMTROL:

Hotline

Decontamination Line

Command Post Location




. [V. EXMMPLE -- COMPLETED
HAZARDOUS SUBSTANCE DATA SHEET

substance: (3ENZENE

comion: BEVMZ ENE CBENZOC, CYCCOBEKR TRIENE) CHENICAL: Bswaers Co Mo

i PHYSICAL /CHEMICAL PROPERTIES

Normal Physical State <] \/ Liguid Solid oo s
ate: as SHRiS &
Nolecular Wefght ?ﬁ_-q.:; Laurx  0
Dens ity
Specific gravity <
SolubfVity: Water Wogm @ Q3 FLL) OHM
Salub§¥1ty: .
Bojling Point Cc TR X
Melting Point chfsxr
Yspor Pressure
Vapor Dens 1ty T 0 Sk
Flash Puint (ct) ia C Sax
Other:
11, RAZARDORIS CHARACTERISITICS
A. TOXICOLOGICAL HAZARD HAZARD COMCENTRAT IONS SOURCE

Inhalation No
Ingestion Mo
Skin/Eye Absorption Mo
Skin/Eye Contact Mo
Carcinogenic Mo
Teratogenic Ko
Mitagentic Ho
Aquatic

No
Other: (DL levef &é Mo

8., FIRE HAZARD

Combustibilfty
Toxic Byproducts:

Flamnab {13ty
1L
UFL
Explosibility
1EL
UEL

C. REACTIVITY HAZARD

D o

@
w| 0¥IDIZNG mATLS  O; 0,

Acse O, C€ Ry PertandBAIES, PERMIDES
M 39

9-8

qsﬁ 7Y ] %mgﬂ
JAX

r Tyl Y KL

CONCENTRATIONS SOURCE
5.3 cHRis I
/. 37, RS 24
297
CONC ENTRAT [ONS SOURCE
SAY, owmisns




II.

HAZARD CONCENTRAT [ONS SOURCE
D,  CORROSIVITY Yes @ OHMTADS
o
Neutrallzing agent:
E. RADICACTIVE MAZARD  Yes EXPOSURE RATE SOURCE
Background C&ef S g

Alpha Particles

Beta Particles

Gamma Radiation

IMCIOENT RELATED:
Quantity Involved

Release Infoyrmation

Monitoring/Sampling Recammended

RECOMMENDED PROTECTION:
Public

Environment

Worker

RECOMMENDER SITE CONTROL;:
Hotline

e —— -—— e Bh A . s _moaa

Decontamination Line _

- —_—— PR - temm ev—

Command Fost Location

—-——

BABMNE ETTY T s e e e e A B AR EER PR e &o. . vr——n
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allows for a mltiple gloving system to be attached to the suft as shown in
Fig. 14,11, A latex chemical-resistant glove 1s warn fallowed by a cotton
work glove to detect any leakage from ocuter gloves and for warmth, CQOver
the cotton glove s a heavy necprene rubber glove which 1s covered by an
outer cotton chafing glova for abrasion resistance.

The neck or collar of the suit 1s a tapered latex rubber tube, The
tube can be trimmed as necessary far different neck sizes. This s
{mportant as excess pressure around the neck, even if bearable, can have
adverse effects on a diver. Trimming the tapered neck tube should be done
carefully to avoid accidentally over-entarging {t. The latex collar is
surrounded by & latex hood and both are attached to the suft in the same
manner as the cuffs.

The diver dons the Yiking Spart through a heavy metal zipper on the
back of the suit at the shoulders. When closed, the zipper is watertight.

The Yiking suit can be adjusted easily for buoyancy by adding or
venting air. Insulation is provided by undergarments. Air is added by a
power inflator. A low pressure hose (provided with the suit) connects the
regulator first stage to a valve on the left breast of the suit, allowing
the diver to add 2air when this valve {s pressed, Another valve, on the
vpper left arm, releases air from the suit. The gutlet can be adjusted to
maintain a desired intermal pressure. Thus, when afr expands in the suit
during ascent, it vents automatically.

The SuperlLite-178 Helmet

The Superiite-17A/B Coemercial Diver's Helmet is constructed of motded
fiberglass as shown in Fig. 14,12 and wefghs approximately 24 pounds dry.

The helmet system consists of two pieces: the neck dam-yoke and the
hat. The diver slips on the neck dam with the attached yoke hinging inte
place. The neck clamp 1s then slipped onto the hat and locked. The Jock
system ot only seals the neck dam to the hat but also secures the front of
the yoke, eliminating any extra steps.

The Superlite-178 {s des{gned faor the requirements set forth by
government agencies. The desfgn anticipates future safety requirements by
providing a system for prevention of accidental removal, complete head
protection, & demand breathing system for gas economy without absorption
canfsters, antiflooding features, rapid emplacement (even with thick
gloves), rapid removal, and a neck dam clamp that breaks a low pressure
lock mechanically .

Modificatfons to the SuperLite-17B include the use of a series exhaust
system in which exhaust gases exft from the dive hat through a mipimum of
two in-1ine exhaust vaives. This valve system eliminates small amounts of
water back-fl ushin% fnto the helmet before a single exhaust can completely
close. Secondly, isolation of the second stage diaphragm by a brass cap as
shown fn Figure 14,13, has been done to protect the dfaphragm from poten-
tially dangerous contaminants. Ambient pressure reference is achieved
through a tute running from the brass cap to the {nside of the helmet
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SECTION 1
DIVING MODES AND EQUIPMENT

Diving has ts voots {n antiguity, but most significant developments
have occurred during the last 400 ymars, MWith the ?nventiun of the two-
stage demand regulator in 1943, dfving became not only a work tenl, but
ﬂs:':du sport currently practiced by afl1l17ons of enthusiasts around the
world.

There are two basic diving modes. In ore atmosphere diving the diver
is ancased in a rigid contafrer or sult which contalns afr at ehe syrface
pressure of 14,7 pounds per square fnch (psi). Some development was done
on spits ke this in the 1930's. Recently, much work has been done with
the titanium JIM Suit, shown in Fig. 11,1, which fs capable of 21lowing a
diver to do Tunctional work in a one atmosphere enviromment at depths
axceeding 1,000 feet, The MANTIS, as shown fn Figure 11.2, 1s a one person
submersible wehicle which also cperates at one atmozphere.

In ambient diving the diver i3 subiectad to the amblent pressure of
the water at:;ﬁe depth te which he 1?Td1ﬁng. Ambient diving consists of
two major subgroupings, surface supplfed diving and self-contained divin
using some form of Self-contained E&em‘ er Breathd aratus .
Surface sopplied diving s that mode generaily used by commercial diving
activities. SCUBA diving, while primarily 2 sporting activity fim terms of
nmbers of participants, is widely used in the scient{fic commnity for
daﬁ collection and research support, and to some extent {n the mil{ftary as
wald,

Surface supplied diving. Surface supplied diving is tha direct descen-
dant oF the Sieh‘{v ng 'u“lress discussed 1n the foreqoing sectfon. There
are three modern. applications. Madern hard-hat rigs are most similar in
appearance to tha criginal Siebe unit, Basically, they consist of some
sort of rigid halmet [made of anything from brass to fibarglaxs) attached
to some sort of waterproof suit. Fig. 71.3 shows both the new Navy MK-12
deep diving system and the original MKE hard-hat g usad for decades. The
sult 15 protected by appropriate ome-way vaiving and is weighted to maintain
neutral buoyancy when submerged. Alr and communications are brought to the
diver through an umbilical which also contains a stremgth membar. When
diving in & hard-hat Mg, the diver cas be conaidered 1solated from his
environment except for the affects of amblent pressure. A thorough
description of specific equipment and precedures associated with surface
supplied diving can be found in Sections 14, 15, and 22.

Diving from & Personnel Transfer Capsule (PTC)} can be thought of as
second order surface-supplied divying. vers enter a recompression chambher
at the surface. This chamber iz large ancugh for them ta 1{ve insfde for
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several days. The whole chasber {5 pressurized to the working depth of the
dive, Aftar about twelve bours the divers are saturated. When 1t 15 time
to dive, they don their equipment and 2nter the PTC which is mated to the
recompression chamber in some pressure-tight fashion. The PTC {5 sealed
and lowered to diving depth. Usually a PTC iz fed afr, power, and communi-
cations through an umhilical from the surface. Occasionally ft fs self-
sufficient for some period of time, except for the cable which suspends 1t
at depth. Upon resching depth, the divers open the FTC which remains dry
because Tntermal gas pressure bajances outside water pressure.  The divers
wicar hand masks supplisd through uebilicals from the PTC in the parformance
of thetr work qutside the PTC.

el f-contained diving. Self-contained dfving has twe major sub-
divisions. osed-circuit £iving 15 the direct descendant of the work done
fn the late 1800's by Fleuss, Siebe, and Gorman. Opep-circuit diving has
charged very 1{ttle since the invention of the open-circuit demand ragulator
by Cousteau and Gagnan im 1343. Equipment has kept pace with technology,
but changes have bean mere refinsments of the original which still e
acceptahie for use under most circumstances today.

Closed circuit diving uses the principle that patabolically-produced
carbon dioxide can be removed from the treathing gas miature with pure
oxygen and so eliminate the problem of mafntaining the delicate balance
between oxygen and the inert gas being used. When pure oxygen 15 being
used, the diver normally ix limited to a depth of 25 feat bectuse of
physiological complications that ariess when oxygen s breathed at higher
partial pressures. A tightly fitting eask must be wormn to prevent the
ascape of gases around the rebreather magk., The unit has a bag into and
from which the diver breathes. Exhaled gasses pass over a chemical [such
a5 barium hydroxide] that absorbs carbon dfoxfde, znd in the case of the
more sophisticated units, the gas is momitored continuously to ensure that
thare is always sufficient, but mot too wuch, oxygen present in tha gas.

Rebreather units Teave no telltale traft of bubbles, 50 they are
deally suited for clandestine military diving. When, for cperational
reasons, & diver on a daep dive cannot be anchored to an umbilical, he can
dive for a longer peried of time using a rebreather instead of open-circuft
because his tank can he filled with pure oxygan instesd of a very sm3ll
parcentige af cxygen mixed with & large amount of useless {nert gas,

Since the rebreather 45 a self-contained unit, exhausting mo gases, ft
may be suited for a potluted water diving dress which fully encapsulates
not only the diver but tha breathing apparatus &5 well. Further fnvestiga-
tion 15 required im this area of egquipment modification. Figure 1.4
fl1lustrates an example of a closad-circuit diving system.

Gpan-circuit diving, commonty called SCURA diving, and shown 1n
F{g. 11.5, 15 tha predotifnant form of noncosmercial diving in the world
teday. It normally consists of one ta thres tanks of coepressed afr
carried on the diver's back, feeding a regulator which reduces tha tank
pressure to some fixed pressure above ambient [usually betwsen 120 and 140
psi). This first stage requlator foeds 3 secand stage regulator which 1x
attached to a mouthpiece through which the diver breathes. This secend
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stage requlator reduces the Interwmadiate pressueve to ambiznt and opens only
when the diver fahales. The diver exhales into the second stage requlator
where the exhaled air passes through a check valwe nto the surrounding
witer.

The diver's ayes and nose are covered with a face mask which normally
consfsts of a tempered ylaxs plate wounted in & soft rubber frame held
against the face with a rubber strap, An altermats faca mask consists of &
full face covering with some means of attiching the second stage regulator.
This attachment generally takes one of two Forma. In some Full face wasks
the regulator mouth piece 5 removed and the regulator {x attached directly
to a port in the mask. Afr iz fed efthar to the complete mask ar to an
oral-nazal mounted inside the mask, In other full face sasks, after the
sacond stage regulator s mounted to the mask, the mouth plece 1x reattachad
to the part of the vegulator that protrudes into the mask, Most masks in
nse allow the diver access to his nose without fleoding the mask so he s
able to pinch his nostrils to egqualize pressure against his ear druws.

The self-contained diver gererally weighs slightly more thanm the water
he displaces and, therefore, 73 negatively begyant, Te control this
situation, he wears z welght belt and a buovancy compensator (BC), The BE
is a sophisticated 1ife west, capable :ﬂ': nrai and automafic {nflation
undarwater. The diver infiates the BC sufficiently to bring him=slf to
neutral buoyancy. lUpon descent he must add afr and upon ascent he must
vent alr to remain so. The purpose of the weight be?t is to extand his
buoyancy dynamic range {and te give him regative buoyancy if %= 15 ome of
those individuals who i3 naturally positively buoyant}.

Diving Dress

The two basic categories of diving dwess are functions of the kind of
diving being performed, Underwater work falls into either a non-swiwning
ar & swimming mode. What the diver wears s, therefore, dependent upon
whether or not he f= swirming.

Hon-swimming diving dregs. The non-swimming diver 1s usvally fnvelved
with heavy underwater wark, Heavy work almost always is associated with
massive structures where the diver's primary conzideration 1s protection
from abrasion and other physical injurfes resulting from his coming into
contact with what he is working en. The usual diving dress in these
clrcumstances 5 a haavy, rubberized canvas putfit as shown in the MK-5 rig
n Fig. 11.3. \Neighted boots and a heavy harness are usually part of this
oytfit, GToves may or may not be attached, Where they are not, rubber
cuffs seal the wrists. In some cases the peck of the suit 15 attached to a
heavy collar that is attached to the helmet, allowing free cormumication of
air between suit and helmet. Otherwise, there 15 a2 rubber zeal at the neck
and a snap-ring device that conmnects the helmet mack to the suit neck. In
this version, afr from the helmet doss not enter the suft, and air for the
suft myst be supplied separately.

The constant volume sult is distinguished from the variable volume suft
by what fappens to the sult wher it receives ale. Upod belng fiTTed with
alr, the rubberized canvas suit dfzcussed above will distend to whatever
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1ts normal dimensfons are. The suit becomes somewhat rigid at this point,
and overpressurizing the suit will make 1t more xo0. Because the internal
volume of this suit dees not change, 1t 45 called a constant walume xuit.
A vardahle volyme suit i< made of a matarial that stretches. It usually 1s
much more pliable than a constant wolume suit. In mormal use encugh &ir is
injected inta the suit to 1ift 1t off the body sufficfently to allew the
diver to be comfortable. Because the suft stretchex and shrinks with
Tncreasing and decreasing internal pressure, 1% requires much less attention
on the diver's part and generally 1s much more comfortable to wear, A
vartable volume suit must always be supplfed with a sourca of air. There
1z a third type of suit that falls betwasn the two Just discussed, These
sults are somewhat stretchy, and thus not constant volume suits, but mot
nearly so stretchy as varfable volume suits. Suits in this categary are
callsd varfously by efther name, depending upon the manufacturer,

In practice the constant volume suft usuzlly 15 used with the heaviar
(and normally older) hard-hat rigs. The variable voloee suit 15 found more
aften with the newar, 1ighiwe!{ght hard-hat rigs and with band masks.

Swimming diving drezs. The swimming diver's primary clothing consid-
aration 1s mEiHEFI. and his diving dress reflects this, HWhere conditions
allow, the swimming diver will wear no diving diass at all. Enpvironmental
conditfons determine what he wears when the water 15 not warm and pleasant.

There are two bas{c categories, the wet xuit and the dry suit,

The wet suit 15 constructed of a formfitting, ¢losed-csll foam neo-
prens rubber material which usuatly i1s zandwiched between an inner and an
outer layer of nylon fabric. Some sufts have the nylorm on the Tnside only,
and zome oo not wse the nylon fabric. Although the nylon protects the
suit's puter layer and eases donning the suit, It 2150 makes the suit less
flexfble. Suft matarial ranges in thickmess from 1/16-inch to 37B-inch.
The thicker the material, the warmer tha suit i5. Sufts qenerally hava one
to three piecex, not counting foot, hand, and head covering. The two- and
three-plece styles comsist of pants which may stop at the waist or be
dpibbed, an opticnal inner vext, and a jacket. The cne-plece sult is 1fke a
Jumpzuit with a2 s)ide fastener up the front or across the shoulders. Suits
may have attached or separate boots, alwayx have separate gloves or mitts,
and may have & separate or an attached hood., The wet suit offers time
limfted protaction against cold only.

The dry suft orfginated as a watertight rubber suit wormm over &
diver's insulating garment. The atr inside it would compress with depth
and the diver could axperlence suit squeeze, & condition where his skin ix
saverely pinched between clothing folds. recent development 15 &n out-
growth of the varfable volume non-swimning dress discussed above. As in
the mhove caze, there are constant volume, varfabie volume, and halfway
betwesen versions.

The conztant volume dry suit 15 a lightweight suft constructed of
rubberized material designed to retain the flexibility reguired by &
swimming diver. These suits are desfgned with an Tnlet air valve controelled
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by the diver and an exhaust valve, The exhaust valve always can be manually
operated, but in some syits there 15 also a provision For autoeatic opera-
tion so that the zuit will wvent as the diver ascends from desper to
chalTower dapths. These suits uspually have boots attached; however, they
can be obtained with ankle se2ls and separate hootx. Glover arev always
separate, but in some vertions the gloves can be attached to cuffs on the
steaves vifa rfmgs 5o they form an Tntegral part of tha suit. There are
rubher seals at the wrists. Hoods may or may not be attached. Where they
are not, the suft has a rubber neck seal. Where they are, the suit may or
may not have a2 neck seal, depending upon the degign of the hood. In some
versions the hood can be attached to the suit in a manner similar to
attachadle gloves, by clamping the suit and hood saterial betwsen 1 rigid
under-ring and a clamp ring, giving the suit greater versatility in use.

The variable wvalume dry suit can be constructed of the same closed-cell
foam nenprens as wet suits. As In the non-swieming drets previously
discussed, they differ from the constant volume suits Tn that they stretch
when filied with air. Since they are constructed of the same materinl as
wet syits, they have all the iasulating characteristics of the wet suft
without the discomfort of being wet. And since the diver remains, for the
m::. part, dry, body temperature fs mot lost ax quickly to the surrounding
watar.

Hewer variable wvolume dry sufts are now being manufectured that are
constructad of crushed foam negprene. This type of suit has Fewer fnsyl-
ating qualitiex, but 13 much tougher and mare flexible than the oldar style
gsuit. In cold water, insulating garments must be worn underneath this sufe,

Another varfety of variable volume dry suit iz constructed of rubber,
[See Figure 11.5} It has no fnsulating qualities at al? and requires that
Tnsul atfung qarments be worn beneath the suit even in moderately conl water,
but Tt {3 the most flexible of the sults.

Seals at neck and wrist of the varighle volume dry sults are the same
as for constant yolume suits. Dexiqgn of boots and hood 13 2lso the same
for both typss of suits. The only distinguishkable difference betwsan thesa
sufts 15 the inherent stretch of the vardable wvolume dry sudt, and in the
case of the neoprene suit, 1ts inherent Tnsulating ability.

Most of the dey suits have in common some form of weterproof slide
Fastener with a very few where entry 1z made through & very stratchy neck
opening. HRegardless of whether the suits are constant or varfable volume
{or one of the halfway versiona}, they tend to be efther bulky fn design
with & ot af fntermal volume, or snug-fFitting fn design. The snug-Fitting
zuits usually have an across-the-shouTder entry. The bulky sufts have
several different entries, Some start near the crotch in front amd go up
around the neck and back down to the crotch in front. Some begin at the
nfddTe of the back and go through the crotch to the chest. Rany have an
acress-the-choulder entry just as Tn the snug fitting suits. And 3 few are
sntared through the neck opening which stretches sufficiently, with the
halp of two or thres tenders, to allow the suft to be pulled up aver the
diver's legs and torso.
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SECTION 12
PROTECTION USING SELF-CONTAIMED APPARATUS

The small group and the sport diver are left with only ocne option ff
they would dive in costaminated water--3CUEBA. Unfortunately, neither
standard SCUBA equipment nor avallaple hybrids can adequately protect the
frea-swimming diver, and 50 he risks the conseguences of becoming
contaminated.

The limitations of standard SCHA are self-gyident. The diver's air
fs suppliea through a second stage regulator mouthpiece clenched between
fiis teeth., His mouth regularly 15 exposed t0 the water. Even 1T ha takes
great pains to praclude water eatry into his mouth, the actfon of inhaiation
creates a slight negative prassurs in his mouth, making it nearly
impossible to keep water out. As in the band mask, small droplets are
farmet which the diver then inhales. The only way a SCUBA diver can clear
tondensation from the inside of his mask is to flood it with surrounding
watar, co his nose and eyes alse becoms eaposed to contamination. The
stannard SCUBA rig simply tx inadequate for protecting the SCUBA diver from
the effects of diving in contaminated water.

Hybrid arrangesents of equipment offer 1ittle better protection. A
full face mask mated to & second stage regulator =liminates the problem of
water entering the mouth directly, bet the droplet probiem stili exists.
The mask nggative pressure at each fnhalation <tili is a regular source of
water. Most full face masks st111 require condensation removal by flooding.

A SCUBA diver can protect his body and head (imcluding ears] with a dry
syit; but at best, his neck, face, stomach, and Jungs will still be exposed
to whatever is in the water, with tha subseguent risk of contracting one of
the dissasas listed fn Table 5.] on page 5-2.

Protection Requirements For SEUBA Diving
n_Biolngicaliy Contaminateo Mater

A surface-supplied diver can he protacted from contaminatad waker when
the nsed arises. Simpiy stated, he is completely isolated from the water

and 5o protected from 1t. The SCUBA diver has not had this option avatiable
to him, but essentfally his requirements are the same.

The SCUHA aiver's air supply must be {solated from the surrounding en-
vironment., From the time the air leayas the dfver's tank until it reaches
his atveold, it must not come intd contact with the surrounding water.
Since the SCUBA diver's air suppiy is 1imited, the ¢pen circuit or free-flow
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mathod of pressurizing hts mask cannot be used; however, a esthod must be
deyised to prevent the influx of watar into the mask. This {5 the primary
regairement. Should the diver {nhale droplests of contaminated water, all
othar efforts of contaimoent wounld be futile.

The diver's entire body a0t covered by the face mask must be isclated
from the surrounding cnvironment. There are ¢i{rcumstances where the hands
may be exposed (50 Tong as they can be decontaminated latar}; however, this
shoula be an gption--full body coverage capability is necessery. This body
covering should not upndely restrict the diver's abllity to move and work
unoerwatar.

The diver musi have the ability to adjust his budyancy, elther with
the suit directly, with an auziliary buayancy device, or with a comhination
of both. This buoyancy mechanism mest a0t restrict the diver's ability to
move a2nd work underwater.

The equipment should be avaliable off the shelf with 1ittle or no
modification requiren to make it functional for use in biglogicaily-
contasinsted warer. Ideally, it should ha within a reasonable price range
affordable by the small group ar the sport diver. It should be simple in
design for ease af maintensnce, and simple fn use for sase in tratning.

And findlly, the equipment must not pose & greater threat to the diver
than would exposurs to the contaminated water.

In svemary, the diver's alr supply and hi$ bedy must be isclated, he

must be able to work compateptly ana safely in the equipment, and the
equipment must be simple, convenient, inexpensive, and availahle.
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The Band Mask is an ieproved version of the standard lightweight mask.
It permits two-way volce cosmunication between the diver and the surface,
and 1t has features that minimize the dangers of flooding, fice squeeze,
and CU2 huiidup. The mask 15 basically & demend breabthing apperatus, but
incorporates an emergency free flow capabtiity for defogying the faceplate.
This free Flow may also be used as an emergency breathing mode or for clear-
g the mask when floocaea. The cemand regulator is maruvally adjusted during
& dive to accommodate changing overbobtom pressures supplied Lo the msask.
It can be adjustsd to provide continuous fiow through the oral-nasal mask
should a specific operational dive scenarto require this. The mask, how-
ever, 15 basically & demand mask and provides all the 2ir required by the
giver when used in the demand mode; the above "dial-a-breath"™ and emergency
free Flow are npt rputinely wtilized. For added safety beyond B0-foot
depth usage, the mask 15 equipped with a backep atr supply botile commonly
raferred to as a “"ceme home bottle.” or “pony bottle.”

The band mask is built around a molged plastic frame upon which are
mounted a rubber face seal, 2 head harness, a3 faceplate lens wadge of
1/4=-1ach acrylic plastic, & side block assembly, a demand regulator and a
moveabie nose pad, which ¢an be used by the diver as an afd ia clearing his
ears and sinuses.

== Sitde dlock Ascambly -- This assembly functions as a manifold. It
s fitted with an on/off defogger valve, which controis a steady
air flow inte the mask and acrass the inside of the faceplate,
This feature is also used as am emergency breathing mode in the
event of demand regqulator failure. The emergency breathing suppty
valve for the come howe bottle ts lpcated an the rear of the side
tlock. The non-return walve is located within the side block
assembly.

-- [Demand Regulator -- The demand regulator is set into the misk in
front of the diver's mouth. This regulator is similar to the
second stage of a single hose SCUBA reguiator. Afr passes Lo the
desiand regulator from the <ide block assembly through 2 hard pipe;
the flow of air is controiled by the diver's breathing rate. A
manual purge button permits the diver to establish 2 free flow
through the reguiator. The requiator is adjusted by a knob on 1bts
side to accommodate air suppiied at overbottom pressuras as
necassitated hy operational regquirements. The knob cin be opened
s1tghtly to permit a free flow through the oral-nasal mask 2%
discussed previousty.

-~ Emergency Alr  Supply -- The emergency breathino supply vaive
provides am air supply path parailel to the non-return valve.
Threads on the inlet of this valve permft attatheent of the “come
hote bottle” whip. The ®"come home bottle® s equippea with a
SCUBA type Tirst stage regulater.

-- Frame Exzhaust ¥alve -- This ts a mushroom-type valve which fs
focated in the mask frame under the demand regulatar. The exhaust
yalye 13 at the lowest point tn the mask; therefore, when the mask
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water. Whan produced, such masks also will be acceptable providad 1n-
leakage 15 absolutely preventad. A particular point to watch out for is
back-seepage around the sxhaust diaphragm. In the Oivator, this problem is
circumvented by separating the inhalation and exhalation channels. Any new
mask must solve this problem with equal success.

The other recommended mask salution $5 a band mask, Hod 1 or Mod 2.
Mod 1 consists of attaching Flutter valves to both sides of the mask exhaust
tee. Mod 2 conststs of removing the secomd stage regulator exhaust dia-
phragm amd housing, blanking off the opening, and reversing the mushroom
valve in the oral-naskl. For both modifications, the hood 5 peplaced with
one having no s)ide fastener and having 2 straight neck desigred for attach-
ment to the suit neck with & ring and clawp similar to the Viking Suit ring
and clamp. The hood also must have a relief yaiya near the top set to
ralease at no more tham 0.2 psi.

The hand mask is not the solution of cholce, becayse, 1ike the complete
AGA Livator rig, it is quite expensive and, therefore, ocutside the orfgi-
nally stipulated cost requirements. Many divieg organizations, however,
already possess ong or more such masks, and in this casa, this solution s
wuch less expensive than any gther. It must be stressed that diver comfort
iz lower than with the AGA Divator, and the band mask configured for
polluted water diving is more cumbersome to put on and take off. [Oiver
abandonment of his breathing equipment underwater also 15 much oore
gifficult with this equipment, but this action always should be considered
as the very last resort in polluted water.

A final cansideration when using a modified band mask for polluted
water ailvfng ¥5 that it may be necessary to remove necprane dry suft hoods
in oroer to make the rig sufficiently comfortable. Should thts be done,
enqugh suit hood material must be 1eft te allow for mating of the band mask
hooa to the dry suit.
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SECTION 14
MODIFIED SURFACE-SUPPORTED DIVING SYSTEMS

Draeger Constant Volume Suit

The TOrasger Constant Volume Suft with nmck entry emerged as a T{kely
candidate for providing adeguate protection in polluted water, Its thick,
smi0th npeoprene surface can be decontaminated more readily than ather dry
suits. The hood fully encloses the diver's head, has the demand requiator
buflt in, and seals to the syit at the neck sntry pofnt in a simple,
reliable fashion, therseby aliminating tha need for a water-tight zipper.

Early in the evaluation program, 1t beceme apparent that most exhaust
valves in demand regulators atlow a few =mall droplets of water to enter
during the exhaust cycle. Nhen the demand valve is activated, the Jet of
incomfng &ir breaks up the droplets into a mist which {s then iphaled by
the diver. This normally 15 not noticed by the diver, and in clean water
it 1s of mo signiFicance. Fallure of the exhaust valve was 21sp of
concarn,

To compensate for these woak points, the exhaust valwve of a Scubapro
MarK 5 demand requiator was eliminated and the valve port “blanked off“
{Fig. 14.1], The pattway of breathing gas was ther *Tn only™ through the
demand regulater and into the Draeger oral mask. A separate exhaust
vilve was mounted in the port which fumrl;r containgd the Drasger demand
requlator, Te elfminate "spiash back™ and to provide greater
reliability, two exhaust valves were mounted in series, separated and
sealed at each end by large "0 rings. Fig. 14.2 shows 2 breakdown of
this series exhaust valve [SEY). Test dives with these modffications
showed a slight byt acceptable increase fn exhalation resistance. The
demand regulator will also freeflow slightly when the outlet of the SEY
f5 higher in tha water column than the demand requlator diaphrage,

To provide communications, a microphune and electrical penetrator
werg mounted in the plug provided on the right side of the Drzeger hood.
The earphonfe 1s mounted in an ex{sting pockat on the outside of the
hood. This configuratfom (Fig, 14.3} provides excellent communications
with & sinimm of penetrations inte the suit., It can be vsed with haed
wire or wireless systems,

Seme divers ewperience difffculty in equalizing their ears during
descent when using this apparaztus. To assist divers in ear clearing, an
ear equatization pad (Gaudlosi pad), made of foam neoprens, was glued
into the lower portion of the mask, Fig. 14.4 shows the Draager hood
with all of the above-pentioned modifications and addftions.
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Suit-Under-Suit

Thermorequlation it a common problem in dWil'la. Hormally, hypothermna
1s the problem, and diving suits are designed to keap divers warm, elither
passively with dinsulation, or activeiy by passing hot water through
:ﬁ‘eﬂallr constructed sufts.  NOARA divers have encountered situations fn

ch significant overheating of the dfver has occurred dup to warm water
and the necessity of wearing & dry sufit for protection aqeinst polluted
water., The “"suft-under-suft™ (5US} was developed to allow heating or
¢ooling of the diver, and to reduce the probability of contamination of the
diver's body in the event of damage to the suit. [See Figure 14.5)

Dry svits contadning air have significant internai/extermn] pressure
di fferentials, depending uvpon the position of the diver in the water,
Since both a pressure differential and a hole are required for entry of
water Intc a dry suit, elimination of one of theze factors will eliminate
entry of outside water. If the inside of a dry suit is filled with water,
the intermalfexternal pressure differential can be reduced or eliminated.
This same watar can be used for diver thermoreguiation.

Flg. 14.56 shows the 5US, A tight-fitting foam neoprens updersuit with
attached fest and meck antry makes up the innermost portion of this system.
The neck of this suit seals ta the neck ring of the Dracger suit., A neck
dam providas a seal between the neck ring and the diver's neck {Fig. 74.7},
The Draeger =uit and hood seal s then made in 2 normal fashion over the
505 end nmeck dam, Clean water is mmped into the area betwean the 5US and
the Orasger sult via the umbilical from the surface, and the water exits
through the exhaust valves n=ar the ankTe of the Draeger suft. The peck
dam prevents entey of this water into the hood,

The suit s fitled with water while the diver iz at the surfece of the
water with his feet in an 2levated position 20 21low the escape aof afr
through the exhaust valves. The diver must exit from the water Slowly 2t
thae and of the dive to allow adequata time for water to drain from the
sult. A two-way vazlve i3 provided to allow the diver to contral the rate
of flow through the suit, and to pravide discharge of pumped water in crder
to mafntain a rapld flew threygh the hose. The latter {5 sceetimes
necessary to mafntain proper water temperature.

Test dfves with this system proved to be significantly more comfortable
for the diver than an afv-filled dry suft. No pressure diffarsntials sxist,
thereby eliminating sult squeeze. Buoyancy changes due to cospression and
expansion of air and afr shifting within the suit are also eliminated.

Another feature of the Uraeger hood that ROAA has modified is the
hinged faceplate, The hinge nowmally 2llows the Faceplata to bes opemed on
the surface for the diver's comfort, It was felt that the danger of an
accidental opening in the polluted water or leaks through the seal cut-
waighed this short-term convenience. A new Lexan faceplate was machined to

replace tha original and {z fitted into a recessed groove behfmd the opening
for the ariginai. This fateplate 15 held in place by the ariginal clamp.
This confi{guration has comfart drawbacks foar divers with long nosas.
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The MK-12 Surface-Suppiied 0fving System (SS05)

The MK-12 5505 a5 shown in Figure 14,8, consists of four sajor assem-
Blies, the helwet axsembly, the recircular assemhly, the dress assembly and
support equipment. The helmet may be used with afr or mfxed gas as the
treathing medfum, with the use of the reci{rculator as a modular, add-on
comonent for mixed gas operation. The normal diving dress consists of &
crushed foam neoprene nylon dry suit, outer chafing garment, Jocking
harness, lightweight diving boots, anmd gloves, Two-, four-, and fiwe-pound
Tead weights (to a maximum of 60 Jbs] fit {oto the calf, thigh, snd hip
pockets of the outer garment. The swimming dress consists of either a wat
suit or swim trunks with jocking harnazs, fins, scubd weight belt or suter
garment, and weights and the neck-dam with exhaust valve in the smbient
confituration. A1l dress configurations require the use of the jocking
harness to provide helmet stability,

The MK-12 5505 air operations will support a diver performing tasks
varying from Vight to heavy work to depths of 250 FSM. Oparating the NK-12
5505 with console overbottom pressure determined by hose Tength and dive
depth provides the means of ensuring adequate afrfiow through the helmet.
The HE-12 s an open circuft system in air operations. The air fs supplied
from the surface by the umhilical hose through a nor-ratuen valwve within
the air supply adapter, through stainless steel tubing to the air supg‘;y
valve, and out Tnto the helmet by means of the air supply di ffuser. e
gir 15 directed wp across the front viedport and toward the diver's face,
exiting the heimet viz the exhaust valve. 1In the adjustable conffguration,
the normal operating range of the exhaust walve providas a helmet pressure
differentia) of 0.3 + 0,0% ps{ to 2.0 + 0,3 psi with & flow of 6 ACFM,

The belmet sh21l 13 1afd up with fiberglass cloth and polyester resin
for & strong, 17ght, impact-resistant structure. The sheil §s coated with
a highly wisidle yeilow gal coat to provide the UM defimition. A rast
Tead weight 1= cut to Fit intec the crown of the helmet, then laminated with
Fiberglass and resin,  The weight i5 sized and Tocated to make the helmet
neutrzl Tn buoyanty and to counterbslance the weight of the basze and breach
rings. This makex the centers of gravity and buovancy coincide, resulting
fn & stable comfortablse halwet in atl positions.

The standard diving dress is » coomercially avajiable drysuit modified
to accept the MK-12 lJower breach ring., 1t 15 made of 1/4-inch closed ceil
neoprens rubber-backed on both sides with nylon fabric, The seams curve
arourd the legs to produce minimum stretching of the seams, reducing tension
and consequentty reducing the chance of leaks., The seams are butt-fitted,
dlued with neoprena cement, and covered on the Inside surface with seal
tape.

The aouter nylon chafing garment serves several purposes. It provides
protection for the dry suit against snaggina, tearing, and abrasfon;
provides 1nflatfan restraint te prevent inadvertent flow-up, has pockets

:nr {nstalling diver weights, and afds in maintaining the Jocking harness
n place.

The standard MK-12 5505 diving dress 15 virtually impossible to
decontaminate and doas not provide & dry suft/glove interface. As 2 result
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of this situation, ¥iking Technical Rubber hzs produced two variations of
the NK-12 diving dress as shown in Figure 14.5 which are very suitable for
contaminated water operations. Each s delivered with the Tower MK-1Z2
hetmet breach ring attached,

Tre first ¥iking suit made? is an exact duplicate of the standard MK-12
outer chafing garment. This Yiking dress provides all necessary weight
pocketxs to accept the B0 pounds of lead bars, blocks, and rods requived for
diver buovancy control. This suft also includes the compress, calf, and
thigh straps to prevent dfver "blow-up” or overpressurizatfon.

The secend Viking MX-12 mode) suit 1s 2 smooth dress with no weight
pockets or compressive straps.  This model requires the utilizatfon of the
standard outer chafing overalls.

The Y{king suits are mads of very heavy wefght 1.1 mm thick natura)
rubber honded onto polyester tricot fabric, The rubber provides the
waterprocfing but mo dinsulation. The diver wears either clothing or
insplated underwear for warmth. The thickness of these undergarments cen
vary with the water tempersture expected. For especially cold water,
¥iking offers & Jumpsuit made of 10 mm thick polvester foam, 1inad on two
sides with nylen. This thermal underwear can be worn over a pair of lang
cotton underwear.

The desfgn of the ¥Yiking suit has a mumber of advantages. Neoprene
comprasses at depth, bacoming thinner and providing less insulation. The
¥ikfng, however, relies upon tha air inside it and, especfally, the under-
garmants, ta keep you warm. As the air in the sult 1s compressed at depth
and the suft begins to c1ing, you merely add air {nto it untfl comfortable.
The Yiking Suit has atso been modifled to function 1n the SUS mode as shown
in Figures 14.9 and 14,10 and to mate with the ME-1Z helmet.

The rubber surface of the ¥iking 1x smooth and not 1ikety to snag cn
rocks and other sharp abjects., It 1s a¥so pasy to decontaminate. The
fabric-reinforced rubber doesn't streich easily and won't balloon when air
1z addad to the suit. The swit material is thinner than neopren= znd takes
up less space when rolled up. The entire suit fits into & carrying bag the
size of the average knapsack [efght Inches in disseter and 24 inches long).

Any suft fs only as weterproof as {ts seams and seals. The seams of
the Yiking suits are sewn and then vulcanized under a rubber tape, making
the whole suit basically one plece of rubber. This provides not only
waterproofing but strength,

There are only four apenings in the Viking suit: the nech, each wrist,
and the back zippar. The boots are attached to the suit and are of the same
eaterizl, only reirforced and bonded to A tough rubber sole complete with
molded tread, Ap additional layer of rubber {s bonded to the front of each
tag rtumning from Just above to just below the knee a3 added chafing
resistance,

The wrists of the suit are sealed by stretchy latax cuffs. These are
cemented to the arms under rubber tape but can be replaced edsily f{F
damaged. Cuff rings are hard =1{pped inside the sleeve of each arm which
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The neck ring seal §s of a new and unigue desiga, providing twn {nde-
pendent 2nd complementary waterproof seals, It 1s designed so that the
diver can put the hat on or take it off quickly, in clase quarters, witheut
assistance from a tender, and even while wearing heavy gloves,

Unlike the Supertite-178, which is a demand air supply system, the
Desco Diving Hat {s a free afr flow system. Alr is continyally introduced
into the helmet to maintain a positive pressure. The only madification
made to this system t5 the addition of the series exhaust which s similar
to that mentfoned in the Superlite-178 modifications,

The construction of the meck ring insert permits the hat to be used
either with a meck gasket or with an {inflatable diving dress having a
stretchable rubber collar. In efther instance, the dress or neck gasket
material can be easily assembled to the neck ring insert without the use of
screws and without perforation of the materfal.

The entire hat may be readily and completely disassemhled in the field
usfng only a wrench and screwdriver. HNeck gaskets can be changed, or the
hat converted to use with a dress or dry suit, without use of tools,

The liner s adjustable to fit varfous head sizes, and can be removed
for cleaning.

A specfalty modified Yiking heavy duty commercial suit was wtilized

with the Desco Hat. The lower breach ring of the helmet is attached to the
¥iking suit, providing for a totally dry seal.
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SECTION 15
USIKG SURFACE-SUPPLIED EQUIPKENT

Ali persomnel, aivers, and surface tenders should perform a thorough
check of equipment. (It a diying operation is staged from a vessel, the
ship's captain must be notified that daivers are about to enter the water,
and clearance shoula be obtainea before the diving operation Commences.)

Tne water snoulo be enterea using a ladaer as shown in Figure 15.1.
wmp entries are discourageo from a height of more than 10 feet above the
woter.

The air supply system, heimet or mask, and communicattons should be
checked to ensure they are functioning property. If not, corrections must
be mage prior to descent.

A oescent line shoula pe used at all times 1in depths greater than
20 feet. Uescent rate will gepend upon the diver; generally, hawever, it
should not exceed 75 feet per minute.

If descending in a tigewéy Or current, divers should keep their backs
to the current so that they will be forcead against the descent line.
Currents In excess of three knots gemerally will prectude all diving
operations.

when the bottom is reached, the surface tender should be notified and
the diver should proceed to the work site. The surface tender alse should
keep the oiver constantly infarmed of bottom time. The diver should always
be notified a few minutes in advance of termination time 50 tnere is time
to complete the task and prepare for ascent.

vivers ana surface tengers shoula review tharoughly line pull signals.
Although voice is tne primary means of communication between givers and
surface tenders when surtace-supplied equipment is wused, the line is the
backup coamunication should the voice system fail.

when work 13 completed, the aiver should return to the asceant line and
signal the surface tenger that he is reaoy for ascent. The surface tender
should pull in eacess umbilical) dine slowdly and steadily. The diver should
never release the ascent line, but may assist the tender by climbing the
line. 1he surface tender or diye master must inform the diver well in
asvance of decompression requirements. A diving stage may be required for
lony aecompressions. When dgecompression is completed, the diver shguld
return on boara ship via the laoder aor giving stage, with assistance as
required from the surface tenders.
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-- distance 1ine made of 60 feat of 15-thread cable-lafd manila, The
distance 11ne {s attached te the bottom end of the descending line
and 1s used by the diver as a quide for searching as well as a
means for relocating the descending 1{ne.

-- decompression stage, constructed to carry one or two dfvers, 15
used both for putting divers into the water and for hringfrqg thew
to the surface, especially when decompression stops must be made,
The stage platform is made in an open grillwork pattern to reduce
résistance from the water and may {nclude seats, Guides for the
descending 1ime, ané¢ several eyebolts for attaching tools,
steadying lines or weights, are provided. The frames of the
stages are collapsible for easy storage,

-~ stage line for ratsing and towering the decnepression stage. It
is made up from 3" ar 4" manila, nylon or polypropylene rope and
marked of f at 10-fant intervals to assfst 1n placing the stage at
the proper decompression stops. The first “10-font® mark {5 plaved
so0 that the diver's chest will be maintained 3. an average depth
of 10 feet at his 10' stop., The stage will have to be adjusted
slightly depending on surface conditions at the time of each dive,

-- diving tadder used when entering the water from the sfde of 2
small boat. The ladder is made of galvanized steel, and when in
use, 1t is held at the correct angle by a pair of strets which
hold the Tadder ogut from the side of the boat. These struts may
be falded for storage.

-- cast-iron weights are provided in twp sizes: 50 pounds and 100
pounds. Both sizes are used as desceading 1ine wefghts.

-- c¢anvas tontbag for carrying tools. The bag may be looped over the
diver's armm, or {1t may be sent down the descendfng line.

-- underwater lights, 1f conditians permmit, may improve the diver's
range of vyisien. A varfety aof lights are available, A medium
pressure light, satisfactory to a depth of 150 feet, uses a normal
100-watt photnfloed bulb or any other buylb with a medium base.
A1l underwater lights myst be submerged before they are turmed on
and be turned off before being taken out of the water to prevent
breakage due to thermai shock,

-- a stopwatch for ftiming the tatal dive time, decompression stap
time, travel tiee, otc.

Surface Supply Afr Systems

A1l surface supply air systems that are to be utilized for polluted
water diving are thoroughly descrfbed in Section 6.2.1 nf the LS. Navy
Diving Manual (13723) NAVSEA (:993-LP-001-9010. Figure 15.3 fllustrates both
a dockside mobfle surface supply system and a workboat modified bank for
Timited space use,

































TABLE 17.1

= =

Occupational History

Medical

Previous Employers
Occupation/Position
Industrial Processes

Possible Chemical Expasures

History

1.
2.

OCCUPATIONAL ANR MEDICAL HISTORY ASSESSMENT

Basic Physical Parameters, e.g., age, sex, height

Genetic Histery Studies
diabetes, hypertension

Personal Health History

a. Past injuries/{1lnesses
b. Allergfes

t. Hypersensftizations

d. Current medical therapy
Exercise Habits

Personal Habits

a. CLigarette smoking

b. Alcohol
c. Drug use

(maternal /paternal/siblings),

e.9.,

[ < B = = B~ B

Each respanse team member should

Phosphorus
Uric acid
Creatinine
Urea nitrogen
Cholesteral
Gircose

cansists of the following:

0000 Oo

specific gravity

pH

Micraoscopic examination
Protein

Acetone

Glucose
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X-Ray--

A baseline chest X-ray should be a standard 14 x 17-inch P-A
{postertor-anterior] exposure. The lateral view is not necessary for
routine screenfng purposes. The X-ray may be obtained from the examining
physician, a local radiologist, or a local haspital. The film thauld be
read or reviewed by a board-certified radiologist or other competent
medical speclalist. Subsequent perladic chest X-rays should be performed
onily when clinfcally indicated and not as a routine measure.

Electrocardiogram--

An electrocardiogram should be included in the baseline exsmination.
Ordinarily it should be of the standard 12-lead resting type and {nterpreted
by an internist or cardiologist. Subsequent perfodic electrocardiograms
should be obtained only when recommended by the examining physiclan, and not
as a routine measure. Figure 17.1 shows a three lead EKG pickup and a
Lifepak 4 heart monitor for real time tracking of work stress.

Pulmonary function--

Pulmonary functfon testing 15 desirable as a part of the baseline
examination. It may be indicated pericdically for employees at respiratery
system risk, such as those with significant exposure to toxic dusts and
irritants. As a minfmum, it should consf{st of simple tests of TJung
ventilatfon: forced expiratory voluoe in one second [(FEY)) and forced
vital capacity (FYC).

WMorkers who are significantly enposed to certain designated materials
Bay require additfonal special procedures in addition to the basic panel of
tests. The physician should determine who 1s in need of specfal tests
after reviewing the history Fforms and after consulting with supervisors
and/or wmedical wonitoring coardinators and heaith and safety designees,
Provision should be made for repeating tests when necessary. Consultative
assistance fs available from the EPA Occupational Health and Safety Staff
reqarding special tests,

Anbient air monitoring--

While rot a true medical monftoring fumectfon, 1t s resirable to
mgnitor the helmet atmaosphere of the diver for contamination. Figure 17.2
shows the use of a battery aoperated afr sampling pump known as a Poly Meter
which 15 worn under the divers dress. This unit pulls a measured air flow
through a specific chemical detector tube which will measure the cencen-
tratfon by discoloratian. The diver and tenders are able to measure any
contaminmation Just by wisual observation. Based upon prior knowledge of
wh#t contamination 1s present, the appropriate detector tube can be
setected.
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2) Half Mask (Type A - Half Mask) fits under chin and gver the nose,
To ba approved it must have four-point suspension,

3} Full Facepiece covers all of the face from under the chin to the
forehead.

The full facepiece provides the best pratection beacause it is more easily
fitted on the face than either the hal f ar quarter mask.

Equipment €] assification - General Considerations

Afr Purifyting Respirators--

The use of afr purifying respfrators is predicted om several factors.
The atmosphere that the respirater is to be used in must have at least 19.5%
axygen. The concentratten of the contaminant must be at IDLK levels.

Mechanical filters are used for particulate hazards and chemical sorbeats
are used for gases and vapor hazards. Respirators are approved for use up to
predesignated comcentrations. The respirator is also 1imited by Its length
of service which i$ based an the contaminant concentratfon,

Another important requtrement is that che contaminant befag fil tered
have warning properties which will alert the user to the exhaustion of service
capacity of the respirator.

Atmosphere Supplying Respirators--

There are four types of respirators which supply breathing air to the
user, Atmosphere-supplying respirators provide from five minutes to several
haurs of breathing air. The first type and the oldest is the oxygen genera-
ting respirator. This type of respirator has a canister which converts car-
bon dioxide te oxygén. Oxygen generating respirators have been used in the
mil itary and for escape purposes In mines.

The hgse mask is another type of atagsphere-supplying respirator. It
util fzes @ remote source of a clean atmosphere, The clean air 1s drawn
through the hose by the user or by a bdlawer. The airline respirator Is
simflar to the hote mask except that the source of air is compressed.

$e] f-contained breathing agparatus {SCBA)} uses a cyl inder to hold com-
pressed air or oxygen and allows the wearer to carry t with himfher without
the confinement of & hose or airline. S5CBA's and airline respirators operate
in one gf several modes, continucus demand or pressure demand.

The amount of protection an atmosphere-supplying cespirator gives 1s
based on two factors: the type of facepiece and its mode of aperation, As
was indicated eariier, the full face mask provides the best protection. Of
the three modes af operation, continugus, demand, and pressure demand, the
pressure demand mode provides the best protection, Afrl ine respirators may
use any one of the threa operational modes. SCBA's will operate in either
demandg or pressure demand. Hose masks are considered to be demand operaten.
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fs to establ ish equil ibrium, diffusion and pther malecular forces “drive" the
agent into the material. When the agent passes completely through the mat-
erial, 1t will condense on the inside wall andfor diffuse into the atmosphere
opposing this {inside wall. The process of permeation will continus as long
as te concentration gradient remains greater in the outside atmosphere. The
amount of time required for this sorptfon process to begin ts the initial
breakthrough point.

The permeation rate is based upon several factors. These include the
concentration of the attack chemical and the thickness of the protective
material. The rate is faversely proportional to the thickness of the material
while the concentratfon i3 directly proportional to the permeation rate,

The amount or degree of permeation is related to the avjosure conditions
which include temperature and caontact time. The contact time will ultimately
dictate how much of the chemical will successfully permeate the protective
material, The use of protective clothing warrants a conscious effort to
avoid prolonged exposure or contact with any hazardous chemical.

[t is fmportant to be cogaizant of the fact that ao material will resist
permeat ing by 21 agents. Some degree of permeation can be expected in most
cases. The varfous types of protective materials usually possess the abflity
to protect only against certain classes of chemtcals. The other classes of
comjounds may readily permeate the material.

Once a 1iquid or vapor is sorbed by the material, there {s a need for
Taundering, The ability to be completely decontaminated s an advantageous
characteristic of protective material. Most materials, no matter how resis-
tant to strength loss, will allow permeation. MWith many of these materials
it is impossible to remove al comtamination compietely. Materials such as
butyl rubber and viton, which will desorb most contamination upon cleaaing,
are available but also expensive, This is where the use of disposable
el othing may be advantagecus.

The Naval Surface deapons Center, Dahlgren, VA is curreatly coaducting
extensive chemical permeation tests on the vartous materfals found in diving
suits, helmets and exhaust assembiies. Once this data has been released to
the publ ic it will be incorporated inte this sectifon under the final protocol.

Chemical Resistance Charts

In chopsing protective materials based on a seiected hazard, various
tabl es are avatlable which indicate relative effectiveness. It is important
to recognize that such tables reflect only the material 's abil ity to resist
degradation by the agent. This 1& net the same as resistance to permeation.
A material may be physically unaffected by & substance, but may still be very
permeabl e to that agent. This i5 not to say that such charts are not useful,
They can be so Yong as the seriousness of the hazard is properly considered.
If the hazard is extremely toxic, then any activity involving that agent
should he reevaluated. The potential risk invol ved must he weighed against
the potentfal gain.
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Table 18.1 provides an illustration of avafilable data usually presented
by the manufacturer. {This information is general and indicates effective-
ness by generic classes of chemical compounds). Upon studying this table, it
is apparent that the protective capabflities of these materials are varfable.

I. Tyvek - 3 DuPont product described as & $pun bonded olefin which 1s made
o* nonwoven polyethylene flbers. In this form, Tyyek has reasonable
tear, puncture and abrasion resistance and s excellent in holding out
particles. Another desirbale quality of this materia) is its resistance
to static build-up. Omnce laundered, it loses that property. Tyvek {s
inexpensive and sultable as a disposable garment. Its melting point i¢
270°F.

2. Momex - This 15 another DuPont product, Momex {s composed of an aromatic
po[;/aslfde fiber. It 1s naoncombustible and has flame-resistance up ta
220°C, thus providing good thermal protection. It 15 alse very durable
and acid-resistant. Momex is eastly laundered.

3. Polyethylene - This {5 an inert yet permeable materfal. It {s sometimes
useﬁ a3 a coating or Tyvek ?ament which gives them resistance to acids,
bases, and salts. Polyethylene will absarb orgaaic solvents,

4, Polxvin;l Chlpride (PYC) - This material is used te manufacture many
types of protective clothing. It iz resistant to acids but will alsn
allow permeation. Upon decontamination, PYC will retain traces of the
contamination. PYC has been coated on Nomex to develop a strong pro-
tective matertal. Fully encapsulating suits such as the Wheeler Actd

King and the W5A Rocket Fuel Handlers suits are examples of such a
combination. These suits cost in the neighbarheod of $600.00.

5. Neoprene - This synthetic elastomer provides very good protection aganist
many chemtcals. Keep in mind that a material which will not degrade may
stil] be permeated. Negprene provides better protection than PYC but as
with PYC, 1t will retain contaminants wupon decontamination. Many
respirator facepieces and breathing hoses are also made of neoprene.

6. Chlorinated Pglyethylene (CPE} or Chioropel - Th-s matertal is manufactured
by ILC Dover and used in the manufacture of splash suits and fully
encapsultating sufits. The U.5. Army {s currently testing prototype
suits as protection against nerve agents and the U.S. Coast Guard 1s
also conducting tests with suits made of CPE. The manufacturer supplies
chemical resistance information but no data on permsability. 1t is
cons ldered to be a good all-argund protective material. Four hundred
dollars will be sufficient to buy 2 suit made of CPE.

7. SButyl Rubber - This material is especially resictant to permeation by
gases, It Is used in the manufacture of boots, gloves, splashsuits,
aprans, and fully encapsulating suits. The Army has been using butyl
rubber garments against toxicological agents for many years. Butyl
Rubber is resistant to many coepounds except halogenated hydrocarbons
and petroleum compounds, which is a common deficiency of most protective
materials. One advantage Butyl Rubber does have is5 its ability to
release all contamination upon laundering.
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Table 18.1. CLOTHING MATERIALS CHMEMICAL PROTECTION BY GENERIC CLASS

Butyl Poly Vinyl Natural
Generic Class Rubber Chloride Hegprene Rubber
Alcahols E E E E
Aldehydes E-G G-F E-G E-F
Amines E-F e-F E-G G-F
Esters G-F P G F-p
Ethers G-F G E-6 G-fF
Fuels F-p 5G-P E-G F-P
Halogenated
Hydrocarboas G-P G-P G-F F-P
Hydracarbons F-P F G-F F-p
Inorganic Acids G-F E t-6 F-P
Inorganic Bases
and Salts E E £ E
Ket s 3 P G-F E-F
Hatural Fats
and Qils G-F 6 E-G G-F
Organic Acids E E £ E
€ - Excellent F - Fair
L - Goaod P - Poor

Source:

Survey of Personnel Protective Clathing and Respiratory Apparatas.
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gone, the body is prone to heat stress which can be exhibited as heat stroke
or heat oxhaustian. This s very common as the ambient temperature rises
above 65-70°F. Work schedules in felly encapsulated clothing must be requ-
lated very canservatively as heat stress may become more of a threat than the
chemical hazard ftsel f,

The best way to combat any heat stress s ta allow the body to performs
its normal coal ing functions, The most efficient body cool ing process s by
evaporation. MWhile in protective c¢lathing that has no ventilation, profuse
perspiring eccurs. [If the perspiration fs left ia coatact with the skin, it
has a better chance of e-aporating and cool ing the body surface. When the
perspiration fs allawed to run off the body quickly, evaporation will not
occur as much as is desiradle. This wili happen when only sharts are worn
under a fully encapsul ating suit. Another hazard when dressed minimally in &
suit is the temperature of the suit itself, On a hot day the suit material
can become very hot and cause severe burns to the person inside.

When wearing a fully encapsulating suit, it is advisable to wear long
underwear. It will ¢ling to the body when scaked with perspiration, thus
allowing the greatest possible amount of cooling oy evaporation. This will
also protect the body from burns frem the suit ftself, The best way to
prevent heat 1liness is to §imit the amount of work in the swits,

When extended perfods af work in fully encapsul ated suits is required,
same sort of cool ing must be provided to the worker, The best method is by
a.lowing frequent rest perijods. Sometimes this iz nmot enough so a cool ing
device must be employed. There are effective cool ing units available for use
with suppl ied air units, The cool air is directed to all parts of the body.
A yortex tube is used to generate the cool air. Actwally, the vortex tube
separates the supplied air into warm and cool components and releases the
warm sir, When salf-contained air is used for breathing, the cooling deyice
must also be salf-contained. Vests have been designed to carry fce packs for
coal tng. There are several gther commercial devices avatlable to cambat heat
generated by fully encapsulating suits.

Heat stress symptoms should be abserved feor all levels aof protection,
but especialiy in Levels A and B, For example, Army personnel wearing the
mil itary %3 toxicological suit (a two-piece butyl rubber suit) are reguired
to follow these guidel ines:

Ambient Temperature Haximum Wearing Time (Hours}
Above 90°F 174 haur
35-90°F 1/2 hour
80-85°F 1 hour
70-80°F 1=1/2 hours
60~ 70°F Z hours
50-60°F 3 hours
30-50°F 5 hours
Below 30°F 8 hours

18-13






Level B
Personal Protective Equipment

Positive Pressure SCBR [MESA/NIOSH approved)

Two-plece chemical-resistant suit

Chemical-resistant hood*

Coveralls (fire-resistant) under splash suit*

Gloves - Quter, chemical protective

Glaves - Inner, tight-fitting, chemical resistant

Boots « Outer (chemical-protective heavy rubber throw aways)
Boots - inner (chemical-protective, steel toe and shank)
2-way Radio communications

Hard-hat*

face Shield*

DQOLADDO OO CQ

Level C
Personal Protective Equipment

¢ Fullface, air-purifying respirator {MESA/MLOSH approved)

o Chemical-resistant clothing: overalls & long sleeved jacket ar
coveralls, hooded 2-piece chemical splash suit, when applicable -
hpoded disposal coveralls®

o Gloves - Quter (chemical-protective)

0 Gloves - lnner (surgical type)*

o Cloth Coveralls - Fire-reskstant {inside chemical protective cloth-
ing)*

o Escape Hask

o Hard-hat* (Face shield, optional)

o Boots - Juter {chemical-protective heayy rubber throw aways)+

o Boots - lmner (chemical-protective, steel toe & shank)

0 2-way Radto communicatians

Level D
Personal Protective Equipment

Coveralls - Fire-Resistant

Boots/Shoes - Safety or chemical-resistant steel toed boots
Boots - Outer {chemical-protective heavy rubber throw aways)*
Escape Mask

Jafety Glasses

Hard-hat* (face shield optional)

Gloves*

O DO Q0O O

*Optional Equipment
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SECTION 19
INCIDENT EVALUATION
INTRODULT 10N

The primary objective in responding ta incidents involving hazardous
substances is to preveat or reduce any actual or paotentlal damzge to public
health or the environment. To accomplish this objective, 1t is necessary to:

- Identify the substance(s) involved.

- Evaluate its behavior in the environgent and effects on public health
and the environment.

- Initiate actions to ameliarate the effects.

Throughout a hazardous material incident, from iaception to final
disposition, a high prierity activity is obtaining the necessary informatian
to assess its impact. This process of identifying the actual or potential
impact of the material(s) on public health, environment, and response person-
nel, and determining the most effective methods for preventing or reducing
the associated hazards, i$ known as lncident evaluation.

in those incidents where the substance(s) finvolved is known or easily
identiflied, the media affected clearly ascertained, and the environmental ef-
fects recognized, the characterization of the incident is relatively straight-
forward. For example, the effects of a discharge of vinyl chigride into a
small strean are relatively easy to evaluate. Mare complex are incidents
su¢th as an abandoned waste site where there is not engugh initfal information
ta identify the hazards and evaluate their Impact.

Evalyating » hazardoes substance incident 1{s generally a two-phase
process, Phase 1, and 1initial evaluation, and Phase [I, a comprehensive
evaluation,

PHASE 1: INITIAL EVALUATION

The first phase s an Iaitial ar preliminary evaluation based an
infarmation that fs readily available - or can be collected fairly rapidly
- to determine {F emergency protective measures are necessary. During this
initial phase, a number of key decisions must be made regarding:

- Imainent or potential hazard and risk to public health and/or the
environment .
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- Present status of incident and who has responded.

- Environmentally sensitive areas - endangered species, delicate
ecosystems.

- Economically sensitive areas - industrial, agricultural.

Information about an incident, especially abandoned waste sfites, may
alsa be available from:

- Other Federal agencies

- State and local health or envicraonmental agenctes,
- Company records.

- Court records.

- Nater departments, sewage districts.

- State and local authgrities.

0ff-Site Reconnaissance

At respomses in which the hazards are largely unknown or there 15 no
need to go on-site immediately, make visual observations and monitor atmos-
pheric hazards near the site. Also coliect vartous types of off-site samles
that may indicate on-site conditions. As an additlenal precaution, approach
from upwind direction.

In addition to collecting informatien not included in the preliminary
survey or needed to verify ar supplement available infgrmation, off-site
recannaissance would include:

- beneral layout and map of the site.

- Monitoring ambient air for:

-= @rganic vapors, gases, and particulates.

-= paygen deficiency,

-- spectfic materials, {f known.

-= combustible gases.

-- inorganic yapars, ~i5es, and particulates.

-- radfation.
- Placards, labels, markings on containers, or transportation vehicles.
- . Yypes and numbers of contatners, byitdings, and impoundments.

13-3



- Leachate or runoff.

- Biological 1ndicators - dead vegetation, animals, jnsects, and F
- Unusual odors or conditions.

- Yisua) observation of vapors, clouds, or suspicious substances.
- 0ff-site samples.

-- surface water

drink 1ng water
== site runoff

groundwater {wells)

- Enterviews with inhabitants and indications of medical problems.

(n-Site Survey "~

A more thorough evaluation of the hazards leading to remedial aperations
generally necessitates persomnel entering the defined sfte. Prior to going
on-site, develop an entry plan addressing what will be accompliched initially
and prescribe the procedures to protect the health and safety of response
persannel. Upon entering the site, collect the follawing information and
observatioans:

- Monitoring ambient alr for:

-- organic vapors, gases, and particulates.

oxygen deficiency.

~- specific materials, 1f know.

combustible gases.

-- ingrganic vapars, gases, and particulates.

radiation.
- Types of containers, impoundment, or other storage systess.

-- numbers, types, and quantities of material

-- candition af storage systems, state of repair, or deterioration
- Physical condition of material.

-- sollds, liquids, gases
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-- color, turbidity

-- behaviar - foaming, vaporizing, corrading
- Leaks or discharges frem containers, tanks, ponds, vehicles, ete.
- Potenttal pathways of dispersfon,

-- air

surface water

3
]

-- groundwater

land surface

biological routes

- Lahels, markings, identification tags, or other indicators of
material.

- Samples.
-- standing water
-= saii
-- welis
-- starage coatainers
-- drainage ditches
-- streams and ponds
PHASE 1i: COMPREHENSIVE EVALUATIQN

The second phase, comprenensive evaluation, which may nat be needed fn
all responses, 1s amore methodical program desigaed to collect data to enhance,
refine, and enlarge the initial data base. This phase would provide more
comprehensive information for characterizing the anvironmental harards assoc-
{ated with incident response operations and for making decisions. As a
continugusly operating pragram, the second phase also reflects envirgnmentat
changes resuiting from respanse activities.

Availabhle inforwation andfor fiafarmation obtained throwgh inittal site
entries may be sufficient to identify and assess thoraughly the human and
environmmental effects of an incident. If not, additional monitoring and
sampling are required. Phase LI, an environmental surveillance program, will
need to be designed and implemented to allow a cosplete evaluation of all the
effects of the incideat on all media. Also, since mitigation and remedial
measures takan at the site may cause changes inm the eoriginal conditions, 2
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surveillance pragram must be maintained to identify any changes at the site.
Phase 1 (which may not be required on all responses} is to refine, supplement,
or complement informatton obtained through initial investigations and to
maintain the surveillance program throughout the lifetime of the Incident.

SUMMARY

Evaluating the hazards associated with an incident fnvalves various
dagress of complexities. The release of a single, known chemical compound
may represent a relatively simple problem. (t becomes progressively more
difficult to determine harrful effects as the numder of compounds increases.
Evaluation of the hazards associated with an abandoned waste slte, storage
tanks, or lagoons hgolding vast amounts of known or unknown chemical substances
is far more complex than a single release of an {dentifiable substanca.

Effectively acccmplishing the major responsibility of respense persgnnel,
which {3 the protection of public health and the enviroament, requires a
thorough characterization of the chemical compounds {nvolved, thair dispersion
pathways, concentrations in the eavironqent, and deleterious effects. A base
aof information is developed over the lifetime of the incident to assess the
harmful affects and ensure that effect.ve actions are taken te mitigate the
release,
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SECTION G
FIELD SAMPLING AN ANALYSIS

Prior to deploying diving personne! at a harardously contaminated
water site, the USC or MWSD must obtain informatiom as to the aature and
concentration of materials and assess the risk to underwater divers. As
was describec in Sectign 16 on ®Incident Evaluation™, sample acquisition
forms the basis for any response action.

At present, there are numercus accepted standardized methods for
collecting environmenta) samples. Many of Lthese methods are specitied by
incustrial, governmental, or scieatific organizations such as the Asmerican
Society of Testing Materials (ASTM). Common publicatioas which spell out
specifi¢c sampling requirements for a particular analysis are Standard
methods for the Examination of wWater amc wastewaier and Methads tor Chemical
Analysis of Water and Maste., Sampling procedures canm also be found in the

ederd eqister. ¥ there 1s conflicting infarmation, employ Cthe most
recent U.S. Government methaa.

Personnel collecting hazardous samples should use protective clothing
ang equipment to alnimize exposure. The use of spectal collection equipment
presents a proplem. iimiten infarmation is avaiiable, amd no universally
acceptea stanaaraized methods have been davised for the c¢ollection of
hazardous samples.

Sampling Equipment

Equipment ta collect ang contain mazardous samples should be:

- Disposable or easily decontaminated. A collection device may be
reused again only arter thorough cleaning.

- lIneapensive, especially for disppsable items.

- Easy to operate, because personnel may be wearing cumbersome
safety clothing and respiratory equipment.

- MNon-reactive, 50 that it does not contaminate samples.
- Safe to use.
All information pertinent to fiele activities will be recorded in
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explanations on the characteristics, capabilities, ana limitations of these
units.

A number of different types of devices and techniques are utiifzed for
sampling at incidents involving hazardous seostances. Using the correct
liguid and soliod materials samplers, selecting sample containers and clos-
ures, and preserying samples, are all critical in obtaining the necessary
analytical oata tnat will proviage the USC and MSU with the true perspective
on the condition of the fincident. Appendix ¢ describes various sampling
equipment and methoos.

Hazardous Materials Spills Uetection Kit

in oruer to facilitate rapio detection, a Hazardous materials Spills
Uetectfon Kit, shown 1n Fig. 206.1, for performing noa-specific tests with a
broad response to many contaminants mas been developed by the EPA. The kit
ts destqned for use at spills when the identity of the contaminant {s known
and the important comsideration is tracing the spill piume until counter-
measures can be taken.

The hazaraous Materials Dbetection Kit can be carriedg by one person and
is versatile enough to be modifiea for special applications. It contains a
pH meter, conguctivity meter, spectrophotometer, fiiter assembly, efferves-
cent jar, miniature chromatographic columns, enzyme “tickets“, ana data
sheets. lhe instrument components are battery-powered for field wuse,
although the spectrophotometer and conductivity meter can be modified for
120~ or z40-¥ a.c. operation using the adapter ang cable that are provided.
The kit has all the aecessary instrumentation, equipment, and reagents that
may be needed by a fielo investigatar to detect and trace contaminants in
watorways.

Hazardaus tiaterials Detection Kits, which are commercially available,
have been used during emergency responses to hazardous materfals spills.
Additional intormation about the kits may be found in the EPA report,
EPA-BIIQs2-28-055.

Hazaraous hate, ia's fdentification Kit

There are nearly 300 materials classified as hazardous substances by
EPA (Federal Register, February 16, 1979), and a field kit capable of
rapialy and accurately identifying each of these substances would be too
unwieldy to be practical. Thus, thirty-six representative harardous
materials (toxic mrtals, anions, organic compounds} were selected and a
rield kit was designed by the EPA to identify these and related suvbstances.

The identification ({0) kit, shown in Fig. 20.1, comnsists of two major
components: (1) an inyerter/shortwave Uv lamp unit for photochemical and
tnermal reactfons amad (2) a package with reagents and auxiliary equipment,
incluging test papers, detectar tubes, spray reagents, spot test supplies,
ane thin-layer chromatography apparatus. Equipment to facilitate the
recovery of contaminants from water and soil is also included. The field
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identification kit contains getafilea operating instructions and data cards
for each of the 36 representative hazardous substances.

Identification of groups of contaminants, rather than quantification
of spectfic substances, is Ehe intended use of the igentification kit. The
I0 kit can be used in comjunction with the hazardous Haterials Detection
Kit, which contains a pH meter, spectrophotometer, conductivity meter, and
other anaiytical equipment. btilization of both kits cam improve
identtfication capability, particularly for f{norganic materials. For
example, cyanide and fluoride cannot be distinguished by the IU kit alone;
however, when the kits are used concurrentiy, identification becomes
possible.

Spitls or aischaryes of toxic pesticides in waterways pose a serious
threat to the aquatic environment and municipal water supplies. With the
fncreased use of organophasphate pesticides, which are toxtc at very low
levels, precautions are needed to reduce this threat. Because of the
stability of toxic organophospnate pesticides under "normal” enviropmental
conditions, it 1s imperatiye to detect these hazardous compounds rapidly .

Cnolinesterase Antagonist Monitor

Automatic systems have been develaped to monttor water for the presence
of organoghosphate and carbamate insecticides. The principle used for
detecting these cnolinesterase-inhibliting toxic substances is based upon:
(1) the collection of enzyme imhibitars on iomobilized cholinesterase, (2)
the chemical reaction of immgbilized chotinesterase with & sSubstrate,
butyrylthiocholinesterase, in the presence of enzyme iphibitors, and (3)
the electrochemical monitoring of substrate hydrolysis products.

The Cholinesterase Antagonist #Monitor {CAM-4), shown in Fig. 20.2
ldeveloped by EPA) s a rugyed 1nstrument that 1s gesigaed for 3pig
detection of toxic materials in a rfver, stream, or pond. The portable
dpparatus can te wsed from aloengside the banks of a stream or from a boat.
An operator 1s needed to note the prescnce of enzyme inhibitors when the
paseline voltage increases 10 or more willivolts in ome sampling cycle, as
indicatea on the priatout of a strip chart recorder. The CAM-4 can operate
continuously--with tittle maintenance--far an eight-hour period when using
& 12-¥ automabile battery or a 110-¥Y a.c. power source.

Cyclic Colorimeter

The €yclic Colorimeter, shown in Fig. 20.2, {(developed by the EPA} fs
useful for field monitoring of heavy metal spiils., [t incorporates
hygraulic, optfcal, and electronit components that are gesigned for the
automatic aetection of most heavy metal pollutants. When an indicator,
sodium sulfide, fs fnjected aropwise into a sample stream, the presence of
a heavy metal contaminant causes c¢ytlic variatigns in optical transmittance
at the ineicator injection frequency. These variations are detected by a
lamp and photocell, coupled to an electronic subsystem, which produces
either a quantitative indication of the poilutant or an alarm when a
threshoid level is exceeded.
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The Cyclic Cotorimeter is capable of detecting low levels of many heavy
metale in water ot widely varyiny temperatures. The detector wmaintains
adeqrdate sensttivity for a periog of about two weeks without maintenance.
Sca.e builgup and stream turbidity do not affect its performance.

The Cyclic QLolorimeter is commercially available. Instrment cesign

specifications and descriptions of laboratory anmd field tests are included
in the tinal report, EPA-600/2-79-064.
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BAZARD EYALUATION:
wo" 0t “ND-GO*
intrgauctian

The utilization of encapsvwlating suits ana helmets by diving personnel
will permit underwater operations to be conducted in contaminated environ-
ments., There will, however, be response situations in which the hazardous
substancels) involved will present Such a risk as to preclude the deployment
of diving personnel except in dire emergency, for short periods of exposure,
or not at afli.

1t is recognized that much of the toxicity data available toaay 1s
based wpen “pure product" contact. A diver in an ungerwater response
operation will normally have the beneficfal protectiaon of his surrounding
environ@ent as an aeded buffer between him and the pure contaminant
dilution.

ln most large wateroodies currents, tides, and winds provide for water
tolumn “"turnover” or mixing. A pure chemical produ¢t emanating from a
point source, such as a orwa, barge, ship aischarge 1line, etc., will
experience as rapid dilution from its origftnal strenyth from even as close
as a few feet trom tts origfn. Tnis is not to indicate that the diver or
USC should asswme that “dijution 1s the solution.”

Table 6.5 includes a number of hazardous substances which are
“slightly soluble amd insoleble sinking compounds.® Materials such as
these will accumulate in “pockets® and bottom depressions under no Or Jow
current conditions. Situations of diver response with the presence of
these chemicals requires extra caution gue to the “pure product® condition
they can be encountered in underwater. A brief listing af these materials
is as follows:

Aceric Anhydriae
Acrylonitrtle
Broaine

Cresal
tpichliorohydrin
Carbon Tetrachlaride
Turpentine
Naphthaieng
Hydrogen Sulfige
kethylene Chloride
Perchloroethylene
Lichtoropropane
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C.

Cateqory 1 (more serioes) which includes:

Gases having a systemic dermal toxicity rating of moderate to
extremely hazardous and a sk:n penetraliom ranking of moderate to
high.

Liquids ana solias naviny a systemic ocermal toxicitv rating of
extremely hazardous and a skin penetration ranking of moderate to
high.

Gases haviny a local dgerwmal toxicity rating of moderate to
extremely hazardous.

tiquids amd s3snlids having a Jlocal dermal toxicity rating of
extremely hazardous.

Cateyory Z (less serious) which tncludes:

Gases having a systemic dermal toxicity rating of slightly
hazardous ang a skin penetration ranking of slight.

Ltquids ard solios having a systemic derma] toxicity rating of
sl1ghtly haz2ardous and a skfn penetration ranking of mopderate to
slight.

Gases having a lecdl aermal toxicity rating of slightly hazardous.

Liquids and soligs having a3 local dermal toxicity rating of
moaerate to slightly hazardous.

Phystcal State

The

physical state of the chemicals listed is their normal state. In

a ftre, some Visted as solios or liquids could vaporize and represent
a greater hazard to the skin. The chemicdals listed also may be found
mixed with other substances, which couvid change how they affect the
skin.

skin Penretration

+

HegTigible Penetration (solid - potlar)
Slight Penetration {s0lid - monpalar)
Moderate Penetration (ligquia/solid - nonpolar)

High Penetration {gas/ligquid - nonpolar)

























































txamples of insoluble chemical substances in which a ¢iver should never
be allowed to operate are as foliows:

Acetic Anhydride
Rcrylonitrile
dromine
Epichlarohydrin
methyt Parathiaa
Lhlordane

Again, this 1ist is not complete! Selection of these chemicals are
based upon their imsoclubility anc permissible concentrations being Jess
than 10 PPM/8-<hour period.

The 0SC and diving officer myst consult specific chemical charac-

teristics references fn order to make an educated on-site decision on
whether or not tao deploy diving personnel.
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The dive master is responsible for the assignment of all divers to an
gperation and for ensuring that their gqualificatians meet the requirements
of the dive. The dive master shall ensure that 21l divers are briefed
tharougnly on the missions and yoals of the operation. [ndividyal respon-
sibilities wtll be assigned each diver by the dive master. Where special
tools or techmiques are to be used, the dive master shall ensure that each
diver 1s familiar with their application.

Training and proticiency dives shouid be made as necessary to ensure
safe and efficient gperattons. Uuring operations involving a large number
of divers or in very complex dives, dive masters should perform no actuyal
diving, bul instead should gevote their efforts to directing the operation.

Living Medical Ufficer/Medical Technician

Though there are obvious advantages to having a qualified diving
medical officer on site, this may not always e practical. As an alterna-
tiye to a diviny medical Jtficer, an Emergency Meoical lechnician trained
in the care of aiving casualties may be utilizea. Ap ineividual so trained
is able to respond not only to emergency medical situations, but also is
capable of communicating effectively with a physician located at a distance
from the diving site. There are specialized courses available oesigned to
train Emeryency heaical Techaicians in the care af Qiving casualties.

[n the event that nefther a physician nor a trained techmician is
availaole, the dive master shuuld obtain the names and phone numbers of at
least three diving medical specialists who can be reached for advice fn an
emergency. Emeryency consultation is available on 24-nour call at the Hawvy
Experimental Diving Unit, Panama City, FL 32407, telephose (904) 234-4351,
4353; the nhaticnal Naval Medical Center, Kaval sedicat Aesearch Institute,
Bethesda, MU 20014, telephone (301} 295-0z83; Brooks Air force Base, Sam
Antonio, Texas 76235, telegphone (512) 536-327%;, ano the Dining Accident
Network (Dan), Ourham, torth Carolina, telephone (D19; 654-8111. Each of
these seryices s referred to as a “tends watch,® and is ayailable to
provide aovice on the treatment of diving casualties. Diving personnel
should be sure to ootain and keep the phone nutabers of these faciiities,
especially if diving operations are to be conducted in remote areas.

Science Coarginater

On missions where diviny 1s performed in suppart of sciemtific pro-
yrams, & science coordinator may be needed. The science coordinator is the
prime puint of contact for all scientific aspects of the program, including
scientific equipment, its use, calibration, and maintenance. Workiny with
tne give waster, tne s¢ience ¢gordinatar briefs divers on upcoming missions
and supervises the debriefing an¢ sample or data accumulation after a dive.

vivers

Although the agive master 1s responsible for the overall oiving opera-
tion, each diver ts responsible for belng 1n proper physical condition, for
¢heck ing out personal equipment prior to the dive, and for thoroughly under-

¢é-2







































£-ve

Wind Dlraction

20°
{ Decon
g: Sclution 0¥
]|
E: . . Tank
Chianga-Ovar Ramova
X
1 Waler Pont Boots/Glaves
end
Quutars
Equipmont Garimeaniy
Orop (For Disposel and
™ Boal Covars Oftf She
and Quter Gloyas Lecontamination)
P 3
€1
v iV |®
=1
Plastic f 1 Can Can
Shael : (10 gallen) (32 gallan)
Romova
SChA
| SN
Plaslic
Shimat

Figure 2.7 Minimum layout of the PDS.
{Lovel A, B & C Prolectioi)






















Appendix F, Annex |, 2, ana 31 describe pasic decantamination procedures for
a worker wearing Level LA, B, gr C protection. ihe basic decontamination
lines {avtuation 1}, consisting of approximately 19 stations, are almost
identical except for changes necessitated by different protective clothing
or respirators. For each annex, three specific situations are described in
which the basic (or full decontamination) procedure 1s changed to take into
accaunt differences 1{n the extent of contaminaziton, the Jaccompanying
chanyes in equipment worn, and other factors. The sityations f§llustrate
decontamination setups based on kndwn Or assumeg canditions at an incident.
many other variations are possinle.

Apnex 4 gescribes a minimum layout for personnel decontamimation. The
aumber of dndividual staiions ahve been reduced. Although the decontami-
nation equbpment and amgunt ot space required is less than needed 1a the
procedures previously describea, there is alseo a much higher probability of
cross-contamination.
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APPENDIX B

AR MONITORING AND SURYEY [NSTRUMENTS

INTROOUCTIOH

Response to an environmental incident requires careful preparation
and prompt action to reduce the hazards. Concurrently, the health
and safety of response personnel and the general public must be
protected. Air monitoring and survey instruments provide
information to determine how these requirements are being met.

The purpose of this part is to:

= List field instruments useful for on-site work.

- Describe the pperating theortes and principles of these instru-
ments.

- Mustrate the proper interpretatinn and limitations of the
data obtained.

Used correctly, these instrumeats provide data that help response
personnel ta determine:

- Potential or real effects on the environment.

- immediate and long-term risks to public health, including the
health of response workers.

- Appropriate personnel progtection and respiratory equipment to
be used on-site.

- Actions tp mitigate the hazard(s) safely and effectively.
CHARACTERTSTICS OF FIELD INSTRUMENTS

To perform effectively in the field, alr monitoring
{nstruments must bde:

- Portable

- Able to generate reliable and wseful results

Sensftive and selective

Inherently safe '\\

AV1l of these traits may or may not be prESQnt fn any one
instrument.



Portability

A prime cansideration that determines the usefulness of a
field instrument is portability. Transporation shock
resulting from the movemrnt from one place to another,
together with unintenticnal abuse, ranks high in
shortening the usable life of ap instrument. To reduce
this trauma, instruments should be selected that have
reinforced shelis or frames, shack-mounted electronic
packages, or padded containers for shipment.

Exposure to the elements and the test atmosphere {tself is
of concern for those instruments repeatedly vsed in
adverse conditions or as long-term monitors. Anodized or
coated finishes, weather-resistant packaging and remote
sensing are effective in reducing downtime and increasing
portabflity.

In shert, a portable unit should possess ease in
mobility, the ability to withstand the rigors of use,
qufck assembly, and short check out and calfbration time.

Reliable and Useful Results

Response time, the interval between an instrument
"sensing” a contaminant and generating data, {5 important
to praducing reliable and useful results in the field.
Response time depends on: test(s) to be perfarmed, dead
time between sample periods (the time for amalysis, data
generation, and data display), and the sensitivity of the
instrument. Response time establishes the pace of the
overall survey and the individual tests.

Another consideration is that the {nstrument must give
results that are immedfately useful. Instruments shnuld
be direct reading, with 1ittle or no need to interpelate,
integrate, or compile large amounts of data.

Sensitivity and Selectivity

A third requirement of a good field {nstrument {s the
ability to sample and analyze very low contaminmant levels,
and to discern among contaminants exhibiting similar
characteristics.



Sensitivity defines the Tawest concentration an

instrument can accurately and repeatedly analyze. 1In the
strictest sense, it is a function of the detecting ability
of the instrument, and does not address the electroni¢
amplifier, if the unit has ane. The aperating range
establishes the upper and lower use limits of the
instrument. [t encompasses the sensitivity 1imit at its
Tower end and the overload point at its upper.

Selactivity establishes what contaminants will elicit a
response on the instrument. Additionally, selectivity
mandates which, if any, interferences may produce a
similar response. Selectivity and sensitivity must be
reviewed and interpreted together. Many devices have high
selectivity but widely varying sensitivities for a given
family of chemicals, for example aromatics, aliphatics,
and amines.

Amplification, often used synonymously {and fncorrectly}
with sensittvity, deals with an electraonic amplifier's
ability to increase very small electrical signals
emrnating from the detector. This capacity may be fixed
or variable. However, changing the amplification of the
detector does not change its sensitivity. For optimum
field usefulness, an instrument should possess high
sensitivity, wide range, high selectivity, and the ability
to vary the amplification of detector signmals.

Iaherent Safety

One of the greatest concerns when using an electrically
operated instrument is 1ts potential to ignite a Flammable
atmosphere. The sources of this ignition could be: an
arc genmerated by the power source {tself or the associated
electronics, and/or a flame or heat source inherent in the
instrument and necessary for fts proper functioning.

Several features can be added to an instrument to
2liminate ignition sources while allgwing the {nstrument
to perform as designed.



Controls

Three methods exist to prevent a potentfal igaitfon
source from igniting a flammable atmasphere:

- Encase the lgnition source in a rigidly built container.
"Exploston-proof" instruments allow the flammable
atmosphere ta enter. If and when an arc §s generated,
the ensuing explosion 5 contained within the specially
desiqned and built enclosure. WNithin 1%, any flames or
hot gases are cooled prigr to eafting fnto the ambient
flarmable atmosphere so that the explosion does not
spread into the eavirenment.

- Reduce the potential for arcing among compunents by
encasing them in a solid insulating material. Also,
reducing the fnstrument's operational current and
valtage below the energy level necessary for ignition of
the flammable atmosphere provides equal protection. An
"intrinsically safe” device, as defined by the Natfonal
Electrical Code, {s incapahle "of releasfng sufficient
electrical or thermal energy under normal or abnormal
conditions to cause ignition of a specific hazardous
atmospheric mixture in fts most easily fgnited
concentration. Abnormal conditions shall {nclude
accidental damage to any...wiring, failure of electrical
companents, application of over-voltage, adjustment and
maintenance operations and other similar conditions.®

- Buffer the arcing or flame-producing device from the
flammable atmosphere with an inert gas. In a pressurized
or “purged” system, a steady stream of, for example,
nitrogen or helium is passed by the potential arcing
device, keeping the flammable atmosphere from the
1gnftion source. This type of control, however, does
nat satisfactorily control analytical devices that use a
flame or heat for analysis.



Itazardons Atmaspheres

Depending upan the response worker's background, the term
“hazardous atmosphere” conjures up situations ranging From
toxic air cuntaminants to flammable atmsopheres. For our
purposes, an atmosphere {5 harardous 1f it meets the following
criteria:

- It 1s a mixture of any flammahle matarial in afr (see Class
and Group below) whose composition s within this material’s
flammable range.

- A critical volume of the mixture {5 sufficliently heated by an
outside ignition source.

- The resulting exothermic reaction propagates the flame
beyond where it started.

Hazardous atmospheres can be produced by one of three general
types of materjals:

- Flammable gases/vapors
- Combustible dusts
- lgnitadle fibers

Whereas the flammable material wmay define the hazard associated
with a given product, the occurence of release, (how often the
material generates a hazardous atmosphere) dictates the risk.
Two types of releases are associated with hazardous
atmopspheres:

- Conttnuous: Those existing continuously in an open
uncanfined area during normal operating conditions.

- Confined: Those existing in closed containers, systems or
piping, where only ruptures, leaks, or gther failures resuylt
in 4 hazardous atmosphere outside the closed system.

There are six possible environments in which a hazardous
atmosphere can be generated. However not every type of control
will prevent an ignition in every environment. To adeguately
describe the characteristics of those environments and what
controls can be used, the National Electrical Code defines each
characteristic:

- £lass is a category describing the type of flarmable materfal
that produces the harardous atmpsphere:

-~ Class 1 is Flammable vapors and gases, such as gasoline,
hydragen. C€lass ! {s further divided Tnto groups A,B.C,and D
on the basis of similar Flammability characteristics [Table
1-13.

-- Class I1 cansists of combustible dusts like coal or grain and
is divided into groups E.F, and G.

-- Ctass T1! is ignitable fibers such as produced by cotton
milling.
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IIt.

- Diviston is the term describing the “location" of generation
and release af the flammable material.

-- Divisfon 1 is a location where the generation and release are
continuous, intermittent, or periodic into an open,
unconfined area under normal conditions.

-- Diviston 2 is a lgcation where the generation and release are
in ¢losed systems or containers and only from ruptures, leaks
or other failures.

Using this system, a hazardous atmosphere can be routinely and
adequatcly defined. As an example, 8 spray-painting operation
using acetone carrier would de classified as a Class I,

Oivision 1, Group D environment. Additionz)ly, an abandoned waste
s{te containing fntact closed drums of methyl ethyl ketone,
toluene, and xylene would be considered & Class I; Division 2,
Group D environment. Once the containers begin to leak and produce
2 hazardous atmosphere, the enviromment changes to Class I,
Division 1, Group D.

CERTIFICATION PROTOCOLS

A given ignition control device is selected for a specific Class,
Bivision, and Group, per the manufacturer's specifications and the end
user's requirement. There are n0 quarantaas however, that the device
will prevent 1gnition of a hazardous atmosphere, unless it has been
tested. The tast should {nclude the worst case situation{s) this device
could encounter in the field.

Primary Certification Groups

Several engineering, insurance, and safety fndustries standardized
test protocels, established inclusive definitfons, and developed codes
for testing electrical devices used {n hazardous locatians. The
Hatiomal Fire Protection Asseciation (NFPA), a forerunnsr in this
endeavar, created minfmum standards in {ts National Electrical Code
{MEC), published every 3 years.

This code spells out among gther things:

- Types of cantrols acceptable for use {n hazardous atmospheres, that
ts, explosion-proof, intrinsfcally safe, or purged.

- Types of areas in which flammable atmospheres can be
generated-Division 1 or Division 2.

- Types of materiale that generate these atmospheres, that {s, Class
I, 11, or 11l and their associated groups.
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CLASS | CHEMICAES BY GROUPS
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Group 9 Atmospheres
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cource: MHatdonal Electrical Code, Vol, 70, Table SDO-2, Hational Fire Protection

ssacTatVon,

antic Ave,, Baston WA G210 (1975).
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A device with only an MSHA certification does mot offer the
same protection in hazardous atmospheres generated from other
mater{ials in the same Class and Group as methane (Class I,
Group D} or coal dust (Class [I, Group F1. Only when the
device 1s approved by MSHA and UL and/ar FM for a specific
Class and Group does the certification offer the same
protection for all wesbers of that Class and Group.

1¥. FTELw INSTRUMENTS

A.

Introduction

%everal field instruments {n wse tnday analyze asbient air
or:

- Percentage of the lower flammadility limit of a vapor or
gas 1n air.

- Concentration of oxygen.
- Concentration of toxic vapors/gases.

There are mo formalized schemes separating one type of
instrument from another. However, to facilitate training,
the instruments can be divided into two categories - general
survey and spect{fic survey - based on the type of sampling
performed.

General Survey Instruments

General survey instruments are devices capable of measurfng a
number of cowmpounds ar matertals via a specific test. Al
must be calibrated and given thefr pre-operational checks in a
noncontaminated atmosphere. General survey instruments
include the combustidlie gas indfcator, ultraviolet
photoionization detector, gas chromatograph, and infrared
spectrophotometer. They provide information to the trained
operator on the next “step” to take, be ft additional
sampling, mon{toring, or evacuation of personne} from the
site.

1. Combustible Gasz Indfcators (CGI's)

The Combustible Gas Indicator {CGI) 1s one of the first
instruments to be used to survey a site. It mpasures the
concentration of a flammable vapor or gas in air,
indicating the results as a percent of the Lower Explasive
Limit (LEL)} of the calibration gas or vapor. Depending on
the mdnufacturer and model, a meter needle indicating 1.0
or 100% reveals that the test atmosphere Contains z
concentration of flasmable material in afr at the LEL.
This environment could {gnite or ezplode in the presence
of an fgaition source. A meter reading of 0.5 or 502
indicates that the air contains approximately 1/2 of the
LEL.



In addition, the needle rapidly can climb to 1.0 (100%),
pass it, and then fall to zero, or below. This does not
indicate that the CGI is malfunctioning or that the ~—
atsosphere contains no vapors. [t indicates that the
concentration of vapor- or gas-in-air exceeds the Upper
Enplasive Limit (VEL) of the calibration gas. Such a
situation calls for rapid evacuation of the area because
this atmosphere can quickly become highly flammable.

4.

Theory

Most combustible gas indicators operate on the "hot wire®
principle. In these detectors, & filament i heated by
the burning gf the vapor or gas. The heat {ncreases the
electrical resistance of the wire thereby decreasing the
current passing through it. The current in this filamsent
is compared to that of a reference filament, and the
percent of the LEL (for the calibration gas) is
dtsplayed.

Lim!tations

As with any instrument based on an electrochemical
reaction, all CGI's have several limitations:

- The reaction 1s temperature dependent. Therefore, the
measurement 1s only as accurate as the incremental
difference between calibration and ambient (Sampling)
temperatures.

- Sensitivity is a function of physical and cheaical

properties of the calibration gas versus those of the
unknown contaminant.

The hot wire CB1 suffers from these additional
drawbacks:

- For accurate measyrements, tha oxygen content sust be
at the cancent.:ation at which the sanyfacturer
calibrated the unit.

- Several chemicals can poison or shorten the Yife of
the f1lament, among them tetrasthyl lead, silicones,
and halides.



7. tlltraviplet {UYVv) Photoilonization Detector

Theary

The linht from the sun when passed through a prism fs
dispersed into the many colors that make up the white
light spectrum. The hues of colors from the deep reds
through the deep purples are a relatively small
segnent in the overall electromagnetic [e-m) spectrum.
The e spectrum covers long wavelengths such as radfio
waves through the ultrashort wave gammd radiation
{Figure 1-4}. As the wavelengths decrease in sfze
{nigher frequencies), the wave energy increases. This
relationship Letween energy and frequency {5 based
upan Planck's equation.

A1l atoms and molecules are coaposed of particles:
electryons, protons, and neutroms. Electrons,
negatively charged particles, rotate !n orbit around
the nucleus, the dense inner core. The nucleus
consists of an equal number of protons (positively
charged particles] as electrons found in the orbital
cloud. The interaction of the oppositely charged
particles and the laws of quantws mechanics keep the
electrons in grhits outsire the nucleus.

The energy required to remove the outermost electron
from the mlecule is called the jonization potential
(IP) and 1s specific for any compound or atomic
species. 1P is =~easured in electron volts {aV]. High
frequency radiation [ultraviclet and sbove) is capable
of causing ionfzatiaon and is hence called fonfzing
radiation.

‘Yhen a photon of ultraviglet radiation strikes a
chemical compound, it fonizes the molecule if the
enerqy 0f the radiation 1s equal to or greater than
the [P of the compound, Since lons are capable of
conducting an electrical current, they may be
collected on & charged plate. The measured Curreat
will be directly proportional to the number of fonized
molecul o,






Practical Considerations

The HNU 15 typical of field photoionization ynits now
avaiiable. It consists of two parts conmected via a
signat-power cord {Fiqure 1-5):

- A probe consisting of the UV 1ight sgurce, pump,
fonization chanber, and a preamplifier.

- A readout unit consisting of amplifier and electrd-
cal circuits, a display meter, and
battery opack.

An electrical pump pulls the air stream past a

10.2-e¥ UY source. The radiation produces an {on pair
for each molacule of contaminant fonized. The free
electrons produce 3 current directly proportional te
the rumber of fons produced. The curvent is
ampl{fied, detected, and displayed on the meter.

Mormally, the HNU {s used with a 10.2-e¥ source that
{onizes many of the common afr contaminants. A probe
using a 9.%-eV source and another using a 11.7-e¥
source are also available.

The 11.7-e¥Y source should be used to {aitfally
{nvestigate an area. However, 1t requires constant
maintenance and frequent replacement. Thus, except fn
rare s{tuations, the 10.2-eY lamp/probe should be
used. It offers relatively high radiaticn levels
withaut time-consuming maintenance and costly
equipment.

Parallel use of the §.5-ev and 10.2-e¥ lamp/probe sets
allows semiquantitative analysis. Assume a mixture
consisting of two materials, one with an [P of 9.2-eV,
the other with 10.2-eV. Both will be measured by the
10.2-e¥ lamp/probe, but only the 9.2-e¥ contaminant oa
the 9.5-ef Yamp/probe. Substracting the sacond
reading from the first gives the concentration of the
10.2-e¥ contaminant.






Limitations

Although the HNU photofonization unit is an excellent
instrument for survey,  there are very important
limitations.

- The response to a gas or vapor may radically
change when the gas or vapar is mixed with other
materfals. As an example, a HMU calfibrated ta
ammonfa and analyzing an atmosphere containing 100
ppm would indicate 100 on the meter. Ltkewise, a
unit calibrated to benzene would record 100 in an
atmosphere containing 100 ppm concentration.
However, in an atmosphere containing 100 ppm of
each, the unit could fndicate considerably less or
more than 200 ppm, depending on how {t was
calibrated.

- Electromagnetic Interference from pulsed DC or AC
power lines, transforwers, and high voltage
equipment may produce an error as will nearby
transmissions.

- The lamp window must be periodically cleaned to
ensure ignlzation of the air contaimnments.

= Although the HNU measures concentrations from 1 ppm,
the response (to benzene) is linear from 0 to about
600 ppm. This means the HNU reads a true
concentration of benzene only between 0 and 600.
Greater concentratfons may be "read” at a higher or
lower leve! than the true value.

Use at sites

The HNU 1s & good cholice to determine the proper lever
of protection {n evaluationg a hazardous waste site ce
spill. The need to properly interpret the HNU's data
cannot be overemphasized. Equally important is the
need to understand the 1imitations of this

instrument.









b.

Ceatury Systems Organic Vapor Analyzer (OYA)

The Century Systems Organic Yapor Analyzer (OVA) is a

portable FID unit. This package consists of two wajor
parts,

-

A 9-pound package containing the sampling pump,
battery pack, support electronics, flame {onization
detector, hydrogen gas cylinder, and an cpticnal
qas chromatagraphy (GC} column.

A hand-held meter/sampling probe assembly.

The OYA can operate in two modes:

Survey mode: A sampte of ambient afr is routed
through the OYA into the detector, allowing all
organic species to be fonfzed and detected at the
same time. Based on the sensitivity of the
instrument to varicus compounds, a concentration
is displayed on the meter. The OVA 1s calfbrated
to sethane.

Gas chromatography mode: Gas chromatagraphy (GC)
Ts a technique Tor separating volatile substances
by percolating a gas stream over a statianary
phase. The components to be separsted are carrfed
through a column packed with an inert solid. A
liquid s spread as a thin f11m over this solid and
1s the basis for separation. The different
components of the sample migrate throuch the column
at different rates. The component bands then leave
the column and are measured by the detector. In
this fashion, individual components of the

ambient atmosphere may be anmalyzed. More complete
fnstructions on the use of the Century Systems QYA
can be found {n the owner's manual.







Miran Infrared Spectrophotometer

The Miran (acronym for minjature infrared
analyzer) ¥s a line af field IR spectrophotometers
used to measure concentratians of vapors in
ambient air.

It uses a variable-path gas cell. Several movable
mirrors permit repeated passes, producing paths
from several centimeters to several meters.

Field analysis presents problems not normally
encountered in spectrophotometry in the
Taboratory. With lab instruments, the analyst can
control the concentration of material entering the
sazple cell. To analyze uncontrocllable gas the
Wiran must make repeated passes to achieve
reliable results. Ligquid or solid samples are
preferable to gas <amples because they possess
more moplecules than a gas of the same volume.

Additionally, the spectra of analyses of the same
chemical in the liguid phase and gaseous phase are
markedly different. .n L.e gasecys state, the
molecyles are free to ratate, and inter molecular
actions are at 2 minimu. The 1i{-uild state
“tocks" the molecules in a3 given structure.

Limitations

The Miran 1s designed for Industrial hygiene work
{n occupational settings where known types of
matertals are generated and where 120-volt AC
power is avallable. At harardous waste sites,
nefther of these conditions f¢ comman, making
Mirans of questionablz value. They also have not
been recognized by any approving agencies as being
safe for use 1n a hazardous location. Basically,
the Miran fs desiqned for quantifying simple
one-pr two-component mixtures. They should be
used nn a hazardous waste site with anpther
analytical procedure such as gas chromatography.
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Limftatians

The operation of oxygen meters depends on the absolute
atmospheric pressure. The concentration of natural
oxygen {to differentiate it from manufactured or
generated oxygen) is a function of the atmospheric
pressure at 3 given altitude.

At ¢ea level, where the waight ~f the atmosphere above
is greatest, more 02 molecules are compressed iata a
glven volume than at higher elevations. As elevation
increases, this compression decreases, resulting in
fewer 02 molecules being "squeezed" inte a given
/olume. Consequently, an Oz indicator calfibrated at
sea level and operated at an altitude of several
thousand feet will falsely indicate an oxygen-
dJeficient atmosphere {less than 19.5%j.

High concentrations af carbon dioxide {£Uyp} shorten
the useful life of the oxygen detector cell.
Therafore, the unit can be used in atmospheres greater
than 0.5¢ €02 only with frequent replacing or
rejuvenating aof the axygen detector cell.

Although several iastruments can measyre an
oxyqen-enriched atmosphere [D? greater than 21%),

no testing or other work should ever be performed
under such conditions because & spark, arc or flame
could lead to fire or explosion. Oxygen measurcments
are most informative when paired with combustible gas
measurements. Together, they provide response
personnel with quick and reliable data on the hazards
they may encounter.

Direct-Reading Colorimetric Indicator Tubes

In evaluvating hazardous waste sites, the need often arises
to quickly measure a specific vapor or gas. Direct-reading
calarimetric fndfcator tubes cam successfully fill that

need.

Thaory

The interaction of two or more substances may result
in chemical changes. This change may be as subtle as
two clear liquids producing a third clear liquid, or
as obvious as a colorless vapor and colored solid
producing a differently colored substance. Indicator
tubes use this latter phenomenon to estimate the
concentratfon of a gas or vapor in air.



Colorimetric indicator tubes consist of an {mpregnated
glass tude with an indicating chemical (Figure 1-7).
The tube is connected to a piston cylinder- or
bellaws- type pump. A known volume of coataminated
air fs pulled at a predetermined rate through the
tube. The contaminant reacts with the indicator
chemical in the twbe, producing a sta'n whose lenqth
is proportional to the contamimant's concentration. A
preconditioning filter may precede the substrate to:

- Remgve contaminants {ather than the one in question)
that may interfere with the measurement.

- React with a contaminant to change it into a
compound that reacts with the {indfcating
chemical,

- Completely change a nonindicating contaminant
into n indicating one.

Limitations

Several indicating chemicals may be able to measure
the concentration of a particular qgas or vapor, gach
operating on a different chemical prianciple and each
affected in varying degrees by temperature, air volume
pulled through the tube, and interfering gases or
vapors. A "true” concentration versus the "messured”
concentration may vary considerably among and between
manufacturers. To 1imit these sources of errar,
contral the numeroys types and manufacturers of tubes,
and provide a degree of confidence to users, the
Raticnal institute of Occupational Safety and Health
tests and certifies indicator tubss. Certified tubes
have an accuracy of + 35T at 1/2 the TLY of the
chemajcal and +25% at the TLY.

To improve performance of all tubes, they should be:

- Refrigerated prior to use to maintain shelf 1ife of
approximately 2 years.

- Calibrated and used at the same temperature.
- Catibrated with the pump prior to sampling

(pressure test) and on a quarterly basis
(volumetric test).
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Undoubtedly the greatest source of arror is how the operator
“reads” the endpoint. The jagged edge where contaminant
meets indicator chemical makes 1t difficult to get accurate
results from this seemingly simple test. A diligent and
gxperienced operator should be able tn accurately read the
endpoint.

¥YII. CONCLUSION

A,

Combined Instruments

Several finstrument packages combine two or more detectors.
For example, a combined hot wire detector for combustible
gases and an oxygen sansor use a common pump, battery, and
electronfc circuit. Kormally, each datector operates
independently, thereby allawing one tn de used even §f the
other 1s not working properly.

Combination units afford response personnel several
advantages over single units, chiefly partability.
Additionally, combined instruments may incorporate an
adjustable alarm circuit that alerts the user to potentially
hazardous conditions. This capacity frees the user of the
nead to take frequent meter readings and focuses attantion
on other hazards.

Other Useful Instruments

Several manufacturers of micro-miniature electronic circuits
and fuel cells have entered the field of specific
contaminant analysis. These devices andlyze the ambient
atmosphere for the more fnsidious gases and vapors, such as
hydrogen sulfide and carbon monoxide. Although their use
15 Timited, they may be useful in certain situatiens.
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APPEMDIX C

SAMPL ING EQUIPHENT AND METHODS

INTROOUCTION

A variety of equipment and techniques are used for sampling at incidents
involving hazardous materials. Using Yiquld and solid materfals samplers,
selecting sample contatners and closures, preserving sasples, and all are
jmportant to obtaining analytical data that give a true picture of
canditions of the incident.

SAMPLERS

The various samplers currently availabte can be appifed in certain
situatfons, but they have 1imitations that rwst 2150 be recognized {Table
3-1].

A. Liquids
1. Open-Tube/Drum Sampler

A glass open-tube {s the most versatile of hazardous liquid
saeplers because of its wide range of applications, relatively low
cost, and ease of operation.

Cescription: The apen-tube sampler 1s made of hollaw glass (or
plastic Tubing), usually 4 feet (ft.) long. The {nside diameter

(1.D.) is generally 1/4 - 1/2 inch (in.), depending on viscasity of
sample. Open tubes made specifically for sampling (called drum
samplers) can be purchased. The only difference is that drum
samplers have a constricted orifice at the top to facilitate
plugging the opening to maintain a vacuum in the tube.

Procedure for use

a. Slowly lower tube into the 1iquid to the desired depth. It may
be desfrable not to mix the contents of the container so that a
more representative sample can be collected.

b. At dzsired depth, stopper tube with a rubber stopper or thumb
or crease a piece of flexible tubing &ttached to the open end
of the sample tube. Stepparing establishes a vacuum in the
tube, enabling withdrawal of the sasple from the container.

¢. Sloxly withdraw tube from vescel and expel sample into
appropriate saaple contairer. Avoid handling the portion of
sampler that was in the 11quid.

d. Dispose of tube on site by placing 1t back {nto the container

that usne ecsmnlad
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Yanyal Pumps

Yhe principal drawback of manual pumps is that they require large
amounts of disposable tubing, which must be compatible with the
waste being sampled.

Oescription: HManwal pumps most commonly pperate by peristalsis,
GeTTows, dlaprragm or skphon. They are available in varfous sizes
and configurations [Figure 3-3).

Procedure for use: Operate according to manufacturer's
instructions. In mast cases this involves placing sample inlet
hose into liquid, then manually activating a crank or bellows. To
avoid contamination of the pump, a liguid trap fs incerted in the
sample inlet hose where the sample is collected. The compatability
of the plastic inlat hose with the sample must be determined ta
avoid sample contamination.

Heighted Gottie Sampler

Weighted bottle samplers are difficult to use la very viscous
liquids. In addition, the outside of the bottle i exposed to the
waste. This is undersirable {f the bottle 1s used as the sample
cantainer.

Description: The weighted battle sampler consists of a glass
sinker, a bottle stopper, and a 1ine for apanfng the bottle and
Yowering and raising the sampler during sampling (Figure 3-4).
There are variatiaons of this sampler, as 11lustrated In the
Amerfcan Society of Testing Materials [ASTM) methods D 270 and €
300. This sampler can be efther fabricated or purchased,

Procedure for use:

a. Gently lower sampler into liquid te desired depth so as not to
remove stopper prematurely.

b. Pull out stopper with a sharp jerk or sampler lina.

¢. Allow battle to fill completely until air bubbles stop.
4. Ralse sampler and cap bottle.

g. Wipe bottle, which can be used as sampler container.

Alternatives to the weighted bottle sampier are the Xemmerer
sampler and the extended bottle sampler.









Salids
Grain Sampler

Grain samplers are best used for collecting grang®-. - oQoOse
solids. Moist, compressed, and large particle selids wre
diffieult to collect.

Oescription: The grainm sampler consists of two slotted
Eelescoping tu-es, usually made of brass or stainless steel
(Figure 3-5]. The outer tube has a confcal, pointed tip on one
end that permits the campler to penetrate the material be’ny
sampled. The sampler s opened and closed by rotating the
inner tube. Grain samplers are generally 24 to 40 in. long by
1/2 to 1 /2 in. in diameter.

Procedure for use:

a. lInsert sampler (in the close pnsition) into material being
sampled from a point near a top edge or corner, through
center, and to a point diagonally ooposite paint of entry.

b. Rotate taner tube inte open position.

c. Wiggle sampler 3 few times to allow materials 0 enter open
slits,

d. Place sampler in clase position and withdraw.

e. Place sampler in 3 horizontal posftion, if pocsible, with
slots facing upward.

f. Rotate and slide ocut guter tube from the inner tube.

g. Transfer sample in inner tube intd a suitable sample
contalner. 1€ inner tube is not removable, twurn sampler
upside down and pour contents out of an opening in end of
the tudbe.

h. Store sampler in a piastic bag until decontamination.
Sampling Trier

Sampling triers are used to sample compressed solfds. One
difficulty, however, is the removal! of the core sample cut with
the trier.

Description: A typical sampling trier s a long tube about 24
to 30 in. Tong and }/2 to 1 in. in diameter, with a slot that
extends almost its entire length (Figure 3-6). The tip and
edges of the tube slot are sharpened to allow the trier to cut
A care when rotated ir 3 solid material. Sampling triers are
usually made of stainless steel with wooden handles.
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Procedure for use

a. Insert trier into solid owterial at @ to 45° angle from
horizontal to minimize spi.lage from campler. Tilt containers
if necessary,

b. Rotate trier once or twice to cut a core of material.
¢. Slowly withdraw trier, making sure that slot §s facing upward.

d. Transfer sample into suitable container with aid of a spatula
andfer brush.

¢. Store sampler in a plastic bag until decontamination.

Waste Pile Sampler

The waste pile sampler is used to sample wet and large-diameter
solids.

Description: A waste pile sampler s essentially a large sampling
trier iFignre 3-7¥. 1t is commercially available, but it §s easy

to fabricate from sheet metal or plastic pipe. Polyvinyl chloride
Plumping plpe 5 ft, long by 1 1/4 tn, I.D. with 1/8 in. wall
thickness 1s adequate. The pipe i5 sawed lengthwise [about 60/40
spiit) until the last 4 in. The narvower piece ¢ sawed off,
leaving & slot in the pipe. The edgec of the slot and the tip of
the pipe are sharpened to permit the sampler to cut into the
material being sampled. The unspiit &4 in. of the pipe serves as
the handle.

Procedure for use:

a. Insert sampler fnto material being sampled at Q to 45° from
horizontal, tilting container §f necessary.

b. Rotate sampler two or three times in nrder to cut a core of
material.

€. Slowly withdraw sampler making sure that the slal (s facing
upward.

d. Transfer sample intD a suftable container with the aid of a
spatula and/or brush.

e. Store sampler in a plastic bag unti) decontamination.
Trowel /Scoop/Snoon

Trowels, scoops, and spouns are inexpensive, but they can sample
only to a depth of 4-5 {n.
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1f the cleaning process has the potential for producing toxic fumes,
ensure adequate ventilation. I[f the washings are hazardous, store
them in clesed waste containers and dispose of them properiy in
approved disposal sites. Names of nearby sites wmay be obtained by
calltng the agency in the State responsible for regulation of
hazardous wastes. Store clean samplers in a clean and protected area:
polyethylens plastic tubes or bags are usually adequate.

CONTAINERS, CLOSURES/CLOSURE LIMERS

A

Contaliners

The most imporant factors to consider when chosing contatmers far
hazardous material samples are compatibility, resistance to breakage,
and volume. Containers must not melt, leach, rupture, or leak as a
result pf chemical reactions with constituents of @ sample. Thus it
1s important to have scme 1dea of the composition of the sample. The
containers must have walls thick enough to survive sample collection
and transport to the laboratory. Containers with wide mouths make it
easter to transfer samples from sampiers. Also, the containers must
be large enough to contain the required volume of the sample or the
entire volume of a sampler.

Plastic and glass containers are gemerally used for collection and
storage of hazardous material samples. Commonly available plastic
cantainers are made of high-density or linear polyethylene (LPE),
convential polyethylene, polypropylene, polycarbonate, Teflon FEP
[fluorinated ethylene propylene], pelyvinyl chloride (PYC), or
polymethylpentene. Teflon FEP {s the most imert, giving 1t the
widest range of appiication. Plastic containers ara used only when
the constituents of the materfal are known not to react with the
plastic.

Glass containers are relatively inert to most chemicals and can be
used to collect and store almost all hazardous material samples. Two
exceptions are strong alkali solutions and hydroflueric acid. Glass
bottles with wide mouths (to faciliate sampie collection} are
recommended for <amples containing petroleum distillates, chlorinated
hydrocarbons, pesticides, solvents, and other substances incompatible
with plastic.

Several types of glass containers are available. Flint glass bottles
are theap and available in varfous shapes and sizes. DBorosilicate
glass 1s more 1nert, but the selection of containers {s smaller.
Also, it s more expensive.

Closures/Closure Liners

Sample containers must have tight, screw-type iids. Plastic bottles
are asually provided with screw caps made of the same material as the
bottles. Cap limere usually are not required. Glass containers
usually come with glass or rigid plastic screw caps. Caps often have
paper liners coated with wax. Other liner materials are polyethylene,

mmViemmmmes]l mma mrsAR-ARS amd Tafélan EFfD



fur containing hydrocarbons, pesticides, and petroleum residues, caps
with Teflon Viners are recomeended for use with aamber glass bottles.
leflon liners may be purchased from plastic specifalty supply houses.

I cetection of containers, closures, and 1inings must be conrdinated
with the lahboratory, which may require specific containers for certain
anafyses.

Foutainee s Ttype and size) must camply with 00T regqulations.

PHFSERYATTIN AND STORALE OF SAMPLES

Samples should be analyzed immediately after collection For best results.
Hazardgus wastes are such complex mixtures that it is difficult to predict
exactly the physical, bielogical, and chemical changes that occur {n the
camples. The pl @may change significantly in a matter of minutes, sulFides
and cyanides may be oafdized or evalve as gases, and hexavalent chromium
may slowly be reduced to the trivalent state. Certain cations may be
partly lost as they are adsorbed on the walls of the sample containers.
Microorganisms may qrow in certain constituents. Volatile compounds may
be rapidly lost.

In & number oF cases, such changes may be sliowed down or prevented by
refrigeration at 4 to 6°C, or by adding preservatives. However, these
treatments may be only partially effective. Refrigeration may reduce loss
aof valatile components and acid gases such as hydrogen sulfide and
hydrogen cyanide, but it also intraduces the possibility that some salts
may precipitate at lower temperatures. On warming to room temperature for
analysis, the precipitates may mot redissolve, thus giving inaccurate
results. Preservatives may retard constituents to stable hydroxides,
salts, or compounds, but they may also convert other forms (such as the
products of nitration, sulfonation, and oxtdation, of organic components).
Thus, subsequent analyses may nyt identify the eriginal components or
conceatratinns.

Safety must also be considered because a preservative may be highly
reactive with the sample. Addition of a preservative may change the 00T
packaging, labeling, and shipping requirements for a sample. Shipping
hazardous tamples packed {n ice may not be permitted by DOT regulations
(Refer to Part S: Hazardous Material Sample Packaging, Labeling, and
Shippingh.
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STANDARD MPERATING SAFETY SUiBEs
PART 1
ENYIRONMENMTAL INCIDENTS

INTRODUCTION

An environmentz]l 1incident invplves a relesse or threat of a release
of hazardous substances that pose an Immfnent and substantial danger
to publtc health and welfare or the environment. Each Incident pre-
sents special problems, Response personnel myst evaluate these prab-
lems and determine an effective course of action to mitigate the
incident,

Any incident represents a potentially hostile situation, Chemfcals
that are combustible, explosive, corrosive, toxic, or reactive, along
with biological and radiocactive materials can affect the general pud-
1ic or the enviroament as well as response personnel. Workers may
fall, trip, be struck by objects, or be subject to danger from elec-
tricity and heavy equipment. [njury and 1liness may also occur due
to physical stress and ¢iimate, While the response activities needed
at sach Incident are unique, there are many similarities., (QOne ig
that all responses require protecting the health and ensuring the
safety of the responders.

EXPOSIRE TO TOX1C SUBSTANCES

Toxtc (including radioactive material and ettological agents) or
chemically active substances present z specia! concern because they
can be inhaled, ingested, absorbed through the <kin, or dastructive
to the skin, They may sxist in the afr or due to site activities
become dfirborne or splash on the skin, The effects of these sub-
stances can vary significantly. Ingested or inhaled the substances
can cause no apparent illness or they can be fatal. On the skin they
can cause no demonstrable affects. OQthers howaver can damzge the
skfn, or de absarbed, Teading to systemic toxic effects.

Iwg types of potential exposure exist:

- Acute: Exposures occur for relatively short periods of time,
genarally hours to 1-2 days, Concentrations of toxic air contam-
inants which may be inhaled are high relative to their protectfon
criterfa. 1In addition, substances aay contact the skin directly
through splashes, temersion, or air with serfous results.

- Chronic: Exposures occur over longer periods of time, generally
Donths to years. Concentrations of toxic air contasinants which
sy be inhaled are relatfvely Tow, OQirect skin contact by immer-
sion, splash, or air involves substances enhibiting low dermal
activity,



[it.

In general, acute exposuret to chemicals in aif are more typical in
transpartation accldents, (i1ras, or releases at cheaical manu-
facturing or storage facilities. Acute air exposures do aot persist
for long pericds of time. Acute skin expasures occur when workers
must be close to the substances in order te control the release
{patching & tank car, off-loading a corrosive material, etc.) ar
contain and treat the spilled material. Once the immediate problems
have been alleviated, exposures tend to hecome more chronic in nature
as cleanup progresses,

Chronic exposures usuvally are associated with lenger-term remedial
aperattans. Cantaminated soil and debris from emergency operatfons
a3y be involved, soil and ground water may be polluted, or iapound-
@ent systems may contaln diluted chemicals. Abandoned waste sites
capresent chronic problems. As activities start at these sites,
nowever, personnel engaged in sampling, handling containers, bulking
compatible liqufds, etc, face an iIncreased risk of acute exposures
to splashes, or the generation of vapors, gases, or particulates.

At any specific incident, the hazardous properties af the materfals
may only represent a patential threat., For example, 1f a tank car of
liquified natural gas {nvolved in an accident resmains {intact, the
risk from fire and explosion 15 law. In other tncidents, hazards are
real and risks high as when toxic or flammable vapors are being re-
leased. The continued health and <afety of response persoanet
requires that the hazards - real or potential - at an episode be
assessed and appropriate preventive measures Instituted.

HEALTH AND SAFETY OF RESPOMSE PERSOMNEL

To reduce the risks to workers responding to hazardous substance
incidents, an effective health and safety program must be implemented,
This would fnclude, as a minimum:

- Safe work practices.

~ Engfneered safeguards.

- Medfcal surveillance.

-« Environmental and personnel maonftoring.

- Personnel protective equipment,

- Education and training,

- Standard operating safety procedures.



Az part of a comprehensive program, standard operating safety pro-
cedures provide 1nstructions an how to accempl 1sh specific tasks in a
safe manner. In concept and principle, standard cperating safety
pracedures are 1independent of the type of 1incident, Thelr applii-
cability at a particular incident must be determined and nrecessary
modifications made to match prevalling conditions, For example,
persannel protective equipment, In principle, i3 an initial con-
sideration for all incidents; however, 1ts need and the type of
equipment required 1S based on a case-by-case evaluation, Likewise,
somgone must make the first entry onte 3 site, The exact entry
procedure ko be used c£an only be determined after 2ssessing the
conditiens pravalling at that incident.

The purpose of this document is to provide standard operating safety
quides related to site control and entry, The guidance fincluded is
not meant to be a coaprehensive treatment of the sublects covered.
Rathar, it 1s meant to be used to compiement professional training,
experience, and knowledge.

[V. OCCUPATIORAL HEALTH AND SAFETY POLICY

EPA's Occupational Health and Safety staff is responsible for

developing, supporting, and evalyating & program to peotect the
health and safety of EPA employees. The Standard Qperatfng Safety
Guides complement, and supplement the policies, procedures, and
practices contained in EPA's (Occupational Health and Safety Manual,
1a particelar, with Chapter 9 - Hazardous Substances Responses, EPA
Order 1440.2 - Health and Safety Requirments for Personnel Engaged in
Flald Activities, and 'EPA OQrder 1440.3 - Respiratory Protection.
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PARY 2
STANDARD OPERATING SAFETY PROCEDURES

GENERAL

There are many gquides or procedures for performtng the variety of
tasks associated with responding to environmental episodes involving
hazardous substances, These may be administrative, techaical, or
sanagement -oriented, All these procedures are fntended to provide
un! form instructions for accomplishing a specific task. In addition
to other types of procedures, safety-oriented operating procedures
are needed. The purpose of this document 1s to provide selected
standard operating safety guides which can be used to develop more
spectfic procedures.

DEVELOPMEMT OF STANDARD OPERATING SAFETY PROCEDURES

A major consideration in responding ta accidental releases of hazard.
cus substances or iacidents involving abandoned hazardous waste sites
i{s the health and safety of respanse personnel, Nat only must @
variety of technical tasks be conducted afficliently to mitigate an
incident, but they must be accomplished in a manner that protects the
worker, Appropriate equipment and trained personnel, combined with
standard operating procedures, help reduce the possidility of harm ta
response workers,

Fer procedures to be effective:

= They oest be written 1n advance. Developing and writing safe,
practical procedures {s difficult when prepared under the stress
of responding to an fncident,

- They must be based on the best available information, operational
principles, and technical guidance,

= They must be fleld-tested, reviewed, and revised when appropriate
by campetent safety professionals,

~  They must be understandable, feasible, and appropriate.

- Al personnel invelved in site activities must have coples of
the safety procedures &nd be briefed on their yse,

Response personne) must be trained and periodically retrained
in personnel protection and safety.
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RESPONSE ACTIVEITIES

Many of the procedures involved in response activitias are primarily
concerned with health and safety. "In concept and priaciple, these
are generic and independent of the type of incident. They ars adaoted
or modified to meet site-specific requirements, Each hazardous
materials incident must be evaluated to determine {ts hazards and
risks. Yartous types of environmental samples or measurements may be
needed inigially to determine the hazards or to pravide additionatl
fnformation for continuing assessment, Personnel must go an-sfite to
accomplish specific tasks. Efforts are required to prevent or reduce
harmful substances from migrating from the site due ta natural or
human activities. Containment, cleanup, and disposal activities may
be required, Each of these activities requires that safety procedure
be developed or existing procedures be adapted sa that response
personnel are protected.

OPERATING GUIDES

The standard operating safety quides that follow cover primarily site
control and entry. These guides jllustrate technical censiderations
necessary in developing standard {nstructfons, Far a given intident,
the procedures recommended should be agdapted to conditions fmposed by
that specific situation, '
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PART 3
SITE EXTRY - GENERAL MEASURES AKD REQUIREMENTS

INTROQUCTION

Personne) respanding to environmental episedes {invglving chemicatl
substances encounter conditions that are unsafe or potentially unsafe.
In addition to tne danger due to the physical, chemical, and toxico-
logical praperttes of the material present, other types of hazards
electricity, water, heavy equipment, falling cbjects, loss of balance,
ar tripping, for exemple - cian have an adverse affect on personnsl.
This part discusses safety measures and precavtions associated only
with the hazardous natura of chemica) compounds.

SAFETY PRACTICES
A. Personal Precautions

1. tating, drinking, chewing gum ar tobacco, smoking, or any
practice that increasas the probability of hand-to-mauth
transfer and ingestion of material (s prohibited in any area
designated contaminated.

2. Hands and face must be thoroughly washed upon leaving the
work area,

3. Khenever decontamination procedures for outer garments are fa
effect, the entire body shauld be thoroughly washed as soon
a$ possible after the protective garment 1s removed,

4, Mo facial hair which interferes with a sattsfactory fit of
the mask-to-face-seal s allowed on personnel required to
wear respirators.

5. Contact with contaminated or suspected conteainated surfaces
should be avaided. Whenevar possible, do not walk through
puddies, leachate, discolored surfaces, kneel on ground, lean,
sit, or place equipment on drums, containers, ar the graund.

6. Medicine and alcohol can potentiate the effects from exposure
to toxic chemicals. Prescribed drugs should not be taken by
personnel on response operations where the potential for
absarption, inhalation, or ingestion of foxic substances
exists unless specifically approved by a qualified physician.
Alcoholic beverage intake should be minimized or avoided
during response operations,
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Site Safety Plans

1.

2.

3.

A Stte Safety Plan must be developed for al) phases af site
operations and made avallable to all personnel, Unless time
precludes fC, the plan must be written and posted,

A1l personnel aust be famfliar with standard operating safety
procedures and any additional instryctions and information
contained in the Site Safety Plan,

All personnel must adhere to the information containeg in the
Site Safety Plan,

Operations

1.

8.

A1l personne]l going an-site must be adequately trained and
tharoughly briefed an antficipated hazards, eQuipment to be
worn, safety practices to be followed, emergency procedures,
and comminications,

Any required respiratory protective devices andg clothing must
be worn dy all personnel going inta areas designated for
wearing protective equipment.

Personnel om-site must use the buddy system when wearing
respiratory protective eQuipment, At a minfeum, a third
person, suitably equipped as a safety backup, is requlred
during 1aitisl entries.

¥Yisual contact must be saintained between patrs on-site and
safety personmel, Entry team asembers should rema2in Close
together to assist each other during smergencies.

During continual operations, on-site workers act as safety
backup to eiach other., Off-site personnel provide emergency
assfstance.

Personne! should practice unfamiliar operations prior to
doing the actual procedure,

Entrance and exit locations suyst de designated and emeryency
escape routes delineated. warning signals for site evacuation
ayst be establfshed.

Commynications using radies, hand sfgnals, signs, or other
means sust be matntained betweer initial entry members at all
times, Emergency comsunications should be prearranged in
case aof radia fallure, necessity for evacuation of site, or
ather reasons.



1.

10.

1.

12.

Wind fndicators visible to all personnel should be strate-
gically located throughout the site.

Personnel and equipment in the contaminated area should be
alniaized, consistent with effective site operations.

Work areas for various operational activities omst be estab-
Tished,

Procedures for leaving 2 contaminated ared must be planned
and implemented prior to going on-site. Work areas and
decontamination procedures must be established based on
expected sfte conditions.

MEDICAL PROGRAM

To safeguard the health of response personnel, 2 medical program must
be developed, estabiished, and maintained, This program has two
essential components: routine health care and emergency treatment.

A.

Routine Health Care

Routine hsalth care and maintenance should consist of at Jeast:

1.

2.

Pre-employment medica)l examinations to estabiish the 1indi-
vidual's state of health, baseline physiclogical data, and
adllity to wear personnel protective equipment. The (re-
quency and type of sxamination to be conducted thereafter
should be determined by medical personnel knowliedgeable in
the area of toxicalagy.

Arrengements to provide speclal medical examinations, care,
and counseling 1n case of known or suspected exposures to
tonic substances. Any special tests needed depend ¢n the
chemical substance to whfch the individual has been exposed,

Emergency Medical Care and Treatment

The Hedical Program must address omergency medical care and
treatment of response personnel, {ncluding possible exposures to
taoxtc substances and injuries resulting from accidents or phystcal
hazards. The following ftems should be 1included fn emergency
cera provisions:

1.

Mamwe, address, 2nd telephone nusber of the nearest medical
treatment facility, This should be conspicuously posted,
A map and directions for locating the facility, plus the
travel time, should be readily avalladle.

The facility's ability to provide care and treatment of
persgnnal expased or suspected of being exposed to texic (or

0-8
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otherwise hazardcus). If the facility lacks ctoxicologica!
capability, arrangesents should be made for consultant
services.

J. Administration 4arrangements for accepting pattents,

4, Arrangements to Quickly obtain ambulance, emergency, fire,
and palice services, Telephone nuwbers and praocedures for
adtatning these services should be conspicucusly posted,

$. Emergency showers, eye wash fountains, and first a1d equipment
readily available on-site, Personnel should have first aid
and medical emergency training.

6. Provisions for the rapfd identiflication of the substance to
whith the worker has been expased (if this has not previously
been done], This tnformation must be given to medical person-
nel,

7. Procedures for decantamination of injured workers and pre.
venting contamination of medical personnel, equipment, and
facilities.

EDUCATION AND TRAINING

All personnel involved in responding to environmental incidents must
be trained to carry out their response functions, Training sust be
pravided in the use of all equipment, including respicatory protective
apparatus and protective clothing; safety practices and procedures;
genera) safety requirements; advanced first ald; and hazard recogni-
tign and evaluation,

Safety training must be a continuing part of the total response
program. Periodic retraining and practice sessions not only create
a high degree af safety awareness, but also help to maintain prof!-
ctency in the use of equipment and knowledge of safety requirements.

QUALIFIED SAFETY PERSOMNEL

Personnal responding to chemical ingidents must make many complex
decisions regarding safety. Naking these decisions correctly re-
quires mgre than elementary knowledge. For example, selecting the
most effective personnel protective equipment requires not only
expertise in the technical areas of respirabors, protective clothing,
afr monitoring, physical stress, etc., but also experience and profes-
sfonal judgment, Cnly a competent, qualified person (specialist) has
the technical judgment to evalyate a particutar fncident and determine
the appropriate safety requirements, This Individual, through a
combinstion of professional education, on-the-job exparience, special-
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4. In extremely hot westher, <condutt nonemergency respgase
eperatians In the parly wmarning or evening.

5. Ensure that adequate shelter 15 avallable Lo protect personnel
agafnast heat, cold, rain, snow, etc,, which decrease physical
efficiency and Increase the probability of accidents.

6. In hot weather, rotate workers wearing protective clothing.
Heat Stress Monitoring
For monitaring the body's recuperative ability to excess heat,

one or aore of the follewing technigques shouid be used as a
screening mechanism, Monitoring of personnel wedring protective
clothing should commence when the ambient temperature s 70
degrees Fahrenheit or above. Frequency of monitoring shoyld
increase &8s the amblent temperature increases or if slow recovery
rates are indicated. When temperatures exceed degrees F wnrkers
myst be monitored For heat stress after every work period.

1. Heart rate (HR} should be measured by the radial pulse for 30
seconds as early as possible in the resting period, The HR
at the beginning of the rest period should not exceed 110
beats per minute, |f the HR s higher, the next work period
should be shortened by 10 minutes (or 333), while the length
of the rest period stays the same. |f the pulse rate is 100
beats per minute at the beqginning of the next rest period,
the following work cycle should be shortened by 33%.

2. Body temperature should be measured orally with a clinical
thermometer as early as possible in the resting perfod. Oral
temperature (0T7) at the beginning of the rest period should
not exceed 99 degrees Fahrenheit. 1f {t does, the next work
period sheuld be shortened by 10 minutes (or 33T}, while the
length of the rest pertod stays the same, However, if the QT
exceeds 99.7 degrees Fahrenheft at the beginning of the next
partod, the following work cycle should be further shorteoed
by 335. QT should be measured again at the end of the rest
pariod to make sure that it has dropped below 99 degrees
Fahrenheft,

3. Body water loss (BWL) due to sweating should be measured by
weighing the worker in the morning and in the evening. The
clothing worn should be stimilar at both weighings; preferably
the worker should be nude. The scale should be accurate ta
plus or mtnus 1/4 1b. BWL should not exceed 1.5% of the
total body weight. If 1t does, workers should be Instructed
to increase thelr dally {atake of flulds by the weight last,
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ldeally, body flutds should be maintained at a constant level
during the work day. This requires replacement of salt lost
{n sweat as well.

4, Good hygienic standards must be maintained by frequent change
of clathing and daily showering. Clothing should be permitted
to dry during rest periods. Persgnt who notice skin problems
should immediately consult medical personnel.

Erfects of Heat Stress

Lf the body's physiological processes fail to mafntaln a normal
body temperature because of excessive heat, a number aof physical
reactions can occyr ranging frem mild (such as fatigue, irrita-
bility, anxiety, and decreased concentration, dexterity, or

apvement) to fatal, Standard reference books should be consulted
for specific First aid treatment. HKedical help must be obtained

for the more seriopus conditions,
Heat-related problems ara:

- Heat rash: caused by <ontinucus exposure ta heat and immid aie
and aggravated by «<hafing cTothes. [ecreases ability to
tolerate heat as well as being a nuisance.

~ Heat cramps: caused by profuse perspiration with 1inadequate
Tiuid intake and chemical replacement (espectally salts).

Signs: muscle spasm and pain 1n the extremities and abdomen.

- WHeat exhaustion: caused by increased stress on variaut argans
to meet increased demands to cool the hody., Signs: shallew
breathing; pale, cool, woist skin; profuse sweating; dizziness
and lassitude.

- Heat stroke: the most savers form of heat stress.

y must cooted {immedtately to prevent severe injury
and/or death. Signs and symptoms are: red, hot, dry skin; no
perspiration; nausea; dizziness and confusicn; strong, rapid
pulse; coma. HMedtcal help must be obtained tmmediastely.

Effects of Cald Exposure

Persons working outdoors in temperatures at or below freezing may
be frostbitten, Extreme cpold for 4 short time may cause severe
injury to exposed body surfaces, or result in profound generalized
cooling, causing death, Areas of the body which have high surface
area-to-volume ratlo such as fingers, toes, and ears, are the
most susceptible.
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Twa factors influence the development of 3 celd injury: ambient
tempgerature and the velocity of the wind. Wind chill 15 used to
describe the chilling effect af moving air in combination with
Tow temperature. for instance, 10 degrees Fahrenheit with a wind
of 15 miles per hour (mph) 1s equivalent im chilting effect to
still air at -18 degrees Fahrenheit,

As & general rule, the greatest incremental 1iacrease in wind
¢hil) accurs when & wind of 5 mph increases to 10 mph. Addi-
tionally, water conducts heat 240 times faster than air, Thus,
the body <cools syddenly when chemical-protective eguipment is
remaved if the clothing underneath 1s perspiration soaked.

Local injury resulting from cold 13 included 1n the generic term
frostbicte. There are several degrees of damage. Frostbite of
the extremities can be categorized into:

- Frost nip or Incipient frostbite: characterfzed by suddenly
blaaching or whitening of skin,

- Superficial frostbite: skin has a waxy or white appearance

and is firm to the touch, but Ctissve benesath is resilient.

- Deep frostbite: ttssues are cold, pale, and solid; extremely
serious injury,

Systemic hypothermia is caused by exposure to freezing or rapidly
dropping temperature. Its symptoms 2re usually exhibited in five
stages: 1) shivering, 2) apathy, tistlessness, sieepiness, ang
(sometimes) rapid cooling of the body to less than 95 degrees
Fahrenheit, 1) unconsciousness, glassy stare, slow pulse, and
slow respiratory rate, &) freezing of the extremities, and
finally, 5) death.

Standard reference boaks should be consylted far specific first
aids treatments, Nedical help must be obtained for the more
serious conditions.

Indicators of Toxic Exposure Effects

- Qbserveable

changes tn complexion, skin discoleration
-- lack of coordination

changes in demeanor

-=- excessive salivatian, pupillary response



Yil.

-- changes in speech pattern
- Hon-Observeable

== headaches

-- dirziness

-= blyrred vision

-- Ccramps

-- irritation of eyes, skin, or respfratory tract

SUMMARY

The health and safety of response personnel are major considerations
tn all response operations, All site operation planning must fncor-
porate an anmalysis of the hazards {nvolved and procedures for pre-
venting or minimizing the risk to personnel, The Sits Safety Plan
establishes the safety practices and procedures to be followed 3o
that the welfare and safety of workers are protected, The plan must
evaluate both the nature of the chemical compounds pcesent and other
hazards that could affect response personnel.
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PART &
SITE ENTRY - SURVEY AND RECONMALSSANCE

INTROOUCTION

The team tnitially entering the site is to accomplish gae or more
of the fallowiag objectives:

- Determine the hazards that exist or potentially exist affecting
public health, the environment, and response personnel.

- VYerify existing information and/for abtzin fnformation about the
incident.

- Evaluate the need for prompt mibigation.

- Collect supplemental information to determine the safety require-
ments for persoanel inftially and subsequently entering the site.

Bafore the team eanters the site, as much information as possible
shoula be collected, depending an the time avatlable, concerning the
type of hazards, degree of hazard(s), and risks which wmay exist.
Based upon avalladle information (shipping manifests, transportation
placards, existing records, container Jabels, etc,) or off-site
studies, the team assesses the harards, determines the need to go on-
site, and identifies initial safety requirements.

PREL IMIKARY ON-SITE EVALUATIOR

The 1nitial on-site survey 1s to determine, on a preliminary basis,
hazardous or patantially hazardous conditions, The main effort i3 to
rapidly identify the Immedtate hazards that eay affect the public,
response persannel, and the eavironment. Of major c¢oncern are the
real or potential dangers - from, fire, explosion, airborne contam-
fnants and to 2 lesser degree rafat{on and oxygen deficient atmos-
pheras. )

A. Organic Vapors and Gases

It the type of organic substance involved in an {ncident 1s known
and the matertal s volat{le or can become airborne, air a=asure-
ments for organics should be made wiin one or more appropriate,
properiy calibrated survey fnstrudencs.

When the presence or types of organic vapors/gases are unknown,
fnstruments such as & photolonizer (HNU Systems*} andfor & por-
table gas chromatograph (Foxbore Systems OYA*), operated in the
total readout mode, should be used to detect organic vapors.
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ma, alpha, or beta radiation may be present, but for 3 number of
reasons may naot cause 3 cesponse an the Instrument. Unless
airborne, these radicactive matertals Sshould present ainimal
hazard, but more thorough surveys should be conducted as site
operations continue to completely rule out the presence of any
radiocact ive material, :

Oxygen Deficlency

Normal air contains about 20.5% by volume of oaygen. At or
below 19.5% oxygen air-supplied respiratary protective equipment
15 needed. Oxygen measurements are of particular importance faor
work in enclosed spaces, low-lying areas, or in the vicinity of
accidents that have praduced heavier-than-air vapors which could
displace ambient air, These oxygen deficient areas are also prime
locatfons for taking further organic vaper and combustible gas
measurements, since the air has been displaced by other sub-
::ances. Oxygen-enriched atmospheres increase the potential for
res.

Cambustible Gases

The presence or absence of combustible vapors or gases must be
determined. If readings 4pproach or eiceed 10X of the lower
expiosive 1{mit (LEL), extreme cautfon shoyld be exercised in
continuing the investigation. (f readings approach or axceed 25%
LEL. personnel should be withdrawn issmediately. Before resuming
any on-site activities, project personnal 1in coasultation with
experts in fire or explosion prevention must develop procedures
for continuing operatfons.

Yisual Qbservations

While on-site, the initial entry team should mike visual obser-
vations which would help in evaluating site hazards, for example,
dead fish or pther animals; land features; wind direction; labels
on containers indicating explosive, flammeble, toxtc, or corrosive
materials; conditions conducive to splash or contact with uncon-
fined Viquids, sludges, or solids; and other gensral conditions,

Direct-Readfng Instruments

A variety of toxic air pollutants, ([including organic and in-
organic vapors, gases, ar particulaztes) canm be produced at, for
exazple, abandoned waste sites; fires at chemical sanufacturing,
storage, reprocessing, or formulating facilities; or fires {nvol-
ving pesticides. Direct-reading field {nstruments will not

detect or messure all of thase substances, Thus, negative
readings should not de {nterpreted as the complete absence of
atrborne toxic substances. vVerification of negative results czn



only be done dy collecting air samples and analyring them in &
laboratory.

110, OTHER CONSIOERATIQHMS

A,

Intt1al Surveys

In general, the inttis! entry is considered 3 relatively rapid
screening process for collecting preii®ingry data an site hazards,

The time needed to conduct the initfal survey dzpends om the
urgency of the sitvatioen, type of incident, information needed,
size of site, availability of resources, and Level of Protection
required for Inftfal entry persornel. Consequently, {nitial
surveys may need hourc or days to complete and consist of more
than one antry.

Priority for Initial Entry Monitering

Of fsmediate concern to initial entry personnel are atmospheric
conditions which could affect their {imaediate safety. These
condftions are alrborne toxic substances, combultible pases or
vapors, lack of oxygen, and to a lesser extent, jonizing radia-
tion, Priorities for menitoring these patential hazards should
be established after a carefyl evaluation of conditions.

When the type af matertal iavolved 1in an 1ncident 1s identifiea
and its release into the eavirgnment suspected or known, the
material's chemical/physical properties and the prevailing weather
cond{tions may help determine the order of monitoring. An unkrawn
substance or situation presents a more difficult monitering
problem.

In genaral, for poorly ventilated spaces - buildings, ship's
holds, boxcars, ar bulk tanks - which myst be sntered, combustible
vapars/gases and oxygen-deficient atmospheres should be monitared
first with team members wearing, 35 3 minigum, Level B protective
equipment (Levels of Protection are described in Part §}. Toxic
gases/yapors and radisrion, unless known nat to be present,
should be measured neat.

for gpen, well=ventilated areas, combustible gaces and oxygen
deficiency are lesser hazards, and requice lower priority.
However, areas of lowor alevatian oe-site {such as ditches and
gulleys) and downwind areas may have combustible gas mixtures, in
addition to toxic vapors or gases, and lack sufficient oxygen to
sustain life. Entry teams should approach and manttor whenever
possible from the upwind area.



Perfodtc Manitoring

The monitoring surveys made during the infttal site entry phase
are for & preliafnary evaluation of atmaspheric hazards, Ia some
situationz  the {nformation obtained may be sufficient to preciude
additional monitoring - for example, a chlorfne tank determined
to ba releasing no chlorine., Haterfals detetted during the
fnitial site survey call for & more comprabensive evaluation of

hazards and analyses for specific components, A program must be
established for monitoring, sampling, and evaluating hazards for
the duration of site operations. Siace site activitles and
weather conditions change, a continuous program to monitar atmos-
pheric changes must be {implemented utilizing & cowbination of
stationary sampling equipment, personal monitoring devices, ang
periodic ares monitoring with direct-reading instrudents.

gff-Site Monitoring and Sampling

Whenever possible, atmospheric hazards 1n the areas adjacent to
the on-site zone should be monitored with direct-reading instru-
ments, and air samples should be taken bafore the inittal entry
for an-sitz favestigatfons. Negative finstrument readings off-
site showld not be construed as definite tndications of on-site
conditions, but only another plece of information to assist 1in
the preltainary evaluation,

Mon!toring [nstruments

1t 1s fimperative that personnel using monitoring instruments be
tharougnly familiar with their use, limitetions, and operating
characteristics, A}] instrusents have inherent constraints in
their ability to detact andfor quantify tha hazards for which
they were designed. Uunless trained personnel use instruments and
assess date readout, a2i- hazards can be grossly misinterpreted,
endangering the health and sefaty of respanse parsonpel. [n
addition, only instruments approved for use in hazardous locations
should be used, unless combustible gases or vapors are absent,

Ambient Atmospheric Concentrations

Any indtcatlon of astmospheric hazards - toxic substances, combus-
tibie gases, lack of oxygen, and radiation should be viewed as a
sign to proceed with care and deltberation. Readings indfcating
nonaxplosive atmospheres, Tow concentrations of toxic substances,
or other conditions may fncrease ar decrease suddenly, changing
the associated risks, Extreme cautien should be exercised in
cont{muing surveys when any adtmospheric hazards are indicated.
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TABLE 4.0

ATHQSPHEREC MAZARD GUIDELINES

Konicoring Equipment Hazard Ambfent Level Action
Combustible gas indtcacer Explosive < 103 LEL Continee investigatian
atmosphere with cautions.

102-25% Continue on-site
manitoring with extreme
cagtion as highe* levels
are acoyntere-

> 293 LEL Explosion hazard, withdra
from area {smediately,

Oxygen concentration meter Oxygen < 19.51 Monftor wearing SCBA.
NOTE: Combystibie gas
readings are not valid
in atmospheres with
< 19.5% oxygen.

19.5%-25% Continue investigation wit
caution, 5CBA not needed,
based on nxygen content
only.

> 25.0% Discontinue inspection;
fire hazard potential,
Consult specialist,

Radiation survey Radiation <1 #R/Nr Cantinue {nvestigation,
If radiatian is detected
above background levels,
this signifies the presen
of possible radiation sow
at this level, more thoro.
monftoring 1s advisable,
Consult with a
health physicist.

> 10 mR/hr  Potenttal radiation hazare
evacuadte site, Continue &
toring only wpon the advic
of a health physicist.
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Manitering Eguipment

TABLE 4~} (Cont'd.)

Mazarg

/mblent Level

Action

Colorimetric tubes

Photoiontzation

detector {PID)

Flame ionization

detector (FID)

Organic ang
ingrganic
vapors/gases

Organic
vapors/gases

vapor/gses

OQepends on
chemical

1) Depends oo
specles

2) Tota?
response
=)de

1} Depends on
chemical

2) Total
respanse
sode

Cansvlt standard
reference manual for
afr concentrations/
tosigcity data.

Consult standard
reference manyals

far alr concentrations,
toxicity data.

Consult EPA Standacrd
Operating Safety Guide:

Consult standard refepry
manuvals for ale concen.
trations/toxicity data,

Consult EPA Standard
Dperating Safety Guide:
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PART 5

SITE ENTRY - LEVELS OF PROTECTION

ITHTROOUCT IOM

Personnel must wear protective equipment when respoase activities
involve known or suspected atmospheric contaminatien, whea vwapars,
gases, of particulates may be generated by site activities, or when
direct contact with skin-affecting substances may occur. Full face-
piece respiraters protect lungs, gastrointestinal tract, and eyes
against airborne toxfcants, Chemical-resistant clothing protects the
skin from contact with skin-destructive and -absorbable chemicals.
Good persanal hygqiene limits or prevents tingestion of matertal,

Eguipment to protect the body against contact with known or anticf-
pated toxic chemicale has been divided inta four categories according
to the degree of protection afforded:

- Level A: Should be worn when the highast level of respiratory,
skin, and eye protection i5 needed,

- Level B: Should be worn when the highest level of respiratory
protéction is needed, but & lesser level of skin protection.

- Llevel C: Should be worn when the eriteria for using afr-purifying
respirators are met,

= Level 0; Should.be worn only as a work uniform and not on anmy
s{te with respiratery or skin hazards, It provides no protection
against chemical hazards,

The Level of Protection selected should be based on;

- Type and measured concentration of the cheaical substance
in the ambient atmosphere and {ts taxicity.

- Potential for exposure to substances in air, splashes of liquids,
or other direct contact with materfal due to work being done.

In situations where the type of chemfcal, concentration, and
possibtlities of contact are not knosm, the appropriate Level of
Protection must be selected based on professional experience and
Judgment unti) the hazards can be better ldent!fied.

While personnel protective equipment reduces the potential for contact
with toxic substances, ensuring the health end safety of responders
requires, in addition, safe work practice:, decontamination, site
entry protocols, and other safety procedures. Tagether, these provide
an integrated approach for reducing harm t¢ workers,



I1. LEVELS OF PROTECTIOM

A. Lavel A Protection

1.

2.

*Optional

Personnal protective equipment

Supplied-air respirator 3ppravad by the Mine Safety and
Health Administration (MSHA) and Nationral [nstitute far
Octupat fonal Safety and Health (NIDSH).

Respirators may be:

-= pressure-demand, sealf.contained breathing apparatus
(SCBA)

or

-- pressure-demand, airlfne respirator (with escape bottle
for Iemediately Dangerous to Life and HeaTth (IOLK) or
potent1al for IDLH atmosphere)

Fully encapsulating chemical-resistant suit

Coverallse

{ong cotton underwear®

Gloves {inner). chemical-resistant

Boots, chemical-resistant, steel toe and shank, (Depending
on suit construction, worn over or under suit boot)

Hard hat* (under suit)

Disposable gioves and boet cavers* (Worn over fully encap-
sulating suit}

Cooting unit*

2-Way radie coemunications* ({inherently safe)

Criteria for selection

Meeting any of these criteria warrants use of Leval A
Pratection:

The chemtcal substanca has been fdentified and requires
the highest level of protection for skin, ayes, and the
respiratory system based on:

-- measured (or potential for} high concentration of



atmespheric vapors, gases, or particulates
or

-- site operations and work functions {nvolves high
potential for splash, fsmersion, or exposure to un-
expected vapors, gases, or particulatas of materials
highly teaic te the skin,

Substances with a high degree of hazard to the skin are
known or suspected to be present, and skin contact |s
possible,

Operations mist be conducted In canfined, poorly venti-
lated areas until the absence of substances requiring
Level A protection is determined.

Direct readings on field Flame Janization Dectors (FID) or
Photofonization Detectors (P(D) and similar {nstruments
indicate high levels of unidentified vapors and gases in
the air, {See Appendixes I and Il.)

3. Guidance on selectton

a,

Fully encapsulating sults are primarily designad to
provide a gas or vapor tight barrier between the wearer
and atmospheric contaminants, Therefore Level! A 15 gen-
erally worn when high concentrations of alrborne sub-
stances are known or thought to be present and these
substances could severely effect the skin. Since Level A
requires the yse of a self-contained breathing appacatus,
the eyes and respiratory system are also more protected.

Untit atr surveillance data are available to assist in the
selection of the appropriate Level of Protaction, the use
of tevel A may have to be based on indirect evidence of
the potential for atmospheri{c contamination or other means
of skin contact with severe skin affecting substances,

Conditions that amay require Levet A protection f1nclyde:

Confined spaces: Enclosed, confined, or poorly ventfilated
areas are conducive to builld up of toxic vapors, gases, or
particulates. (Explosive or oxygen-deficient atmospheres
also are more probable 1n confined spaces.) Confined space
entry does not zutomatically warrant wearing Level A pro-
tectfon, but should serve as a cue to carefully consider
and to justify a lowsr Level of Protection.

- Suspected/inown highly toxic substances: Various sub-
stances cthat are Eigﬁiy toxic especially threugh skin



absosption for example, fuming corrosives, cyanide com-
pounds, concentrated pesticides, Department of Tran-
sportation Poison “A" materials, suspected carcinogens,
and infectious substances may be known or Suspected to be
involved, Field instruments may not be available to
detect or quantify air concentrations of these materials,
Until these substances are identified and conceatrations
seasured, maximm protection may be necessary.

- ¥i{sidble emissions: Vvisible air emissions from leaking
contalnars or railroad/vehicular tank cars, as well as
smoke from chemical fires and others, indicate high
potential for concentrations of substances that could be
extrema respiratory or skin hazards,

- Job functions: Initial site entrtes are generally walk-
throughs In which instruments and visual observations
are used to make 3 preliminary avaluation of the hazards,
{n inftial site entries, Level! A should be worn when:

-- there is a probability for exposure to high con-
centratiaons of vapors, gases, or particulates.

-~ substances are known or suspected of being extremely
toxic directly to the skin or by being absorbed.

Subsequent entries are to conduct the many activities needad
to reduce the environmental fmpact of the itnctdent, Levels
of Protectfon for later operations azre based not only on data
obtained from the inftial and subsequent envfronmental monf-
toring, but also. on the probability of contamination and sase
of decontamination.

Examples of situyations whire Lavel A has been worn ara:

- Excavating aof soll to sample buried drums suspected of
containing high concentrations of dioxin,

- Enterfng & cloud of chlorine to repair a value broken in a
raiiroad accident,

- Handling and moving drums known ta contain oleum.

- Responding to accidants invalving cyanide, arsenic, and un-
diluted pesticides,

The fully encapsulating syit provides the M ghest degree of
protection to skin, eyes, and respirataory systea 1f the suit
materfal resists chemicals during the time the suit 1z worn,
While Level A provides maximms protectfon, all suit material
miy be rapidly permeated and degraded by certain chemicals



from extremely high air concentrations, splashes, or immersion
al beots or glaves in concentrated liqu1ds or sludges, These
ltmitations shauld be recognized when spectfying the type of
fully encapsulating suft. Whenever possible, the suift
material should be matched with the substance 1t 15 ysed
to protect agaimst.
8. Level B Pratection
1. Personnel protective equipment

- Supplied-air respirator [HSHAIH!OSH approved),
Respirators may be:

~= pressura-demand, sslf-contafned breathing apparatus
or

-- pressure-demand, airline resptrator (with ascape bottle
for IDLH, or potential for IDLH, atms¢sphere)

- Chemical-resistant clothing [overalls and long-sleeved
Jacket: hooded, ene or twa-piece chemical-splash suilt:
disposable chemical-resistant, ane-piece sufts)

-~ Long cotton underwear*

- Caverallse*

- Gloves (ocuter), chemical-resistant

- Gloves {finner}), chemical-resistant

- Boots [(outer), chemical-resistant, <teel toe and shank

- Boot covers (outer), chemical-resistant [disposable)*

- Hard hat (face shield)*

- 2-May radio commnications* [fntrinsically safe)

2. Criteria for selection

Meeting any one of these critaria warrants use of Level B
protection:

- The type and atmospheric concentration af toxic substances
has been tdentified and requires a high level of respira-
tery pratectfon, but less skia protaction than Level A.
These would be atmospheres:

*Optional



-- with concentrations Immediately Dangerous to Life and
Health, but substance or concentration in the air
does not represent a severe skin hazard

or

-~ that do not meet the selection criteria permitting the
use of atr-purifying respirators.

The atmosphere contalas less than 19,53 oxygen,

It 1s highly unlikely that the work being dona will generate
high concentrations of vapors, gases or particulates, or
splashes of material that will affect the skin of personnal
wearing Level B protection,

Atmosphertc concentrations of unidentified vapors or gases
are indicated by direct readings on Instruments such
as the FID or PID or similar instruments, but vapors and
gases are not suspected of containing high levels of
chemicals toxic to skin, (See Appendixes [ and 11.)

3. Guidance an selection

b.

Level B does not afford the saxfeum skin (and eye} pro-
tection as does & fully encapsulating suit since the
chenical-resistant clothing 1s not considered gas, vapar,
or particulate tight. However, & good quality, hooded,
themical-resistant, one-plece garmant, with taped wrist,
anklas, and hood does provides a reasonable degree of
protection against splashes and to )ower concentrations {n
alr. At amost abandoned harardous waste sites, ambient
atmospheric gas or vapor levels have not approached concen-
trations sufficiently high to warrant Level A protection,
In a1l but a few circumstances {where highly toxzic mater-
1als are suspected) Level B should provida the protection
needed for initial entry. Subsaquent operations at a site
require a reevaluation of Level B protection based on the
prcbability of being splashed by chemicals, their effect
ocn the skitn, the presence of hard-tg-detect asir contaie-
inants, or the generation of highly toxic gases, vapors,
or particulates, due to the work being done.

The chemical-resistant clothing required in Level B s
available in a wide variaty of stylss, materfals, construc-
tion

detail, and perseability. One or two-piece garments are
available with or without hoods, Disposal suits with 2
variety of (fabrics and design characteristics zre 2lso
avaflable. Taping Joints batween the gloves, boots and
su;%, and betwegen hood and respiratar reduces the pose
siblity



C,

C. Llevel

for splash and vapor aor ga2s penetration. These factors
and other selection criteria all affact the degree of
grotection afforded. Therefore, a specialist should
setect the most effective chemtcal-resistant clothing
based on the Xnown or anticipated hazards and job function.

Level B equipment does provides a high level of protectian
to the respiratory tract. Generally, if a self-contained
breathing apparatus is required for respiratory protection,
selecting chemical-resistant clothing {Level B) rather than
3 fully encapsulating suit (Level A) is based on meeding
less protection against known or anticipated substances
affecting the skin, Level B skin protection 13 selected
by:

- Comparing the concentrations of known or fidentiffied
substances in air with skin toxicity data.

- Qetzmaining the prasence of substances that are destruc-
tive to aor readily absorbed through the skin by liquid
splashes, wnexpected high levels of gases, vapor, or
particulates, or other means of direct contact.

- Assessing the effact of the substance {at fts measured
air concentrazions or potential for splashing} on the
small areas left unprotectad by chemical-resistant
clething. A hooded garment taped to the mask, and
boots and gloves taped to the suit further reduces &rea
of expysure,

For initial site entry and reconnajssance &t an cpen site,
appraaching whenever possible from upwind, Level B protec-
tion (with good quality, hooded, chemical-resistant cloth-
ing) showld protect response personnel, providing the
conditions described in selecting Level A are known or
judged to be absent.

C Protection

1. Parsonnel protective equipment

Alr-purifying respirator, full-face, canister-equipped
{MSHA/RIOSH appraved)

Chemfcal-resistant clothing (coveralls; hooded, one-ptece
or two-piece chemical splash suit; chemical-resistant hood
and apron; disposable chemical-resistant coveralls)
Coveralls®

Long cotton underwedr®

Gloves (outer), chemtcal-resistant



2.

Gloves [inner}, chemical-resistante

Boots ({outer), chemical-resistant, Steel toe and shank
Boot covers (outer), chemical-resistant (disposable)*

Hard hat (face shield*)

Escape mask*

2-Vay radio communications® {inherently zafa)

Criteria for selection

Meeting all of these criteria permits use of Leval C protec-
tion:

- QOxygen concentrations are not less than 19.5¢ by volume,

- MWeasured air concentrations af fdantified substances will
be reduced by the respirator below the substance's thres-
hald 1imit value (TLYV) and the concentration 1s within
the service 1imit of the canister.

- 'Atmospheric contaminant concentrations do not exceed IDLH
levels,

- Atmospheric contaminants, 1iqufd splashes, or other
direct contact will not adversemly affect any body area
Taft unprotected by chemfcal-resistant clothing.

- Job functions do not require self-contained breathing
apparatus.

= Direct resaings are a few ppms above background on in-
struments such as tha FID or PID. (See Appendices ! and
11.)

3, Guidance on selection

*Optional

a. Level ¢ protectfon {s distinguished from Level B by the

equipment used to protect the respiratory system, assuming
the same tvpe of chemical-registant clothing is used. The
main selection critarion for Level C 13 that conditions
permit wearing air-purifying respiratars,

The air-purifytng device myust be a full-face respirator
{MSHA/NIDSH approved) equipped with a canister suspended
from the chin ar on a harness, Canisters must be able to



remgve the substances erncountered. Quarter-or half-masks
ar cheskcartridge, full-face masks should be used only with
the approval of & qualified individual,

[n addition, a fyli-face, atr-purifying mask can be used
only tf:

- Substance has adaquate warning prapertias.
- [ndividual passes a qualitative fit-test for the mask,

- Appropriate cartridgefcanister is used, and its service limit
concentration 1s nat exceeded.

b, An air survaillance program 15 part of all response opera-
tions when atmospheric contaminatfon 15 knowm or suspected.
1t 1s parttcularly f{sportant that the air be thoroughly
monitored when personnel are wearing air-purifyfng
respirataors,

Pertodic surveillance using direct-reading fnstruments and
air sampiing is needed to detect any changes fn air gquality
necessitating a higher level of respiratory protection.

c. Level C protection with a full-face, air-purtfying respi-
rator should be worn routinely in an atmosphere only after
the type of air contaminant 1s identified, concentrations
measured and the criteria far wearing air-purifying respi-
rator met, To permit flexibility in precrtbing a Level of
Protectfon at certain environmental {ncidents, a specfalist
could consider using air-purifying respirators tn uniden-
tified vapor/gas concentrations of a few parts per million
above backgraund as fadicated by a needle deflaction on the
FID or PID. However a neadle deflection of a few parts per
millfon above background should not be the sale criterfon
for selecting Level C. Since the individual components may
never be completely fdentified, a decision on continuous
wearing of Level C must be made after assessing all safety
considaratfons, including:

- The presence of {or putential for) crqanic or inorganic
vapors/gases against which a canister §s ineffective or
has a short service 11ife,

-  The known (or suspected) presence {n afr of substances with
low TLY¥s or [OLH levels.

- The presence of particulates tn afr,
= The errars asscciated with both the instruments and monitoring
*Opthnal
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til.

procedures used.

- The presence of (ar potential for} substances in air which do
aot elicit a response on the instrument used.

- The potential for higher concentrations in the amdient
atmosphere or in the air adjacent to spacific site
operations.,

d. The continuous use of air-purifying respirators {Level ()
must be based on the I{dentification of the substances
contributiag to the total vapor or gas concentration and
the application of publfshed criteria for the routine use
of atr-purifying devices. Unidentified ambient concen-
trations of organic vapers or gases in air approaching or
exceading 3 few ppm abave background require, &5 & minimum,
Level B protection.

Level (0 Protection

1. Persoanel protective equipmant
- Coveralls

Gloves®

Boots/shoes, 1eather or chemical-resistant, steel toe 23
shank

Safety glasses or chemical splash goggles*

Hard hat (face shield)*

2. Criteriz for selection
Meeting any of these critesia a)lows use of Level D protection:
- No contaminants are present,

= ¥York functions preclude splashes, femarsion, or potential for
unexpected {nhalation of any chesicals,

Level D protaction is primarily a work uniform. It cem be
worn only in 2ereas where there 1s no possibility aof
contact with contamination.

PROTECTION IN UNXMOWF ENVIROMMENTS

In 211 1incident response, sealecting the zppropriate personnel! pro-
tection equipment 15 one of the first steps in reducing health
effects from toxic substances. Until the toxics hazards st an
environment2] incident can be {identified and personnel safety



D.

I,

procedures used.

- The presence of (or potential fer} substances in air which do
not effcit 3 response on the instrument used,

- The potential for higher concentrations in the ambient
atmosphere of tn the alr adjacent to specific site
operations,

d. The continuous use of air-purifying respirators (level C)
must be based on the {dentifi{cation af the substances
contribyting to the total vapor or gas concentration and
the application of published criteria for the routine use
of alr-purifying devices. Unidentified ambient concen-.
trations of organic vapors or gases 1n air approaching or
exceeding a few ppm above background require, &8s & min{mum,
Level B protection.

Level D Protection

1. Personnel protective equipmant
- Coveralls

- Glovaes*

- Boots/shoes, leather or chem{cal-resistant, steel toe and
shank

- Safety glasses or chemical splash gogqles®
- Hard hat (face shield)*
¢. Criteria for selection
Mesting any of these crfteria allows use of Level D protection:
- WMo contaminants are present.

- MNorx functions preclude splashes, immersion, or patential fer
unexpected inhalation of any chemicals.

Level D protection fs primarily a work uniform, It cam be
worn only in areas where thare 1s no possibility of
contact with contamination,

PROTECTION [N UNKMOWM ENVIRQMMENTS

in al1 incident response, selecting the sppropriate personne! pro-
tectton equipment 1s one of the first steps ta reducing health
effects from toxic substances, Until the toxics hazards at an
environmenta) incident can be {dentified 2and personnel safety






c.

factors 211 1increase physical strass and the potenttal of
accidents, In particular the necessity for selecting Level A
protection, should be belancad against the increased probability
of physical stress and accidents. Level B and C protection
somawhat reduces accident probability, because the squipment is
lighter, Tess cumbersome, and vision problems less serfous.

Afe Surveillance

A progriam must be established for routine, perfodic afe survell-
lanca. MWithout an air surveillance program, any changes could
go undetected and jecpardize rasponse parsonnei, Surveillance
can be accomplished with various types of alr pumps and f11-
tering devices folitowed by amalysfs of the filtering media;
portahle resl-time monitoring {nstruments located strategically
on-s51te; personal dosimeters; and periodic walk-throughs by
persannel carrying direct-reading instruments. (See Part 8)

Decisfon - Logic for Salecting Protective Clothing

Mo adequate criteria, simjlar to the respiratory protection
decis{on-logic, ara avaflable for selecting protective ¢lothing.
A concentration of & known substance in the air approaching a TLY
or perwtssible exposure limit faor the skin does not automa-
tically warrant a fully encapsulating suit. A hooded, high
quality, chemical-resistant suit may provide adequate pro-
tection. The selection of Level A cvar Level B 13 a judgaent
that should be made by a qualified individyal considering the
following factors:

« The physical form of the potential contiminant. Airborne
substances &re more likely for body contact with parsonnel
wearing ncn-encapsulating suits, since they are not consid-
ered to be gas or vapors tight.

-~ Effect of the material on skin:

=~ highly hazardous substances are those that are easzily
absorbed through the skin causing systemfc effects, or
that cause sevare skin dastruction. Skin contact with
1tquids are genarzlly more hazardous than vapors, gases
and particulates.

== 1ess hazardous substancas are those that &rs not easily
absarbed through the skin causing systemic effects, or
that do not cause severe skin destruction

- Qoncentraticon of the material - the higher the concentration,
the higher the eisk af harm.
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- The potential for contact with the mataerfal due to work
function and the prebabllity of direct expesyre to the small

ared of skin unprotected by Level B or C chemical-resistant
ctlothing,

Chemicals Toxic¢ to Skin

The chemicals listed in Appendix 11l are identtfied in the Qf!}
and Hazardous Materials Technical Assistance Data Base System
(OMMTADS) as having adverse skin effects ranging from irritation
to absorptton into the body, Xnowledge concerning the presence
or absence of these matertals could be useful in selecting the
necessary Level of Protectfon. Othar substances affecting the
skin, but not listed 1n OHNTADS, may be present, TYherefore, a
major effort should be made to tdentify 211 substances.

Atmospheric Conditians

Atmospheric conditions <uch as stability. tesperature, wind
directior, wind velocity, and barometric pressure determine the
behavfor of contaminants in air or the potential for volatile
material getting into air. These parameters should be conszid-
ered in determining the need for and Level of Protection
required.

Work in Exclusion Zone

For operations 1in the Exclusion Zone (arez of potential con-
tamination), different Lavels of Protection may be selected,
and various types of chemical-resistant c¢lothing worn., This
selection would be based aot only on measured alr concen-
trattons, but 21so on the job function, reason for being 1n the
area, the potential for skfa contact or tnhalation of the
materials present, and ability to decontaminate the protective
equipsent used, (See Part 8)

Escape Masks

The use of escape masks is &n option in Level C protection, A
specialfst should determine their use on & case-by-case basis.
Escape masks could also be steategically located or-stte in areas
that have highar possibilities for harmful exposure.

YAPOR OR GAS COMCEMTRATIONS AS IMDICATED BY DIRECT-READING INSTRUMENMTS

[nstruments such as the FID and PID can be used to detect the presence
of many organic vapors or gases elther as single compounds or mixtures.
Dial readings are frequently referred to, espectfally with unidentified
substances, as total vapor and gas concentrations ({n ppm), MKore



correctly they are deflections of the needle on the dial indicating
&n instrument response and does not directly relate to total concen-
tration in the &ir. As a quide to selecting Leval of Protecttions,
based on dial readings response, the following valyes could be used.
Theyishould not be the sole criteria for selecting Levels of Pro-
tection.

Dial Reading Level of Protection

Background te 5 ppa c
above dackground

S ppm above background B
to 500 ppa

S00 ppm above backgraund A
to 1000 ppm

Yapor or gas concentration, as {ndicated by the readout on instruments
such as the FIDs or PIDs are a useful adjunct to professional judgment
in selacting the Level of Protection to be worn in an unknown envi-
ronment. It should nat be the single selection criterion, but should
be considered with all other available {nformation. Total vaper or
gas concentration as selection criteria for Levels of Protection
should only by used by qualified persons thoroughly familiar with the
information contained in Appendices I and [1,
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PART &
SITE CONTROL - WORK ZONES

INTROCUCTION

The activities required during responses to iancidents tnvolving
hazardous substances may contribute to the umeinted movement of con-
taminants from the site to uncontaminated areas. Response personnel
and esquipment may become contaminated and transfer the material into
clean aress, Material may become airborne duz tao its valatility or
the disturbance of contaminated sofl may cause it to become wind-
blown. Tao minimiie the tra2nsfer of hazardous substances from the
site, contamination control procedures are needed. Two oQeneral
methods are ysed: establishing site work zones (discussed here) and
rl}:-wing contaminants from people and equipment (discussed in Part
7).

COMTROL AT THE SITE
A site sust be controlled to reduce the passibility of: 1) contact
with any contamfnants present eand 2) removal of contaminants by per-
sonnel or equipment leaving the site. The possibility of exposure or
translacation of substances can be reduced or elisinated in a number
aof ways, includfng:

- Settfng up security and physical barriers to exclude unnecessary
persenael {rom the genecal area.

- Mintmizing the number of personnel and equipment on-site consistent
with effective operations,

- Establitshing work 20nes withian the site.

- Establishing control points to requlate access to work zones,

- Conducting operatiaons tn & manner to reduce the axposure of person-
nel and equipment and to aliminate the potential for airborne
dispersion.

+~ Implementing appropriate decontam{nation procedures,

WORX ZOMES

One method of preventing or reducing the sigration of contaminants
is to delineate 2ones on the site {n which prescribed oparations occur,
Movement of personnel and equipment between zones and ontn the site
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C.

Different Levels of Protection in the Exclusion 2oae might 2also
be designated by job assigerment. For example, callecting samples
from open containers might require Level B protection, while for
walk-through ambient &1r monitoring, Level C protection might be
suffictent, The assigmment, when appropriate, of different
Levels of Protection within the Exclusion 2oae generally makes
for a more flexible, effective, and less castly operation while
still maintaining & high degres of safety.

Zone 3: Support lone

The Support Zone, the outermost part of the site, is considered a
noncontamindted or clean area. Support equipment (command post,
equipment trafler, etc.) 15 Jocated fin the 20ne; traffic s
restricted to authorized rasponse persoanel. Since normal work
clothes are appropriate within this zona, patentialiy contaminated
personnel clothing, equipment, and samples are not permitted, but
are left tn the Contaminatton Reductlon Zone wuntil they are
decontaminated.,

The location of the command post and other support facilities ia
the Support Zone depends on & number of factors, 1ncluding:

- Accessibility: topography; open space available; locatfons of
highways, railrocad tracks; or other Jimitations.

= ¥Wind direction: preferably the support facilities should be
located upwind of the Exclusfon Ione. However, shifts in
wind direction and other conditions may be such that an {deal
location based on wind direction alone doss not exist.

= Resourtes: ddegvate roads, power 1ines, water, and shelter,
Zocne 2: - Contamination Reduction Zone

Between the Exclusian Zone and the Support Zone s the Contamipa-
tion Reduction Zone which pruvides a transition Detween contim-
inated and clean zones. Zone 2 serves as & buffer to further
reduce the probability of the claan zaone becoming contaminated or
betng affected by other existing hazards, [t providss additional
assurance that the physical transfer of contaminating substances
on people, equipment, or in the air is limited through a comdina-
tion of decontamination, distance between Exclusion and Support
Zones, air dilutfon, 20ne restrictfons, and work functions.

Initially, the Contamination Reduction Zone iz considared to be a
noncontaminated area. At the bourndacy between the Exclusion and
Contamination Reduction lonas, Contmination Reduction Corrtdors
(decontamination stations) are established, one for personnel
and one for heavy equipsent. Depending on the size of the opara-
tion, more than two corridors may be necessary, Exit from the



Exclusien Zone 1¢ through a Contamination Reduction Corridor. As
operations proceed, the areaz around the decantaminatfem station
may become contiminated, but to & much lesser degresa than the
Exciusion Zene. On a relative dasis, the amount of contaminants
shauld decrease from the Hotline to the Support Ione due to the
distance invelved and the decontamtnation procedures used.

The boundary between the Support Zone and the Contamination Reduc-
tion Zone, the Contamination Coatrol Line, separates the possibly
low contamination area from the clean Support Zone. Access to
the Contamination Reduction Zene from the Support Zone {s through
a coatrol point, Persannel entering there would wear the pre-
scribed personnel protective equipment, 1f required, for working
in the Contamination Reduction Zone. Entering the Support Zone

requires removzl of any protective equipment worn in the Contami-
nat{on Reduction Zone,

fo QOTHER CONSIDERATIOHS

A.

Modtfications

The uze of a three-zone system, access contraol points, and exac-
ting decontamination procedures provides & reasonable assurance
against the translocation of contaminating substances, This site
control system {35 based on & worst case situation. Less string-
ent site control and decontamination procedures may be utilized
{f more definitive informatfon 15 available on the types of
substances {nvolved and hazards they present. This information
can be obtained through atr monitoring, instrument survey and
sampling, and technical data concerning the characteristics and
behavior of material present.

Ared Dimensiaons

The distanca betwaen the Hotline, Contamination Control Line, and
command post and the size and shape of each zone have to be based
on conditions specific to each site (Figures 6-2 and 6-3)}. Con-
siderable judgment 1s needed to assure that the distances between
2one boundaries are large encugh to allow room for the necessary
operations, provide adequate distances to prevent the spread of
cantaminants, and elfefnate the possidblity of {njury due to ex-
plesion or fire. Long-term operations would fnvolve develeping
reasonable methods (for exampie, air survelllance, swipe testing,
and visible detertoration) to determine {1f material is bdefng
transferred between 20nee and to assist {n modifying site bound-
aries,

The following criteria should be considered 1n establishing area
dimeasians and boundarfes:



- Physical and topographical features of the site,
- Weather conditions.

- Fialdflaboratory measurements of air contaminants and environ-
mental samplas.

= Alr dispersion calculations,
- Potential for explosion and flying dabris.

=~ Physical, chemical, toxjcologfcal, and other characteristics of
the substances present.

= Cleanup activities required.

- Potential for fire,

- Area needed to conduct operations.

~ Decontamination procedures,

- Potenttal for exposure.

- Proximity to residentfal or industrial areas.
Monitoring and Sampling

To verify that site control procedures are preventing the spread
of contamination, a wmonitoring and sampling program should be
established, The Support 2one should be pericdicaliy monitered
for air contaminants using direct-reading {instruments and col-
lecting air samples for particulate, gas, or vapor analysis,
Anatysis of soi! samples collected in the most heavily trafficked
ared would {ndicate contaminants being carried from the Exclusion
lane by personnet, equipment, or wind, OQOccassional swipe tests
should be taken in traflers and other areas used by personnei.

These same types of samples should be collected and air monitored
in the Contaminatien Reduction Zene. Increased concentrations in
air or other envirommental media may tindicata a breakdowm 1a
contral over the Contimination Reduction Corridor, {ineffective
decontamination procedures, or fallure to restrict site access,
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PART 7
SITE CONTROL - DECOMTAMINATION

INTROCUCTION

Personnel responding to hazardous substence 1incicdents may become
contaminated in 2 number of ways including:

- Contacting vapors, gases, mists, or particulates in the air.
= Being splashed by materials white sampling ar aopening containers.
- Walking through puddles of 1liquids or on contaminated sofl.
- Using contaminated fnstruments or equipaent,

Protective clothing and respirators help prevent the weéarsr from
becoming contaminated or {nhaling contaminants; while good work
practices help reduce contamination en protectfve clothing, instru-
ments, 2nd equipment,

Even with these safeguards, contamination may <occur, Haraful mate-
rials can be transferred 1nto clean areas, exposing unprotected
personnel, In remaving contaminated clothing, perscnnel may contact
contaminants on the clothing or {nhale them, To preveant such accur-
rences, matheds to reduce contamination, and decontamination procad-
ures must be daveloped and established before anyone enters a site
and myst continue (modified when necessary) throughout site opera-
tions.

Decontaminatfon coasists of physically removing contaminants or

changing their chemical nature to fnaccuous substances. How extensive
decontamination must be depends on 2 numbar of factors, the most
{mpartant being the type of contaminants involved, The more harmful
the contaminant, the more extensive and thorough decontaminatian must
be. Less harsfyl contaminants may require less decontamtnation,

Cosbining decontaminatior, the correct method of doffing personnel
protective aqupment, and tha use of site work zones minimizas cross-
contamination from protective clothing to wekrer, eguipsent to
persaonnel, and one area to another, Only general gufdance can be
given on methods and techniques for decontamination. The exact
procedyre ta use sust be datermianed after evalyating 2 number of
factors specific te the incident.

PRELIMIHARY CONSIDERATIONS
A. Initi3l Planning



The initial decontamination plan assumes all personnel and equip-
ment. leaving tha £xclusion Zone {area of potenttal contamination)
are grossly contaminated. A system 15 then set up for personnel
dacontamination to wash and rinse, at least once, all the pro-
tective equipment worn. This 1s done in combination with a
sequential doffing of protective equipment, starting at the first
station with the most heavily contaminated item and prugressing
to the last station with the least caontaminated article. Each
plece precedure requires a separate station,

The spreed of contaminants during the washing/doffing process fis
further reduced by separating each decontaminaticn station by a
minimum of 3 feet. I1deally, contaminatfon shauld decrease as a
person moves from one stétfon to another further along in the
line.

While planning sfte operations, methads should be developed to
prevent the contamination of people and equipaent, For example,
using remotz sampiing technigques, not opening containers by hand,
bdagging monitoring Instruments, using drum grappiers, witering
dosm dusty areds, and not walking through areas of cbyicus con-
tamination would reduce the probability of becoming contaminatad
and require 3 less elaborate decontaaination procadurs.

The fnittal decontamination plan is based on a worst-case s$itu-
ation or assumes no Information 1s available about the incident,
Speci1fic conditions at the site are then evaluated, including:

« Type of contamfnant.

« The amount of contamination,

- Levels o protection required,

- Type of protective clothing worn.

The {nitfal decontamination plan iz modified, eliminating unneces-
sary stations or otherwise adapting it to site conditions. For

instance, the fnitial plan might require a complete wash and
rinse of chemical protective garment.. 1f disposadle gQarments
are worm, the wash/rinse step could be omitted. WMearing dis-
po.able bout cCovers and gloves could eliminate washing and
rinsing these (teas and reduce the number of stations needed,

Contémination Reductton Corridor

‘An ared within the Contamination Reduction Zpne 15 designated the

Contaminatfon Reduction Corridor (CRC). The CAC controls accass
fnto and out of the Exclusion Ione and confines decontamination
activities to 2 limited ares. The stze of the corridor depends
on the number of stations In the decontamination procedure,






overall dimensions of work control 2onés, and amount of space
dvailable at the site, A carridor of 75 feet by 15 feet should
ba adequate for full decontamination. Whenaver possible, it
should be a straight path,

The CRC boyndaries should be consptcuously marked, with entry and
exit restricted. The far and {3 the hotline - the boundary
between the Exclusion Zone and the Contamination Reduction Zone.
Personnel exiting the Exclusion Ione must go through the CRC.
Anyona in the CRC should be wearing the Level of Protection
designated for the decontamination crew. Another coeridor may be
requtred for heavy squipment reeding deContamimation, Within the
CRC, distinct areas are set astde for decontamination oF person-
nel, portable field equipment, remgved clothing, etc. These
areas should be marked and personnel restricted te those wearing
the appropriate Level of Protection, Al activities within the
corridor are confined to decontamination,

Parsonnal protectiva clothing, resptrators, monitoring equipment,
and sampling supplias are 411 maintained outside of the CRC,
Parsonne]l don thelr protective aquipaesnt away from the CRC and
entar tha Excluzion Zona through a separate accaas control point
4t the hotline,

[Il. EXTENT OF DECOMTAMINATION REQUIRED

A.

Nodifications af [nitial Plan

The original dscontamination plan sust be adepted to specific
conditions found at Incidants. These conditfons may require more
or less personnel decontamination than planned, depending on 2
aumber of factors.

1. Type af Contaainant

The extent of personnel decontamination depends on the effects
the contaninants have con the body. Contaminants do not ex-
hibit the same degree of toxicity (or othar hazard). When-
ever it is known or suspected that parsonnal can becoma
contaminated with highly toxic or skin.destructiva substances,
a full decontamination procedure should be followed. 1f less
hazardous satarials are involved, the procedure can be down-
graded.

2. fmount of Contamfnation

Tha amount of contamination on protective ¢lothing fs usually
determined visually, [f 1t 15 badly contaminated, a thorough
decontemination {5 generally required, Gross materizl reszin-
ing on the protective clothing for any extended period of
time may degrade or permeate 1t, This 1ikelihood increases
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with higher air concentrations and greater amauats of 1iquid
contanination., Gross concamination also increases the praba-
bility of personnel contact. Swipe tests may help determine
the type and quantity of surface contaminants.

Level of Protection

The Leve! of Protection and specific pieces of clathing worn
determine on 2 preliminary basis the layout of the decontamtn-
ation lipe. Each Level of Protection incuorporates different
problems in dacontamination and doffing of the equipment. for
example: decontamination of the harness straps and backpack
assembly of the seif-contained breathing apparatus fs dif-
ficult., A butyl rubber apron worn over the harness makes
decontamination easier. Clothing varfations and different
Levels of Protection may require adding or deieting stations
in the original decontamination pracedure.

Work Function

The work each person does determines the potential for contact
with hazardous materials, In turn, thic dictatas the layout
of the decontamination line., For example, abservers, photo-
graprhers, operators of air smplers, or others in the Ex-
clusion 2anma performing tasks that will mot bring them 1in
contact with contaminants may not need to have their garments
washed and rinsed, Qthers 1n the Exclusion Zone with a
potential for direct contact with the hazardeus materfat will
require more thorough decoatamination, Different decontamin-
ation ltnes could be set up for different job functions, or
certain stations fn & line could be omitted for personnel
perforaing certain tasks.

Lacation of Contamination
Contamination on the upper areas of protective clothing poses

a greater risk to the worker because volatile ounds oay
generate a hazardous breathing concentration both for the

-worker and for the decontamination personnel. There is alse

an increased probability 'of contact with skin when doffing
the upper part of clothing.
Reason far Leaving Site

The reason for leaving the Exclusion Zone 31so determines the
need and extent of decontamimation. A worker leaving the
Exclusion Zone to pick up or drap off taols ar {instruments
and iomediataly returning may not require decontamination. A
worker leaving to gat a new afr cylinder or to change a
respirator or canister, however, way require some degree of
decontamination. Individuals departing the CRC for a break,
lunch, or at t'z end of diy, sust be tharoughly decontaminated.

p-48



Effectiveness of Decontaminatiga

There 1s no =athod to {mmediately determine how effective decon-
tamfnation 15 1n removing contaminants. Oiscolorations, staims,
torroslve effects, &nd substances adhering to objects may in-
dicate contaminants have not been removed. However, observable
effects only Indicate surface contamination and not permesztion
{absorption) Inta clothing. Also many contaminants are not
easily observed.

A mathed for determining effectiveness of surface decontamination
fs swips testing. Cloth or paper patches - swipes - are wiped
over predetarmined surfaces of the suspact object and analyzed in
a leboratory, 0Ooth tha Inner and outer surfaces of protactive
clothing should be swips tasted. Positive indications of both
sets of swipas would indicate surface contamination has aot been
femoved and substances have penetrated or perseated through the
garment. Swips tests cian also be dene on skin or inside clothing,
Permeation of protective garmants requlires laboratary andlysis af
a plfece of tha material., Both swipe and parmeation testing
provide after-the-fact informatfon. Along with visual obser-
vations, results of these tests can help evaluate the effec-
tivenass of decontamination.

£quipment

Dacontamination equipment, materials, and supplies are gsnerally
satacted based on availability. OCther considerations are aase of
equipment decontamination or dfsposabliiity, Most equipment and
suppiies can be easily procured. For example, soft-bristle scrub
brushas or long-handle brushes are used to remove contaminants.
Water fn buckets or garden sprayers s used for rinsing. Large
¢elvanizad wash %ubs or stock tanks ¢3n hold wash and rinse
sglutions. Children’s wading pocls can 2lsc bs used. L3rge
plastic garbage cans or other similar containers 1ined with
plastic bags store contamineted clothing and equipment. Contaa-
{nated 1iquids can be stored temporarily in metal or plastic cans
or drums. QOther gear includes paper or cloth towels for drying
protective clothing and equipment.

Decontamination Solutiaon

Personne! protectiva squipment, ssmpling tools, and other equip-
ment are usually decontaminated by scrubbing with detergent-water
using a  soft-bristle brush followed by rinsing with copious
smounts of water. Hhile this process may not be fully effective
in removing sSome contaminants {or 1n a few cases, contaminants
sy react with water), it ts a relatively safe option compared
with usiag a chemical decontaminating solution., This requires
that the contaminant be f{(dentified. A dacon chemical 15 then
needed thet will change the contaminant into a less harmfy}
substance. Espectally troudlesame are unknosm sSubstances or
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aixtures from 3 variety of known or onkntwn substances. The
appropriate decontamination sofution must be selected 1a consul-
tation with an experienced chemist.

Establ ishment of Procedures

Once decontamination procedyres have been established, all person-
nel requiring decontamination must be given precise {nstructions
(and practice, 1If necessary). Compliance must be (requently
checked. The time ft takes for decoatamination must be ascer-
tained, Persennel wearing SCBA's must leave their work area with
sufficient air to walk to CRC and go through decontamination.

Y. DECONTAMINATLIOM DURING MEDRICAL EMERGENMCIES

A.

8asic Considerations

Part of averall pianning far tncident responss 1 managing medical
emergencies, The plan should provide for:

- Some response team members fully tratned in first afd and CPR.

« Arrangements with the nearest medical facility for transporta-
tion and treatment of injured, and for treatment of personrel
suffering from exposure to chemfcais.

- Consultation services with a toxicologist,
= Emergency eye wishes, showers, and/or wish stations,
~ First ald kits, blankets, stretcher, and resuscitator.

In acd{tion, the plan should establ ish methods for decontaminsting
personnet with sedical prablems and 1injuriea, There 4z the
possibtltty that the decontamination may aggravate ar cause sore
serfous health effects. If prompt life-seving fiest aid and
medical treatment 15 required, decontamination procedures should
be amitted, iHhenever possible, response personnel should accom-
pany contaminated victims to the medical facility to advise on
matters invelving decontamination.

Physical [njury

Physical tnjuries canm range from 3 spriined ankle to a compound
fracture, from & minar cut to massive bleeding, Depending on the
seriousness of the Injury, treatment mey be given at the szite by
teained response personnel,. Far more serious injuries, additienal
sssistance m3y be required at the site or the victém may have to
be trezted at a wmedical facility.
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Life-saying care should be instituted immediately without consid-
ertng decontaaination. The outside garments can be removed
(depending on the weather) 1f they do not cause delays, Interfere
with treatment, or sggrzvate the proablem. Respicators and back-
pach assembifes must alwsys be removed. Fully encapsulating
suits or chesical-resistant clothing can be cut away. If the
outer contasinated garwments cannot be 1afely removed, the 1ndivid-
ual should ba wrapped In plastic, rubber, or blankets to help
prevenmt contaminating the insice of apbulances and medical person-
rel, Outside garments are then removed at the medical) facility.
No attespt should bde made ta wizh or rinse tha victim at the
site. One exception would be 1f 1t {5 kpown that the Iindivideal
has bsen contamindted with an extremely toxic or corrosive
satarial which could also cause severe injury or loss of Ti{fe,
For minor medical probleas or injuries, the normel decontamination
pracedure should be Followed,

Heat Stress

Heat-related 11inesses range fros heat fatigue to haat stroke,
the most serious. Heat stroke requires prompt traatment to
prevent {rraversidle demdge or death. Protective clothing may
have t0 be cut off. Less serious forms of heat stress require
prompt attention or they may lead toc a heat stroke. Unless the
victim 1s obviously contaminated, decontimination should be
omitted or sinimized and treatment bequn {mmedtately.

Cheaical Exposure
Exposure to chemicals can ba divided into two categories:

- [njuries from direct contact, such as acid burns ¢r {nhalation
of tox{c chomicals,

- Potential 1injory due to gross contamination on clething or
equipment.

For inhaied contaminants tredtment can only be by qualified
phystctans, If the contaaimant is on the skin or in the ayes,
{mmediate measures myst be taken to countaersct the substance's
effect. First afd treatment usually 13 fiooding the affacted
area with water; however, for a few chemtcals, witer may cause
pore severe protliems,

When protective clothing i3 grossly <ontaminated, contaminants
may be transferred tc treatment perscanel or the wearer and
cause injurfes, OUnless severs medical problest have occurred
simpltaneously with splashes, the protective clathing should be
washed off 3z rapfdly as possible and carefully removed.
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PROTECTION FOR DECOMTAMINATION WORKERS

Ehe Level of Protection wore by decontamination workers is datermined
y:

- Expected or visidle contamination on workers,

- Type of contaminant and associated respiratory and skin hazards.
- Total vapor/gas conceatrations in the CRC,

= Particulates and specific inorganic or crgan.lc vapors in the CRC,
- Results of swipe tests,

A. Level C Use

Level € includes a full-face, canister-type air-purifying
respirator, hard hat with face shield (if splash is5 & problem),
chemical-resistant boots a&nd gloves, and protective clothing,
The body covering recommended 15 chemfcal-resistant overalls with
an apron, or chemfcal-resistant overalis and jacket,

A face shield is recommended to pratect against splashes because
respirators aione may not praovide this protection. The respirator
should have a canister approved for filtaring any specific knowm
contaminants such as ammonia, organic vapors, actd gqases, and
particulates.

B. Level B Use

[n situations where site workers mey ne contaminated with un-
knowns, highly volatile 1liquids, or highly toxzic materfals,
decontamination workers should wear Level B protection.

Level 8 protectfon {ncludes SCBA., hard hat with face shield,
chemjcat-resistant gloves, and protective covering, The clothing
suggested 13 chemicel-resistant overalls, jecket, and a rudber
apron, The rubber apron protects the SUBA harnmess assembly and
reguiatoe from decoming contaminated.

DECONTAMINATIOR OF EQUIPMENT

Insofar as passible, measures should be taken to prevent contamination
of sempling and monitoring equipment., Sampling devices become con-
taminated, but monftoring instruments, uniess they ere splashed,
usually do mot. Once contaminited, {astruments are difficult to
clean without damagfng them. Any delicate {nstrument which cannot be
easily decontaminated should be protected while 1t 1s being used, [t



thould be placed in a clear plastic bag, and the bag taped and secured
zilt‘ound the Instrument. Openings are made in the bag for sample
ntake,

A. Decontamination Procedures

1. Sampling devices

Sampling devices ragquire special cleaning. The EPA Regional
Labarator{es can provide information on proper decontaminatien
mathods. :

2. Tools

Maoden tools are difficult to decontiminate because they
absord chemicals, They should be kept on site and handled
only by protected workers. At the end of the response,
wooden tools should be discarded., For decontaminating
ather toals, Regional Laboratories shayld be consulted,

3. Respiratars

Certain parts of conteminated respirators, such 43 the harness
assembly and leather or clath components, are difficuit to
decontaminate, If grossly contaminated, they may have to bs
discarded, Rubber coapanents can be soaked in soep and water
and scrubbad with a brush. Regulator: must de saintatned
according to manufacturer's recommendations. Fersons respon-
gfble for decontaminating respirators should be thoroughly
trained in respirator sajntensnce.

4. Haavy Equipment

Bulidozers, trucks, back-hoes, bulking chisbers, and cother
haavy equipment are difficult to dicontaminate, The sethod
gararally used 15 to wash them with water ynder high prassure
and/or to acrud accessible parts with detergent /witer sclution
undar pressure, §f possible, In some cases, shovels, scoops.
and 11fts have been send blasted or steam cleanad. Particular
care must be given teo those components in direct contact with
contemindnts sueh &s tires and scoops, Swipe tasts should be
utilized t¢ measure effectivensss.

8. Sanitizing of Personnel Protective Equipmant

Respirators, reusidle protective clothing, and othar personal
articles not only must be decontaminated befors being reused, but
alzo sanitized, The insida of masks and clothing becomes soiled
due to exhalation, body ofls, and perspiration. The mnufac-
turer's instructions should be used to sanftize the respirator
mask, If practical, protective clothing should be sachine washed
after § thorough decontamination; otherwfse i must be clsaned by
hand,
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C. Persistent Contamination

In some {nstances, clothing and equipment will become contamin-
anted with substances that cannct be removed by normal decontamin-
atton procedures., A solvent may be used to remove such contamin-
ation from equipment {f {t does not destroy or degrade the pro-
tective matertal, 1If persistent contaminatien {s expected,
disposable garments should be used. Testing for persistent
contamtnation of protective clothing and appropriste decon-
tamindtton must be done by qualified labaratory personne’.

D. Dispesal of Contaminated Materials

All meterfals and equipment used for decontzmination must be
dispased of preperly., Clothing, tools, buckets, brushes, and
311 other equipment that ts contaminated must be secured in drums
or other containers and {abeled. C(lothing not completely decon-
taminated on-site should dbe secured tn plastic bags before being
remaved from the site.

Contaminated wash and rinse sclutions should be contained by
using step-in-containers (for example, child’'s wading pool) to
hold spent solutions. Another contafnment methed 1s to dig 2
trench sbout 4 inches deep and line tt with plastic. Ia both
cases the spent solutions ace transferred to dryms, which are
labeled and disposed af with other substances on site.

ANNEXES

Annax 1, 2, and 3 describe bdasic decontamination procedures for a
wacker wearing Lavel A, B, or { protection. The basic decontimination
1ines {5ituation 1), consisting of approximately 19 staticns, are
almost identical except for changes necessitated by different pro-
tective ciothing or respirators. For each annex, three specific
sftuations are described in which the basic {or full decontamination)
procedure 15 changed to take intoc account differences In the extant
of contamination, the accompanying changes in equipment worn, and
cthar factors. The situations 11lystrate decontamination setups
based on known or assumed conditions at an (ncident. Wany other
variations are possible.

Annex 4 describes 3 ainimum layout for Level A personnel decontemin-
stion. The number of tnd{vidual stations have been reduced. Although
the decontamination squipment and amcunt of $pace required 1s less
than needed in the procedures previcusly described, there i3 also a
much higher prodabi{{ty of cross-contaminatien,






Station 3: Boeot Cover and Glove Rinse

Rinse of f decon solution from Station 2 using capious amounts of
water., Repeat as many times a5 necessary.

Equipment: container {30-50 gallons)
or
high-pressure spray unit
wWater
2-1 long-handle, soft-bristle scrub brushes

Station 4: Tape Removal

Remove tape araund boots and gloves and deposit In container with
pglastic limar.

Equipmant: contairer (20-30 gallons)
plastic 1Mners

Station 5: DBoot Cover Removal
Remove boot <overs and depasit in containar with plastic Tiner.

Equipment: conteiner (30-50 gallons)
plastic liners
bench or stool

Station 6: Outer Glove Removal
Remove outer glavas and deposft in container with plastic liner.

Equipsent: container (20-30 gallons)
plastic liners

Station 7: Suit/Safety Boot Wash

Thoroughly wash fully encapsulating suit and boots., Scrub suit
and boots with long-handle, soft-bristle scrub brush and coptous
moynts of dscon solution or detergent/water. Repeat as sany
times as necessary.

Equipmant: container (30-50 gallons)
decon solution
or
detergent fater
2-1 long-handle, soft-beristle scrub brushes
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Station 8: Suft/Safety Boot Rinse

Rinse off decon solution or detergent/water using copious amounts
of water. Repeat as many times 45 necessary.

Equipment: cantainer {30-50 gallons)
or
high-pressure spray unit
water
2-3 long handle, soft-bristle scrub brushes

Station 9: Tank Change
If worker leaves Exclusion Zone to change air tamk, this 15 the
last step tn the decontamination procedure, Worker's afr tank {s
exchanged, new outer gloves and boots covers doaned, and joints
taped. Worker then returns to duty.
Equipment: air tanks
tape
boot covers
gqloves
Station 10: Safsty Boot Removal
Remove safety boots and deposit in container with ptastic liner.
Equipment: container [30-50 gallons)
pltastic Tiners
bench or steol
boot Jjack
Station 11: Fully Encapsulating Suft and Hard Hat Removal

With assistance of helper, reaove fully encapsulating suit {and
hard hat). Hang suits on rack or lay out on drop Cloths,

Equipment: rack
drop cloths
banch or stool
Station 12: SCBA Backpack Removel

While still wearing facepiece, remove backpack and place on tadie,
Disconnect hose from ragulator valve and proceed ta next statien.

Equipment: table

0-52



Station 13: I[nner Glove Mash

Wash with decon solutian or detergent/water that will not harm
skin, Repeat as many times as necassary.

Eguipment: basin or bucket
decon saiution
or
detargent fwater
smz]l table
Station l4: 1mner Glove Rinse
Rinse with wate=, Repeat as many times as necessary,
Equipment: water basin
basin of bucket
smpll table
Station 15: Facepiece Hemoval

Remave faceplece. (eposit {n contalner with plastic Vlner. Avoid
touching face with fingers.

Equipment: container (20-50 gallons)
plastic linsrs

Station 16: Inner Glove Removal
Remove inner gloves and depesit In container with plastic liner.

Equipment: container (20-30 gallons)
plastic liners

Station 17: Inner Clothing Removal

Remove clothing soaked with perspiration, 213ce in container with
plastic lTiner. [nner clothing should be removed as socn as possible
since there 15 a possibilfty that saall amgunts of contaminants aight
have been transterred in removing fylly encapsulating suit,

Equipment: container (30-50 gallons}
plastic Viaers

Station 18: Fteld Wash
Shower 1f highly toxic, skin-corrasive or skin-absorbable materials

ire known or syspected to be present. Wash hends and face {f shower
1s not avatlabla.



Eguipment: water
Soap
small table
bazin or bucket
field showars
towels

Station 19. Redress
Put on clean clethes, A dressing trafler {5 needed in fnclement weather,
Equipment: <tables
chairs

tackers
clothes

C. FULL DECONTAMIMATION {SIT. 1) AHD THREE MODIFICATIONS

STATLOM NUMBER

1234|567 |89 |10 |11 |12 |13 (14 |15 (16 (17 31@ |19
Xl XJX{X] X X{X:EX X)X | X1 X1 X X1 X|lX]X|X
LIX x| XX xXi1XxX1Xx|X

X I1Xx I Xix XX XX

X X1 Xxlx

Sftuation 1: The {ndividual entering the Contamination Reduct{on
Torridor i3 observed to he grossly contaminated or extremely toxic
substances are known or suspected to be present.

Situation 2: Same as Sftuatfon 1 except individual needs new air tank
and wi¥l return to Exciusion Zone.
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Situation 3: Individual enterirg the CRC 15 expected to be minimally
contaminated. Extremely toxic or shin-corrosive materials are not
present. No outer gloves or hoot covers are worn. [nner gloves are
not contaminated,

Situation 4: Same as Situation 1 except individual needs new air tank
and w11 return to Exclusion Zone.
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AMNEX 2
LEVEL B DECONTAMINATION

EQUIPNENT WORN

The full decontamination procedure outlined {s for workers wearing
Level B protection (with taped joints hetween gloves, boot, and sult)
consisting of:

- Qna-plece, hooded, chemical-resistant splash suit,

- Self-contained breathing apparatus.

- Hard hat,

- Chemical-resistant, steel toe and shank boots.

- Bool covers

- [nner and outer gloves.

PROCEOURE FOR FULL DECOMTAMINATION

Station 1: Segregated Equipment Orop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop
cloths or {n different containers with plastic linars. Each w'il be
contaminated to a different degree, Segregation at the drop reduces
the probability of cross-cantamination,

Equipment: various size containers
plastic linaers
plastic drop cloths

Statfon 2: Boot Cover and Glove Wash

Scrub outer boot covers and gloves with decon solutien or detergent/
water,

Equipment: container {20-30 galloans)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brushes
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Station J: PBoot Cover and Glove Ringe

Rtnse off decon salution from Station 2 using copicus ascunts of
water. Repeat 3s many times as necessary.

Equipment: coatainer (30-50 gallons)
or
high-pressure spray unit
water
2-3 long-handle, soft-brigtle scrub brushes

Station 4: Tape Remgval

Remove tape around boots and glaves and deposit in container with
plastic liner.

Equipment: contalner (20-30 gallons)
plastic llaers

Statten 5: Boot Cover Removal
Remove boot cCovers and depostt in container with plastic liner,

Equipsent: coatairer (10-50 gallons)
plastic liners
bench or stool

Statfon §: Outer Glove Remaval
Resgve outer gloves and deposit in container with plastic liner.

Equipment: container (20-30 gallons
plastic Tiners

Station ?: Suit/Salety Scot Wash

Thoroughly wash chemical-resistant splash sult, SCBA, gloves, and
gsafety boots, Scrub with long-handle, soft-bristle scryd brush
and coptoys amounts of decon solution or detergent/water, ¥rap
SCBA regulator (1f belt-mountsd type) with plastic to keep oyt
water, Wash backpack assembly with sponges or cloths.

Equipment: container (30-50 gallens)
decon solution
or
detergent /water
2-3 long-hendla, soft-bristle scrub brushes
small buckets
sponges or cloths
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Station 8: Suvit/SCBA/Boot/Glove Rinse

Rinseg off decon solution or detergent/water using copious amounts
of water. Repeat &S many times as necessary.

Equtpment: container (3D-50 gallons)
or
high-pressure spray unit
water
small buckets
2-3 long-handle, soft-bristle scrub Brushes
sponges or cioths

Station 5: Tank Change
1f worker leaves ExcluSion 2one to change air tank, this 15 the last
step in the decontamination procedure. Worker's ajr tank is

exchanged, new cuter gloves and boats covers donned, and joints
taped. Morker retvrns to duty.

Equipment: air tanks
‘tape
bhoot covers
glaves
Station 10: Safety Boot Removal
Remove safety doots and deposit in container with plastic 1iner.
Equipment: container {30-50 gallons)
plastic liners
berch or stool
boot jack
Statfon 11: SCBA Backpack Removal

while 5ti11 wedring facepiece, remove backpack and place on table.
Disconnect hase from requlator valve and proceed to next station,

Equipmant: table
Station 12: Splash Suit Aemoval

With essistance of helper, remove splash suit. Deposit in container
with plastic liner,

Equipmsent: container {10-50 galloms)

plastic liners
bench or stoal
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Station 13: 1Inner Glove Wash

wash inner gloves with decon solutton or detergant/water that will
not harm skin. Repeat as many timas as necessary.

Equipment: decon soluticn
or
detergent /water
basin or bucket
small table
Station 14: Innar Glove Rinse
Rinse fnner gloves with water, Repeat as many times as necessary,
Equipment: water
besin or bucket
small table
Station 15: Facepiece Remova)

Remove facapiece. Avoid touching face with glaves, Deposit in
container with plastic liner,

Equipment: container [30-50 gallons)
plastic Tiners

Station 1&: lnner Glove Remogval
Remove inner gloves and deposit fn container with plastic 1iner.

Equipment: container (20-30 gallons)
plastic liners

Station 17: Inner Clothing Removal

Remove clothing soakad with perspiration. Place in contziner with
plastic liner. Do not wear innar clathing off-site since there is
4 possibility small amounts of contaminants might have been
trensferred in removing fully encapsulating suit,

Equipment: container (20-50 gallons)
plastic Yiners

Station 18: Field Wash
Shower 1f highly toxic, skin-corrosive, or skin-absorbatle materials

are krnown or suspected to be present. WNash hands and face $f shower
is not available.
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Sftuatign 3: [ndividual entering the CRC {5 expected to be minimally
tontaminated. Extremely toxic or skin-corrosive materials are not
present No outer gloves or boat covers are worn. [nner gloves are
not contaminated,

Situstion 4: Same as Situstion J except fndividual needs new 31r tank
and wi11 return to Exclusion Zone,
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ARNEX 2
LEVEL C DECONTAMINATION

EQIIPMENT WORN

The full decontamination procedure outlined 1s for worxers wearing
Level C protection (with taped joints between glaves, boots, and
suit} consisting of:

One-plece, hooded, chemical-resistant splash suit.

Canister equipped, full-face mask.

- Hard hat.

- Chemicsl-resistant, steel toe and shank boots.
- Beot covers.

- 1pner and outer gloves,

PROCEDURE FUR FULL JECONTAMNINATION

Station 1: Segregated Egquipment Drap

Deposit equipment used on-site (tools, sampling devices and cocnlainers,
eonitoring instruments, radios, clipboards, etc.) on plastic drop
¢loths or in different contafners with plastic Viners. Each will be
contaminated to 2 different degree. Segregation at the drop reduces
the probability of cross-contamination.

Equipment: various size contafiners
plastic liners
plastic drop cloths

Station 2: Boot Cover and Glove Wash

Scryb outer boot covers and gloves with decon solution or detergent/
water,

Equipmant: contatner (20-30 gallans)
decorn solution
or
detergent water
2-3 leng-handle, soft-bristle scrub brushes
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Station 3: Boot Cover anc [1nve Rinse

Rinse off gecon solution from Station 2 using coplous amounts of
water, Repeat as many Limes 4s necessary.

Equipment: container {(30-50 gallons)
ar
high-pressure spray unit
water
2-3 long-handle, soft bristle scrudb brushes
Station 4: Tape Rempval

Remove tape around boats and gloves and deposit in contatner with
plastic liner,

Equipment: container (20-30 galions)
plastic liners

Station 5: Boot Cover Remaval
Remove boot covers and deposit in container with plastic liner,
Equipment: container (30-50 galloas)
plastic liners
berch or stool
Station 6: Outer 6love Remova)
Remove outer gloves and deposit 1n container with plastic liner.

Equipment: container (20-30 gallons)
plastic 1inees

Statfon 7: Suit/Safety Boot Wash

Thoroughly wash 3plash suit and safety boats. Scrub with long-
handle, ioft-bristle scrud brysh and copious amounts of decon
solution or deteryent/wster, Repeat as many times as necessary.

Equipment: container (30-50 gallons)
decon solution

or
detergent fwater
2-3 1ong-handle, soft-bristle scrub brushas

Station B: Suit/Sefety Boot Rinse
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fRinse off decon solution or detergent/water using copious amounts
of water. Repeat as many times 25 necessary.

Equitpment: container {30-50 gallpns)
or
high-pressure spray unit
witer
2-3 long-h3ndle, soft-bristle scrub brushes

Station 5: Canister or Mask Change

If worker leaves Exclysion Zone to change canister (or mask), this

is the last step in the decontaminatian procedure, Worker's canister
is exchanged, new outer gloves and boots covers doaned, and joints
taped. WNorker returns to duty.

tquipment: canister {or mask)

tape
boot covers
glaves

Station 10: Safety Boot Removal
Remove safety boots and deposit in cantainer with plastic liner.

Equipment: contsiner (30-50 gallons)
plastic liners
banch or stool
boot jack

Station 11: Splash Suit Removal

With assistance of helper, remove splash suit. Deposit in container
with plastic liner.

Equipment: container (J0-50 gallons)
bench or stoo!l
1iner

Station 12: Inner Glove Mash

Magh inner gloves with decon solution or deteryent/water that will
not harm skin. Repeat as many times as necessary.

Equipment: decon solution
or
detergent /water
besin or bucket
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Station 13:. [Inner Glove Ringe
Rinse laner gloves with water., Repeat as many times as necessary,
Equipment: water
basin or bucket
small table
Station 14;: Faceplece Removsl

Remove facepiece, Avoid touching face with gloves. Deposit
facepiece 1in container with plastic liner.

Equipment: container {30-50 gallons)
plastic liners

Station 15: (Inner Glove Rewmoval
Remnve 1nner gloves and deposit in container with plastic liner,

Equipment: comtainer (20-10 gallons)
plastic lipers

Station 16: Inmer Clothing Remcval

Remave Clothing soaked with perspiration. FPlace in container with
plastic linar. Do not wesr {nner clothing off-site since there is
a possibility small amounts of contaminants might have been
transferred in removing splash suite.

Equipment: container (30-50 9allons)
plastic VYiners

Station 17: Field Waszh
Shower {1 highly toxic, skin-corrosive or skin-absorbable materials
are known or suspected to be preseat. Wash hands and face if shower
12 aot available,
Equipment: water
sSop
tables
wash basins/buckats
tfield showers
Station 18: Redress

Put on cleen clothes, A dressing trailer is needed in inclement weather.
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PART 8
AIR SURVETLLANCE

INTRODUCTION

Acclidents Involving hazardous materials or remedial actions at aban-
doned waste sites can release a varfety of substances into the air,
Chenical fires, transportation accidents, opsn or leaking containers,
wind-blown dust, and site cleanup activities produce emissians which
can rapidly affect the hezlth and safety of response workers and the
public. Hazardous atmospheres can involve:

- Flasmable or explosive vapors, gases, and aerosols (explosive
atmgsphere),

- QOi{splacement of breathable air (oxygen-deficient atmosphers),
- Radicactive materizls (radivactive environment).
- Toxic vapors. gases, and aernsols (toxic atmosphere).

The presence of one or more of these hazards determines subsequent
actions to protect people or tha environment, operatians to mitigate
the incident, and safety consfderstions for response workers,

Atrborne hazards can be predicted if the substence involved, {ts
chewical and h{s‘ical properties, and weathar conditions are known.
But 2ir sumgl ance ts necessary to confira predictions, to identify
or measurs contaminants, or to detect unknown atr pailutants,

This part provides guidance primarily on longer-terwm air sampling for
toxic substances. Information iz given in Part 4, Initial Site Entry
Survey and Reconraissance, regarding initial determination of airborne
hazards.

OBJECTIYE OF AIR SURYEILLANCE

Alr survetllance consists of eir monitoring (using direct.reading
fnstruments capeble of providing real-time indications of afr

contaminants) and afr sampling {collecting air on an appropriate
medfa or fn & suitable sampling container followed by analysis.)

The odbjective of air surveillance durtng response 15 to determine the
type of chemicel compound {and associated hazard) and quantity of
alrborne contemirants on-site and off-cite and changes in air contami-
nants that occur over the 1ifetime of the {ncident,



1Il.

[v.

The data cbtained ere used %0 help establish critaria for worker
safety, documant potential exposures, determine protective measures
for the public, evaluate the environmental {apact of the iIncident,
dnd determine mitigation activities. To accomplish this requires
establishing an effective afr surveillance prograa, tailored to meet
the conditions generated by each incident.

TYPES OF INCIDENTS

As part of inftial hazard evaluation, direct.reading {1nstruments
(DR1s}. visible indicators (signs, labels, placards, type of con-
tainer, etc.). and other {nformation (manifests, consi{sts, 1inven-
tories, Agency records, atc.) are ugsed to evaluate the preisnce or
patential for air contaminant relezse. Limited air sampling may also
be conducted {f time §5 available. Based on an asseszment of this
preliminary tnformation, a more comprehensive 2ir surveillaace
strateqy 1§ developed and Tmplemented.

Two general types of iacidents sre encountered:

= Enviromental e-:rn:gencies. intluding chemical fires, spills, or
other relesses o N s materidls which occur over a rela-
tively short peciod of time, Stnce contaminents may be released
rapidly, there miy de no time for air survefllance. In incidents
where the released material can be quickly identified (and suffi-
clent time 45 available), direct-resding, hand-held monitoring
instrusents Can be used to provide Information on some types of
hazards. Afr sawpling generally 15 limited wuniess the release
continyes long enough for gppropriste equipment to be brought in,

- longer-tera cleanyp, 1nclyding planned removels and resedial
lEgons 3t abandoned waste sites as well ac restoration after
emergency problems have been controlled, Dyring this peried,
especially at waste sites, workers and the public miy be exposed
to a wide vartety of airborne materials over & much longer period
of time, Since cleanup activities require more time (and plannfng)
to accomplish, appropriate equipsent for air monitoring and samp-
1ing can be secured, and an air surveillance program established. .

GENERAI SURVEILLANCE KETHODS

Ouring site operitions, data are needed about air contaxfnants and any
changes that may occur. Surveillance for vapors, gases, and parti-
culatas is done using DR1s and afr sswpling systems. DRIz can de
used to detect many organics and a few inorganics and provide approxi-
mute total concentrations. [f specific organics {and fnorganics)
have bean fdentified, then UORls, calibrated to those materiasls,
can be tused for more accurate on-gsite assessment. 1n many {nstaacss



however, only afr sampling (and laboratory amalysis) can be used for
detection and quanttfication.

The mott 3ccurdte method for evalusting any air contaminant is to
collect Samples and analyze them at & reliable laboratory. Although
accurate, this method has two disadvantages: cost and the time re-
quired to obtzin resuits. Anelyzing large numbers of samples fin
laboratories 13 very expensive, especially {1f results are wanted
quickly, On-site laboratories tend to reduce the turn-argund time,
dut unless they can amalyze other types of samples, they alsc are
costly. in emergencies, time 15 often not availadle for laboratory
analysts of saaples either on-s1te or off-sita.

To abtain air sonitoring data rapidly at the site, instruments utfi-
lizing flame 1{ontzation detectors [FIDs) photoionization detectors
(PIDs) and other similar instruments can be used. These may be usad
4s survey instruments {total concentration mode) or operated as gas
chromatographs (gas chromatograph mode)., As gas chromatographs,
theze instruments can provide real-time, qualitativefquantative data
when calfbrated with standards of known afr contazminants., Combined
with selective laboratory znalysis of samples, they provide a tool
for evaluating afrborne orgenic hazards on a realtime basis, at a
lower cost than analyzing all samples in a laboratary, An example of
an atr survei)lance program used by the U.5. Environmental Protection
Agency‘s Environmental Response Team {s contained fn Annex 1.

AIR SAMPLING

For more compizte information about atr contaminents, measurements
pbtained with DRIs sust de supplemanted by collecting and anatyzing
air samples, To assess air contaminants more thoroughly, atp saspling
devices equipped with appropriaste collection media are placed at var-
fous locattons throughout the area, These samples provide air quality
taformat{on for the period of time they operate, dnd can indicate con.
timinant types and concentrations over the l{fetime of site operations,
Az data are obtained (from the analysis of samples, DRIs, knowledge
aboyt saterials involved, site oparations, and potential for atrborme
toxic aturds)l. adjustments are made in the type of samples, number
of samples collected, frequency of sampling, and analysis required.
In addition to air samplers, area sampling stations may also fnclude
DRIls equipped with recorders and operated as continuous air sonitors,
Area sampling stations are located 1in various places 9Jncluding:

- nd - Betause many hazardoys incidents occur near industries or
q that generate air pollvtants, samples sust be taken vpwind
of the site to establish background levels af air contas{nants.

- ort zone - Sampies must be taken nedr the cosmand post or other
$0p acllities to ensyre that they are in fact located in @
clean arel, and that the area remains clean throughout operations
at the site.
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Contamination reduction zgne - Air samples shoyld be ¢oliected
along the decontamination lime -to ensure that decontsminatian
workers are properly protected and that on-site workers are not
remaving their protective gear in a contaainated area.

Exclusion zone - The exclusion zone presents the greatest risk of
exposure to chemicals and requires the most air sampling. The
location of sampling stations should be based upon hot-spots
detected by DRIz, types of substance present, and potential for
afrborne contaminants, The daty from these stations, in cone
Junction with {ntermfttent salk-around Surveys witl. DRIS, &re used
to verify the selection of proper levels of worker protection and
axclusion zene boundaries, as well as to provide & ceatinual
record of atr contaminants.

Downwind « One o more sampling stations are located dosmwind from
the site to Indicate if any air conteminents are leaving the zite,
If there are indications of afirdorne hazards in populated zreas,
additional samplers should be placed dowmwind.

MEDIA FOR COLLECTING AIR SAMPLES

Hatardous material incidents, especially abandoned waste sites,

{nvolve thousands of potantially dangerous substances - gases, vapors,
and aeroscis that could become atrborne, A variety of medta - 1iguids
and solids - are used to collect these substances., Sampling systems

fcally include a calibrated air sampling pump which draws zir $nto

selected callsction media, Some of the most Common types of samples,
and tha coliection sedia used for thea sre;

Organic uggrs - Activated carbon iz an axcelient adscrbent for
@oft organic vapars, However, other solid adsorbents (such as
Tanax, silica gel, and Florisil) are routinely used to semple
specific arganic compounds or classes of compounds that do not
ddsord or desorb well en activated carbon, To avoid stocking a
large nusber of sorbents for all substances anticipated, a smpller
number chosen for collecting the widast range of materizls or for
substances known to be prezent generally are used, The vapors are
collected using an tndustrial hygfena personal sampling pump with
either one sampling port or a manffold capable of stmultanscusly
¢ollecting samples on saveral sorbent tubes, for example, & mani-
fold with four sorbent tubes (or as Tndividual pumps with varying
flow rates), The tubes might contain:

-= Activated carbon to collect vapors of misterials with a doiling
point above 0 degrees centigrade. These miterfalz include
wost odorous organic substances, such as solvent vapors.

-- A porous polymer such as Tenax or Chromosord ta collect sub-
stinces (such @&s high-molecular-wetght hydrocarbons, organo-
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phosphorous compounds, and the vapors of certain pesticides)
that adserb poorly onto activated carbon, Some of these porous
polymers aiso adsorb organic materials at low ambient tempera-
tures more efficiently than carban.

-- A polar sorbent such as silica gel to collect organic vapors
(aromatic amines, for example) that exhibit a relatively high
dipole moment,

-- Another speclalty adsorbent selected for the specific site.
For example, a Florisil tube could be used 1f polychlorinated
biphenyls are expected,

- [norganic g‘_lses - The $norganic gases present at an {ncident would
primarily be polar compounds such as the haloacid gases. They can

be adsorbed onto silica gel tubes and analyred by {on chromato-
graphy. [mptngers filled with selected liquid reagents can 21so
be used.

« Asrpogols ~ Agrosols (s011d or 1iquid particu:ates) that may be en-
countered at an incident include contaminated znd noncontaminated
sofl particlies, heavy-metal particulates, pesttcide dusts, and
droplets of organic or inarganic liquids. An effective method for
sampling thess materials s ta collect them on a perticulste
filter such as & glass fiber or membrane type. A backup impinger
fillad with a selected absorbing solution may also be necessary,

Colorimetric detector tubes can also be used with 3 sampling pump
when monitoring for some specific compounds, Passive arganic vapor
amonitors can be substituted for the active system described 1f passive
aonitors are available for the types of materials suspected to be
present at a given sfte.

The National Institute for Occupational Safety and Health's (NIOSH)
Manual of Mﬂ%ﬂ:al Methods, Yolumes 1-7, contains acceptable
sethods Tor collecting and analyzing air sasples for a veriety of
chemical substances, Consult it for specific procedures.
COLLECTION AND AMALYSIS
Samples ara analyzed to deterwine types and quantitfes of substances
present. The following provides additional guidance on sample col-
lection and analysis. '
- Aergsols

Samples for aerusols should be taken at a relatively high flow rate

(generally about 2 liters/minyte) using & standard iIndustrial
hygiene pump and filter assembly. To collect total particulates,



4 mertirane filter having a 0.8 micrometer gore size is cosmon,
The sample can be weighed to determine total particulates, then
analyzed destructively or non-destructively for oetals. |If the
met2ls analysis 1s cone nondestructively or (f the fllter 1is
sectioned, additional 2nalyses (for example, organics, inorganics,
and o, tical particle sizfng} can be performed.

Sorbent Samples

The sorbent material chosen, the amount used, and sample volume
will vary according to the types and concentrations of substances
anticipated at a particular site, Polar sorbent material such
as sflica gel witl coliect pelar substances which are not sdsorbed
well onto activated carbon and some of the porous polymers, The
silica gel sample coan be split and analyzed for the halcactd gases
and arcmatic amines,

Activated carbon and porous polysers will collect 4 wide range of
compounds, Exhaustive anmalysis to identify and quant{fy all the
¢oliected species is prohfditfvely expensive at any laboratory and
technically difficult for a ffeld lsboratery. Therafore, samples
shoyld be analyzsd for principal hazardous constituents {PHCs).
The selection of PHCs should be based upon the types of miterials
anticipated at a given site, from generator's records, and from
information collected during the inftfal site survey. To aid in
the selection of PHLs, a sample could de collected on activated
carbon or gorous polymer during the initial site survey and ex-
haystively analyzed off-site to fdentify the major peaks within
selected categories, This one thorough analyzis, along with what
1s already known about a particular sits, could pruvide encugh
information toa select PHCs. Standards of PHCs could then be
prepared and used to calibrate fnstruments used for field anmalysis
of samples, Subsequent, routine off-site analysis could be )imited
to scanning for only PHCa, saving time and msonmy. Special adsor-
bents and sampling conditions can be used for specific PHCs If
desired, while continued multimedia sampling will provide & base
for analysis of additional PHCs that say be idantified during the
course of cleanup operatfans.

Passive Dosimeters

A less traditional method of zampling §5 the use of passive dosi-
weters. The few passive dosimeters now avatilable are only for
gssec and vapors., Passive dosimaters are used primarily to montitor
personal exposure, but they can be used to monitor areas, Passive
monitors are divided into two groups:

= Diffusion samplers, in which mylecules move across a concentra-
tion gradient, usually achieved within a stagnant layar of air,
between the contaminatad atmosphers and the indfcator material,
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-- Persedtion devices, which rely on the natural permeation of 3
contaminant through a sembrans. A suitable membrane ¢ select-
ed that 15 edsily permeated by the contaminant af interest and
impermeable to all others. Permeation dosimeters are therefore
usefyl 1n plcking out & single contaminant from a mixture of
possibla interfering contaminants.

Some pascive dosimaters may be read directly, as are DRIS and
colorimetric Jength-of-stain tubes. DOthers require lYaboratory
analysfs simiTiar to that done on solid sorbents.

PERSONNEL MONITORING

In addition to area atmospheric samplitng, personnel monftoring - both
active and passive - can be ysed to sample for alr contaminants. Repre-
sentative workers are equipped with persona) samplars to indfcate con-
taminants at specific locations or for specific work being done,
Placed on workers, generelly within 1 feot of the mouth and nose, the
monitors Indicate the potantial for the worker to inhale the con-
taminangt.

CAL IBRAT]ION

As 4 rule, the total alr sampiing system should be calibrated rather
than the pump alone. Proper calibration 13 essential for proper
operatian and for accurate interpretation of resultant data, As @
minimum, the system should be cal{brated priar to and after use. The
overal) frequency of calibration wi1l depend ypon the gereral handling
dnd usa of a given sampling system, Pusp mechanisms should be recaii.
brated after repair, when newly purchased, and following suspected
dbyse, Calfbration methods can be found n the NIOSH Manual of
Analytical Methods (Yalumes 1-7),

METEOROLGICAL CONSIDERATIONS

Meteorological information fs an {ntegral part of &n air survei{llance
program. Data cencerning wtnd speed and direction, temperature,
barcmetric pressure, and hmidity, singularly or in combinatien,
are needed for:

- Selecting air sampling tocations.

~ Calculating air dizpersion,

« Calibrating instruments.

- Determining populatfon at risk or environmental exposure from
airborne contaminants.



Knowledge of wind speed and direction 1s necessary to effectively
pltace 4ir semplers. In source-oriented ambient air sampling
particularly, samplers need 2o be located downwind (at different
distances) of the source and others placed to collect background
semples. Shifts in wind direction must be known and samplers re-
located or corrections made for the shifts. [In addition, atmodpheric
simylation models for predicting contaminant disparsion and concen-
tration need windspeed and direction as lnputs for predictive calcu-
lations, [Information mey be needad concerning the frequency and
intensity with which that winds blow from certafn directions {wind-
ros: dat;], consequently, the wind direction must be continually
wohitored,

Alr sapling systems need to be caiibrated before use and corrections
fn the calibration curves made for temperature gnd pressure, After
sampling, sampled alr volumes are 2lso corrected for tamperature and
pressurs varfations. This requires knowing alr temperaturs and
pressure.

Afr saapling 1s sometimes designed ta assess population exposure (and
frequently potential worker exposure}, Alr samplers are generally
located fn populaticn centers irrespectiva of wind direction. Even
in these {nstances, however, meteorological data 1s needed for afr
dispersion modeling, Models are then used to predict or wverify
population-oriented sampling results.

Proper daty iz collacted by having meteorologtcat stations on sita or
obtainin it from one or more of severa]l government of private
argantz.  ons which routinely collect such date. The choice of how
informailon {s obtained depends on the avaflability of relfable data
at the Jocation desired, resources needed to obtain seteorclagical
equipment, accuracy af inforsation neaded, 2nd use of information.



ANMEX 5
GUIDE TO ENYIROMMENTAL RESPONSE TEAM'S
AIR SURVEILLANMCE PROGRAM

APPROACH

A variety of long-term air surveillance programs can be designed to
detect a wide rénge of airborne compounds, To tmplement any program
a number of factars eust be considered, fncluding type of equipment,
costs, personnel required, accuracy of analysis, time required to
obtain results (turn-around-time), and avatlability of amalytical
laboratories,

One approach to afr surveillance, developed and used by the USEPA
Environmental Response Veam (ERT), s described here, This program
achteves 2 reasonable balance between cost, accuracy, and time in
obtaining data using a combination of direct reading instruments
(ORIs) and &ir sampling systems to:

= Rapidiy survey for airborne organic vapors and gases,

- jdentify and measure orginic vapors and gases.

= ldentify and measure particulates and inorganic vapors and gases.
The approach is based on;

- Using fleme {onfzation detectors {FIDs) and/or photoionization
detectors {PI0s) for initial detection of total organic gases and
vapors and for periodic site surveys (for total organics). Equip-
ped with strip chart recorders, the detectors are used as area
monitors to record total organic concentration and changes 1in
concentration over a pericd of time., Calibrated to specific
organic contaminants, they are used to detect and measure those
substancas.

- Collecting area air samples using personal pumps &nd organic gas/
vapor cellection tudes. Samples are analyzed using the gas chroma-
tograph (GC) capabilities of field instruments, Selected samples
are also anmalyzed in 1lsboratories accredited by the American
Industeizl Hygiene Association (A1HA).

- Using PIDs andfor F1Ds (as 2 survay instrument or GC) ta provide
real-time data and to screen the number of samples needed for
laboratory analysis,



- Sempling for particulates, inorganic acids, aromatic 2mimes, halo-
genated pasticides, etgc,, when they are known to be fnvplved or
when there are indications that these substances may be a problem,

EQUIPMENT

At present, the following equipment 1s used for organfc gas/vapor
monitoring however, other equivalent equipment can be substituted:

H) Systems Photolonizer (PID}

Foxboro OVA (FIO)

MOA Accubsler 808 Sampling Pump

6i111an Kode! Mumbar HFS-UT113 Sampling Pymp
Tenaz adsorption tubes (metal)

Carbon-packed adsorption tubes (metal)
Carbon-packed adsorption tubes (glass)

- 150 willigram angd 600 milligram sizes

PROCEDRE

Thts procedure {3 generally applicable to most responses. However,
since vach tacidant 13 unique, modifications may be needed.

%mic Gases and Yapors. The sequence far m!torinq orgenic gases
vADOrs CONSISTs of several steps,

= Datermine total background concentrations.

- Determina total concentration on-site.

-~ Collect on.site area samples,
- ldemtify spacific cantaminants,

Backdround concentrations., Background readings of total organic gases
ant vapors, using DRIT [FID/PID), are mace upwind of the site in areas
rot expected to contain atr contaminants, [f industries, highways, or
other potential sources contribute ta concentratfons on-site, these
contritutions should be daterminad, Depending on the situstfon and
the time available, sdditiona]l monitoring should be done neardy to
determine 1f contaminants are Tmaving the site,

c;;ncnﬂtnt‘ionl onesite, The on-site area 1s monitored (using DRIS)

gas/vapor concentrations, measured at both ground and
bmthing zone lavels, The initial wilk-throughs are to determine
general smbient concemtratfons and to locate higher-than ambient
concantrations (hot-spots),



Transient contributors on-site, for example, exhausts from engimes,
should be avoided, Concentrations are recorded and plotted on a site
map. Additiondl DRI monitoring is then done to thoroughly define any
hot-spots located during the survey.

Area samples, Sampling stations are lacated throughout the site. The
nusber and locations depend on evatuating many factors, tncluding hot-
spots (by DRI), active work areas, petentials for high concentrations,
and wind direction, Az a minteum, stations should be located ia a
clean off.gite area {control or background station), axclusion zone,
and downwind of the site. As data are accymtated, location, number
of stations, and frequency of sampling can be adjusted.

Routinely, two 4-hour samples are collected, in the morning and after-
noon respectively, using personal sampiing pumps equipped with Tendx
andfor carbon-packed, metal adsorption tubes. Total gas/vapor concen-
tration {using DRI) should also be detarmined at the start and finish
of each sampliing run. The readings cbtained may show an approximate
relationship {depending on organics present) which will be helpful
later in placing samplers.

Samples are desorbed with a thermal desorber and analyzed on the OVA-GC
for total organic concentrattion and number of peaks, Chromatograms
of samples taken at the same location but at different times or from
diffarent stations cen be compared. Differences in hefghts of “total®
peak, nuaber of {ndepandent peaks, and relative peak haights, fIf
judiciously interpreted, are yseful for making prelimimary judgments
concerning air contaminant prodlems. Page AS-€ shows a suggested
format for calculating tota) gas/vapor concentration.

{f relatively high concentrations are datected by thes fnitial DRI
surveys samplers equipped with carbon-packed collection tybes [glass)
are run next to Tenaxfcarbon-packed, metal equipped samplers. The
lattar samples are anzlyzed in tha field. The carbon-packed coilec-
tion tubes are analyzed by an AIMA accredited laboratory.

Area surveys using DRI are continued routinely two-four times daily,
These surveys are tc monitor for general ambient Tevels, as well as
levels at sampling stations, hot-spots, and other areds of site activ-
1ties. As {information 15 accumulated on airborne arganics, the
frequency of surveys can be adjusted.

ecific contaminants, Personal monitoring pumps with carbon-packed
collection tubes (glass) are run on the first afternoon, comcurrent
with samplers aquipped with Tenaz/carbon-packed, metal collection
tubes, Generally, when total gas/vapor readings are low and only a
few pesks seen (from the field GC amalysis of morning samples),
100-150 mg carbon-packed tubes (glass} are used and cperated at a
flow rate of 100 cubic centimeters/minute untfl approximately 30
liters of zir have been coliected. Depending on suspected contam-
{nants and their concentrations, higher flow rates andfor volumes may



be needed., When total gas/vipor readings are high and there are many
peaks {from the morning samples), then larger glass carbon collection
tubes (600 mg)} are operated at a Mlow rate from 0.5 to | 1itersfminyte
to collect 50 to 150 liters of afr.

The results fram ladoratory analysis of glass carbon tubes are used
for a2 number of different purposes, including:

- To identify and measure organic gases and vapors collected during
the sampling period.

- To compare laboratory chremitograms and field chromatograms. If
anly a few peaks (but the same number) are seen on each chromatogran
(and {dentified on the laboratory chromatogram) from samples
coliected at the same location, 1t may be reasomable to aszume,
unti) standards are run on the fleld 6C, that the two chromatograms
are identifying the same materizls,

= To identify major contaminants on laberatory chromatograms and
determine what standards to prepare for the field GC. Fleld GC's
can then be used to identify and measure 21r contaminants against
Yaboratory prepared standards,

- To use the fleld GC as a screening device for deterwining whan
sampies should be colletted for laboratory analysts, or when
samples previously collected should be analyzed, Changes in the
number of peaks on the field chromatograms from samples collected
at the same location indicate changexs in the air, suggesting the
need for collecting additional samples for laboratory analysis,

1f degorption equipment 15 not aveilable for on-site s2aple analysis,
glags collection tubes should de coliected dafly. Only samples
collected every third to fifth day are sent to AIHA accredited labora-
taories for anglysis; the remaining samples are stored in 2 cool place
{preferably rtfrigerated‘). Selected stored semples are analyzed 1f
third ta f$fth day samples indicate changes 1n air contaminent pat-
terns, If dally on-site surveys detect low contaminant(s) levels,
then 100-150 mg glass cardon columns are used, 1f the survey reveals
relatively high 1leevels of conteainents, then 600 mg glass carbon
tubes are usad,

The NHational [nstitute for Qccupationa) Safety and Health PECAN Analy.-
tical Methad No. 127 {see Annex §) shouid be followed as closely as
possible., Flow rates and collection tubes described fn this guide
are prisirily for organic solvents, If othar than organic solvents
are syspected, then the NIOSH Manual of Anmlytécal Methods {Volume
1-7) should ba consulited for tha appropriike collaction media ang
flow rates. Table 1 stz the arganic salvents {dentified by the
NIOSH P&CAM Ko. 127, wmany of which are found at hazardous waste
sites. Thesa ara i{dentified for possible gas chromatography/mass
spectrometry analysis.



Particulates and Inorganic Gases and Vapors. Sampling for particu-
Tates 15 not done routinely. 1f thase types of afr contaminants are
known or suspected to exfist, a sampliang program ts instituted for
them. Incidents where these contaminants might be presant are:
fires involving pesticides or chemfcals, {ncideats iavolving heavy
metals, arsenic, or cyanide compounds, or mitigation cperations that

create dust (from contaminated soil and excavation of contaminated
soll),

Sempling media and analytical methods for these air contaminants

should follow guidance given in the NIQOSH Manual of Aralytica)
Methods.







TABLE 1

Organic Salvents jdentified by PSCAM Analytic Method Na, 127

Organic Solvent Molecylar Weight
Acetone 58.1
Banzene 78.1
Carben tatrachioride ‘ 154,0
Chicrofors 215.0
Dichloromethane 84.9
p-0icxana 68.1
Ethylene dichloride 99.0
Mathyl sthy! ketone na
Styrene 104.0
Tetrachloroethylene 165.0
Toluene 92.1
1,1,2-Trichloroethame 133.0
1.1.1-Trichlorcethane 133.0
{methy) chloroform)

Trichioroethylene 131.0
Xyiene 106.0

keference: Manual of Analytical Methods
n—m&mmcmm 2 Nelfare,

?:gbitr. Health Service, Center for Nizease Control
Mational [nstitute of Occupational Safety & Health,
OHEY (NIOSH) Publication No. 77-157-A

D-RG



TABLE 2
Multiplier Factor for MDA Accuhaler 808

Personat Sampling Pumps

val me(Stmkl:
Orifice Color Mormal Flow Rate - cc/min ultiplier

Calibration Yellow 100 1.1

at 20 cc/min
Orange 50 1,08
Red 20 1.00
frown 10 0.99
Purple 5 0.97
lue 2 .
Green 1 .
Black 0.5 .

Reference: Instruction Manual, Accuhaler, Personnel Sampling Pump

Nodels 8% and 813
#A SciantiTic, inc., Elmdale Avenue,.
Glenview, IL 60025

0-99



Analyte: Ovpasic Solven's ethod No- PECAM 127
(Seec Tabie 1)
Matrhc Alr Rargr For the specific
compound, ref
Proceéwre Adsorptico ova charcos to Tebks |
desorption with carbon
Gisulfide, GC
Daie Lamed: /18772 Precision 0.5% RSD
Dais Ravised: Fatlas Clmsifieation:  See Tubi

. Puinciple of tha Method
1.1 A knaown wolame of sir ia dwe throogh & charcoal mbe o trep the OCEAnic YApO) preasnt
1.2 The charcoal in the tubc is tramdlerred t0 4 mmall, gradusted test tube end desnrbed with
1.3 An aliquet of the demvbed sample & mjected into & g choomatograph,
t.4 The mrea of the resu pesk & deterroined wod compared with sreas obtained from the
injection of standards.
Rasps ond Seamidl vity .
The lower [mit in mp/mmplc for the specific compound 1 snemadion oo  gas chromato-
eph Bed with & 10:1 splioey is shown in Tah This value o be lowered by teducing the
atrnustion or by climnating the splitter.

3.2 When two or mare solvests arr known or sopected 10 be preseat fa the alr, sxch & -o.g

EEEE&%EEVEIE!FE%E!E
palarily, oac may dispiace apcather from the charcoel.

Ef%&aﬂ any compoond which has the same retention time @ Lhe specific
curmpoond wader study s the operating conditions described in this method s an interforonce.
Hence, tetention time data oe a single column, of ¢vea oo ¢ sumber of columns, capnat be
comidered &5 prood of chemical identity. For this remsom it is important that a wmple of
the balk sotvent(s) be sabwmitied ai the same lime 50 that identiry(les} can be established by
other mycans




3.4 1If the pomibility of interfercace esils, separsiion candnions (column packing, terperpticy
efe.) muat be changed to circumvent the prablem.

4.0 The mean mistive usndard devimtion of the snaivtcal method .
42 Tie mon tedalive standerd d %&E%%o Egﬁmuhg
giéia 10% (11.4). Pan of clnaa«-n!ﬂi

metbod is relatad 10 uncertainties In the wample te votume callected. 1 Bﬂagg
pump with spsocisted gas-volume iegrating equipmem is i&.!uiuai,ﬁuonnn
Lproved,

4] ?EREE:EE&%E % (NIOSH-unpubliaby
datw) when the persooal ampling pump b callbeated with n-EdoLE.x. the line,

5. Advatgc sl Dissdveateges of the Method

5.1 The sampling devics is small, portable, sod & imvolvey oo liquids. Imterfesences are miniou

53 Funhormorm, the pmrecixion of tx motbad & Umited by the reproducibility of the pressu
drop scyoss the tubea This drop will affect the flow mic and couse the volums o be &
iﬁgﬂnﬁngrguﬂg?oﬂs&ni&. “

An spproved sud EEE&EEE!% For s w
wmple, any vacewm pump whote Sow can be dorermined accuralely st | liter per mime

or lesy

42 Charconl tobex: ghist tube with both mnds fame sealed. 7 em bong with o 6-mm O.D. and
EGE»%RQ\SEgggg 2
portioa of orethane foam. The acrivemd charcoul & prepefed from cocouut sbelb asd
fired a4 600°C prinr to pucking. The sheorhing section cootaing 100 mg of charcoal, t
§§33>E§i§_ﬂaw=§§?e&nﬂn
e tube and the Sackup maction. A plog of sivisted plax wool b pisced In froat of t
alworting sections. The premore drop acrow the tube must be laas than ooe inch of merey
ut & Bow 1tz of § lpm.

&3 O chromsiograph equippad with a flame ionization detector,



7.

65 A mechanul or clectronic jolegralot Of A [CCOMUET 40K SOMC MEWOO IV GCCTIALNLE pesa

et

&6 Microcrotrifuge tabes, 2.5 mi, gtaduated.

6.7 Hamilon syringes: 10 Ll and coovenient sizes [or making standacds.

6.8 Pipets: 0.5-m] delivery pipets or 1.0-ml type gracumed ia ©.1-ml incremens.
6.9 Valumetzic fasks: 10 ml or convenient skzes for taking standard solutioms.

Raagents
7.1 Spectroquality carbon disulfide {Matheson Colcrasn and Bell),

7.2 Sampie of the sperific compound wunder study, preferably chromatoquality grede.
73 Bureau of Mina Grade A belium,

7.4 Prepuriied bydrogro

7.5 Filieted compremed nix.

Provedare

21 Gemsing of Equipment Al glanware wied for the ahorutary analysin should be detergent
washed and thoroughly rits=d with tap water and diotilted waler.

Cullbrntion ol Persowsd Pxmpe. Each persony| pump ommt be calibeated with a representa-
tive charcoal tobx in the line This will minimize ¢rvorz asociated with uncertaintics m
the saxple volume collectzd.

Collection ml Shippiag of Semple

82

a3

8.1

W2

%13

134

835

03.6

037

&30

1359

inmedintcly before mmpiing, the ende of the wbe should be brokes w provide an
opcaing ot lewst oge-hall the intermal diameter of Lhe 1obe (2 @m),

The small moction of charcoal is ueed ma s beck-up 3nd should be positiooed nearest
the marplizg pump.

The chareoal tube should be vertica) dusing sampliag to reduce clmnnclog through
the clareoal

Alr being mmpled should act be peased throuph any hose oc tubing before calering
the chartoul tube.

The Saw, time, sod/or volume muit be mesaured ws accurately a possible The sam-
Pic should be taben =t o Sow muic of 1 pm or less to witain the totel sample vohane
fequired. The minimum and maximum sampic volumes 1hat should be collecxed foe
each sotvest arc shown in Table 1. The mirimum wolume quoted ot be callected if
the desired senitivity is to be achicved,

The lomporaturt and pressure of the atmosphere being sampied should be messuted
and recorded,

The curcosl whey should be capped with the supplicd plmstic caps ineediately
afer sampling. Under 20 cineymstances should rubber caps be used.

One Wwhe should be handled ia the same manner as the sampic tube (break, scal, and
transpony), except thal 90 i ks sammpied Gwough this tabe. Thin wbe should be
lateled a3 a blank.

Capped Wwibes should be packed Ughily before they are shipped to minimize tubs bresk-
age duriag shipping.
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8.2.10 Sampics of tha suspected solventls) should be submimad to the lnboratory for Juali-

Iative characierizaion. Thete tiquid bulk samplies should not be wansported i the
tame coclainer 33 the Lamples or blank tube. (f possible, s bulk ir semple (at beasc
50 | air drewe (brough mibe) should be shipped for qualltstive ideotifiesion purposes.

-.A.N
ESEESF.. Ei!ﬁ%%i?%ﬁug
g&ﬁgﬁﬁavﬁggnﬁg complete in mio-
wtaa il the cample 15 stitved occasiounlly during s period.

343 GC Conditions. Tde typical operutivg enaditiom (o the gas chromstograph ase

{. 153 «/min (70 peip) hetlum camier gas flow,
Pﬁﬂgaggig detextor.

3. 500 cc/min. (30 pmig) akr BSow 1o detector.

4, 200°C injocsor remmperature,

. 200°C manifold temperstire [detector).
gﬁi%&ﬁngﬁ refer o Table | for specific compoumds.

t T W) gu’!lagr.vn%wsn_&ﬁgn&i%ﬁuﬁnﬁ.

chromatograph, To climinate ggggi%iﬁﬁ
?E;iggﬁiiggg?
al syvinge b Brst Bughed with solvert severu) times 2o wex the buitel and plupger.
E&EllﬁEEEE%UERgE
reproducibilicy of Eiiiuﬂr?; removed from the sol-
veat, and the plunger i palied back abowt 0.2 ul b sparae the solvent Bush from

n.alavtdﬂ. Ell-#.ofﬁ&l-ﬁ&n The necdle is then inunerad
ia the surapie, 2nd & 5-pl aliquct & withdrawn, tsking into comiderwiion the wolume
of the oexdle, since \be sampia in the ovedle will Be completely injocwed. ARet v
poedle b removed gg%i‘fﬁ??ﬂfﬁnlgaﬂ, pulied bacd
a short disasee 0 minimioe eveporation of the wmple from the tip of the nesdls
Draplicate iajctions of esch mmpls and sandurd thoeld v made. No morr than |
3% differraco m arma s o e pested.

S Mearmremiot of e The ancs of the sample pesk it Dessured by s slectrogd
itegruioe o soms other suiiadis form of ares mesurement, snd peelimisary result
are vead from o stanciand curwe prapared a8 discussed below,

-]
that b remavod in the desorption peocess for B uﬁi%&.g
batch of charcoal s wed. NIOSH has found thet the desorption cfficiencics for 1h



€52 Procedure for deermining desorplion efficiency. Activated chaecoa) equivelent w0
the amount in the Ersl section of the samphing tube {100 mg) s measared o &
S-cm, mm LD, gass tube. famc-scaled ar cae end (slmilas 10 commerchally svall-
obic culture Wubes). Thb charcoal ug be frum the same baich ax that wed o ob-
Ialning the sampies and can be obined from unused charcoal ubes. The open end
b capped with Paafilm. A known amound of the compound I injected directly
inta the sciivaled charcos! with a microliter syringe, nnd the tube & capped with more
Parafiln. The amount injecied s usvally equivalent 10 that present in a 10-liter sam.
pic &t 2 concestrailon oqual to the federal standard.

At lessl fBive tubcs arc propared in this manner and sllowed to stand for at least over-
pight 1o msure complete sbaorption of the specific compound ooto the charceal, These
five tubes are referved 10 &3 the samples. A paraliel blank tube should be treated in
the zame manner except that no sample is sdded 10 . The sample and blank tubes
mdu:“bd snd analyzed In exactly ibe same manner a3 the sampling ube destribed
in Sett B4

Two or Lhwee standsrds are prepared by injecting the mme volume of commpound into
0.5 ml of CS5, with the 1ame syringe wsed i the peeparation of the sample These
arc apalyzed with 1he sampiey.

The daorplion cfficiency oquals the difference between the average peak ares of the

sampies and the peak ares of the blank divided by the avetage peak ares of the
siandarda, o

o Ares szmple —~ Arsa blank
desorplion effictency Ares sanda

9. Cillbratian and Stsndards

[t s coovenlent tn exposs coacentration of standasds b terma of mg/0.5 mi CS; besavse samples
s daorbed in this amourit of CS;. To minimim error dot o the volatlliy of carboa disclifde,
one can inject 10 timas the weight into 10 ml of CS.. For exampla, to pecpare 3 0. @p/0.S ml
standard, ox would faject 6.0 mg into exacily 10 ml of C5; in 2 giss-stoppered Ruk. The
deosity of the specific compound s used o couvert 6.0 mg inlo microliters for casy measurement
with ytinge. A series of standards. varying in concentrsifon over lhe runge of

|

and apalyzed under the same GC conditions and during the same time period
m the vu'nown mamples. Curves xre culablished by plotting contenration in mg/0.5 ml versus

NOTE: Since no intermal standerd is \sed in the method, standard solutions mus be analyzed
& the same lime thal the sample sanalysls b done. This will minimire the effat of known day-
to-day varistions and varistions during the same day of ibe FID respovse.

10. Calcnlations

0.1 The weight. ia mg cormesponding 0 each peak ares i3 read from the standard cutve for the
particalar compotnd. No volume corrections sre nceded, because the standard curve &
bucd on mg/0.5 ol CS: and the volume of sample injected 1s identical to the volume of the

standards injected.
t0.2 Comuctios For the blank munt be made for cach sample.
Cortect mg ™ mg. — Mg
1223
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10

104

10.5

llhl

112

1.3
1i4

where:
mg. = mg found in ltont section of sample twhe
myg, = mpg bound in front scclion of blank tube
A dmilar procedure Is (ollowed for the backup sections

The' correited amounts presevt in the (roat and beckup sectioss of the sumc samplc tube
sre added (o deteymine the tolal measared amount ia the sample,

This total weight i divided By ihe determinad desorption cfficiency to oblain the corrected
mg pér sample.
The comcantration of the analyte in the alc sampicd cas be expressed in mg per m?,

g/ = Cumd:;%&um i0.4) X 1000 {litern/m¥)
woltume sampled (litars)

10.6 Another method of eapreysiog conceatrativa & ppm (comenied (o standard condtioms of 25°C
wd 760 mm Hg)
£ 7 +'273
ppm-nyn’xwu 3 xTw X ”2” !
where:
P = pretury (mm Hy) of alr sampled
T = temperaniee (°C) of gir sampled
24.43 = moler voluaw (lier/molz) ar 25°C and 750 mm Hg
MW » moiecular weight
750 = gigmlard preyare (mm Hg)
288 = standsnd cemperurare (°K)
Redersacey

White, L. D, [, G. Taylor, P. A, Mauer, sind R. E Kupel, “A Convenicat Oplimizad Method
for the Anslyiis of Sciecad Solwent Vipors is the lodusirial Atmatphere™, Am [ad Hyg
Assoc J 13:225, 1570,

Yaung, D. M, and A. D, Crowcll, Physical Adsorption of Gases, pp. (37-146, Butterworths,
Loaden, 1962,

Foderal Registes, 37:200:22139-22142, October 18, 1972,

NRIOSH Contreet HSM-59-72-98, Scott Racarch Latxxestocia, loc., “Coliaborative Tesin)
of Acthvawed Charcoal Sampling Tubes for Soven Organk Solvents™, pp. 4-22, 4-27, 1973
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TABLE 1
Parasneters Associsted With PECAB Analyticat Mcthad No, §17
Mubod  Dutwiies lmit Sempis Volwma (liters)  GC Colmmm  Maleculer

Orgamic Solveit Clanlicution (mg/nmple) Minbmman{e) Maslwewn) Tomp{'C) Welght
Acctons D - oS 2.1 60 581
Benzenc A 0.0t 0$ L1 %0 781
Carbon tetrachinnide A 0.20 10 60 &0 1540
Chioroform A 0.10 0.5 13 80 15
Dichlioromethane D 0.05 oS s 85 149
p-Dinzane A 0.05 1 18 100 ga.l
Ethylcae dichloride D 0.08 [ 12 90 9.0
Methyl cthyl ketone B Q.01 0.5 13 20 721
Sayrene D 0.10 1.5 34 150 104
Tetrachlornetbylenc B 0.06 t r 130 166
1,1, 2-trichioroethane B 005 10 L 2; 150 133
1.1, 14richiorocthane B 0.08 0.5 13 1350 133

(mehyyt chioroform)

Trichlorocthylene A 0.05 | 17 90 121
Toluens B 0.01 ns 22 120 g2.1
Xyleme A 0.02 0.5 3} 100 106

{2) Minimum sclume. [ Hiers, mquired 1o messore 0] timey e OSHA dsadard

tb) These wre brmkivouph voture abodated with data derfvmi Fom a polenalal plod {1312) for sctivetad ococowty

alr ot 5 Gines the OSHA wiandard (113) ar 300 ppve, whichorer i lower,
53 mach m 08 lowe For attnaspbetces of high humidity,

mubiiply costaminants have not been lnvedigaind, but il B swpected that kem volatlle compoondi

gi
|
It
?l‘
:
:
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I.

1.

PART §
SITE SAFETY PLAN

INTROOUCTION

The purpose of the site safely plan s to establish requirements for
pratecting the health and safety of responders during 211 activities
conducted at an incident, [t contains safety information, instruc-
tions, and procedures,

A site szfety plan must be prepared and reviewed by qualified persoanel
for sach hazardous substince response, Before operatfons at an
incident compence, safety requirements must be written, consplicuousty
posted or distributed to all response personnel, and discussed with
thes, The safety plan myst be periodically reviewed to keep ft
current and techaically correct.

{n non-emergency situations, for example, ltong-term remedfal action
at abandoned hazardous waste sites, safety plans are developed
simultaneously with the general work plan. Workers canm become
femiliar with the plan before site activities begin, Emergency
response generally requires verbal safety instructtons and reltance
on existing standard operating procedures until, when time permits, a
plan can be writtean,

The plan must contatn safety requirements for routine tbut hazardous }
response activities and also for unexpected site emergencies. The
major distinction between routine and amergency site safety planning
ts the ability to predict, monitor, and evaluate routine activities,
A zitz emergancy is unpredictabla and may occur anytime.

GENERAL REQU(REMENTS

The site safety plan must:

~ Describe the known hazards and svaluate the risks associeted with
the incident and with each activity conducted,

= Lisc key personnesl and alternates respensible for site safety,
rasponse operations, and for protection of public,

- Describe Levels of Protection to be worm by persoanel.

- Delineate work araeas.

- Establish procedures to control site access,

- Describe decontamination proceduras for parsonnal and equipment.

- Establish site emergenty procedures.



.

- Address emergency medical care for injuries and toxicological
problems,

- Describe requirements for an environmental surveillance program.
- Specify any routine and special tratining required for responders.

- Establ{sh procedures for protecting workers from weather-related
probleams.

SITE SM-'ETY PLAN SCOPE AKD DETAIL

The plan's scope, detail, and length s based on:
- Information availabie about the incident.

- Time avallable to prepare 2 site-specific plan,
- Heason for responding.

Three general categories of response exist - emergencies, character-
1zatinns and resadial actions. Although considecations for personnel
safety are generic and independant of the response category, in
scope, detail, and length safety requirements and plaas vary consid-
erably, These variations are generally due to the reason for
responding {or category of responsa) , information available, and the
severity ¢f the incident with {its concomitant dangers to the respon.
der.

A. Emergencles
1. Sttuatiaon:

Emergencies generally require prompt action to prevent o
reduce undasirable affects, 1mmediate hazards of fire,
exploston, and release aof taxic vapors or gases are of prime
concern. Emergencles vary greatly in respect to types and
quantities of materfal, mumbers of rasponders, type of work
required, population affected, and other factors. Emergencies
last from a few hours Co & few days,

- information available: Varies from nane to much. Usually
information adout the chemicals tnvolved and thefr assoct-
ated hazards 95 quickly obtained {n transportation.related
{ncidants, or incidents {nvolving fixed facilities,
Determining the substances {involved {n some {ncidants,
st;tf:h as mysterious spiils, requires considerable time and
effort.

- Time avalladle: Little time, generally requires prompt
action to bring the incideat gnder Control,

- fReason for response: Yo 1oplement prompt and {smediate



2.

actions to control dangerous or potentiaily dangerous
situations,

Effects on Plan

In emergencies, time 15 not available to write lengthy and
detajiled safety plans. Dacisions for raspender safety are
based on a continyal evaluation of changing conditions.
Respording organizations must rely on thelr existing written
standard operating safety procedyres or a2 generic plan, and
verbal safety instructions adapted to meet site-specific
conditions., Since heavy relfance 1s placed on verbal safety
instructions an effective system to keep all responders
tnformed must be established. Whenever possible, these
in¢ident-spectfic instructions should be written.

B. Incident Characterization

l.

r

Sttuation:

In non-emergency responses,for exasple, preliminary inspec-
tions at abandanad wastes sites or more comprehensive waste
site investigations the objective is to detarmine and charac-
terize the chemicals and hazards involved, the extemt of
contaminattion, and risks to people and the environmsent, In
genzral, 1nit1al 4nspections, detailed investigations, and
extent of contamination surveys &re limited in the activities
that are required and numbar of people involved. Initial or
preliminary inspections generally require 1-2 days. Complete
{nvestigations may last over & longer tize period.

« Information avaflable: Much backgraund fnformation,
Generally limited on-site data for initial {nspection,
On-s1te inforsation mere fully developed through additional
site vigits and investigations,

- Time available: In most cases adeguate time 1s available
to develop written site-specific safety plan.

- Reason for responte: To gather data-to verify or refute
existing {nformation, to gather information to determine
scope of subsequent Investigations, or to collect dsta for
planaing remedizl action.

Effects on Plan:

Sufficient time 15 available to write safety plans. In scope
and detail, plans tend to be brief containing safety require-
ments for specific on-site work relevant to collecting data.
Az infaormation 1s developed through additional investigations,
the safety plan 15 sodified and, if necessary, more detailed
and spec!fic requiresents added,



€. Remedial Actions

I.

2.

Situation:

Remedial actions are cleanups which last over a long period
of time, They cosmence after more fmmediate problems at an
emergency have been controlled, or they involive the majtigation
of hazards and restoration of abandoned hazardous waste
sites. Numerous activities are required involving many
people, a lagistics and suppart base, extensive equipaent,
ane more {invoivad work activities. Remedial actions may
require months to years to completely accomplish,

- Information available: Much tnown about on-site hazards.
~ Time available: Amapie time for work planning,

- Rmason for response: Systematic and complete controf,
cleanup, and restoration.

Effects an Plan:

Stnce ample time 1s available before work commences, site
safety plan tends to be comprehensive and detafled, From
prior investigations much detail may be known about the
materials ar hazards at the site and extant of contaaination.

fv. SITE SAFETY PLAN DEYELOPMENT

To d|§i1op the plan as much background information 2s possible should
te obtained, time permitting, about the incident. This would fnclude,
but not be limited to:

Incident locition-and namse,

Site description.

Chemicals and quantities involved,

Hazards associated with each chemical.

Bahavior and disparsion of material involved.

Types of containers, storage, or transportati{on setheds,
Physical hazards.

Prevatling weather condition and forecast,

Surrounding populations and Tand use.

Ecologically sensitive areas.
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- Fecility records,

- Preliminary assassment reports,

- 0ff-5ite surveys.

- TYopographic and hydrologic information.

The information 1inftially avatlable aor obtained through subsequent
characterization provides a basis for developing a site-specific safety
plan, Information 1s needed about the chemicals and hazerds involived,
movement of matarial on and off the site, and potentfal contact with
responders or the public, This type of information {s then used along
with the reason for cesponding (and work plan} to develop the safety
plan, The plan ts tallored to the conditions imposed by the incident
and to 1ts environmental setting, As addition2! information becomes
available the safety plan is modified to protect against the hazards
discerned and to provide for site emergencies that may occur.

ROUTINE OPERATIONS

Routine operattons are those activities required in responding to en
emergency or 3 cremedial action at a hazardous waste site. These
activities may fovalve a high degree of risk, but are standard opera--
tions that all incident responses may require,

Safety practices for routine operations closely parallel accepted
industrial hygiene and industria) safety procedurss, Whenever a
hazardous incident progresses to the poiat where operations becoms
more routine, the assoctated site safety plan becomes a more refined
document, As & minimum, the (following must be included as part of the
site safety plan for routine operations.

- Dascribe the Knowm Hazards and Rigks

This must fnclude all knowm or suspected physical, biolegical,
radiological, or chemical hazards., It 1s important that all heaith
related data be kept up-to-date. As afr, water, soll, or hazardous
substance monitoring and sampling data becomes available, it must
be evaiuated, significant risk or exposura to workers noted, poten-
tial impact on publfc assessed, and changes made in the plan.
These evaluations need to be repeated fregquently since much of the
plan {s based on this infarmation.

- List Key Personnel and Alternates

The plan must 1dent{fy kay persomnel! [and &ltermates) responsible
for sita safety, [t shovld alse {dentify key perszannel assigned
to various s5ite operations. Telephone pumbers, addresses, and
arganizations of these paople must be listed {n the plan and
posted in a conspicuocus place,



Designate Levels of Pratection to be ¥Worn

The Levels of Protection to be worn at locations on-site or by
work functions sust be designated, This inclydes the spacific
types of resptrators and clothing to be wormm for each level.
ko one shall be permitted tn areas requiring personnel protective
equipment unless they have been trained in 1ts use and are wearing
it,

Deltneats Mork Aress

¥ork areas Su:luslun zone, contamination reduction zone, and
support 2ona) nesd to be designatad on the site mep and the map
posted., The s3ize of 2ones, zone boundarfes, andc access contro!
peint: into each zone myst be marked and madz known to all site
workers.

List Control Procedures

Control procedures must be {mplemented to prevent unauthorized
sccess.  Site securfty procedures - fences, $19ns, security
patrols, ard check .1n procedures - must be established, Procedures
must 2132 be established to controi authorized peesonnel into work
zones whare personnel protection i3 required,

gstablish Decontamination Procedures

Decontamination procedures for personnel and squipsent must be
established. Arrangesents must alio be made for the proper
disposal of contminated material, soluticns, and squipment.

Address Requiresents for an Enviromsental Surveillance Program

A progras to monitor zite hazards must be implementsd. This would
intlude air wonitoring and sampling, and other kinds of media
sampling at ot around the site that would fndicate chemfcals
pretent, their hazards, posstbls migration, and associated safety
requirements.

Specify Any Routine and Speclal Trafning Required

Personne) must be trainad not only in general safaty procedures and
use of safety equipment, but in any specizlized work thay may be
axpected to do,

Establi{sh Procadures for Meather-Relatsd Probliems

Meather conditions can affact site work. Temperatura axtremes,
high wiads, storms, stc, impact on persornel safety. Mork
practices mst be established to protect workers from the effects
of waather and shelters provided, when necessary. Temperature
extremes, especially heaat and 1ts effect on people weariag protec-
tive clothing, must be conzidereo snd procedures establizshed to
monitor for and minimize heat stress.



¥I. ON-SITE EMERGENCIES

The plan must address site emergencies - occurrences that require
fomediate actions to prevent additional problems or harm to respon-
ders, the public, property, or the environment. In geaerz), al)
responses present 2 degree of risk to the workers. Quring routine
operations risk s minimized by establishing geod werk practices and
using personnel protective equipment, Linpredictsble events such as
fire, chemical exposure, or physical injury may occur and must be
anticipated. The plan must coatain contingencies for managing them,

- Establish Site Emergency Procedures
== List the names and emergency function of on-site persoanei
responsible for emergency actions along with the spectal
training they have,
-~ Post the location of nearest telephone [if none at stte).
-- Provide alternative means for esergency communicatians.

-~ Provide a 1ist of emergency services organizations that may be
necded. Names, telephone numbers, and lecattons sust be
posted. Arrazngements Tor using emergency organizations should
be made beforehand, Organfzations thet =might be needed are:

« Flre
- Police
- Hezlth
- Explosive experts
= Local kazardous material respoase units
= Civil defense
- Rescye

== Address and define procedures for the rapid evacustion of
workers. Clear, audible warnings sfgnals should be estab-
tished, well-marked emergency exits Ilocated throughout the
site, and internal and external communications plans devel-
oped. An example of codes that could be used for emergency
cperations based on direct-reading instruments is contained 1n
Annex 7,

== A complete list of emergency equipment shouid be attached to
the safety plan. This ltst should include emergency equipment

available on-site, as well as all avatlable medical, rescue,
e~ wsport, flre-fighting, and sitigative equipment,



- Address emergency medica) care.

-- Oetermine location of nearest medical or emergency care
facility. ODetermine their capability to handle chemical
exposure cases,

== Arrange for treating, adajtting, and transporting of injured
or expoted workers,

-- Post the medical or emergency care facilities location, travel
time, directions, and telephone number.

== Determine lacal physician’s of fice location, travel directions,
availabitity, and post telephane number {f other medical care
is not avaflable.

-~ Determine nearest ambulance service and post telephone number.

- List responding organizatfon‘s physicians, safety officers, or
toxicologists name and telephone number, Also inclyde nearest
pofson conteol canter, if applicabdle.

-~ Maintain accurate records on a2ny exposure or potential exposure
of site workers during an emergency (or routine operations).
The minfzum amount of Inforsatiocn nesded (along with any
medical test results) for personnel exposure records 1%
contained in Annex B.

- Advisa workers of their dutfies during an emergency. [n particular,
it {s imperative that the site safety afficers, standby rescue
personnal, dacontamination workers, and emergency medical techni-
clans practice emergeniy procadures.

= Incorporate fnto the plan, procedures far the decontamination of
injured workers and for their transport to medical care facilities,
Contamination of transport vahicles, sedical care facilities, ar
of medical personnel aay occur and should be addressed in the
plan. Whenever feasible these prucedures should be discussed with
appropriaste medical personnel 1n advance of operations,

- Estadblish procedures in cocperation with local and statas officizls
for evacuating residents who live near the site.

VII. IWPLENENTATION OF THE STITE SAFETY PLAM

The site safety plan, {standard operating safety procedure or a
genaric safety plan for emergency response) sust be written to avoid
misinterpretation, ambiguity, and mistakes that verbil orders cause.
The plan sust be reviewsd and approved by qualified personnel, Once
the safety plan 1s implenented, 1ts needs to be periodically examined
and wmodified, 1f necessary, to reflect any changes in site work and
canditions,



All agencies and organizations which have an active role at the incid-
ent myst be familiar with the plan. If possible the plan should
be written in coordination with the organizstions involved. Lead
personnel from these ofrjanizations should sign the plan to signify
they agree with it and wil) foilow its provisions.

All persocnnel 1nvglved at the site aust be familiar with the safety
plan, or the parts that pertain ta their specific activities.
Frequent safety meeting should be held to keep all informed about
csite harards, changes in oparating plans, modifications of safety
requirements, and for exchanges of {nformation. It 1s the responsi-
bility of parsonnel involved at the site as warkers or visitors to
comply with the requirements in the plan,

Frequent audfts by the in¢ident manager or the safety designee <hould
be made to determine compliance with the plan's requiresents., Any
deviations should be brought to the attention of the incident manager.
modtfications in the plan should be reviewed and epproved by appropri-
ate personnal.

[J[. SANPLE SAFETY PLANS

Annex § and 10 are two examples of Sita Safety Plans. Since no one
sampie plap or plan format can adequately address all safsty require-
ments for the variety of incidents that occur, they should be used
8s & guide to help develop an incident-specific plan. They can also
be used, with necessary adaptation, 2s generic plans for emergency
regponse.

in some incidents, the sample plans contained in Annex 9 and 10 might
be sstisfactory to use by themself. By filling in the blanks an
effective safety plan i3 available. [n many incidents they should
only be considered as 3 check list (which does not exhaustively cover
every condition) which must be addressed. Users of these sample
plans and any other type examples must realize their application to
any one incident may not be acceptable. Therefore they must be used
with discretian and tespered by profescional Judgement and experi-
ence. They are not meant to be 211 {nclusive but examples of consid-
erations, requiremeants, &nd format which should be adapted far
incident-specific conditions.



Emergency Qperation Codes
Real-Time Monftor
(suggested minimum action plan)

{51te Nawme}

CODE_DESIGRATIONS

1. GREEN

A.

Normal operations

2. JELLON A

A.

e.

c.

Cessatton of specific work activity on-site because of:

(1} Continuous organic readings on direct-reading instrument of
*  ppa above background (messured 20-30 ft. from point of
suspéacted relzase), ang

{2) Current or projected eeterclogical conditions fndicate
a2 probable impact on work activity.

1If background readings above * ppm are pbtained during
cessation of activity, redesign activity to lower releases
and/or dalay that on-site activit until off-site air monitoring
{nd{cates accepted off-site concentration,

Site personnel will immediately notify EPA/State of cite condi-
tion, i

3. YELLW B

Al

c.

Terminatfon of all work on-site because of:

{1) Continucus organic readings on direct-reading fnstrument
ahove * pom: (measured approximately 1,000 ft. from work
area Or site groperty limits), and

(2) Current or projected meteorologic conditions indicate
potenti{al impact on fnhabited areas.

Site parsonnel will {mmediately notify EPA/State of site
conditions,

EPA/State will modify off-site air monitorfng to meet the
needs of contingency plan.



A,

C.

Termtnation of all work on-site becauvse of:

{1) Continuous organic readings on direct-reading {nstruments
above * ppm (measured downwind at the nearest occupied
ares off-site, and

{2) Current or projected meteorglogic conditions indicate a po-
tential {apact on {inhabited areas.

Site personnel wi)l immediately notify EPA/State of gite condi-
tions.

Local officials making evacuation/public health decisions will be
advised by EPA/State to:

(1) Releasa a public nealth advisory to potentially affected
4reds since on-site control methods will not reduce the
source of contamination; and/or

(2) Implement a temporary relocation plan bectuse on-site activi-
ties indicate a potenttal for continucus above background/
acceptable readings at the nearest inhabited area(s).

*Concentration shayld be determined by appropridte
response personnel.



RESPONSE SAFETY CHECK-OFF SHEET

{(minimum required data)

t. BEFORE RESPONSE Employee
1. Incident: Site City State
a., Response Dates
2. Type of Response: Spill Fire Site __ Train__ Qther _
3. Incident Safety Plan: Region ERT Not Developed
4, Suspected chemical(s) iavolved;: (a} (b)
(c) (d;
5. Protective Level(s) involved: A 8 c D
(a) 17 Level C - 1. 1dentify Canister
2. Describe 21r wmonitoring source(s)
(b) 1f Leve!l D JUSTIFY (in comments zection at bottom of page).
6. SCBA-Identify Buddy: MWame/Organizition
7. Last Response: (a) Level Used: A B c D
{b) Hedical Attention/Exam Performed: Yes No

[1. AFTER RESPOMSE

1. Protective Level Used: A B c D
a. Level C - {dentify cannister: b, Level D {comment below)
¢. Level B or C skin protection: Tyvek/Saran Acid/Rain Other
2. List possible chemical axposure: Same &5 above: (a)
(b) (¢} (¢
3. Equipment Decontamination: (a} clothing (b) respirator [c) monitoring
Oisposed:
Cleaned:
No Action:
4. Approximate time 1n exclusion area: hours per day for da
5. Mas medicat attention/exam required for this response; Yes No
Part |[: DATE PREPARED: Reviewed by Date
Part I[: OATE PREPARED: Reviewed by Date

COMMENTS :




{Suggestad farmat for minimum site safety plan)
SITE SAFETY PLAN
{Rame of Mszardous Waste Site/Spill)

I. General Informatian

As 2 minimum, all personnel involvaed with amergency respense, waste
site ¢leanup, drem handling and opening, sampling, site investigations,
etc., will follow the applicable Federal/State rules and reguiations, In
additian, ail site personnel will follow, as a minimum, U.S5. Environmental
Protection Agency, Dffice of Emergency and Remedial Response, Hazardous
Response Support Division's, Standard Oparating Safety Guides and Chapter
9 Razardous Substance Responsé, ¥rom the LPA Uccupation Health and Safaty
Mamnual.

In tha event of confifcting plans/requirements, personpel must imple-
ment those safety practices which affard the highest personngl protection.

If site conditions change and it fs necessary tc modify Levels of
Protection A, B, or C the safety designes on.site shall notify the Dn-Scene
Coordinator before making recommendations to site personnel,

IT. APPROYALS

SIGNATURE } SIGRATURE )
n-Scene-Goordinator (OSL) DATE  Safety Officer DATE

SIGNATURE SIGNATURE )
*rvmm%mzt DATE DATE

111. Susaary of Minimum Requirements

A, The safety officer/designee shall:
1. Describe chemicals, hazards, and risk fnvolved
2. List key p:rsonnel

&. Response manager (OSC}/alternate

b, Safety afficar(s)/falternate

¢. Other responsible site personnel faiternate

3. Prescribe Levels of Protection

4, ODesignate work zones: Support ared, contamtnation veduction
area, exclusion ares.

S. laplesent procadures to control site access.



3.

Defina decontamination procedures.
Delineate entry and escape routes.
Identify/contact medfcal facility, etc.:

&, Fire

b, Mabylance

¢. Police

d, Health

e. Ete,

List responsible parties and esergency contacts:
d, Federsl Govermment _ EPA/USCG/COC/OSHA

b. State Government Environmental /Health Agency

t. County/City Government

10. Estadbtish personnel air monitoring.

11.

Specify routine and specfal training needed

12. Establish procedures for managing weather-.retated probleams,

Levels of Protection

l.

Level C protection zhould be uszad for thase jeb functions
[1sted Gelow whRere there 15 no potential for gpersoanel
contact with either hazardous materials or gases, vapoes, or

particulates exceeding requirements for wearing afr-purifying
respirators,

(1dentify job functions in this paragraph:
e.4. - monitoring/survelllance, supervisors,
observers, etc.}

{1dentify specific type of respirator in this paragraph:
®.9. - approved respirator and type of canister,)

(Identify skin protection in this paragraph:
e¢.5. - double boots, double gloves, tyvek/saran hooded,
&isposable coveralis, etc.) ,



c.

E.

2. Level B protection should be used for those job functions
sted delow ch based either on poteatial or known
gite conditions andfar vapor and Qas cencentratioas,
Level C is unsatisfactory.

[dentify job funrtions in this paragraph:
(e.g. - Heavy esquipment operations, samplers, equipment/
d¢rum handlers, etc,)

[dent{fy specific respiratory protection in this paragraph:
(e.9. - self-contained breathing apparatus (SCBA), air-line
respirater)

identify skin protection in this paragraph:
(e.5. - double boots, double gloves, type of chewmical re-
sistant garment, etc}

3. If Level A pratectian is applicabla, write 2 paragraph 1n
plan J1isting where and when it ts te be worn.

4, Level D is not adequate protection for any work on-site
where potential for axposurs {s possible.

S. Leavels C and 8 may be modiffed based on monitoring and
sampiing data collected on.site, Safety designee shouid
not make any mogdification to the Level of Pratection
without discussing it with the On-Scene-Coordinator,

Alr monitoring - Refer to, Standard Operating Safety
Gutdas, Part 8, ATr Surveillance,

Training

Personnel will have either formal tratning or prior on-the-
Job.training for those tasks they are asstgned to at the
incident, A1l unfamiliar activities will be rehearsed
beforehand.

Respiratory Protection Program

A1l contractor and government parsonne) invalved in on-Site
activtties shall have &8 written respirstory protection pro-
gram, All personnel wearing air-purifying respirator on-site
are required to be fit.tested. All personnal wearing respir-
atars must have been properly trained in their use, Al
respirators are to be properly deconteminated &t the end of
each workday,

Parsons having beards or facial hair exst not wear a respir-
stor if a proper mask-to-fice-seal can not be demonstrated by
& fit test. A log of al) {ndividuals wearing personnel
pratective equipment shall be maintained inciuding time in
the exclusion zone,



F.

G.

All

contractor and government personnel who are exposed to

hazardous levels of chemicals must be enrolled 1o a medical
sonttoring program.

Genaral Safety Rules and Equipment

1.

2.

J.

4.

5.

10,

There will be no eating, drinking, or smoking {n the ex-
clusion Or contamination reduction 2one.

All personne] must pass through the contamination reduc-
tion zone to enter or extt the exclusion zane,

AS 2 minimm, smergency eye washes will be on the hot side
of ﬂi“ contamination reduction zone and/ar at the work
station,

As 3 minioym, an emergency deluge shower/spray cans are to
be located on the clean side of the contamination reduc-
tion area.

At the end of the work day, all personnel working 1n the
exclusion ared shall take a hygienic shower.

All supplied bresthing air shall be certified as grade D or
batter.

Where practical, all tools/equipment will be spark proof,
explosion resistant, andfor bonded aad grounded,

fire extinguishers w»ill be on-site for use on 2quipment
or small fires only.

Since site evacuation may be necessary 1f am explosion, |
fire, or release occurs, an individual shall be assignad
to sound an alert and notify the responsible public
officzls 1f required. For example, the evacyation signal
may be two Tong blasts every 30 seconds until all person-
nel are evacuated and accounted for,

An adequately stocked first-atd kit will be on-scene at
211 times during cparational hours. It 1S suggested thag
an oxygen finhalator respirator be available and 3 quali-
fied cperator present. The location of these fitems and
the operator shall be posted.

Borning Safety Meeting

A morning safety meeting will be conducted for all site per-
sonnel and they will sign a dally attendance sheet and should

sign

& master sheet indicating they have read the gite safety

plan and will comply, The safety proczdures, and the day's
planned operatfons showuld be discussed.
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'CUPATIONAL HEALTH AND SAFETY MANUAL

APPENDIX A -« SAMPLE EAFETY PLAN

isistance in preparing the safety plan can be obtained from
¢ OHS .

rsignee lccated in Room of Building
r by telephening .
'VIEW
Response Safebty Committes Chairperson
*PROVALS
OSC/SFC

OHS Deslignee
OIC )

ROJECT LEADER

pranch
Building
Rocm

Phone

VTE OF PLAR PREPARATION
\ZARDOUE SUBSTANCE RESPONSE

(e Name i Site NHo.

AZARDOUS/SUBSTANCES {known OF suspacted, contaminated madias
or in storage container, etec,):
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HAZARD ASEESSMENT (toxic effects, reactivity, stabilicty,

flammability, and operaticnal hazards wigh
sampling, decontaminating., otc.);

MONITORING PROCEDURES (If required Dy the Project Leader)

Monitoring tho'llto for identity and concentractlion of
contamination in all mssdia:

Medical monitoring procedures for svidence of personnsl
exXposuret

Personnel monitoring proceduras:
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DECONTAMINATION AND DISPOSAL

Decontaminatlion Procedures {(contaminated: perscnnel
sucfaces, materials, instrumen
sqQuipment., etc}:

Disposal Procedures (contaminated uquipment, supplies,
disposatle, washwater):

EMERGENCY PROCEDURES

In event of overt personnel exposure [(skin contact,
inhalation, ingestic

In event of personnel injury:

A_t11e
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In evant of potencial or actual fire or explosion:

in event Oof potential or actual ionizing radiation exposurs

In event of environmental accident {spread of contaminatiot
outslde sites):

ERGENCY SERVICES {(cemplets hare or have separate list availadbl

on-gite)

Location Telsphone
Fmergency Medical Pacllitcy

Arbulance Sarvice

.11
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Other Personnel Asaigned to Handle Razardous Substances

(decontaminate, analyze samples)

l.

2.

3.

4.

s.

ALTERNATIVE WORK PRACTICES

{Describe altarnative work practicas not specifimed in thi;
Chapeer. Indicste work practices specified in ths
Chapter for which proposed altarnative work practices
will serve ms subscitute.)

APPROPRIATE LITERATURE CITATIONS

LEVEL OF PROTECTION

SITE MAP
(Attach a site map in advance of & response, if possible,

at an early stage of an emergency responsa. Map should be
properly scaled and keysd to local lantdmarks.) ’

D-118
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APPENDIX |
CHARACTERISTICS OF THE HNU PHOTOION[ZER
AND
ORGAMEC YAPOR ARALYZER

TNTRODUCTION

The HAU Photolonizer and the Foxborc Organic Yapar Analyzer (OYA) are
ysed in the field to detect a variety of compounds in 2ir. The two
instruments differ in thair modes of operstion and in the number and
types of compounds they detect (Table 1-1). Hoth instruments can be
used to detect leaks of volatile substances from drums &nd tanks,
determine the presence of volatile compounds 1n soil and water, make
ambient air surveys, and collect continuous alr monftoring data. 1f
persorne] are thoroughly trained to operate the instruments and to
Interpret the data, these {instruments can be valuable tools for
helping to decide the levels of protection to be worn, assist 1in
getermining other safety procedures, and determine subsequent momi-
toring or sampling locations.

oYA

The OVA operates in two different modes., In the survey mode, 1t can
determine approximste tatal concentration of all detactable species
in air. Mith the gas chromatograph (GC) aption, individual components
can be detecteZ and medsured fndspandently, with some detection
limits as Tow as a few parts per millicn (ppm).

In the GC mode, 2 small szample of amblent air 15 Injected into a
chromatographic cotumn and carried through the colusn by 3 streaa of
hydrogen gas. <Contaminants with défferent chemical structyres are
retsined on the column for different lengths of time (known as reten-
tion times) and hence are detected separately by the flame {enfzatian
detector, A strip chart recorder can be used to .recard the retention
times, which are then comparad to the retention times of a standard
with known chemical constitusnts. The sample can either be injected
into the column from the air sampliing hose or injected directly with
& gas-tight syringe,

In the survey mscde, the OYA 1s internally calibrated ta methane by
the mgnufacturer, When the instrument 1s adjusted to manufacturer's
instructions 1t {ndicates the true concentration of methine in air.
In response to all 6ther detectable compounds, however, the tastrument
reading may be higher or lower than the true concentration, Relative
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TABLE I-1
COMPARISONM OF THE OYA AND Miey

ava

HHU

Respanse

Application

Detactor

Limttations

Caltbration gas

Ease of
oparation

Detection limfLs

Respanse time

Maintenance

Useful range
Service 1ife

Responds to many orginic gases
and vapors,

1n survey mode, detects total
concentrations of gases and
vapors, In GC mode, identifies
and measures specific compounds,

Flame 1onfzation dstector (FID}

06es not respond to inorganic
gases and vapors, Kit available
for temperature control.

Methane

Requires experience to inter-
pret coarrectly, especially
in 6C mode. :

0.1 ppm (methane)

2-1 seconds (survey mode)
for Cllg

Pericdically clean and inspect
particlie filters, valve rings,
and burmer chamber. Check
calibration and pumping system
for Teaks. Rechirge battery
after each yse,

0-1000 ppm

8 hours; 3 hours with strip
chart recorder.

Responds to many organfc
and some inorganic gases
and vapaors.

In survey mode, detects
total concentraticns of
gages and vapors. Some
identification of compounds
possibdble, 17 more than one
prabe 15 used.

Photolionization detector (PID
Doas not raspond to methane.
Does not detect 2 compound 1€
probs has a lower energy than
compound’s fonization potenti;
Benzena

Falrly easy to use and
interpret.

0.1 ppm (benzeans)

3 seconds for 890% of
total concentratisgn of benzam

Clean UY Tamp fraquentiy.
Check calibration regularly,
Racharge battery after each
use.

0-2000 ppm

10 hours; 5 hours with
strip chart recordar.
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response ratios for substances ather than methane are available. To
correctly interpret the readout, ft s necessary to either make
caliyration charts relating the instrument readings to the true
cancentratien or tp adjust the iastrument so that 1t reads corractly.
This is done by turning the ten-turn gas-select knob, which adjusts
the response af the instryment, The knob 15 normally set at 3.00 when
calibrated to methane, <Caltbration to another gas 1s done by mea-
suring a koown concentration of a gas and adfusting the gas select
knob unti) the fnstrument reading equals that concentration,

The OYA has en inherent limitation in that it can detect only organic
molecules. Also, it should not be used at temperatures lower than
about 40 degrees Fahrenheit because gases candense {n the pump and
column, It has no ¢olumn temperature control, {although temperature
control kits are available} and since retention times vary with
smbient temperatures for a given columa, determinations of coatam-
1nants are dgifficult, Despite these limitations, the GL mode can
often provide tentative information on the identity of contaminanis
1n air without relying on costly, time-consuming laboratory amalysis.

HNLU

The HNU portadle photofonizer detects the concentration of organic
gases 3as well as a few tnorganic gases, The basts for detection is
the fonization of gaseous species. Every molecule has a cheracter-
{stic tonization potentidl (1.P.) which 1s the energy required to
remgve an electron from the malecule, yialding a positively charged
fon and the free electron, The {ncoming ges molecules are subjected
to yltraviolet (Uy) radiation, which 15 energetic erough to 1mize
sany gaseous compounds. Each molecule f5 tranformed {nto charged fon
patrs, creating a curreat between two electrodes.

Three probes, sach containing & different UV 1{ght scurce, are avail-
able for use with the HNU. lonizing energies of the probe are 9.5,
10.2, and 11.7 electron volts (eV}. A1l three detect many aromatic
and large molecule hydrocartons, The 10,2 ev¥ and 11.7 e¥ probes, fn

_addition, detect some smaller organic aolecules and some halogenated

hydrocarbons, The 10.2 ey probe iz the mott useful for environments)
response work, as it s more durable than the 1.7 eV probe and
detects more campounds than the 9.5 e¥Y probe.

The HU fTactory calibration gas is benzene., The s$pan potentiometer
{calibration) knad iz turned to 9.8 for benzens calfibration. A knob
setting of zero 1increases the response to benzene approxisately
tenfald, As with tha OVA, the instrument's response can adjusted
to give more accurate repadfngs for specific gases and eliminate the
necessity for calibration charts,



1¥.

Khile the primary use of the HNU 15 as a quantitative instryment, (¢
can also be used to detect certain contamimants, or at least to
narrow the raznge of pogsiblitiec. HKoting instrument response to &
contaminant source with ¢ifferent probes can eliminste some conta-
minants from consideratfon., For instance, a compound‘s jonization
potential may be such that the 9.5 eV probe produces no response, but
the 10.2 eV and 11.7 eV probes do elicit & response. The HMU does
net detect methane.

The HXU is easfer to use than the QVA, Its lower detection limit
1s also in the low ppm range. The rezponse time f3 rapid; the meter
reedle reaches 50T of the indicated concentrition in 3 zeconds for
benzenz, It can be z2erced in a contaminated atomosphere end does
not detect methane,

GENERAL CONSIDERATIOKS

Both of these {nstruments can monitor only certain vapors and gaszes
in #ir. HMany aonvolatile liquids, toxic solids, parciculates, and
other toxic gases and vapors cannot be detected, Because the types
of compeunds that the KM and OYA can potentislly detect are only
& fraction of the chemicals possibly present at an incident, & zero
reading on efther instryment doas not necessarfly signify the absence
of air contmminants,

The instruments are non-specific, and their response to different
tompounds {3 relative to the calibration setting, (instrument readings
siy be higher of lower than the true concentration. This can be an
especially sarious prodlem when monitoring for total contaminanmt
concentrations 1€ severzl different compounds are blinT detected at
once, In addition, the response of these fnstruments iz not limear
over the entire detection ranmge. Care must therefara be taken when
interpreting the data. All idantifications should be repartad as
tentative until they can be coafirmed by more precize analysis.
Concentrations should be reportad in terms of the calibration gas and
span potentiometer or gas-select-knob setting.

Since the OVA and HNU are small, portable instruments, they cannot be
expectad to yield results a3 sccurate as laboratory (nstruments.
They were originally destgned for specific industrial applications.
They are reistively aasy to use and !nterpret when datecting total
concantrations of individually known contamtaants in air, but
faterpretation becomes extremely difficult when S$rying to gquantify
the components of a mixture., NMeither instrument cin be used as an
indicator for combustidle gases or gzygen deffciency.

The OYA {Model 128} fs certified by Factary Mutual tc be used In
Liass I, Division 1, Broups AB,C, and U environments, The HNU 1s
certified :: glctdry Mutual for use in Class [, Ofvision 2, Groups,
A, B, C, 2 N



APPENDIX II
RATIOMALE FOR RELATING TOTAL ATMOSPHERIC VAPOR/GAS COMCENTRATIONS
10 THE SELECTION OF THE LEVEL OF PROTECTION

IHTRODUCTION

The objective of using total* atmospheric vapor/gas concentrations for
determining the appropriate Lleve! of Protection 1s to provide a
numerical criterion for selecting Leve! A, B, or C. 1In sityations
where the presence of vapors ar gases 1s not kaown, ar (f present,
the individual components are unknown, personns! required ta enter
that environmant must be protected, Until the constituents and
correspanding atmosphacic concentraticns aof vapor, gas, or particulate
can be determined and respliratory and bedy protection related to the
toxicologica! properties of the identified subistances chosen, total
vaporfqas concentration, wfth judicious interpretation, can be used
as 3 quide for selecting personnel protection equipment.

Although total vapor/gas concentraticn measurements are yseful to a
qualified professional for the selection of protective equipment,
caution should be exercised in interpretation, An {instrument does
not respond with the same sensitivity to several vapor/gas contam-
1nants 3s ft does to a single contaminant. Also since total vapor/
g8s field fnstruments see al1 contamimants in relation to 8 specific
calibration gas, the concentration of unknowvm gases or vapors may be
over or under-estimated,

Suspected carcinogens, particulates, highly hazardous substances, ar
othar substances that do not elficit an instrument response may be
known or belfeved to be present. Therefore, the protection level
should not be based solely on the total vapor/g=s criterion. Rather,
the level should be selected case-by-case, with special emphasis on
potential exposure &nd chemical and toxicological characteristics of
the knowm or suspected material,

FACTORS FOR CONSIDERATION

In utilizing total atmospheric vapor/gas concentrations as a guide
for salectfng a Level of Protaction, a number of other factors should
al1so be considared:

- The uses, limitations, &nd operating checscteristics of the
monitoring instruments sust be recognized and understood.
Instruments such as the HWU Photofonizar, Foxbare Organic Vapor

*5ea Part V]! far explanstion of termm.
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Analyzer (QYA), MIRAN Infrared Spectrophotorater, and others do
not respond fdentically to the same concentration of a substance
or respond to all subs’ances. Therefore, esperiénce, knowledge,
and good judgement mugt be used to complement the data obtained
with fnstruments.

Other hazards may exist such as gases not detected by the HNU or
OVA, (1.e. phosgene, cyanfdes, arsenfc, chicrine}, explosives,
flarmable materials, oxygen deficiency, 1iquid/selid particles, and
ligquid or sqlild chemicals.

Vapors/gases with a very low TLV or (DLW could be present. Total
readings on fnstruments, not calibrated tD these substances, mdy
not fndicate uncafe conditions,

The risk to personnel entering an area must be weighed against
the need faor entering. Although this assessment 1s largely a
value judgment, tt requires & conscientious balancing of the
variables involved and the risk Eo personnel against the need to
enter an ynknown environment.

The knowledge that suspected carcinogens or substances extremely
toxic or destructive Co skin are present or suspected to be present
{which may not be reflected $n total vapor/gas concentration)
requires an evaluation of factors such as the potential for ex-
posure, chemical characteristics of the material, limitation of
Instruments, and ather considerations specific to the iacident,

What needs to be done cn.site must be evaluated, BRased upon total
atmaspharic vapor concentrations, Level € protection say be judged
adequate; however, tasks such as agving druss, opening containers,
and bulking of materials, which increase the probability of 1iquid
splashes or generation of vapors, gases, or particulates, may
+equire a higher lavel of protaction.

Befare any respiratory protective apparatus is issued, & respir-
atory protection program sust be developad and fmplemented ac-
cording to recognized standards (ANSI 288.2-198D).

LEYEL A PROTECTION (500 to 1,000 PPM ABOVE BACXGAOUND)

Level A protection provide:s the highest degree of respiratary tract,
skin, end eye protection |f the inharent limitations of the perionne]
protective equipmant are not axcesded. The range of 500 to 1,000
parts per aiilion (ppm} total vapors/gases concentration 1n afr was
selected based on the fallowing criteris;

Althgugh Level A provides protection against air concentrations
greatar than 1,000 ppm for most substances, sn operstional re-
striction of 1,000 ppa is established as & warning flag to:
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-~ evaluate the need to enter gnvironmants with unknown
concentrations greater than 1,000 ppm

-~ {dentify the specific constituents contributing to the total
concentration gnd their asgociated toxic properties

~= determine more precisely concentrations of constituents

-- evaluate the calibration and/or sensitivity error associated
with the {astrument(s)

-= evaluate instrument sensitivity to wind velocity, humidity
temperature, etc,

= A limit of 500 ppm total vapors/gases fn alr was sejected as the
value to constder upgrading from Level 8 to Level A. This concen-
tratfon was selected to fully protect the skin unti] the constit-
vents cen be fdeantified and messured and substances affecting the
skin excluded.

- The range of 500 ta 1,000 gpm 15 sufficiently consarvative to pro-
vide & safe margin of protection 1f readings are low dur to instru-
sent arror, celtbeation, and sensitivity; 1f higher than antici-
pated concentrations occur; and {f substances highly toxic to the
skin are present,

Mith proparly operating portable field equipwent, ambient air
concentrations approaching 500 ppm have not routinely been encoun-
tersd on hazardous waste sites. High concentrations have been
ancountered only in cliosed buildings, when centainers were baing
opansd, when gersonnel ware warking in the spilled contaminents,
ar when organic vapors/gases were released {a transportation
accidents, A decision to require Level A protection should also
consider the nagative aspects: higher probabilfity of accident:s due
to cumbarsome equir:nt. and most fmportantly, the physical stress
caused by heat dufldup 1n fully sncapsvlating suits,

LEVEL B PRGTECTION (5 to 500 ABOVE BACKGROUND)

Level B protection 15 the ainimm Lavel of Protection racosmended
for initially entering an open site where the type, concentration,
and presence of dirborne vapors are unknowm, This Level of Protection
provides & high degree of raspiratory protection, Skin and eyes are
also protected, although a small portion of the body (neck and sides
of hud% sy be axposed. The use of a sezparate hood or hooded,
chemicat-resistant jacket would further raduce the poteatial for
exposure to this area of the body. Level 8 f1mpermeable protective
clothing also increases the probability of hest stress,
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A limit of S00 ppa total Jatmaspheric vapor/gas conceatration an
portable field instruments has been selected as the upper restriction
on the use of Leval 8. Although Level & personnel protection shoyld
be adequate for mopst coomonly encountered substances at air concen-
trations higher then SO0 ppm, this (imit has Ddeen selected as a
decision point for 2 carefu) evaluation af the risks associated with
nigher concentrations. Theie factors should be considered:

- The necesséty for entering unknown concentrations higher than 500
ppm wearing Level B protection,

- The prabability that substance(s) present are severe skin hazards.
- The work to be done and the 1increased probability of ezpasure.

- The need for qualitative and quantitative 1dentification of the
specific componesnts.

= [Inherent limitations of the {nstruments vsed for 21 sonitoring.

- 1Instrument sensitivity to winds, midity, temperature, and ather
factors.

LEVEL C PROTECTION (BACKGROUND TO § PPM ASOVE BACKGROUKD)

Level C providas skin protection fdentical to Level B, assuming the
same type of chemical protective clothing 15 worn, but letser pro-
tection egafnst tnhalation hazards. A range of background to 5 ppa
- above ambient background concentrations of vapors/gases {n the atmos-
phara has buen esteblished as guidance for selecting Lavel C pro-
tection, Concentrations 1in the air of untdentifled vapors/gases
approaching or exceeding 5 ppm would warrgat upgrading respiratory
protection to-a self.contained breathing apparatus. :

A full-face, sir-purifying mesk equipped with &n organic vaper can-
jster {(or a combined organic vapor/particulate canister) provides
protection against low concentrations of most comeon organic vapors/
gases. There are some substances agatast which full-face, canister-
equipped masks do not protect, or substances that have vary low
Threshold Limit Values or lsmediately Dangerous to Life or Health
concentrations. Many of the latter substances ere gases or liquids
in their normsl state, Gasex would only be found In gas cylinders,
while the liquids would not ordinarily be found in standard con-
teirers or drums, Every effort sthould be made to {dentify the fin-
dividua) constituents {(and tha presence of particulstes) contributing
to the total vapor readings of a few parts per miilion, Respiratory
protective equipment can then be selected accordingly. It 1is ex-
ceadingly difficult, however, to provide constant, redl-time fdden-
tification of a1l components in a vapor clgud with concentrations of
& few parts per milllon at 2 site where ambient concentrations are
constantiy changing. 1f highly tonic substances have been ruled out,
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but ambient levels of a few parts per miltion persist, it s unreas.
onadle to assume only self-contafned breacthing apparatus should be
worn, The continuous use of afr-perifying masks in vapar/gas concen.
trations of & few parts per million gives 2 reasonable assurance that
the respiratory tract 1s protected, provided that the absence of
highly taxic substances has been confirmed,

Full-face, air-purifying devices provide respiratory protection
&gainst most vapors at greater than S ppm; however, until more
definitive gqualitative information (5 avatlable, concentration(s)
greater than 5 ppm indicates that a higher leve! of respiratory
protection should be used. Also, unanticipated transient excursions
may increase the concentrations in the envirunment above the timits
of air-purifying devices. The increased probability of exposure due
to the work bdbeing done may require Level B praotaction, even though
ambient levels are low.

[NSTRUMENT SEHMSITIVITY

Although the measurement of total vapor/gas concantratfions can be a
usefyl adfunct to professional judgment in the selection of an appro-
priate Level of Protection, caution should be used fn the fnter-
pretation of the measuring instryment’s readout. The response of an
inztrument to a gas or vapor cloud contalaing two or amore substances
doeas not provide the same sensitivity as measurements favalving the
individual pure <constituents. Hence the instrument readout may
overestimate or underestimate the concentraticn of an unknown com-
posite cloud, This same type of inaccuracy could alse oecur 1n
measuring a single unknown substance with the {nstrument caiibrated
to a different substance. The idiosyncrasies of each instrument must
be considered 1n conjuncticn with the other parameters in selecting
the protection equipment needed.

Using the total vapar/gas concentration as a criterion used to deter-
mine Levels of Pratection should provide protection against concen-
trations greater than the instrument‘s resdogt, However, when the
upper 11aits of Level £ and B are approached, serious consideratiaon
shayld be given to selecting a higher Level of Protaction. Cloud
constituant(s) must be identified as rapidly as possible and Levels
of Protection based on the taxic properties of the specific sub-
stance(s) identified,

EXPLAMATION OF PHRASE TOTAL ATMOSPHERIC YAPOR/GAS CONCENTRATIOR

The phrase total atmosphertc vapor/gas concentration 15 commonly
used to describe the readout, in ppm, on PID: and FIDs. More
correctly it should be called a dial reading or needle deflection,
[n stmopspheres that contafn a single vapor/gas or wmiztures of
vapors/qases that have not been identified, the instruments do not
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APPENDIX 1]
DERMAL TOX[CITY DATA

SELECT[ON OF CHEMICALS

The approximately 350 chemicals 11sted in Table 1II-1, at the end of
this appendix, are fdentiffed in the Of1 and Hazardous Haterials
Technical Assistance System (QHMTADS} as being dermally active,
Stnce OHKTADS contains anly about 1200 chemicals, or may not indicate
d listed chemical a4s a skin hazard, other reference sources should
aVco be consulted.

The data 1a Table [Il-1 were compiled by a toxicoiegist through a
spacial project with the U.S, Environmental Protection Agency. As
with any source of Information, the data should be cross-checked
agafnst other standard references.

USE OF TABLES

A, Categaries

Table 111-1 divides chemicals into two categories:

Category 1 (more serious), which includes:

- Gases having a systemic dermal toxicity rating of =oderate Lo
extremely hazardous and a skin penetration ranking of moderate
to high.

- Liguids and solids having 3 systemic dermal toxicity rating of
extremely hazardous and 2 skin penetration ranking of moderste
to high,

- Gases having a local dermal toxicity rating of moderate to
estresely hazardous.

= Liquids and solids having 3 local dermal toxicity rating of
extremely hazardous.

Categary 2 (less serious), which includes:

- Gases having a systemic dermal tonicity rating of slightly
hazordous and a skin pensetration ranking of slight,

- Liquids and solids having a systemic dermal toxicity rating of

s11ghtly harardous and a skin penetration canking of moderate
to slight,
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- G3ses having a local cermat toxicity rating of siightly haz-
ardous.

- Liquids and solids having a lacal dermal toxicity rating of
@oderate to slightly hazardous.

8. Phystfcal State
The physical state of the chemicals 11sted Is thefr normal state.
Ina fire, some listed as splfds or 1iqulds could veporize and
represent & greater hazard te the skin, The chemicals listed say
41sp be found mized with other substances, which could change how
thay affect the skin,

€. S5kin Penetration
- Negligible Penetration (301id - potar)
. $lignt Penetration {solid - nonpolar)
- Moderate Penetration (Viquida/solid - nonpolar)

e++  High Penetration (gas/liquid - nonpelar)

D. Potency (Systemic) Lethal amount to
2 70-k{Togram man
o+ [Extreme Hazerd (LDgg: 1 mg/kg-S0 mg/kg) drops to 20 ml
«+  Moderate Razard (LDgg: 50-500 mg/kg) 1 ounce - ] piat
{1 pound)

. S11ght Hazard {LDgg: 500-15,000 mg/kg) 1 pint - 1 quart
. (2.2 pounds)

E. Potency (Local)
*++ Extreme - Tissue destruction/necrosis
+o Woderate - leritation/inflamstion of skin
+ Slight - Reddening of skin

RELATION COF TABLE [If-1 AMD LEYELS DF PROTECYION

The purpose of Table I[I-1 is to provide data that a qualified person
can use tn conjunction with athar site.specific knowledge to select
protective clothing. The dat2 relate to skin toxicity only &nd
should not be wused to select prespiratory protectfon equipment.



Iy,

The known or suspected presence andfor medsured concentration of
Category 1 chemicais at or above the listed concentrations warfamts
wearing a fully encapsuiating suit (Lavel A). The known Or syspected
presence and/or measured cancentration of {ategory 2 chemicaty at or
above the listed concentrations suggests that a lesser level of skin
protection (Level B or C) is needed,

There 1s no decision-logic for choosing protective clothing as there
is for choosing respiratary protective equipment. The usge of a fully
encapsulattng suit over other types of chemical-reststant clothing is
genarally 2 judgment made by 3 qualified 1ingividual based on anm
evaluation of al) gertinent information available about the spectfic
fncident. O0Other guidance and criteria for selecting personnel pre-
tection egquipment are contatned 1n Part §, Site Eatry - Levels of
Pratection and in Appendix [7.

OTHER REFERENCES

Table I11-1 does not {nclude al1 substances affecting the skin.
Other standard references should be consulted, in particular:

- Threshold Limit Values for Chemical Substances and Physical Agents
in the Borkroom Environment With intended Changes Tor 1582,
JmericAn Lonfereénce Of Governmental [ndustrial Hyglenists, 6500
Glenway Ave., Suilding D-5, Cincinnat{, OH 45211 (1582},

- RIGSH/AOSHA Pocket Guide to Chemical Hazards, U.S. Government
Frinting (77ice, Washington, OC a030z (August 1561),

- Registry of Toxic Effects of Chemical Substances, U.S. Government
Frintiug Uffice, Washington, DC 20402 (1980).

¥henever possidle, data in one reference should be cross-.checked with
ather references,
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TARLE 111-1 (CORTINGED)

SERWL TOXICITY
Shonteat "Re |reeiritted Tezmcity | T | concemtration | S
Sedium Mypechlerite Tteeld » Tocal e - 2
- Sedlem Lawry) Selfake s;'lil ¢ 1ecal * - 2
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i e M - - ’
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Sedtim Octylaulfete “selid . Tecs! + - 2
Sedtmn Selenite toiig + . Toen! o 2 ngfa’/on ?
Strychnine seltd * systaetc ol :gmt.s:a 2
Styrens 1l-u|‘ - ' lecal x m g
Selfexide sel¥d + Tecal * - 2
Selfer soMd + Tecal - - 2
Sulfer Diexide g * Toca) m 5 pom/Bh 1




TARLE 111-} (CONYIMNED)

191-¢

OEARAL TOXICITY
Chantcal feal Sin Serme] Potancy Porwiseible Cukoger
':ﬁu Panstretiog Taxicity Cancantrat i y
Selferic Acld Nl ”» Tecal e |1 et 1
Sulfur Menachieride Teid +* tecal e 1 ppm/th 2
L , selfd + Tecal » - 2
' Systesic s
T-Butythphraparanide Vmid + Yocal + - 2
systemic *
TA ' solid + lecal * - 2
' ' spstamtc ] 44
TOE ] sl R, systemic + - 2
Tort-butylantde selid + Tecal * - 2
syiteeic &
Tetraborine ’ Heuld ~ 1acal ” - 2
systemie e
Tetratecane) selid 4 Yocal ¢ - e
iptatc | o .
Tatraathylene Pentmine Neuid + tecal g - 2
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sptesic | wee
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TAME 111-1 (COATINNED)

OENN. TRXICITY
hanicel {cal kin Oursal Potancy Peraissthia Cotopor
"sa’:u fenatrat Texnteity Concemtritisn y
Tristhylene G1ycel MHemid ‘H lecal * - 2
>4
Tristhylmetetranive iquid «“ Jocal +He - 2
Tringtiylanine Gas (3 *» Tocal L aad 5 s/ 1
Trimthylmine Sotution Wl *» Yocal e | 26 pomiin 2
Trinltretaivene soltd - Tecal * 1.5 wp/ad/on 2
£ +
Sravy) Aftreta seHd N ecal | magedm a
Lystamic had
Yanadiem Guytrichloride 1imid *» Tacal - § pm/1% nia 4
_aystemic *
Yapan Heald *» Teca) » - [ 4
iystenic +
Yiay! Acatnte 1iquid L el L ad 10 2
Eert
Yinyl Sronide gas e loca) " 200 ppa/Oh 1
spatamic +4
Yinyl Chlortda g op tecal 4 200 ppn/8h H
systamic s
Visyl Ether Hould *» Tocal *» - 2
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TAME [iI-1 {CONTINGED)

DERNAL TOXICITY
L N N e
Zenem 153 {r;llmht) L] ' "o systesic D - 1
Zinc Berate saltd = Tocal # |10 mia¥ie 2
inc Chloride selid * Teco) «» ! pm/lh 2
Iisc Cyantde salid * sg.:::ll'. :" - 1
Iine Rydrasuifite sald + Iscal * - 2
Linc Fhamelanifonste solid + Tocal e - 2
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MANUAL CUAPTER 10

EPA DIYING SAFETY POLICY
OCCUPATIONAL
HEALTH AND SAFETY

(2) Mationml Oceanic and Attoapheric Administration {(HOAA)
Training. AT worldng dlwers, senior dlvers and dlving Instructors
shall attend the NOAA "NDiving Accident Managerent” class within 1 vear
of adontlien of thia Chapter.

h. Medical Reoquirements.

(1) Prior to acoeptance for initial Alver training or cert=-
ification, and anyunlly thereafrer, each diver shall he required tn
vndargo a Aiving physical examipation. The Individual diver shall
provida the examininag physician with the following listed MOAA
medjcal forms, as eppropriate, in orler to ensure an examinatiosn
appropriate to diving activities:

(a) NOAR Form 645, Fart 7, Medical Fvaluation Criteria;

(b) NOAA Form 64-5, Part IT, Diving Fitness Medical
Fvaluation Report:

(cY SF=7R, Certifiration of Medical Fxamination (Civilian
Personmnel ):

() SF=-RA, Repnrt of Medical Fxanination (Cwomdssinned
Persormel); amst

(el SF-93, Report of “edical History.

(These forma are availahle frem the local Safetv OfFicer/Nesi-
anes., )

(2} Upon veceipt of the campleted medical doouments from the
examdrdy ghyslcian, the inlividual Afver is responaihle for Alstribu-
tion of these forma as followai

(a) Porward signed orininals of SP=-78 to the FPA Diving
Safety (rrmittee Chalirman throudh the Vnit Divinag OfFicer, with copies
to NHAS;

{(h} Forward a sigmed corry of NWMR Form 64-5, Tart IT,
only, to the Thit Diving Officer for retention in the empleyee’s
filet and
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OCCLIPAT TONAL EPA DIVING SAFETY TOLICY
FEEAITHl AND SAFETY

e. The Dive Plan/_Lo?. Divers are rexjuired to log all dives. The
EPA Diving Plan will be initiated by the prospective Dive Super-
visor desiring to conduct a dive and submitted to the Unit Diving
Officer for approval. Aftec the dive is completed, details of the
dive will ba recorded and the Dive Supctvisor will certify that the

regulations of the Manual were adhered to and submit it each mnth to
the Unit Divimg OfEicer.
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Station 31: Boot Cover and Glgve Rinse

Rinse off decom solution from Station 2 using copious amounts of water.
Repeat as many tines as Necessary.

Equipment: container (30-50 gallons)
or
high-pressure spray unlt
water
2-1 long-handle, soft-bristle scrub brushes

Station 4: Tape Remowval

Remove tape around boots and gleves and depesit in container with plastic
1iner.

Equipment: container (20-30 gallons)
plastic liners

Station 5: Boot Cover Remgval
Remove boot covers and deposit in contalaer with plastic liner.
€quipment: container (30-50 gallons}
plastic iners
bench or stool
Station §: Outer Glove Remopval

Remove cuter gloves and deposit in container with plastic 1{ner.

Equipment: container (20-30 yallons)
plastic limers

Station 7: Swvit/Safety Boot Wash

Thoroughly wash fully encapsulating suft and boots. Scrub suit and boots
with long-handle, soft-bristle serudb brush and copious amounts of decon
sclution or detergent/water. Repeat as many times as mecessary.

Equipment: container {30-50 galloas)
decon solution
or
deterqgent/water
2-1 long-handle, saft-bristle scrub brushes

Station B: Suit/Safety Ooot Rinse

Rinse off decon solution or detergent/water using copious amounts of
water. Repeat as many times as necessary.



Equipment: container (30-50 gallons)
or
high-pressure spray unft
water
2-1 lung-handlie, soft-bristle scrub brueshes

Station 91  Tank Change

If worker leaves Exclusion Ione to change air tank, this fs the last step
in the decontamination procedure. Worker's afr tank is exchanged, new
cuter gloves and boots covers donned, and jolats taped. Norker then
returns to duty.

Equipment: air tanks
tape
boot covers
gloves

Station 10: Safety Boot Removal
Remove safety boots and depasit in contafner with plastic 1iner.
Equipment: contafner (30-50 g&llons)
plastic Tiners
bench or stool
boot jack
Statfon 11: Fully Encapsulating Suit and Hard Hat Removal

With assistance of helper, remove fully encapsulating suit (and hard hat}.
Hang suits on rack or lay out on drop cloths.

Equipment: rack
drop cloths
bench or stool

Station 12: SCBA Backpack Removal

While still wearing facepiere, remove backpack and place on table.
Oi{sconnect hose from regulator valve and oroceed to next station.

Equipment: table
Station 13: Inner Glove ¥ash

Wash with decon solution or detergent/water that will not harm skin.
Repeat as many times as necessary.

Equipment: basin or bucket
decon solution
ar
detegent/water
small table
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B.

ANNEX 2
LEVEL B DECONTAMINATION

EQUIPNENT WORN

The full decontaminmation procedure outlined is for workers wearing
Level B protection (with taped joints between gloves, boot, and suit]
consisting of:

- OQOne-piece, hooded, chemical-resistant splash suit.

- Self-contzined breathing apparatus.

- Hard hat.

- Chemical-resistant, steel toe and shank bdogts.

- Boot covers

- Inner and outer gloves.

PROCEDURE FOR FULL DECOMTAMIMATION
Station 1: Segregated Equipment. Drop

Deposit equipment used on-site (tools, sampling devices and containers
monitoring instruments, radios, c)ipboards, etc.)} on plastic drop cloths
or in different containers with plastic liners. Ffach will be
contaminated '™ a different degree. Segreqation at the drop reduces the
probability of crass-contamination.

Equipment: various sfze containers
plastic liners
plastic drop cloths

Station 2: Boot Cover and Glove Wash

Scrub outer boot covers and gloves with decon selutien or detergent/
water,

Equipment: container (20-10 gallons)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brushes






Station B: Suit/SCRA/Boot/Glave Rinse

Rinse off decon solution or detergent/water using copious amounts of
water. HAepeat as many times as mecessary.

Equipment: container [30-50 gallons)
or
high-pressure spray unft
water
small buckets
2-3 long-handle, soft-bristle scrub brushes
sponges or cloths

Station 9: Tank Change

1f worker leaves Exclusion 2one to change air tank, this is the last step
in the decantaminatien procedure. Worker's afr tark is exchanged, new
outer gloves and boots covers domned, and joints taned. Morker returns to
duty.
Equipment: afr tanks
tape

oot covers
jloves

Statfon 10: 5Safety Doot Removal
Remyve safety booats and deposit in container with plastic Yimer.
Equipmeat: container {30-50Q gallons)
plastic liners
bench or stool
boot jack
Station 1l: SCBA Backpack Removal

While still wearing facepfece, remgve backpack and place on tahle.
Disconnect hose from requiator valve and proceed to next statfon.

Equipment: table
Station 12: Splash Suit Removal

With assistance of helper, remave splash suit. Osposit in container with
plastic liner.

Equipment: container (30-50 gallons)
plastic liners
bench or stool
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ATINEX 3
LEVEL C OECONTAMIHATION

EQUIPMENT WORN

The full decoatzainztion procedure outlined is for workers wearing
Level £ protection {with taped joints between gioves, boots, and suit)
consisting of:

= One-piece, hopoded, chemical-resistant splash seit,

- Canister equipped, full-face mask.

- Hard hat.

~+ Chemical-resistant, steel toe and shank boots.

- Bpot covers.

- Inner and outer gloves.

PROCEDURE FOR FULL DECONTAMINATIOM
Station l: Seqregated Equipment Orop

Deposit equipment used onr-site (tools, sampling devices and containers,
monftoring fastruments, radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic liners., Each will be
contaminated to a different deqgree. Segregation at the drop reduces the
prabability of cross—contamination.

Equipment: wvaricus size containers
plastic Tiners
plastic drop claths

Station 2: Boot Cover and Glove Wash

Scrub outer boot covers and gloves with decon solution or detergent/
water.

tquipment: container (20-30 gallons)
decon sqlution
or
detergent water
2-3 long-handle, soft-bristle scrub drushes



Statjaon 3: Boat Cover and Glove Rinse

Rinse off decon solution from Station 2 using copfous amounts of water.
Repeat as many times as necessary.

Equipment: container (30-50 gallons}
or
high-pressure spray unit
water
2-3 long-handle, soft-bristle scrub brushes

Station 4: Tape Remaval

Remove tape around boots and gloves and deposit in container with plastic
liner.

Equipment: container (20-30 gallons)
plastic tinars

Station 5: Boot Cover Removal
Remove boat covers and deposit in contziner with plastic limer.

Equipment: contafner (30-50 gallens)
plastic liners
bench or stoe?

Station 6: Outer Glove Removal
Remove outer gloves and deposit in contalner with plastic Tliner.

Equipment: container (20-30 gallons}
plastic liaers

Station 7: Sufit/Safety Boot Wash

Thoroughly wash splash suft ana safety boots. Scrub w.th long-handle,
soft-bristle scrub brush and copious amounts of decon solutien or
detergent/water. Repedt 3s many times as necessary.

€quipment: container {30-50 gallans)
gecon solution
or
detergent/water
2-3 long-handle, soft-bristie scrub brushes

Station B: Suit/Safety Boot Rimse

Rince off decon solution or detergent/water using copious amounts of
water. Repeat as sany times as necessary.






Equipment: water
basin or bucket
small tadle

Station 14: Facepiece Removal

Remove facepiece. Avoid touching face with gloves. Deposit facepiece in
container with plastic 1iner.

Equipment: container (30-50 gallons)
plastic linars

Station 15: loner Glove Removal
Remove inner gloves and deposit in container with plastic liner.

Equipment: container (20-30 gallons)
plastic liners

Station 16: Inner Clothing Removal

Remove clothing soaked with perspiration. Place fn container with plastic
lfner. Do not wear inner clothing off-site since there s a possibility
small amunts of contaminants might have been transferred in removing
fully encapsulating suit.

Equipment: container {30-50 gallons)
plastic iiners

Station l7: Field Wash

Shower if highly toxic, skin-carrosive or skin-absorbable materfals are
known or suspected to be present. Wash hands and face §f shower is not
available.

Equipment: water
soap
tables
wash basins/buckets
ficld showers

Statfon 18: Redress
Put on clean clothes. A dressing trafler s nseded in inclement weather.
Equipasent:. tables
chairs

lockers
clothes
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ANMEX 4
LEVEL A OECONTAMINATION. MINIMUM LAYOUT

EQUIPHENT WORN

The decontamination procedure outlined i, To= wrrers weadring Level A
:;«:tectian {with taped loints between gloves, boots, and suit) consisting
- Fully encapsulating suit with fategral boots and gloves.
- Self-cantained breathing apparatus.

- Hard hat {optional].

- Chemical-resistant, steel tos and shank boots.

- Boot covers.

- Inner and outer gloves.

PROCEDURE FOR FULL DECONTAMIMATION
Station 1: Segregated Equipment Drop

Deposit equipment used on-site [tools, sampling devices and containers,
wonitoring instryments, radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic liners. Each will be
contaminated to a different degree. Segregation at the drop reduces the
probability of cross-contammination.

Equipment: wvarfous size containers
plastic Yiners
plastic drop clothes

Station 2: Quter Garment, 8cots, and Gloves Wash and Rinse

Scrub outer boots, outer gloves, and fully-encapsulating suit with decon
sotution or detergent water. Rinse off using copious amounts of water.

Equipment: containers {30-50 galions}
decon salutien

or

detergent water

rinse water

2-3 long-handle, saft-bristle scrub brushes



Station J: Quter Boot and Glove Removal

Remove outer boots and gloves. Depostt in container with plastic limer.

Equipment: container (30-5C gallons}
plastic liners
bench or stool

Station 4: Tarnk Change

If warker leaves Exclusfion Zone to change afir tank, this is the last step
fn thc decontamination procedure. Worker's alr tank is exchanged, new
outer glovas and boot covers donned, joints taped, and worker retums to
duty.

Equipment: afr tanks

tape
boot cavers

gloves
Station 5: Boot, Gloves, and Quter Garment Removal

Boots, fully-encapsulating suit, and fnner glaves removed and depasited
in separate containers lined with plastic.

Eguipment: centainers (30-50 gallons)
plastic liners
bench or stool

Station §: SCBA Removal

SCOA backpack and facepfece is removed. Hands and face are thoroughly
washed. SCBA deposited on plastic sheets.

Equipment: plastic sheets
basin or bucket
soap and towels
bench

Statfon 7: Field Wash
Thorcughly wash hands and face. Shower as s00n as possible,

Equipment: water
soap
tables
wash basin/bucket
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APPENDIX G

SQURCES OF INFORMATION AND RESPONSE ASSISTANCE

INTRODUCTION

Many sources of infermation and arganizations can provide response
parsonnel with technical data and physical assistance regarding both the
hazards assnciated with an incident and methods to deal with them. It s
nacessary to be aware of these resources and know how to use them.

The inforaation, which may include data on sites, topography, metsorology,
physical/chemica) properties of the material, applicable treatment methods,
and available cleanup resources, can be provided by various agencies, maps,
reference beoks, and manuals. {t {s advisghle to get data from at least
two sources and use the latest addition of any reference, especially when
searching for hygienic standards or toxjcological data.

Access 0 on-line computer files may be possible at the site if a
telephone, portable terminal, and 120-volt outlet are available. Aerdial
prhotographs can also provide useful information whan properly interpreted.

BASIC REFERENCES

A. OHMTADS: 011 and Hazardous Materials Technical Assistance Data System,
developed by the EPA. Access through EPA Reqional Offices.

DHMTADS 13 a computarized dat: retrisval system avallable ia the form
of a computer print-out, sanuals, ar microficha. For each of more than
1,000 03] and hazardous substances, there are 126 possidble (nformatfon
seguents on, for example, toxicity and associated hazards, personal
safaty precautions, cleamup and disposal methads, materials handiing,
and fire fighting. However, not 2!l inforwmation is availedle for all
mterials.

8. CHRIS: Chemfcal Hazard Response Information System, developed by the
U.S. Coast Guard. Access through the Natiomal Respense Ceater,
telephone B00/424-8802

CHRIS consists of four manuals, a regicnal coatingency plan, a Hazard
Assessment Computer System {HACS), and an orguiutiml entity at
Coast Guard Headgquarters. Volume 1 (CG-446-1) §s designed to be usad
by the first responders at an incident. Volumes 2, 3, and & (CG-445-2,
CG-146-3, and CG-445-4, respectively) are intended for use by the
On-Scene Coordinator’s (OGCT office along with the Regional and
Natlonal Response Centers. Coast Guard stations, aspecially those in
major parts, will usually have these manuals.



Yolume 1: "Condensed Guide to Chemical Hazards”

Yolume 1 15 tntended for yse by the first responders on the scene
of an fncident. The chemicals involved must he known, however,
before the appraopriate fnformation can be obtainad frem the manual.
This volume also contains a 1ist of questions needed to access
Vo:u-e 12! AN information in this volume can be found 1n

Yolume 2.

Yolume 2: "Hazardous Substance Data Manval®, (also avatlable from
the U.S. Govérnsent Printing Office, Washington, OC 20402, GPO
stock number 050-012-00147-2)

Yoluwe 2 is probabiy the most useful in responding to spills/waste
sites. Containing iaformation on hazardous chemicals shipped ia
large volume by water, it fs intended to be used by port security
personne) and others who may be first t0 arrive at the scene. The
easily understood information about chemical, physical, and
toxicological properties can help quickly determine the actions to
be taken immediately to safeguard life, property, and the
environment.

Yolume 3; “Hazard Assessment Handbook"®

Volume 1 describes methods of estimating the quantity of chemicals
which may be released during an incident, thair rete of dispersion,
and the methods for predicting any potential toxic, fire, and
explosive hazards.

¥Yolumes 2 and 3 are designed to be used together. The hazard
assessment code 1n Volume 2 for eack chemical 15 used in Volume 3

to select the appropriate procedures to caiculate hizard
assessment.

Yolume 4: "Response Methods Handbook®

volume 4 contains informaticn on existing methods for handlfng
spills of hazardcous materials. The appendix 1ists manufacturers of
equipment which may be useful. It also describes methods of spill
{primarily oi}), containment. This volume 1s {ntended for use by
Coast Guard O0SCs with some traintng or expertence in hazard
response.

"Decumentation of the Threshald Limit Yalues (TLV)", fourth edition
{1960}, ACGIN Publications Offtce, 6500 Glenway Ave., Building D-5,
Ciacinnati, OH 45221

This book gives pertinent scientific information, with references to
1terature sources used to determine each TLY. Cach documentation also
defines the type of toxfic response for which the 1imit s used. This
book should be consulted for a better undarstanding of TLV'S.



0.

[See Part 5, “Threshald Limit Values and Other Guidelines.™}

National Institute of Occupational Safety and Health/Occupational
Safety and Health Adwinistratfon Resources

1.

"N1OSK/OSHA Pocket Guide to Chemical Hazards," U.S. Government
Printing Of fice, ¥ashington, DL 20402

information in this pocket guide comez from the NIOSH/QSHA
Occupaticnal Health Guidelines. Presented in a tabular format, it
is a reference for industrial hygiene and medical surveillance
practices. Included are chemical names and synonyms, permissible
exposure limits, chemical and physical properties, signs and
symptoms of overexposure, environmental and medical monitoring
procedures, recommended respi{ratory and personal protective
equipment, and procedures for treatment.

"HI0SH/O0SHA Occupational Health Guidelines for Chemfcal Hazard's,”
U.S. Government Printing Offtce, Washington, O€ 20402

This three-volume document provides technical data for scst of the
substances listed in the “WIOSH/O0SHA Pocket Guide.“ The
information is much more detailed and 1s designed primarily for us¢
by industrial hygienists and wmedical surveillance personnel. In
addition to the information found in the “Pocket Guide,"
“Occupational Health Guidelines” 1ncludes recommended medical
surve{ilance practices, air monftor{ng and seasurement procedures,
personnet sanitation, and spill and dvsposa) technfques.

“Fire Prevention Guide on Hazardous Materials.” Mational F.re
Protection Associatfon (NFPA), (Quincy, MA 02269

The WFPA has combined five manuals into one comprehensive guide on
harardous materials. These five present fnformation on:

1.

Flashpoint of ofls, together with more than 8,800 trade-namee
chemicals, their flashpoints, manufacturers, and principal uses.
The flammadtlity hazard can be detersined from this infarmation.

Fire hazards of 1,300 flammable liquids, gases, and solids are
listed irn alphabetical order with eppropriate fire-fighting
information. VYarious properties licted inclvde flashpoint,
specific gravity, water selubility, hazard identification, anc
boiling point.

Toxicity data on 416 chemicals.

Hazardous reactions of aver 3,550 chem{cals. Reactions may fnvolve
tw) o more chemicals and cause fires, explosions, or other
problems. A chesical 1s listed, followed by those chemicals which
can cause a hazardous reaction.



S. Recommended system for tdentiftcation of fire hazards of mater{als.
The KFPA labeling system is described in detail, with a careful
explanation of the ratings.

This m2nua) presents a large amount of Information, but deals with
pure chemicals, not mixtures. Some experience is required to
interpret the manual properly.

“The Kerck Index.” ninth edition (1976}, Merck and Co., Inc.,
Raway, W 07065

"The Merck Index” {s a comprehensive. fnterdisciplinary encyclopedis of
chemicals, drugs, and biolegical substances. 1t describes 9,856
chemicals in a structured format. An extensive index and cross-index
mike the manual easy to use. It 1s designed to serve a variety of
purposes. For response personnel, {t provides informatton on
physical/chemical properties of chemicals and their toxicity.

“Dangeraous Properties of Industrial Materfals," fourth edftion {1979),
edited by N. Irving Sax, Van Hostrand Reinhotd, Co., 135 W. 50th St.,
New York, WY 100

This book provides a sfagle source of concise information on the
hazards of nearly 13,000 common industrial and laboratory materials.
Cescriptive {nformation and technical data are given in the three
sections of the book. The main section, general {nformation, is
designed to expedtte retrieval of hazard Information. The three
sections are:

1. General {nformation: synonyas, description,. formula, physical
constants.

2. Hazard analysis: toxicity, fire hazard, explosive hazard.

3. Countermeasures: handling, storage, shipping, first aid,
fire-fighting, personnel protection.

This heok 1s not intended for use on site. It can be useful later,
however, to verify hazards asseciated with the emsrgency.

“Condensed Chemical Dictionary,” Gessnar G. Hawley, Vam MNostrand
Reinhold Co., 135 W. 50th St., New York, MY 10020

This book, & compendfum of techntcal data and descriptive information
cavering many thousands of chemicals and reactions, 19 designed for
very quick use and can be helpful in assessing a hazardous waste site
or spi1). Three distinct types of information are presented:

1. Technical descriptions of compounds, raw materials, and processes.



2. Expanded dafinitions of chemical entittes, phenomensa, and
terminology.

3. Description or fdentiffcation of a wide range of trade-name
products used in the chemjcal industry.

« ON-LINE COMUPTER SYSTEMS

l.

OHMTADS: Access through EPA Reglonal Offices

OMMTADS, EPA's computerized information retrieval system, can help
identify material from observations {smell, color, etc.} made at each
site. The information in the 126 segments covers a variety of
physical, chemica), biological, toxicological, and commercial data,
with the emphasis on the effects on water quality.

OHMTADS has a random access provision which snadles the user to solve
problems fnvolving unidentified pollutants by inputting physical/
chemical character{stics or other factors cbsarved un-site. The systam
automatically takes each word and processes 1t into an fnverted 1ndex
f{le, making each word a search component of the data base. The search
1s made using Boolean logic, and the system responds with a 1ist of the
compounds meating the {nput charicteristics. The output is displayed
on the user's terminal. The user can then refine the search if
necessary to narrow the list of possible materials.

HACS: Hazard Assessment Computer System. Access through the Hational
Respanse Center, talephone B00/324-95802

HACS, the computerized counterpart of Yolume 3 of the CHRIS manuals,
makes it possibie to obtain very detailed hazard avaluations through
the computer at Coast Guard Headgquarters. The systam 1s {ntended
primarily for use by the OSC.

SKII:' Sp111 Clean-Up Inventory System, developed by the U.5. Coast
Guard.

The U.S. Coast Guard's Office of Marine Environment and Systems,
Pollution Response Branch, developed SKIN, a computer-based Inventory
of equipment availadle for pollution response in the Untted Stytas
{including Puerto Rico and Guam). The inventory includes public
equipment, such as that owned by the Coast Guard, U.5. Mavy, and other
agencies, as well as equipsent maintained by contractors, cooperatives,
and private companies.

The information iz reedily available to interested parties through a
network of ctomputer terwminals with access to the system. SKIM was
desigred with a variety of potential uses 18 mind. It com:



4.

Provide up-to-date information to DOSC's. When a spi)l occurs and
the predesignated DSC in that arez 15 notified of the specific
detafls, he ts respansibie for bringing the dest combination of
response resources tn besar on the probiem. SKIM helps make such
decistons.

Provide updates to equipment 1istings 1n lacal contingency plans.
While many of these plans now are out of date, SKIM ensbles local
and Regional Response Teams to odtain up-to-date listings.

Serves as an informational ai{d for Coast Guard Marine Safety
Offices, captains of the ports, and district and headquarters
wmanagers. This enhénces the decision-making capability of those
concerned with budgeting, resources aliocation, and planning for
pollution response.

Be used by a1 Federal agencies involved with the Hatioral or
Regional! Response Teams.

Private Firme Offering Access to Dats Banks

SDC: System Develcpaent Carp., telephone BOO/352-6689 [Californta),
800/821-7229 (Continental U.S., except California)

The SDC Search service is one of the most comprehensive on-line
retrieval services in the world. It provides easy, convenient access
to one of the largest femilies of on-1ine literature and reference
data bases obtainable anywhere - most of them avatlable oniy through
SOC. 1ts services include: ENYIROLINE, which contains citations on
a1l areas of environmental studies and covers such subjects as afr
pollution, chemical and biolagical contamination, energy,
environsental education, envirormental design and urban scology,
population plamning, and gecgraphical changes. The use of modern
talecommunications, SOC's computers, and ORBIT, its advanced,
field-tested retrieval system, permits retrieving the necessary
information quickly, precisely, and efficiently, Because of ORBIT's
quick response characteristics, an effective search from start to
finish can often be completed in 22 1ittle as 5-10 minutes.

Sigma Data Computing Corp., 926 Mayne Ave., Silver Spring, N0 20910,
telephone 301/589-6101.

This company provides computer services and products to governmental
and commercial clients.

Sigma Data Services, Corp., sime address as shave, telephone
301/565-37713.

This company operates computer facil{ties and provides analysts and
programming services for government agencies.



.

REMDIL SENS[MG AND MAP INTERPRETATIOM

A. Aerial Photography

Environmental Photograph Interpretation Center, Marrenton, VA 22186,
telephone 703/557-3110 (EPA Regions 1-1V})

Envirgmeental Monitering and Support Laboratery, Las Yegas, WY ¥5114,
telephone 702/798-2237 {EPA Regions ¥-X)

Aerial photography can be useful in a spill response in that a plane
can fly over the area the time of the spill recording 1ts extent.
Subseguent fiights can show the dispersion. Also, aany di fferent
types of photography, including infrared, can help describe waste
sites and plume dispersion. Historical photos can trace a facility
from its inception to the present, pin-pointing past activities that
may mark trouble spots.

Aerial photography has another use, monitoring facilities that
produce o+ store chemicals. Spill and spill-threat conditions that
exist in many such facilities may also be photographically
documented. Aerial photographers can assist with the monitoring of
chemical facilities for compliance with the spil) preveation
regulations (ssued under tha Federal Water Pollution Control Act

as amended in 1977. Aerial reconnaissance missions effectively and
economically augment coapliance monitoring efforts of EPA Regicas or
other regulatory agencies. An zirplane can fly over a large number
of areas and facilities in a brief per{ed of time. Once the
photograghs have been interpreted, spill) prevention personnel can use
the results to inspect dreas or facilities in & minimuwm amount of
time because they can concentrate on those areas with the spill
problem.

EROS Data Centar, User Services, Slcux Falls, SD 57198, telephone
504/594-6511, ext. 151

The ERGS system, run by the U.S5. Geolagical Survey, uses remote.
sensing techniques to inventory, monitor, and wmanage natural
resocurces. EROS Includes research and training in the interpretation
and application of remotely sensed data and provides these data at
nominal cost.

At the heart of the ERDS Data Center is a central computer complex
which controls a data base of over 6 mi114on images and photographs
of the earth's surface features, searches for geographic data om
areas of tnterest, and serves as & management tool for the entire
data reproduction process. The computerized data storage and
retrieval system is based on latitude and longitude, supplemented by
informetion about image quality, cloud cover, and type of data.



Information received from the EROS Data Center can be used in much
the came way as information recefved from the Envirowwental
Nonitoring and Support Laboratory. EROS data provide a chronological
o:erv!eu of an area, thereby sctablishing the extent of damage over
time.

U.S. Geological Survey Maps
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Topographic quandrangle maps

Topographic maps are useful in that they show the cantours of the
land, the network of water features, and elevatfons. They also show
cities and urban areas and, 1n the case of a spil1) or waste site,
they tel) how close a spill or waste site 1s o a lake, river,
stream, or population centers.

Hydrologic maps

Hydrolagic maps show witer in or beneath the land surface. They are
very useful when evaluating water supply and water-related hazards
such as flooding. They also show drainage areas, depth to ground
witer, and the thickness of water-beraring formations. In the case of
a spitt or waste site, a hydrologic map {s can indicate any possible
cantamination of the ground water and/or drainage ares.

Land use and land cover maps

Land use and land cover maps have been prepared by using the standard
topographic quadrangle maps or jarger-scale low-altitude aerial
photographs as a base. These meps provide detailed {nforwmation sbout
the way people use the land or about the vegatation cover. This
information could be usefu) at a spill or waste site. For example,
{f chemicals enter an area being used for crops, authorities should
be advised of the chemical(s) invelved and their possible effects.

Sources af maps

Maps are avaliable in areas east of the Mississipp? River, including
Minnesata, Puerto Rico, and the Yirgin Island, from:

Granch of Distribution
u.S. Geplagical Survey
1200 South Eads St.
Arlington, YA 22202
Telephane: 703/557-2751

Areas west of the Mississippl River, including Alaska, Hawaii,
Louisfana, Guam, and Aserican Somoz, should order from:



fBranch af Disteibution
U.S. Geolagical Survey
Box 25286, Federal Center
Cenver, CO 80225
Telephone: 303/234-3832

TECHHICAL ASSISTANCE ORGANIZATIONS

A.

Federal
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IRAP: Interagency Radiological Assistance Plan. Access through
CHENTREC (see szection 9), telephone 800/424-8306 (24 hours), or
202/483-7616 1n Washington, OC. Also through Regional Offices of
EPA and {partment of Energy (DOE).

IRAP {5 designed to assist in coping with radiation emergencies. 1t
operates through DOE, but works closely with other Federa), State,
militery, and regicnal groups. Upon recelving an smergency call,
the regianal coordimatar of IRAP $nvestigates the situatfen, getting
as much information as possible as to the type of mterial. If the
spi1l or lesk appears serfous, a technical response team is
dispatched and the Muclear Requlatory Commission {s notifisd. The
main functions of the response team are tn assess the hazard, fnforwm
the public, and recommend emergency actions to mianimize the hazard.
The responstdility for cleanup rests with the shipper or carrfer of
the material at the tiwme of the spill.

Coast Guard Nation2l Strike Force. Access through the Mationat
Response Center, telephone B00/424-8801.

The Natiaonal Strike Force {N5F) 1= a part of the Matiopa) Respanse
Team established under the authority of the Federal Water Pollution
Control Act as amanded fn 1977. 1t caonsists of high seas afl
Cleanup squipment and trained personnel available to assist the 0SC
upon request during Phase 11! (Containment and Countermeasures),
Phase 1Y (Cleanup, M tigation, and Disposat), and Phase ¥
{Documentation and Cost Recovery), as defined in the Natiomal
Contingency Plan. A (oast Guard Strike Tesm 15 Jocated on the fast,
West, and Gulf Coasts. Each is capable of responding to a pollution
incident fn its area with four or more men within 2 hours and be at
full strength 1n 12 hours. The teams can provide communication
support, assistance, and advice on ship salvage, diving, 3rd removal
techniques.

U.S. Army Technical {Escort Center). Chewical tmergancy Response
Team. Access through the Departmant of the Army, Operations Center,
talephone 7-3/521-2185.

This center maintains, on standby, & 14-man alert team at Adardeen
Proving Ground, MO, trafnad and experienced in handling chemical



ety e 10t It has readily avatlable equipment such as

bie tmttanination trucks, air monitoring equipment, and protective
‘othing. Tnis team can respond in 2 hours t¢ a chemical emergency

whun directed to do so by the Army. Although 1t responds mainly ta

coergencies fnvolving Department of the Army chemicals, 1t assists
the ather agencies such as the Coast Guard and EPA.

Environmental Response Team (ERT}

The Natfonal Contingency Plan directed EPA to establish the ERT to
advise 0SC's and Regional Response Teams on environmentzl issues
related to spill containment, cleanup, and damage &ssessment. T2
team, established in Octocber 1578, provides expertise in biology.
chemistry, and engineering for environmenta)l emergencies, as well as
specfdl eguipment to cantrol and clean up chemical discharges.

The ERT makes 1t possible for EPA to provide around-the-clock
support to the Regional Offices through personnel whose sole
responsibility is to respond to envircnmental emergencies., The Team
1s EPA's focal point for technical assistance to the Regions and
Program Qffices during emergency episodes favolving toxfc and
hazardous wastes. The Team has two locations: €disen, W,

and Cincinnati, OH. Usually, requests for halp frem the Tess comes
frem aach Regfon's Emergency Coordinator, once the conclusion has
been reached that technical assistance is aeeded. The Team consists
of 11 individuals with 1ong experience in dealing with various types
of snvironmental emergencies and in responding to requests for
assistance at uncontrolled hazardous waste sites.

The Team 1s responsible for coordinating the Eavironmental Emergency
Response Unit [EERU), a cooperative effort between the Tesw, the
Office of Research and Development's 011 and Hazardous Materials
Spills Branch, and contractor personnel. Services avallable through
the Response Unit iaclude prototype spill control equipment such as
the mobile physical/chemical treatment system, a mchile
flocculation/sedimentation system, contract laboratory analytical
services, and pilot plant treatment studies.

B. Private

1.

CHEMTREC: Chemfcal Transportation Emergency Center. Access via
telephone, 800/424-9300 or 202/483-7616 in Washington, OC.

CHEMTREC 15 a clearinghouse providing a 24-hour telephore number for
.hemica) transportation emergencies. It covers over 3,600 chemicals
which have been sutmitted by manufactuers as the primary materials
they ship. CHEMTREL 1s sponsored by the Cnemfcal! Manufacturers
Assacfation, atthough nonmembers are also served. The =mergency
telephone number {5 widely distributed t0 emergency service
personnel, carriers, and the chemical imdustry. The number §s
usually given on the bill of lading.



8.

When an amergency call s received by CHEMTREC, ths person on duty
writes down the egssential infarmation. As much information as
possidle is obtained by phon~. The persom on duty gives the caller
{nformation on hazards of spills, fire, or eaposure that the
manufacturers of the chemfcals involved had furnished. The ge'rsoll
¢n duty then notifies the shipper of the chemical by phone of the
situation. At this paint, resgonsiblity far further guidance passes
ta the shipper.

CHENTREC's functicn {s basically to serve as the l{aison bDetween the
person with the problem and the chemical shipper andfor the
manufacturer, the people who know the most about the product and 1ts
properties.

CHLOREP: Chlorine Emergency Plan. Accesas through CHENTREC.

CHLOREP was establicshed by the Chlorine Institute to handle chlarine
emergencies in the U.S. and Canada. The systewm operates through
CHEMTREC. Upon receiving an emergency call, CHENTREC notifies the
nearest manufacturer in accordance with z mutuval aild plan. This
manufacturer then contacts the emergency scene to determine T a
technical team should be sent to assist. Each participating
manufacturer has trained personnel and equipment avaflable for
emergencies.

Natianal l.g:iculttrra] Chemicals Association, Pesticide Safety Team
Ketwork. cess through CHEMTREC.

The National Agricultural Cheaicale Association operates a natiomal
pesticide information and response network providing advice and
on-site asststance when a spill warrants it. The network operstes
through CHENTREC. Upon receiving notification of an emergency
involving & pesticide, CHEMTREC contacts the manufacturer, who
provides specific advice on handiing the spill. IFf necessary, spill
response taams are availahle on a geographical basis.

TEAP: Transportation Emergency Assistance Plan, Canadian Chemicad
Producers Association. Access 24 hours a day through three regional
control centers:

- British Columbia, 604/929-3341
- Prajrie Provinces, 403/477-8339
- MNorthern Ontario, 705/682-2881

TEAP Functions in Canads in a siwilar fashion to CHENTREC in the
U.S. 1t provides emergency advice, gets knowledgeable parsonnat
{usually the menufacturer) in touch with responsible people at the
scene Of the emergency, and sees that on-the-scene assistance is
provided if needed. When the regicnal control center receives 3
c3ll, the attendant records basi¢c information, chtains a call-back
number, and perhaps gives preliminary information from standard



references {IF the name of the product is known. The attendant then
calls one of the center's technical advisors, who calls the scene of
the accident to get as much detail a5 possible and perhiaps provides
addicfonal advice on coping with the emergency. The advisor then
tries to contact the producer. 1f the producer cannot be reached,
or if distances are great, the regional control center contacts a
company familiar with the praduct. The centar s also prapared to
sand personnsl and equipment to the scence {f necessary. Once
contact has been established between producer and Yocal suthorities
on the scene, the technical advisor assumes a follow-up role and
notifies the Canadian Cheaical Producers Association of the
accident.
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Manual of Recommended Practice for Combustible Gas Indicators and
ortable, Direct Rea rocarbon rs., can stria
Hygiene RssoclTation, Rkron, OH.

Occupational Health Guidelines for Chemica) Hazards, Hatt{onal
ne or Occupational Safety and Reelth, Rockville, MO,

Registry of Taxic Effects of Chemical Substances, Watioral Institute
or Uccupationdl Satetly an a . Reckville, .

Respiratory Protective Devices Manual, American Industrial Hygiene
KssocTation, Akron, OH.

Threshold Limit values for Chemical Substances and Physical nts

Tn the Workroom Envivonment, kmertican Conference of Governmental
Industria) Hyglenists, Cincinnati, OHK.

B. Chemical Data

1.

Chemical Hazard Response Information System, Volume 2: Chemical
Uata, U.S. Coast Guard, Washirgton, !Fé

Chemistry of Hazardous Naterials, Eugene Meyer, Prentice-Hal},
Engleuou{l CTiTss, WJ.

The Condensed Chemical Dictfonary, G. Mawley, ¥an Wostrand Reinhald
Co., New York, HY.

CRC Handbook of Chemistry and Physics, CRC Press, Boca Raton, FL.

Dangerous Praperties of Industrial Materials, N, Irving Se&x, Yan
llisgrani Hel ﬁEola Ca., Wew VYork, WY,

Fire Protection Guide to Hazardous Matecials, Rational Fire
Protection Azsoclation, Boston, .

Eﬁgienic Guiges, Mmerican Industria) Hygiene Assaciation, Akron,

The Merck Index, Merck and Co., Inc., Ramway, NJ.

Toxic and Hazardous Industrial Chemicals Safety Manual, The
Tnternational Technical [nformation Institute, Tokyo, jlpln.




I,

C. EPA Nethods Manuals for Sampling and Analysis

Biological Field and L;boratog; Kethods for Neusurig% the Quality of
ace er & uents, - uly .

EPA Solid Waste Manual, Test Methods for Evaluating So14d Maste,
Fh?s*cal?t'ﬁeulcal Eﬂioas. W-ER Iﬂu L)
Handbook for Anaiytical Quality Control in Water and Wastewater
Taboratories, !ﬁiﬁaﬁﬁ?t-gg-ﬂl§ {Warch 15797,
Methods of Chemical Analysis of Water and Wastes, EPA-600/4-79-020
THarch 19797,
Nicroblological Methods for Monitoring the Environment, Water and
Wastes, Egi-ﬁﬁﬁ?ﬁw?ﬂ:ﬁiT {Decenber 15;51.
Procedures Manual for Groundwater Monitoring at Salid Wastes
Disposal FaciTTties, EPA-BI0/SN-E11 (Mugust 1577},

Safety
Best's Safety Directory, A.M. Best Co., Oldwick, M.
CRC Handbook of Laboratory Safety, Morman V. Steere, CRC Press, Bocs
Haton, FL.
Fire Protection Handbook, Natfonal Fire Protecticn Association,
Tuincy, WK
FM Approval List, Factory Rutual, Norwood, MA.
Mational Safety Council Safety Sheets, National Safety Council,
CThicago, IC.
Underwriters Laboratories Testing for Public Safety, Annual

Birectory, Underwriters Laboratories Inc., Worthbrook, JL.

AGEHCIES MHD ASSOCIATIONS

American Conference of Governmental Industrial Hyglenists
6500 Glemeay Ave. - Building D-5§

Cincinnati, OH 45211

$13/661-7881

American Industrial Myglene Association
475 Nolf Ledges Parkway

Akron, OH #4311-1087

216/762-7294






Occupational Safety & Health Administration
Cepartment of Labor

200 Constitution Ave., N.W.

Washington, OC 20210

202/523-6138

Underwriters Laboratories, Inc.
333 Pfongsten Rd.

¥orthbrook, IL 60062
312/272-8800

Superintendent of Documents
u.S. Goverrment Printing Office
Washington, DC 20402
202/783-3238



