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August 3L, 1992 26A0 . 02

I.DDENDT'II 1 AO TEE
Rea ENVIROUUEI|II!|L, rNC., tiAY 8, 1992

EEAI,TE Al[D AIFEITT PIJilT TON !!EB
EARRIAOII ATREE!! SENACE

UUDARGBC}IIIID Tl|[I CITOAURB PRCIiIECT
OAtrIAl[Dr CIIJIFOBIXII

1.0 II|aBODUCAIOU

This Addendun Nunbei 1 to ttre Uay 8, 1992 Health and safety
Plan (ESP), uhich uas prepared by RGA Environnental ' Inc.,
addresses health- and safety-related issues associated with
ttre planned underground tank closure at the llarrison street
Garage in oakland, California (herein referred to aE trthe
siterr). specifically, this addendum provides an air
nonLtoring plan, descri.bes precautions to be taken in
connection rrith ventilation during Itork in the basement area,
and st!.pulates the levels of personal protective equiprnent
(PPE), the site eecurity and rtork zones, and the
responsJ.bll lties of health and safety personnel. The Addendun
does not address asbestos exposure. A qualified asb€stos
contractor vill renove all accessible pipe before connencenent
of work addr€ssed in the currEnt HsP and this Addendun.

The current HSP and the Addendun shall be kept on site and
made available for reference during all field activities. AII
site personnel and visitors nust read the current IISP and
Addendum before accessing the Site. In addition to the
procedures and safeguards outlined in the current tlSP and tbls
Addendum, L€vine.Fricke personnel and contract/subcontract
enployees shall follolt applicable federal, State of
California, and local regrulati.ons.

2.0 BOIrJ SAOCXpI'INC lIlD sil|Pf,INO

Remedial activities to be conducted at the Site itill require
excavation and stoclDillng of soll. that is affected and
unaffected. Excavated soil will be segregated lnto affected
and unaffected stoclqtiles to the extent possible, before beinE
removed off slte. Affected solla vill be stockpiled auay frou
the work area and covered vith plastic sheeting. One sample
for every 5o cubic yards of soil vill be collected frou all
stockpiles for analysiE of the chemicals of concern by a
state-certlfled laboratory. Analytical results will be used

I
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LEVINE.FRICKE

to assesg treatment andr/or disposal nethods. Bhe
Levine. Fricke Slte Safety Offlce (see Section 7.0) wiJ,L
nonitor soil stockpiling using an organic vapor analyzer (ovA)
or photoionization detector (PID). A record of the
concentrations detected wil,l. be rnaintained in ttre project
f l le .

3.O CEBHICAIJS 0F COxCEEf,

Table 1 provides the chemicals of concern and their e:cposure
linits for planned field actlvities at the Site. This
incLudes investigration and analytical data from previous
reports prepared by Subsurface Consultants, scs Engineers,
chromalabf fns., and RcA EnvironDental. Appendix A contains
chenical descrlptions of these chenlcals.

l,lercury waE detected at concentrations of 49.7 parts per
nlllion (ppn) to 74.2 ppm ln borings In the basenent area.
:rhe potential health hazard associated with soil containing
Eercury at these concentrations is addressed in Appendix B.
Based on thls evaluatlon, nonLtoring for treav'y netals will not
be conducted.

I.O AIN UOI|IEOBIXC PLil[

Air quality will be monitored lnside the garage area and at
all access points durlng removaL andr/or renediation
activitieE. Monitoring will be conducted by the Levine.rricke
Site Safety Off icer (see Section 7.0) or a qual i f ied designee.
Air monitoring results will be naintained in an on-site log
book, which will be available for review and will become part
of the pernanent project record. fhe proper operation and
calibration of all nonitoring equipnent will be in accordance
with the nanufacturer's instructions.

\rable 2)outlines the tasks to be performed, each constituent
o-T--E6i6ern, the nonitoring device that will be used to detect
the constituent, and the lrequency o f..gl4ll tng I

5.0 BASE!|E!08 VtiltfrtA[rof,

Ventilatlon ln the basenent area will include opening the
sidesalk vents and removing the rrglasg bottlen portlon of the
El,dewa1k to increase the natural dilution ventilation within
the garage. In addition, one of nore local fans will be
provided in the basement to lmprove air circulatlon lf 

,. [._,_.-c .-.rl

1* a"l"1rY-
\ 's- 1 -, X,1' 

\V- '
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necessary. Carbon nonoxide concentrations nill be continualJ-y
neasured in accordance with Table 2 to check that sufficient
air movement ls occurring.

5.O PERgOtfAt PnnAEClltVE EQnrPt{Erfl!

5.1 Purpose

The purpose of Personal Protective Equlpnent (PPE) is to
protect enployees fron hazards and potential hazards they are
likely to encounter.

5.2 Descriptl.o! of L€ve1s of PEotectlo!

Leve1s of protection have been defined by tbe EPA in ttre EPA
standard operatlng Guide, 1984, although there are numerous
variations and nodifications possible with each level. The
IeveIE are defined below.

. Level A requires a totally encapsulated, chemically
resistant suit with self-contained breathing apParatus
(scBA) .

. Level B requires provision of maxl.mal respiratory protectlon
using supplied air or scBA. nith dernal protection being
selected on the basis of anticipated hazards.

. Leve1 c incorporates an air-purifying respirator that Ls
specific to the chemicals or particulates of concern. The
degree of dernal protection depends on anticipated hazards.

. Level D iE an lnduetrial nork uni,fom, lncluding Bteel-toed
boots, hard hat, and safety gJlasses.

The tlTre and nateriat of PPE nill be nodlfied or uprgraded to
accomnodate the hauards present during each operation as
speclf ied by tt te Slte Safety Off icer (see section 7.0).

6.3 Itr8l.ds the Garag€ lrea

All personnel perforning tasks within the exclusion zone
inside tbe garage area (nonbasement area) will near ttre
following PPE:

. Tyvek coverall8 taped at the boot and gloves

. steel-toed boots
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. latex inner and nitrile outer gloves

. safety qlasses

. hearing protectlon.

6.1 lpside tbc Eaaeuept lr€a

All personnel perforrning taEkE sithin the exclusion
lnside the basement area of the garage sill wear the
PPE:

. NlosH-approved half-face air-purifying respirator
equipped with a Organic vapor cartridges

. TWek coverall.e taped at tbe boot and gloves

. steel-toed boots

. Iatex lnner and nltrile outer gloves

. safety glasseg

. hearing protection.

LEVINE.FRICKE

zone
f,ol1owing

(APR)

5.5 op tbs sld€valk outsld€ th€ crrrq€ lr€a

AIl perEonnel perforning ttte tasks slthin the exclusion zone
on the sidewal.lc outside of the garage area will ldear the
folLot'ing PPE:

. qrvek eoverallE taped at the boot and gloves

. steeL-toed boots

. latex inner and nitrile outer gloves

. safety glasses

. hearing protection.

5. 6 lotlo! f,€v€l t

The site safety officer (see sectLon 7.3) shall' impose a
temporary Etop sork and contact the Levine. Fricke tlealth and
safety DLrector lDmediately lf the fotlowing conditions are
observed, or if there ls a questiona about site conditions:

2680/ ddendr. flsP/lus
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. uncontrolled dust generation

. indicationE of heat stress

. changes in the general heaLth proflle of on-site PerEonnel,
including slmptons discussed in Appendix A and headaches,
dizziness, breathing difficulties, irritatlon to the eyes,
nose, throat, and hands

. a lover explosive linit/oxygen reading in excess of 10

. detection of benzene in the breathi.ng zone using the
sensidyne punp and tubeE.

Actlon Level for Upgrade to Level c Protection

Detection of anbient air vOC concentrations in the breathing
zone at 50 ppn or greater on the PID or OVA trlll require
upgrading to L€veI c protection.

7.0 rv PBRaOilXBL IXD RA8POf,SIBIL,ITIE8

John Sturnan lfoJect l,lanager
(Levine.Fricke)

illchael J. Stoll
(Levine. Fricke)

shari A. samuels
( L€vine. Fricke)

Dr. li[. Joseph Fedoruk

site safety officer

tlealth and Safety Director

Certified IndustriaL ltygienist

?.1 Lsvine. lrlct€ Prolect llapag€r

The Levine. Sricke Project l[,anager, l,[r. John SturBan, has the
ultinate responelbility for assuring compliance with the nSP
for all personnetr on Eite. As part of his dutieE, llr.
stur:ran viII be responsible for the foll.owing:

f. inforning the Ievine. Fricke Health and safety Director of
developnentE on the proj ect

2. nonitoring that all Levine. Fricke personnel on site have
received the proper training and have been educated as to
the potential hazards anticlpated on the Site, as seII aE
the procedures and precautions to be iuplenented on ttre
job

2680,/^ddendr.[SP/X S
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3. informing all EubcontractorE and observers as to the
hazards expected at the Site and appropriate protective
neasures (subcontractorE and obEervers aIEo will be given
a copy of Levine.Fricke's HSP for revlew)

4. securlng all, necessary resources to provide a safe and
trealthy work environnent for all personnel.

7.2 Levlp€. Frlct€ f,€.1tb and 8af€te lrlreator

The Levine. Frlcke Health and safety Director is Shari A.
samuels. l,!s. samuels is responsible for the following:

1. monitoring the health and safety inpacts of this project
on personnel perforning sork at the Site

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

3. reconmending appropriate safegruards and procedures

4. uodifying the HsP, when necessary

5. approving any changes in safeguardE used or operatingt
procedures enptoyed on site.

The l€vine. Fricke Health and Safety Director shall have the
authority to:

1. requlre tlrat additional safety precautlons or procedures
be inplemented

2. order an evacuation of portionE of the Site or shut doltn
any of the nork activities if she believes a health or
safety hazard exists

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

4. require that any worker obtain innediate nedical attention

5. approve or dl,sallow any proposed nodifications to safety
precautions or uorking procedures.

?.3 81to Safotv off laer

The Site safety offlcer (sso) deslgnated by I€vine. Fricke is
Iilichael J. stoll, staff Geotechnical Englneer.
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The SSO, or a trained designated alternate, will be preEent at
the site during work activities. The sso Ehall be notified of
and approve activities in which persons loay be reasonably
expected to be expoEed to affected Eoils and/or ground water.

The SSO shall be responslble for the follovlng:

1. monitoring that aII Levine. Fricke and subcontractor
personnel cohplying with the requirements of the HSP

2. tiroiting acceEs to the Contanination Reduction and
Excluslon uones (see section 8.0) at the site

3. reporting unusual or potentially hazardous conditions to
the l€vine. Fricke ltealth and Safety Director, the
Ievine. Fricke ProJ ect uanager, and Alaneda county
representatives

4. reporting injuries, exposures, or illnesses to the
Levine. Fricke Health and Safety Director, and the
Levine. Fricke ProJ ect lilanager

5. coEmunicating proposed changes in work scope or Procedures
to the Levine. Fricke Health and safety Director and
Alameda county representatives for approval

6. recomnendl.ng to the Icvine. Fricke Health and Safety
Director, the l€vine. Fricke Project ltanager, and Alameda
county representatives additional safety procedures or
precautions that night be inplenented

7. conducting required air nonitoring.

The sso shall have the authority to:

1. order an evacuation of portions of the site or slrut down
any of, the work activities if he/she bell.eves a health or
safety hazard exists

2. deny gite access to unauthorJ.zed personnel and restrict
obserivers to the Support Zones (see Section 8.3.3)

3. requJ.re that any worker, including the Eubcontractor's
personnel, obtain innediate medical attention.

?.1 c€rt i f l€d lpdu3tr lal Eygl€plst (clgl

Levine.Fricke will subcontract the services of M. Joseph
Fedoruk, lil.D., Inc. Dr. Fedoruk ls a certlfied Indugtrial

2680/ dd.rdur, HsF/l s
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Hygienist (CIH). Ee ltill work directly with Levlne.Fricke's
Health and Safety Director to provide his professional
expertise to oversee and approve th€ procedures and safegruards
included in the HSP and Addendum.

8.0 SITE SECURIIY ITD TORtr 8OrIEA

8.1 l}urDogo

Controls must be inplenented at the Site to reduce the
possibllity of exposure to any chenicals of concern present
and to linit thelr transport fron the Site by personnel or
equipnent.

8.2 cortrol

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

. settinlt security or physical barriers at control points to
regnrlate and/or exclude unnecessary personnel from the
general area

. rnininizing the nunber of personnel and equipnent on site
consigtent with effective operatlons

. establishing nork zones within the site

. conducting operations in a nanner that will reduce the
expoEure of personnel and equipuent

. ninlnlzing the airborne dispersion of contaninants (usinE
duEt control procedures i vapor suppressing foan or water
uill be uade available, if necessary)

. inplenenting appropriate decontaminatl,on procedures for both
personnel and equipnent

. spill control and contaninatLon procedures (a vacuuro truck
wiII  be on cal l .  i f  needed).

T
il
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I.3 FL.lal op€ratr.oas forl zorea

work zones will be establlshed baEed on anticipated
contamination and projected work activities. Wlthin these
zones, prescribed operations will occur using appropriate
Personal Protectlve Equlpnent (see Section 5.0). uovement
betveen zones will be controlled at checkpoints. The planned
zones are as follous:

. Exclusion (contaninate)

. Contanination Reduetion

. support (noncontauinated) .

8.3.1 Eaclualoa Soae

The Exclusion zone is the innerrnost area of the three
concentric trareasrt and is considered to have contaninated
naterials present. within this area, the prescribed
protection must be worn by personnel. An entry checlq)oint iE
establlshed at the periphery of the exclusion zone to control
flow of personnel and equipnent between contlgruous zones, and
to nonitor that the procedures established to €nter and exit
the zones are followed.

The Exclusion zone boundary will be established initially on
the presence of the cheuicals of concern within the area.
subsequent to lnltlal operations, the boundary may be
readjusted based on obsenrationa and,/or measurenents. The
boundary will be physicaUy secured and posted and access will
be linited.

8.3.2 coltar[Lnatiol n€duotloD SoDc

Betveen the Exclusion and the Support Zone is the
contanlnation Reduction zone (cRz). This zonE provldes an
area to prevent or reduce the transfer of chenicals of concern
that uay have been picked up by perEonnel or equiPment
returning from the Exclusion zone. All. decontamination
activities .occur Ln thLs area. Tlre boundary betneen the
support Zone and the cRz is the contanination control line.
ThLs boundary separates the potentially contamLnated area frou
th€ clean area. Entry lnto the cttz from the clean area rtill
be through an access control point. Personnel entering at
this station will be rearing the prescribed PPE for uork in
the cRz. Exiting the cRu to the clean area requlres the
removal of any suspected or known contaminated PPE, and
compliance nlth the established decontamination procedures.

2680/Addend.0. NSP/IAS
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8.3.3 SuPPort loD€

The support Zone is the outernost of the three concentric
lareasrr and iE considered decontaminated, or the trclean Area. rl
It contains the field office conmand Post for field operations
and other elementE necessary to support site activities.
Norroal street or Level D itork clothes are appropriate apparel
for thig area.

8.a Zotre Dtnenslons

considerable J udgnent balanced with practical work
considerations will be used to ensure a safe norking area for
each zone. Physical and topographical barrierE may constrain
ldeal locationE. Zones will be established on site after vorlc
areas are deternined to allov enough roon for aII equipnent
and personnel. Ifhen the zones are established, the Alameda
county representative will be notified to inspect the nork
zones. Fietd/taboratory measurenents nay assist in
establlshing the control zone distances. when not working in
areas that reguire the use of chenlcal-resistant clothing,
work zone procedures nay still need to linit the novenent of
personnel and retain adequate site control.

8.5 Dscortaoipation Proc€durea

8.5 .1  oe le ra l

As part of the systen to prevent or reduce the physical
transfer of chenl.cals of concern by people and/or eguipnent
fron the site, procedures will be lnstituted for
decontaminating an$hlng leavS.nE the Exclusion Zone and cRZ.
These procedures vill include decontanination of personnel,
proteclive equipnent, nonitoring equipnent, cleanup equipnent,
etc. Unless othernise der0onstrated, everything leaving the
8xcluslon zone should be considered contaninated.

Decontarn.lnation Ls addressed Ln two ways: the physical
arrangenent and control of contaminatLon zones, and the
effective use of decontanination procedures. The
decontanination process uses cleaning solutions, folloved by
rinse solutl.ons. Used solutions, brushed, sponges, and
containers must be properly disposed. In general.
decontaminatLon at the site may consist of rinsing equipnent.
personnel, etc., sith a detergent and water Eolution.
Reusable decontaninated PPE will be stored for alr drying.

I
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8.5.2 DecoDtanLaatioa solutl.oDg

Description

3 cups Alconox or
TSP to 5 to I gallons of water

conmercial Deterqent-
FuIl strength or diluted

Usaqe

Light contanination

organic contaninatlon

As with all alkaline cleaners, continuous or repeated contact
nittt the skin should be avoided. If an e!0ployee'E EI(in
becones contaninated, he,/she will nove to the decontaninatlon
area and renove contaninated clothing, and wash wittr a nild
soap/detergent and water to remove any contaminant from the
skln. Helshe will then seek first aid treatment.

A rinse solutlon ttilL be used to renove the contanination
solution and neutralize any excess decontamination solutlon.
All personnel will follort these decontamlnation procedures:

1. I{hen entering from the Excluslon zone, remove heavy soLl.
as necessary, from boots, gloves, and clothlnE by using a
towel or hose before entering the cRz.

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

3. Renove disposable suit and discard in proper container.

4. Step lnto a rlnse tub(s), then renove boots.

5. Remove outer gloves and properly dispose.

6. Remov€ respirator and hard hat.

7. Remove inner gloves and dispose of properly.

Decontamination procedures nay be uodified, if necessary, with
the approval. of the Health and Safety Director.

8.5.3 D€rsoral DecoDtulnatlol ourLag Ueillcal Euergelclcs

In the event of personal lnJury, first ald pergonnel must
declde if the victln's inJuries are potentially the type that
uould be aggravated by noveroent. If there is any doubt, or if
the victin is unconscious and cannot respond, no attenpt
should be made to Dove the victiu to the decontamination area.

2680/adcend.G. IsP/l^s 11
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only off-Eite paramedicE nay nove such victins. If the
paranedics approve, the victin's PPE rtill be cut off in the
cRU. If the decision is made not to remove the victim's PPE,
he,/she wlll be wrapped in a tarp or siroilar object to protect
the anbulance and crew during transport. If the victin is
contaminated with naterial that threaten to cause additionaL
injury or innediate health hazards. the PPE will be carefully
renoved and the victin rrashed appropriateLy.

8.5 Slte 8€curitv

The work vlll be perforned on weekends, when the garagte is
closed. If it is necessary to continue any work on rteekdayg,
the Alaneda county representative will be consulted to
determine the extent to which the garage rnust be shut down.
Fencing ril1 be used to secure the gas tank area and prohibit
unauthorized access. Trench plates uill be used to cover the
excavations at the end of each day.

At a mininum, all vlsitors entering the Exclusion zone and the
cRz must near the protective clothing and equipment vorn by
Levine. Fricke personnel. Petnission to enter the work area
muEt be obtained from at least one of the personnel narned Ln
sectLon 7.0. Visltor 's naue and purpose of visi t  vi l l  be
recorded in the field notes.
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P.O APPROVAI.A

?. 1 trevine. Frict(e PerEonpel

This HsP Addendun 1, coveringt
Street carage Site in oakland,
following personnel:

the Harrison
is approved by the

activities at
Cali fornia,

Health and Safety Director

*gi/L

B'zz'tz
Date

John sturman, P.
Proj ect l'lanaqer

D T .  M J
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9.2 coptractor ard Subcoptrrctor P€rsortrel

Contractor and subcontractor Agreement:

l-. The contractor certlf,ies that the follo!,ring personnel to
be employed on the Harrison street carage site have net the
requirements of the Federal and california OSHA HazardouE
Waste OperationE and Emergency Response Standard 29 CfR
1910.12o and c IsO 5192.

2. The contractor certifies that in addition to ueetinq the
osHA requirements, it has received a copy of the HsP and this
Addendum 1, and will ensure that its employees are lnformed
and will conply wlth both OSHA requirements and the gruidelines
in this HSP.

3. The Contractor further certifies that its representative
has read, understands. and wLII conply lrlth all. provisions of
the HsP and this Addendun 1, and it will take full
responsibility for the health and aafety of lts enployees.

Contractor Sicrnature Date

ruo/Addci$in. HSP/tlAS 14



TIBI,E 1

ETDOSI'RE I..IIIITS IITD
aEIACTED CEEUICAIJ8 OF COXCERII
EIRNISOT ATREEII OERIGE 8I'!!E

OlISLrlllD e qAIrI FORIIII

chenical comDound
OSTIA PEL

(ppm unless noted)

Barlun 0 .5 ' t

Benzene 1

Bronodichloronethane NA

chloroforn 2

Chromiurn 1*

Ethylbenzene 100

Lead 0.05  *

ltercury 0 .01  *

Methylene Chloride 500

PCBS 0 .5 ' t

PCE 100

Seleniun 0.2  *

TCE 100

Toluene 100

TPII as dlesel NA

TPH as sasoline 300

Xylene 100

Notes:
PcB - Polychlorinated blphenyls
PCE - Tetrachloroethene
lcE - frichloroethene
TPI| - Total petroleum hydrocarbons
PEt - PerrisEible Exposure Liuit
ppn - padE per nllllon
* - noted in ullligrans per cublc neter
NA - l{ot Applicable

2680,/rffir. ISP/IA5
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An n|tlfl tc stMlEGv

Task

Consti tr,Ents
of

Cq|cCrn lnatr(lrcnt Frtqrancy

Areai SulD 8rd llft Ar.ealGa8ot I nc PurD Arc!

sol t borina sarpt i.g flrd
axcavat I qr

Eenz€G, toluenc,
athytbqrzef€, xylsEs,
brorodlchlorq|Eth!|E,
PC€. TCE

PID (rith .pproF irtc
l!||p; slc AFperdlr C)
rnd O/A

semi4/rE Frp rad
banzc t(a.g

At stsrt of rork {d 50
rirute8 to contlruoGty.

Evcry 4 hours or lf PID
or OVA detect 50 Fn.

Io.ritorint r€ll
instattstion

8€nr€rE, toluem,
.thyt bcmerE, xylc(re3,
brdichl,ormthsra,
PCC, ICE

Pt0/ov

S.rEidyrE g.rp rnd
b.nzcnc tra€a

At Etrlt of rork rrd 30
rirut€a to cont iruous Ly.

Ev6ry 4 ho{r3 or lf PID
or OV d.t.ct 50 m.

rooi toring rcl I surYey leffdra, totuae,
lthy(bfirtrr, rylrrrS,
bronodl ch loroctha|! r
lcE. rCE

pt D/ov

S.ncidyYE g,||p and
banrcm trias

start-rD of rprk .t Gsch
|.rtl locltion.

E\'cry 4 houE or if PID
or ovA detact 50 sl.

tlml torlTrg ret t
devetotrrEflt

lerucnc, toluc'|.,
ethytb.{rrcrE, ryt anaa.
brmdlchlor€Gth!m.
PCE. ICE

PIDlott

S€t!3lot|. F|Ip !.d
baruam tr6ac

start-rD ot rork !t lach
rc]1 loc.tiqr.

Evrfy a hflrr or lf PID
or o\rA detcct 50 Eon.

Grorrd-utar t.el irt 8fiaa , tol,|.tr|,
cthylben:qE, xytcncs,
brrydichLorflthrEr
PCE. TCE

Pt0/ov

Scr8ldl,na FLnp lnd
benzcnc tube3

Strrt-rp of rork rt ..ch
loc.t l(r.

Ewrt 4 hou.s or It PID
or OV datrct 50 m.

€xcavatiofi activiti.6 PCtr sKC plfsonsl alr
s{pl irt Frp
(according to Il08l
ilthod 5503; sac
lFcrdix D)

Onc E-hour arqte rill
br col llct.d th. flrst
dry of actlYlty

Ar€a : EggcrE 'tt

soil 3€|pting .rd
rxcavat i on

Banacm, toluel:,
athylbg:cnr, rylcrEs.
crrton Esridc.
ttrnbh vrporE,
ox)€gr lrY!18

PI0/W . C0 Etrr,
rd q Et.r

S.r|sidl,rr Frp sd
banrcnc t(6s3

At stsrt of rork !|d !0
.irutca to cont i nlougty.

Ewry 4 hours or it 9lD
qr alv detest 50 m.

Ionitorint f, l l
instrl lrt ion

EtrECrE, tgl,|.Erx,
lthylb.|rzsE, ryl,ana8,
qrlqr cEr.ida.
tlmbl. rrrFoE.
oryisn t.rctr

PID/OYA. Co Et!r,
a.d 0z rt|f

9crptrtfE F4 lrd
ba.rrer! tlaeg

At rtrrt ot lort and Yt
rlrutc! to conti.lq,Bly.

EYrry 4 houra or if PID
on Ovl d.tcct 50 FF.

tmltorlm |.Gll survay Scrug,|.. totq{r,
.thylb.nr. . xyl||I3,
clrbon s|oxida,
f le.btr YFm,
orylan laYclr

PIDlOlr , CO ;tcr.
rd or Ftcr

St.rt-lp of r|ork !t cach
rtt tcrtlor

4680/ derd'f,. HSP/XAS
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PCE - Tlt r.ch I oroctheF
ICE - Irichlorocthrn
PCg - Polychlorinat.d bitncnyl
PID - Photo iaritrtion d.tGtor
(rv - organic vaFror analyzer

l6sk

CofEtitt|€nts
ot

CofEet'n lnatflrEnt t rcq.Ency

noni to.lrE s.lt
devcloment

EcnzcrE, toluefr,
ethylbenzene. xyt€n€s.
f ldt|tEblr v.pors.
orvoen lavela

Plo/Or . 00 rPtcr,
and 02 rFtGr

St.rt-!p ot rcrk !t cach
l{ell tocstlon

crou|d-r|ater 8a|pt ltro 8{firena, tot|!lr,
cthylbcnzalr. xytcrFB.
tldmEbtc wpofr.
oxvdc'l lavals

PID/OlrA, C0 ntcr.
ud 02 Ftcr

Stoft-r+ of t|orl ot Gach
|!l I tocrtiql

E.xcavstlfi actlvl tlee FC88 SXC pemd|at 8lr
ldFl lng pqp
(.ccodlng to llcll
i.thod 556t r..
lm.ndir D)

('E E-hdlr s pto rll.L
ba coltcctCd tha li rrt
&y ol lctlvlty
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cf,Eulc:tlr DESCRIPIIIO:IA Ot TEB CEEXTCILS 0r COilCBRtt

BarLu!

The Eoluble bariun saLts, suclr as tlre chloride and sulfide,
are poisonous nhen ingested. 1!he insoluble sulfate used in
radiography is not acutely toxic. The chronate is a hunan
carcinogen. Sone salts are skin, eye. and mucous menbrane
irritantg producing dernatitis.

The Peraissible Exposure Linit (PEL) for barium is 0.5 ngln3.

BeDzgae

Benzene is a clear colorless ltquid. Exposure to high
concentratlons (3,OOO parts per million tppnl) may result in
acute poisoning, characterized by'the narcotic action of
benzene on the central nervous system. Chronic poisoning
occurs moEt conmonly through inhalatlon and dernal absorption.
Benzene iE also a recognized carcinogen.

The PEL for benzene is 1 ppro.

Brouodl, ebloropetbap€

Bronodichloronethane is a colorless liquid. Short-ter:m
exposure to hiqh concentrations of bronodichloronethane may be
narcotlc. Bronodichloronethane iE clasEified by the U.s.
Environt0ental Protectlon Agency aE a croup 82, probabLe hunan
carctrnegglrjt\

The PEL for bronodichloromethane is 200 ppD.

eblorof,or[

chloroforn is a colorless llquid sith a pleasant, sweet odor.
short-tern exposure to chloroforn vapor nay cause headaches,
drowsiness, vonitlng, dizziness, unconsciousness, irregiular
heart beat, and death. LLver and kidney danaqe may result
fron exposure to chloroforn vapor.

The PEL for chloroforn is 2 ppn.

Cbronlur

Chroniun ie a greenish-blue, odorlesE solid. E:(posure to
chroniun has been asEociated sith lung changes in workers
exposed to chroniun alloys. Chronium dust er<posure may cause
minor lung changes.

2680/AM.n. HSP./I s A-1
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LEVINE.FRICKE

The PEL, for chroniun is 1 ng,/n3'

DLasel lrn€l

Diesel fuel is a gas oil fractlon avallable in various gradea
as reguired by different engines. Conposition of dieseL
varies in ratios of predominantly aliptratic, olefinic,
cycloparaffinic, and aronatic hydrocarbons, and additives.

Ingestion of diesel can lead to systenic effects 6uch as
gastrolntestlnal lrrltatlon, voDltlng, diarrhea, and ln severe
cases, drowslness and central nervous EyEtem depression,
proqressing to coDa and death. Aspiratlon of dLesel fuel can
cause hemorrhaglng and pulmonary edema, progressing to
pneumonitis and renal involvenent.

Bthvlbeprepe

Ethylbenzene is a c1ear, colorless liguid. Expoaure to hlgh
concentrations of ethylbenzene vapor may result in irrj.tation
of the skin and Ducous nenbranea, dJ,zziness, lrritatlon of the
nose and throat, and a aense of constriction of the chest.

fhe PEIJ for ethylbenzene is 100 ppn.

casolipo

Gasoll.ne is produced fron the light clistillates during
petroleur fractionation; its najor conponents Lnclude
paraffins, olefLns, naphthenes, aronatics, and recently
ethanol. caEoline also contains various functional additiveg
as requlred for different uses, such as antl.knock fluids,
antioxidante, netal deactivators, corrosion inhibitors, anti-
icing agents, pre-lgnitlon preventors, upper-cyl lnder
lubricants, dyea, and decolorizers. Iead additives in
patr,Lcular were ridely used Ln grasoline until the Lntroductl.on
of vehicle catallrtlc converterE.

Mild cases of gasoline ingestlon can cause inebriation,
voniting, vertigo, drowsiness, confusion, and fever.
Asplration Lnto the lunga and secondary pneumonia may occur
unless prevented. Gasoline can cauEe hyperenia of the
conjunctiva and other eye disturbances. casoLLne ls a skin
irritant and a poaaibLe allergen. Repeated or chronic derroal
contact can result in drylng of the skin, lesions, and other
deroatologic conditions.

The PEL EWA for gasoline iE 300 pp!. fhe PEL STEL, is 500 ppn.

2680,/ ddend.l. HSP/XAS A-2



I
I
I
I
I
I
I
I
I
I
t
I
I
I
T
t
I
I
t

LEVINE.FRICKE

L€Ad

Lead ( inorganic) ls a bluish-white, silver, or gray odorless
soI id .

Sltort-tern exposure to lead can cause decreased appetite.
insonnia, headache, muscle and Joint pain, colic, and
conEtipation.

The PEL, for lead is O.O5 ngln3'

uercurt

Iilercury is a silvery, mobile, odorless ltqutd. Short-tern
exposure to inhaled Dercury vapors may cause headache, cough,
chest pains, chest tlghtness, and difficutty in breathing. In
addltion. it nay cauae soreness of the uouth, loss of teeth,
nausea, and diarrhea. Llquid mercury nay irritate the Ekin.

The PEt EWA for nercury is 0.1 nglnr.

llethvletre chloriale

Methylene chloride is a colorless liquid with an odor sinilar
to chloroforn.

l,lethylene chloride ls an anesthetlc. Short-tern expo€ure to
nethylene chloride can cause mental confusl.on, Iight-
headedness, nausea, vorniting, and headaehe. Continued
exposure nay cause increased light-headedness, staggerinE,
unconsciousnesg, and death. High vapor concentrationE nay
also cause irritation of the eyes and respiratory tract.
Exposure to nethylene chloride may make the slaptons of angina
worse. Skin exposure to the liquld can cause lrritation. If
the liquid is held in contact nith the skin, Lt can cause skin
burns. splashes of the llE:icl lnto ttre eye can cause
irr l tat lon.

llethylene chloride is classifled by the U.S. Environnental
Protectlon Agency as a eroup 82 probable human carcinogen.

The PEL for nethylene chlorlde ls 100 ppD in alr.

ParaDlorocthYlcna (PcEl

PcE, also knovn aa tetrachloroethylene, ie a colorless liquld
vith an ether-like odor.

268o4dderd.r. HsF/xls A-3
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short-tem exposure to PCE nay cause treadaches, nausea,
drowslness, dizziness, incoordination, unconsciousness,
irritation of the eyes, nose. and throat, and flushing of the
face and neck. In addition, it nay cause llver damage nith
such findings as yellorr j aundice and dark urine. Liver damage
rnay become evident several weeks after exposure.

PcE is classified by the U.S. Envlronnental Protection Agency
ar a Group 82 probabLe hunan carcinogen.

The PEL for PCE is 25 ppn in air.

PolycDlorlaated BiE bonylg (PCB3)

PCBS pale yell.ov viscous liquids with a nild hydrocarbon odor.
Exposure to PcBs may cause irritation of the eyes, nose, and
throat, and an acne-llke skin rash. It also Day injure the
liver, resulting in such effects as fatigrue, dark urine, and
yellow Jaundice. skin irritation nay result fron repeated
skin contact.

The PEL for PcBs ls 0.5 rngln3'

8€1cnlu[

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

Prolonged exposure to se}eniun can cause paleness, coated
tongrue, stonach disorders, nervousneE s, netallic taste, and a
garlic odor of the breath. nluid in the abdoninal cavlty,
danage to the liver and spleen, and anenia have been reported
in animals.

The PEL TwA for seleniun is 0.2 ng/ul.

Irichlorostb€po (TCEI

TcE is a colorless llqutd ulth a sveet odor sinilar to
chloroform.

Short-tern inhalation exposure to TcE can cause drowsiness,
dizziness, headache, bl.urred vislon, incoordination, nental
confusion, flushed skJ.n, tremors, nausea, vouiting, fatlgue,
and cardiac arrhythnla. Irritatlon of the skin, mucous
nenbranes, and eyes also can occur.

TcE is classified by the U.S. Envlronnental Protectlon Agency
as a Group 82 probable hunan carcinogen,

z@/Addcrd||. HSP/tl S A-4
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The PEr, for TcE is 5o ppn in air.

Tolu€ne

ToLuene is a colorless liquld with a benzol-like odor.
Inhalation of high vapor conccntrations may cause inpairnent
of coordination and reaction t j.roe, headaches. nausea, eye
irritation, loss of appetite, a bad taste, and lassitude.

fhe PEL for toluene is 100 ppn.

Xvlepeg

xylenes are c1ear, colorless liguids. Exposure to higtt
concentrations of xylene vapor may result in eye and skin
irrltation. Eye irritation nay occur at concentrationg of
about 2OO ppm.

The PEL for total xylene is 1oo ppn.

2680/Add€ndr. {sP/tAs A-5
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M, Joseph Fedoruk M.D., Inc.
Diplomate American Board of

Preventive Medicine.
certif ied in Occupational Medicine

Diplomate American Board of Toxicology
Certif ied Industrial Hvqienist

1401 N, Tustin Avenue
Suite 240

Santa Ana. California 92701
Telephone: (714) 550-721 1

FAX: (714) s5G72'1 5

Medicine

Toxicology

Exposure Assessment
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June 21. 1991

Ms. Shari Samuels
kvine-Ricke
1900 Powell Street
Emeryville, Califomia 94608

Regarding : mercury exposure potential at Oakland remediation project.

Dear Ms.Samuels:

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

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

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

The first step is to identify the concentration of mercury that is present in 1 mg of soil.

The concentration in the soil is assumed to be 100 ppm, rherefore:

100 ppm - r00 mg&g
100 mg/kg = 100 ug/g
100 ug/g = 0.1 ug/mg

Therefore I mg of soil will contain 0.1 ug of mercury assuming the soil contains 100 ppm or 100
mg&g of mercury.

The next step is to identify what airborne concentration ofdust could be produced at this site fmm
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soil disturbance associated with remediation aclivities. Although there are no published data
ccnceming airbome concentrations of suspended soil at various remediation prcjects it is exrerrely
unlikely, based upon personal experience, that the ambient dust concentrations could exceed 5
mg/m3. At this ambient dust concentration the airbome concentration of mercury would only be
0.5 ug/m3 which is 120 of the TLV or PEL for the species of mercury with the lowest exposure
limit. Even if the airbome dust concentrations were unrealistically high, such as 20 mg/m3, the
airbome mercury concentration would still only be 1/5 of the TLV or PEL.

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

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

I hope dris information is of usein assessing the magnitude of the industrial hazard tlrat nrcrcury
containing soils pose to remediation workers at this site. If you have any further questions please
contact me directly.

Respecdully,

M. Joseph Fedoruk, M.D., CIH, DABT
Diplomate, American Boad of Prevendve Medicine, cenified in Occupational Medicine
Certilied Industrial Hygienist (Toxicological Aspects)
Diplomate, American Board of Toxicology
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Journal ol Chromato€taphic Scionce, Vol. 19, Feb(ua.y, 1991

Photoionization Detector Sensitivity
of Organic Compounds*
Mareha L. Lrngho6t
The Dow Chemical Company, USA, Analylical Laboratory, 574 Building, Midland, Mlchigan 48640

t
I
I

Abstrect

Utlng I glr chromrlograph aqulppad wllh a hlgh
trmp.rrtqr. phololonlzatlon dalaclor, r wld. rlrlrly ol
org.rlc compouod! wra rnlly:ad. Rclallrc dalactqr
ranrltlvlllgt wrrr dalcrmlnad on ! molrf btrl! rnd on !
{.lghl b.rlr lnd woro no.mrllacd tgllntt lhc dllactor
.arponsa loa bgnzana. By rnrlyzlng t!t! ol orgr.tlc
compound! of llkr lunctlonlllly but dllterlnt oumb|r!
ol csrbon!, irv.rll conclualq.! $6t€ deflvod talltlng
PIO lrnsltlylty lo molocuh. rlruclutG, ln gcnctrl.
aa|lllva PIO srnsillvitirs should ba comgrrad on I
mol6r blrls .!th€r thln gn r walghl brsls, PID r|n!l-
ilvlty d.p.ndt primrrily upon ct.bon numbt.,
llnctlon|l g.oup3, and bondlng lyp€.

lnt.oductio.l

Thc photoionization dctector (PID) is dcsignad to dcttct
spccicr ifl the effluent from a gas chromatograph by utilizinS
thc principlc of photoioIlization. Pholoionizalion occurs whcn
thc abso.ption of a photon by a molecule leads to ionization
via thc rcaction:

R H + h v " + R H + + c '

whcre RH is an ionizablc molecule and hv i3 a photon \tilh an
cncrgy ) thc ionizaaion potential (lP) of thc molccule.

with thc dev.lopmc[t of a slablc PID with a scalcd Uv
sourcc (HNU Systcms, lnc., Ncwton Upper Falls. Massachu-
sctts). intcrcsl in thc dctcctor has increascd. Thc dcvclopmcnt
and p€rformancc of thc detector havc bc.n documcnrcd (l -5).

as well as a numbc. of diversc appli€ations (6'| 2) By uti l izing
Uv lamps with diffcrcnt photon cncrgics, thc dctectot can bc
casily modificd for almost univcrtal or quite sclcct
dctcction of compounds.

lf thc ioniration potcntial of thc compound is less than thc
lamp cncrSy. th.n thc photoionizalion dcteclor will rcspond to

'tni. p.car *.a 9.€anld .t lh..r 960 Pirrrbrrfon c4{.rcnct on
M.rch 12. lgEO, in Alimtrc City. Na* J.r!.y (9.F nuao.r atsl.

that molcculc. As a rcsuh. tabl6 of lPs cao bc uscd to
dct.rminc whcth€r or not th€ dctcclor may bc us€ful (6).
Howcvcr, thcsc partrmcicrs of lamp cncrSy and lP do not
indicatc thc relativc dctcctor rnsitivity for various
compounds. This lack of informatioo for conciscly dcfinirg
thc factors affccting PID scnsirivity has limitcd ks acceptance.

Somc instrumcntal parametcrs cffccting PID scnsitivity
includc: (A) lamp imcnsity, (B) lamp scal, and (C) flow ratc
through thc detector. The lamp intcnsity is adjustablc with a
dial on the HNU Systems clcctroflrctct/powcr supply unit.
The intcnsity can be diminishcd if thc dctcctor window
becomcs dirty or coatcd with matcrial from column blccd or
samplcs. Thc lamp scal is optimizcd al lhc timc thc UV lamp is
installed in thc dctcctor. Thc sensilivity incrcascs (almost

exponcnrially) as flow ratc dcffcascs (5). With hiSh cfficicrcy'
packcd gas chromatography colqmns' flow ratcs bctvccn 6-12
cclmin can bc normally uscd for high scnsitivity.

Logically, thc detector scnsiaivity also d€pcnds upon ioniza'
tion cfficicncy, a paramctcr rclatcd to thc tiShhcss \riah which

clccrroos arc h.ld to a molcculc. By invcsligating dctcctor
rcsponsc for a widc varicty of orSanic composnds, Ecncral
rules havc bccn derivcd fo. predicting PID scnsitivity bascd
upon organic compound structurc.

Experimenlal

Thc ttNU Systcms, Inc. hiSh.rcmpctatu(c Phoaoionization
dcrcctor. Modcl Pt-5102. was installcd or a Hcwlctt'Packatd

{Palo Alto, California} J70O 8as chromatoBraph (CC). UsinS

a lO.2 cv tamp, a widc varicty of organic compounds was

analyzcd on tcvcral diffete[r CC columns' Pcak arcas wcrt

intc8rat€d wilh a Spcc(ra-Physics (Arlington Hci8hls, lllinois)

Systcms I computing inregratot Rclalivc dctcclor scnsitivities
wcrc dctcrmincd on a molar basis and on a wciSht basis and

werc normalizcd against thc del(tor rcsponsc for btnzcoc'

Using thc data obtaincd from anatyzinS sas of compounds of

likc func(ionality but diffcrcnt numb.rs of cdrbons'

conclusions *s1g dqlivcd that rclatcd PID scosirivity ro

molecular structura.
Thc chcmical srandards wcrc obtaincd from Supclco' tnc"

(Bcllcfootc, Pcnnsylvania) (Polys€icncc Corp' analyticat

stsndatds kits, Nilcs, lllinois). Thc chcmical puritics wcrc

all ) 95%.
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rcla'ivc to bcnzenc is calcuhtcd using

of Chromatog.sphic Scionce. Vol. 19, Fsbruary, 1981

s t1  =  
A  

*8@a Eq. I
A(sA a

Eq. 2
A(Bzl

lvhcrc C i5 rhc conccntration of compound of inrcrcst (/8/ml)
and C6g1is thc corcc[tration of bcnzcnc io srandard solu.
tion Gglml).

whcrc,4 is thc peak arca of compound of intcrcsd, 11921 is rhc

lcak arca of thc bcnzcne pcak, 8 is thc molal conccntration of

lc compound of intcrcst (nmolcs/ml), and 81321 is the molar
lEnccntrarion of the benzenc standard rolurion (nmolcs/ml).

Thc rclativc scnsitivity normalized to bcnzcnc on a wciBht
llsis is calculatcd usinS the following cquaaion:

r '(8A

Results end Dlscusslon

Thc dclcctor rcsponsc relativc lo bcnrcne on a molar basis
for a large numbcr of organic compounds is dctailcd in Tablc
I. From thcsc data, it can be concludcd thar PID rcnsil iviry
dcpcnds upon {he following chcmical structure paramclcrs:
(A) carbon number, (B) functional groups (c,8., -OH,
-COOR. erc.), and (C) bondinS rypc (c.8., doublc bonds,
aromatic, etc.). Morc spccific conclusioni arc lisrcd in Tablc

.

Tlblc l. Scnslllvlly ol Compound Rahtlyc to E.nzone on r Molrr B!.ls (Bcn:cn. = i.O)

O.ALKANES

li:s'fl'
n-Nooanc
[-orcana

IHHf
n. Tctrad€can!

tfif#*:
n-ocl;drcan!
0-t{onadccan€

lffi#,,?-
lmfr friltii-r'cH€o 

& cYcl'c
2.Mathylp€ntan.

s$mmr".
2.3-Diflrthylpcotrnr

f;:i#.ffilr-
3.Mdhyn phnr
2.2.5-Tffirthy,lhcrrnr

*r#"lkn".
*H' 

r-^rKEtr€s

l-tlmGm

lffir
l -Tdtlcr

I - H€radcccnc'l -Hrptidecen6
1 -octiidrcrnc
I -tlonadecrnr

ALXEIIES, DIEtIES. ALKYI{ES

2.HGplcor
3-Hepl?n!
3.M.thyl- | - butcnr
1.9-orcadlanr
2-(hlynr

' 
KEToI€S

Actloo€
2.B|,lanona
2-Pll||anoda
2-fictrmnr
?-H4tanonr
2-(Hanona
?- onanml
3.P! anmc
3-lhtlanonr
3-oclanoor
4-Hcptaoool
5-tlo|lanoor

lGT0t{ES: ERAICHED * CYCLIC

3-liictlrtl-2-buhnot|c
3- Mrthyl-2-p€nhnonc
a- M€lhyl-2. Hamndn
3- Melhyl-2- hcgtaoons
?.M6lhyl-3- p€flhnone
5- Mrthyl-2.hlranm6
tMclhyl-3- hrghnonr
3.3.oin€lhyl-?-bulanon!
2.4-Dindhyh3.p tenon.
2.6-oioElhyl-il-hlptamna
Cyctop€nlanonc
Cyclohaanona
2- Mcthylqchhrirnonc
3. Mcthylcycbhcranoo!
{-ridhylcycl0hrtranfia
?.3- Butandtionr

AtcoH0Ls

l -Eulanol
l -Penlaool
1-Huaflol
1-Hepla.lol
t -ochnol
l.llona0d
1-Drcrnol
l-Undtcanol
l.oodccanol
lsobut|lrol

ESIERS

l,lelhyl pmpbnalr
Methyl bshooale
Mothyl pcntanoate
Mothyl h€Ianoale
Mcthyl heplanoate
Mcthyl octanfirtc
Methyl nomrDate
Methyt rt€canoata
Methyl dodlcanoata
Melhyl lcfadffanoal!
lrethyl haadccanoate
Ethyl aclal!
Ethyl bulanat!
tlhyt horanoarr
Elhyl octinoal:
Elhyl drcanoata
Elhf, doda.n€la
Propyt &rh|r
Propyl bultnoal?
Butyl acdelr

ATOEHYDES

0.03?
0.080
0.  t {
0.?3
0.30
0.37
0.46
0.53
0.59
0.71
0.72
0.79
0.86
0.98't.03

r  . 1 3

0.037
0.o:te
0.0r I
0.027
0.080
0.075
0.  r0
0.21
0.  r5
0.22
0.13
0.26
0.18
0.28
t . u

0.5{
0.55
0.58
0.67
0.70
0.73
0.81
0.87
0.92

0.5r
0.58
0.52
r . 0 7
2.75

0.{0
0.45
0.52
0.59
0.71
0.78
0-54
0.68

0.70
0.82

0.58
0.60
0.62
0.12
0.62
0.65
0.75
0.65
0.70
0.81
0.57
0.6?
0.66
0.66
0.63
0.45

0.30
0.35
0-41
0.45
0,19
0.53

0.023
0.053
0,086
0 . 1 2
0.16
0.20
0.25
0.29

0.0?9

0.0r0
0.m9
0.082
0.096
0.  ra
0.  r5
0.26
0.3i|
0.16
0.65
0.82
0.020
0.15
0.21
0.32
0.51
0.70
0.025
0.21
0.041

0.99 Eulaoal
1 06 Putanal
| 10 Hannd
L 17 Hcptanal

ocbnal
onanal

Tctradlc!nc
Tolnrtrc

ARolralrc HYoRooAR80f{s
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lr-.o[T r".","'-l
sM (Br) Compound sM isrl

Compound sM (Br) Compoond

Ethylbenrene
I n P.opylben!€oe
I n'Eutylbcnlene
I a-Hcrylbenlen€

n.0clylb€nrene
n-DecvlD€nzene

I o.rvrene
rrl;:'#

Cum€ne

I t;:ttrJ":'

N robentene
Benlo( acd
Benra|denydi
Acelo0henooe

1 . 3 .5- tflcnlqrob€naene
I .2.4-lnchh.Obenrene
12.3-lnchlorotenlrne
l.?.4.5'Ietrachlorobenrene
t. 2.3.4.TetrachlorobGnlene
Penlachlorooenaeft
xoracll0roDenlent

Phlhalal.s

bh(Merhyl)0hlhalal€
iit(Elhyl)onlnabte
tb{o.gulyl)Phlhalate
blr(2- Elhyihcryl )phlhalal.
ButylbgnrllPhtnahlc

Hal0g€naled

(Arcmalc Hyd.ocarDonlJ l . ? 6
r ? 0
1 4 4
r 2 8
r 4 0
l . 3 2
1 2 5

l 6

2T
29
3?

0 5 6
0 8 7
1 0 6
r  .7E
1 7 8

1 6 9

97
?.1{
2 5 0
2 . 6
2 .96
3 0 2
3 0 8

' 5

20

08
a5
06
8E

0 2 9
0 5 0
0 9 6
0 9 4

1  . 1 9
r . 3 2
r .30
1 .3a
L31
r .3.1

r  3 7
1 3 5
1 . ? 8

Chlo.obenlenes avlragc - I 30

Chlorophenols

?.Chloroohenol
3.Chror00henol
4.cnlo{0phenol
2.3-0ichl0roPhenol
2.4.0lchlotoPheool
2.5.0|chlor0Dhenol
2.6.otchloroPhenol
3.4.orchloroohen0l
3.5-0chl0roohencl
2.3.4.tnchhroPhenol
?.3.5 1r\chh(oohensl
? 3,6-fncnbro0henol
2.4.5. lrchlo,opnenol
2.4.6-Tficnbr0pnencl
3.t.5-f rEhloropher. i ,
?.3.4 5'TelrachloroDheno!
2-3.4 6'Teltachloro0ncnol
2.3.5.6.Tetracnr0ro9h€o0l
PenlaCnl0rODnenol

2 3-orchlorobQhenyl
4 4'.0tchlorobrohenyl
2-, J.4.Ir |chl0roDrphrnyl
2. 2 .5.5 .T.lracnbrqorPneoYl

?.3'.4' .5.T?l,achlorobrPnenyl
3.3"4.{ ' 'Telf  achlorobrph?nyl
?.?'.{ .5.5--PenlachlorobrPnefl  Yl
2.2 .3.4.5 .Pcntecnb'obrohtnYl

2.?'.3.4,5.6'Hexachlo.obrphenyl
2.2 .1.a .5.5',Hlrachlorbroh?nyl

M0o0chl0robenlene
gromooenlent
lo€oD?nrene
t -Chloro-?.lluo{obtnlen€
I . Fluoao.4- nrt.obentene

r .30
l . 8 2
2 5 0
0.98
0 . r 5

1  0 7
l  l 0
1 2 0
0 06?
0 2 9
0.09d
2  l 0
0 E 6
0 9 3

2 0 1

I
I
I
I
I

PAHS/P{AS

Naphtnabne
Anlntacene
Phonanlhrcne
L2-Benlanlhracenc
Chrys€ne
ryrene
Irlohenylene
Fluoacne
Fluoranlhena
Acen3ohlhene
Srph.nyl
,-1er0h?nyl

SUgSTITUIEO SENZIIIES

firng Aclrvators

t-Cresol
?.4'0rm€lhyl0henol
?.Chloro- 5'tryd.0ry lol!?ne
2.4-orn lotoluerie
a-Ntlropnenol
2,4.0rnrfoohenol
orph!nyl0$de
Ob€nzol{rran
Oben!0'P'6ror.n
0rbtnrolh|oPnene
a-Bro.nodDnenyhxrde
2-ChloronaDhtnaEne

Mrled Functro0alaly

MISCELLANEOUS

2 2 0

2E
4 7
32
30
20
l 4

r a 3
1 3 8
l  l 8

Phenol
Anrlrne
I .2. DrmelhoryDln tGna

1 0 5
1 . 1 3
I  r 9

cnb.oonenols ave.aqe = 1 3?

Polycnbfl naled 8igiefl yls

I
I

R'ng ocacl|vators

chlofoDcntents

3-Herene l 'ol
HqIacnlo,ocyclone$ne
Herachlo.ocyc|oDentadene
Helachloro. l .3-Duta6€nc
Mis ylotrde
1'Bfofiob'rlane
l. lod0bulane
I,2 0rbrumobulana
tre|nyl eln€t
T?t.ahyd.oluran
ryrid'nc
lsopcnlanol
lrt- Fbdtal|ol
I ,4.8ulan€dml

2 . A l
2 4 0
? 4 3
2 3 9
? 9 6
2  1 5
2 8 0
? 5 5
2 6 0

0.16
0 0?7
0 8 8
1 3 4
0 b1 l
0.066
1 9 3
0 081
0.36
0 3 9
0 5 0
0 05t
0.05r
0 .  ! 0

1 1 2
1 .39
1 3 0I

t .3-Dicnlq0btnfene
L4-0rChlO,Oben!en€
1.?.0|chl0f0brnlede

rcBs avc.e9c - ?.53

I Tablo ll. Conctu3lonr on t Molr, 8rrl3
ln Scncral, scosirivity incrcascs as carbon numbc' inctca5cs'

For a-alkancs, molat scnsitivity is lincarly lclatcd to carbotl

rumb€r by th. rclationship:

5M = 0 715a4'4?5

whcrc SM is thc molat srnsitivity rclativc to bcnzcnc and a is

rhc carbon numbcr (sct FiSurc l). This linc was drawn for Cr

ti.ougtt C1 a-alkanqs. Ct through C. allancs wcrc cxclud€d

Ucca,rlsc rlcv havc ionieation potcntiats gtcalcr lhar ot cqu'i

ro lO.2 cv and rhcrcfotc 8iv. litalc or no tcaponsc whcn tnc

PtD i: cquippcd with a lO.2'.V lamp' Figurc 2 shorxs rclaiivc

scnsitivilics normalizcd to bcnzcnc on a rr'€'8't' basis fot

n-"It"n., 
"nd 

l-atkcncr. For alkan6' the rdatiooihip is

ncarly lincar ar low carbon numbcrs' ll was coocludcd lbtt

PID rcnsirivitics could bc bcttcr comparcd on a molar bssts

l:
t:
l :

sans tvtly Incle!ses as 6rbon numbd Increa3's
ior n.alrines. Su - 0 O7l5n 0157 N,lEreSl/l - mola' sensrltvrly

retatrv! lo b€nl?na {grntlnr - I 0l and n - carbon nrJmbcl

Slnstttvrty loa atkatts < alken?s < uonutcl

icnsrt,uri ol atranas < alcohols < cslcls < ak rhydcs < kdontl

aensrnv'i ol cYcl'c comgoonds > noncyclh comgou||ds

Srnsrtrvrl; ol b.anch€d coftoounds > nonbraichtit compounos

icns,t,"'tv ot fl uorlna_substilutd < chlotlnt-iubslttulcd < Dro'nlne

subslrtutcd < rodinc'st bslilulcd coaflpounos
For suDstrtult,d bcnt?ncs. rmg acllvalot3 (elcclron''el6asn9 grou9s) rn'

crcasi-icns,trv,ty aod rrng dcacltvalors (elccl,on'w{hd'av'ieg orou,rs}
dec,ras! ganglivrly (lrccpton: h3lo0analld bcnr cs)

l
I
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lalhcr thao oO t trcilht basis.
Scrics of l-glkcncs, alcohols, aldchydG. lcioncs, |nd cstcrs

r|/€rc also analyrcd. For thcsc compoullds, fundiooal groups

and bondir|g structurc also affcct dctcclo. !€nsirivily as wcll as
carbon numbcr (scc Figurca I aad 3-4). At loq/ carboo
numbcrs, thc bondiog typc or functional group is rha primary

I
I
I
I
I
I
I
l
I
I
I
l
I
I
I
I
l
I

sMr, sM,"a,
1 . 2

L l

t . 0

0.9

0-8

0.?

0.6

0.5

0.4

0.3

0 . 1

0

a Benzene

l .

2-Ketones

n.Alkanes

n-Alcoholi

0.9

0.8

o.7

0-6

o.4

0.2

o.r

4  6  8  t 0

Figure 1 Motar Srnsilivity
a.alkan€l and 1-atk€nts.

l ?  1 4  1 6

Grbon Nurnber

rulalv€ lo bcnt€ne

20 22 24

carDon nunter toa

1 6  1 8  2 0

cirbon numb€r tor I,

l 8 4  5  8  r 0  1 2  1 4

Carbon Number

Figs.e 3 Molaa s€nstttvily retahve lo benzana vs
alcohols. lldenydes, and kelooes

5 , " a , sM ,u.,

0.8

0 .?

0.6

0,4

0.?

0 . 1

0

0.45

0.40

0.35

0.3t)

o.25

0 . : 5

0 . 1

0-5

0

-  l . A l k e n e r

6  8  r0  t ?  14  16  l 8  20  ?2  24

Clrbon Number

F€ure 2 Sensrtivily rGlatv€ to bcnllnc 0n a wstghl basis vs . carbon numbar
lor n-alkants afld l-allln?s.

Carbon Numbe.

Filur! 4. Molar Sfnsrtirr y rclatrv! to bcnrena vs. ca6oa numDcr lor methyl.
elhyl. and 9ropyl 6lc.S.

4  6  8  r 0  1 2  t 4  1 6  r 8  2 0



I
I factor affcctinS scnsitiviry. At high carbon numbcr, ahc plot

of 5Mvs. carbon numbcr tcnds to parallcl or mcct thc linc for
r.alkancs. That is, carbon lumb€r is th thc prcdominanr
factor affccting rcsponsc. In gcncral, ahc rcnsitiviry of
r.alkancs < l.alcohols < .stcrs < atdchydcs < kcroncs of thc
samc carboo numbcr.

F.om thc data in Tablc I a numbcr of orhcr conclusions can
bc drawn. Scnsitivity of alkancs < alkcncs < aromatics. Figurc
J shows thar branchcd compounds are g.ncrally morc scnsitivc
than nonbranchcd compounds. This figur. comparcs alkancs
with onc, two, or thtcc branchinB mcthylgroups attachcd.

Tablc l l l  shows dara lo supporr rhc conclusion rhar cyclic
compounds arc morc scnsitivc ihan thcir noncyclic analogs.
For halogcnarcd compounds, sensitivity incrcascs in thc ordcr
fluorinc-substitutcd compounds < chlorinc-substitutcd com-
pounds ( brominc-subsairurcd compounds ( iodinc-substi-
tutcd compounds. This is illustratcd in Figurc 6 with halogcrl-
atcd bcnzcncs.

For substitutcd bcnzcnes, clectron-rclcasing groups (nng
activators) incrcasc scnsirivi(y, and clcctron.ryithdrawing
groups (ring dcactivarors) dccrca$ scnsitivity rclativc to
bcrucne itsclf. Figurc 7 lisrs activating and dcactivatirrg groups
and shows how rhcsc aubstirucnrs atfccr molar scnsiaivity
rclativc to bcnzcnc. For alkyl bcnzcncs and phthalatcs rcnsi-

sMe.,

o:5 Eranch€d-3 Alkane6

0.20

o. t5

0.r0

0.05

Journal ol Chromatographlc Scienc,), Vot. 19. Fsbruary. l9g1

tiviry incrcas6 as ahc carbon tlumbcl of thc alkyl chain
incrcascs (scc Figurc t).

Thcsc gcncral conclusions should incrcasc tha utility of thc
PID by Siving th. analyst a bcttcr undcrsraodirtg of ils applica.
bility and pcrformancc.
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Tlblo lll- Comp.rlson ol Moltr S.nsl ylty ol Cycllc rnd
Noncycllc ComFounds

tloncyclic Compoufid SM (Br) Cyclic Compound SM {8:)
llexan€
3.Melhylheran6
2.Ptntanone
3-Pentano,E
2-Hexanonc
{ - Mcltrylhctinonc
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Dirthyl rther

Cyclohexan.
Mslhylcycloh€xane
Cyclop€nlanonE
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F0FlrU: nlrtlrr: C12llg6-rCl,
l r tu re r . l to lo l

i.H.: c.. 258 (|2t cl ; ctzttclzl;
cr. 326 (!E cl ; clZ[5C15)

PO!YC|{U'qnIflEl|Yt-S
ETm: 556
lSSt E0: 2/ly8f

REYISI tI: 8/15/87

I
t
I
I

6lUl: I q,ll. lE Ctr. pfipEiIIES:
0.5 q/rr (sat cll

xlosfi: o.q,l q,| tl,zt
tcctfl: I qrtl (€I cD; sTEt 2 rEr'cr

0.5 4rlt (1|t Cl l; SIEL I rrg^.
(stittl

4Ag Cl: 8P 32S to 366 .C; r? -19 .C;
d 1.38 g/d_ I 25 cC;
VP 0.01 P. (8 r 1tr3 n Hg;
I t4fit ) 3 20 'C [3]

sfi cl: 8P :FS to :190 oc; t? lO oC;
d l.stl g/ht 0 25 .6:

rrp 0.0flN .pi (3 r l0-. n flg;
0.{15 q/tr ) 0 20 cc [3.41

Snulrttst PCt; CtS,l:FL35-3; l,t.{ipfteryt chloro (c s iafnf-tg{; ct GmdiMA ci(^r!clor leae; C S rSgCg-at-9), rod s/fi Cl (At oclor.tzS4i C ti tl lo9?-59-l t

I
t
I
I
I

Sfl?LEn: fll'TEn + S0tltt StfF|I
(l:l{ gl.3s fllcr + Florirll,
100 q.rs1 qf

Fl,rl|a nAIE: 0.G to 0.2 L.lh or lcss

UoL-ilt: I t C 0.5 qfir
{U: 50 [

S$IPttrI: tr.orf.r fl I t.rr to
ghss rials .ftcr rel fuU

Slf?tf ST EILIIY: u|tam for filtGBl
? D||thr for Florlsi I
tr6.s [Sl

8|,m: l0I of s4lcr

!
! TEgflIQl,l€: Grs ctnql^rcnAfty, EGO Frx;1
!
!l{ LYTE: poltEhlorrbipheiyts
!
lo€SmPtIOl: filter + frurt sectloo. S rL hcrfie!
! bict sectim, 2 d. heffic
!
! IXJEC il toLttr: I uL rlth l-yl b.ctflrsh
!
!IEPEnTTURE-I|JECrIq: 25O - 3m .C
; -oET€Cm: 3(tr - :125 t
!  {u  :  ls .c

lcmnl€8 c s: ilA, tffl rt /rin
!
lcourt: glissr 1.8 i r 2 |r I0, t.sl ot-tt/|.gstr
! QF-l on 80/100 rFsh Chrmsoft ||p

lCtLISn TI0 : standad PCO rirturc ln hexaae
I

lMrcE: 0.1 to 4 ug pcr sryle [El
I

lESlIfitTEo tuh 0.fi1 y9 pcr s4te [6]
!
IPFEGISIfl (s"l: 0,01f [51

I
I
I
I

meuRlcY

nlreE Sfl|tIED: mt st0dlcd

lns: non idcotlficd

(mnll Pn€CtSIo| (s"): mt enlu.t.d

lPPLlClSItIn: n nrflng rrrpr ls 0.01 to tom

I
I

otl€n fn05: tl'ls Dthq, rflls€s rbthodr S|AO tlol, SSG @ilttpds sul tlll ||td FtCt t Zsil [l2l for pc8 l|.e. rot b€cn rcrls€d.

I
l/t5rl, cm-l nG|| n fl.l of trrlttic.l fsiodr
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REiAE$S'
l. [GrmG, gGtticl& qurlitY.
2. Florisil, 3o/il8 nsh slcred frdt

it0/60 msh. Aftar sicrlng' drt
.t lO5 cc for 45 min- |lir the
cmled Ftorisi'l ,111 lfi (Vrl
distilled rater.

!. tlitrugen, gorift€d-
lt, stock standrrd sohtion of the

PC8 in mthanol or i sooctanc
(cornrciat lY avallablcl -r

*sc€ SPECIAL Pn€C l'Tlots.

E(pIPfgll:
l. saler: 13fl glass fihr fllter ritic|t bl|rdet:

tn i *lnner cassette (cit. t5. sr (mlso'

ttlllipolt corp.) fol lo.ad by i gla33 tl6€' -l ct -
toog, 6 m (n. 4 m I0 containing tF scctioffi of

30lii *"t aeictirated Florisil' fh' front scctioo
is pr€c€ded b:f glass ml and cootriDs lm rE ind

the backup section contriffi 50 q; urcth'n€ fot
bctE€o sectiom and b€hi0d the bact{p sectiolt' -
mii ,. c.ssette and Floririt tube rith PYc tubing'

3/8' L r 9 z', m r szn' t0' on the outlet of the

casiette rnd ritt anoth€r PieG€ of Pvc tubltlg'

3/rt' L r 5/15' oo r 3/16' ID, GQlete the unior'

2. P€rson.l srnl ing Frp. O-05 to 0'2 Uoin. dti

f leribl€ c{mflecting tobing.
3. Tnezers.
/t. Yials' glass, rL alxt l+, rith aluninn or

PTFE-I in€d c{Fs '
5. G.s chl dll.togtregh, electroft ca$torc detectim

(rr[l), i ntegretor and Golttr (page 55{B-l ).
O. iotrmtrt c fiasts, l0-*- erxl otier conveoient tizes

for 9rcP|'ilq st dirds-
7. Syring., l(FfL.

sFEcl^tPREC^I,TI0s:^ro|dprolongcdorrcpeat€deont.ctofskinr l thPcEitdProlongedor
rrpce&d br..tlli Dg of the v|Por tl,2,l3l'

(

I
I

st ?Lltlc:-t.'q.ttU".t" 
.rch p.rsonal sapling F'p rith ' r€pr$entatfu€ sirPler in li*: ^-

z. Irr.t the ends of tnc Florl;il LL i,r*ci"t"ty before serpling. connect- Flori si I trDs to

Sd nner cass.tt€ am attactr sapier to personi sarpling F;* rith flerible tubing'-.

3. s|als .t m eccuPrtely rdanJi* rata bet*en o'os aJ b'a' u"in for a total s4le tize

the s{Pler ras foud to b€ effisient rdre|l o0'r'ted 't

f* al f,,t", t8l. Under these condi tio'rs ' tlre linit of

l. Tr.6fer th. gl.33 flbcr flltGB to t{ rlrls'
bD.r) c.os .nd Fcf stcutlly for shilct|t'

SII?LI PfiTPIIAT IIII:
5. Pl.c. the glass Fl i||d loorl florisll br<t in the san ld' Yial in rJrldr the fllt.' ras

itottd. ldd 5.0 * l|.x.n .
tOlE: For rurfac. ui9. selcs, ertrect e'ch gruze p'd vlth ?3 a her|m [7]'

6. In I a aL vhl, ptacc tnc ffi iiiririr 
tbcd 

inetrdlng the ts uieth.n pl{98. ffd e.0 f,-

h.ranc,
t. Alld to st nd m .h dth occeslonal |gitrtioo'

I
I
I
I
I
I
I

o f l t o $ 1 .
l0IE: ^t ld FCB cdcentrati ons '

fld r.tes uP to I thin,
&tection |.s 0.e |lgrit.

Crg the florlsil tubes rith plastic (not

t/lli/tf sm{ tlo$ n flitl of m.Iytlc.l rh$odr
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c LrBR Ttoft flt Qt^t tTY OttfiRol:
8, Celibrate drily rith .t le|st five Frtiog stard.rds ov€r th€ ralrge l0 to StXt a0 pcSrtt.

a. All tifli anmts of stoct 3tindad solutioo to llerane in l0-rl_ |oltEtric flashs rnd
dilute to th€ rrr*.

b. ^mlyze tog€thsr rlth sapl€s and blanks (steps ll dd le).
c. Preparc celibratior gra0h (srn of ircas of srlectad peats vs. n9 FCSrt-).

9. oeterdn€ .lesootidr efficie0cy (m) rt lcilt once for each lot of gla$ fib€r filtcrs .nd
rlorisil usei for s{pling in the c.libratlon raq€ (step 8}. pfep.rc thrce t$.s at erch
of ffu! 'leyels plos ti'te mdia blanb.
a. Remy€ and discar{ bact sortent section of a lEdia bleak Florisil t{Dc.
b. lnject llro|f,t &unts of stocl rtatd.d 3olutior directly ooto front so cot scctloo rnd

onto a Edia blrnl f.i ltsr rith e micEllter syringe.
c. C.p thc tsbo. Allfl to stand oyernlght.
d. oeso$ (st€ps 5 thruryh 7) ard anallze togpth€F riti brkiDg standldr (st€F ll ild lA)-
e. Prrpars a graph of llE vs. yg PC8 rccorered.

10. Analyze threc quality contrll blind spikes and three anall|3t spltes to €||surc that the
calibratlo0 grrph.rxl DE grapn all in contrcl.

tlE sltRE ErfT:
ll. set ga! chr rtograpfi according to fiarufictur.9p's recduEndatims {tr to conditlo'|s giyco

on pagc 5${lil-l, Injcct s pl€ aliquot n mally using solvent flush technique or rith
autosd|pler.
IOTE l: llurs lndlvidurl idrntific.tiofi of pcE is n€eded, a pFocadur? usine a c+ill.ry

colurfi iEtr !c used nrll.
IBTE 2: lf pcat arua ls abow the linear r.nge of the rmting stan tar{s, dilute |ith

lErene, ]t rl:/ze and apply th€ a0proprirts dilutioo factoF iD c.loletions.
12. Sur tic araas for fivc or mre sel€cted pe*s.

GAtCULttlq|s:
13- o.te fne thc dss, Dg (cofrsct€d for lE) of PCB fourd oo the glGe fiber filt€r (r) ed in

thc Florisil front (tgl .d b.ct (ltl sort$t sectlorc, and in 'thc rrcrag. Fdlr bleit
filtrr (8) .nd fr!.rt (8f) ind b.d. (b, sottcnt sectlonr.
rulE: If |b > q/10. rclort bEalthr$gh .od losslbte sel. loss.

lil. celculate corceotrrtion, €. of pcB it| the air rotuF sapled, y (t,:

c.
( r+ r k+ lb -8 -B f -Eb ) .10 - r

'q 'br '

EvrunTtu 0f ffn|Il:
Ihig mtlrod u$.s 13{ glass flb.r filt 13 *ich hare not b.cn ar|loatel for collrctftq FCa.
In fbtl|od Sl2O, heyer, lmclor lzl|e u|3 cwlet€ly rrcov.rrd fru 3?{ glrss fiber fllt rs
using l5 r! isooctem [12,15,161. fith 5 nt- of hsra||e, Arslor l0l5 rr3 also cel.t.ly
ltcoverrd frs lqlq Florisll beds ift€r on€-dry stor.gc [51. Itus, rith .ro.&o|?tloo affect
lltcly on gl.rs flD.r fll tars for FCS, 5 il hax s shoold b€ $cqurt to celatcly crtr.ct prca
fru cdit|ed filt 13 .t|d fr!||t 3ottcot scctims. Sele st blllty m gl.$ flt r flltc|.r lt.3
mt !€.n lnrestigntel. Emaltht!{gh yolrF rrs >{t L for u|G Florisll t0hr et ?58 trt In u
atmspierc colt lnirg l0 qrht rroclor l0l5 [5].
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Tible l. coposition of sm lroclors [3]'

flrior ciponents

8i ph.nyt
fbnochl otlbi Ph€nYl3
Di ctloro0i phenyl t
lrichlol$ipl n5tl s
T.tr.chlot.oblPlPttyl 3
Pent chlotlbipherul s
lbrachl orubl PhenYl s
tl€ptichl oFobi Phenyl s
Oct.chl orob I PhenYl s

lroclor 1016

0. l t
I

20
5l
2 l

I
<0. I

mne detocted
none (htectsd

Aroclor lelz

<0.11
I

l6
49
6
I
I

<0.1
non€ detectod

^rlclor lztl

d. l t
o. l
0.5
I

2l
iA

a
6

mne detcctod
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