


Ident. No. ORNL -
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS
To: COMMITTEE ON ITUMAN STUDIES

Osk Ridpe Associated Universities and
Osk Ridge National Laboratory

Date: 04/22/85
Principal Investigators: Charles S. Dudney, Ph.D.
Thomas G. Matthews, Ph.D.
Co-Investigators: William G. Dreibelbis, C.I.H
Alan R, Hawthorme, Ph.D.

Title of Project: Indoor Air Quality Study in 60 Houses in the
S . ~ - Tennessee Valley : : '

I. OBJECTIVES OF STUDY:

The Health and Safety Research Division of Oak Ridge National
Laboretory will be conducting a study of indoor air quality im 60 houses in

the Tennessee Valley under the sponsorship of several federzl agencies.

There will be two major operational elements of this study. Ope will
be the collection of data from all of the houses in the study and will
emphasize use of relatively small, passive sampling devices that can be
analyzed to yield information on time-weighted average levels of chemical
or naturally occurring radioactive species in the homes., The other major
element will be the <collection of data in six of the 60 homes and will
emphasize the tse of more elaborate sempling devices for one-week intervals
in the summer and winter quarters. The six~home subset will be limited to

houses in the area surrounding Oak Ridge.

The objective of one aspect of the study, applicable to all of the
houses and defined by the TVA-supported IAG (#40-1459-84) which funds the
mejor part of this study, is to determine the mean and standard deviation
of the levels of radon and radon progeny in 60 selected homes during a one-
year intervel. Exposure to the short-lived radioactive progeny of radon
has been associated with increased incidence of lung cencer among various

uranium-mining populations. Various products from the phosphate-mining

operations in central Florida have been shown to emanate radon at rates
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which are higher than normal background emanation rates. Between the mid-
1930's and the mid-1970's the fertilizer research program at Muscle Shoals,
AL, processed large quantities of Florida ore &and sold some of the
resulting slag to local concrete block manufacturers. Some of those blocks
were sold to general contractors who incorporated the blocks into detached
single-family dwellings with bsasements, Only basement homes made from
blocks that are free of such phosphate slag will be included in this study
in order to obtain an estimate of background levels in homes. Air exchange

will be measured in all 60 houses,

The objectives of other aspects of the study include: (1)
determination of time-weighted average levels of NO2 and formaldebyde in
all 60 homes for onme week in each of the four calendar quarters, (2)
detailed time-dependent, multi-location measurements of oparticulate
materiel, nitrogen oxides, formaldehyde, and air exchange rate in 6 local
homes, and (3) analysis of occasional samples of room air for organic
chemicals in selected homes, Indoor exposures to combustion-related
species have been associated with respiratory illmesses in epidemiological
studies and laboratory rats exposed to formaldehyde have exhibited elevated
rates of nasal tumors. Indoor air quality has been shown to be a complex
phenomenon that depends on many temporal and spatial factors, including air
exchange rates, temperature, humidity, occupant behavior, consumer
products, building materials, construction practices, and architectuorsal
style. Additional information on exposures from the indo&r enviromment is
required to adequately assess the impact of indoor 2air quslity on human

Lhealth.
1. METHODS:
A. All Bouses

For the major element of the study that applies to all of the houses,

the following experimental methods will be used:
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1. Radon

Once each quarter track etch detectors will be placed in the houses.
A track etch detector is about the size and mass of a paper cvp. There is
a filter across the opening to prevent the entry of particles on which most
of the radon progeny reside. Inside is a plastic detector. Subsequent
radioactive decays within the chamber give rise to tracks that are detected
during analysis. The density of tracks is proportional to the time-

weighted average radon concentration.

Once each quarter each home will be visited by a specially equipped
van. Samples of the  air will be analyzed by high resolution alphsa

spectroscopy to determine radon levels.
2. Radon Progeny

For ome week each quarter a radon progeny integrating sampling unit,
known as a MOD, will be installed and operated in each house. A MOD is a
box about the size of a table radio and requires 60 Hz 120 VAC fbr
operation. The device pumps gir (~0.1L/min) throngh a2 filter behind which
is a TLD chip to detect radioactive decay events. Since radon passes
through the filter only decay events from progeny on particulate material

are detected.

During visits by the specially equipped van, levels of the progeny

will be measured using alpha spectroscopy.
3. Air Exchange

In each house, sources of perflounrocarbon gases will be installed.
Two different kinds of sources will be installed, with one kind on the
upper level and another kind on the lower level, For one week each
quarter, passive samplers will be installed in several locations in each
house and subsequently &analyzed to estimate time-weighted average air

exchange rates. This method was developed by Dietz and Cote (1982) and has

been extensively used to measure air exchange rates in homes.
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4. Forméldehyde

For one weck in the summer and winter quarters, commercially available
passive monitors will be installed in each housec. The monitors will be
manufactured and analyzed by either Air Quality Research, DuPont or Crystal

Diagnostics.
5. Nitrogen Dioxide

For two weeks each quarter, passive samplers will be installed in each
house, The samplers consist of a plastic tube, open at one end with fibers
impregnated with triethanolamine inside near the other end. Laboratory
analysis of the fibers yields an estimate of time-weighted average levels
of nitrogen dioxide. These samplers have been extensively used in homes

(Palmes et al., 1977; Palmes et al., 1979).
6. House Characteristics

Photogiaphs will be taken of the houses and the sampling Ilocations.
Information will be collected concerning house characteristics, including
ege, size, layout, insulation materials, and combustion sources,

B. Six-Bouse Detailed Study

In six of the study bouses, the following experimental methods will be

nsed in addition to those previously listed:
1. Radon
¥renn chambers may be wused indoors to continuously monitor radon

concentrations. This instrument provides hourly concentrations of radon in

the room sair,
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2. Air Exchange.

Continuous measurements of the air infiltration rate will be performed
using tracer gas decay mcasurements, Freon 12 will be injected into the
indoor atmosphere; its decaying concentration will be monitored as a
function of time with a Miran infrared absorption spectrometer. This
instrument will be located outside the home in an instrumented van with an
air sampling tube <running indoors. The concentration of the tracer gas
will be microprocessor controlled in a range of approximately 1-10 ppm.
Vhen the concentration reaches 1 ppm, the control unit will open a valve to
a small tank of freon located inside the home., The valve will subsequently
be -closed as the Freon concentration approaches 10 ppm. Fans will be used

during and after freon injection to mix the geas throughout the home.

3. Formaldehyde

Continuous formaldehyde ~vapor concentration meascrements will be
performed indoors usirng a CEA Instrument Inc. Anzlyzer. This instrument
will be located in an instrumented van outside the home with am air

sampling tube running indoors.
4. Nitrogen Oxides, Nitrogen Dioxide

Total nitrogen oxides and specifically nitrogen dioxide will be
monitored continoously wusing a2 Monitor Labs, Inc., nitrogen oxides
enalyzer., This instrument will be loceted in an instrumented van outside

of the home with an air sampling tube running indoors
5. Carbon Monoxide

A Interscan electrochemical analyzer will be wused to perform
continuous measurements of carbon monoxide indoors. This instrument will

be located in an instrumented van outside of the home with an mir sampling

tube running indoors.
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6. Carbon Dioxide

A Miran Infrared absoprtion spectrometer will be used to continuously
monitor indoor concentrations of carbon dioxide. This instrument will be
located in an instrumented van outside of the home with an air sampling

tube running indoors.
7. Particulates

Particulates will be sampled and/or monitored with the following
instrumentation located indoors: a California Measurements, Inc., ten stage
cascade impactor, a GCA Corporation Miniram aerosol monitor, and a

Harvard-developed air sampling unit.
8. Organic Vapors

Volatile organic vapors will be collected omn solid sorbent (eg.,
Tenax) traps for subsequent laboratory analysis. Spot sampling will be
performed with a Photovac portable gas chromatograph.

9, Air Face Velocity

The velocity with which air moves indoors will be continuously

monitored using hot-wire anemometers located indoors.
IIT. POSSIBLE HAZARDS AND TEEIR EVALUATION:
A. Chemicals introduced into the houses.
A variety of fluorine-containing compounds will be wused for air

exchange measurements, The names of these compounds, their associated

TLVs, and information on toxic levels are:
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Name TLV Toxicity

Dichlorodifluoromethane (Freon 12) 4,950 mg/m3 200,000 ppm/30 min
TClo inhal/human

Perfluoromethylcyclohexane (PMCH) NA 825 ppm/14 hr.
TClo inhal/rat

Perfluorodimethylcyclohexane (PDCH) NA 100 ppm/14 hr.

TClo inhal/rat/guinea pig:

Appendix A provides copies of the entries for these chemicals from the

latest issue of the NIOSH Registry of Toxic Effects of Chemicals.

Under normal operation, the microprocessor-controlled, Freom injection
system will 1limit Freon concentrations to approximately 10 ppm, which is
one percent of the Occupational Safety and Health Administration threshold
limit value (TLV) for eight hours of exposure to Freon. The air inside the
homes world be mixed during and after Freom injection to prevent abnormally
high concentrations from developing near the injection point. The source
of Freon will be limited such that total system failure, in which all the
Frcon was released, would result in concentrations less than 3,000 mg/m3
(~60% of TLV) for a very tight (i.e., zero air exchange) house having 750
square feet of floor space and 8 foot ceilings. For houses that are either

larger or leakier the levels would be less.

In 211 60 houses, the perfluvorocarbons tracers will be released
passively from pellets. The rate of release is less than 1 mg/day for each
pellet and three pellets for each tracer will be used in each honse. For a
bouse having 750 square feet of floor space and 8~foot ceilings with an air
exchange rate greater than 0.2 bl then the levels of PMCH and of 'PDCH
would be less than 0.00123 mg/m3 (less than 0.0001 ppm).
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B. Electrical Hazards

All electrical power cords will be routinely inspected before each use

for worn insulation or other evidence of excessive wear.

MODs will be installed for one week each quarter. These devices are
fused to prevent overheating. They will be installed in & manner so that

they are unlikely to be knocked over.

The instrumented van containing instruments and chemicals used for

measurement in the six houvses will be secured to prevent unauthorized

‘entry. Overload protection for AC power to the trailer will be provided.

Groundfault interruptors will prevent accidental grounding of AC power to

the metal chassis of the van,

C. Trip Hazards

All cords and sampling lines passing through the living area will be

taped in place to prevent tripping.
IV. RADIGISOTOPES AND NEW DRUGS
None will be used.
V. RESPONSIBILITY OF PRINCIPAL INVESTIGATORS

Volunteers will be sought for participation in this study. Prior to
the initial visits to potential homes, a principal investigator or ome of
the co—investigators will discuss with the homeowner the nature, purpose,
and extent of the study. These discussions will emphasize in lay terms the
potential intrusions and hazards that will affect the home environment.
Appendix B provides & <copy of the draft homeowner's agreement that all
potential oparticipants must read and sign before even preliminary

measurements for study qualification will be made.

I0uB23b



Safefy will be considered during the housec selection process. For
cxample, homes with young children will be excluded unless the homeowner
feels certain that the children will not be left nunattended with the
sampling equipment and the investigators feel that the homeowner will

responsibly oversee any resident children.

The principal investigators will follow the procedures of the
Committee on Human Studies in obtaining "informed consent” from each of the
subjects in the study, The investigntors recognize that they retain the
primary responsibility for safe—guarding the interests of the participants
in the study. Any significant changes in the study protocols or the
development of any unexpected risks will be brought to the attention of the

Committee on Human Studies.

Sterting Date: June 1, 1985
! )w /6
Signatures: Principal Investigator
U
é&ﬁdn~— f;;AJ;é%:;:::> Principal Investigator
{r
7 L 4 ¢
éo(;yﬁéﬁ;»~ 4Q7L/?;LQA/9/4£Z/{2£Z“7 Co—Investigator
jjz;lﬁﬁoza(gl éhﬁKIifiE;»<L Co—Investigator

DIVISION REVIEW:

The application described above has been reviewed and approved for
submission to the ORAU/ORNL Committee on Human Studies.

Official signipg for the institotion:
74 4 - ’
sigoeture S{lethtio () Raye HA.-L2.
. 7
Title .“—..‘J-_ "‘ igealer, [TEall] 7. ,’
— [ : z

oy o® 4 - -
Institution ‘J_”,_‘. 2 Y. “5.._.4 YA 240

. (/
Date 1.‘.‘- 4 2;_[&5—
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58 RIGISTRY OF TOXIC EFFECTS

TACYAC 817374
ASHYAL 4))12) 88
SCUAS 176.204.72
DCWED® L2078
FAVUAI 73373
TYAFAD 48 418579
NiBAZ 1911 49
TXAPA? 9,130 60
TXAPA® 433402
CIPPAL 7,205,204
HNIMBAL 391,149
TXAPA? 10,11V,67
CQIrPAL 7,205,324
QIPPAL 7.705,34
AMBAAM 11413100
HBIXAC 1.94,58
Q.FPAL 7,205.34
TLCRAP 1,197,067
WQCHM® J..74
VARC*® 20,449.79
DILVS® 427580
FAIMAE 18,003,74
27LTAP 194,49
TEREAC 19,20540.74

eye-tht 17500 mg/m)/10M
1XDS, sh-hma FClo SN0 pum 171 11X CNS
l-wma TClo 30 ypm B3N THX BLD
oibret IDD0 VA2 myg by
shivot LC30 GBI my =3/ J0M
Mot TCto %00 com 804 JY DX 1IA
1hlmys 1CS0 Y4aU0 ppmc TH
ipeemus LDSOISOU mg 'hg
scvemuy (050 6450 mg. b9
prl-dog 1Dl 3200 my g
iN.dog 1Ci0:14103 ppm. 7H
ipr-dog LDLe.950 my/lg
scw-dog LDL0:2700 mg/bg
ivn-dog 1Dlo 200 mg/kg
ihlcot 1Clo: 43200 my/m3/4.5H
orl-tbt 1D10:1500 mahg
sev-1bt 1D16.2700 my/hg
inl-gpy tLte.5000 pam/2H
ACTX: AQUANC 10XICHTY RATING: Yim95:1000-100 pnom
REVIEW: CAPCINOGENIC DETERMINATIONINDTIINITE
REVIEW: THPESHOLD UMIT VALUE.ai 100 ppm
REVIEW) TOXICOLOGY REVIEW
REVIEW, TOXICOLOGY REVIEW
REGS: OSHA STANDARD.air:TWA 300 ppm:C1 1060.7L
2000/5M/218 1SCP-J)
DOYT-ORM.A, LABELNONE
CRIT DOC: OCCUFANIONAL EXPOSURE 1O METHYLENE
CHLORIDE recm nid-0isTWA 75 ppm,Ph 500 ppm/
15M
STATUS: CURRFNTLY TESTED BY NIP FOR CARCINOGENESIS BY STANDARD RIOASSAY
PROTOCOL AS OF S(PY 1980
STATUS: ‘NIOSH MANUAL OF ANALYIICAL METHOCS' VOL t 127, VOL ) S329
STAYUS: REPORTED 174 EPA 1SCA IMVEHTORY, 190D
PAB100000 METHANE, DICKLOROBIS(METHYLSULFOIIYL)-
VPO -RDT CAS. 22830201 MwW. 24 01 MOLFM, €3-H8-L12.04.52
SYN. BISMLTHYLSUT ONTIOCHIOROMETHARNE * DICHIOROBISTAETHTISUL LNYVUIMETHANE
IXDS: ivnemus LDS0:42 mgilg CSINX® NX#09537
PAB200000 METHANE, DICHLCRODIFLUORO.
UFDY8007 . CAS, 73718 mw: 170.93 . M0tEM: 01202
SYH; AIGOFAENE TYPE 3 » 1 12 * (€ 17 * ARCION 4 * DICHLOSODHFLUOROMETHANE *
mcmommvluonowmmz 1007) * DIFLUORGTICHIOROMETHANE *
DWUCHIORODWUNUGROMETAN [Poluh) * EITIRO-CF 12 * HIUDROCARNION.12 ¢ FREON 32
S ESKIMON 12 * IPEON 2 * FMGEN 12 * GENETRON 12 * HALON * ISCEON 127 *
ISOIRON 12 * LIDON 12 * FROFFLLANT 12 * REFRIGERANT 12 * UCON 12
ihlshmn TC10:200000 ppm 30M TEXGETE JETOAS 933576
ihhmn 1CLO: 200000 ppm/20M TEX:CNS JETOAS 9.,385,76
ihlear LCS0:B0 pph/I0M JETOAS 9,385,276
ihlemus LC50:28 pph/20M JETOAS 928576
ihleabt LCSD:E0 pph/30M JETOAS 936576
ihl-gog 1C50:60 pph/3om JETOAS 9,285.76
AQTX: AQUATIC TOXICITY RATING: TLnSé:over 100D WQCHM® 1,.74
ppm
REVIEW: THRESHOLD LIMIT VALUE.gir: 1000 ppm
REVIEW: TOXICOLCGY REVIEW
REVIEW: TOXICOLCGY REVIEW
REGS: OSHA STAMDARD-gie:TWA 1000 ppm (SCP-H)
DOT-NONFLAMMAELE GAS,
LARELNOMFIAMMALLE GAS
STATUS: 'NIOSH mAKULL OF ANALYTICAL METHODS® VOL 2 5111
STATUS: RESGRTED 11 EFA TSCA INVEMTORY, 1280 :
PAL220060 METHANF, DICHICRCDITLUORD- nmiixed woith ChLORCDIFLUOEOIAETHANE
YEDT: 7905 Ca%: 7000128
SYN: DICHLOPODINUOIOMLTMAL L. MONCCHIORODIFIVOPOMETHANE MITIURE (COTI
REGS: DOT-NCNFLAMMADLE GAS, FEREAC 41,57018,74
LAEILNOMFLAY MABLE CAS
PAB25GO00 MITHANE, DICHLOXODIFUGRO- mixed with
OICHLOROTETRAFLUOKLOETHANE
LPDTLYONY CAS- 571€7.42.9
5YN: DICHLOROEHLUCROWETHANL.D.CHMIOROTETRATIUORGETHANE MIXIULE (DOT)
REGS: DOT-NORFHAMMARLE GAS, FEREAC 41,57018,76
LABELMONFLALLAASLE GAS
PA3250000 METHANZ, GICHLORUDIFLUORO- rmixed with 1,3-DIFLUOROETHANE
urgt.rem CAS 19273413
SYN. DICKLCRODINLIORDMETHAN 3ad DIFLUDROETHANE MIXTURE (DOY)
REGS: DOT-NOMFLASAMALLE GAS, FEREAC 41,57018,78
LABLLIONTLAMMAZLE GAS
PA3'Z750(3°0 METHANE, DICKLORODIFLUORO. mixed with FLUCGROIRICHLOROACETHANE
VD907
Sy DICHOPEDIICOFQME tHANE IHCHIDACMONONIUIRONETIMANE A ITURE (DOTY
REGS: DOT.NONFIAMALLE v1AS, FERFAC 415701976
LAREL:NOHI A, e GAS
PAS278000 METHANE, QICILGRODIFLUORD-, mined with TRICHLOROFLUCRCMETHANE
(1:1)
UrDT-7903 MW 25327 MOUM, C-CH-F C.C17-F2
SvM DICHMIORCHORO 2 LA R IROMIGROFLUSROME Hivattt (LOT)
T20S: ihlvot 1CSS20 Lrh 30
ihlemvs 1C50:72 ppeh <300 JCIOAS 9,325.78
thl-cpy LCLO 50 prhs300a JLTOAS 2.085%.78
PAB278500 METHANE, CICHLORCDIFLUORO- end MEITHANE, FLUOROTRICHLORO-
mixed with CHLORODI! LUCROMETIIANE
[CETRTI
SYN. DICHIOUCDIEUIOMGME T MANE IR WMIORDMONOFILCROMETHANE.
MONOCIGOSUDIUGKIW THARE SIKTURE [LOT)
REGS: DOI-NONHAMMAZIE GAS,
LABELU:NO! ML wse 1ELE GAS
PAB230000 AETHAIGE, DICML CF G3FLUORD- mirad o
UPLY 7901
ST DICHIDRCDIT UC o AT TR OGO DI P LILUCAOLTIIANE MeLTUSE (D0T)
f FERCAC 415701874

FFREAC 41,57018,7¢
NTIS*

TXDS:

DTLVS® 4,128,80
FAZALE 18,365,74
NYSIAM 72(11),1939,74
TEREAC 39.23540,74
FEREAC 41,57018,78

JETOAS 9.385.76

FEREAS 415701878

PA3300300 METHANE, LlleOFCNNITRO-
uFLY 7907 Ley 187.413 W, 1J49)
SYH DICHIOFODIILRC w1 1ANE
TXDS: ipsemom {Dlo (10U mg'lg
ipremus ADSD 20 ;g by
PABAQO000 METHANE, r..wm 0‘1UOR3-
urpl 7908 M 267 92 “0ufm C-HCITF
SYH. AIGOFPENE TVt 5 . ar 7 C DIKHICHM VO PNt Trarig *
DICHIOPOMOT It G e b Toand] ¢ DwtiC o swt WEHORO M1 AN [Pelab) *
HUOKODICINCw ) mE Tratet = BLDN 21 * GINLIZON N
TX0S: itl-gpg LClo:l0 pph/IH

MOFm: € OITH2.0e

CORFAF 171139620
KHELAN 10{0),33.76

FLCRAP 1,197,867

ith TRICHLOROTRIFLUORDETHANE

OF CHEMICAL SUBSTANCES 1950

REVIIW, THRLSHOID LIMIT VALK .0in 10 spm ONVS® 413280
Sview TONCOIOGY PLVIEW EAIMAL 1A 38N T4
KOS OSSR STANOARD 3w TWA 1000 ppem (SCP-H) FIRLAC 397034074

LTS N'OSH MANUAL OF AMAIYIICAL MLTHODS VOU 7 $109

STATPS K QWD 1N EPA T4 A INVINTORY, 1900
PA‘Um\ D MUTHANE, DICUMINYL.
i, 2R - 230 0) MOt OV 0624
sn. P LW an Theara * n-u Hurvan)
IN0S: orb-mus 1(M0:18 gmidg TPAVAL 67364
o vi 1CLo 122 mg/md TPNVAL 87).64
viu s (01019 qginbn IPKVAL 8,7),04
AITHARE. DICYVANID- sre OO TS0
PASSONI00 MLINANE, OHILONY. =
[ERANEY Cad a2t} mw, 10412 MMis, C3.412.02
v (Herial
1ANS, il LDAD 2604 mgsikn PSLBAA 29,730,32
LTATUS, RUFORIED IN [PA TECA INVENTORY, 1980
PABSTS000 METHANE, D!IODU-
TN Cav MWy 26763 Mot C.H203

SN IODOMETANT * MIINV.(NI 10MDL
TS scv-mur LD30:830 mgrig
STATUS: REPOHTED IN £PA TSCA INVENIORY, 1980
PAR?SO000 METHANE, DIMETHOXY.
FRISE N o Cay. W9 37.% ;s 7400 mOLEm. CI HE O
1 ANISTHINTL * DIMETHONYMETMANE * TOAMAL * FORMAIDTHYDL O'mETnYLACETAL * MITHMAL
* METHYCONE QImEDIEYL (1R * MmEINYEAL 1DOT) * MEIVIAL (Folnh)
: ihl-rot LCS0:15000 ppm NPIRI® 1,73,74
orlab1 (0350:5708 mo/kg PSEBAA 2972002
scu-gpg 1DL0:3013 mg.'kg BIMAG 8,279.51
REVIEW: THRESHOLD LIMIT VALUE-0ir 1000 ppm DILVS® 4.262.80
REGS: OSHA STANDARD-qi-:TWA 10C0 ppm (SCP-F) FEREAC 192254074
DOT-FIAMMABLE LIGUID, LABLL:FLAMMABLE FERCAC 41,57018,7%
t1IQuUID
STATUS: ‘NIOSH MANUAL OF ANALYTICAL METHODS' VOL 2 $71
STATUS: REPORTED IN FPA TSCA INVENTORY, 1900
PABZC00CO IALIHANE, OINITROFLUGRO~
[T 154 CAL. TIE7-B2.8
s DIREIRONLUOROM EVHANE
TADS: ipre-mus LDSD-24 mig/hyg
NETHANIDOION, DIACETATE see: AIOC75000
PAB325000 METHAREDIOL, DIMETHANTSULFONATE . -
CEDT POV CAS: 1L0.72:9 MW 204.2) MDLFM. C3.H8-06.52
SYN. MEIMANISULEONIC ACID, METHYLENE ESTER * MEVHYIENE SIS{METHARESUTONATE) ¢
METATIENE DIMUITHANCLULFONASE
MIDS: dad-rat-ipr 10 me/kg CBiNAB 3.149.71
dlisal-ipr 15 mg/hg CCPrIAY 13),639.76
mac-mus:lym 50 wmol/L MUREAV 25,107,74
TXDS: iprerot 10Le:1S maskg/ (13D preg) TFXITER JRPHAL 17,325,638
PABWGOOO MFTHANRE, DIPHENYL-
CAS: 101-81-3 MW 12325 MOLFM: C1).112
LNTVIBINZENE * DIFHENYLMETHANE * CITAN * DITANE * TOIULME,

AMIHAS 17,403,359

TXAPAP 4,354,682

1XD$:

MW: 12404 MOUM, C-HF.N2.OU

KHFZAN 10(6),53,78

Jl(N( BENZYL 7
olpho PHENTL.
TXDS: orl-rat LDLa:5000 mygrkg
STATUS: REPORTED IN EPA 15CA INVENTORY, 1980
METMANSDITHIOL, $,$-DIESTEX with 0,0-DIETHYL PHOSPHOKODITHIOATE see: TE4320020
AETHAE (D0T) sce: PAT4SO000
PAETIANE, €TROXY sce: KOD2600°0
METHANT, JIUOROTRICHLORO- sec: 236125000
PA9125000 JAETHANT, FLUOROTPICHLORO- with NITROMETHANE (99.7:0.3)
OEF Contenims 0 3% NITROMEINANE in oddiben te FREON.11 {TO1ZAG 10,363.71)
0T 730N
SV FREONYY S
TX0S: igr-mus LOS0:277¢ mgrkg
PA""\:"'UO') METHANE, HUOP\‘.‘TRIN”RO-
CAS: 184G.42-2 MW, 16904
LN, nuatommuouunn&
TDS: ipr-met 1D20:57300 vgrkg
STATUS: RLPORTED IN EPA 1SCA INVENTORY, 1980
MITHARE, (2-HYDRCAVETHGXY)METHOXY sce: Kib475000

snt l

TOIZAG 13[2),0863,7}

mOLFth: CF.NI.O'0

KHFZAN 10161.53.76

MITHANT, HYOROXYILULCSIS(T. SUTHYLCYCLCPROPTL). see: GZI015000
PAQ4SLIGD TARTHANE, 1GD0-
WESTE25. CAS. 74.28.4 MV 1) P4 MOIEM, CH3d

$38. MATON Y0001 © IODOMETAND (heliea! ODOMITHANE * 1IGDURE DI METHYLE (Franch) =
JODMEINAN (German) ¢ JOCDMEIHAAN [Dutch) * METHYL IODIDE * MITWNILCIO
{Germen) * MEVRILIODWE (Duteh) * METYIU JODEX (Foksn) * MONOIODURD OF rAETUE
{hchon}

MIDS: mmo-100 2 wl/plote
mmo-sat 2 vl/plote
dnr-esc 19 vg/dise
mec-amc 1000 ppm
mmo-musilym 53 mg/L/4H
mic-meslym 15 mg/L/2H

JHCIAM 62,873.79
INCIAM 62,873.79
JNCIAM 62,673,79
INCIAM £2,501,79
MUREAV 59,61.79
MUREAY 596179

1#0S: slabma 1 gm 1074 241D BUMAG 7.172.50
sbacral 1 gm/30M MDD £J14AG 7,122.50
TXDS: orlurat LDLe:150 mg/ig 8J1aG 7,122.50

MRLR®* No.23.50
Yopaxe .. 2
RIMAG 7,122,590
LIXRAL 74.24170
ENMAG 7,372.%0
CNREAS 25,1411.78
TXAPAS® 4,154,862
LARC** 15,245.27

ihlret 1Q0:375%0 ppm/15M

skt L0Lo-BOO my/hg

scwral LOLL:150 my/hg

scurot TDLe:50mg/hg TFX:ETA

in-mos LCLe 5020 ma/m3s Kt

ipremus T010.44 my. kg /BW.l TEX:NEQ

teuemuy LOSH 10 mgring
KEVIEW: CARCIHCGENIC LETERAINATION-ARHMAL

POSITIVE

RFEVIEW: THRESHCID LIMIT VALUE.0ir:2 ppm {thin)
REJIEW: TOMCOICOY REVIEW ITIIAP 3,¥5.¢2
FEAYG: OSHA STANUAKD-0inlWA 5 ppm {ohin) (SCP-H}  FEREAC 19,23540,74
STATUS. ‘MIOSM 12ANUAL OF ANALTTICAL AETHCDS VOL 2 598

5

DILVS® 428180

STATUS. REPORTED t IFA T0CA INVENTORY, 1980
PARSLY "0 METHANE, ICDOTRIITRO.
TAY LD W 36 P4 A C1143-Ch

c(uow'u THGMETHAND
TADS: lptoer 1DUB.LD myleqg KMFZAH 18(6).53.76
PAGSATCON 1AELHANE, 1IS0CYAHATO. mixed with DICHLOROPROPANES or
CICINLORDPROPINES {1:4)
VLT s (AS B0Le 01-1
Lere (PL2 ¢ YRarfz * vOSLL

05 ad-ior 1D5S0.205 muy g GUCHAZ 6,332.7]
PASLISCOQ MEIMANE, ISCIHICCYANATO-

LY e CAZ st ete ~w 7342 MO T2 NS

Lo EPOLIE C INODIETUYARALL DY WMETHILE $lierik) = ISUTNTORANIAYCME IHan] ¢
BOGUOOCTAINL AC: b harl (3P ° HODCOANALID 1 #I TN (relen) *
AT OUADCYAG AT (Tipeed) ~ MBIy 4% 50000 RY (Geompa) ° MUIHYL
10T 1 Yatalt = MEIIPL AUSTARD (UL * 28t TI 1L AL (Graran) * 1C * sal] *
C A dPION TPAGIE O TRATER * 12AFERIDE ¢ VOKILXY C VORIEK * N V7

170S: or-rat LD30.97 waslg ASCHAM 32,1B3.09

TOKICHIY DATA HAY HOT LEEN SVAIUATID.
OMILION OF a SURSTANCE Ok MOTATION DOFS NOT IMPLY ardY POIEE THOM RICUIATORY &ESPONSIBMITT,

Y-358956 0057(04)(06-JAN-81-13:55:32)



1048242

564 . REGISTRY OF TOXIC EFFECTS

STATUS: REPORITD IN [FA TSCA INVINIORY, 1980
CYCLOMIZANE dolte-} 2.3 4.8 6. MIXACNIORD. sees GV ESS0000
GVA900000 CYCLOMEXANE, 1.2.3.4.5.6 KIXACKIORO-, gumma-isomer
[Ug R ol CAN Ve LA ¥ LN
BTN, AALRIDAN ¢ AN > &GRS G 20 % AGROUIDE * AGRMOL T ° A
ACKIDE 7 ¢ AL AOLEN 0 AUKOIHIL WP AlLr M1t AMI NIt
AMIUNATON ° AFAKASHN * APtHiaia * ARLINA) ° 1yt BN S MMIOY 21D
C RINMIEVH P AU HEORDE gamma semer * gaeen REPe7E Y [XETTAT L I TR T S 1. Gl
pommuBIC ¢ LELAMEL * (ORI NE © (0 b S DRSS OETMO EUIRARY C DEIOY DS
¢ PEVORAN * DOL LRAMNINE * DERE POP WW10AL ACIUACN = INE 7 1ve © TOMORAN *
[AAGAMA * FORIN * GALIOGAME * GAMALK * GAnafuiy ¢ Gamwant .
CAMMAIHKANL * GAMMALIN © GamMAIIN 20 * Lammatier ¢ GAMMLEL * GAMMELAN( *
GAMMOFAT * GENANT * HEUI * MH * gammatH * IR{IOIDK ¢ HILA * HEAALHIONAN
¢ gummo-HiVACHIORAN M AACHIORANL " gumess HELACHIORANL ¢ gumme.
HELACHIONOR NI NL * Vewiphe 7-9icl0 3-bete o uhithe.3 vinho 8-hete-
HIRALHIONOLTLLONE RANE * gumma 10 AACIHOROCYOLOMINANE > 1.3,3.4 3.4
HIXACHIORDC YL RANE, gumme “OMIR * guems 1,7 4.54- HEZACHIOROCYCIONE I ANE *
HEAATON ¢ MITAVEAM * MEUKILE ¢ HEXYUTAN * HGI * HORIIL ¢ uEul  13010x *
JACUNIN * KOROTIML * KWHIT ® LENDIL * IEHTOK ° LPiwal WNDRICE ¢ unnAGAM hd
CINDAGRAI * LINDAGRANOR * §INDaN( * [
HNOAMOUDHE * LINDATOR ® LINDONIP © LINTOR * (OKELANE K MUROR 49 * M‘XV(O\ .
NCLCOII0S ¢ NEO-SCASKIDOL * NLALN F8 * NETIT * NITH.STARK * NixOL-g
NICOCHIORAR * NOVIGAM * OMNITOX * DVADIIAK * OWADNAK * FIDRACIAK *
PIANIOL * QUIILIADA * SANG grewme * SILVAMOL * SPRITL.RAPIOWN ° SPRUEIPFLANIOL *
SIRIUNES * TAP B3 ° Thi4 ¢ VIION
MIDS: cyt-ham:fbr 63 mg/L/48H MUREAY 48.132,77
TXDS: oslchd (DLoi1180 mg/hg cmtPe* -,1.56
orl-chd TDLo:11) mg/kg TFX:5YS ALMLAU 25,074,72
orl-ial LD50:76 my/ig SPEADM 74-1,.,74
shn-al LDS0:500 mp/hg WRPCA? 9,119.70
prerat LDLe:DS mg/hg AEPPAE 212,463,501
orh-mus LD50:86 my/hg FEPRAT 6,3066,47
orl-mus TDLo:25 gmshg/7IW.-C TFXNEO FCTXAV 11,412,73
ipremus LDLO:75 mp/hg TXAPAY 23,208,72
orl-dog LD50:40 mgrhg STEADM 74-1..,74
vn-dog LDic:3 mgrhg FIEUAY 5,861,5%0
oil-sbt 1D50:80 mg/hg IHEMAZ 22,115.78
skn-tbot 1D50:50 mg/hg ARUOAG 18,1.52
ivn-rbl LDL0: 4500 vg/hg IPETAS 92.140,48
orl-gpg LDS0:127 mg/hg FEFRAY 6,306,47
orl-ham 1D50:360 mg/tg JIETOAS 7,159,74
orl-bwd 1DLo: 100 mg/hg TIEVAT 561,50
imi-bwd {D10:26 myg/hg - TEUA7 3,61,50
AQYX: AQUATIC TOXICITY RATING: 1lm96 wndor l ppm  WQUHM® 3,-74
REVIEW: CARCINOGENIC DETERMINATION:ANIMAL JARC*" 20,195,79
POSITIVE
« REVIEW: CARCINOGENIC DETERMINATION:INDEFINITE
REVIEW, THRESHOLD LIMIT VALUE-uir:0.3 mg/imd {skin}
REVIEW: TOXICOLOGY REVIEW
REVIEW: TOXICOLOGY REVIEW
REVIEW; TOXICOLOGY REVIEW
REVIEW: TOMICOLOGY REVIEW
REVILW: TOXICOLOGY REVIEW
REVIEW: TOXICOLOGY RIVIEW
REGS: OSHA STANHDARD-cit:TWA 50D vg/md (skin)
{SCi.T)
DOT-ORM-\, LARELINONE FEREAC <1,57018.76
STATUS: RCI CARCINOGENES!S BIOASSAY COMPLETEDRESULTS NEGATIVE (NCITR®
MNCI-CG-TR-14.77)
STATUS: "NIOSH MANUAL OF ANALYTICAL MITHODS' VOL 3 $290
STATUS: REPORTED IN EPA TSCA (HVEHTORY, 1920
GV49S0000 CYCLOKIXANE, 1,2,3,4,5,6-BIXATHICRO-, (mixed isomers)
OtF:Technical BHC cuntains obsut #4% eipte, 1C% beto, 13% acmme, 9% dult0 ond 1%
epmilonsemerns of 1,3.0,4,50-MEXACHIOROCYCLONFYATE {IARL®" $.47.74)
urpY:B0%1 CaS: oCE-73-1 MW 29082 MOLEm: Co-Mb-Lib
SYN. BINZAHER * SCHIINEMEXACHLORIDE, miced itomers © CINZEX * DOL * DOLMIX * FBNC * FHCH
4 1,2.3.6,8,0HEX ACHLGROCYCLOMERANE (sinture ol isvniers) * HEXAFOR * MEXYCLAN ©
KOIOL * SCMOIDE * TECHNICAL MHC * TLCHIICAL HCH
TXO0S: ori-mus TTLa:i3 gm/hg/24W.-C TFEX:NEO
REVIEW: CARCHSCGEMIC DETER/AINATION:ANIMAL
POSITIVE
REVIEW: CARCINOGENIC DETERMINATION:ANIMAL
POSITIVE
CYCLOMEXANE, 1,2,3,4,5 6-HEXACHLORO-, trons- see: GV4375000
GVA590000 CYCLGREXANE, HEXADICAFLUCRODIMETHYL-
VPOT.7901 CaS: 26637-68-2 MW, 400.04
SYN: FORESHOT
TXDS: ikleot LCLo:10Q ppm/14H
ihlemus 1C00:500 ppm/1aM 1V YA 378,83
iM-gpg LCLa:100 ppm/14H VIFYAR 3,78,63
GVSCC6000 CYCLOKIXAME, 1,2,3,4,5,6- l-E.(AkI.»(Z CYANCETHUXY)-
WL Cal: 3033540 e aTE 00 ML (24:0130-N8 O
Y 1,2,3,4.5.6 HEXNAKISI-CYANOE TIIOP Y- CYCLONL XANE
T¥DS: ivn-moar LDAG:1EV mg/ig VELNY ' NX4 02704
CYCLOHIXANL, S-1SOCYANATO-L-QISOCYARATOAETHYL)-1,3,3-TRILETHY L (5} see: NQS4LO000
GV5030060 CYCLOLEXANE, ISOPROPYL-
[Elge2Ephust | CAY: e96-29-7
SYN ISOrRGPYICYOIC T ANE
AQTX: AQUATIC TOXICNY RATING: TL56:1620.100 ppm  WQCHM® 2,.74
STATUS: kE~ORTED 1IN EPA TSCA MVENTORY, 1930
debatsvp 1 aiphel-CAOLCREXARKENALONO! ITRILE see: 003735250
CYCLORIXAREMITHANANVILE sre: GrO12800
GV$075000 CYCLOHEXAKEMETHAROL
CA 100 €22 MW, 1Te 2t MO M. C7.H14.0
bVN. uu:ﬂ ACOND,, HEXAMYDPD. * CYCIDIXANLCARBINDL * CYCIONERYICAXRINOL *
CYQIOHE AT L IHANOL * HEXANIOYGILALYL ALCONOL * HTLRFOXYMETNTICYCLOMIXANE *
METHAMCL, TYCIONRATL. ° UsAt DO-4¢
TXDS: ipremus LOS0:230 mo/ig
STATUS: FEPORYID 1 EPA 1SCA INVENTORY, 1980
CYCLORIXAME AT . 0'pho [LERQLACIINIRTL)- aer: UKSDRICD0
CYCLOHE X ANEME M 1, alpbo (2-ChiGRCTTYRYL). sca: UKI085000
ja{atrig PMITHA olbe LY rl. ser UXSCYOILCO
GVE200C5) CYQLOMLAAREMETRARNOL, olpta-ETHTIIYL., AVETAT
UrLILi aw, 1530 PGm CNLKT0]
SYN ACEMT ACID, 1.0700OtEYL2 PROTYN- 1YL 51N
TXDS. orb-mun LDEC.1200 mg/be
CYCLOMEXANEL TTHANDL, ofpim- (INYP‘“

IARC®* 5.47.74
DTLVS® 4,244,860
CNDOAB 10(3]1,43.75
RRTVAH 58,107.78
PrACCAY 10,85.74
DYTIAF B0{20),485.73
ARDEAC 133(3).353,77
CIOXAD 11,231,783
FEKEAC 19,23540,74

GANNA2 62,431,71
1ARC** 20,195,79

{ARC** 547,74

MO CB-FI4

1V¢YAN 3,78,63

VA 26 MOLFM: C7-HIS

N1IS*® AD277.689

ARTMAD 765,57
FINIQATE see: DGS775100

18 SARCIHY £134A t . EUIVRANE jce: ESDP3L0M0
CYCGIES ARV l a'rlo- ('Mthu- CAvSALTALE yee: FOLESTEON

CYCUGHEXERIMTE elehe-EIHINYL., PRIFIGNATE seae UFOZ550C00
GY5425000 CYCLOREXANIAETHAROL, 4-HYZROXY-olpha-(SUPLODYIAL INGMETHYL)-
vrDl. 7000 €as £I9L0 62 MW Tl s s, C11:1451 26 OF

SYN LTHANDL 2150PROPTIAM 4D 3. (4 HYDEOXY XYL = WIN 5329
TXDS: ivh-mus 1D50:460 mg/ig IPLTAB 108,341,532

OF CHEMICAL SUBSTANCES 1980

GV5500000 (Y(IOHHAN“”‘YNANOI 4. NYDROXY ulpM (MITHYLAMINOMETHYL)-
[ IR ey mWipNe Y MmUY RN O
Sy phasy 7 wu-m axebeon §s nh-I\)n\ " mm . u IS TS
MYDS O VAT VLI TARNOLAMINE * Wid 3500
1XDS: wpr-mus DY 00 ng by JPE1AS 103,341,392
wa mus L0025 W by JPL1AS 105 341,32
GVS950000 CYCLOHL XM'"‘HMANOL olrho (h'"IIYlAMIN(‘-MﬂHVU-
[T ] SENFTEY MUHEM. (S W N O
ST T ONI!AA*IN‘\I 3 0AN00 avl. N'l .
(ML THTLARINOMT THYIICCLOME R AT METHAROL. * N MELHTL 2CVCLOHUATIE T HANOLA MINE ©
w3381
TDS: ivnemin 12032 moihg
wr-mes LDS.280 wq/ig
CYCLOREXANENITHANGL, olpho PHANYL. see: PCI935000
GV5265000 CYCLOREXANIMETHANOL, 1-PHINYL.
UrDI R(e? mw, 1V0 Db
SN VENENY] (\u()ulnmuupuum

JPETAB 103 M43 A2
SPLIAD 10934152

Mitme CIND O

IXDS ivn-mus LUSU:S6 mo.dg CSLNX® NX5022%)

GV6125000 CYCLOEEXANE, METHYL
UKOESO Cas: 105 A2 2 M, 98 MMM (7MY
SYNL CYCIOMMATUMLINANE * 1 NANYRROTOIVEN * METHYICYCIONMERANE ¢ MUVeniCYCIOENANE
{DOT) * MEIVIOCYKIONEKSAN {Polh] * SERICNE B * TOIVINE REXARYDE DL * TOIUENE
I LANYDRD.
TXDS: odl-1bt 1U16-4C00 mg/kg JIRTAR 2319943
REVIEW: THRESHOLID UMIT VALUE.0ir:400 ppm DILYS® 42°71.30
RLVIEW.: TOXICOLOGY RIVIEW 27TTAP 36969
REGS: OSHA STANDAKD-0ir.TWA 3% ppm (SCP-G) FEREAC 39,23540.74
DOT-FLAMMABLE LIQUID, LASELELAMMABLE TEREAC 41,57018,78
HauIn
STATUS: ‘NIOSH MANUAL OF ANALYTICAL JAEIHODS' VOL 2 $94
SYATUS: REPORTED IN LPA TSCA INVENTORY, 1980
GV6128000 CYCLOHIXANEMETHYLAMINE

uro.en CAS J218.02-8 MW, 11173 MOLFA CT-HISN

SYM, (AFAINOILTHYIICVOLOMEXANE * CYCLOMERANEMLTHANAMINE * CYCLOMIXTLAETHARAMING *
Otlomn\mlmumlm

IXB5: sen-min LDI0:56 mg CSINX® NX#10002
CYCLONEXAN HYLAMINE, M N (I 4-BICYCLO(2.2.2)0CTYLINTDIAETHYLENE ) IS-,

DINYOROCHIGRIDE sre: DITPIN000

GVH131050 LYCLCHEXANIMETHYLAMINE, N-(2-CHLCROETHYL)-N-ETHYL-PRENYL-,

HYUROCHLOKIDE

uroTsN? MW, 31638 MOtPM: CIT-H28-C-N QY-

SYNy N.(2.CHIORCFTHYLY N ETHYL LPHENYICYCLOHEXAMEMETMYLAMINE * 1-PRINYL. 1| H-(2.

CHLOROETHYLL NE T MY LAMINOMETRYLCYCLOMEXANE, HYDROCHIORIOE
TXDS: ivn-mus ID50:58 mailg CSINX* NX#07516
GV6135000 CYCLONEXARENETHYLAMINE, 2-CHLORO-Z-(m-METHOX TPHENYL)-
urLT2902 $. 756299 W 219 44 : CH-nZ2-TNO

SYN: 2.CHLCRO-Z-(m-AETID S 1thn)uc|oﬂnAqu\lmvuMlN[

IXDS: erlemys 1D50.390 mo/hg ARINAD 28,107,78
CYCLOMEXAREMETHYLAPAINE, N N'-(1 4-CYCLOMEXENYUINEIL!S., DIACETATE se-: GW2545000
CYCLOREXANDIETHYLAZAEL, HLK-(1,4-CYCLOREXYLENIDIMETHYLENE)DI-, DIKYDROCKLOAIDE, ()-

see: GU7047820
CYCLOHEXAKIMETHYLAMIRE, N,N"-(1,4.CYCLOKIXYLENEDIMETHYLERE)DL-, DINYDROCHLORIDE, {(2)-

seer GUZ0490CD
G‘IMSUCJO CYCLONEYAHTAETHYLAMINE, NN- DII AETHYL-2-(in-METH OXYPH[NYL)-
280 TaS5: 73806390 MW 247 42 MO m: Cro-hIS.N.

snd NN-DIMETHYL-2-(em- ».\(moxvm(rw\)C‘r{.tOnth'!uvwmz

TADS: celemus LDSC.2V4 ingrkg ARTHAD 2310/.78
CY(!OHEXAHEME"IY[AM!P‘E. N-(?-HYD?OXY{THYU-H ETHYL-1-PHENYL. see: KLOZECOOQ

GY522C000 CYCLOHEXA, ..FI'H'r'IAu.Ix N-METHYL-

VPOT78I + 29.0 Mw. 12228

SYN: M-METHYL-N- I(YCI.ONQXY.M"P“U AMINE

TXOS: orl-rot 10161410 mg/hg

shnorbt LD50:630 my/kg
GY6400000 CYCLORIXANEIAZINYLAMIKE, Y-PHIHYL.

[HaA R ) Mw, 189.3) MOLFM: CYIMIZ-N

SYN: VFENYICYCLONT X ANEMETHTLAMINE

1XDS: iva-mus LD50:18 mg/hg CSLNX® NX#07508
CYCLCHEXANE, V-MSETEYL-a-AJAINDSTHYLTHIQAZO- scer KH2540000

SVE670C00 CYCLOHEAIE, 1,1.2,2,3,4,4,5,6-HONATLUORO-

UrpT.2eU1 CAS: T2157-50.2 MW 24609 mOnEM Co-HIF9

SYM. TH 2 M. HONAFLTIROCYCLOMEXANE

IXDS: Wemus LCLe: 17060 ppm/10M

GV4678000 CYCLOHEXANE, PIPETIDINOMETHYL-

UFDI.7¥0t CAS: 50097241 MW 18136

SvM: PmC

TXDS: od.mus LD50:140 mg/ig

ipre-mus LDSO:55 myig AIPTAK 167,273.67
whemus LD30:20 myshg AIPTAX 187,273,687
GVM:BOGOO CYCLOHEXANE, P.:"ERIDNOMETHY[- CANPHOSULMTE SALT

unpt.7e! CAS L2918 3441 W A3) MULEM; CI2HIK C10-H16-04:8

SYN. nrlllmNOManOcmkiIAHE U\MMQSUUAI! ' SD 210.37

TXDS: oid-muy 1DS0:I70 mg/hg

ipr-emus LDS0:A/0 mo/kg AIPTAK 1£7.272.¢7
vneeus LTS0S ma/lg APTAK 1£2,273,67
GV6590000 CYCLOHEXARE, PISERIDINOMAETHYL-, HYDROCHLORIDE

urp 90 45 8904710 oW, 21782 TR C12-MI3N N

$IN PIFERIDINOMFIMYICYCLOREAANE CHLORKYDRATE SALT ¢ 3D 210-32

TXDS: oil-muy {D30:ZNS mo/lkp AIPTZK 167.773,67

ifee-mus LDI0:55 mgrky AIRTAX 1467,27],67
ivaemuy LDH025 ms/ig AIPTRK 1£7.27),87
576733000 CYCLORZIXARIFIQ2I0NC ACID, ALLYL FSTER
UFDY 7958 €A% 703673 MW, 196 1Y MO C12-1420.02
SYN ALLYL CYCLOME SARIFEONCHALE * JANUTIIYOIONLRYL POPIONATE ¢ AlLYL
HELAHYDROFIN S PEUPIONATE ¢ CYUGHERANDL 3-ALLYL., PROPIGNATE
1X05: erdual LDI3.535 muskeg FCTXAV 2,327,864
orl-opn 1DE).33C op/ip FCIXAY 227,04
STATUS: FEPORITD 1 EPA TSCA INVIMIOPY, 1922
GV678C000 CYCLOVINANFFRCPICHIC ACID, nirho-CYCLOPENTYL., 2-

(DI THYLANINOYEF YL ESTED, HYDROTRLCRIDE

veniract CaY: L173M.02:% vt 300 04 MOLFM: C30.717 1103 (LM

SYH, elphe CYCIOPF LIVICTOLOR AN FROFIGMIC ACID 2. (DI IHYLASINOIETHIL LLT0R

RYDEOLILURNIL
IXDS: ipremus LDLD 229 ma’eq JACSAT ¢9.1549,47
GVHS25CON CVOANHEXARTPICPYLAMINE, N R-DIMETHYL-gomnea-FIHEKYL.,

HIYDRO{HLGRIDE

[t t) CAS 15A24 81.8 v, TRV 7Y MmOtba €V 22N K

¥t M DI LTI CYOGHE S 103 PRENYL PROGFVLAMINE MYDPOCHIOIDE ° Gamieant

MYDPOCHH R IDE © Wi Taad

TYDS: cod-ban T, ratha 1FXPSY

CYCUEPTXARESFIRD-S 1 Ui sen: HM24BCOLO
GVHT50U8T) LYo L7:‘: ’l.""‘!( ACI0
h-_| B AR NW,129 0 sbttm. Coerl3n DS

Srm s e tE dar 1,mmumc ACID VIO AT AL O PeUbl ALD

NS A8 7 CYCIOPIAYIAU PramIC ACID © W

2 ST ALID * MEKAMIC AL * SUCARYL = SUCANTL aliD * Luifami
a0, Lvut.mlm oy

TXDS: ardimon 1010:27 gan/s g/ 76W-C

MOLFM: CHHIZN

AIHAAP 30,470.69
AIHAAP 30,470,469

ANASAR 18,3,61
MOLEM, 1203 N

AIPTAK 167.273.87

AIPTAK 147,273.¢67

CICEA? 9,549,67

TEXETA JOURAA 118,252,77

TOXICITY DATA MAS MOT BEEH EVAIULIID
OMISSION DF a SURSTANCT Of NOTANION DTES NOT tmPiY aNY kLULT FROM REGULATOKRY RELIONSIBUITY,

Y-358956 C563(50)(28-DEC-81-18:03:26)



REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUTSTANCLS 1980

CSINK® NX&01774
IARC®® 21,5380

wa-mer 1D 189wy fig
VW (ﬂ'-'-zalue( DITERAINATION NO DATA
oattr SR UL e Fea 1S A amvESLDRY 1D
* 00 (\(lohll&l.!f-'\’Hl\MO( ACID, BAEIUIA SALT
o LA sdit] 0 ®
crem Lhie 230 ray-bg .
PROUBSINC 200 CLLLRNA SALY amer GVZI0CDIW
[AR IR AniC2 OYCLONEXANSSULTAMIC ACID, CALCIUN SAIT (2:1)
AR AL IVIAD Awl e Ny ML (12 124.M7 06.37 Co
Srai CALLUM Crliamar] = (ajlivm CYCLUHIRANLEIAMANL * FAiCluMm PO ANE
SLPramalE * CAIL o CYLIDNTIVENGIIAMATE * CaifiIn Co el s XY LINPHA R AT *
CrCurwmall, {arimira SALT * CYClAMAl LA UM ¢ (STIOHERAMNESULI AMIC Al CACIUM
SALY ¢ CYCLAN * CYCLOM EYISUiPHan sl AL, CALOIUA SALT * CYeard * Dittig *
FMNUN IV LA ATt (German) ® SUCARYL CALCHWIM
MIDS: cythmalev 230 mog/L SCHAS 164,508,69
crt-hum:dbe 10 1nq/iL MURCAY 32,176
tyt-hom:ing 100 mo/L HLELAY 70,271,72
cyt-grbeipr 150 mgrhy CHRIGAE 13,189,271
TXDS: orl-rer LOLo:ID masig cnnpe
orl-ret TD1e. 3465 oin/hg/BDW.C TIX-NLO JHCIAM £72,751,72
seurrot IDL0:4S am/hp/66W-t TEHGETA FCIXAV 9.463,71

NONSAS 540,53

ivnesot LDL0.J200 vo/ho CIOND*
oth-mur 1DLO:10 my/hg CIUND®
fvn-mus L0L0.J300 vo/kq CLOMO*

SEVIEW: CARZINOQGENIC DETIRMINATIONANIMAL TARC** 22,3530
FOSMVE
RIVIEW: 1OXICOLOGY KiVIEW
REVIEW: TOXICOLOGY REVIEW
STATUS: FLFORTED IN EPA YSCA INVENTORY, 1900
V7175000 CYCLOBEXANISMMFAMIC ACID, CALCIUN SALT, DINYDRATE
1wDLIP0L Cal: s897.16-3 MW D242 MIFM C12-Mid-N2.O8-52 SH2O
La
TX0S: scwerol LO20:100 ma/ia FAONAU 44A.B) 07
6¥7350000 CYCLOHEXANESULFAMIC ACID, MONOSODIUM SALT
VIDLECT? €rs- 13059 ~w, 1t ardibas C8-HIZ-N-0U) Ne
¥t ARLUTRIN ¢ ASTURGHINE FARISULS ¢ ASLURGERY les\»‘ * ATUGAYN T CTLIAMAYF *
CYCLaval( 3DDMUM * (1C1AMATL, SODIUM SALT * CYENN.2 I ARESULAHAMIC ATIU,
M ONDLODIUM SALT ¢ CYCIOMIAYISUIPHAMATE SODIUM * CTCIORERYISUIPHAMIC ACID,
MONTHTDIuM SALT ¢ DULZOR-ETAS ¢ HACHI SUGAR * ILIOSUC * NAIRHIN *
HATRIUM) (KLAMATL (Gremen) * SDDI0M CYCLANMAIR © SOTIUM CYCIONTXANESUL AMATE @
10DV CTCIONET At SUNPHAMATE * SODIUM CYLIOHEAL SULFAMATE * STUIUM .
CYCLOREAYL AMIDOSUIPHATE * SODHIM CYCLOMIRYL SiHPramall * SODIUM
CYCLOMERTISUIFHAMIDATE * SODIUM SUCARYL ¢ SUCARTL SODIUM * SUCCARK * SUCKOSA
¢ SUCRUN 7 * SULLSCTTL * SUSSIAMIN * SUGARIN * SUGAKON
M10S: cyl-bmndes 10 wmol/L/SH MURLAV 39,176
cyt-hmn:fbe 500 mg/L ACYTAN 16,41,72
eyt-hom:dbr 10 mop/L MUREAV 239,176
oyt-gibunk 100 miy/ig MUREAY 26,199,74

MUREAV 239,176
WNMWOAL 12151571

TADS: orlrat IDL063 grasko/FW-C TFX:NEO CNFEAD 37.2942,77
ipraot LDSO:1350 my/hp NOEee NIM-NCE-E-23.
1311,10.73
ipr-mus LD50:1134 mp/kg NCIFR® NIM.NCI-E-¢8-
1313,10,73

impemus I0L0:178 mofig TIXINEQ
od-rot 1D 1112 gm/kpsbW-C TFXNED
orletet 10 A0 em/ha/BIW-C TFXETA
¥ CARCIND ZENIC DETERMINATION:ANIMAL
POSIVE
~x* £, 1CxICCICaY rEview
te o TOXILOLOGY POVIEW
REVIEW/: 10MICOLOGY REVIEW
REVIEW: TOMIZOLOGY REVIEW
STATUS: REPORTED IN EPA TSCA INVENICRY, 1960
£Y7430300 CYCLONEXANESULFONAMIDE
[ 1) CAS: 2228.38-2
TILS. orlrct 1DSHES mo/lg
CYAOREXANESULPHAMIC ACID see: GVOSI0000
CHOLGHEXARESULPHANIC ACID, IAONOSOLDIUM SALT see: GV7350000
51500500 1,1,3,3- Qkl0.:'X~|\'T'TPJ\"PC‘P10N”PI‘E 2-UX0-
LEOT Y00y Cat: 3ERI-JS-¢ M Did.us MILEm: C10-H22-N4D
SYN: 2-0X0-1.1.3 3-LYC.OM X AT TETRAFROPION T RIE
TADS: ivn-mus IDSRYED my/kg
7525050 CYCLOMEXANGILiOL ‘
UPLT. 7008 LAS: 1509 ¢4
STN, CYKIOMELTLMERCArTaAN (Creeh)
IRDS: skn-rbt 500 mg/24H SEV
eye-rbt 500 mg/24H SEV
TXD3: oil-rer LOSX:858 mgrhg
CRIT BOZ: Cu(L‘PAT'ONAL [XVDSUR.. 10
CYCLOHES ANETHIOL sccin stdeuie:Cl 0.5 ppm/15M
STATUS: PERCRTED M (PA TSCA BIVERS ORY, 183D
r‘LO'{AXA’\‘ 1GRICEIDPOMLYL)- see: VVILVOOSD -
WI610090 CYCiOHE IXANE, 1-TRIFLUSROMENINE-1,2,2,3,3.4,4.5,5,6,6-
URDECARLUCRD.
VROLIVGE CAS 23%.02-7
YN, PERFLUOA DS T NCYLLOMEN ANE

SCITAS 167,996,70
CHNEAB 37,9077
TLINAS 11,225,275

1ARC*® 22,5580

IDIDAS 23{2),328,73
WURCAY 39,1706
ALNLAU 23,671
WMWOAL 121,51521

MW, 183.24 WOLFM C8-H1I-N.02.§

JPUTAE 90.260,47

CSINX® NX#03874

MW, 11624 MOUFm: Co-HILS
2EIPAK -,167,72
2BIVAK -,167.72
28IPAK -,187,72
NTIge

mw, 350.07 MOLEA CT-F14

JXDS: ihl-ror 1010525 pom/1eH PIFYAN 1,90,63
-,.”A' : REFOITID N [P ISCA INVINTORY, 1720
[Py 3% UDQO CVILCREXANE, 1,1 3-TRINETHYL-
[ RPN [ 3NN ‘-J mw, 12827 MG COM18
N Tt Tr 1 L Ome MANE b

1X08; .;;.......n $215 mo/hg
F1I00000 €Y CLOREXANEVALLRIC ACID,

SODILAM SaLY

Al Cas 6$5.12.5 MW, 8747 »

N bele. CYAND- 22 IV LTMYIZ Y CLONE XY RUEANECARRD ¥ ;1

C3LHX" NX#04716
olpho,2,2, 6. TETRAM LTI L-Lreio-CYARD-,

. (18- K26-K-02 Na
souuu SALT S SO0IWM SALY
N o olorn 22 0TI CMITHY L Letu-CYANOCYILOMLAAMKVALI R, ATID
” M2S: ipsemus LDSRES mprlg PIPPAA 27(¢),399,78
7575000 CVCLOHEXANDL
"" Am LB SLAR MWL B0 wita CHHIZ-O
ONAL ¢ and WKADESANMO liohar) * CYWCIOMEXTL ATTOMOL * CYKLOMEKSANDL
Polen] @ KERLA TEDMHENOL * BEXALIN * MYDRAIIN = BYDSUPHENOL *
HYDEQLYOYQC LA ANt * NAXOL © PHERDL MEXANTORO-.
X105 dnd-momiym 130 mmolsl
BDS: eye-hemn 103 pam
shasebt 14800 wg 24H open MLD
vebt 2 mg SEV
shen 1CLe?$ pem TFXIRR
b0t ICSRNG mosig
:?/ emus {05480 mo/ly
Tl LDRIDM mg g
oleht Lo, 2NN mp/hg

FNASAL 4B.6ES,A2
JHTAR 25262.4)
AlHAAP 230562
AIOPAA 2€,1363,40
NMIAN 2525043
MOTEAK B 244,67
RLMBAB 5707
INIIAZ 21,322,602
JHTAB 23,1v9,43

365

sha-rbt 10Le: 12 gm/bg MUAL 28199 4]
wptarky 100 142 mg by MNersn 3178
AQTX: ACRIANMC TOMIITY RATIIG. Tia?6.100-10 ppm WM 2. 74

vy 4 111,80
SIITAP J ad 09
FOPRAC 39.23540,74

REVICW, Trdg S tOLD 11mET VALV -uir: 30 ppem
REVIEW: TORICHOGY REVIRY
BLGS: OSHA SIANDARD .au-TWA A ppm (5CPEF)

S1ATUS: 120% MalbUAL O ANAY T AL METHODS VOL 2 534
STATUL: RUIQNIED 1N LPA TLUA INVENIORY, 1980
CYCLOMILXANOL, ACHIATL wne: AGG/ 5000
CVe100050 CYQLOMIXARDL, 1 AUYL.
wepl 190y CAD 24k M 14N Ty MAUFM, 7O HI10.0

SYN, LALYLL.CYLIOnT LatiOL
TXD5: ivnimes (L30.109 molg
CYCLORIXALDL, 3-#itvi., "ROI'ID&M! e GVO7I0D0 - . .
GVBAOLOON CVCLONCXANOL, 1-20MH0-3- ANGHOMETHYL-3,5,5- TmHHHYl-
WL LAY 25756 000 Mot BLA e NN C112)0.14).0
SYM. L.aMING . a7 iNDIAMLINIL) S 3 IRZLIMVL EYOI IO NANOL
TEDS: oot LS00 moily KetnaP 30,420,090
GV8225000 CYQLCIIXANDL, &-(N-{2-AMIKD-3,5-DIRROAOGINT YLJAMIND)-,
HYDROCHLORIDE (L)
Urol el CAS: WBobY-91.5 MW, 41080 MOty CVIHEREe2-142.0 ChH
SYN, AMBROXOL * temnr$-[{2-AMII0. D 5 DI ROMOBEMNZYLIAMING jL YLLOME LANDL HYDROCHIONIDE *
HA 872
INDS: odra LD5D:13400 mog/ig ARINAD 7B,BB?.78
iprerel LD3DIRO mg/hg ARZHAD 20.,689,78
orl-mus 1DS50:2720 mylig ARJNADL 28,88%,78
ipremus LD50.268 mo/hg AEINAD 28,829,7C
ivnemus LD50:138 my/ig ARINAD 28 809,78
otl-dog 1D50:500 mg/hg ARINAD 28,889.78
ipr-dog LD50:123 mg/kg ARINAD 2684978
ARINAD 28,889,708

oth-sbl LDlo:10 mg/hgy
ipr-gpa LDLo:400 mg/kg ARINAD 28,639.78
ASTHAD 20,8478

rvn-tbt {Dio:AD ma/ig
erl-ppg LDL0: 1160 mg/la ALINAD 2§,089.78
wreopg LN40.280 mogshn ARIHLAD 20,889.78
GVB450000 (YCLOBEXANOL, 2-ANJHOMETHYL-1-(m-MITEGXYPHENYL).
UrplLzeel Cas- 2)vng.40.3 MW, 735 3¢ MMM C1H21-N-02
SYN. 2.AMINOMETHYL1-[m-METHOXY PHENYLICYCLOME EANOL
TXDS: orhomus LDIN.466 mgrhg .
GVES75000 CYCLOHEXANOL, 4-(2- AM’NOF‘RUP"U HYDROZROAMDE
VDTSN CAS: 64511.68.0 W 35t DM CRHIV.RLO BeH
SYN: Y.{p-HYDRONYCYULOHEXYL)-2-AMINO-PROPANE N'blOBIOMIDl
TXDS: ipt-mus 1D50:1000 my/ig
CYCLOHEXAMOLAZEIAT (Germon) sce: AGS075000
GVB620000 CYCLOLIXAKOL, 2-(H-REN2YL-N-METHYLAMINOMETHYL)-1-{m-
NETHOXYPHENYL)-
UrbDT.INN CAS: 73306-41.4 MW JI".S; MV, C22-H29.N-02
SYR: 2-{NBENTYL-N-METEYLAMINOMEIHYLY- 3o {ne METHOX YPHENYLICYCLOHETANDL
TXDS: orh-mvs 11150:404 mg/ia ARZNAD 28,107.78
GVEs40000 CYCLOMEXARDL, 1-BENIYL 0X'l~ -( ZMEYHYMNIHOMETH\ 1)
urdixen CAL: F3606.42.8 MOLEM: £22.H29-N-02
SYN: l-E[N:’&DXV-:-lDln‘-t‘HTwiNUMZ|H'U(VchNLIANm
TXDS: trl-mus LD5G:VT2 mop/hp
GVELASHED CYCLOHEXANOL, 1-[2-CRCMOETHYNYL)-
AU G ¥ o] CaS: 15P57.37.% ~NY 20010 MTLEM: CE-HYL.M-O
SYN: 1hOMOAETHINYL.CYCLOMEXANOL-(1) (Sermant ™ 1-BROMOLIHYRYLC FCIONEXALIOL © SEDLNOL
TXDS: scu-mus LDL0:560 mg/ig ARTHAD 5,161,585
GVBE5GHDD CYCLOHEXAROL, 1,1°-RUTADIYHYLINEDL.
wranen CAS. 5723108 My a3
SN €151 1-HYDROAYC FCLOMEXYLILIATIYNE
TXDS: ivn-mus LDSD.56 mp/ky
GVE750900 CYCLOMEXANOL, 4-ter-CUTYL-
UPDT 7954 CAS: 82522 "W 1830
SYN: &-12-PUTYICYCIOHEXANDL * USAF £O-20
0S: ed-rer LD3)-2200 my/lp
ipremus LD50.5) mg/he
STATUS: REPORTLD IN EPA TS5TA INVENTORY, 1980
CYCLOBEXANDL, 4-tert-BUTYVL., ACHTATE see: AF7117600
GVBEDDIDO 1-CYCH IIXANOL, 4-tert-BUTYL-T.ETHYNYL. .

CSUNK® NXH 0164

. ARZNAD 20,107,78

JPETAR $2,207.48

ARINAD 20,107,78

MOLFM: C16-H22.02
CSLNX® NX#02803
MOUFM: C10-K20.0Q

FOIXAV 1280774
HTIS®* ADZI77-689

urgt.7e Cas: - W 180.33 MDFM CI5120 O

SYNy &-tert-LUTYL-1+ "RYNTLCYC YANOL

IXDS: ivh-mus LD30:56 ma/ig CSIMX® NX£00335
GYS520080 CYCLOHIXAHOL, 1-(({CH ’J?O'AETHYUD'MEIH‘\ LSLYOETHYHYL)-

Vrb17enl CA3: 24911.25.5 ¢ s Mnrm: C11.A19.010.8i

SYN: QYQLONEXAN.3.Of, - n..m-cmorowmvmwr'nvwlmnmun * 1 (l-n-
CHIOROASINYLDIME THYLSILYL T THRYRTOYCLONERANLTLOL * SILANE,
(CHIOROMETHYLIICHLORO 1 YLROAYCYCLOMEXYIETHYNYL).
ivaemus U130:56 ma/ko COINY*® NX£C2574
Vet ta-CHLOR QL ARIMYI DIMETHYTSILYD)ETHYNYL CGVR3II0000
GVEBINAND CYCLOREXANOL, 1-{n-CHLOKCPHIWNYL)-2-(DIMEIRYLARIHO PAETIHYL)-

UPOYL.7PM) 7R3 Mkrae C18.01122.0-N-0

SYNL fon CHIOKCHE 11100 2 (DA 'huu.k DAL UG DOITOHLIANDL

TXDS: orl-mus EDLD.201 mp/lg ARINAD 29,107,78
GVEBISOLG (YCLOHEXANDL, &- (CYC'O'(‘MU([TM[)

UFD1.8010

SYNL 4-CYULOMERYLM ST HYICYCLOHE ATIOL

TYDS: ivaemus LDIC.56 mgrkg CEINX® 11X 210067
GVOBAGO0 (Y \wmmim 2 VIALLYLAMINOMETHYL ) - {m-METEC R YPRENYL)-

[Ugi B ] CAS, 70518407 MW AN MELEM L0 HI%N.02

ST 2.0n unumsowlm’:.x.p-.pjmonl'nmvll(vuonluum

TXDS: orl-mus 1L30.34€ myrlg ARINAD 28,107,78
GVES50000 CYCLOHEXAKDL, 1-qn- (3 l‘l:THYL:‘.”IHGPFOPYUPEZENHMYL)

urnlL 2 ¢ LS [ IHAN mer, MO r4: CI1-MIS.N-O

FSITH s.n.wnmmvu,.uoouormrn’umumnncmnumm

TXDS: scu-mes (DSS5E mplyg
GVELI000C CYCLOREXAROL, 1-{2-(p-(3-DIETHYLAPAINOG-1.
FROPYRYUIPHENYLILTHYHYLY.

UL 7V CAS: 3070 ed _w, w4 Motga C21.H7-N.O

SYML 112 (3 DR VHYAMILO- L PR RYLIPKERYUE T v SYOOYCL O s s NG

TXDS: secemus LOZ5.1304 mypeig FFIOAN 37(51.217.74
GVUEI 5000 CYCLONIXANOL, 2-{DIMMIYIAMIHOMETHYL) 1 -(m-[THOX YPHERYL)-

UPRT. I vO CAS 2914888 AW 3rT.ad Mothm CVN2T .02

SYN: ZALIMLIRYLAMINOWLEIYLL ) fa CTHORYERINTLCYULCHEXAMOL

TADS: ademus D33 274 mpdlg ARZINAD 2810778
GYESHD0D0 CYCLOHIXANOL, 2-(DIMFIRYLAMINOAAETHYL). 1-(m - HLUOROPHENYL)-

UFDT 2%dt CAY 7380 44 mw 2318 aQitm CISHIFNO

SYN 2AMIMETHYLAMING &1 THYL] T {m FLUOKOPHENYHOYCLOHE XANOL

TXDS: orlemus LDHSD Q10 mgrig AKINAD 20,107.78
GVES8S060 CYCLONIXANOL, 2-{DUASTHYLAL INOP.\E'H(Y[)-'I-(m-l/.HHQXYPHENYl)-

DI, (a5 2 ’ M, sy a2 MO M, €16 1251400

SYN: 2.4nmf TRYLAMINO ST 1YL ) (aoard SHORYPHERYLCYCLOHLRARNOL

TXDS: orlemus 1D3C:375 mgrkg

1XDS:
CYCLUHIXAN-1-0Y,

MOUrMm: C13.-M24.0

RITOAN 37(5).217.74

<

ARINAD 28,107,78

TORCHY DATA Ha$ NOT $LEN FVALUATID,

OMISSION DF A SUBNTANCE OR KUTATION DOES NOT IAPLY ANY BEURP 12OM REGULATORY RESFONSIILNY,
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HOMEOWNER'S AGREEMENT

In this Agreement, made as of , 198s,

between and spouse
residing at , County of
’ State of , and Martin

Marietta Energy Systems, Inc., a Delaware Corporation with an office at Oak
Ridge, Tennessee 37831, acting under its Contract DE-AC05-840R21400 with the
United States of America as represented by the Department of Energy with
research facilities at Oak Ridge National Laboratory;

Acquisition of additional data on indoor air quality in residential
settings has been identified as a research need. The Health and Safety
Resecarch Division of Oek Ridge National Laboratory will be conducting an
indoor air quality field study ir the Tennessee Valley region during 1985-86.
The field study is sopported by several agenciecs including the Department of
Energy (DOE), the Tennessce Valley Authority (TIVA), the Envirommental

- Protection Agency (EPA), and the Consumer Product Safety Commission (CPSC).

The primary component of the study, on which other activities will build, will
involve measurement of radon and radon progeny im 60 houses in four states,

" Additional pollutants that will be monitored include formaldehyde and nitrogen

dioxide. Air exchange rates between indoor and outdoor air will also be
measured. Other oparameters that cannot be measured in all 60 homes will be
measured in a2 subset of bomes. Examples inclnde measurement of volatile
organic compounds and particulate matter. The houses will be visited by a
monitoring team once or twice each quarter for one year to perform sampling.
Measurements are to begin in the summer of 1985. The 60 houses selected for
the study will be chosen from the list of candidate houses based on various
selection criteria,

NO¥, THEREFORE, the parties agree as follows:
Martin Marietta Energy Systems, Inc. will

[1] provide data collection equipment and install said equipment on
participants’ premises and subsequently remove it;

[2] maintain and service such equipment at its expense duoring the term of
this agreement;

[3] periodically monitor the air on the premises; _

[4] release perfluoromethylcyclohexane and perfluorodimethylcyclohexane into
the house allowing concentration no greater than 0.0001 ppm (the lowest
known levels at which these chemicals affect rats is greater than
100 ppm);

[5] occasionally release Freon 12 (i.e., dichlorodifluoromethane) into §
houses in the Oak Ridge area allowing concentrations no greater than
600 ppm (the lowest Xnown level at which Freon affects humans is
200,000 ppm and occupational exposure is limited to 900 ppm);

[6] make available to the Participants the results of the data collected
from the Participants’ premises;

foug2us



Sapees

HNHOMEOWNER 'S AGREEMENT

In this Agreement, mede as of , 1985,

between and spouse
residing at » County of
, State of , and Martin

Marietta Energy Systems, Inc., a Delaware Corporation with an office at Oak
Ridge, Tennessee 37831, acting under its Contract DE-AC05-840R21400 with the
United States of America as represented by the Department of Energy with
research facilities at Oesk Ridge Nationel Laboratory:

Acquisition of additional data omn indoor air quality in residential
settings has been identified as a research mneed. The Health and Safety
Research Division of Oak Ridge National Laboratory will be conducting an
indoor eir quality field study in the Tennessee Valley region during 1985-86.
The field study is supported by seversl agencies including the Department of
Energy (DOE), tbe Tennessee Valley Anthority (TVA), the Envirommental
Protection Agency (EPA), and the Consumer Product Safety Commission (CPSC).
The primary component of the study, on which other activities will build, will
involve measurement of radon and radon progeny in 60 houses in four states,
Additional pollutants that will be monitored include formaldehyde and nitrogen
dioxide. Air exchange rates between indoor and outdoor air will also be
measured, Other oparameters that cannot be measunred in all 60 homes will be
measured in a subset of Thomes. Examples include measurement of volatile
organic compounds and particulate matter. The houses will be visited by a
monitoring team once or twice each quarter for one year to perform sampling.
Measnrements are to begin in the spring of 1985. The 60 houses selected for
the study will be chosen from the list of candidate houses based on various
selection criteria. :

NO¥W, THEREFORE, the parties agree as follows:
Martin Marietta Energy Systems, Inc. will

[1}] provide data collection equipment =and install said equipment on
participants' premises and subsequently remove it;

[2] maintain and service such equipment at its expense during the temm of
this agreement;

[3] periodically monitor the air on the premises; _

[4] make available to the Participants the results of the data collected
from the Participants' premises;

[5] =assume responsibility for any damage to Participants' property directly
caused by its representatives monitoring the air or by the installation
or removal of the data collection equipment, or for <claims brought by
third persons for personal injury or damage to property directly related
to the installation of the equipment or monitoring of the air during the
term of this agreement, subject to the aveailability of funds:

[6] to the extent possible by law, withhold from the public the mname(s) of
occupants or owners of residences that are studied;

[7] notify Participants at least 24 hours in advance of the date access to
the premises is desired; and

[8] pay Participants $50 upon acceptance into the final group of 60 houses
and $50 upon completion of the study.

[0uB24b
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HOMEOWNERS AGREEMENT 60-Nlouse Study

Participants will

[1] permit representatives of Martin Marietta Energy Systems, Inc.,
reasonable =access to Participants’ premises for the purposec of sampling
air indoors and outdoors;

[2] =allow the installation, servicing, &and removal of data collection
equipment;

[3] =allow Martin Marietta Energy Systems, Inc., representatives to take
photographs at Participants’ premises;

[4] =allow Martin Marietta Energy Systems, Inc., to disseminate information
collected to the public; and

[5] participate for the full year of the study if accepted imto the final
group of 60 houses.

PARTICIPANTS Martin Marictta Energy Systems, Inc.
By By
Date Title
Date
By
Date
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POST OFFICE BOX X

\K RIDGE NATIONAL LABORATORY Oax FIOGE. TENNESSEE 37831

ERATED BY MARTIN MARIETTA ENERGY SYSTEMS, INC

October 8, 1986

Ms. Lynn M. Reeves

Secretary

ORNL Human Studies Committee
Medical Division, Room D110
Oak Ridge Associated University
Badger Avenue

Oak Ridge, TN 37830

Dear Lynn:

Updated Copy of Homeowner's Agreement for New Jersey Radon Study

Enclosed is an updated copy of the Homeowner's hgreement for our New Jersey
Radon Mitigation Study. This copy has been reviewed by the legal staff.

Please substitute this latest version of the Homeowner's Agreement in your
files on this project.

Thank you for your assistance.
Sincerely,

&M’\ /xé;_w. —

A. R. Hawthorne, PhD

Group Leader

Measurement Applications Group
Health and Safety Research Division

ARH:1gj
Enclosure

ce: Dudney

C. §
T. G. Matthews
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HOMEOWNER'S AGREEMENT

In this Agreement, made as of , 1986,
between and spouse
residing at - »  County  of

_ , State of New Jersey, and Martin Marietta Energy
Systems, Inc., a Delaware Corporation with an office at Oak Ridge, Tennessee
37831, acting wunder its Contract DE-AC05-840R21400 with the United States of
America as represented by the Department of Energy with research facilities at
Oak Ridge National Laboratory;

Whereas acquisition of additional data on time-dependent indoor radon
levels in residential settings and evaluation of the effectiveness of various
mitigation measures to reduce radon levels has been identified as research
needs by state and federal agencies, the Health and Safety Research Division
of Oak Ridge National Laboratory and the Center for Energy and Environmental
Studies of Princeton University, as a subcontractor to Martin Marietta Energy
Systems, Inc., are conducting a detailed study of seven New Jersey homes to

address .these needs. Other . subcontractors may be engaged to implement a. .

specific control measure,. This study is supported by several agencies
including the Environmental Protection Agency (EPA), the New Jersey Department
of Environmental Protection (DEP), and the Department of Energy (DOE), and is
a subset of a larger study managed by Lawrence Berkeley Laboratory (LBL). The
primary study goals are:

1. field evaluation and refinement of diagostic protocols for implementation
of effective mitigation stategies,

2. 1improved understanding of the physical processes leading to - elevated
radon levels in homes and the impact of mitigation measures on these
processes, and

3. systematic reduction of radon levels in the study homes via
implementation of approved mitigation plans.

The study will bggin'in September 1986 and last for a period of one year.
NOW, THEREFORE, the parties agree as follows:
Martin Marietta Energy-Systems, Inc., and Princeton University will

[1] provide monitoring equipment for radon and radon progeny, environmental
parameters (such as temperature, relative humidity, and pressure
differences), house characteristics (air exchange rates, house leakage,
internal mixing), and other such equipment as might be needed, and
install said equipment on Participants’ premises and subsequently remove
it;

[2] maintain and service such equipment at their expense during the term of
this agreement;

[3] shall pay for installation, monthly charges, and removal (upon
completion of the study) of an additional telephone line for data
transmission from monitoring equipment;

fo482u9
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HOMEOWNERS AGREEMENT 2 Radon Mitigation Study

(4]
(5]

[6)

(91
[10)

(11]

[12)

[13]

monitor the air on the premises;

norify Participants in advance of the time access to the premises is
desired;

release perfluoromethylcyclohexane and perfluorodimethylcyclohexane into
the house for air exchange rare measurements, allowing concentration no
greater than 0.001 ppm (the lowest known levels at which these chemicals
affect rats is greater than 100ppm);

produce house specific mitigation plans for Participants’ approval,;
attempt to reduce radon levels (one house will be a control and will not
be mitigated until near the end of the study); if, however, reductions
cannot be accomplished, then to ensure that levels will be no greater
that in the unmitigated structure;

provide mitigation measures that will become the property of the
Participants upon completion of the study;

conduct baseline testing of active mitigation measures (i.e., switch off
the devices) to evaluate their effectiveness for radon control--levels
will not be allowed to exceed values determined by EPA to be excessive;
make available to the Participants the results of the data collected
from the Participants’ premises; e . . ‘ A
assume responsibility for damage to Participants’ property directly
caused by their representatives monitoring the home or by the
installation or removal of the data collection equipment, or for claims
brought by third persons for personal injury or damage to property
directly related to the installation of the equipment or monitoring in
the home during the term of this agreement, subject to the availability
of funds; and

to the extent possible by law, withhold from the public the name(s) of
occupants or owners of residences that are studied.

Participants will

(1]

(2]
(3]

permit representatives of Martin Marietta Energy Systems, Inc., and
Princeton University reasonable access to Participants’ premises for the
purpose of monitoring radon and related parameters;

allow the installation, servicing, and removal of data collection

"equipment;

allow the installation and removal of an additional telephone 1line for
data transmission from monitoring equipment;

review and approve specific mitigation plan for Participants' home;
allow implementation, including modification of the house, of
Participant approved mitigation plan;

indemnify and hold harmless Martin Marietta Energy Systems, Inc.,
Princeton University, and/or the U.S. Government and/or the State of New
Jersey for any injury to person or damage to property that may occur as
a .result of the work done or omitted as part of this study, including
without limitation, modifications to the house design and structure and
the installation of mitigation devices. We have been advised that the
process of installation and evaluation may result in a temporary
increase in radon concentrations on the premises.
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HOMEOWNERS AGREEMENT 3 Radon Mitigation Study

[7] allow Martin Marietta Energy Systems, Inc., and Princeton University
- representatives to take photographs at Participants’ premises;
(8] allow Martin Marietta Energy Systems, Inc., and Princeton University to
disseminate information collected teo the public.
PARTICIPANTS Martin Marietta Energy Systems, Inc.
By By
Date Title
Date
Princeton University
By By
Date Title
Date
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HOMEOWNER'‘S AGREEMENT
1986,

In this Agreement, made as of ,
between and spouse

residing at ,  County of
, State of New Jersey, and Martin Marietta Energy

Systems, Inc., a Delaware Corporation with an office at Oak Ridge, Tennessee
37831, acting under its Contract DE-AC05-840R21400 with the United States of

America as represented by the Department of Energy with research facilities at
Oak Ridge National Laboratory;

Whereas acquisition of additional data on time-dependent indoor radon
levels in residential settings and evaluation of the effectiveness of various
mitigation measures to reduce radon levels have been identified as research
needs by state and federal agencies, the Health and Safety Research Division
of Oak Ridge National Laboratory and the Center for Energy and Environmental
Studies of Princeton University, as a subcontractor to Martin Marietta Energy
Systems, Inc., are conducting a detailed study of seven New Jersey homes to

-address these needs. Other subcontractors may. be engaged .to implement

specific control measures. This study 1s supported by several agencies
including the Environmental Protection Agency (EPA), the New Jersey Department
of Environmental Protection (DEP), and the Department of Energy (DOE), and is
a subset of a larger study managed by Lawrence Berkeley Laboratory (LBL). The
primary study goals are:

1. field evaluation and refinement of diagnostic protocols for
implementation of effective mitigation strategies,

2. improved understanding of the physical processes leading to elevated
radon levels in homes and the impact of mitigation measures on these

processes, and

3. systematic reduction of radon levels in the study Thomes wvia
implementation of approved mitigation plans.

The study will begin in September 1986 and last for a period of one year.
NOW, THEREFORE, the parties agree as follows:
Martin Marietta Energy Systems, Inc., will

{1] provide monitoring equipment for radon and radon progeny, environmental
parameters (such as temperature, relative humidity, and pressure
differences), house characteristics (air exchange rates, house 1leakage,
internal mixing), and other such equipment as might be needed, and
install said equipment on Participants’ premises and subsequently remove
it;

[2) maintain and service such equipment at their expense during the term of
this agreement;

[3) pay for installation, monthly charges, and removal (upon completion of
the study) of an additional telephone line for data transmission from
monitoring equipment;

[4] monitor the air on the premises;
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HOMEOWNERS AGREEMENT 2 Radon Mitigation Study

(5]
(6]

[9]
(10]

(11]

notify Participants in advance of the time access to the premises is
desired;

release perfluoromethyleyclohexane and perfluorodimethylcyclohexane into
the house for air exchange rate measurements, allowing concentration no
greater than 0.001 ppm (the lowest known levels at which these chemicals
affect rats is greater than 100 ppm);

produce house specific mitigation plans for Participants’ approval;
attempt to reduce radon levels (one house will be a control and will not
be mitigated until near the end of the study); if, however, reductions
cannot be accomplished, then to ensure, within the available funding,
that levels will be no greater than in the unmitigated structure based
on pre- and post-mitigation measurements performed during the same
seasonal conditions;

make available to the Participants the results of the data collected
from the Participants’ premises;

assume responsibility for damage to Participants’ property directly
caused by their representatives monitoring the home oxr by the

‘installation or removal of the data collection equipment, or for <claims

brought - by third persons: for- personal injury or damage to property.
directly related to the installation of the equipment or monitoring in
the home during the term of this agreement, subject to the availability
of funds; and

to the extent possible by law, withhold from the public the name(s) of
occupants or owners of residences that are studied.

Participants will

(1]

(2]
[3]

[4]
[5]

(6]

[7]
(8]

permit representatives of Martin Marietta Energy Systems, Inc., and
their subcontractors reasonable access to Participants'’ premises for the
purpose of monitoring radon and related parameters;

allow the installation, servicing, and removal of data collection
equipment;

allow the installation and removal of an additional telephone 1line for
data transmission from monitoring equipment;

review and approve specific mitigation plan for Participants’ home;
allow implementation, including modification of the  house, of
Participant approved mitigation plan;

indemnify and hold harmless Martin Marietta Energy Systems, Inc.,
Princeton University, and/or the U.S. Government and/or the State of New
Jersey for any injury to person or damage to property that may occur as
a result of the work done or omitted as part of this study, including
without limitation, modifications to the house design and structure and
the installation of mitigation devices. We have been advised that the
process of installation and evaluation may result in a temporary
increase in radon concentrations on the premises.

allow Martin Marietta Energy Systems, Inc., representatives to take
photographs at Participants’ premises;

allow Martin Marietta Energy Systems, Inc., to disseminate information
collected to the public.
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PARTICIPANTS

By

Date

By

Date
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Ident. No.

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

To: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Date: 04/22/85
Principal Investigators: Charles S. Dudney, Ph.D.
Thomas G. Matthews, Ph.D.
Co-Investigators: William G. Dreibelbis, C.I.H
Alan R. Hawthorme, Ph.D.
Title of Project: = Indoor Air Quality Study in 60 Houses in the

Tennessee Valley

I. OBJECTIVES OF STUDY:

The EHealth and Safety Research Divisiom of Oak Ridge National
Laboratory will be conducting a study of indoor sir quality in 60 houses in

the Tennessee Valley under the spomsorship of several federal agencies.

There will be two major operational elements of tkis study. Ome will
be the collection of data from all of the houses in the study and will
emphasize use of relatively small, passive sampling devices that can be
analyzed to yield information on time-weighted average levels of chemical
or naturally occurring radioactive species in the homes, The other major
element will be .the collection of data in six of the 60 homes and will
emphasize the use of more elaborate sampling devices for one—week intervals

in the smmer and winter quarters. The six-home subset will be limited to

houses in the ares suvrrounding Oak Ridge.

The objective of one aspect of the study, applicable to all of the
houses and defincd-by the TVA-supported IAG (#40-1459-84) which funds tke
major part of this study, is to determine the mean and standard deviation
of the levels of radon and radon progeny in 60 selected homes during & one-
year interval., Exposure to the short-lived radioactive progeny ‘of «radon
has been associated with increassed incidence of lung cancer among various

uranium-mining populations., Variows prodocts from the phosphate-mining

operations im central Florida have been shown to emansate radon at rates
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1. Radon

Once each quarter track etch detectors will be placed in the bhouses.
A track etch detector is about the size and mass of a paper cup, There is
a filter across the opening to prevent the entry of particles on which most
of the radon progeny reside. Inside is a plastic detector. Subsequent
radioactive decays within the chamber give rise to tracks that are detected
during analysis, The density of tracks is proportional to the time-

weighted average radon concentration.

Once each quarter each home will be visited by a specially equipped
van,  Samples of the air will be analyzed by high resolution alpha

spectroscopy to determine radon levels,
2. Radon Progeny

For one week each quarter a radon progeny integrating sampling unit,
known &8s a MOD, will be installed and operated inm each house. A MOD is a
box about the size of a table radio and requires 60 Hz 120 VAC for
operation, The device pmps gir (~0.1L/min) through a filter behind which
is a TLD chip to detect radiocactive decay events, Since radon pesses
through the filter only decay events from progeny on particmlate material

are detected.

During visits by the specially equipped van, 1levels of the progeny
will be measured uwsing alpha spectroscopy.

3. Air Exchange

In each bouse, sources of perflourocarbon gases will be installed.
Two different Xinds of sources will be installed, with one kind on the
upper level and another kind on the 1lower level. For one week each
quarter, passive samplers will be installed in several locations in each
house and subsequently analyzed to estimate time-weighted average sair

exchange rates. This method was developed by Dietz and Cote (1982) and has

been extensively used to measure air exchange rates in homes.

I04825b



et F

2. Air Exchange.

Coptipmous measurements of the air infiltratiom rate will be performed
using tracer gas decay measurements. Freon 12 will be injected into the
indoor atmosphere; its decaying concentration will be monitored as a
function of time with a Miran infrared absorption spectrometer. This
instrument will be located outside the home in an instrumented van with an
air sampling tube running indoors. The concentration of the tracer geas
will be microprocessor controlled in a range of approximately 1-10 ppm,
When the concentration reaches 1 ppm, the control unit will open a valve to
g small tank of freon located inside the home. The valve will subsequently
be - closed as the Freon concentration approaches 10 ppm. Fans will be unsed

during and after freonm injection to mix the gas throughout the home.
3. Formaldehyde

Continuons formaldehyde vapor concentration measurements will be
performed indoors wusing a CEA Instrument Inc., Analyzer. This instrument
vill be located in an instrumented van outside the home with an air

sampling tube runming indoors.
4. Nitrogen Oxides, Nitrogen Dioxide

Total nitrogen oxides and specifically nitrogen dioxide will be
monitored continunously wusing 2 Monitor Labs, Inc., nitrogezn oxides
analyzer. This instrument will be located in an instrumented van outside

of the home with an air sampling tube running indoors

5. Carbon Monoxide

-

A Interscan electrochemical analyzer will be used to perform
continnons measurements of carbon monoxide indoors. This instrument will
be located in an instrumented van ountside of the home with anm sir sampling

tube running indoors.
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Name i LV Toxicity

Dichlorodifluvoromethane (Freon 12) 4,950 mg/m3 200,000 ppm/30 min
TClo inkal/bhuman

Perfluoromethylcyclohexane (PMCH) NA 825 ppm/14 hr,
TClo inhal/rat

Perfluvorodimethylcyclohexane (PDCH) NA 100 ppm/14 hr.
TClo inhal/rat/guinea pig

Appendix A provides copies of the entries for these chemicals from the

latest issue of the NIOSH Registry of Toxic Effects of Chemicals.

Under normal operation, the microprocessor—controlled, Freon injection
system will 1limit Freon concentrations to approximately 10 ppm, which is
one percent of the Occupational Safety and Health Administration threshold
limit value (TLV) for eight hours of exposure to Freon, The 2ir inside the
bomes would be mixed during and after Freon injection to prevent abmormally
high concentrations from developing near the injection point. The source
of Freon will be limited such that total system failure, in which 2ll the
Freon was released, would result in concentratioms less than 3,000 mg /m3
(~60% of TLV) for a2 very tight (i.e., zero air exchange) house bhaving 750
squars feet. of floor space and 8 foot ceilings. For houses that are either

larger or leakier the levels would be less.

In 311‘60 houses, the perfluorocarbons tracers will be released
passively from pellets. The rate of release is less than 1 mg/day for each
pellet and three pellets for each tracer will be used in each house. For =
house having 750 square feet of floor space and 8-foot ceilings with an air
exchange rate greater than 0.2 b=l then the levels of PMCH and of PDCE
would be less than 0.00123 mg/m3 (less than 0.0001 ppm).
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Safety will be considered during the bhouse selection process. For
example, homes with young children will be cxcluded unless the bhomeowner
feels certain that the children will not be left unattended with the

sampling equipment and the investigators feel that the homeowner will

responsibly oversee azny resident children.

The principal investigators will follow the procedures of tke
Committee on Human Studies in obtaining “informed consent” from cach of the
subjects in the stundy. The investigstors recognize that they retaia the
primary responsibility for safe-guarding the interests of tho participants
in tbe study. Any significant changes in the study protocols or the
devclbpmcnt.of'hny nneipectéd risks will be brought to the attention of the

Committee on Human Studies.

Starting Date: June 1, 1985 re
e - T 7 s
Signatures: AL Y oo A 1y LoniA Principal Investigator

K%dd*—— 2§£1pfzé%;::::3 Principal Investigator
i B L

ﬁ«,'w,;-v Co—Investigator

L .
M i tand

vy s i -3 ...
:Tzzzhﬂkalgz AH‘EIiﬁiZL»ﬁL Co-Investigator

DIVISION REVIEW:

The zpplication described above has been reviewed and approved for
submission to the ORAU/ORNL Committee on Human Studies.

Official signing for the institutiom:

~ 2
- N - R de— e R \\)
. N . o 2 - . . . .
Signature - A e »
SN = )/
N . .
3 . ., - —-———— e et s ge .
- Title .. [ - e o= A T
< s
R R e
Institution AR Tt ;i
; S e
Date Low <. AR
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Universities  Oak Ridge, Tennessece 37831-0117 DRI

April 17, 1986

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: D1y Dudney ¢ Matthews

FROM: Lynn Reeves, Secretary
ORAU/ORNL Committee on Studies

SUBJRCT: PROGRESS REPORTS

The guidelines for the ORAU/ORNL Committee on Human Studies require that yearly
all principal investigators of ongoing proposals present a progress report to
the Committee on the status of their proposals. Each proposal must be reviewed
by the Committee yearly for research projects to continue. Please answer the
questions below and add any other information you feel pertinent and return by

?xa’—s-. 1986. (If additional space is needed, please use the back of this fomm

or attach extra sheets.)

Title of Project: Indoor Air Qualitv Study in 60 Houses in the Tennessee

Valley

Proposal No. ORNL-14 Date 2ol /78’(

C%&” ﬂvQ /{],Zu'{/»u?d_ /6“7\// JJW“R*- ‘?’/:‘7 /.

Signaturey of Prindipal Investigator$ /" Date Signed
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3. Are there any planned changes? ; )
J Y Pl of Lo
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METAVIENE DIMELIRANESULICnall »
MIDS: dnd-rer-ipr 10 mg/Lg CBiNAS 31497

CCPIAY 11.629.74
MUREAY 25,107.74
RPrAL 17,325,68

diteentupe 15 mg/hg
mic-muslym 30 wmel/t
TXDS: ipr-ret TOLO11Y maskn (13D preg) TEXLTER
PABS9CO00 MFTKANE, DIPHENYL.
YeSLIFH CAS. 101013 mwe 164,35 MOL My C1IM1T
Syrd BENIENE, BENIVL. ¢ SLNIYIIEMIENE ¢ M(va('NAN! * TITAM * DUANE * TOLUENL
otnhe PHENTL.
T™X0S: erlrat LDLe:S000 mg/ig AMIHAN 19,403,359
STATUS: REPORTED IN EPA TSCA INVENTORY, 1980
METEANIDITRIOL, §.3-DHSTIZ with O O-DIETHYL NO”NOROGWIOAI’! o TELIS0000
METHAIE (DOT) sem PAVASNDO0
PELANE, ETRDXY sae: XOO760000
METHARE FLUOROTRICKLORO- see: 936123000
PA9IZC000 TAETHANE, FLUOROTRICHLORO. with MITROMETHANE (99.7:0.3)
Cif Contam 03% MIEROMITRANG s adtwnas m FREOM.1Y (TOIZAG 18,3637V}
(R0 0 11
Svw- FIEON.I1 3
TXDS: igromus LOS0:2779 mo/hg
PA?"L"GOD HAETHANE, ﬂUOROTRlHﬂRO-
o1I907 CaY: V8adul MW 16904
c,n. SLUOBOFRIIIROME TMANE
T20%: ipe-mus LD30:57300 va/ke
STATUS: REPOATED IN EPA TSCA INVENTORY, 1980
METHANE, {2-HYDROXYETHOXYNAETIOXY. soer K16475000
METHANE, WYDROXYISAINOZIS(2- METHYLCYCLOPROPYL): 10 GZ3013000
PA94S5I00 METHANE, 1000.
»PoT B3 S T4-08. “w, 141 04 . ~OolFm C.M34
S maON 10001 ¢ 'ODanlh-t {halion) * IODOMETHANE * ICOURE DL METHYLE [Fromch} ®
JOD-METRAN 1Spemenl * JOCOMETHAAN (Dytth) * mETHYL OMOE * mETMYLIOCID
(Germeni = METMILIODIDL (Dwich) * METRIU JODEK {Pohsal * MONDIOQURD O1 nafThi
(naian]
MTDS: mmo-sal 2 ul/plate
mmo-sst 7 wl/plare
dnr.ese 10 ug/disg
mrcaame Y000 pom
mmo-mus:iym 53 mg/l/em
micemurziym 13 mg LR
DS 1tnchmn 1 gm /1024 2ALD
sknaot 1 gm/I0M MLD
TIDS: orhrat 1DLo: 150 mosiyg
Klgt 1CLo:3770 ppm/15M
shnwrat LDLe:300 mo/tg
seu-rat LDLo:150 mo/hg
severat TO1e:50mg/hg YFXETA
inbamus 1CLe:30CT wmasmdzing
soromus TDL marhg/8Wa TFX:NEO
wvemur 1035110 maovg
REVIEW: CARCINGGENIC DETERMINATION-ANIMAL
rosInveE
BEVIEW: THEESIHZOLD LIMIT ValUE.0i:2 ppem (skin}
FE/AEW. TCRCOLCOY RvIEW ATITAP 1547
BECT: OSHA STANDARD.wil WA § pom [.hin] 1SCP.H) FEREAL 192154074
SIATUS. ‘MIOSH taaNUAL OF ANALITICAL /AETHCDS VOL 2 598
STaTUS. 2EPCRIED 14 (PA 122 INVENTCRY, 1980
PAQSOL METRANE, 1ODOTERITRO-
.5 Ta% eln0
v ODOISIMTROME THANE
1425 .oreens AD30:20 masig KHFTAN 100815174
PAG343C0D MAETHANE, ISOCYANATO- mixed with DICSLOROPRAPARES or
CICHLDZOPROPENES {1:4)
et el (a3 s0ne 0101
it LPAIGT C TRAR(E * vOwIES
Y05 crlagt 1D5O IS maihg
PAGE25C00 METHANE, ISCIHICCYANATO-
vty <45 3lneie e 7
u AIE * SO TCranATE Lt weTHTLE ({ree. n
Crarn? Al aptieey §9T00 *
COIMIOC T Ara sl Damas ¢ apligd
150:— SLramall * mtturl mUStead GH * ~
" mORTON {P.3a0f * TEaP(L * 1PastliOf * vORitL
T105: orierot 102197 mgrig

TO1ZAG 13{2},382. 70
mOLPA, C-P-42-04
KMFZAN 10{6],53.76

INCIAM 8287279
ISClam 62187379
INCIAM 61,673,7¢
INCIAM 82,501.79
MUREAV 59.01,79
MUREAY 396179
B21MmAG 212250
21AAG 7.172.50
SHMAG T7122.20
SARLR®® Ne.23.50
«QDax* .. N
BimAG 712210
TEXBAL 7424170
ANMAG 7,372,589
CNREAB 33.14101,75
TXAPAD 423487
tARC e 1524537

OTIvS® 4331,80

raw, 76 P8 mFa C.n3-O8

GUCHAZ 4,312,7)

MRS C2e)
SOlmICractalBut mant *
PO IR | [N
[REY Yo Cnvt

T vSALIL  amd
ASLHAN 22,122.29

TOXICITY DATA WAS HOT RELs fVarLUaTLD
QmiSLIO N OF & SUSSTANCE OF MOTATION DOLS NWOT 1alLT amr SLUEN F0M RECLLATCRTY AISFONSIRRITY.

Y-358956 00S7(0+H06-JAN-81-13:55:32)
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564 . REGISTRY OF TOXIC EFFECTS

STaTUS, REFORTED 1IN FPa TSCA INVENTORY, 1980
CYCLONETANE, gone.}. 2.3 4.5 0-MIXACHOND- reo. GV 4330000
Gv4900000 (Y(LO!‘HAN[ 1.2, J 4.5.6- N[XACHlOﬂO~ gomma-isomer

Xl oo (o me (e

uPD! AOIY | .
ST aaiDas AuoN * \0\ cw " \(,IO( 0( PALROCIM D 0 ACEN I O
AGROCIDE T ¢ A w0 ALEOCINE WP AGRQt T 0 n-n- cmmitilt mieCx *

nywal o aPamaymn * arwiiik " APIDAL ° LT R N 1S AN C BENIOE I8
:‘.I:N'l!"loftlltm()ho\ gommnsomer * yoomas BIMILNE HEY OBadt ¢ S0 * InC ¢
€ 0 CLiasFs * (Ot N * COTIVim * 0w D1 Tmul 1r10aat ¢ OITOR 13
. o(voun © DOL weanul * Daiy TOR D A AGUA O * (el 1398 ° IWI0M0RAN *
(IAGAMA * POMIN * GAOGAmA * Gamal) * Camarmitl * Gamwantla *
CAMMANETANE * CammALIn ° GCamwalin 70 ¢ Gamuatfel * Gammis * Gammytant *
GammOPAZ * Cltamp * nCCH = PCN * gomasteil; * HICIOION * MAA * MAACMORAN
¢ pommu-rttralrmten * HERACHIORANE SHELALMIOAAML ¢ qewme.
Wt ALPMORSRIENIING * -aiphe
SEIALMOTOLTLLON vamt
MLRACIHIORCTYLLONE S aNE . gummd

OCTCLON t T r2)ese

-~ I.:l 4.3 0-0L24LIMOOCTYOIONEIANE *

HIAIOT * HIYAVEIM * wEKDE P MORTEL C LUl 18010K ¢

OADTIE * Cwiil * u-m».( . 4TOX * LEIMAL * LimDalCE * uumr.m .

T UNDAGIARMIA “ { trepart IDOI} * gae

€ * UNDASOR * LIMDOMP ¢ DH’QI * AORENANE * MmN o * .sngo\ .

»NOL © NEO.SCAMCIOOL * NIALN 18 * WEEIT * NEUTSTARK * w020t

-cocmou~ © MOVIGAM * OMMITOE * OVADLIAK * OwADNAR * PLORACIAL ¢
PRAMIOL * QUELLADA * SANG pamme * SLVANOL ° SPNITLAAPMDIN * SPRULRPPLANIOL ©
SISUNEL * TAP B3 * TR ° YNIOM

MTDS: eyt-homilbe 8] mg/Lsd8H

TXDS: eslahd LDL1180 my/ig

ord-chd TOLO:1Y1) mg/g TEXISYS

weieret 1050:76 my/ig

shawror L030.300 mgrhg

ipreeet LDle:3S nq/l.

MUREAY 48.237.77
CmEP*® ..1,3¢
ALHLAU 28,374.72
SPEADM T4-1,.04
WEPCAZ ¢.119.70
AEPPAE 212.461.31
FEFRAY 8,288.97
FCIXAY 11,4007
TXAPA? 23.288,72
SPLADM T4-1..,74
TIEVAY 3,61.%0
JHEMAZ2 22,113.78
AFOOAQ 103,32
JPETAB 92,140,48
FEFRAZ 8,306,47
JETOAS 713974
TIEUAT 5,61,30
TIEUA7 3,601,350
WQCHM® 3,74
IARC®* 20,193.7¢

9
oricmus TDLOZS qnlhg/nW-C TFXNEO
ipremwi LOLI73 my/Ag
erldog LD30:40 mg/hg
ivn-deg (Died mgrig
addecbt LDV:60 mg/hg
shaabt L0350.:30 my/ig
ivnerbt LDLe: 4300 wgibhy
orl-gpg LOSOIIIT my/ig
ori-ham LD30:360 mg/rg
eri-bwd tDlo:100 mp/Ly
ime-bwd 1Dl0:26 mo/hg
AQTX: AGUATNC TOXICITY RATING: Tlm96:under 1 ppm
REVIEW: CARCINOGENIC DETEAMINATIONMANIMAL
PCSITIVE
+ REVIEW; CARCIMNOGENIC DETERMINATIONINDEFINITE
AEVIEW: THRESMOLD UMIT VALUE-0inQ.3 mg/md (skin}
REVIEW, TOLICOLOGY REVIEW
REVIEW: TOXICOLOGY REVIEW
REVIEW, TOXICCLCGY REVIEW
REVIEW, TOXITOLOGY REVIEW
REVIEW: TOXICOLOGY REVIEW
REVIEW: TOXICQLOGY RIVIEW
REGS: OSHA SIANDARD-einTWA 500 vy/m3 (shia)
(SCP-T}
DOT-ORM:-\, LARELINONE FEREAC 415701878
STATUS: NCI CARCINOGENESIS BIOASSAY COMPLETEDMESULTS NEGATIVE (NCITR®
NCI-CG-1R-14,77)
STATUS: "NIOSM MANUAL OF ANALYRICAL METHODS® YOL 1 5290
STATUS: REPORTED IN EPA TSCA IHVENTOAY, 1920
GV49500C0 CYCLOKIXANE, 1,2,3,4,5,6-EiXACHLORO.
OfFiischnicel OML tunieny ahbowt 645 wipre, 105 bevg, 13
sopulommomers of 1.2..6.5 0-MEXACHOROCITIONEYANE [ARC® 5.47.74}
UrOT M01Y CaS: #C8.73-1 w0082 MO e Chrte-Clb
e, I(NIMU ¢ MNIINEHEXACKLOMDE, muod isamens * TENIEX ¢ DOL * DOWIX * FAMC * PCN
2. MEXACHLONOCYCLOMEXAME (mistwre ol mamers} * HERAFCA * HEXTQAM *
KOIOL CreOTIOL * TEOINICAL BHC ° IRCHMICAL 1CH
TXOS: erbemus TCLO:id gm/kg/24W-C TFX:NEQ
REVIEW; CARCINOGEMIC DETERMINATIONANIMAL
POSITIVE
REVIEW: CARCINOGENRIC DETERMINATIONMANIMAL
POSITIVE

1ARC®* 8,47.74
DTLYVS® 4,245,80
CNDQAS 10¢3),43,73
RREVAM 5610773
2CCAY 10,83.74
OTTIAF 80(20),485,73
ARDEAC 113{31.333,77
CIOXAO 13,231,78
FEREAC 19.22540.74

{mixed isamers)
m—., V% dulis ond 1%

GANNA2 62,411
IARC*® 20,195,79

IARC®® 84774

TAd. 100)7433

LN~ 24l
5Tr, MORESHOT
TXCSs ikirot tCle: 100 ppm/iad
ihlemus LCLn:500 ppm/iaM 11:7TAN 3,782,643
iNgeg LCLn:100 ppm/14M 11FYLH 378,63
GVSCC000D CYCLGHIXAME, 1.2.3.4.5,6- MEXARIS(2-CYARCEFRUXY).
(UL ] Cas 3015-34.) LAY ") el (24:1410-m8-00
St 123430 HEXASIS( CYANO("'OIV)OCV.ONL\A"(
TXDS: iememes 1030:16U wmorag COUNYS NXA 02784
CYCLCHEXANE  5-180CYANATO- . (IVJCYANAWMFTNYI.) LILITRINEHYL. (90U seer NQS4LO0C0
GVS030060 CYCLOKEXANE, ISOPRCPYL-
LP30 VTS CAS: ove-29.7
IV 130%I0PVICYCIC EXANE
AQTX: AQUALC TOXICITY RATING, TLm26:1C30-100 ppm  WOCHM® 2,.74
STATUS: W-CRTED IN EPA TSCA HIvENTORY, 1630
deliziive 1V aishel-CYCLCREXANLMALONO ITRILE sem OO37J57%0
CYCLOWEXAREMITRARAMIIE see: GVHI28000
GVS075000 CYCLOH!‘AHU\'HHANCL
wedTIee AL 103493
S¥P ROVl MCONDL mERanT e ¢ CYCLCHtSANICARBINGOL * CYCLORIYICAABNOL *
CYCLO a1 2 LTMARQL ¢ WEXLIATYOROSINZTL ALONDL * MICEOXTMEIMTICYCIOMIXANE *
MEIAPICL TYCIOMEATL. * Usal DO.a9
TXDS: pr-mus LD3D:250 mg/ig
STATUS: ZEPORIED I EPA TSCA INVENTORY, 1580
CYCICHEYARE St oho 1TERQIAGLINTRTL). vew: UNSDBICOD
[qf8%:. 17 RLI IS I, lore-1 2 {RiGICTTHYRYL). e UXSSB3000
CYQUCHEZARDATT HANDL, ohobe ETRYRIL. see: UXACRLIAO
GY52000C) CYCLChELANDMETHAROL, ol-h‘.v ATNYL., ACETATE
V20T il u AL T RS LR Y et ]
3TN ACENC AU V.CIOICALRTL I SR0PYN.1. vl fs!rl
T1XDS- ert-mus LD 1300 mysbn ARIMAD 783,37
CYCl')I-lunv'muuox ol:dn-[iMYMIL. BINICATE 1ee: CGII75100
SUTTAATE sce: ESORILGI0
CAvar et ATl sewr FLEATEDDO
3} . PROFONATE reey USD2S5000
GV5425C32 CYNO'\}.XA CETHANOL, 4-KYTIOXY-olpha-(:5021G YL
-3t rvm a3 e3¢, 830 -, 13y 23 Bt (13 10 Q2
¥ [I1MAaMOL T ISCPEIPTLAMIAD.1-(4MYDOFORTHEATL). * ‘it §370
TXADS: svnemur LD50: 40 mgrig JPETAS 108634152

11FYAN 10883

mws 1282 MO - C9-H18

w1420 U S NP ]

NIIS** AD272.689

OF CHEMICAL SUDSTANCES 1980

GVMOOOOO CY(\ON(!AMP"’TNANO[ 4. MYD'!O!Y-clpM (MUHYUWNOMH’(YI)-
-w, )
u-— u---o\ 21wt l--uv-m ' e -mun:v(u.\.q ) . »-llnv\ n»
MY DOCTYC IO AV H INAROLASMINE ° WM 3500
TXDS: .pr-mus LD30 620 »g. by IPETAS 109341 32
en.mur LO20:797 malg pETas 105 34152
GV5950000 CY(lON(XAN{\‘.UH-\NOl, .lthe (M"NVLAMINCMUN“)-
[V A Lt KA, Jblae i, CF it O
Svoe Qimased, Pdal IMviAmMINOb ) cvno«un . u-....
PRI LAMINO ML 10 CYCLOMEA ARE METHANOL. * . mME YL 2 LYCLORIRTLETMANOLA By ¢
e 3384
T1ADS: ivamus LD50:IT masbg
wpremus LD30 280 ma/lg
CYCLOKEXANEMETNANGL, @ishe-PHINYL. sees PCI933000
CV5765009 CYCLOMEXANEMETHANOL, 1-PHENYL.

IPETAS 103 34137
IPEIAs 103,341,592

UPDY S0t v, 190 31 ot CHINIBO

9, 100 WYL CYCIOREDANI i TRANOL

TXDS: iva-mur LU30:38 myg.lg CSINX® HXFO7313
GVH125000 CYCLOHEXANE, MITHYL.

vrptre CAS. 108.87.2 ~w, 99,71 LYW« 2 7Y

M. CYCIOMIZTUMLIMANE © NESANYDROTOWUENE * wrINYICYCLOMELANE * MITHTICYOIOMEXANE
100N * MITTICCTYRIOREIKSAN (Poksh) * HRIONE 3 * TOLVANE #lXamvdS IL ° TOWANE
1EANTOND.

TXDS: ari-rht L1010 4000 mo/hg

REVIEW, TMRESHOLO UMIT VALUE-0ind00 ppm

e(Vitw, TONCOLCCY MVIEW

RECS: OSHA STANDARD.ein:TWA 300 ppm (5CP-G)
OOT-FLAMMASBLE UQUID, LABELFLAMMADBLE

Uouio
STATUS) ‘NIOSH MANUAL OF ANALYTICAL METHCDS VOL 2 %4
STATUS: REPORTED IN EPA TSCA INVENIORY, 1980
GV6118000 CY(I.OHE!AN:..\ETHYLAM(M
uro 218 ey 1) MOLP O MISH
S .mmonﬂnn)ﬁﬂomunﬂ ' L"C\OnnAMnunAnAnN ¢ CYCLONE LV ETNAHAMME ¢
CYQUOHES VLML M TLAMINE
TX03r ivn. D050 mashg CSLNX® MNX® 10002
CYL0MEXAN HYLAAUNE, 'l LY .n 4-81CYCLO(2.2.2)0CTVLINEDIZACTHYLINE 1S,

JHTAR 23.1990.4)
OTIVS® 427130
IITTAP )B0.00
FEREAC )9.2)340.74
FEREAC 41,57013.76

DIMYOROCHLC2IOE see: DT7970000

V6133020 CYQCAEXANENETHYLAMINE, N-(2-CHLCROCETHYL)-N-ETHYL.PHENYL-,
HYDROCHLORIDE
UPD1a? Mwi 31433 MOU M €180 QM

SYPe Ma{2CHOROETHTL - N.ETHVL A PHENNCYCLONEX ANEM ETHTLAMINE ¢ 1.PRENTACL(N-{20
CHRLOROETHYL) N A THYLAMINOMETMYLICTCAONELAME, HYDAOCHIONIDE
TXDS: ivn-mvs LD20:54 mg/lg CSINX® NxEgrste
GVb\JSOOO (\'CLOHEX.\I [\'E‘IHYUMXNE 2 (HLORO 2-{m-METHOX TPHENTYL).
S 289 wOttm Clani2l.ND
svu. 3-0!10!0-7-!--&'HNQ"M!umC‘IC\OMMA(Invumnl
TX0S: erlemus LOS0:390 mo/heg ARINAD 18,107.78
CYCROMEXANEMETHYLAPARIE, N N'-(1 4-CYQLOHEXENYLINEE!S., DIACETAIE sea: G\W2345C00
CYQOHLXANTIATHYLAMIRE, NN° (1, 4-CYCLOHIX YLENEOIMETHYLENEIDI-, BINYDROCHLCIIOE, (-
sew; GU7047C30
CYCLONIXANTMEITHYLAMINEG, N N'+{1,4-CYCLOMEXYLENEDIMETHYLIRE)DI., DINYOROCHLORIDE, (D)=
1o GU7049C0
GVMSLMO (YCI.OHZXI‘HUA-ETHYLAMIHE N N-DICARTHYL. 2 (m-MU AOXYPHENTL)-
urp' MWy 247.47 MO e £30-m23:.0
svn. N n.mumu 24 q-.unnoxvmnumemw-mwm
IXDE: crlomes LD50.214 mgrkgq ARINAD 23,102.7¢8
CYCLONEXAMEMITHYLAAINE, N-(2.RYDROXYERIM)-N- mm 1-PHENTYL- vee: KIOZE0000
GV& CGOO CrOLOUECANIMETHILALINE, N-METHYL.
Cas 2175-299 MW 127.96
s'N u-nunn.uqcvf‘lo»-ur.nﬂnvu AmmiNg
TXOS« srisot LOL0:1410 myshg
thaerbt LD50:630 mg/hg
GY$400000 CYCLOH!XA::E.‘A"AHYLAMIRE 1. PH‘NYL-
UPDY £10? aw, 1592 MO CIINIT-
SR 1 ARENTYLCYCLONES ANEMETHYLAMING
TX0S: ivn-mus LDISO:18 mnsig CSLNX® NX#C7Xe
CYCLOHEXANE, 1-METHYLen AIAINOETRYLTHIOAZO. scov XM2340000
GVL870500 CYCLONEXANE, 1,1.2,2,3,4,4,5,6-HCNATLUORO-
uroT. e} Cad INNK-81.2 mwe 144.00 MOLF M, Ca-M)-PS
SYM TH N anaNONAHUOROCYCLONE X ANt
TADS: iblemws LLLO:I70L0 ppm/10M
Gv5473000 (fCLOH‘XA‘lE PP RIDINOMETHYL-
JrOT.2%0) 5003-72-1 MW 18134
ST, pmC
TXDS: od.mur LD50:160 mo/hg
ipromus 1D50:35 mysrg AWPTAK 167,271.67
ienemus LDS0:20 myrkg AIPTAX 102,272.87
Gv4480000 CYCLOHEXANE, PIPERIDINOMETHYL., CAMPHOSULFATE Satl
urpy 7t Ca8. 42018340 LA ] Ll C12.4208 CH-M16045
$YM, MPFRIDINOMETHYICYCLOME LANE, CAMPHOSULIATE = 30 110-7
TXDS: orl-mus LD30:I70 my/hg AIPTAK 147.273.67
ipremus L220:370 mgrlg AIPTAK 16727367
wa s L000:41 mask A1PTAX 11727387
GV&590000 (YCLOHE‘(AN' PIPERIDINOMETHYL., HYDRCCHLORIDE
PO I bt ] mw. 20737 M m J11MDN O
S 'i'lllomOu"HvlC‘C\ON(lAN( QUORHYDRANE SALF * 3D 210.32
TXDS1 erl-mus LDI0:INS ~q/kg AIPTAX 187 273,07
ipromvl L0I0:43 morky AIPTAK 147,273,847
ivnemes £D50:2S ma/iq AIPTAK 167.272.67
576735000 CYCLGF“(AI F-iOrlO”lC AGD, ALLYL S37ER
uPOr F9A Cal% 178547 w194 32 MELF: €12 12002
ST ALYl CYCLOME S ANEFPOF:S mu!( ' 3AUNIYTIONIEYL PSOPONATE = slinL
HERARYD NTLROTAHONALE ¢ CICICHERARIL 3-aiLTL., PZONCNATL
TXDS: arfaior LDI2 535 mg/ig $CTXAV 220764
odn2q L253300 ao/hg FCTXAY 237764
STATUS: FE2ORIED 12t £74 TSCA INVIFITCPY, 1922
GY67¢C000 (YQOUIN.REFACPICAC ACD, cleha-CYCLOPENTYL., 2-
(CIETRYLASAIROIEV YL ESTLR, HYDROTALUTDE
L0230 Cad 97357008 raw. 30004 M C30.797 223 Qe
3700 wiphe CYCLOPEHIVICTUORIRANCPRDMONIC ALID 2-{DISTRTLAMISOETerL E3TED
nYOROCIEC Fe
TXDS: noc-ral LDEN 22D mnlig JACSAT 69,'849,47
GV6325C00 CVALAREXANLY CPYL‘\MIHE M H-CINETH  L-gqomeaa-PHENYL-,
HYDRD(HlO'r:ID!
[ LR Cas
Sym WL Dim (Her ). CYOS ML

o CAMNTN

AIHAAP 30,470.89
AIHAAP 3047069

ANASAB 163,61
MO, €177
AIPTAK 186727147

NI v 3349 i (32nlln flm
MMV PROPTLAMIKE HYOFOCIMOSIOE * Sam?iaml

TXDS: esl- b n 10t g CICEA? 954967

CYCREPLYANES it aew: HMT4BC0C0
GV6550%) LTLLSAL 1C ACID
LTt L ~w. 179 TR MOLFm Cond)m D4

P

BN CeQus et ¢ CiCiOmicar PranmiC af1d ¢ CHQORIRY AW D, M o T 0
C1 et ariamuct SUERUTIT s D * CYQRUPERIAIPRAmMIC ACID * N
CrLMMEETIS A Al A ¢ nlxaAmIC ALID 7 SUCARYL * Sulanrl a0ID ° @
AU Lottt ang. %l

TXDS: orhemon TT10:27 gmskgs7EW.

C TFX.ETA JOURAA 113,253,

TOXOTY Dala Mad MOT 3LEN CVaIULIED
OMmSSION DI & SUBSIAMCE DI NOTAICH DCES MO b Y ANY RIULE FROM FECULATORY RELPONUSIUTY,

Y-358956 0562(50)(28-DEC- 81-18:03:26)



REGISTRY OF TOXIC EFFECTS OF

CSIMX® N2 01774

wemus 10V) 100 ay/hg
IARC®® 1155680

vitw. € TLUNIC DLTERMINATION NO DATA
UL PIONDBTIL 1 (2A TS A 4eVENMIORY 1900

Oﬂ CYQOREXANMGUUEAMIC ALID, BARIJIA SALT
[T RTINS
“/5 ipr-rat Loie 250 my-bq 4 HONSAS 3.40.3)
OCHITANBIULIAIC 400 (20004 $ALT yam GVTICOIM0
¢v 1100000 CrQLOREXANESURFANIC ACID, CALOIUM SalY 12:1)
(AN 204 ey 1IN08D o 1e 98 mCibe, C13-42e.n7.08-3) Co
sen. Carloim CTCLamall * (atlium CYCLOMETAMEIUIFAmMATE ¢ Ca1(i0m (YCLOMD ant
JULtmamall * CaiCita CrOIDmETVISUTamalE * CaiCilia CYTIOMP ETISMPHamATE *
Criawall Catlhes SALl © (Y(iamatl CarCivm ¢ CSCIONENAMES AmIC aCID, CalOum
ALY LM CrCONIINSUI M anC a Gl Callm Satl * CTLAN * DIIIY ¢
TAUY® Y A TE (Gormen) * JUCARYL CALCIIM
ATDS: ayt-hmnlev 230 mg/tL SCIEAS 164.508.69
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sEVIEW) CARCOINQGENIC DETERMINATIONIAMIMAL IARC"* 22.55.80
1oLmivE

LIVIEW: SOXICOLOGY REVIEW

pEviEW) 10XZOLOCY REVIEW

STATUS: PIPORTED IN EPA TSCA INVENTORY, 1950
¢v7175000 CYCLONEXANISULFAMIC ACID, CALCIUM SALT, CIHYORATE
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MUREAV 291,74
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* SUCRUN 7 ° BUEISETTE * SUISTAMmin * SUGARIK * SUCAROM
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erdrot 1O 410 gm/le/BIWC 1FX:EITA
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TXIS: ipremun LOAMES mgrig PI?PAA 27(4)390.75
-”!75000 CYCLOKEXANOL
;»:r S 104.93.9 mw, 100 1} SC1m, Co-HIZ-O
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SYMe 2.{M-SENTYL- MM ETHYLAMINO METHTL | Lo{ mebl THOXY PHENTLICYCLOME L ANOL
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VDT e v AY 7I80e a2 ? CL T IYRT} s (18 M0 O
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DOMEOWNER'S AGREEMENT

In this Agreement, made as of , 18985,
between - "and spouse
residing at . County of

’ State of , rand Martin
Marietts Energy Systems, Inc., & Delaware Corporationm with an office at Oak
Ridge, Tennessee 37831, acting under its Contract DE-AC05-840R21400 with the
United States of America as represented by the Department of Energy with
research facilities at Oak Ridge National Laboratory:

Acquisition of additional data om indoor air quality in residential
settings has been identified as a research need. The Bealth and Safety
Research Division of Oak Ridge National Laboratory will be conducting an
indoor air gquality field study in the Tennessece Valley rcgion during 1985-86.
The field strvdy is supported by several agencies including the Department of
Energy (DOE), the Tennessee Valley Authority (TVA), the Envirommental
Protection Agency (EPA), and the Consumer Product Safety Commission (CPSC).
The primary component of the study, on which other activities will build, will
involve measurement of radon and radon progeny in 60 houses in four states.
Additional pollutants that will be monitored include formaldehyde and nitrogen
dioxide. Air exchange rates between indoor and outdoor air will also be
measured, Other parameters that cannot be measured in all 60 homes will be
measured in a subset of homes, Examples inclnde measurement of volatile
organic compounds and particulate matter. The houses will be visited by a
mopitoring team once or twice each guarter for one year to perform sampling.
Measurements 2re to begin in the spring of 1985. The 60 houses selected for
the study will be chosen from the list of candidate houses based om various
selection criteria.

NOW, THEREFORE, tkhe parties agree as follows:
Martin Marietta Energy Systems, Inc. will

[1] provide datz collection equipment and install said equipment on
participants’ premises and subsequently remove it:

[2] maintain and service such egquipment at its expense during the term of
this agreement;

[3] periodically monitor the air on the premises;

[4] make available to the Participants the resunlts of the data collected
from the Participgnts’ premises;

[5] assume responsibility for any damage to Participants’ property directly
csused by its representatives monitoring the air or by the installation
or removal of the data collection equipment, or for claims brought by
third persons for personal injury or damage to property directly related
to the installation of the equipment or monitoring of the air during the
term of this agreement, subject to the availability of funds;

[6] to the extent possible by law, withhold from the public the mname(s) of
occupants or owners of residences that are stundied;

[7] notify Participants at least 24 hours in advance of the date access to
the premises is desired; and:

[8] pay Participants $50 upon acceptance into the final group of 60 Louses
and $50 upon completion of the study.
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HOMEOWNERS AGREEMENT 60-House Study

Participants will

{1] permit representatives of Martin  Marietta Energy Systems, Inc.,
reasonable access to Participants’ premises for the purpose of sampling
air indoors and outdoors;

[2] allow the installation, secrvicing, and removal of data collection
equipment;

[3] 2llow Martin Marietta Energy Systems, Inc., representatives to take
photographs at Participants' premises;

[4] allow Martin Marietta Energy Systems, Inc., to disseminate information
collected to the public; and

[5] oparticipate for the full year of the study if accepted into the final
group of 60 houses,

PARTICIPANTS Martin Marietta Energy Systems, Inc.
By By
Date Title
Date
By
Deate
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REVIEW AND ACTION
ORAU/ORNL Committee on Human Studies

- Princ]’pa] Invest‘igator Charles S. Dudney & Thomas G. MatthewsIdent. NO. ORNL-14

.. Project Title INDOOR AIR QUALITY STUDY IN 60 HOUSES TN THE TENNESSEE VALLEY

1. In the opinion of this committee the rights and welfare of the
subjects in this project or activity will be protected. The
committee states that adequate safeguards against any untoward
effects have been provided.

2. In the opinion of the committee the informed consent procedures to
‘be used in this project will be both appropriate and adequate. The
committee also finds that no inappropriate psycho]og1ca1 or socio-
1og1ca1 risks will exist for the subjects involved in this project.

3. The committee seeks continuing communication with the investigator(s)
on this project along the following lines:

4. Other committee comments: —

"‘;-"ii_Approve / Kax T f-\kh«\,\&}

Chairman of Committee_

7'*;D1sapprove ' 10482b8 May 6, 1985




ORAU-QRNL COMMITTEE ON HUMAN STUDIES VOTING RICORD

Proposal Number and Title ORNL-14 INDOOR AIR QUALITY STUDY IN 60 HOUSES IN
' THE TENNESSEE VALLLY

Principal Investigator Charles $. Dudney, Ph.D., and Thomas G. Matthews, Ph.D.

VOTE OF COMMITTEE

Signature Approve Disapprove Comment Date
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¢ “ - d\ r

. @\\“ \k\ C\ \\"\‘\QQ,\,\ l/ 5/6/85
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4 A Eal. I _,:/» 5/6/85
5. . I, “ 5/6/85
6. {ustiiamwlithiin 5/6/85
o T /
1. brdid i s 5/6/85
& ?SJ\LJJ\,kT 114 ey . 5/6/85
Ty, ¥ee ¥..Mmkvlg 5/6/85
10. 5/6/85
11. 5/6/85
12. 5/6/85
13, 5/6/85
14, 5/6/85
Chzirman's statement of Committee consensus:
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)R Oak Ridge
At{H Associated  Post Office Box 117 b
ﬁ‘“ Universities Oak Ridge, Tennessee 37831-0117 '

May 17, 1985
MEMORANDUM

To: Dr. Charles S. Dudney
Dr. Thomas G. Matthews

From: Lynn Reeves, Secretar
ORAU/ORNL Committee on Humgn Studies

Subject: PROPOSAL ORNL-14 L .
' INDOOR AIR QUALITY STUDY IN 60 HOUSES
IN THE TENNESSEE VALLEY

This proposal was approved at the recent Committee meeting
pending a change in the consent form saying what and how much
will be released into the homes and the consent form should
include a statement that the participant may withdraw from
the study at any time.

Please submit a revised consent form to me and it will be
reviewed within the Committee. When it has been approved,
I will let you know.

Imr
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May 31, 1985

To: Lynn Reeves, Secretary, ORAU/ORNL Committee on Human Studies

From: C. S. Dudney (6-2712) (252:ﬁ>

Subject: Proposal ORNL-14: Revised Consent Form

The consent form has been revised and is being reviewed by this committee as
well as by the law department and puvrchasing., Attached is & copy of the draft
consent form., Please call me if there are any questions,

CSD:1gw

cc: A. R, Hawthorne
T. G, Matthew
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BOMEOYNER'S AGREEMENT

In this Agreement, made as of » 1985,

between . - and spouse
residing at » County of
, State of , and Martin

Marietta Epergy Systems, Inc., a Delaware Corporation with an office at Ok
Ridge, Tenpessee 37831, acting under its Contract DE-AC0O5-840R21400 with the
Unjted States of America ss represented by the Department of Energy with
research fscilities at Oak Ridge National Ladboratory;

Acgquisition of additione]l data on indoor air quelity in residential
settings bhas been identified a3 a research mneed. The Bealth and Safety
Research Division of Oak Ridge National Laboratery will be conducting an
indoor &ir guality field study in the Tennessee Valley region during 1985-86.
The field study is supported by several agencies including the Department of
Energy (DOE), the Tenpessee Valley Authority (TVA), the Environmental
Protection Agency (EPA), and the Consumer Product Safety Commission (CPSC).
Tbe primary component of the study, on which otbher activities will brild, will
involve measurement of radon and radon progemy ip 60 hovses in four states.
Additional pollutants that will be monitored include formaldebyde and nitrogen
dioxide, Air exchange rates between indoor and ovutdoor air will also be
mezsured, Other psrameters theat cennot be mersured in 211 60 homes will be
measured in a subset of bhomes, Examples include meesurement of volatile
organic compounds and particulate matter., The houses will be visited by a
monitoring team once or twice each quarter for ome year to perform sampling,
Measurements are to begin in the summer of 1985. The 60 houses sclected for
the study will be chosen from the list of candidate houses beased on various
sclection criterisa,

NO¥, THEREFORE, the parties agree as follows:
Martin Marietts Energy Systems, JInc. will

{1) provide dats collection equipment and install said equipment on
participents’ premises and subsequently remove it;

[2)] maintain and service such equipment at its expense during the term of
this agreement; :

[3] periodically monitor the air on the premises;

[4] release perfluoromethylcyclobexane and perfluorodimethylcyclobhexane into
the house allowing concentrstion no grester then 0,0001 ppm (the lowest
known levels at which these chemicals affect rats is grester than
100 ppm);

[5] occasionally release Freon 12 (i.e., dichlorodifluorometbane) into 6
bonses in the O2k Ridge area allowing concentrations no greater tkhan
600 pp (the lowest Xmown level at which Freon affects humans is
200,000 ppe and occupational exposure is limited to 900 ppm);

(6] make available to the Participants the results of the data collected
from the Participants’' premises;
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BOMEO¥NERS AGREEMENT 2 60-Bouse Study

(7

[8]
[9]

[10]

assume respopsibility for any damage to Participants’ property directly
caused by its representatives monitoring the air or by the installastion
or removal of the data collection equipment, or for «claims brought by
third persons for personal injury or damasge to property directly related
to the installation of the equipment or monitorinmg of the air during the
term of this agreement, subject to the availability of funds;

to the extent possible by law, withhold from the public the name(s) of
occupants or owners of residences that are studied;

notify Participants at least 24 bhours ip advance of the date access to
the premises is desired; and

pay Participants $50 wpon acceptance into the final group of 60 lkouses
and $50 upon completion of the study.

Participants will

[1] permit representatives of Martin Marietta Energy Systenms, Inc.,
reasoneble access to Participants’ premises for the purpose of sampling
sir 1ndoors and ountdoors;

[2) allow the ‘instellation, servicimng, and removal ~"of deti collection
equipment;

[3] allow Martin Marietta Energy Systems, Inc., represextatives to take
pbotographs at Participants’ premiscs;

[4] allox Masrtin Marietta Energy Systems, Inc.,, to dissexinste informsation
collected to the pudblic;

[5) zeceive $50.00 if accepted into the finmal group of 60 houses; and

[6] receive $50.00 if they participete in the study for the full year.

PARTICIPANTS _ Msrtin Mariettas Energy Systems, Inc.
By By
Dete Title
Date
By
Dete
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@ 0o Oak Ridge Prodical nn
; Associated Post Office Box 117 ' Hoalh Soee
(j ) Universities  Oak Ridge, Tennessee 37831-0117 Onigor

April 1, 1985
MEMORANDUM

To: Dr. Charles Dudney

From: Lynn Reeves, Secretary
ORAU/ORNL Committee on Human Studies

Subject: GUIDELINES FOR PREPARING PROPOSALS FOR SUBMISSION
- TO THE COMMITTEE ON HUMAN STUDIES . : .

I am enclosing six documents which should assist you in preparing
your proposal. Please note that the next Committee meeting is
in early May.

1f you have further questions, please call me at 6-3087 and I will
try to get the information you require.

Enclosures
Outline for submission
Sample proposal
Guidelines
NIH notice on informed consent
Code of Federal Regulations (consent form)
Sample consent form for blood procurement

Iou82z14
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(B Oak Ridge EEE
=4 Associated Post Office Box 117 e
“ Universities Oak Ridge, Tennessee 37831-0117 S

June 10, 1985
MEMORANDUM

To: Dr. Karl F. Hubner, Chairman
ORAU/ORNL Committee on Human Studies

From: Lynn Reeves, Secretary

Subject: PROPOSAL ORNL-14
INDOOR AIR QUALITY STUDY IN 60
HOUSES IN THE TENNESSEE VALLEY

Enclosed is a copy of the revised consent form submitted for this
proposal. I have highlighted the portions which say what and how
much will be released into homes. There is no specific statement
that the participant may withdraw from the study at any time but
it is clear from [6] under "Participants will" that withdrawl is

possible.

Do you feel Mr. Koons should examine this form because a specific
statement is missing?

I am also enclosing a copy of my letter to Drs. Dudney and Matthews.
How much review of this form is needed?

Enclosures
LMR letter of May 17
CSD letter of May 31 and attachment
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Oak Ridge T O
Associated Post Office Box 117
Universities Oak Ridge, Tennessee 37831-0117 :

July 12, 1985
MEMORANDUM

TO: Dr. Karl F. Hubner, Chairman
ORAU/ORNL Committee on Human Studies

_FROM: ~ Lynn Reeves, Secretary.

SUBJECT: HOMEOWNER'S AGREEMENT

I believe the enclosed consent form now complies with the committee's
request.

bij

Enclosure
Homeowner's Agreement Form

A

£ T
e

AW
.
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Oak Ridge

Associated Post Office Box 117 c
Universities Oak Ridge, Tennessee 37831-0117 I

To:

From:

Date:

‘SUBJECT:

Dr, Charles Dudney
Lynn Reeves, Secretary /ffizQ’V“°
ORAU/ORNL Committee on Rumafi/Studies

September 30, 1985

ORNL-14 INDOOR AIR QUALITY STUDY IN 60 HOUSES IN THE
TENNESSEE VALLEY

Here is the written copy of the approval of your request
presented to the ORAU/ORNL Committee on Human Studies at it”s
May 6, 1985, meeting. Would you please sign the original and
return it to me.

I had noted the approval in my file and spoke with you by phone
you to let you know, but I didn"t forward the paperwork to you.
I’m sorry to send this to you at such a late date.

cc: Dr. Karl RHubner, Chairman
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ORAU/ORNL COMMITTEE ON HUMAN STUDIES

Title of Proposal: INDOOR_AIR QUALITY STUDY IN 60 HOUSES TN THE TENNESSEE VALLEY

‘Proposal No.: OQORNL-14 Principal Investigator: Dr. Charles Dudney

Date of Approval: July 29, 1985 Date of Disapproval:

Acknowledgment of Pi;zzzpal Investigator:

M@'L@w ‘/g '

Signature

7 Ot S

Date

Ioug2149



R Oak Ridge
R Associated Post Office Box 117
ﬁ‘“ Universities  Oak Ridge, Tennessee 37831-0117

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Dudney/hatthews
B Nasodinad
FROM: Becky Hawkins/Secretary, Committee on Human Studies
RE: Status Reports on Active Proposals
DATE: May 1987

The guidelines for the ORAU/ORNL Committee on Human Studies require. that all
principal investigators of ongoing proposals present a progress report to the
Committee on the status of their proposals each year. Each proposal must be
reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and
return by May 1, 1987. (If additional space is needed, please use the back of
this form or attach extra sheets.)

Title of Project: ORNL-1l4 Indoor Air Quality Study in 60 Houses in the
Tennessee Valley

Proposal No. ORNL-14 Date Approved: 1985
/Z/ Id/ J / y | /
P%/Z s ’r\ix’] OZ 81 ' 2% /?(7
Signature of Prlnc1pa1 Investlgétor Date §&gned

Report progress made ln th pasc year.
! { et
M \,L,/K, /1{’)’\'\‘,1" \»"LM..L.A? d% V\_,( ‘_’Aﬂ (({ / T

u/ix/ //4 }MMH 37 /987

2. Report any complications.

/ (3 2
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3.

Are there any planned changes?

Ns-

Do you wish the project to be continued?

Neo

Comments.

W e ORL (it SRS Cmﬁ
gt e panf A

1048281
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‘BR Oak Ridge Medical
&= Associated  Post Office Box 117 Sciences
ﬁ\ Universities  Oak Ridge, Tennessee 37831-0117 Division

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Charles S. Dudney

45008, MS 6113, ORNL
FROM: Karl Hubner/Chairman, Committee on Human Studies [74
RE:  COMMITTEE ACTION ON YOUR PROPOSAL "
DATE: July 15, 1991

Your project number ORNL-14, "Indoor Air Quality Study in 60 Houses in the Tennessee Valley,"
was reviewed. It is my opinion that your project meets the criteria for expedited review and approval

for reactivating this project is granted at this time.

Progress reports of all active proposals are reviewed yearly at our meeting usually held in June or
July.

bh
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\’U / rIkl A\H()( iate (i Post Othee Box 11/ Huaenees
I

LN
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TR D Unversitios Oak Taidge. Tennessee 378510117 PInvisaon

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Dudncy N
FROM: Marta V. Rivera/Secretary, Committee on Human Studicsoé‘
RE: Status Reports on Active Proposals

DATE: May 12, 1992

The guidelines for the ORAU/ORNL Commitlee on Human Studies requirc that all principal
investigators of ongoing proposals present a progress report to the Committec on thc status of
their proposals cach year. Each proposal must be reviewed by the Committee yearly {or rescarch
projects to continue. Please answer the questions below and add any other information you fcel
pertinent and return by May 26. (If additional space is needed, please use the back of this form
or attach extra sheets.)

- Title of Project: Final Review of Homeowncr's Contract for Radon Research in Homes
Proposal No. ORNL-14 DATE APPROVED: 1991 (re-activated)
(larter 8 Aﬂw&z ¢/1/55

ignature of Principal Investigator 7l Datc Signcd

chorl progress madc in thc past ycar
a/naf ay

b;ﬁn !o S+Lgcéx 29 ( 24K
8‘3’“ '3 e

T e »z%..w, " fwu M» ,Mf@uﬁ 7 ﬁum@ -Lu/dw.

2. Report any complications. 'w? MW ‘w a mzmjj Gk,
M
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Are there any planned changes?

/) O g/‘(/éiAﬁl ’W(""L'J) C /é\ﬂ—p\ﬁ 2 Ah i ﬁéﬂ ’;1,1\,("../

Do you wish the project to be continued?

R

Comments.

I0uB28Y
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ORISE/ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Dudncy

(i EJ ,
FROM: Marta V. R{ ra/Secretary, Committee on Human Studies
RE: Status Reports on Active Proposals
DATE: April 28, 1993

The guidelines for the ORISE/ORAU/ORNL Committee on Human Studies require that all
principal investigators of ongoing proposals present a progress report to the Committee on the

. status of their proposals each year. Each proposal must be reviewed by the Committee ycarly for
research projects to continue. Please answer the questions below and add any other information
you feel pertinent and return by May 14. (If additional space is needed, plcase use the back of
this form or attach extra sheets.)

Title of Project: Final Review of Homeowner’s Contract for Radon Research in Homes
Proposal No. ORNL-14 DATE APPROVED: 1991 (rc-activated)
(Lot 2 e )7 Mayl973

Signature of Principal Investigatr Datc Signed

1. Report progress made in the past year.
Report any complications.

Ve

o

P.O. BOX 117, OAK RIDGE, TENNESSEE 37831-0117

1048285
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Are there any planncd changes?

No

Do you wish the project to be continued?

es

Comments.

I0uB28b



)02 Oak Ridge
& Associated  Post Office Box 117
h‘“ Universities QOak Ridge, Tennessee 37831-0117

To: Dr. Charles Dudncy

From: Dr. Karl ‘Hub;u‘:lr Chairman
Committee on’ Human Studies

Date: August 5, 1992

Re: Committee Action on Active Proposals

Your project numbcr ORNL-14 "Final Review of Homeowncr's Contract.for radon Research in
Homes" was revicwed and approved for continuation at our last meeting on July 31, 1992.

Progress reports of all active proposals will again be reviewed at our next meeting to be held in the
fall of 1992.

/mvr
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‘DR Oak Ridge
AN Associated Post Office Box 117
ﬁ‘ Universities Oak Ridge, Tennessee 37831-0117

To: Dr. Chnrltis Dudncy
T j.’ ‘..4'\,4 .
From: Dr. Willia‘r"l;Calh'c‘)un, Chairman
Committee on Human Studies
Date: June 29, 1993

Re: Committce Action on Active Proposals

Your project number ORNL-14 "Final Revicw of Homeowner's Contract for radon Research in
“Homes" was reviewed and approved for continuation at our last meeting on June 25, 1993.

Progress reports of all active proposals will again be reviewed at our next meeting to be held in the
fall of 1993.

/mvr
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PROTECTINGJDR

HUMAN SUBJECTSY

Office of Health and Environmental Research U.S. Department of Energy

PROJECT SUMMARY

Policy: Rescarch activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilities, or conducted by DOE personnel must be approved or exempied from review in
accord with 10 CFR Part 745. Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

e ]
1. Project Title

Indoor Air Quality in Occupied Spaces

2. Principal Investigator Telsphone Number
CS Dudney (615) 576-2712

Mailing Address — Include full name of performung insttution.

Divisi
gl cignces s Rap o tovys B8 Box 2008, Oak Ridge, TN 37831-6379

3. Institutional Assurance Number (if issued)' 4. Project Number?

ORNL-14

§. Annual Funding:
Give actual funding or check the amount closest to the estimated total for the current DActunl Funding
Federal fiscal year. whether requested or oblained. Include both direct and indirect costs. $

TIs10,000 Js100,000 A 500,000 I s1,000,000 (155,000,000

6. Funding Sources
A. Name DOE Program Office (see list in attachment), if applicable.
B. Name non-DOE sources of funding (up to two), if applicable.

A. DOE Program Office

Contact Person Telephone Number

B. Non-DOE Source
U.S. Postal Service

~ Non-DOE Source
U.S. Navy

' Under 10 CFR Part 745, institutions are required to file an assurance of compliance with the regulations with DOE or the Department of
Health and Human Services. The Depantment involved may then issue an assurance number,

* Each project must have a unique identification number assigned by the institution—for example, ANL-94/101.

fou8289



7. The Project has been reviewed and approved by the Institutional Review Board (IRB)
as required under 10 CFR Part 745,

A. Type of Review
R Full Board

For a list of rescarch not requiring IRB review, see Attachment.

Qa Expedited
For an explanation of projects that qualify for expedited reviews, see Attachment.

B. Type of Approval
O New & Annual Renewal Uother

C. IRB Approval Date

8. This Project invoives the foliowing collaborating institutions (list a maximum of two):

na

9. Vuinerabie Populations
& This project does not involve vulnerable populations.

() This project involves the following vuinerable populations:
D Minors D Mentally Disabled D Prisoners

D Fetuses, Pregnant Women, In Vitro Fertilization D Economically or Educationally Disadvantaged

|
10. Type of Research
Check all categories that apply.
Q %idcmio]ogy(using personally identifiable data)—
Using data collected directly from human subjects.
Using existing data.
Q Diagnostic studies using radiation or chemical agents in tracer amounts.

DThcrapcutic studies using radiation or chemical agents.

U Studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids, cells, or tissues—

Specimens collected directly from human subjects for this project.
Q Specimens obtained from secondary sources (e.g., hospitals, laboratories).
O Instrument development and testing using human subjects.

A Surveys that collect personally identifiable data.

R Environmental studies using human subjects to cvaluate weatherization options, habitat alteration,
or similar.

QOther. Please identify

0482490



11. Abstract :

Provide a brief abstract that inclides the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
" the categories checked in Item 11).

Indoor air quality (IAQ) research routinely involves (1) collection of
questionnaire -data on building characteristics and (2) experimental
measurement of air flow patterns (usually air exchange rate). Building
questionnaire data usually includ2 some indentifying characteristic such
as address. Air flow measurements usually involve release of non-toxic
tracer gases.

B. Specify the number of human subjects involved each year.

There is large fluctuation but in the last 10 years, air exchange
measurements were made in about 500 locations and radon measurements
in about 1,000 locations.

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

The radon measurements are completely passive with no chemicals released
or radiation of any form émitted in occupiéd spaces.

The air exchange measurements have involved short-lived concentrations
of up to (1) 1 ppm dichlorodifluoromethane or up to 0.1 ppm of either
perfluorinated methylcyclohexane or perfluorinated dimethyloyclohexane.
Review of data in NIOSA, RTECS indicates that laboratory animals are
asphyxicted at concentrations below those that lead to toxic effects.

D. List the chemical or radioactive materials, if any, that are used in the study, and identify
the route of exposure.

dichlorodifluoromethane
perfluorinated methyle¥clehexane
perfluorinated dimethyloyclohexane

Exposure is by inhalation.

See reverse for approval signatures.
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The official signing below certifics that the information provided on this form is comrect and that the instituuon assumes responsibility for
future reviews. approvals. and submissions of project summanes. which arc all required at least once a year.

Sigpéture of Institugi cial Date
I Z‘Mé X/OQ,/A_ an. 28 /914

Printed or Typed Name T]ephone Number
Dr. David E. Reichle

For DOE Use Only

Date

Date Received by ER-70
: Ol accepted

D Returned to Originator

Reason for Return

DOE Reviewers

1048292 ‘



Indent No. L~ &- 17

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

TO: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities (ORAU)
and Oak Ridge National Laboratory (ORNL)

Date: January 5, 1987

Principal Investigator: Michael R. Guerin, Ph.D. (ORNL)

Co-Investigator: Roger A. Jenkins, Ph.D. (ORNL)

;) Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS
£ IN OCCUPIED SPACES

I. Objective of Experiment:

The objective of this study is to determine whether analytical
chemical methods used to measure human exposure to environmental
tobacco smoke (ETS) by ambient air sampling are valid. This includes
the quantitative reliability of both the sampling and measurement
methods and a consideration of the physical state (particulate ov
vapor phase) of the marker chemical being measured. The results of
this study will be analytical methods which can be used to determine
human exposure to environmental tobacco smoke.

IT. Methods of Procedure:

Ambient air samples will be taken and/or instrumental measurements
will be made at wvarious locations over various periods of time in
occupied spaces in the presence and absence of active smokers.
Collected samples will be returned to the laboratory for analvsis.
Smokers will smoke normally. No intervention is planned other than
request to note the number of cigarettes smoked or to save the
cigarette butts as a record. Spaces to be sampled include offices.
i conference rooms, eating areas, and public areas.

1048293



REVIEW AND ACTION

ORAU/ORNL Committee on Human Studies

Principal Investigator __ Michael R. Guerin, PhD - Ident. NQ,ORNL-17.

-Project Title - Measurement of Environmental Tombacco Smoke Constituents in

Occupled Spaces

1. In the opinion of this committee the rights and welfare of the
subjects in this project or activity will be protected. The
committee states that adequate safeguards against any untoward
effects have been provided.

i | >.‘In the obihion of the committee the informed consent procedures to

‘be used in this project will be both appropriate and adequate. The
committee also finds that no inappropriate psychological or socio-
logical risks will exist for the subjects involved in this project.

3. The committee seeks continuing communication with the investigator(s)
on this project along the following lines:

4. Other committee comments:

Approve X Yort E- gﬁ(ow&"«uu

l 0 u 8 2 q u Chairman of Committee
B mm e, Jan. 20. 1987
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POST OFFICE BOX X

\K RIDGE NATIONAL LABORATORY OAK RIDGE. TENNESSEE 37831

LPERATED BY MARTIN MARIETTA ENERGY SYSTEMS, INC.

)

January 5, 1987

To: Committee on Human Studies

Review of Proiject "Measurement of Environmental Tobacco Smoke Constituents
in Occupied Spaces"

Research underway in my Section for the National Cancer Institute and the
Council for Tobacco Research includes the development of analytical methods
for the chemical characterization of environmental tobacco smoke (ETS). An
important components of this work involves sampling and monitoring of
natural ETS. This requires that spaces occupied by smokers be sampled.

It is not c¢lear whether this work constitutes a "human study”. An
application form is included for your review.

Please inform me as soon as possible if Human Studies Committee approval is
not required.

Sincerely,

heQgna

M. R. Guerin, Head

Organic Chemistry Section

Analytical Chemistry Division
MRG:pmt

Enclosure

cc: A. S. Garrett, Jr., ORNL Medical

10482495
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Indent No. QWL -+~

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

TO: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities (ORAU)
and Oak Ridge National Laboratory (ORNL)
Date: January 5, 1987
Principal Investigator: Michael R. Guerin, Ph.D. _(ORNL)
Co-Investigator: Roger A. Jenkins, Ph.D. (ORNL)

Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS

II.

IN OCCUPIED SPACES

Objective of Experiment:

The objective of this study 1is to determine whether analytical
chemical methods wused to measure human exposure to environmental
tobacco smoke (ETS) by ambient air sampling are valid. This includes
the quantitative reliability of both the sampling and measurement
methods and a consideration of the physical state (particulate ov
vapor phase) of the marker chemical being measured. The results of
this study will be analytical methods which can be used to determinc
human exposure to environmental tobacco smoke.

Methods of Procedure:

Ambient air samples will be taken and/or instrumental measurements
will be made at various locations over various periods of time in
occupied spaces in the presence and absence of active smokers.
Collected samples will be returned to the laboratory for analysis.

Smokers will smoke normally. No intervention is planned other than o
request to note the number of cigarettes smoked or to save the
cigarette butts as a record. Spaces to be sampled include offices,

conference rooms, eating areas, and public areas.

1048290
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III.

IV.

-2-

Sampling and monitoring will be carried out using pumps, collection
media and instrumentation common to industrial hygiene monitoring.
Three types of study conditions will be involved. These are:

a) area monitoring of occupied spaces under conditions of normal use.

b) personal monitoring of individuals under conditions of mnormal
activity, and

¢) area and personal monitoring of smokers in a conference room which
has been thoroughly <characterized in terms of wventilation,
temperature, and humidity.

Possible Hazards and Their Evaluation:

.No health hazard is posed specifically by this study: IOnly current

smokers are involved in the study and they are allowed ‘to smoke their
regular brand normally.

Radioisotopes and New Drugs:

None.

Responsibility of Princinal Investigator:

The principal investigator will follow the procedures of the Committee
on Human Studies in obtaining informed consent from the subjects

involved in this study. The investigator recognizes that he retains
the primary responsibility for safe-guarding the interests of
participants involved in the study. Any significant changes in

methods of procedure or the development of unexpected risks will be
immediately brought to the attention of the Committee on Human
Studies.

Starting Date Januaryv 15 1987

Ay

Signatures VIR e Principal Investigator

N a0 /,-‘
/ﬁ.ix Lo o) Co-Investigator
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DIVISION REVIEW:

The application described above has been reviewed and approved.
Official signing for the institution:

Signature:

Title:

Institution:

Date:

loug2q8



(BR Qak Ridge Modical ara
] J Associated Post Office Box 117 ) Bl Seones
ﬁ‘“ Universities Oak Ridge, Tennessee 37831-0117 Division

January 13, 1987

MEMORANDUM

To: Dr. Karl Hubner, Chairman
ORAU/ORNL Committee on Human Studies

From: ' ' Becky Hawkins, Secretary
Subject: ORNL-17

MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS ¢
IN OCCUPIED SPACES '

I received the enclosed application for the use of humans as experimental
— subjects last week from Dr. Michael Guerin.

-Please let me know whether this application should go to the expedited review
committee or be presented to the full committee.

bsh

~,
iy

10482949



R Oak Ridge Medical and
Q )f Associated Post Office Box 117 Heath Scences
h‘“ Universities Oak Ridge, Tennessee 37831-0117 Dwveson

January 20, 1987

MEMORANDUMN

TO: Michael R. Guerin, Ph.D.
Roger A. Jenkins, Ph.D.

. . o
FROM: - Dr. Karl Hubner/Chairman /}fjaA/(’ ,)9C44A&¢«7//4 - /4%¥

ORAU/ORNL Committee on Human Studies

SUBJECT:  ORNL-17
MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS

IN OCCUPIED SPACES

I have reviewed your proposal for the use of humans in experiments to
measure exposure to environmental tobacco smoke. Thank you for
clarifying your statement "personal monitoring of individuals under
conditions of normal activity." It is understood that you will attach
a trapping device to humans to measure their exact exposure levels,

According to the guidelines of the Committee on Human Studies, this
proposal can be approved by the Expedited Review Process. Since there
is no health hazard and no violations of privacy, you do not need a
consent form to do these studies.

The Committee needs to be notified of any new proposals and yours will
be presented to the Committee for their comments at the next scheduled

meeting early this spring.

If you have any further questions or comments, please contact Becky
Hawkins at 576-3086.

KFH:bh
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APR 1 1387
(QR Oak Ridge E

A\ Associated Post Office Box 117
ﬁ‘“ Universiics  Oak Ridge, Tennessee 37831-0117 I

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Michael Guerin ; E ,

FROM: Becky Hawkins/Secretary, Committee on Human Studies
RE: Status Reports on Active Proposals
DATE: May 1987

The guidelines for the ORAU/ORNL Committee on Human Studies require that all
principal investigators of ongoing proposals present a progress report to the
Committee on the status of their proposals each year. Each proposal must be
reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and
return by May 1, 1987. (If additional space is needed, please use the back of
this form or attach extra sheets.)

" Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE

Tr} CONSTITUENTS IN OCCUPIED SPACES
Proposal No. ORNL-17 Date Approved: 1987
(T
Wl < e
AVERNIITN S e
Signature of Principal Investigator Date Signed
1. Report progress made in the past year. \\\\
Samples of ambient indoor air have been taken in several office and work areas
and those samples have been analyzed for nicotine content by two methods.
Results are appended as '""Table 4" from a progress report to our sSponsor.
—
1 } 2. Report any complications.

No complications.
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3. Are there any planned changes?

No changes are planned.

4. Do you wish the project to be continued?

Yes. Additional field sampling will be required to

5. Comments.

_(3 None.

I

1048302

validate methods.



Table &
Comparison of Mean Ambient Nicotine Levels
(Mcan +/- one standard deviation)

TREATED FILTER TENAX
METHOO METHOD
Nicotine, ug/m3 Nicotine, ug/m3
Office #1 9.8 +/- 2.4 14.0 +/- 0.5
Office #1 21.0 +/- 3.9 19.7 +/- 1.8
(repesat)
Office #2 5.5 +/- 0.3 S.k +/- 0.5
Office #3 6.9 +/- 0.6 8.2 +/- 0.1
Print Office 1.7 4.1
Print Room 2.2 0
Labor Shack 31.9 +/- 1.6 30.1 +/- 0.9
Trial #1
‘Labor Shack  SB.7 +/- 2.2 - 60.3 +/- 2.1
Trial #2
Labor Shack 45.6 +/- 1.0 53.2 +/- 0.9
Trial #3
Labor Shack 23.4 +/- 0.3 23.3 +/- 2.9
Trial #4
Labor Shack 41.2 +/- 0.6 39.8 +/- 0.1
Trial #5
*7’} Labor Shack 12.8 +/- 1.3 12.6 +/- 1.3
Trial #6
Office #& 2.8 +/- 0.6 2.1 +/- 0.0
Trial #1
Office #& 0.5 +/- 0.1 2.8 +/- 0.0
Trial #2
Office #4 0.9 +/- 0.3 2.5 +/- 0.0
Trial #3
Office #& 0.7 +/- 0.5 2.8 +/- 0.4
Trial #4
Office #5 0.4 +/- 0.3 1.8 +/- 0.1
Trial #1
Office #5 1.8 +/- 0.7 0.9 «/- 0.1
Trial #2
Machine Shop 4.4 +/- 0.6 3.8 +/- 0.1
Trial #1
Machine Shop 2.4 +/- 0.2 2.3 +/- 0.9
Trial #2
Machine Shop 1.2 +/- 0.6 1.0 +/- 0.4
Trial #3
Common Room 1.2 +/- 0.7 2.4 +/- 01
Trial #1
i ?
L Common Rooin 0.8 +/- 0.8 2.5 +/- 0.0
Trial #2
Common Room 0.5 +/- 0.5 2.0 +/- 0.0
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Nicotine, the major, unique component of the gas phase of environmental
tobacco smoke (ETS), has been employed as a marker for estimating exposure
to ETS. A personal monitoring system for the determination of exposure to
nicotine has been developed. The system consists of a sampling cartridge
packed with 200 mg of Tenax GC ® and a small, con;tant flow, personal
sampling pump. After sampling, the cartridges are analyzed by
triethylamine-assisted thermal desorption gas chromatography with nitrogen-
selective detection. Collection and desorption efficiencies for the
cafcridgeé have been determined. The system has been évaluated in
controlled-atmosphere chambers, and applied in a.variety of work sites, and

in 36 restaurants, where measured concentrations of nicotine ranged from 0.5

to 37.2 pg/md.
Introduction

One of the major public health concerns of the 1980s has been indoor air
pollution and its effects on the individual. Environmental tobacco smoke
(ETS), which is the diluted and aged Qixture of side-stream smoke emanating
from the smoldering cigarette and main-stream smoke exhaled by the smoker,
represents a potentially significant contribution to this pollution.
Concentrations of ETS respirable suspended particulates (RSP) have been
reported to range from 0 to 700 pug/m® in indoor environments (l1). A number
of procedures have been applied for estimating ETS concentrations based on
the measurement of concentrations of particular ETS ronsrirusnrs, such as €O
(2-5), oxides of nitrogen (NO,) (3-5), and particulate matter (4-9).

However, these constituents of tobacco smoke are also the products of other
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combustion processes. an aspect which limits their utility as markers for
estimating ITS levels, especially in complex atmospheres such as those which
exist in indoor envirorments. Estimates of personal exposure to ETS have
been made by measuring carboxyhemoglobin (COHb) (10-11), urinary
hydroxyproline (HOP) (12), and nicotine and cotinine (a metabolite of
nicotine) in the blood, urine and saliva (10-11, 13).

Several methods have been developed for determinating nicotine
concentrations at fixed sampling locations in industrial settings. The
WIOSH method for nicotine utilizes a resin-filled cartridge (XAD-2) with a
péréonal 'sampiing‘ pu&p‘ fér' collection of samples féilowed .by SOIQeﬂt
extraction and analysis by gas chromotography (14). However, this method's
300 ug/m® limic-of-detection (LOD) makes it unsuitable for measuring ETS
because associated concentrations of nicotine are well below this LOD.
Another indusctrial method, also limited by its relatively high LOD (40
pg/m®), collects nicotine in a series of water-filled bubblers (15).

Williams ei al. (16) have reported a method using a cold Petri dish as
the means for collecting nicotine. Altﬁough the reported nicotine
concentration range associated with the method. was low enough to be
applicable for measuring ETS, the method had several deficiencies which
would severely 1limit 1its wvalue (17). Other methods reported in the
literature detail the use of untreated glass fiber filters (4) or diffusion
denuder tubes (18) for collection of ambient nicotine.

The development and testing of a number of personal monitoring systems
which measure individual exposures to ETS as determined by ambient nicotine
concentrations have been reported vrecently in the literature. Solvent
desorption-based systems include personal sampling pumps coupled with

commercially available XAD-4 cartridges (19, 20, 21) and NaHSO, -treated,
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Teflon-coated glass fiber filters (22), and a passive sampling svstem
utilizing the treated filters (23). The limitation of wusing solvent
extraction of samples is that only a small fraction of the analyte is
actually analyzed. This necessarily raises the theoretical LOD for such
methods relative to those such as thermal desorption, that use all of the
acquired sémple. Two thermal desorption-based personal monitoring systems
for nicotine have been reported, one by Proctor (24) that> employs an
unspecified adsorbent and analysis system and another by Muramatsu et al.
(25, 26), that utilizes an ammonia purge of the sample cartridge during
desorptioh into a gas chrbmatograph (gé). Tﬁié heﬁhod réquires modification.
of the gc and desorption system by placing an ammonia bubbler in-line with
the carrier gas.

This paper discusses the development, evaluation in controlled ETS
atmospheres in chambers and offices, and field testing of a thermal
desorption-based personal monitoring system for nicotine using Tenax GC as
the adsorption material. This system is similar to the system developed by
Muramatsu; its difference - and advantage - is that it lacks the mechanical

complexities of the ammonia purge during desorption.

Methods and Material

Personal Monitoring Systems - Air sampling cartridges were 16 cm sections
of % in. O0.D. borosilicate glass tubing which was treated with NI, OH
(immersion in 15% NH,OH over-night, followed by air-drying) and then fire
polished on both ends and packed with approximately 200 mg of Tenax GC, 35-

60 mesh, acquired from Alltech Associates (Deerfield, IL). Before use,
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cartridges were conditioned at 250° C, in a stream of N, flowing at 40
mL/min. for at least two hours. After the cartridges had cooled, both ends
were sealed with % in. plastic caps obtained from Alltech Associates
(Deerfield, IL). The cartfidges were also reused after washing (with 2-3 mL
of methanol) and reconditioning.
Alpha-2 personal sampling pumps, available from DuPont (Kennett Square,
PA,, were used for sample collection in most experiments (Dqu?t P-4000
pumps were used in a few initial chamber experiments), and were chosen for
their light weight (410 g) and low-noise level during operation.  For
'éxperiments'performéd"in'ﬁhe chahber; and‘offices;Apumps wéfe connected to
Tenax cartridges with a section of flexible tubing, and air from the area
sampled was drawn through the cartridge. For sampling conducted in
restaurants, the pumps were worn under jackets. A section of Tygon® tubing
connected the pump to the Tenax cartridge, which was clipped to the inside
lapel of the jacket so that the inlet end was within 25 cm of the mouth and
nose of the individual conducting the sampling. All samples were Jollected
for at least one hour with the pump operating at a flow rate of 170 mL/min.
Flow rates were checked with a bubble‘ meter before and after sample
acquisition, Immediately after completion of sampling, Swagelok X in.
stainless steel end caps fitted with Teflon ferrules were placed on each end

of the cartridge, and the cartridge was refrigerated at 3°C until analysis.

Analytical Method - Nicotine standards were prepared by diluting redistilled
nicotine (98%) obtained from Eastman Kodak (Rochester, NY) in ethyl acetate
which contained 0.01% triethylamine (TEA). (It has Been found that addition

of a basic material such as TEA (19) or NK,OH (27) to nicotine standards

4
prevents adsorption, by the glass of the container, of nicotine from
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solution.) nternal standards cmploving quinoline were prepared by diluting
quinoline in a solution of ethyl acetate/5% TEA. Fresh nicotine and
quinoline standards were prepared every 15 days.

Analyses were performed with a Varian lModel 3700 gas chromatograph
equipped with a nitrogen/phosphorous detector (gc/NPD) and a 2 m x 2 mm
i. d. glass column packed with 10% Carbowax 204/2% KOH on 80-100 mesh
Chromosorb W-AW (obtained from Alltech Associates, Inc., Deerfield, IL).
Flow rates were He (carrier gas) = 40 mL/min., H, = 4.5 mL/min., and air =

175 mL/min. Temperature settings were injector and detector = 250°C; and

"column oven initial temperature = 70°C for 8 min., programmed at a rate of

46°C/min. to '175°C for 4 min. At these settings, nicotine elutes at 13.4
minutes and quinoline at 14.0 minutes.

In the initial developmental work for <the method, multi-point
calibrations with nicotine standards were performed daily. For the field
sampling, a calibration curve was generated from the desorption of 9
duplicate sets of Tenax traps loaded with amounts of nicotine rénging from
1.5 to 700 ng and with 250 ng of quinoline internal standard. Because the
response of the nitrogen/phosphorous detector tended to be nonlinear at
higher trap loadings (>1000 ng), data from the analyses were fitted to a
second order polynomial regression. In practice, there was no difference
between first and second order regressions in the 0-700 ng concentration
range. For example, the first and second order correlation coefficients

(R?) for one calibration run were both 0.995, and for another, both were

0.997.

Response factors (RF) for all standards were calculated with the formula:

ar - {(AREA COUNTS NTICOTINE) . (CONCENTRATION OF OUINOLINE)
(AREA COUNTS QUINOLINE) (CONCENTRATION OF NICOTINE)




Averages and standard deviations computed from the RF data were used to
assess control of the method in day-to-day operation. If results for daily
control standards were more than two standard deviations from the average
for the calibration, the method was judged to be out of control, thus

requiring recalibration. Control was observed throughout the study.

Test Atmospheres - The initial experimental atmospheres for the development
of the Tenax method were generated in two stainless ;teel chambers with
voiﬁﬁésuéf O.&”and 1.&'&3 (obéaiﬁed frgm Young énd Bértke Co. Cincinnati,
OH) . Side-étream smoke from a 2R1 Kentucky Reference cigarette (procured
from the University of Kentucky Tobacco and Health Research Institucte,
Lexington, KY) smoldering in a laminar flow smoke generator (28), was pulled
into the smaller chamber at a rate of 30 L/min. and diluted with an air flow
of 250 to 1000 L/min., the exact rate depending on the concentration of ETS
needed. Concentrations for this chamber ranged from 700 ;o 3500 pg/m?
particulate matter (PM) and 100-500 ug/m® nicotine. Low concentrations of
ETS, 50-300 pg/m® PM and 10-70 pg/m® nicotine, were generated by diluting a
portion of the atmosphere from thé small chamber into that of the large
chamber. Concentrations of particulate matter in the chambers were
monitored with a TSI-5000 piezoelectric balance (acquired from TSI, St.
Paul, MN) and an RAS-1 1light scattering sensor {purchased from GCA
Instruments, Bedford, MA), which was modified in our laboratory to enhance
its sensitivity. The nicotine and PM concentrations utilized for these
experiments are much higher than what would be typicallv ohserved in real
life situations and were used only to determine the potential utility and

the upper analytical limits of the method. After development experiments
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involving the chamber were concluded, other experiments were conducted in an
un-occupied office. £7S was produced by pgenerating sidestrecam smoke frecm
1R4F Yentucky Reference cigarectes smoked (one 35 mL puff per minute) on an
ADL-1I machine (obtained from Arcthur D. Little Co., Cambridge, MA).
Hainstream smoke was collected in sealed Tedlar bags (acquired from SKC
Iné., Eighty Four, PA), and ETS concentrations were varied by adjusting the
smoking rate from 1 minute of smoking (2 second puff, 58 secénds smolder)
per 10 minutes elapsed time up to continuous cigarette smoking. PM levels
were monitored with a TSI-5000 piezoelectric balance.

.Additional' laboratory 'evaluatidhs of the .method's performance were

conducted in an 18 m?

environmental chamber (29) used for ETS studies and
located at the R. J. Revnolds Tobacco Company’s facilities in Winston-Salem,
N. C. P4 concentrations in the chamber were monitored with a TSI-5000
piezo-electric balance. Inictial field evaluations were conducted in work

areas, offices, common areas, and dining areas at 0Oak Ridge National

Laboratory.

Sampling Site Selection - Field sampling was conducted in establishments
which were both listed under the "Réstaurant" heading in the Yellow Pages of
the Knoxville, TN telephone directory and located in the Knoxville, TN,
Standard Metropolitan Statistical Area (SMSA) (Knox, Blount, and Anderson
counties). Restaurant selection was conducted by assigning each restaurant
a number and then choosing 43 out of the 419 restaurants with a random
number generator. Three of these restaurants were eliminated because they
had gone out of business, three because they were carrv-out onlv, and one
because the personal safety of the sampling tecam was called into question.

The remaining 36 were sampled, and for each sample, information was recorded
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TABLE III

RESULTS FROXM DETERMINATIONS OF NICOTINE

BY TENAX AND XAD-4 METHODS

MEAN NICOTINE CONCENTRATION, (pg/az)

RUN  Particulate TENAX® ORIL® RJR (A)© RIR (B)°
Yo.  acter Cwap-4 xaD-4 D6
Concecntration
(ug/m*)
1 55 2.5 . . -
2 14 1.8 - . ]
3 103 5.0 . . -
4 62 4.1 4.1 4.3 4.3
5 16 2.1 2.1 2.2 2.3
6 128 5.5 5.5 5.9 5.7

(a) N = 3 determinations (b) Analyzed by the authors using the method
developed at R. J. Reynolds Tobacco Co. N = 2 determinations. (c) Analyzed
at R, J. Reynolds Tobacco Co (30). N = 2 determinations. RJR (A) analyzed

using 0.53 mm i. d. capillary column with direct injection. RJR (B) analvzed

using 0.32 mm i. d. capillary column with split injection.



TABLE IV

NICCTINE CONCENTRATIONS MEASURED AT SELECTED LOCATINS
WITHIN OAK RIDGE UATIONAL LiBORATORY

AMBIENT NICOTINE

LOCATION LEVEL
(pg/m*)
4.2 £ 0.1°
4.0 £ 3.5®
4.5 £ 0.5%
6.7 £ 0.9
0Ziices 0.7 1.0
1.1 £1.5
0.6 £+ 0.8
0.6 £ 0.8
0.6 £ 0.9
0.2 £ 0.4
Jining Area 4.4 £ 0.8
2.3b
Work Area 2.0 £ 0.3
30.0 £ 0.9
60.3 + 2.1
Ccmmon Area 53.1 £ 2.8*
23.2 2.9
39.7 £ 0.1
12.6 £ 1.2
3.8 £ 0.1
Work Area 2.2 0.9
1.0 £ 0.4
0.9 1.3
Common Area 1.7 0.8
0.8 1.1

(a) N = 3 determinations. (b)
determinations.

=4
]

1. All others, N = 2
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TABLE V

UICCTINE LEVELS TN RESTAURANTS

ESTIMATED
RESTAURANT CLOSEST NICOTINE

SAMPLE = SMOKERS = CIGARS  VOLUME SHMONER  CONCENTRATION
NUMBER OBSERVED = CIGARETTES OR PIPES (m) (fr.) (ng/m*)
34 0 0 179 - 0.5
16 0 0 595 - q 0.5
24 1 1 198 6 0.7
21 1 1 41 9 0.8
10 0 0 638 - 1.1
20 7 9 227 5 1.4
31 2 2 272 12 "1.5
14 1 -2 283 20 1.5
25 1 1 136 S 1.6
18 2 2 1204 13 2.3
19 N 0 453 - 2.3
27 2 2 317 10 2.4
29 6 8 1700 10 2.4
9 g 9 510 5 2.5
2 7 8 113 8 3.3
26 6 7 213 2 3.3
22 4 3 1 170 3 3.5
11 12 14 204 5 4.1
12 9 9 1785 7 4.2
15 4 4 198 5 4.3
3S 10 11 623 4 4.5
32 5 7 397 5 4.8
33 6 10 1063 14 4.8
23 5 8 1 23 10 4.9 -
7 8 11 2380 5 5.6
1 15 18 1 744 2 5.7
6 6 8 340 2 5.9

4 4 3 179 7 7.3
5 4 3 179 7 7.4
17 19 35 1 680 4 7.8
28 10 15 204 5 8.0
13 9 10 177 6 9.3
30 19 25 793 4 12.1
3 33 43 1666 5 12.6
8 14 18 - T .- 680 - 5 13.5
36 - 30 272 S 37.2
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TABLE VI

NICOTINE LEVELS IN FOOD COURTS

CLOSEST NICOZINE
# SMOKERS # CIGARS  SMOKER  CONCENTRATION
SAMPLE OBSERVED = CIGARETTES OR PIPES (fc.) (ﬂg/mz)

37 6 6 15 1.6
38 16 16 4 - 1.6

k!

— 39 8 11 4 2.1
40 7 7 1 7 2.5

f

42 17 19 15 3.0
41 34 34 6 3.1

-7 ;
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LIST OF CAPTIONS FOR FIGURES

Figure 1. Discribution of nicotine levels for work sites at CRNL. Note
that nicotine concentrations listed are the maxima for the
individual cells. 0

Figure 2. Distribution of nicotine results in selected Knoxville, Tennessee
area restaurants. Note that nicotine concentrations listed are

the maxima for the individual cells.
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regarding the number of smokers, the number of cigarcttes, cigars, and pipes
observoed to have been smoked. the distance to the closest obserwved smoker

the tvpe of meal served (lunch or dinner), crowd density, and restauranc
volume. In addition to the samples acquired in rvestaurants, two samples
were acquired on a Saturday afternoon at each of three food courts in

shopping malls.

Results and Discussion

Results of initial experiments with Tenax cartridges showed evidence of
incomplete desorption of nicotine, with up to 10% of the nicotine remaining
on the carcridge. In order to enhance nicotine desorption, an internal
standard solution was prepared which included 5% TEA, Internal standard
spikes thus contained about 200 pg of TEA, which, as a stronger base,
displaced nicotine from acidic sites wich;n the sampling cartridge or
analysis train.

Experiments conducted in the 0.4 and 1.4 m® chambers were performed to
determine the functional capabilifies of the method and the nicotine
collection efficiency. Table I gives the results from sampling of both
dilute and concentrated simulated ETS environments in the large and small
chambers, respectively. The ratios of nicotine to particulate matter in
these experiments are substantially higher than what has been repofted in
typical indoor eﬁvironmcnts (30). This discrepancy was judged of licrcle
consequence since investipation of nicotine levels was the sole focus of the

study.
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Experiments to determine sample volumes at which nicotine breakthrough
became significant were conducted by placing two Tenax éartridgcs in series
and sampling from simulated ETS environments in the chambers. Pesulcts
indicated not more than 1% breakthrough for sample volumes ranging from 20
to 45 L and nicotine concentrations ranging from 70-250 pg/m®. At lower
sample volumes, breakthrough percentages are expected to be correspondingly
lower. Y

In Table II are listed the results from sampling of ETS in the un-
occupied office. This range of nicotine. andv.Pﬂ_ 1gvels mqfev_closgly
approﬁimaced that thch would be expected from sampling in public places.A
Agreement between nicotine and particulate levels was particularly good in
this experiment, with the correlation coefficient of 0.976 for a first order
regression analysis of these two parameters.

The detection limit of the method was determined by sampling, in
triplicate, a very dilute environment of EIS generated in the office [air
changes per hour (ACH) = 2.4] with one puif and one minute of! smoldering
from a lﬁbF Kentucky reference cigarette. Following a one hour sampling
period, analysis of the cartridges showed an average of 3.0 % 0.3 ng per
cartridge, corresponding to 0.3 pg)m3 nicotine, with a relative standard
deviation (RSD) of 10%. A second experiment conducted at a slightly lower
ETS concentration gave an average nicotine loading per cartridge of 2.3
0.6 ng corresponding to a concentration of 0.2 ug/m® and an RSD of 26%.
This level of variation was gfbigrggiay_considered to be unacceptable for
the method, so the detection limit was defined as 0.3 pug/m® for a 10 L
sample. In practi;e, the detection limit may be as low as 0.08 up/m®

assuming a sample volume of 40 L. Experiments indicated that breakthrough

would be insignificant even at that relatively large sample volume.
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In Table 111 are listed the results from sampling conducted in the 18
m® chamber a:t R. J. Revnolds. An evaluation of the mrethod for ambient

nicotine developed by Ogden et al. (21) was also being conducted at the same

- facilities, This presented an opportunity for comparison of the two

methods. In general, the data indicated that agreement between the two
methods was excellent. The nicotine levels sampled for this experiment are
near the mean of the level determined in the field study (sew below) but
represent only a fraction of the range expected to be encountered during
field sampling in general. However, given that the greatest difficulty
assdéiétéd witﬁ‘the‘an#lyﬁis éf trace quantities of nicotine is adsorption
losses in the analytical system, a method which can accurately determine
these concentrations should also be able to correctly assess higher
concencrations.

For all experiments where PH concentration data were available, mean
ratios of nicotine to PM were calculated. The ratios obtained from
experiments involving the 1.4 and 0.4 m® chambers were 0.52 * 0.07 and 0.39
* 0.05, respectively. The ratio for experiments performed in the un-
occupied office was 0.16 * 0.06, and for experiments conducted in the 18 m®
chamber, 0.08 * 0.04. The considerable differences among the ratios is
expected ip view of the differences in ETS levels, air handling methods, and
air exchange.rates and the theory that as ETS ages, nicotine tends to be
adsorbed by the wvarious surfaces present (27). For the two smaller
chambers, air exchange rates_raggeq'frpm 21 to 150 ACH. allowing litrcle
opportunity for nicotine adsorption by the chamber walls. The office, with
an air exchanre of 5.4 ACH and non-recirculated véntila:ion. exhibited lower
nicotine/PM ratios, and the 18 m® chamber, with an air e¢xchange rate of 0.05

]
(32) and complete recirculation in a static system, showed the lowest levels
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of “nicotine relative to the particulate levels. These data appear to
support the above-mentioned theory.

Listed in Table IV are the results from samples collected at Oak Ridpe
National Laboratory facilities. The arithmetic mean and standard deviation
of nicotine concentrations for all sample sites is 10.5 * 17.2 pé/m’.
However, the relatively high concentrations measured in the first common
area (36.5 * 18.1 pg/m®) influence the average disproporcionatﬁ%y. As can
be seen in Figure 1, the data appear to be distributed in a log normal
pattern; thus the geometric mean qf 3.2 pg/md Swi;h 1 95% confidence
Bauﬁdaries of 1.8 and 6.0 pg)ﬁ’)'may-bé.m;re appropfiate‘fér'this data set.

Results from the field determinations of nicotine concentrations in
restaurants are shown in Table V. Samples 28 and 29 were acquired
simultaneously from the same restaurant, with an RSD for these two samples
of 1%, suggesting good reproducibility for the method.

Nicotine concentrations found in the restaurants ranged from 0.5 to 37.2
pg/m with an arithmetic mean of 5.4 % 6.4 pg/m®. As in the tteatment of
the data from the in-house sampling, a élot of the distribution of the
concentration data indicates that it fits a log normal rather than Gaussian
pattern (Fig. 2). The geometric mean of 3.5 pg/m3, with 95% confidence
boundaries on the median of distribution of 2.5 and 4.8 “g/ma, is somewhat
lower than the arithmetic mean but is still comparable to data results cited
by the researchers listed below.

Muramatsu et al. (25) reported a range of 7.1 to 27.8 pg/m3 nicotine with
an average of 14.8 pug/m® for eight samples taken in five restaurants. Hinds
and First (33) havé reported an average of 5.2 pg/m® unicotine for four
samples from restaurants. Oldaker et al. (21) reported a range of 0-24

. . . ¢ : .
#g/m* nicotine with an average of 5 ug/m® for 170 samples acquired in
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restaurants. For air samples taken in offices, Hammond et al. (22) have
reported 3-48 ug/m® nicotine, while !furamatsu et al. (25) have reported 9-32
ng/m® and 6-20 pg/m® nicotine (26). For 156 office samples, Oldaker et al.
(21) reported an average of 5 pg/m’ nicotine with a range of 0-70 pg/m’i
Nicotine concentrations in public common areas such as lobbies and waiting
rooms were reported to be 2-36 /,zg/m3 by Muramatsu et al. (25) and 1-3 ug/m3
by Hinds and First (33). For samples taken in the smoking‘seccions of

airplanes, Muramatsu et al. (26) have reported 14 pg/m3 and 6-29 ug/m® with

an average of 15 pg/m3 (25). Oldaker and Conrad (20) have reporcad 0-112

.pg/m® nicotine, with an average of 9 upg/m’ in airplane smoking sections, and

1048323

0-40 pg/m® nicotine, with an average of 6 pg/m* in non-smoking sections.
Major factors likely to affect nicotine concentrations in a restaurant
are the number of cigarettes smoked, the wvolume of the room, the proximity
of smokers to the sample location, and the air exchange rate (data relative
to this 1last factor were not acquired). The Pearson’s correlaction
coefficients (r) for first order regressions of nicotine coﬁcehtration to
number of cigarettes, number of smokers, réstauranc volume, and distance to
the closest smoker are 0.669, 0.783, 0.049, and -0.155, respectively. The
significance levels (p) (an indicator of the probability of correlation
between the nicotine concentration and the above-mentioned f;cpors) for the
regressions are 0.0001, 0.0001; 6.776, and 0.396, respectively. A
correlation is thus indicated between nicotine concentration and both the

number of cigarettes and number of smokers. If sample 36 is eliminated from

the regression analysis for nearest smoker, then p = 0.03, indicating a
correlation between nicotine concentration and this parameter. ACtempts to

increase the degree of correlation by normalizing for various combinations

' 4 .
of these factors were unsuccessful. No data were acquired regarding other
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factors which could have some impact cn the nicotine concentration, such as
the history of the number of cigarettes smoked prior to sampling, «and the
direction of air flow in the restaurzn:cs.

In Table VI are listed the data from samples acquired in the food courts
of the shopping malls. The range of nicotine concentrations from the mall
food court samples was 1.6 to 3.1 ug/m® with an arithmetic mean and standard
deviation of 2.3 * 0.7 pg/m®. Although use of the geometric mean could not
be justified for this sample set, it was calculated for comparison purposes
and is the same as the arithmetic valgef Ihe aygraée nicotine cqncgq;r;tiqn
fo; “:hcse samplés is " lower than that from the restaurant data
(notwithstanding the large number of cigarettes observed to have been

smoled) and is probably attributable to the much greater volumes of the food

courts, which begin to approximate open-air restaurants.

Conclusion

A procedure for the determinacion of personal exposure to concentrations
of nicotine in indoor environments has been developed that has a low
detection limit and is unobtrusive'in its use. Developmental studies have
again pointed to fhe need fqr the use of a basic compound for sample
modification or desorption enhancement, when trace quantities of nicotine
are being processed or analyzed. The Tenax method has been applied to the
determination of nicotine concentrations in a number of restaurants;
results are comparable to those obtained by other researchers utilicing

different methods for sampling in restaurants and other public places.
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TABLE 1

NICOTINE AND PM CONCENTRATIONS MIASURED Il

0.4 AND 1.4 m® STAINLESS STEEL CHAMBERS®

Nicotine Particulate Hatter
(ng/m) _ (pg/m®)
34 - €0
42 €3
43 79
44 74
282 7 757
263 667
302 (332
291 659
238 . 708
224 684
271 643

(a) Air changes per hour (ACKH) ranged from 21 to 150.
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CONCENTRATIONS OF NICOTINE AND PARTICULATE MATTER MEASURED

10

TAELE II

IN AN UN-OCCUPIED OFFICE

PARTICULATE
MATTER

 (ug/m)

14.6
23.2
28.2
15.2
58.6
59.6

113.0

115.4

257.0

2488

NICOTINE

CONCENTRATION

(ug/m®)

21.7

27.3

48.3

49.0
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ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Michael Guerin .
. . ﬁ//m
FROM: Becky Hawkins/Secretary, Committee on Human Studies
RE: Status Reports on Active Proposals
" 'DATE:" " "June 1988

The guidelines for the ORAU/ORNL Committee on Human Studies require that all
principal investigators of ongoing proposals present a progress report to the
Committee on the status of their proposals each year. Each proposal must be
reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and

~ return by June 17, 1988. (If additional space is needed, please use the back
of this form or attach extra sheets.)

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES

Proposal No. ORNL-17 DATE APPROVED: 1987
IR —
N St - 1% | 29
‘Signature of Principal Investigator Date Signed

1. Report progress made in the past year.

Analyses for ambient nicotine in Knoxville area restaurants and for volatile
organic components of environmental tobacco smoke in an investigators home
were completed. A paper illustrating some of the work is appended.

2. Report any complications.

No complications.
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3. Are there any planned changes?

No

4. Do you wish the project to be continued?

Yes

5. . Comments.

None
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June 30, 1988

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

STATUS REPORTS ON ACTIVE PROPOSALS

Investigator: Dr. Michael Guerin

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES

Date Approved: 1987

1. Report progress made in the past year.
Analyses for ambient nicotine in Knoxville area restaurants and for
volatile organic commponents of environmental tobacco smoke in an
investigator’'s home were completed. A paper illustrating some of thework
is appended.

2. Report any complications.

No complications

3. Are there any planned changes:

No

4. Do you wish the project to be continued?

Yes

5. Comments.

None
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m Oak Ridge R
~ =2 Associated Post Office Box 117 El e
6““ Universities Oak Ridge, Tennessee 37831-0117 S

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Michael Guerin

FROM: Becky Hawkins/Secretary, Committee on Human Studies
RE: Status Reports on Active Proposals

DATE: April 6, 1989

The guidelines for the ORAU/ORNL Committee on Human Studies require that all
principal investigators of ongoing proposals present a progress report to the
Committee on the status of their proposals each year. Each proposal must be
reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and
return by May 8, 1989. (If additional space is needed, please use the back of
this form or attach extra sheets.)

, Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
\'1 CONSTITUENTS IN. OCCUPIED SPACES

Proposal No. ORNL-17 DATE APPROVED: 1987

MG Slzien

Signature of Principal Investigator Date Signed

1. Report progress made in the past year.

Field studies of ambient nicotine concentrations in public places were completed and the results
published (reference attached). A new agreement has been signed for related work to compare
area- and personal breathing zone - sampling for nicotine exposure assessment. New analytical
technology has been developed which shows promise for determining nicotine in physiological
fluids.

2. Report any complications.

No complications.
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3. Are there any planned changes?

No changes are planned for studies of ambient air nicotine exposure. Normal public
environments are sampled. No intervention or human subject manipulation is required.

We plan to add a study of the applicability of our new analytical method to the determination
of nicotine and cotinine in urine and blood. See comments.

4. Do you wish the project to be continued?
Yes.

5. Comments.

We are proposing to evaluate thermal desorption ion trap mass spectrometry for the rapid
determination of nicotine and cotinine in urine and blood as part of our National Cancer
Institute Smoking and Health Research Program in FY 1990. Blood will be examined only if
if can be acquired from excess sample taken as part of routine physical examinations at
ORNL or it is provided from excess sample taken by collaborating researchers addressing
other issues using normal healthy adults. Urine and blood will only be used as a matrix
to which known quantities of nicotine and cotinine are added. No subject intervention or
manipulation is planned. .
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A Thermal Desorption Method for the Determination of Nicotine in Indoor

Environments

Cyril V. Thompson,* Roger A. Jenkins, and Cecil E. Higgins

Organic Chemistry Section, Analytical Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

m Nicotine, the major, unique component of the gas phase
of environmental tobacco smoke (ET'S), has been employed
as a marker for estimating exposure to ETS. A personal
monitoring system for the determination of expusure to
nicotine has been developed. The system consists of a
sampling cartridge packed with 200 mg of Tenax GC and
& small, constant-flow, personal sampling pump. After
sampling, the cartridges are analyzed by triethylamine-
assisted thermal desorption gas chromatography with
nitrogen-selective detection. Collection and desorption
efficiencies for the cartridges have been determined. The
system has been evaluated in controlled-atmosphere
chambers, and applied in a variety of work sites, and in
36 restaurants, where measured concentrations of nicotine
ranged from 0.5 to 37.2 pg/md. :

Introduction

One of the major public health concerns of the 1980s has
been indoor air pollution and its effects on the individual.
Environmental tobacco smoke (ETS), which is the diluted
and aged mixture of sidestream smoke emanating from the
smoldering cigarette and mainstream smoke exhaled by
the simoker, represents a potentially significant contribu-
tion to this pollution. Concentrations of ETS respirable
suspended particulates (RSP) have been reported to range
from 0 to 700 ug/m?3 in indoor environments (7). A number
of procedures have been applied for estimating ETS con-
centrations based on the measurements of.concentrations
of particular ETS constituents, such as CO (2-5), oxides
of nitrogen (NO,) (3-5), and particulate matter (4-9).
However, these constituents of tobacco smoke are also the
products of other combustion processes, an aspect that
limits their utility as markers for estimating ETS levels,
especially in complex atmospheres such as those existing
in indoor environments. Estimates of personal exposure
to ETS have been made by measuring carboxyhemoglobin
(COHD) (10, 11), urinary hydroxyproline (HOP) (12), and
nicotine and cotinine (a metabolite of nicotine) in the
blood, urine, and saliva (10, 117, 13).

Several methods have been developed for determining
nicotine concentrations at fixed sampling locations in in-
dustrial settings. The NIOSH method for nicotine utilizes
a resin-filled cartridge (NAD-2) with a personal sampling
pump for collection of samples followed by solvent ex-
traction and analysis by gas chromatography (74). How-
ever, this method’s 300 pg/m? limit-of-detection (1.01Y)
makes it unsuitable for measuring ETS because associated
concentrations of nicatine are well below this LOD. An-
other industrial methaod, also limited by its relatively high
LOD (410 pz/m¥), collects nicotine in= series of water- f'llt(l
bubblers (15).

Williams et al. (16) have reported a method using a cold
Petri dish as the means for collecting nicotine. Although
the reported nicotine concentration range associnted with
the method was low enough 1o be applicable for measuring
ETS, the method had several deficiencies that would se-
verely limit its value (/7). Other methods reported in the
literature detail the use of untreated plass fiber filters (1)
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or diffusion denuder tubes (18) for collection of ambient
nicotine.

The development and testing of a number of personal
maonitoring systems that measure individual exposures to
ETS as determined by ambient nicotine concentrations
have been reported recently in the literature. Solvent
desorption based systems include personal sampling
pumps coupled with commercially available XAD-4 car-
tridges (19-21) and NaHSO,-treated, Teflon-coated glass
fiber filters (22), and a passive sampling system utilizing
the treated filters (23). The limitation of using solvent
extraction of samples is that only a small fraction of the
analyte is actually analyzed. This necessarily raises the
theoretical LOD for such methods relative to those such
as thermal desorption that use-all of the acquired sample.
Two thermal desorption based personal monitoring sys-
tems for nicotine have been reported, one by Proctor (2¢4)
that employs an unspecified adsorbent and analysis system
and another by Muramatsu et al. (25, 26) that utilizes an
ammonia purge of the sample cartridge during desorption
into a gas chromatograph (GC). In initial laboratory
evaluation studies, we found the experimental arrangement
used by Muramatsu to be cumbersome and mechanically
complex. In addition, we found that repeated exposures
of the analytical column to the ammonia gas caused rapid
deterioration of the column. Furthermore, the collection
cartridge utilizes a packing, the support for which is a very
unique diatomacecous earth, that is difficult to obtain in
the United States.

This paper discusses the development, evaluation in
controlled ETS atmospheres in chambers and offices, and
field validation of a thermal desorption based personal
monitoring system for nicotine using Tenax-GC as the
adsorption material. Tenax is a poly(p-2,6-diphenyl-
phenylene oxide) which is porous and stable up to 400 °C
(27). It has a high affinity {or semivolatile organic com-
pounds and can be used repeatedly. It has been used for
a number of indoor air characterization studies (28, 29),
and its performance characteristics are relatively well
understood. The nitrogen-selective detector used in the
analysis procedure affords improved sensitivity and se-
lectivity over a conventional flame ionization system when
assaying complex atmospheres and has been employed
similarly by several investigators (19, 20). The experi-
mental arrangement used for the field sampling is similar
to that employed by other investigators. The analytical
system lacks the mechanical complexities of the system
developed by Muramatsu.

Methods and Material

Personal Monitoring Systems.  Air-sampling car-
tridges were 16-cm sections of !/ ,-in.—o.d. borosilicate glass
tubing which were treated with NH,OH (immersion in
15% NH,OH overnight, followed by air drying) and then
fire polished on both ends and packed with approximately
200 my of Tenax GC, 35-60 mesh, acquired from Alltech
Associates (Deerfield, 11). Before use, the packed car-
tridges were conditioned at 250 °C by attaching them to
a manifold in the oven of a gas chromatograph and passing

g




LECBNOI

et

R i

A

| S AL RN HA
CARRIER CRS -

i

TNJECTION PO SPESDETION v
TOCLLE vRLvEy BLOLY | §HERL 0 Cleune
\ ) ,-_.,Y"'lh Bem5S UMl
< - € - .

____————"-*]._J 1]

GC CoLunn
/

Figure 1. Schematic diagram of analytical sysitem.

a stream of N, flowing at 40 mL/min through each car-
tridge for at least 2 h. After the cartridges had been cooled
with continued N, flow, both ends were sealed with !/,-in.
plastic caps obtained from Alltech Associates. The car-
tridges could be reused by first washing them with 2-3 mL
of methanol and thermally reconditioning them according
to the procedure given above.

Alpha-2 personal sampling pumps, dvailable from Du
Pont (Kennett Square, PA), were used for sample collec-
tion in most experiments (Du Pont P-4000 pumps were
used in a few initial chamber experiments) and were

~ chosen for their light weight (410 g) and low noise level

during operation. This latter feature was especially im-
portant for unobtrusive performance. For experiments
performed in the chamber and work areas, in which oc-
cupants were aware of the sampling being conducted,
pumps were connected to Tenax cartridges with a section
of flexible tubing, and air from the area sampled was drawn
through the cartridge. For sampling conducted in res-
taurants, in which the occupants were unaware of the
sample collection, the pumps were worn on belt clips under
jackets. A section of Tygon tubing was used to connect
the pump to the Tenax cartridge, the latter being clipped
to the inside lapel of the jacket so that the inlet end of the
cartridge was within 25 em of the mouth and nose of the
individual conducting the sampling. All samples were
collected for at least 1 h with the pump operating at a flow
rate of 170 mL/min. Flow rates were checked with a
bubble meter before and after sample acquisition. Im-
mediately after completion of sampling, Swagelok !/ -in.
stainless steel end caps fitted with Teflon ferrules were
placed on each end of the cartridge and tightened, and the
cartridge was refrigerated at 3 °C until analysis.

Analytical Method. Nicotine containing solution
standards were prepared by diluting redistilled nicotine
(98%) obtained from Eastman Kodak (Rochester, NY) in
ethyl acetate that contained 0.01% triethylamine (TEA).
Internal standards employing quinoline were prepared by
diluting quinoline in a solution of ethyl acetate/5% TEA.
Fresh nicotine and quinoline standards were prepared
every 15 days.

Analyses were performed with a Varian Model 3700 gas
chromatograph equipped with a nitrogen/phosphorus
detector (GC/NPD) and a 2 m x 2 nun i.d. glass column
packed with 10% Carbowax 20M/2% KOH on 80-100
mesh Chromosorh W-AW (obtained from Alltech Asso-
ciates). Flow rates were He (carrier gas) 40 mL/min, H,
4.5 mL/min, and air 175 mL/min. Temperature settings
were injector and detector 250 °C and column oven initial
temperature 70 °C for 8 min, programmed at a rate of 46
°C/min to 175 °C for 4 min. At these settings, nicotine
elutes at 13.4 min and quinoline at 14.0 min.

430 Fnuirnn Qri Tarhasl Vol A% s 4 eann

In Figure s portrayed o schematic diagram of the
analytical experimental configuration. “The system is de-
signed to be mechanically simple and to minimize the
opportunity for the nicotine vaporized from the Tenax trap
to contacl any materials prior to entering the analytical
column, The carrier gas is directed through a togele valve
so that it can Le interrupted when the Tenax cartridges
are being changed. (When the system is not in use, a clean
glass tube replaces the cartridge.) The analysis is per-
formed by Joosening the fittings at both ends of the de-
sorplion oven, inserting the cartridge, tightening the fit-
tings, and resuming the carrier gas flow. Although the
desorption gven remains at operating temperature during
this operation, the elapsed time for connecting the car-
tridge is less than 5's. The desorption begins when the
carrier gas is turned on.

Because the manner in which the analyte is introduced
into the gas chromatograph affects the peak shape and
ultimately the apparent quantitity of analyte present in
the aliquot, it was critical that the analyte in the calibration
standards be introduced in a manner identical with that
of those in the samples. To accomplish this, clean Te-
nax-filled cartridges were spiked with small aliquots of
nicotine standard solutions (on the downstream end to
simulate sample loading) by using a conventional 10-uL
syringe. The volume of the aliquots ranged from 1.8 to
6 uL, depending on the desired amount of standard. Next,
the cartridges were spiked with 5 uL of the ethyl acetate
solution containing the quinoline internal standard and
the TEA desorption modifier on the upstream end so as
to facilitate desorption of the entire cartridge. In order
to maintain direct comparability, this was the same
quinoline/TEA solution that was added to the ETS sam-
ples. In the initial developmental work for the method,
multipoint calibrations with nicotine standards were
performed daily. For the field sampling, a calibration curve
was generated from the desorption of nine sets of duplicate
Tenax traps loaded with amounts of nicotine ranging from
1.5 to 700 ng and with 250 ng of quinoline internal
standard prior to any sample analysis. The first set of
standards was run in one random order and the second set
of standards was run in a different random order. Daily
standards of 3, 100, and 700 ng of nicotine were analyzed
during sample analysis to ensure analytical control. Field
blank cartridges were analyzed periodically.

Because the response of the nitrogen/phosphorus de-
tector tended to be nonlinear at higher trap loadings (>-
1000 ng), data from the analyses were fitted to a second-
order polynomial regression. In practice, there was no
difference between first- and second-order regressions in
the 0-7(0)-ng concentration range. For example, the first-
and second-order correlation coefficients (R?) for one
calibration run were both 0.4993, and for another, both were
0.997.

Response factors (RF) {or all standards were calculated
with the formula

. area counts nicotine
RF = ( - ) X

arca counts quinoline

( concentration of quinnline)
1)

concentration of nicotine

Averages and standard deviations computed (rom the REF
data were used 1o assess control of the method in day-to-
day operation. If results for daily control standards were
more than two standard deviations from the average for
the calibration, the method was judged to be out of control,
thus requiring recalibration. Control was observed
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throughout the analysis of the samples from the pubhc
areas.

Test Atmospheres. The initial experimental atmo-
spheres for the development of the T'enax method were
generated in two stainless steel chambers with volumes of
0.4 and 1.4 m® (obtained from Young and Bertke Co.
Cincinnati, OH). Sidestream smoke from a 2R1 Kentucky
Reference cigarette (procured from the University of
Kentucky Tobacco and Health Research Institute, Lex-
ington, KY), smoldering in a laminar flow smoke genera-
tion (J30), was pulled into the smaller chamber at a rate
of 30 L/min and diluted with an air flow of 250~1000
L/min, the exact rate depending on the concentration of
ETS needed. Concentrations for this chamber ranged from
700 to 3500 ug/m? particulate matter (PM) and from 100
1o 500 ug/m3 nicotine. Low concentrations of ETS, 50-300
wg/m® PM and 10-70 ug/m? nicotine, were generated by
diluting a portion of the atmosphere from the small
chamber into that of the large chamber. Concentrations
of particulate matter in the chambers were monitored with
a I'S1-5000 piezvelectric balance (acquired from TSI, St.
Paul, MN) and an RAS-1 light-scattering sensor (pur-
chased from GCA Instruments, Bedford, MA), which was

modified in'our laboratory to enhance its sensitivity. The.

nicotine and PM concentrations utilized for these exper-
iments are much higher than what would be typically
observed in real life situations and were used only to de-
termine the potential utility and the upper analytical limits
of the method. After development experiments involving
the chamber were concluded, other experiments were
conducted in an unoccupied office. ETS was produced by
generating sidestream smoke from 1R4F Kentucky Ref-
erence cigarettes smoked (one 35-mL puff/min) on an
ADL-II machine obtained from Arthur D. Little Co.,
Cambridge, MA). Mainstream smoke was collected in
sealed Tedlar bags (acquired from SKC Inc., Eightly Four,
PA), and ETS concentrations were varied by adjusting the
smoking rate from 1 min of smoking (2-s puff, 58-s
smolder) per min of elapsed time up to continuous ciga-
rette smoking. PM levels were monitored with a TSI-5000
piezoelectric balance.

Additional laboratory evaluations of the method's per-
formance were conducted in an 18-m?® environmental
chamber (31) used for ETS studies and located at the R.
J. Reynolds Tobacco Company's facilities in Winston-Sa-
lem, NC. PM concentrations in that chamber were mon-
itored with a TSI-5000 piezoelectric balance. Initial field
evaluations were conducted in work areas, offices, common
areas, and dining areas at Oak Ridge National Laboratory.

Sampling Site Selection. Field sampling was con-
ducted in establishments that were both listed under the
“Restaurant™ heading in the Yellow Pages of the Knoxville,
TN, telephone directory and located in the Knoxville, TN,
Standard Metropolitan Statistical Area (SMSA}) (Knox,
Blount, and Anderson counties). Restaurant selection was
conducted by assigning each restaurant a number and then
choosing 43 out of the 419 restaurants with a random
number generator. Three of these restaurants were elim-
inated because they had gone out of business, three be-
cause they were carry out only, and one because the per-
sonal safety of the sampling team was called into question.
The remaining 36 were sampled, and for each sample,
information was recorded regarding the number of
smokers, the number of cigarettes, cigars, and pipes ob-
served to have been smoked, the distance to the closest
vbserved smoker, the type of meal served (lunch or dinner),
crowd density, and restaurant volume. All of the infor-
mation was recorded on a sampling data sheet during the

Table I. Nicotine nnd Particulute Mutter (I'M)
Concentrutions Mcasured in 0.4- and 1.4-m? Sininless Steel

Chambers®

nicotine, M, nicotine /I°M

pg/m? ug/m? rutio
34 80 0.425
42 83 0.506
47 79 0.544
44 74 0.595
Cmean £1 SDY 40.8 + 4.6 79.0 £ 3.7  0.518 £ 0.072
282 757 0.373
263 667 0.394
302 684 0.442
291 659 0.442
238 708 0.336
224 684 0.328
27 643 0.421

mean 1 SD* 267 + 28 686 % 36 0.391 + 0.047

* Air changes per hour (ACH) ranged from 21 to 150. ®SD,
standard deviation.

time of sampling. A unique sample number was assigned
to each cartridge immediately following sampling. No

attempt was made to assess air exchange within the facility,

as this would have compromised the unobtrusive nature
of the sampling. Also, no determination of the number
of smokers smoking at any one time or smoker turnover
was made. In addition to the samples acquired in res-
taurants, two samples were acquired on a Saturday af-
ternoon at each of three food courts in shopping malls.

Results and Discussion

Results of initial experiments with Tenax cartridges, in
which the responses to standard quantities of nicotine
spiked on to the cartridges and subsequently desorbed
were compared with those of the same sized aliquot di-
rectly injected on to the head of the GC column, showed
evidence of incomplete desorption of nicotine, with up to
10% of the nicotine remaining on the cartridge. In order
to enhance nicotine desorption, an internal standard so-
lution was prepared that included 5% TEA. It has been
found that addition of a strongly basic material such as
TEA (79) or NH,OH (32) to nicotine standards prevents
adsorption, by the glass of the container, of nicotine from
solution. The base probably functions by displacing nic-
otine or other weaker bases {rom the adsorptive sites.
Internal standard spikes thus contained about 200 ug of
TEA, which, as a stronger base, displaced nicotine {rom
acidic sites within the sampling cartridge or analysis train.

Experiments conducted in the 0.4 and 1.4-m3 chambers
were performed to determine the functional capabilities
of the method and the nicotine collection efficiency. Table
I gives the results from sampling of both dilute and con-
centrated simulated ETS environments in the large and
small chambers, respectively. The ratios of nicotine to
particulate matter in these experiments are substantially
higher than what has been reported in typical indoor en-
vironments (33). This discrepancy was judged of little
consequence since investigation of nicotine levels was the
sole focus of the study. However, the consistency of the
ratios is about £15% or less, which was judged to be in-
dicative of both a constant atmosphere in the chamber and
consistent nicotine and particulate mass concentration
determinations.

Experiments to determine sample volumes at which
nicotine breakthrough became significant were conducted
by placing two Tenax cartridges in series and sampling
from simulated E'T'S environments in the chambers. Re-
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Table 11, Concentrations of Nicotine nnd Purticulnte
Matter (IPM) Mcasured in an Unoccupied Office

trinl PM, nicotine, trinl M, nicotine,
no. wg/md. up/m? no.  ap/m® e/ m?
1 14.6 1.8 6 M6 H.2
2 23.2 1.9 7 114.0 2.7
3 28.2 2.4 8 11h4 274
4 15.2 3.7 Y 257.0 48.4
5 58.6 4.8 10 248.8 9.0

Table 111. Results from Determination of Nicotine by the
Tenax Method in @ Minimal Air Exchange Cuatrolled
Atmosphere Chamber

run PM, nicotine,* run PM, nicotine.®
no. ug/m? ug/m? no. wg/m® ug/m?
1 55 2.5 4 62 4.1
2 14 1.8 5 16 2.1
3 103 5.0 6 128 5.5

*N = 3 determinations.

sults indicated not more than 1% breakthrough for sample

volumes ranging from 20 to 45 L and nicotine concentra- . -

tions ranging from 70 to 250 ug/m3. At lower sample
volumes, breakthrough percentages are expected to be
correspondingly lower.

In Table II are listed the results from sampling of ETS
in the unoccupied office. This range of nicotine and PM
levels more closely approximated that which would be
expected from sampling in public places. Proportionality
between nicotine and particulate levels was particularly
good in this experiment, with the correlation coefficient
of 0.976 for a first-order regression analysis of these two
parameters.

The limits of detection and quantitation were deter-
mined according to published guidelines (34). These are
comparable to 3 and 10 times the standard deviation above
the mean value of a series of field blanks, respectively.
Signal response of the blanks (in microvolt seconds) was
related to a series of calibration standards run within the
lower quantitation region. According to these criteria,
under the sampling conditions described above, the limit
of detection was equivalent to 0.07 ug/m? nicotine, and the
limit of quantitation was 0.17 ug/m3 This calculated level
is in good agreement with experiences with sampling actual
low-concentration ETS atmospheres in an office environ-
ment. These experiments indicated that within the range
of 0.2~0.3 ug/m?, variation among multiple samples ac-
quired near the same point in space became unacceptably
large. Presumably, the effective limit of detection could
be lowered by simply increasing the sampling duration.

In Table 1II are listed the results from sampling con-
ducted in an 18-m® chamber at R. J. Reynolds. The
purpose of these experiments was to determine the per-
formance of the method in a chamber whose atmosphere
had been well characterized in a number of studies (79,
31), especially at low nicotine concentrations, and to com-
pare nicotine with ETS PM levels in a controlled envi-
ronment that had been contaminated with E'TS only. The
nicotine levels sampled for this expériment are near the
mean of the level determined in the field study (see below)
but represent only a fraction of the range expected ta he
encountered during field sampling in general. For this and
all the experiments where PM concentration data were
available, mean ratios of nicotine to PM were calculated.
The ratios obtained from experiments involving the 1.4-
and 0.4-m? chambers were 0.52 £ 0.07 and 0.39 £ 0.05,
respectively. The ratio for experiments performed in the

Tauble IV, Nicotine Concentrations Measured at Selected
Locations within Ouk Ridge National Laborutory

ambient nicotine ambient nicatine

location level, ug/m? location level, up/m?
offices 4.2 001 common arca 30.0 £ 0.9
4.0 & 3.5 60.3 £ 2.1

4.5+ 0.5° 53.1 % 2.8

G709 23229
0.7 % 1.0 397 £ 0.1
1.1 £ 1.5 12.6 £ 1.2
0.6 £ 0.8 work area 3.8 0.1
0.6 £ 0.8 22+ 09
0.6 £ 0.9 1.0+04
0304 common Ares 09+13
dining area 44 £ 08 1.7+ 0.8
2.3¢ 08+ 1.1
work area 2003

*N = 3 determinations. *N = 1, All others, N = 2 determina-
tions.
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Figure 2. Distribution of nicotine levels for work sites at ORNL. Note

that nicotine concentrations listed are the maximums for the individual

cells

unoccupied office was 0.16 = 0.06, and for experiments
conducted in the 18-m® chamber, 0.08 £ 0.04. The con-
siderable differences among the ratios are expected in view
of the differences in ETS levels, air handing methods, and
air exchange rates and the theory that as ETS ages, nic-
otine tends to be adsorbed by the various surfaces present
(18, 26). For the two smaller chambers, air exchange rates
ranged from 21 to 150 ACH, allowing little opportunity for
nicotine adsorption by the chamber walls. The office, with
an air exchange of 5.4 ACH and nonrecirculated ventila-
tion, exhibited lower nicotine/PM ratios, and the 18-m3
chamber, with an air exchange rate of 0.05 ACH (35) and
complete recirculation in a static system, showed the lowest
levels of nicotine relative to the particulate levels. These
data appear to support the above-mentioned theory.

Listed in Table IV are the resuits from samples collected
at Oak Ridge National Laboratory facilities. The arith-
metic mean and standard deviation of nicotine concen-
trations for all sample sites is 10.5 £ 17.2 ug/m3. However,
the relatively high concentrations measured in the first
common area (36.5 £ 18.1 ug/m?) influence the average
disproportionately. As can be seen in Figure 2, the data
appear to be distributed in a log normal pattern; thus, the
geometric mean of 3.2 pg/m? (with 95% confidence
houndaries of 1.8 and 6.0 ug/m?) may be more appropriate
for this data set. For the lower nicotine level environments,
there is considerable variation (£100%) within duplicate
samples taken near the same point in space. For the en-
vironments containing higher nicotine levels, the coefficient
of variation within duplicate samples was usually about
=10%. '




bl

NUGBL(® OF mESTayasnTS

N |

; ;-A: l" |; :'1 :'a :'7:'0;33'1;0
WEOTNE CONCTWTRATION (vg/m3)

Figure 3. Distribution of nicotine resultsin selected Knoxville, TN, area

restaurants. Note that nicotine concentratons kisted are the maximums

for the individual cells.

Results from the field determinations of nicotine con-
centrations in restaurants are shown in Table V. Nicotine
concentrations found in the restaurants ranged from 0.5
to 37.2 ug/m® with an arithmetic mean of 5.4 £ 6.4 ug/m?>.

_ As in the treatment of the data from the in-house sam-
“ pling, a plot of the distribution of the concentration data

indicates that it fits a log normal, rather than Gaussian,
pattern (Figure 3). The geometric mean of 3.5 ug/m3, with
95% confidence boundaries on the median of distribution
of 2.5 and 4.8 ug/m?3, is somewhat lower than the arith-
metic mean but is still comparable to data results cited
by the researchers listed below.

Muramatsu et al. (25) reported a range of 7.1-27.8 ug/m?
nicotine with an average of 14.8 ug/m? {or eight samples
taken in five restaurants. Hinds and First (36) have re-
ported an average of 5.2 ug/m? nicotine for four samples
from restaurants. Oldaker et al. (21) reported a range of
0-24 ug/m? nicotine with an average of 5 ug/m3 for 170
samples acquired in restaurants. For air samples taken
in offices, Hammond et al. (22) have reported 3-48 ug/m?
nicotine, while Muramatsu et al. (25) have reported 9-32
and 6-20 ug/m3 nicotine (26). For 156 office samples,
Oldaker et al. (21) reported an average of 5 ug/m? nicotine
with a range of 0-70 ug/m3. Nicotine concentrations in
public common areas such as lobbies and waiting rooms
were reported to be 2-36 ug/m?® by Muramatsu et al. (25)
and 1-3 ug/m?3 by Hinds and First (36). For samples taken
in the smoking sections of airplanes, Muramatsu et al. (26)
have reported 14 and 6-29 pg/m3 with an average of 15
pg/m?® (25). Oldaker and Conrad (20) have reported 0-112
ug/m? nicotine, with an average of 9 ug/m? in airplane
smoking sections, and 0-40 ug/m? nicotine, with an average
of 6 ug/m? in nonsmoking sections.

Major factors likely to affect nicotine concentrations in
a public location include the number of cigarettes smoked
and the time required for smoking, the volume of the room,
the proximity of smokers to the sample location, and the
air exchange rate. Under the conditions of the field sam-
pling validation for this study, not all of these paramcters
could be easily determined, nor were they necessary to
assess the performance of the experimental personal
monitor in a realistic situation. However, Lo assess the
impact of the easily determined factors, the relationship
between those factors and ambient nicotine concentrations
were determined. The Pearson's correlation coefficients
(r) for first-order regressions of nicotine concentration to
number of cigarettes, number of smokers, restaurant
volume, and distance to the closest smoker were computed
to be 0.669, 0.783, 0.049, and ~0.155, respectively. The
significance levels (p) (an indicator of the probability of

Table V. Nicotine Levels in Restaurants

nicotine

nicotine

est
restaurant
vol, m?

est
restaurant

concn.

closest
smoker, ft

cigars or
pipes, no.

smokers
obsd, no.

concn. sample

closest
smoker, ft

cigars or
pipes, no.

-

smokers cigarettes,

obsd, no.

sample

cigarette"s.

wg/m?

no.

no.

ug/m?

vol, m?

no.

no.
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smokers closest  nicotine

obsd,  cigarettes,  cigars o smoker,  conen,

sample no.. no. [Mpes, ho, ft wpfm?
37 6 6 K 1.6
8 16 16 4 1.6
39 8 It 4 21
40 7 7 1 7 2.5
42 17 19 I 1.0
41 14 A4 f 3.1

correlation between the nicotine concentration and the
above-mentioned factors) lor the regressions are 0.0001,
0.0001, 0.776, and 0.396, respectively. A relationship is thus
indicated between nicotine concentration and both the
number of cigarettes and number of smokers. If sample
36 is eliminated from the regression analysis for nearest
smoker, then p = 0.03, indicating a correlation between
nicotine concentration and this parameter. Attempts to
increase the degree of correlation by normalizing for var-
ious combinations of these factors were unsuccessful. No
data were acquired regarding other factors that could have
'some impact on the nicotine concentration, such as the
history of the number of cigarettes shoked prior to sam-
pling, and the direction of air flow in the restaurants.
In Table VI are listed the data from samples acquired
in the food courts of the shopping malls. The range of
nicotine concentrations {rom the mall food court samples
was 1.6-3.1 ug/m? with an arithmetic mean and standard
deviation of 2.3 £ 0.7 xg/m3. Although use of the geo-
metric mean could not be justified for such a small sample
set, it was calculated for comparison purposes and is the
same as the arithmetic value. The average nicotine con-
centration for these samples is lower than that from the
restaurant data (notwithstanding the large number of
cigarettes observed to have been smoked) and is probably
attributabe to the much greater volumes of the food courts,
which begin to approximate open-air restaurants.

Conclusions

A procedure and experimental arrangement for the de-
termination of personal exposure to concentrations of
nicotine in indoor environments has been developed that
has a low detection limit and is unobtrusive in its use.
Developmental studies have again pointed to the need for
the use of a basic compound for sample modification or
desorption enhancement when trace quantities of nicotine
are being processed or analyzed. The Tenax method has
been applied to the determination of nicotine concentra-
tions in a number of restauranis; results are comparable
to those obtained by other researchers utilizing different
methods for sampling in restaurants and other public
places.
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Aerobic and Anaerobic Microbial Dissolution of Toxic Metals from Coal

Wastes: Mechanism of Action
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m Microbial dissolution of toxic metals from two types of
coal-cleaning wastes, one high in pyrite and trace metals
and low in organic carbon (fines fraction) and a second
lower in trace metals and higher in organic carbon (filter
cake), was studied. Under aerobic conditions, native au-
totrophic bacteria solubilized varying amounts of As, Cr,
Cu, Mn, Ni, Pb, and Zn from the filter cake and fines
fraction. Dissolution of the above metals was increased
by severalfold when the inorganic nutrients N and P were
supplemented. Under anaerobic conditions, concentrations
of Fe, Cr, and Mn increased due to native anaerobic
bacterial activity from filter cake amended with carbon and
nitrogen. Concentrations of soluble Ni and Zn in filter cake
decreased, probably due to sulfate reduction and formation
of insoluble metal sulfides. Selective chemical extractions
of coal wastes indicate that most trace metals were asso-
ciated with pyrite, ferric oxides, and a soluble phase,
possibly ferric sulfate. The predominant mechanism of
dissolution of metals from coal wastes under aerobic con-
ditions is due to bacterial oxidation of pyrite; under
anaerobic conditions it is due to bacterial reduction of iron
and manganese oxides and the release of trace metals
coprecipitated with the oxides.

Introduction

Over 3 billion tons of coal-cleaning residues have accu-
mulated in the United States and the current levels of
production exceed 100 million tons per vear. Nearly
one-third of the mined coal is discarded after physical
cleaning. This refuse varies in size and generally contains
waste coal, slate, carbonaceous and pyritic shales, clay, and
other impurities associated with a coal seam (7). Currently,
most coal-preparation plants dewater the fine refuse and
dispose of it, along with coarse refuse, in landfills or dis-
posal ponds. The types of contaminants released from the
disposal areas include organic compounds, metal ions, and
acidity primarily due to chemical and microbiological ac-
tion.

Bacterial oxidation of pyrite and metal sulfide minerals
by Thiobacillus ferrooxidans and Thiobacillus thivoxidans
has been extensively studied (2, 3). Although a varicty of
other types of microorganisms have been found in coal
waste (4-7), there is limited information on their effects

on dissolution of metals. In addition to autotrophic mi-
crobial activity, an increase in heterotrophic microbial
activity due to biodegradation of organic compounds in
the residue (8) also can have an appreciable effect on the
dissolution, mobilization, and immobilization of toxic
metals from the residues. However, the extent and
mechanisms of metal dissolution from coal refuse under
the oxidizing and reducing conditions commonly encoun-
tered in the field (9} are incompletely understood.

In this study, two samples of coal-cleaning residue, one
high in trace metals and relatively low in organic carbon
{fines fraction) and the second low in trace metals and
relatively high in organic carbon (filter cake) were used to
investigate the extent and mechanism of microbial disso-
lution of toxic metals by the native microflora in the
residue under aerobic and anaerobic conditions.

Materials and A-!efhods

Source of Samples. Coal-cleaning residues (fines
fraction and filter cake) were collected from active circuits
of the coal-washing plant of the Bradford Coal Co., Bigler,
Clearfield County, Pa, in July 1983. This plant processes
a mixture of bituminous coals from central and north-
western Pennsvlvania. ‘The samples were collected in clean
5-gal polyethylene containers, sealed, and shipped to the
laboratory in a cooler with ice. Upon receipt at the labo-
ratory, the samples were immediately analyzed for mi-
crobiological and chemical characteristics. Unused por-
tions of the samples were stored in air-tight containers in
a refrigerator.

Microbiological Analysis, The total number of bac-
teria in the fines fraction and filter cake were enumerated
by Acridine Orange direct counts (AODC) (10, 11). Total
viabhle acrobic and anacrobic bacteria as colony-forming
units (CFU) were determined by using Trypticase sov agar
(Difco) and 5% diluted thioglveolate medium (Difco),
respectively (72). Sulfur- and iron-oxidizing bacteria were
enumerated by the most probable number (MPN) tech-
nique. Tron-oxidizing bacteria were determined by using
9K medium (13, Sulfur-oxidizing bacteria were deter-
mined by using thiosulfate medium containing the fol-
lowing: (NH LSO, 1.3 ¢ K,HPO,, 0.28 g MgS0,-7H,0,
0.25 ¢: CaClLe2H,0, 0.07 g and 900 mlL of distilled water,
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ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Michael Guerin
FROM: Becky Hawkins/Secretary, Committee on Human Studies
: Status Reports on Active Proposals

DATE: May 2, 1990

The guidelines for the ORAU/ORNL Committee on Human Studies require that all
principal investigators of ongoing proposals present a progress report to the
Committee on the status of their proposals each year. Each proposal must be
reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and
return by May 17. (If additional space is needed, please use the back of this
form or attach extra sheets.)

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES

Proposal No. ORNL-17 DATE APPROVED: 1987
nooow (v / ‘
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Signature of Principal Investigator Date Signed

1. Report progress made in the past year.

Area sampling has been compared with personal sampling for estimating exposure

to environmental tobacco smoke (ETS). Samples have been taken using both methods
in various public and business environments. Analytical methods have been compared
by sampling an office-like environment at ORNL experimentally contaminated with ETS.

2. Report any complications.

There have been no complications.
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3. Are there any planned changes?

None

4. Do you wish the project to be continued?

Yes

5. Comments.

None
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June 28, 1990
ORAU/ORNL COMMITTEE ON HUMAN STUDIES

STATUS REPORTS ON ACTIVE PROPOSALS

Investigator: Dr. Michael Guerin

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES

Date Approved: 1987

1. Report progress made in the past year.
Area sampling has been compared with personal sampling for estimating
exposure to environmental tobacco smoke (ETS). Samples have been taken
using both methods in various public and business environments. Analytical
methods have been compared by sampling an office-like environment at ORNL
experimentally contaminated with ETS.

2. Report any complications.

There have been no complications.

3. ‘Are there any planned changes:

None.

4. Do you wish the project to be continued?

Yes

5. Comments.

None
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Dr. Michael Guerin
Karl Hubner/chairman, Committee on Human Studies‘Xfxy
Committee Action on Active Proposals

June 28, 1990

Medical
Sciences
Division

Your project number ORNL-17 "MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES" was reviewed and approved at our last meeting
on June 28, 1990.

Progress reports of all active proposals will again be reviewed at our next
\j/ meeting to be held in the spring of 1991.
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reviewed by the Committee yearly for research projects to continue. Please
answer the questions below and add any other information you feel pertinent and
return by May 17. (If additional space is needed, please use the back of this
form or attach extra sheets.)

Title of Project: ORNL-17 MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS IN OCCUPIED SPACES

Proposal No. ORNL-17 DATE APPROVED: 1987

G cu—
;;CZ:‘RUI\V\ > [\l\\q \
Signature of Principal Investigator Date Signed

1. Report progress made in the past year.

Airborne nicotine concentrations in restaurants and other public access environments
were determined and correlated with observed smoking patterns. Stationary area-
samplers were compared with personal breathing zone samplers. Urine and saliva samples
were provided by a smoker associated with the program to test a new method for
determining nicotine and metabolites in physiological media.

2. Report any complications. .

None
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3. BAre there any planned changes?

None

4. Do you wish the project to be continued?

Yes. Continuing related work is. expected to be funded by the National Cancer
Institute and the Center for Indoor Air Research.

S. Comments.

All samples taken under normal prevailing conditions. No manipulation of environments
or subjects is carried out in this Program.
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\ 0 Oak Ridge Maodical
”U Associated Post Othce Box 117 Sciences
((Y_\ Unworblll(‘s Qak Ihdgo, Tennessee 10117 Phivision

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Guerin

FROM: Dr. Karl Hubner/Chairman, Committee on Human Studies
| RE: - COMMITTEE ACTION ON ACTIVE PRQPOS»ALS ‘
DATE: September 7, 1991

Your project number ORNL-20 "Measurement of Environmental Tobacco Smoke Constituents in
Occupied Spaces" was reviewed and approved at our last meeting on June 6, 1991. The committee has
no objection to the continuation of this project.

Progress reports of all active proposals will again be reviewed at our next meeting to be held in the spring
of 1992,

bh
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’U\\_o) Oak Ridge Medical

~ L] Associated Post Otfice Box 117 Sciences
L ;A] Universities  Oak Ridge, Tenneasee 37831-0117 Division

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Michacl Guerin

FROM: Marta V. Rivera/Secretary, Committee on Human Sludicgiwb
RE: Status Reports on Active Proposals

DATE: May 12, 1992

The guidelines for the ORAU/ORNL Committee on Human Studies require that all principal
investigators of ongoing proposals present a progress report to the Committee on the status of
their proposals each year. Each proposal must be reviewed by the Committee yearly for research
projects to continue. Please answer the questions below and add any other information you feel
pertinent and return by May 26. (If additional space is needed, please use the back of this form
or attach extra sheets.)

\f Title of Project: MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE
' CONSTITUENTS IN OCCUPIED SPACES

Proposal No. ORNL-17 DATE APPROVED: 1987
\‘_\Z'(\Ni’\;\if\ —]'2{(:(2/
Signature of Principal Investigator Date Signed
1. Report progress made in the past ycar.

Experimental work in this period was limited to optimizing instrument operating parameters for

the gas chromatographic analysis of environmental tobacco smoke and for the mass spectrometric
determination of nicotine and cotinine. Field studies of exposure were postponed pending sponsoring
agencies review of previously generated data.

2. Report any complications.

There have been no complications.
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3. Are there any planned changes?
Year three of the renewal proposal being considered by the National Cancer Institute includes soliciting
volunteers who work in areas contaminated with environmental tobacco smoke to wear breathing zone air

samplers and provide urine samples. This is to allow comparison between exposure assessed by air
sagpling with that assessed by nicotine/cotinine measures. Volunteers will go about their normal

activities.

T4, Do you wish the projcct to be continued?

Yes. The National Cancer Institute has expressed interest in continuing work on nicotine exposure.

- S. Comments.

: Task 2 of the National Cancer Institute proposal is appended.

Clarifying information provided earlier (memo of 11/14/89, appended) remains correct.
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TECHNICAL PROPOSAL
ENVIRONMENTAL CARCINOGEN MEASUREMENT

Current Interagency Agreement

Coliection, Separation, and Elucidation of
The Components of Cigarette Smoke

DOE (ERDA/AEC) 0485-0485-A1
NIH (NCI) Y01-CP-90508

New Agreement Designation

Collection and Evaluation of Environmental Carcinogenesis
Including Combustion and Smoking Relation Exposures

NIH (NCI) Y01-CP-20512-13
DOE 0485-F053-A1

M.R. Guerin, Program Director
M.V. Buchanan, Principal Investigator

Analytical Chemistry Division
Oak Ridge National Laboratory*
P.O. Box 2008
Oak Ridge, Tennessee 37831-6120

June 1, 1992

Program Term: October 1, 1992 to September 30, 1995

*Operated by Martin Marietta Energy Systems, Inc., under Contract No. DE-AC05-840R21400 with
the U.S. Department of Energy. .

' l B ‘4 8 3 5 2 For technical and contract review
only. Qfﬁcial copy to be
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TASK 2

RAPID DETERMINATION OF MARKERS OF CHEMICAL EXPOSURE

OBJECTIVE

The objective of this work is to develop a rapid, cost-effective method for the measurement
of exposure-related chemicals in physiological media. The approach is based on highly promising
results of work conducted in the previous contract period that addressed the potential utility of Direct
Sampling Ion Trap Mass Spectrometry for such applications. Nicotine and cotinine in urine as they
relate to environmental tobacco smoke exposure will receive primary attention. The simultaneous
measurement of other nicotine metabolites and of creatinine will also be considered. The general
utility of the method will be surveyed by considering blood and saliva analysis for nicotine and
cotinine and by considering its utility for measuring urinary and exhaled volatile organic chemicals.

APPROACH -

We propose to develop a rapid, cost effect method for the measurement of exposure-related
chemicals in physiological media, building upon our progress to date on the applicability of ITMS for
the rapid analysis of trace components in urine and other physiological fluids. The measurement of
nicotine and cotinine in physiological fluids, which is widely used as a2 means of assessing human
exposure to environmental tobacco smoke [14,15), will be our starting point. Several analytical
methods have been developed for the determination of nicotine and cotinine in physiological
matrices. Typically, an extraction procedure is required to isolate the analyte from the matrix and
to preconcentrate the sample prior to analysis. Analysis of the extracted samples is then performed
by gas chromatographic separation and specific detection with a nitrogen detector {16,17] or a mass
spectrometer [18,19]. Other analytical methods that have been used successfully include liquid
chromatography [20,21} and radioimmunoassay [22,23]. The major limitations of these methods are
that they are labor intensive and/or time consuming and therefore have reduced sample throughput
and/or and considerable expense for each analysis.

As an alternative approach, direct sampling ion trap mass spectrometry will be evaluated for
the rapid and quantitative determination of nicotine and its metabolites in urine. Using a
combination of chemical ionization and tandem mass spectrometry techniques, the ITMS can often
selectively detect target compounds in a complex mixture without the need for chromatographic
separation and with little or no sample cleanup steps. Eliminating these time-consuming procedures
would translate into the ability to analyze more samples in a more cost effective manner. Further,
it opens the possibility of obtaining time-resolved exposure data. Previous studies using direct
sampling ITMS bave demonstrated the ability to detect nicotine and cotinine at levels of 0.010
ug/mL in 1 uL of untreated urine in less than three minutes total analysis time. '

As a first step in the proposed work, this direct sampling ITMS technique will be optimized
to establish the limit of detection for nicotine and cotinine in urine. Desorption conditions (i.e.,

purge flow, quantity injected, and temperature) and different sorbent materials will be evaluated to
maximize the desorption efficiency of the analyte and to minimize contamination from the sample

10
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and/or cotinine conjugates into the free basc may occur during the thermal desorption process.
Desorption characteristics of these compounds will be investigated to ascertain to what extent this

degradation is occurring.

It is likely that some nicotine metabolites and conjugates will be sufficiently polar (and/or
thermally unstable) to make them unsuitable for analysis by thermal desorption techniques. In these
cases alternative samg'e introduction techniques such as electrospray will be evaluated for direct
introduction of these compounds from solution into the ITMS. In this technique [25,26] solutions
are introduced directly into the mass spectrometer through a needle which is held at a potential of
several hundred or thousand of volts relative to ground. Under these conditions, the analyte
compounds are ionized directly from solution and detected by the mass spectrometer. Because polar
metabolites are excellent candidates for efficient ionization by electrospray techniques, this approach
will be investigated for the direct detection of these compounds in urine. Solid phase extraction
techniques will also be investigated for use with electrospray ionization if clean-up steps are required,
especially in the case of analysis of blood.

o In the third year of this study, a pilot study will be conducted to determine whether detectable

"airborne concentrations of nicotine can be detected by the DSMS method in urine. Air samples will
be collected from a variety of establishments (i.e., restaurants, bars, and others) in which smoking is
permitted to establish airborne levels of nicotine, for example. Physiological samples from volunteers
working in these establishments will be collected for multicomponent analysis (nicotine, cotinine,
creatinine, and others) by DSMS. Measurement of actual dose by analysis of physiological fluids
should provide a much better indication of exposure and a better estimate of risk than currently used
personal air monitorin; methods. The DS ITMS analysis should offer substantial improvement over
current analytical methodologies for the detection of compounds in urine with respect to speed and
cost effectiveness. Because the technique is so rapid and requires small sample sizes, it also has the
potential of allowing studies of time-resolved exposure. The developed technologies would have a
wide range of potential applications in addition to monitoring exposure to environmental tobacco
smoke. Other important chemical markers of exposure, for example, metabolites of vinyl chloride
indicative of exposure to plastics could be investigated using the same TD ITMS methodology. As
part of this work a literature survey will be conducted to identify other physiological metabolites that
are markers of chemical dosimetry and are possible candidates for study by direct sampling ITMS
techniques. Markers of ETS exposure such as butyronitile and 3-vinylpyridine which may better track
gas phase carcinogens will be especially sought.

METHODS

Standards: Samples for TD ITMS analysis will be prepared using standard reference
chemicals spiked into reconstituted freeze-dried urine. Urinary metabolite lyophilizate from
human male urine wil: be obtained from Sigma Chemical Company, St. Louis, MO. Nicotine and
cotinine standards are available from Aldrich, Milwaukee, WI. Standards of other nicotine
metabolites, such as cotinine-N-oxide and trans-3-hydroxycotinine, will either be obtained
commercially or synthesized according to standard literature methods. Deuterated reference

~standards of nicotine and cotinine for use as internal standards will be obtained from Sigma.

12
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Thermal desorption; Sample introduction will be performed using a direct thermal
desorption/capillary restrictor interface. Rapid vaporization by flash thermal desorption can be
achieved for samples trapped on sorbent tubes packed with an appropriate resin or by direct
injection of liquid samples onto glass wool. The thermal desorption interface to be used in these
experiments was described in detail in Task 1 of this proposal.

ITMS: A Finnigan MAT Jon Trap Mass Spectrometry (ITMS) will be used as a rapid,
selective, and sensitive detector for the determination of chemical markers of exposure in
physiological fluids. This instrument was described in detail in Task 1 of this proposal.
Compound identification and specificity will be achieved through a combination of selective CI
reactions and CID tandem mass spectrometry. Isobutane CI will be used to selectively protonate
the nitrogen-containing target analytes, forming (M + H)*, without interference from less basic
urinary constituents. Collision induced dissociation will be used to generate characteristic
fragment ions which are used to identify the analytes of interest. Quantification will be achieved
by integrating the ion current for the characteristic ions from the analyte and an internal standard,
deuterated cotinine, and comparing with acalibration curve. Quality assurance parameters will be
established and validat=d, including linearity of calibration, reproducibility, and limits of detection
using spiked urine samples. ' ‘ o ' '

Electrospray Ionization: For non-volatile metabolites and conjugates of nicotine,
electrospray ionization will be evaluated for direct analysis of physiological samples. A Vestec
electrospray ionization source interfaced to the ITMS will be used in these experiments.

Sample Isolation Steps: Filter disks imbedded with various sorbents will be evaluated for
effective isolation of the target analyte. These filter disks will be obtained from Toxi-Lab (Irvine,
CA). It is possible that these disks can be directly desorbed into the ITMS for analysis, especially
with relatively simple matrices, such as urine and saliva. For more complex matrices, such as
blood, or for more polar analytes which do not thermally desorb, the isolated material may be
eluted with a small amount of solvent prior to analysis.

Detection of Airborne Nicotine Exposure: Personal air sampling pumps (Dupont Alpha
2) will be used to introduce ambient nicotine onto triple sorbent traps {27) containing Tenax GC,
Ca, and Ambersorb XE-340. The traps will be thermally desorbed and analyzed by either GC/MS
or DSITMS using methods described in Tasks 1 and 2.
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SCHEDULE

Subtasks Completed

Project Month

Optimize Limit of Detection for
Nicotine/Cotinine in Standards

Develop Methods for Multicomponent Analysis

Evaluate Direct Thermal Desorption of Urine
for Detection of Nicotine/Cotinine

Develop Rapid Isolation Methods for Nicotine/
Cotinine in Urine and Other Matrices

| "Dcvclo'p methods for detection of nicotine -
conjugates/metabolites

Correlation of nicotine conjugates/metabolites
as indicators of dosimetry

12

24

36

1048358

14



MARTIN MARIETTA

MARTIN MARIETTA ENERGY SYSTEMS, INC.
\/ .

Internal Correspondence

July 29, 1992

Marta V. Rivera, Secretary, Committee on Human Studies

Proposal Status Report
This is to request continuation of our Project ORNL-17 entitled "Measurement of Environmental Tobacco
‘Smoke in Occupied Spaces” originally approved in 1987.

I apologize for this very late submission. We only recently learned that the National Cancer Institute is
interested in re-starting this work.

. E\ (9
M. R. Guerin, 45008, MS-6120 (4-4862)

MRG:pmt

ce: M. V. Buchanan

bGEBNOI

OAK RIDGE NATIONAL LABORATORY
Managed by Martin Mariotta Energy Systems, Inc., for the U.S. Department of Energy



Internal Correspondence

~

MARTIN MARIETTA ENERGY SYSTEMS. INC.

November 14, 1989

Seaton Garrett, Human Studies Committee, 4500N, MS-6220
Human Studies Committee

You asked for further information on changes in workscope that might affect our Human Studies

‘Committee approval. The work in question deals with human exposure to cigarette smoke and:

especially to environmental tobacco smoke (ETS). Studies are sponsored by the National Cancer
Institute and by the Center for Indoor Air Research.

We expect to continue studies previously reported to the Human Studies Committee which involve
ambient air sampling in ETS-containing environments. These involve area sampling (a stationary
air sampling device in the room being studied) and personal sampling (a breathing zone ambient
air sampler carried by an individual). The samples are subsequently returned to the laboratory for
determinations of nicotine and/or other constituents of tobacco smoke. Natural indoor
‘environments are sampled. No environmental nor subject manipulation is involved.

We propose two additional tasks (unrelated to one another) that may require Human Studies
Committee approval and/or guidance. These are as follows.

L We have recently found that a new analytical technique, Direct Sampling Ion Trap Mass
Spectrometry (ITMS), might allow the rapid determination of nicotine and cotinine in
physiological fluids. We wish to test this technique by comparing ITMS results with results
generated by others using current methods. This would involve analyzing urine and/or blood
samples provided by NIH or tobacco industry scientists from their excess samples taken in
the course of their on-going studies. Prior to this study, however, it will be necessary to
develop sample preparation and ITMS operating conditions for the analysis. This requires
access to non-smoker urine and blood to serve as media for methods development.
Analytical chemical grade nicotine and cotinine will be added to the urine and blood at
known concentrations to calibrate the instrument and to determine whether natural
constituents of urine or blood interfere with the measurements of nicotine and cotinine.
We propose to employ pooled samples of urine from at least three male and three female
non-smokers who are working on this or related projects in the Organic Chemistry Section
of the Analytical Chemistry Division. Provided we can arrange for the assistance of the
ORNL Health Division, we propose to employ blood samples donated by at least one of
the non-smoking staff members who are involved in this project.
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Seaton Garrett -2- November 14, 1989

Current studies of ambient air sampling methods for nicotine and other measures of ETS
contamination require that test atmospheres be generated under as realistic conditions as
possible. We propose to generate natural levels of ETS contamination by machine-smoking
of cigarettes in an unoccupied office-like room and an unoccupied conference room.
Research staff engaged in machine-generation of cigarette smoke, in sampling the room air,
or in operating the monitoring instrumentation would require access to the room and thus
be exposed to ETS at naturally occurring concentrations.

Please contact me (4-4862) or Roger Jenkins (6-8594) if you have any further questions..

Ay
“\“QQuwvw\

M. R. Guerin, 4500S, MS-6120 (4-4862)

MRG:pmt

Attachments

cc:

R. A. Jenkins
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PROTECTINGZDR

HUMAN SUBJECTS Y

Office of Health and Environmental Research U.S. Department of Energy
PROJECT SUMMARY !

Policy: Rescarch activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Part 745, Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department 1o suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

1. Project Title

Determination of Human Exposure to Environmental Tobacco Smoke
2, Principal Investigator Telephone.Number

Roger A. Jenkins, Ph.D. 615-576-8594

Michael R. Guerin, Ph.D. 615-574-4862

Mailing Address — Include full name of performing institution.

Oak Ridge National Laboratory, P.O. Box 2008, 4500-S, MS-6120

Oak Ridge, Tennessee 37831-6120

3. Institutional Assurance Number (if issued)’ 4. Project Number:
ERD-88-812

OLNL-IT

5. Annual Funding:
Give actal funding or check the amount closest to the estimaled total for the current mcmul Funding
Federal fiscal ycar. whether requested or obtained. Include both direct and indirect costs. $ 250.000

s10,000 Js100,000 U ss00,000 CJ 51,000,000 O ss,000,000

6. Funding Sources
A. Name DOE Program Office (see list in attachment). if applicable.
B. Name non-DOE sources of funding (sp 10 two), if applicable.

A. DOE Program Office
N/A

Contact Person Telephone Number

B. Non-DOE Source
Center for Indoor Air Research

.Non-DOE Source

' Under 10 CFR Part 745, institutions are required 1o file an assurance of compliance with the regulations with DOE or the Depantment of
Health and Human Services. The Department involved may then issue an assurance number.

! Each project must have a unique identification number assigned by the institution—for example, ANL-94/101.
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7. The Project has been reviewed and approved by the institutional Review Board (IRB) . ‘

as required under 10 CFR Part 745.

A. Type of Review
Q Full Board

For a list of research not requiring IRB review, see Attachment.

R Expedited

For an explanation of projects that qualify for expedited reviews, see Attachment.

B. Type of Approval
New O Annual Renewal Qother

C. IRB Approval Date
February 22, 1993

8. This Project involves the following collaborating institutions (list 8 maximum of two):

Bellomy Research, Inc.

R. J. Reynolds Tobacco Company
~ 9. Vuinerable Populations :

& This project does not involve vulnerable populations.

O This project involves the fo“owing vulnerable populations:
D Minors D Mentally Disabled D Prisoners

D Fetuses, Pregnant Women, In Vitro Fertilization D Economically or Educationslly Disadvantaged

o
10. Type of Research
Check all categories that apply.

Q Fﬂidcmiology(using personally identifiable data)——
Using data collected directly from human subjects.
Q Using existing data,
DDiagnostic studies using radiation or chemical agents in tracer amounts.
DThcrapcutic studies using radiation or chemical agents.
& Studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids, cells, or tissues—

Specimens collected directly from human subjects for this project.
Specimens obtained from secondary sources (e.g., hospitals, laboratories).

QO Instrument development and testing using human subjects.
& Surveys that collect personally identifiable data.

QO Environmental studies using human subjects to evaluate weatherization options, habitat alteration,
or similar.

QOther. Please identify
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11. Abstract

Provide a brief abstract that inclvdes the following information:

A. Summanze the objectives and methodology of this research project. (Explain clearly why it belongs 1n
the categones checked in Item 11).

The objective of this study is a definitive determination of human exposure to
environmental tobacco smoke (ETS). Exposure is assessed across a broad geographic
region of the United States, and is conducted in such a manner as to determine
exposure in the workplace and in private residences. Subjects wear sampling pumps,
which collect a small sample of the air near their breathing zone while at work, and
at home and during other activities. Exposure is determined to both particle phase and
vapor phase species through the use of chemical markers (respirable suspended
particulates (RSP), ultraviolet absorbing and fluorescing particulate matter (UVPM and
FPM), solanesol, and vapor phase nicotine and 3-vinyl pyridine). Confirmation of
human sub]ect smoking status is determined by acquiring a small sample of the
participant’s saliva, and analyzing it for cotinine, a metabolite of nicotine.

B. Specify the numbcr of human subjects involved each year.

Approximately 100 subjects are recruited in each of 16 cmes, for a total of 1600
subjects.

C. Descnibe the involvement of human subjects and the risks, if any, to which they are exposed.
Following telephone recruitment, subjects:

1. Come to field service site, and are tramed in the use of personal air sampling
pumps.

2. Provide a pre-test saliva sample.

3. Wear a personal sir sampling pump as they go about their normal activities at
home and at work.

4. Return to field service site and return pumps and questionnaires.

5. Provide final saliva sample and exit the study.

D. List the chemical or radioactive matenals, if any, that are used in the study, and identify
the route of exposure.

Not applicable.

See reverse for approval signatures.
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The official signing below cerufies thar the iziormation provided on this form is correct and that the instituuon assumes responsibility for
future reviews. approvals. and submussions of project su.rimanes. which are all required at least once s year.

Date
Lm. Z 51 /77y

‘Printed or Typed Name
| David E. Reichle

T‘Qphom.\ Number

(615) 574-4333

For DOE Use Only
Date Received by ER-70 ‘ Date
O accepted
O Returned 10 Originator

Reason for Return

DOE Reviewers
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Identification No. pENL —ll{
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

To: - COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities (ORAU) and
Oak Ridge National Laboratory (ORNL)

June 30, 1992

Principal Investigator: Richard J. Carter (ORNL), 574-6454, MS-6360

Title of Project: Development of a Portable Driver Performance
Data Acquisition System for Human Factors
Research

I. Objectives of Research

The overall objective of the research is to develop a portable
driver performance data acquisition system for the National Highway
Traffic Safety Administration. The data acquisition system is to
be used to evaluate new Intelligent Vehicle/Highway Systenm
technologies. The system will allow driver performance data to be
collected using a large variety of vehicle types and that would be
capable of being installed on a given vehicle within a short time
frame. ' :

The proposed system will be developed and implemented in two
phases. During the first phase a feasibility study of developing

the data acquisition system will be conducted. Human factors
research needs will be evaluated, and existing methods, measures,
techniques, hardware, and software for evaluating

driver/vehicle/environment in relation to crash avoidance research
will be identified. In the second phase the prototype driver
performance data acquisition system will be constructed and
evaluated. The evaluation will serve as a basis for developing a
final set of design specifications that could be used to construct
additional data acquisition systems. '

II. Methods of Procedure

During Phase II of the research a pilot test of the driver
performance data acquisition system will be conducted. Vehicles
driven by humans will be part of the evaluation. The pilot test
will evaluate the impact on driveability of the vehicle and
obtrusiveness of the data acquisition system to the driver. ORNL
is to ensure that the data acquisition system does not compromise
safety from the standpoint of vehicle handling and/or visibility.
ORNL is also to ensure that the system is as unobtrusive to the
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driver of the vehicle as possible. All instances where either the
operation of the vehicle or performance of the driver |is
unavoidably compromised by the data acquisition system are to be
documented. At no time, however, is the safety of the driver to

be compromised.

An evaluation plan is to be prepared 17 months after the project
beglns (i.e., December 1993). At that time the methods to be
employed in the test, number and types of participants, total
number of sessions, etc., will be determined.

The actual pilot test will be completed within 3 months of
initiation. The test is to be conducted both at a test track and

on open road.

III. Possible Hazards and their Evaluation

All possible hazards of the driver performance data acquisition
system on the driver will be considered during the design and
development of the system. By the time the data acquisition system
is pilot tested all of the possible hazards to the human will have
been identified and the system designed so that none of the hazards
can or will occur. Invasive clinical procedures will not be

applied.

IV. Radioisotopes and New Drugs

No materials of this kind will be involved in the research.

V. Responsibility of Principal Investigator

The rights of the participants in the pilot test will be protected.
None of the testing procedures will violate the rights of the
human. A form will be prepared asking for the consent of the
drivers before they engage in the pilot test.

~ V. Responsibility of Principal Investigator (Continued)

The principal investigator will follow the procedures of the
Committee on Human Studies in obtaining "informed consent"
from the subjects under study. The investigator recognizes
that he retains the primary responsibility for safe-guarding
the interests of the participants under study. Any
significant changes in methods of procedures or of the
development of unexpected risks will be brought to the
attention of the Committee on Human Studies.

Starting Date: March 1994
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Signature: Principal Investigator

DIVISION REVIEW:

The application described above has been reviewed and approved for
submission to the ORAU/ORNL Committee on Human Studies.

Official signing for the institution: ﬂ(u} Q

Signature Robert C. Ward/D. E. Reichle

Title Director, Engineering Physics and Mathematics Division

Institution Oak Ridge National lLaboratory

Date June 30, 1992

e

David E. Reichle, Associate Director
Oak Ridge National Laboratory
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Engineering Physics and Mathematics Division
\’ﬂ OAK RIDGE NATIONAL LABORATORY
CONSENT FOR RESEARCH S8TUDY

Title of Project: Development of a Portable Driver Performance Data
Acquisition System for Human Factors Research

Principal Investigator: Richard J. Carter

Name of Volunteer: Age:

The purpose of the study: The objective of the study is to pilot test a
driver performance data acquisition system for the National Highway Traffic

Safety Administration. Volunteers will drive a vehicle (automobile or truck)
on. a test track and/or on the open road. While they are driving their
behavior/performance will be monitored. The recorded data will be used to
analyze and validate the data acquisition system.

The procedures to be done are as follows: I will drive a vehicle during
which time my driver behavior/performance will be gathered. My steering
behav1or, brake application, accelerator application, fidget index (movement
in the seat), eye/head movement, vigilance, attention/distraction, speed
maintenance, and headway/speed dlfferentlal will be monitored. These
measurements will be taken as unobtrusively as possible.

;—éotent;al benefits of the study: Since the intent of the proposed pilot test
4 is test/validate an ORNL data acquisition system for human performance

research, I understand that there are no anticipated benefits to me as an
automobile or truck driver. I further understand that this pilot test is
part of a research program and the data will be used to validate the driver
performance data acquisition system.

TO PERSONS WHO AGREE TO PARTICIPATE IN THIS STUDY:

The'information on this form has been given to me to inform me about this
project and my participation in it. I have been asked to read this form
carefully. All my questions about the study and the procedures required to
2252he study have been answered by Mr. Richard Carter at ORNL, (615) 574-

I understand the purpose of the study, the procedures involved, and the
possible risks and potential benefits.

I have been informed that I may decline to participate in the study. I
freely and voluntarily choose to participate.

Date

Signature of Volunteer

J Signature of Witness
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ORAU-ORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title
A . Development of a Portable Driver Performance Data

Acquisition System for Human Factors Research

Principal Investigator ___Richard J. Carter

VOTE OF COMMITTEE

Signature Approve "~ Disapprove Comment Date

10.

11.

12.

13.

14.

Chairman’s statement of Committee consensus:

~’
/

1-31-92
1048310 : Date
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X

REVIEW AND ACTION
ORAU/ORNL Committee on Human Studies

Principal Investigator Richard J. Carter Ident. No 24

Project Title_Development of a Portable Driver Performance Data Acquisition System for
Human Factors Research

1. In the opinion of this committee the rights and welfare of the subjects in this project or
activity will be protected. The committee states that adequate safeguards against any
untoward effects have been provided.

2. In the opinion of the committee the informed consent procedures to be used in this
project will be both appropriate and adequate. The committee also finds that no
inappropriate psychological or sociological risks will exist for the subjects involved in this
project.

3. The committee seeks continuing communication with the investigator(s) on this project
along the following lines:

4. Other committee comments:

Approve ‘/ | L:Wi g. —\-\5\,\_‘_‘ s
' Chairman of Committee

Disapprove la] G

Date
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\ . Associated  post Office Box 117 Sciences

~(

| Universities  Oak Ridge, Tennessee 37831-0117 Division

MEMORANDUM

TO: Richard J. Carter

Bill Knee

ORNL MS 6360
FROM: Dr. Karl Hubner, Chairman

ORAU/ORNL Committee on Human Studies
DATE: July 1, 1992
RE: DEVELOPMENT OF A PORTABLE DRIVER PERFORMANCE DATA

ACQUISITION SYSTEM FOR HUMAN FACTORS RESEARCH

After reviewing the summary of your proposal, and after discussion of the subject with two other
committee members, I have determined that the proposal should be reviewed by the full ORAU/ORNL
Committee on Human Studies at its next scheduled meeting the last week of July 1992. I hope this does
not inconvenience you or delay the start of your project. The starting date indicated on the bottom of
page two of the application indicates that a delay of four weeks will not make a significant difference.

Please submit 16 copies of your entire proposal, along with your proposed consent form, to Ms. Marta
Rivera, ORISE/MSD, for distribution to the committee by the end of next week. You will be informed
of the committee decision during first week of August 1992,

If you have any questions, please contact Ms. Becky Hawkins (6-1725) who is assisting Ms. Rivera
during the transition of the committee’s secretarial duties.

KFB:bh
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(DR Oak Ridge Medical
RN ‘(f Associated  Post Office Box 117 Sciences

Universities  Oak Ridge, Tennessee 37831-0117 Division
MEMORANDUM
TO: Richard J. Carter
Bill Knee
ORNL MS 6360
FROM: Dr. Karl Hubner, Chairman
ORAU/ORNL Committee on Human Studies
DATE:  July 6, 1992
RE: , DEVELOPMENT OF A PORTABLE DRIVER PERFORMANCE DATA
ACQUISITION SYSTEM FOR HUMAN FACTORS RESEARCH
\;._/ T'have discussed your proposal again with Mr. Mel Koons, and have determined that your proposal does,
- in fact, meet the criteria for expedited review. Approval for this project is granted at this time with the
understanding that it will be reviewed by the full committee at the time of our next meeting at the end
of July.
Please submit 16 copies of your proposal to Ms. Marta Rivera, ORISE/MSD, by the end of this week
for distribution to the committee.
KFB:bh
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OAK RIDGE INSTITUTE FOR SCIENCE AND EDUCATION

AALIDICAL SO ENICES IV S

ORAU/ORNL COMMITTEE ON HUMAN STUDIES

TO: Dr. Richard Carter
FROM: Dr. William CalhouﬁmHLAD

Chairman, Committee on Human Studies
RE: COMMITTEE ACTION ON NEW PROPOSALS
DATE: August 3, 1992

Your project number ORNL-24 "Development of A Portable Driver
Performance Acquisition System for Human Factors Research" was
reviewed and approved at our last meeting held on July 31, 1992.
The Committee feels that the consent form should be revised to keep
confidentiality of the driver's record.

Progress reports of all active proposals will again be reviewed at
our next meeting to be held in the fall of 1992.

mvr

P.O. BOX 117, OAK RIDGE, TENNESSEE 37831-0117
‘ 0 "‘ 8 3 -‘ Hanoged and operated by Oak Ridge Associoted Universities for the U.S. Department of Energy



PROTECTI NG e

HUMAN SUBJECTS S

Office of Heatth and Environmental Research U.S. Department of Energy

: ~» "PROJECT SUMMARY . :

Policy: Research activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilities, or conducted by DOE personne] must be approved or exempted from review in
accord with 10 CFR Part 74S. Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

[T
1. Project Title
Develogment of a Portable Driver Performance Data Acquisition System for

Human Factors Research
2. Principal investigator ' ’ Telephone Number
Richard J..Carter (615 574-6454

Mailing Address — Include full  perf
Oakan:Ldge Na':;ongluﬁ%ger:&nl!mmm. 0. Box 2008, Bethel Valley Road

Building 6025, Mail Stop 6368 Oak Ridge, TN 37831-6360

3. Institutional Assurance Number (if issued)' 4. Project Number® OepL- 24
' DOE No. 2088-F077-Al

5. Annusl Funding:

Give actual funding or check the amount closest to the estimated total for the current DActunl Funding
Federal fiscal year. whether requested or obtained. Include both direct and indirect costs. $
s10,000 Qs100,000  xk3s500,000 51,000,000 Q) s5,000,000

6. Funding Sources
A. Name DOE Program OfTice (see list in attachment). if applicable.
B. Name non-DOE sources of funding (up 10 two), if applicable.

A. DOE Progrsm Otfice

Contact Person Telephone Number

B. Non-DOE Source
National Highway Traffic Safety Administration

Non-DOE Source
Michael J. Goodman (202) 366-5677

' Under 10 CFR Part 745, insututions are required 1o file an assurance of compliance with the regulations with DOE or the Depantment of
Hcalth and Human Services. The Depaniment involved may then issue an assurance number.

! Each prosect must have a unigue identificaion aumber assigned by the insutution—for example, ANL-94/101.
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7. The Project has been reviewed and approved by the Institutional Review Board (IRB)
as required under 10 CFR Part 745,

A. Type of Review

XZXFull Board

For a list of research not requiring IRB review, see Attachment.

U Expedited

For an explanation of projects that qualify for expedited reviews, see Attachment.

8. Type of Approval
O New Q) Annual Renewal v XC¥Other

C. IRB Approvs! Dete
July 31, 1992

8. This Project invoives the following collaborating institutions (list 8 maximum of two):

None

8. Vuinerable Populations
XX This project does not involve vulnerable populations.
O is project involves the following vuinerable populations:

D Minors D Mentally Disabled D Prisoners
DFﬂuuc. Pregnant Women, In Vitro Fertliization . D Economically or Educstionally Disadvantaged

e
10. Type of Research
Check all categories that apply.

D%idcmiology(using personally identifiable dala)—
wd Using data collected directly from human subjects.
Using existing data.
Q Diagnostic studies using radiation or chemical agents in tracer amounts.
Cl'l'hcrapeutic studies using radiation or chemical agents.
~ O studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids. cells, or tissues—
Specimens coliected directly from human subjects for this project.
DSpecimens obtained from secondary sources (e.g.. hospitals, laboratories).
XL nstrument development and testing using human subjects.

DSurveys that collect personally identifiable data.

Q) Environmental studies using human subjects to evaluate weatherization options, habitat alteration,
or similar.

QdOther. Please identify
N :
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11. Abstract

Provide a brief abstract that includes the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
the categories checked in Item 11).

The overall objective of the research is to develop a portable driver performance data
acquisition systemn which will be used to evaluate new Intelligent Vehicle/Highway
System Technologies. The system will allow driver performance data to be collected
using a large variety of vehicle types and that would be capable of being installedon a
given vehicle within a short time frame. The proposed system will be developed and
implemented in two phases. During the first phase a feasibility study of developing the
data acquisition system will be conducted. In the second phase the prototype driver
performance data acquisition system will be constructed and evaluated.

B. Specify the number of human subjects involved each year.

2-4 The drivers will be either ORNL or NHTSA employees.

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

During Phase II of the research a pilot of the driver performance data acquisition system
will be conducted. Vehicles driven by humans will be part of the evaluation. The pilot
test will evaluate the impact on driveability of the vehicle and obtrusiveness of the data
acquisition system to the driver. ORNL is to ensure that the data acquisition system
does not compromise safety from the standpoint of vehicle handling and/or visibility.
ORNL is also to ensure that the system is as unobtrusive to the driver of the vehicle as
possible. All instances where either the operation of the vehicle or performance of the
driver is unavoidably compromised by the data acquisition system are to be
documented. At no time, however, is the safety of the driver to be compromised.

D. List the chemical or radioactive materials, if any, that are used in the study, and identify
the route of exposure,

None

Jee reverse jur approvai signatures. \

1048311
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The official signing below centifies that the information provided on this form is correct and that the institution assumes responsibility for
future reviews, approvals, and submissions of project summanes. which are all required at least once a years.

Signa ‘kljz?yfgiffhzzgé ?f

Date

(far/re

“ Printed or Typed Name

David E. Reichle

Telephone Number
, (615) 574-4333

For DOE Use Only

Date Received by ER-70

Date
O accepted

O Retumed 16 Originator

Reason for Return

DOE Reviewers

1048318
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Identification No. OLML-2$
APPLICATIONFORTHEUSEOFHUMANS ASEXPERIMENTAL SUBJECTS

To: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities (ORAU) and
Oak Ridge National Laboratory (ORNL)

Date: March 8, 1993

Principal Investigators: Joseph H. Goldberg, Ph.D 4-61 -
(visiting scientist from Penn State University; ORAU Faculty
Fellowship Program)

ack chryver, Ph.D. (ORNL)4-4710; 6025 MS-

Co-Investigators: (none)

Title of Project: Discrimination of User Zoom Intent from Eye-Gaze

| I. 'Obiec'tive of Exmﬁméﬁg:

This experiment will obtain empirical data on eye-gaze characteristics just priortoa
decision of whether to zoom-in or zoom-out at a computer interface. This
information is necessary to determine if cameras or process control simulations may
be controlled by a user’s real-time eye-gaze. If definable eye-gaze patterns do exist
prior to such operations, then the zoom control aspects of these interfaces may be
controlled by eye-gaze, freeing up the hands for routine interface and telerobotic
control. New applications for those with certain disabilities may also be possible.

II. Methods of Procedure:

About 20 subjects will participate in this study of eye-gaze characteristics just prior
to zoom-in or zoom-out decisions. During the experimental trials, each subject will
participate in a single session for 30-60 minutes. Subjects will be recruited from
ORNL employee volunteers, and possibly from local colleges and universities
depending upon availability.

Each subject, tested separately in a private office, will sit in front of a Unix computer
workstation, and asked to view and compare a series of 96 trials of stimuli on the
screen. On each trial, aninitial test stimulus will be presented for the subject to
memorize. Following a short pause, a comparison stimulus will be presented. To
express whether the test and comparison stimuli are the same, the subject will makea
"same" or "different” response by pressing "s" or "d" keys on the computer
keyboard. On most trials, the subject will need to zoom-1n or zoom-out from the
comparison stimulus, prior to making a response, to obtain additional information.
The zoom-in and zoom-out are effected by pressing the left or right mousebuttons,
respectively. The subject’s eye-gaze locations on the screen during the trial willbe
collected by a commercial, non-invasive eye-tracking system, as explained below.
The camera from the eye-tracking system is not attached to the subject, and resides
justunder the computer display. The subject will rest his chin in a comfortable chin
rest during these trials.
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III.

IV.

A calibration procedure for the eye-tracking system precedes the experimental trials
described above. For this procedure, the subject places his chin in the chinrest to
maintain a reasonably stationary head position, then looksinto the infrared-sensitive
eye-tracking camera with 75 mm lens. A computer-controlled sequence of circles
presented on the display is then initiated. The subject fixates each of the 10 circles as
they are displayed. The system repeats the calibration untila criterion accuracy is
achieved.

Possible Hazards and Their Evaluation;

This study involves behavioral research with minimal risk to human subjects.
Subjects will be tested individually in a private office environment, without invasive
clinical procedures. Subjects will perform simple visual scanning and comparison of
displayed objects ata workstation. This willbe doneina self-paced manner, without
stress. The procedure includes no deceptive or behavioral manipulations, and
confidentiality will be ensured via numerical encoding of all subjectidentities.

The eye-tracking hardware, manufactured by LC Technologies, Fairfax, VA, usesa
pupil-center/corneal-reflection algorithm to determine eye-gaze direction. A small,
low-power, infrared light-emitting diode (LED) located at the center of the camera
lens illuminates the pupil of the eye. The LED generates both a bright pupil for
camera view enhancement and a corneally reflected light glint. Therelative
relationship of the glint to the modeled pupil is used by the computer software to
infer gazepoint direction. The LED wavelength is 880 nm (near-infrared), and hasa
beam width of 20 degrees between half power points. The radiated poweris20mW,
over the 20 degree beam width; the safety factoris 5. Atarange of 15 inches, the
LED illumination on the eye is 20% of the US Dept. of Health and Human Services
maximum permissible exposure. Theonly noticeable effect of LED illumination is
that prolonged exposure (i.e., several hours) sometimes dries the eye. In thisstudy,
subjects will be provided with several rest periods over the course of experimental
testing. Inaddition, subjects will be instructed to take a break whenever they feel it
isnecessary, as the task is self-paced.

Radioisotopes and New Drugs:

No materials of this kind are involved in this study.

Responsibility of Principal Investigators:

The principal investigators will follow the procedures of the Committee on Human
Studies. Theexperimental protocol has minimal risk, and visual search of computer
displaysisan accepted daily occurrence in office work environments. Theeye
tracking procedure is well-accepted and non-invasive. Informed consent will be
obtained from all participants, as shown in an attached sample form, which also
contains the explanation of study.

The principal investigators recognize their primary responsibility for safe-guarding
the interests of the participants under study. Significant changesin methods of this
procedure, and development of unexpected risks will bebrought to the attention of
the Committee on Human Studies.
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Engineering Physics and Mathematics Division
OAK RIDGENATIONALLABORATORY

Explanation of Research Study and Informed Consent Form
Project: Discrimination of User Zoom Intent from Eye-Gaze

Principal Investigators:  Joseph H. Goldberg, Ph.D. (574-6198)
Jack C. Schryver, Ph.D. (574-4710)

Participant’s Name:

Participant Number/ID:
.~ EXPLANATION OFSTUDY

urpose of Stu

This study will obtain empirical dataon eye-gaze characteristics just prior to a decision of

whether to zoom-in or zoom-out at a computer interface. Thisinformation is necessary to
determine if cameras or process control simulations may be controlled by a user’s real-time
eye-gaze. If definable eye-gaze patterns do exist prior to such operations, then the zoom
control aspects of these interfaces may be controlled by eye-gaze, freeing up the hands for
routine interface and telerobotic control. New applications for those with certain disabilities
may also be possible.

Study Procedure;

During the study, you will need to place your chinin a chinrest. This will ensure that the
head is relatively steady. The study willinclude the following procedures:

1. Calibration to a workstation display to permit the eye-gaze hardware to accurately track
your eye movements. You will lookinto the camera toinitiate the calibration, then view
small circles sequentially displayed on the computer display. Several calibration cycles
may be required to achieve necessary accuracy.

2. About 100 experimental trials will be conducted, during which you will view objects on

the computer display, and determine if they represent the same or different objects. You
will respond using keys on the computer keyboard, and will zoom-in or zoom-out (when
additional information is necessary) using buttons on the mouse. Several seconds will
elapse between each trial, and you may take longer rest breaks whenever required. You
may also terminate the experiment at any time by telling the experimenter.

tudy Duration:

The entire study will take less than an hour, including instruction and practice. Several rest
periods will be provided, but if you become fatigued at any time, you may stopand rest.
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Discomforts, Inconveniences, or Risks:

A camera with a very low power infrared light source will be used to track your eye position
during the experiment. Prolonged exposure to this may cause some drynessin your eyes. If
your eyes feel dry, please notify the experimenter so the study may be paused.

Potential Benefits:

This study will determine if any discriminable eye movement patterns or characteristics
precede a zooming-in or zooming-out operation at the computer interface. If such
characteristics exist across many subjects, then a demonstration program will be written to
perform the zooming-in or out in real-time, just from eye-gaze. Ultimately, many computer
operations may be controllable from eye-gaze. New applications may then be developed for
camera and robotic control, and for those with significant disabilities. Following the study,
you may contact either of the principal investigators for follow-up information and published
results.

INFORMED CONSENT

 The information on this form has been given to me to inform me about this research project

and my participation in it. I haveread it carefully, and all of my questions about the study,
and its procedures, have been answered to my satisfaction.

I have been informed of the purpose of the study and the procedures involved. Tunderstand
that confidentiality will be ensured and that my name will not be associated with any results
from this study. Iunderstand thatany information gained in this study becomes the property
of ORNL and may be published in the scientific literature or used for other purposes which
ORNL deems proper in the interest of education, knowledge, or research.

Iam freely volunteering for this study. Iunderstand thatI may, atany time, withdraw from
continued participation in this study without suffering any penalty or prejudice. Iam freely
and voluntarily choosing to participate.

Date; Signature;__
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

INSTITUTIONAL REVIEW AND APPROVAL

STARTING DATE: \Z

SIGNATURES: (]wnk \§ %@UA/

” Principal Investigalér

MC /VZ;/A

Principal Investigafor

DIVISION REVIEW:
The application described herein has been reviewed and approved for submission to the
ORAU/ORNL Committee on Human Studies.

Signature: W

Title: Director, Engineering Physics and Mathematics Division

Institution: Qgak Ridge National Laboratory

Date: Mo L \g, 1443

INSTITUTIONAL APPROVAL:

The application described herein has been reviewed and approved for submission to the
ORAU/ORNL Committee on Human Studies.

Signature: \@'»L g ,g«—lé‘_

Title: Associate Director, Environmental, Life. and Social Sciences

Institution: Qak Ridge National Laboratory

Date: MM(‘/{_ /{}/ /fig

March 12, 1993
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THE EYEGAZE™ DEVELOPMENT SYSTEM

A TOOL FOR HUMAN FACTORS APPLICATIONS

LC Technologies, Inc.

4415 Glenn Rose Street
Fairfax, Virginia 22032

(800) 733-5284
(703) 425-7509
FAX: (703) 323-4782

)\\-/
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ORAU/ORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title: Discrimination of User Zoom Intent from Eye-Gaze

\;rinclpal Investigator: Joseph Goldberg, Ph.D.; ORNL
Jack C. Schryver, Ph.D.; ORNL
| VOTE OF COMMITTEE
Signature ' Approve , Disapprove Comment  Date
L el T Llzclar
2 4/ v éA ﬁ%‘j
s Mttty s le
4. L%Z / v | A /2> / AL
. Iz\. gL ... 2 .Z—/-‘ - . é/"j/ﬁ
6 SLAH A 3y ~/ (25,92
1 A7 '7,‘4‘;/ 7,7 Mk £ 287973
<L Yoo e / efzs /a3
fh;ﬁh;%}#%@ﬁL. v bl
10.
11.
12.
13.
14.
Chairman’s statement of Committee consensus:
N’ Date
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PRQTECTING

HUMAN SUBJECTS 5’

U.S. Depariment of Energy

Policy: Research activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilitics, or conducted by DOE personnel must be approved or-exempted from review in
accord with 10 CFR Part 745, Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

7 e A
1. Project Title

Discrimination of User Zoom Intent from Eye-Gaze

2. Principal Investigator Telephone Number
Jack C. Schryver (615) 574-4710

Mailing Address — Include (ull name of performung insumton,
Oak Ridge National Laboratory
Bldg. 6025, Mail Stop 6360

P. 0. Box 2008, Oak Ridge, TN 37831

3. Institutional Assurance Number (i issued)’ ) 4. Project Number?
ORNL - 25

S. Annual Funding:
Give actual funding or check the amount closest (0 the estimated total for the current @Amunl Funding
Federal fiscal year. whether requesied or obtained. Include both direct and indirect costs. $ _0.00

Jsw0000  Usto0000  ss00,000 Q51,000,000 Q s5,000,000

6. Funding Sources :
A. Name DOE Program Office (see list in attachment), if applicable.
B. Name non-DOE sources of funding (up 1o two), if applicable.

A. DOE Program Otfice
Office of Advanced Reactor Programs

Contact Person Telephone Rumber

Harry Alter (301) 903-3766
8. Non-DOE Source
Oak Ridge Assoclated Universities

Non-DOE Source

* Under 10 CFR Pant 745. insututions are required 10 fike an assurance of compliance with the regulations with DOE or the Depantment of
Health and Human Scrvices. The Depanimeni involved may then issue an assurance number.

! Each project must have » unique identification number assigned by the institution—for example, ANL-94/101.
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7. The Project has been reviewed snd approved by the institutional Review Board (IRB)
as required under 10 CFR Part 745,

A. Type of Review

QFull Boarc .
For a list of rescarch not requiring IRB review, see Attachment.

b0’ Expedited

For an explanation of projects that qualify for expedited reviews, see Anachment.

8. Type of Approval
T New (J Annual Renewal Qother

C. IRB Approval Lste
March 22, 1993

8. This Project invoives the following collaborating institutions (list a maximum of two):

8. Vuinerable Poj ulations
3 This project docs not involve vulnerable populations.
J This project involves the following vulnerable populations:

3 Minors D Mentally Disabied D Prisoners

D Fetuse:. Pregnant Women, In Vitro Fertilization D Economically or Educstionally Disadvantaged

10. Type of Research

Check all categories that apply.
aEﬂidemiol -~7{using personally identifiable data)—
Using ¢...u coilected directly from human subjects.
~d Using ex.sting data.
DDiagnoslic studics using radiation or chemical agents in tracer amounts.

aThcrapeutic studies using radiation or chemical agents.

D Studies of 2u;vsuie. effects, health, or monitoring using human urine, blood, other body
ﬂuiés. cells, . .isues— '

. -
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11. Abstract
Provide a bric{ absiract that includes the following information:
A. Sumn..ri:- . ¢ objectives and methodology of this research project. (Explain clearly why it belongs in
the ca. i checked in ltem V1),

The objecti.. - . this research was to develop methodologies tr discriminate user
intent sole.- .rom eye-gaze. In this experiment, zoom intent was investigated
for applicat..a to development of a natural interface for camera zoom, pan, and
tilt in tele.pcrated robotic platforms. Testing of human subjects occurred
while participatusuts were seated before a computer workstation monitor. The
participants povi .rmed an eye tracker calibration procedure with the head
supported 1 : ‘...u rest. They were briefed on all phases of the procedure,
and then pe:/.: v. a few practice trials. The participants completed
approximate. ; ..J test trials. The trials were simple repetitive problem-solvinp
tasks complv.. . at the workstation. A same/different comparison procedure was
used in whic+ iurticipants were first shown a simple test stimulus and then a
comparison s:.imulus. The subject zoomed-in or zoomed-out from the comparison
stimulus to make ..e same/different determination. Eye gaze measurements were
recorded duri:; ... zoom intent phase. Experimental sessions were approximately
60 minutes .. :.:.cion.

B. Specif, it ......ber of human subjects involved each year.
Eleven humat :.:iects participated during the FY-1993.

C. Desente the i.roi vement of human subjects and the risks, if any, to which they are exposed.
The particiizi... umpleted tasks at a computer workstation while their
performance ... ricorded. The tasks were not significantly different from those

‘ ordinarily ;... .:med by office workers on computers. Eye movements were
N~ recorded by ..~ :re-Caze System marketed by L. C. Technologies. Inc. of

Fairfax, VA. Iue eyetracker utilized an infrared LED source mounted on a
camera lens t: i’.:ninate the pupil and generate a corneal glint. These
‘phenomena we:e¢ .i¢.::ted and utilized by the eyetracker to calculate eye-gaze
point-of-regur:. he amount of infrared illumination on the eye at a range of
15 inches i L¥7 .. the HEW maximum permissible exposure according to vendor
performance - .. ..ications.

D, Listth: ...ie.vx .riadioacuve matenals, if any, that are used in the study, and identify

therou o ¥ co . sure.
NA

See reverse forc, .+.r i i nalures.
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The official signing t ...« .. +.c5 thal the information provided on Uus form 15 comrect and that the INELHULION ASSUMES responsibality for
fulure reviews, Bppro ... wri soomussions of progect summanes. which are a)l required at least once a year.

S
Sigpfatu oflns..-..";:,n‘i‘,,:;‘i;:},:]
Mv(’ e “M,CZ—»
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' POST OFFICE BOX 2008
YAK RIDGE NATIONAL LABORATORY . OAK RIDGE, TENNESSEE 37831

HANAGED BY MARTIN MARD‘EﬁA ENERGY SYSTEMS, INC.
FOR THE U.S. DEPARTMENT OF ENERGY

June 22, 1993

Dr. William H. Calhoun, Chair
ORNL/ORAU Committee on Human Studies
312 Austin Peay Hall

Department of Psychology

University of Tennessee

Knoxville, TN 37996-0900

Dear Dr. Calhoun:

Enclosed you will find a review application for the proposed involvement of human
subjects in a Native Hawaiian Ethnographic Survey for the Hawaii Geothermal Project
Environmental Impact Statement. This environmental assessment is being prepared by
ORNL staff under the direction of the Department of Energy.

The enclosed application includes a rationale for obtaining informed consent and a
sample informed consent document designed to meet the requirements described in the
Committee's guidelines, "Assurance of Compliance with HHS Regulations for Protection
of Human Research Subjects (p. 6). " However, the document does not describe

N\ "discomforts" or “alternative procedures” because the study involves no human health

' risks and only minimal risks to individuals' well-being as described in the guidelines (p.
17). The research involves neither "[manipulation of] subjects’ behavior... [nor] stress to
subjects (p. 17)." ORNL staff therefore request approval of this modification on the
basis of DOE's regulations on Protection of Human Subjects [10 CFR Ch. III 745.116
(d) (1)], which state that a review board may approve a consent procedure which does not
include, or which alters, some of the basic elements of informed consent, provided the
research involves no more than minimal risk to the subjects. Furthermore, since the
study described involves no more than minimal risk to human subjects, we also request
an expedited review, as outlined in the Assurance of Compliance guidelines (pp. 16-17).

We appreciate any comments the Committee may have on how best to safeguard the
interests of participants in this survey. Any changes to the informed consent document

recommended by the Committee, or that result from a concurrent review being conducted
by DOE, will be adopted as necessary.

Sincerely,

James Saulsb

JWS:sgs
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Application for the Use of Humans as Experimental Subjects

To: Committee on Human Studies
Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Date _%Z%[j 3

Principal Investigator: James Saulsbury’

Title of Project: Native Hawaiian Ethnographic Survey,
Hawaii Geothermal Project Environmental Impact Statement

~Oak Ridge National Laboratory (ORNL) is currently assisting the Department of
Energy (DOE) in identifying and evaluating the potential environmental impacts of the
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation
pertaining to the protection of cultural resources and Native Hawaiian cultural and
religious practices, ORNL has subcontracted with a team of professional consultants
located in Hawaii to conduct a Native Hawaiian ethnographic survey. This team, an
unincorporated affiliation of individual consultants known as Community Action
Network Developing Options (CANDO), consists of Dr. Luciano Minerbi, Dr. Jon
Matsuoka, and Dr. Davianna McGregor. Their fields of expertise at the University of
Hawaii include (respectively) planning, sociology, and ethnic studies.

To comply with various federal and State laws pertaining to the protection of
Native Hawaiian culture, preparers of the environmental impact statement (EIS) need
information from Native Hawaiians on their cultural resources and practices, and on
potential impacts to those resources and practices. To obtain this information, the
CANDO team will conduct a Native Hawaiian ethnographic survey in two stages. Tasks
for Stage 1 include: identify all Native Hawaiian groups and individuals likely to consider
themselves affected by the HGP, produce a background literature review using archival
and other primary sources, prepare a letter report on Native Hawaiian concerns regarding
archaeological investigation, develop procedures for maintaining confidentiality of
sensitive information, and complete a research design study plan.

Tasks for Stage 2 include: select participants for focus groups and ethnographic
interviews; collect data (conduct group meetings and interviews), analyze data, and
produce a final report. The report will include detailed analysis of traditional Native
Hawaiian sites, and of cultural and religious values, practices, and beliefs associated with
natural resources and prehistoric or historic sites. The report will also identify potential
impacts from the proposed HGP to cultural practices and resources, and identify
appropriate preservation measures or mitigation strategies.
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IL Methods of Procedure

Methods of soliciting information on such topics as gathering practices, religious
rituals, and sacred sites, and on Native Hawaiian concerns regarding their protection, will
include focus group discussions, moderated by a facilitator, and in-depth directed and
nondirected participant-observation interviews conducted by individuals with training in
ethnographic interviewing techniques.

IIL Possible Hazards

There are no potential human health hazards associated with this project.
However, the use of informed consent documents is warranted according to DOE
guidelines on the protection of human subjects [10 CFR Ch. III, prt. 745 (January 1,
1992)] for the following reasons: First, it may be difficult to ensure complete
anonymity for participants. Even if sources remain unnamed, traditional experts might
still be identified by members of their communities based on the content of their
information [745.101 (b)(4)). Given the sensitive nature of information about gathering
practices, sacred places, and burial sites, and given the lack of consensus among native
people about the potential extent of impacts to some of those practices and resources,
damage to individuals' reputations could occur [745.101 (b) (2) (i-ii)].

Second, some information is likely to be considered private rather than publicly
identifiable[745.101 (b)(4)]. Survey information on gathering practices, sacred places,
and burial sites could range from evidence of observable public behavior to individual
opinion or private knowledge, with many gray areas in between. Native people
sometimes refuse to speak for their community, tribe, or ethnic group, and maintain that
their opinions are their own. Many express concern that they not be identified as
spokespeople for the larger group.

Vv 101 nd New Dr

The study involves no use of radioisotopes or drugs.

V.R ibility of Princinal Invest

By approving the use of an informed consent document for this survey, DOE
maintains the right to cite subjects who grant permission (pending review of their
statements) for their names to be cited in a public document. DOE also builds evidence
of a good faith effort to fully inform subjects of the nature and intent of the survey and to
ensure the maximum possible confidentiality for those who indicate that they prefer to
remain anonymous. The attached sample informed consent document provides basic
elements of informed consent, as described in "Assurance of Compliance with HHS
Regulations for Protection of Human Research Subjects (p. 6)." However, because the
study involves only minimal risks to individuals (p. 17), the document does not describe
"discomforts" or "alternative procedures."

The principal investigator will follow the procedures of the Committee on Human
Studies in obtaining informed consent. The investigator recognizes that he retains the
primary responsibility for safe-guarding the interests of the participants under study. Any
significant changes in methods of procedure or the development of unexpected risks will
be brought to the attention of the Committee immediately.
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AGREEMENT TO PARTICIPATE IN

A Native Hawaiian Ethnographic Survey
for the
Hawaii Geothermal Project
Environmental Impact Statement

Sponsored by the U.S. Department of Energy

Oak Ridge National Laboratory (ORNL) is currently assisting the Department of
Energy (DOE) in identifying and evaluating the potential environmental impacts of the
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation
on the protection of cultural resources and Native Hawaiian customns and religion, ORNL
has subcontracted with a team of professional consultants located in Hawaii to conduct a

- survey of Native Hawaiian customs and religion. This team of consultants, who use the

name Community Action Network Developing Options, consists of Dr. Luciano Minerbi,
Dr. Jon Matsuoka, and Dr. Davianna McGregor. Their fields of expertise at the
University of Hawaii include (respectively) planning, sociology, and ethnic studies.

These consultants request your participation in a survey to gather information on
Native Hawaiian traditional and religious practices, and on potential impacts to those
practices from the proposed geothermal project. They will conduct group meetings and
individual interviews to gather the required information. Participation is completely
voluntary, and you may withdraw from a group survey or interview at any time. You
may also indicate, below, whether you wish to remain anonymous.

I certify that I have been told of possible risks involved in this project; that I have
been given satisfactory answers to my questions concerning project procedures and other
matters; and that I have been advised that I am free to withdraw my consent and to stop
my participation in the project or activity at any time.

I wish my identity to remain anonymous.

Signature of Individual Participant Date

Given the opportunity to first review any statement attributed to me, I would
allow citation in a public document.

Signature of Individual Participant Date

For more:.information about the survey, please contact Dr. Jon K. Matsuoka, University
of Hawaii at Manoa, School of Social Work, 2500 Campus Road, Honolulu, HI 96822,
(808) 956-6123.
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

INSTITUTIONAL REVIEW AND APPROVAL

STARTING DATE: é// '71/ 73

SIGNATURES: M

Principal Tigator

%/‘zﬂu

Principal Invesugator

DIVISION REVIEW:

The application described herein has been reviewed and approved for subxmssmn to the
ORAU/ORNL Committee on Human Studies.

Signature: Q 73 W
Title:

Institution: Qak Ridge National Laboratory
Date: b-24-43

INSTITUTIONAL APPROVAL:

The application described herein has been reviewed and approved for submission to the
ORAU/ORNL Committee on Human Studies.

Signature:
David E. Reichle
Title: Associate Director, Environmental, Life, and Social Sciences
Institution: Qak Ridge National Laboratory
Date: b/9/93
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ORNL-26
ORAUJORNL COMMITTEE ON HUMAN STUDIES YOTING RECORD

Proposal Number and Title:
-

Native Hawaiian Ethnographic Survcy, Hawaii Geothermal Project Environmental Impact Statement.

Principal Investigator: James Saulsbury

VOTE OF COMMITTEE
Signature : Approve Disapprove Comment Date
/1-00-9F
f 16 .91
14
te
,) \_‘ . / .
«:L%L\ . “fo/s 5
707
t/ te/es
Yife 3
9.
10.
11.
12
13.
14,

Chairman’s statement of Committee consensus:
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"AK RIDGE NATIONAL LABORATORY POST OFFICE BOX 2008

. OAK RIDGE, TENNESSEE 37831
ANAGED BY MARTIN MARIETTA ENERGY SYSTEMS, INC.
FOR THE U.S. DEPARTMENT OF ENERGY

June 22, 1993

Dr. William H. Calhoun, Chair
ORNL/ORAU Committee on Human Studies
312 Austin Peay Hall

Department of Psychology

University of Tennessee

Knoxville, TN 37996-0900

Dear Dr. Calhoun:

Enclosed you will find a review application for the proposed involvement of human
subjects in a Cultural Resources Survey for the Hawaii Geothermal Project
Environmental Impact Statement. This environmental assessment is being prepared by
ORNL staff under the direction of the Department of Energy.

-The study involves no human health risks and only minimal risks to individuals'

+well-being as described in the Committee's guidelines, "Assurance of Compliance with

~HHS Regulations for Protection of Human Research Subjects (p. 17). " The research
involves neither "[manipulation of] subjects’ behavior... {nor] stress to subjects (p. 17)."

o/ ORNL staff therefore request an expedited review, as outlined in the Assurance of

’ Compliance guidelines (pp. 16-17).

We appreciate any comments the Committee may have on how best to safeguard the
interests of participants in this survey. Any changes recommended by the Committee
will be adopted as necessary.

Sincerely,

James Saulshlry

JWS:sgs
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Application for the Use of Humans as Experimental Subjects

To: Committee on Human Studies
Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Date _6 /22/13

Principal Investigator: James Saulsbury

Title of Project: Cultural Resources Survey,
Hawaii Geothermal Project Environmental Impact Statement

Oak Ridge National Laboratory (ORNL) is currently assisting the Department of
Enérgy (DOE) in identifying and evaluating the potential environmental impacts of the
500-megawatt Hawaii Geothermal Project (HGP), a project proposed to Congress by the
State of Hawaii in 1990. To assist DOE in complying with federal and State legislation
pertaining to the protection of cultural resources and Native Hawaiian cultural and
religious practices, ORNL has subcontracted with a State-approved archaeological firm,
International Archaeological Research Institute, Inc. (IARII), located in Hawaii, to
conduct Phase I surveys of cultural resources in two project areas on the islands of
Hawaii and Maui. Cultural resources to be identified include prehistoric, historic, and
traditional sites.

1 Obiectiv

To comply with various federal and State laws pertaining to the protection of
cultural resources, preparers of the environmental impact statement (EIS) must solicit
information on cultural resources, determine the significance of those resources, and
evaluate potential impacts to the resources from the proposed project. To obtain the
necessary information for the HGP EIS, a cultural resources survey will be conducted in
two stages. In Stage 1, JARI will develop two regionally-specific research designs
resulting in a predictive model for a Phase I cultural resources survey of the Big Island
project area and a general plan for a Phase I cultural resources survey of the Maui project
area. These research designs will provide the basis for locating cultural remains in each
of the two project areas and for determining their potential eligibility for listing in the
National Register of Historic Places according to criteria listed in 36 CFR, Part 60, of the
National Historic Preservation Act. In Stage 2, JARII will conduct a verification survey
for each of the two project areas. Following completion of each survey and analysis of
results, the subcontractors will produce a separate final report on the Phase I survey of
cultural resources for each project area.

II h f Pr

In Stage 1, TARII will conduct a background literature review of previous
archaeological research and other relevant documents (such as aerial photographs and
environmental studies) that illuminate prehistoric and historic land use in the project area.
IARII then will conduct a preliminary reconnaissance survey of each project area. The
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reconnaissance surveys will consist of: a helicopter survey of each project area to
identify factors relevant to conducting the full verification survey; a windshield survey to
identify access routes, potential survey problems, and major cultural resources; and a
limited ground survey of easily accessible sample areas. These initial surveys will
familiarize personnel with the topography and vegetation of the project corridor, enable
personnel to determine the best means of access for the survey crew, and identify
problems that might be encountered during verification surveys.

In Stage 2, IARII will conduct a verification survey for each of the two project
areas to provide data from a cross section of topographic and geological formations, soil
types, and historic land use patterns. Field verification of the Big Island predictive model
will consist of stratified sampling of an appropriate percentage of the total acreage, along
with areas of probable density, to be determined by the predictive model. Field
verification in the Maui project area will consist of a pedestrian reconnaissance survey of
a 20-mile long, 200-foot wide corridor, following as closely as possible the proposed
transmission corridor. .

Most of the information required for this study is collected by means of physical
archaeological procedures and a background literature review. However, IARII staff may .
need to consult with local people on occasion. In the case of traditional Native Hawaiian
sites, such as burial sites or sacred places, local informants' knowledge could be
valuable.

' [IL. Possible Hazard

There are no potential human health hazards and only minimal risks of other kinds
to human subjects associated with this project. In accordance with DOE guidelines on
the protection of human subjects [10 CFR Ch. II, prt. 745 (January 1, 1992)], the
requirement for informed consent does not apply to this study for two reasons. First, in
the case of sensitive cultural information concerning burial sites and sacred places,
archaeological reports prepared for public release typically maintain strict confidentiality
of locations and sources. Examples of federal regulations addressing confidentiality of
sensitive cultural information include the Department of Energy's Implementing
Procedures and Guidelines for the National Environmental Policy Act [10 CFR 1021.340
(a-b) (April 24, 1992)] and the National Historic Preservation Act of 1966, as amended in
1992 [16 U.S.C 470w-3, Sec. 304 (a)]. Thus, it is reasonable to assume that anonymity
of }éuman subjects can be maintained, as required in [745.101 (b)(4)] of the DOE
guidelines. ‘

Second, in the case of non-sensitive cultural information, the risk of damage or
stress to human subjects is small because the study emphasizes physical evidence about
culturally significant sites and artifacts. With the exception of traditional cultural sites
(many of which require confidential treatment), the evidence required for documentation
is largely physical. Information gathered from local informants serves a supplemental
role. Should such information assume an uncharacteristically prominent or controversial
role in this study, an informed consent document could be modeled after the one
currently proposed for a companion study, a Native Hawaiian Ethnographic Survey, that
does require documentation of informed consent from participants in interviews and
group meetings. However, due to the extensive protection afforded sensitive cultural
information by existing regulations and by standard archaeological procedures which
minimize attention to human subjects, damage to reputation or stress to subjects as
defined in [745.101 (b) (2) (i-ii)] of the DOE guidelines is unlikely.
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IV, Radioisotopes and New Drugs

The study involves no use of radioisotopes or drugs.

V.R ibility of Princinal Investi

The principal investigator will follow, and will direct subcontractors to follow, the
procedures of the Committee on Human Studies in obtaining informed consent. The
investigator recognizes that he retains the primary responsibility for safe-guarding the
interests of the participants under study. Any significant changes in methods of
procedure or the development of unexpected risks will be brought to the attention of the
Committee immediately.
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

INSTITUTIONAL REVIEW AND APPROVAL

~
- STARTING DATE: 3 [7/72
SIGNATURES: L M
/ Principal Invc%ﬁ(fr
K i d
Principal Investigator
: DIVISION REVIEW:
The application described herein has been reviewed and approved for submission to the
7 ORAU/ORNL Committee on Human Studies.
e’
Signature: ,(l B W _ -
Title:
Institution: Qak Ridge National Laboratory
Date: 6 —24-93
INSTITUTIONAL APPROVAL:
The application described herein has been reviewed and approved for submission to the
ORAU/ORNL Commirtee on Human Studies.
Signature: /\ x»s/é ; ﬂ
David E. Reichle
Title: i i i i n
Institution: Qak Ridge National Laboratory
kad Date: Q’/{/JU' Q{? /993
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ORNL-26-a
ORAUSORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title:

~ ’
Cultural Resources Survey, Hawaii Geothermal Project Environmental Impact Statement.

Principal Investigator: James Saulsbury

VOTE OF COMMITTEE

Sigg_mturc ) Approve Disapprove Comment Date
1. WM X [[~1)-PZ
1.10.93

U

]

vo/s 3

10.

11,

12

13,

14.

Chairman’s statement of Committee consensus:

Date
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PROTECTINGJM

HUMAN SUBJECTS Y

Office ot Health and Environmental Research U.S. Department of Energy

: PROJECT SUMMARY

Policy: Rescarch activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE). conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Part 745. Failure 10 comaply with these regulations may prevent DOE from authorizing or
funding an activity, or may iead the Department to suspend or terminate the project.

Directions: Instinntions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarners (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Rescarch. U.S. Department of Energy, Washington, DC 20585).

S

1. Project Tille  y.yaii Geothermal Project Environmental Impact Statement
(Cultural Resources Survey) ,

2. Principal investigator Telephone Number
R. M. Reed (615) 574-5756

Mailing Address — inciude tull name ot performung insutunon.

Qak Ridge National Laboratory

P.0. Box 2008, Oak Ridge, TN 37831-6200

3. institutional Assurance Number (if issued) 4. Project Number

-2
3345-3350 OlWF-2Car

5. Annual Funding:
Give actual funding or check the amount closest 10 the estimated total for the current @Actu-l Funding
Federal fiscal vear. whether requested or obtained. Include both direct and indirect costs. $ 205,000

—1s10.000 15100.000 15500.000 T)s1,000,000 () 55,000,000

6. Funding Sources
A Name DOE Program Office (see hst in attachment). if applicable.
B. Name non-DOE sources of funding (up to two), if appiicable.

A. DOE Program Otfice
Energy Efficiency and Renewable Energy

. Contact Person Telephone Number

I R. R. Kessler (202) 586-8089
B. Non-DOE Source

Non-DOE Source

* Under 10 CFR Part 745. insututions are required 1o file an assurance of comphance with the regulations with DOE or the Depaniment of
Health and Human Services. The Depanment involved may then issue an assurance number.

* Each projcct must have a umique 1denufication number assigned by the institution—ifor example. ANL-94/101,
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7. The Project has been reviewed and approved by the institutional Review Board (IRB)
as required under 10 CFR Part 74%,

A. Type of Review

<A Full Board
For a hist of research not requinng IRB review, see Attachment.

QExpcducd The project has been approved for expedited review, but the ‘
For an explananion ol projects that quanty for expedited reviews, see Attachment. review is not complete.

B. Type of Approvsi
ANew - Annual Renewal . Other

C. IRB Approval Date

8. This Project involves the tollowing coliaborating institutions (list a maximum of two):

8. Vuinerabie Popuiations
Z This project does not tnvolve vulnerable populations.
<) This project involves the following vuinerable populations:

3 Minors 3 Mentsily Disabled : Prisoners

j Fetuses, Pregnant Women, in Vitro Fertilization D Economicsily or Educationally Disadvantaged

RS - - |
10. Type of Research
Check all categories that apply.
. Epidemiology(using personally identifiable data)—
~d Using data collected directiy from human subjects.
- Using existing data.
< Diagnostic studies using radiation or chemical agents in tracer amounts.

:]Thcrapcutic studies using radiation or chemical agents.

AStudies of exposure. effects. health, or monitonng using human urine. blood, other body
fluids. cells, or ussues—
Specimens collected directly from human subjects for this project.
:lSpcc:mcns obtained from secondary sources (¢.g.. hospitals. laboratonies).
Dinstrument development and testing using human subjects.

b4 Surveys that collect pérsonally identifiable data,

A Environmental studies using human subjects to evaluate weathenzation options, habitat alteration,
or similar.

JOther. Please dentify

1048u03 | 2



11. Abstract

Provide a brief abstract that includes the following information:

A. Summanze the objectuves and methodology of this research project. (Explain clearly why it belongs in
the categones cbecked 10 Item 11).

See attached

B. Specify the number of human subjects involved each year.

Unknown

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

Human subjects might be consulted on sensitive topics concerning
Native Hawaiian sites (e.g., burial sites). They would not be
exposed to any type of risk.

D. List the chemical or radicactive matenals, if any, that are used in the study, and identify
the route of exposure.

See reverse for approval signatures.
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The officias sigming oelow cernties that the ntormalion provided on this form s correct and that the instiution assumes responsibilay tor
future reviews. approvals, and submissions of p.oect sumynanes. which are all required at least once a vear

Sigz@nsmuﬁon ?icial

Printed or Typed Name
David E. Reichle

Date

‘ /fm. 25 /999

’ Telepr“e Number
(615) 574-4333

tor DOE Use Univ

Date Received by ER-70 Date

O acceptes

D Returned to Originator

Reason tor Return

DOE Reviewers
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Human Subjects Research, ORNL 26-A

Tide of Project: Culwral Resources Survey,
Hawaii Geothermal Project Environmental Impact Statement

Oak Ridge National Laboratory (ORNL) is currently assisting the Department of Energy (DOE) in
identifying and evaluating the potential environmental impacts of the proposed 500-megawatt Hawaii
Geothermal Project (HGP). To assist DOE in complying with federal and state legislation pertaining
to the protection of cultural resources and Native Hawaiian cultural and religious practices, ORNL
has subcontracted with a state-approved archaeological firm, International Archaeological Research
Institute, Inc. (IARII), located in Hawaii, to conduct Phase I surveys of cultural resources in two
project areas on the islands of Hawaii and Maui. Cultural resources to be identified include
prehistoric, historic, and traditional sites.

The IARII team will collect information for ORNL staff to use in preparing sections of an
environmental impact statement (EIS) on cultural resources in the vicinity of the two project areas,
and on potential impacts to those resources. To obtain this information, IARII will conduct a cultural
resources survey in two stages. Stage I consists of developing two regionally-specific research designs
resulting in a predictive model for a Phase I cultural resources survey of the Big Island project area
and a general plan for a Phase I cultural resources survey of the Maui project area. Stage II consists
of conducting a verification survey for each of the two project areas. JARII completed Stage I in
November 1993. Fieldwork for Stage II began in December 1993 and is scheduled for completion in
March 1994. Following the analysis of survey results, IARII will produce a separate final report on
the Phase I survey of cultural resources for each project area.

Most of the information required for this study is collected by means of physical archaeological
procedures and a background literature review. However, in the case of traditional Native Hawaiian
sites, such as burial sites or sacred places, local informants’ knowledge could be valuable and IARII
staff might need to consult with them on sensitive topics. In such cases, IARII uses an informed
consent form approved by DOE and the ORAU/ORNL Human Subjects Committee to determine
whether participants wish to remain anonymous or will allow themselves to be cited in public
documents. Research designs for both project areas indicate that access to confidential information is
restricted.
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vaK RIDGE NATIONAL LABORATORY POBT OFFICE BOX 2008

OAK RIDGE. TENNESSEE 37831
MANAQGED AY MAARTIN MARIETTA ENERGY SYRTEMS, INC.
POR THE U.5. DIPARTMENT OF ENEAQY June 15, 1993

Dr. William H. Cathoun, Chair

ORNL/ORAU Committee on Human Studies
312 Austin Peay Hall

Department of Psychology

University of Tennessee

Knoxville, TN 37886-0800

Dear Dr. Calhoun:

tHe Thompson Cancer Survival Center (TCSC) on "Advanced Biomedical

Ij‘"ﬁ‘jagnosﬁcs and Therapy", which involves the development of laser-

indu~~ - ... -ivo autofluorescence detection of human tissue during routine
~ enaoscopy performed at TCSC.

We are sending a research proposal to DOE on a collaborative project with

The protocol has been approved by the TCSC Institutional Review Board
(see enclosed latter on December, 1992 to Dr. M. Panjehpour).

We are walting for your review and approval in order to send the proposal
to DOE. Please, FAX your reply at yo - 2arliest convenience.

Best regards
/;//’/;z,jb/——’/f —

Tuan Vo-Dinh, Ph. D.

Group Leader

Advanced Monitoring Development Group
Tel: 574-6259

FAX:5768-7651

TV:st
Encl.

(
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DOE Form £120.2 (Fagse 1) U.S DEPARTMENT OF ENERGY
\12-87) OAK RIDGE OPERATIONS

FIELD WORK PROPOSAL
PROGRAM: KP - BIOLOGICAL AND ENVIRONMENTAL RESEARCH

1. WORK PROPOSAL NO. 2. REVISION NO. 3. DATE PREPARED
ERKPS05 0 04-22-93 08
4. WORK PROPOSAL TITLE: 5. BUDGET AND REPORTING CODE
Advanced Biomedical Diagnostics and Therapy KP 01 02 00 O
6. WORK PROPOSAL TRRM : ~ PATENT STATUS 7. is This Work Proposel
This proposal is being tranamittad In advance of patant review Includqd Inthe
Begin: - - End: OPEN for evakation purposes only. No fum‘ur dinomir'ml:n :r institutional Plen?
Lo e e dee, ™ | Dl [T
NAME: (Last, First, M) (FTS Numbar) 11. HEADQUARTERS ORGANIZATION: 14. DOE QRGANIZATION
8. HEADQUARTERS/OPERATIONS OFFICE : cooe: ER
PROGRAM MANAQGER: Energy Research
Goldstein, Gerald (301) (903-5348)
mggamﬁggﬁxmx - 12. OPGRATIONS OFFICE: 18, DOE ORGANIZATION
: cooe: ON
Wolfe, Sylvia Jane (615) (576-4065) Ok Ridge Operations -
10. CONTRACTOR WORK DISPOSAL PRINCIPAL 13. CONTRACTOR NAME: 18. DOE CONTRACTOR
INVESTIGATOR(S)/MANAGER: cooe: 41
Vo-Dinh, T. (615-574-6249) Martin Marletta Energy Systems, Inc. :
Panjehpour, M. (615-541- 1281§ Oak Ridge Natlonal Laboratory
Overholt, B.J. (615-541-1433) Oak Ridge, Tennsssee 37831
Frazier, D. (615-974-5577) o

17, WORK PROPOBAL DESCRIPTION (Approach, anticipated benefits in 200 words or less)

The Tong-term objective of this research project is to develop novel and/or improved
spéctroscopic methods and instrumentation for cancer diagnostics and treatment. The
specific aims of this research project are: (a) Investigation of the laser-induced
fluorescence (LIF) technique for autofluorescence and drug fluorescence, (b)
development of a new approach based on synchronous Jluminescence (SL) for cancer
diagnostics, (c) Development of a new SL prototype instrument, and (d) Evaluation in
animal studies and c¢linical applications.

The LIF study will include: 1) in vivo laser-induced auto fluorescence analysis of
normal and dysplastic tissues in the esophagus and colon; and i1) spectral
decomposition study to determine the origin of spectral characteristics of normal and
dysplastic tissue; (111) fluorescence analysis of a drug (e.g., PHOTOFRIN) in rat
tissues. A unique aspect of this project is the development of a novel SL detection
methodology for monitoring small changes in fluorescence profiles of normal and tumor
tissues. The conventional laser-induced fluorescence (LIF) technigue does not often
provide the spectral specificity needed to provide clear "spectral fingerprints" of
normal and tumor tissues. This novel SL detection scheme could lead to significant
advances in effective detection of tumors and in the understanding of cancer therapy
in general. Sensitivity and selectivity enhancement techniques will be evaluated.
The potential of the new SL diagnostic approach and the LIF technique will be
assessed for clinfical evaluations in collaboration with the Thompson Cancer Survival
Center (M. Panjehpour, Ph.D.; B. Overholt, M.D.). An interdisciplinary approach to
the proposed research tasks will be pursued throughout the entire projact.

Keywords: Biomedical diagnostics; Cancer treatment, Laser Fluorescence Spectroscopy

[1a. CONTRACTOR WORK PROPOSAL MANAGER: {Name and FTS No.) 19. OPERATIONS OFFICE REVIEW OFFICIAL
Barry A, Berven (615) (574-5845) - -
Signatura: Data; (Signature) {Dam)

20. DETAIL ATTACHMENTS: (Ses Instructions for page 3)

m &, Facility Reguirements [:md. Bagkground m g+ Future accomphshmantsa m j- Explanation of Miisstonas
X] b. Pubiicaions (XJe. Approach {33 h. Relationships 1o other projects [X] k. Other (specify):

X e. Purposs (X1 Technical progress [_] L Environmental assesment Budget
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Decezber 16, 1992 L

Hasoud Panjshpour, rPh.D.
Thonpson Cancer Survival Center
1313 wWhita Avenue

oxville, TN °37916¢

RE: TCHC 9203 ~ Lasar-Induced Fluorescence Detection of Malignant
Tiesue Phass II: JIn Yivn Autoflucrescence Measurement buring
Routine Endescopy

De2ar Dr. Panjahpour,

The Thompson Cancer Survival Center Institutional Review Board met
December 16, 19952 and approved the protocol ~ Masoud Panjshpour,
Ph.D. (Princi{pal Investigator) and Bargein F. Overholt, M.D. (Sub-
Invegtigator) as submitted for the above mentioned study.

The Informad consent Form (dated December 16, 1992) was approved
~contingent upen the following changes:

w In Section 2, Procedures to be Yollowed, the paragraph
"It has DPeen explained to ma that during nmy endoscopy,
fluerescence measurements will be performed on xy
: esophagus/ocolon (normal/tumcr) and that the results of the
~ fluorecscence etudies will be correlated with resulte of the
: histological exaxination of my tumor ({f any).”

was changéd to

It has besn explained to me that during aendoscopy,
flucreascance (light) neasurements will be performed on xy
escphagus/colon (normal/tumor) and that the results of the
light nmeasurements will be compared with resultz of the
microseople axamination of my tumor (Lf any). If any tumor
is saen, a hicpsy will be obtained.” :

Continuing approval of this protocel is contingent upon a receipt
Of a report from you, on an annual basls after the approval date
{Deceuber 16, 1992) on the progress ¢of this study. It iz tha
investigator's responsibility to subait these Teports directly to
the TCSC Institutional Raview Baard.

THE .
T%%%PSON
. SURVIVAL

ER
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Approval lettar
ICRC 9303
Page 2

Federal Regulationsg, under the Invastigational New orug Application

Rewrite effactive 6/17/87, (31CRF3I12,3(b)) state: *an investigator

neany an {ndividual who actually conducts a clinical investigatien;
i.e,, under whoge imsediate direction the arug iz adsinistered oy
dispensed to a subject. In the avent ap investigation is conducted
Y a team of individuals, the investigator iz the responsible
leader of +the teaxn, 'Subinvestigator’ includes any othar
individual nmember of that team,n

sue Inatitutional Review Board presumas that you fully understand
the implications of accepting this Tesponsinility,

. You are requires vo Botify the Board of the folloving st any tiwe

during the cenduot of this stuay:

1.  Protocel changes. o o

2. Deviations fren the ecnduct of the study, _

3.  Adverse avents that ocour tp study patients. serious
sdverse events are te ba reported within 1o days of
ocourrance of mang,

The Board is to be notifies of the cozpletion date of the study;
and a tinely, £inal report on the conduat and Tesultg of the trial

18 regquired.

Plsage contact us if we can fucnigh additional asgictance or
informatien.

sim:o.rol}'r‘ ‘ EE /épgmiﬁ

Williax Reid peyl X.D,, Chairman
Institutionai Ravisw Board
on Canoer Survival Canteoy

ae

TOTAL P.24
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ORNL-27
ORAUFORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title:

N ’
Advanced Biomedical Diagnostic and Therapy.

Principal Investigator: Tuan Vo-Dinh, Ph.D.

YOTE OF COMMITTEE

Signature Approve Disapprove Comment  Date
. CusllioanstOpbun X
2 (ﬁl\.l.-} M. Fry X I1.10.93
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11.

12.

13.

14.

Chairman’s statement of Committee consensus:
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OAK RIDGE NATIONAL LABORATORY POST OFFICE BOX 2008

: OAK RINDGE, TENNESSEE 37831
N MANAGED BY MARTIN MARIETTA ENERGY SYSTEMS, INC.
FOR THE U.S. DEPARTMENT Of ENERGY

February 7, 1994 E @ EL1V E
w1994

OFFICE OF THE
Dr. William H. Calhoun, Chair ' PRESIDENT

ORAU/ORNL Committee on Human Subjects
Oak Ridge Associated Universities
P.O. Box 117
Oak Ridge, TN 37831-0117
- Dear Dr. Calhoun:

Per your request, please find enclosed the consent form used by the Thompson Cancer
Survival Center for the project, "Advanced Biomedical Diagnostics and Therapy."

"Thank you for your assistance.
Sincerely, ]

Tuan Vo-Dinh, Ph.D.

Group Leader

Advanced Monitoring Development Group
TVD:jc

Enclosure

File - TVD

- lou8ul?



THOMPSON CANCER SURVIVAL CENTER

SPECIAL PERMIT SHEET
CONSENT FOR SPECTROSCOPY MEASUREMENT

PATI ENT“ NAM E; AGE:
DATE: 19 TIME:
3

- PHYSICIAN: PLACE:

1, a patient of THOMPSON CANCER SURVIVAL

. CENTER hereby give permission for spectroscopic measurement to be psrformed during
my endoscopy and further release THOMPSON CANCER SURVIVAL CENTER from any
legal or other responsibiiity for protecting my rights in the release or use of the data

obtained.

Signature

Witness

1048413 ’



WHAT IS FLUORESCENCE SPECTROSCOPY ?

Fluorescence to Detect Tumor

When tissue is exposed to certain colors of light, it fluoresces similar to fluorescent
markers under violet light. Fluorescence of normal and cancerous tissue are different.
This fluorescence difference may be used to detect tumors without taking any biopsies.

How Is Tissue Fluorescence Measured?

Fluorescence spectroscopy is a technique that measures fluorescence of tissue.
During the endoscopy procedure, a small fiber is lightly touched to tha tissue to measure
hs fluorescence. The measurement is non-invasive (painless). Each measurement is
“completed in less than two seconds.

The Need For Volunteers
Volunteers are needed to collect fluorescencs of normal and tumor tissues to further

develop this non-invasive technique. Development of this method, ulimately, will allow
detection of tumors without taking any biopsies.

ELLLERS



R Qak Ridge

\‘f' Associated  Post Office Box 117
O Universities  Oak Ridge. Tennessee 37831-0117 (g @ PY

Dccember 30, 1993

Tuan Vo-Dinh, Ph.D.

Advanced Monitoring Development Group
Oak Ridge National Laboratory

P.O. Box 2008

Oak Ridge, Tennessee 37831

Dear Dr. Vo-Dinh:

I apologize for the delay in getting this letter written. The ORAU/ORNL Institutional Review Board met
on November 10, 1993. | had approved your proposals for the Committee as they qualified for expedited
review. Yet, the full commitiee does have 1o review the proposals at the next regular meeting and note
any concerns.

Some general concerns applied to all proposals we reviewed that day. The Institutional Review and
Approval Sheets were often incomplete. These sheets must contain the title of the project and the project
code number, in your case ORNL-27. The secretary for the Committee assigns these numbers, and I will
ensure that all proposals go first to her 10 ensure the Review and Approval sheet is complete and that she
assigns a project code. In some cases the sheets did not include the signatures of all persons required 10
approve the projects. On future proposals, I will return them to the PI to obtain the full signatures before
approving projects.

The Commitiee asked that [ write you to obtain a copy of the consent form which is used by the
Thompson Cancer Survival Center for our files. Otherwise, there were no concerns regarding your
proposal. ' '

I wish you success with your research projects.

Sincerely yours,

o5l

William H. Calhoun, Chair
ORAU/ORNL Committce on Human Subjects

WHC:mvr
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PROTECTINGJ %

HUMAN SUBJECTSS

Office of Health and Environmental Research U.S. Department of Energy

PROJECT SUMMARY
!‘?‘w e S ;“_,m. . e

e w;ma 3 IR B S L
Policy: Rmducﬁvmesthnmvdw : d by:the ULS. Department of Energy

{DOE), condnaedmm.&é&dmd- ‘~":_'“:mv by Wwa&nptadﬁom review in
accord with 10 CFR Part 745, Failure:o comply with: cgulations ymay-prevent DOE from author

Dlrocﬁom. Insmnnonsmnnawgﬂetf form,
-'inruchmuxchmwtx‘ad: _“;:!Ennns‘. _mwmnstmw ¢ 3cu

1. Project Title
Advanced Biomedical Diagnostics and Therapy

2. Principal Investigator _ Telephone Number
Tuan Vo-Dinh 615-574-6249

Mailing Address —
QOak Ridge Natlonal Laborap'fgry P. B Box 2008, Bldg 4500S, MS-6101
Oak Ridge, TN 37831-6101

3. Institutional Assurance Number (if issued)" _ 4. Project Number*
QRrRML-2T7

5. Annual Funding:
Give actual funding or check the amount closest to the estimated total for the current DM&IMM
Federal fiscal year. whether requested or obtained. Inciude both direct and indirect costs. $ _N/A
Qsiooe  Oswoooo  Ossooooo  Distooo000  Css000,000 | ;‘:.g 'S(',tstzﬁ?

6. Funding Sources
A. Name DOE Program Office (see list in atachment), if applicable.
B. Name non-DOE sources of funding (up to two), if applicable.

A. DOE Program Office
Office of Health and Environmental Research

Contact Person Telaphone Number
Gerry Goldstein ' 301-903-5348

8. Non-DOE Source

Non-DOE Source e

. ' Under 10 CFR Part 745, mmnmmmuuedwﬁhummofwmphmmmmemlmmmDOEmmDepmmmof
~’ Health and Human Services. The Depastment involved may then issue an assurance number.

! Each project must have a unique identification number assigned by the instinstion—for example, ANL~-94/101.

IouBulb
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mmmmmwwwmwmmmw

as required under 10 CFR Part 745.

A. Typs of Review

BFull Board
- For a list of research not requiring IRB review, see Auachment.
QO Expedited
For an explanation of projects that qualify for expedited reviews, see Attachment.
8. Type of Approval
RANew Q) Annual Renewal Qother

C. IRB Approvai Dete | etter from Thompson Cancer Survival Center (1/20/94) and
from University of Tennessee Medical Center (2/11/94)

8. This Project involves the following collaborating institutions (list @ maximum of two):

Thompson Canger Survival Center

University of Tennessee Medical Center

9. . Vuinerable Populations N .
ﬂ?WQ'his project does not involve vulnerable populations.

#C This project involves the following vulnerable populations:
%
2 Clwinors O mentatty Disabied D rrisoners

Dmmpwwmmmwmm N mevuwmmmm

]
10. Type of Research
Check all categories that apply.

-

DEdidemiology(using personally identifiable data)—
Using data collected directly from human subjects.
D Using existing data.

DDiagnostic studies using radiation or chemical agents in tracer amounts.

DTherapeutic studies using radiation or chemical agents.

R studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids, cells, or tissues—

OSpecxmcns collected directly from human subjects for this project.
Speclmcns obtained from secondary sources (e.g., hospitals, laboratories).

Kinstrument development and testing using human subjects.
QI Surveys that collect personally identifiable data.

.‘I

QEnvironmental swdies using human subjects to evaluate weatherization options, habnax alu:ranon.
or similar.

Qother. Please identify

104811




11. Abstract
Provide a brief abstract that includes the following information:

A. Summarize the objectives and methodology of this iect. : . .
the.categories checked in Tiem 1), | P (Bxplain clearly why it belongs i

This projéct involves the development of novel or improved biomedical diagnostic and therapeutic
technologies. A new diagnostic procedure based on laser-induced fluorescence is developed for direct in-vivo
cancer diagnosis without requiring biopsy surgery. The methodology was applied to differentiate- normal and
malignant tumors of the esophagus. Endogenous fluorescence of normal and malignant tissues were measured
directly using a fiberoptic probe inserted in an endoscope at the Thompson Cancer Survival Center (TCSC).
The measurements were performed in-vivo during routine endoscopy. The fiber-optic probe was designed so
that it could be inserted into the biopsy channel of an endoscope. The detector was an intensified photodiode
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The official signing below certifies that the information provided on this form is correcs and that the institution assumes respoasibility for
fmemwvvd&udmbnmmdmpammwhd:mﬂlwlhﬁm-m
Instit omnﬁ: ' , Date
/' 2/15/94
Pdmedor‘lypodmme Telephone Number
| Dr. David E. Reichle 574-4333

For DOE Use Only
Date Received by ER-70 Date
Dw
Ol meturned to Originator
Reason for Retum
DOE Reviewers
r%
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' POST OFFICE BOX 2008
OAK RIDGE NATIONAL LABORATORY OAK RIDGE, TENNESSEE 37831

MANAGED 8Y MARTIN MARIETTA ENERGY SYSTEMS, INC.
"’ FOR THE U.S. DEPARTMENT OF ENERGY

Dr. Virginia H. Dale - September 22, 1993
Enviroamental Sciences Division

Building 1505, MS-6038

Teicpbone: 615-576-8043

FAX: 615-576-8646

Emsil:Bitnet VHD@ORNLSTC

Internet: VHD@ORNL.GOV

Dr. William H. Calhoun, Chair
ORNL/ORAU Committee on Human Studies
312 Austin Peay Hall '
Department of Psychology

" The University of Tennessee
Knoxville, Tennessee 37996-0900

N Dear Dr. Calhoun:

Enclosed you will ﬁnd a review application for the proposed involvement of human subjects
in a proposal being submitted to the U.S. Environmental Protection Agency (EPA). This
environmental assessment is being prepared by ORNL staff under the direction of the

Department of Energy.

* The study involves no human health risks and only minimal risks to individuals’ well-being
as described in the Committee’s guidelines, "Assurance of Compliance with HHS Regulations -
for Protection of Human Research Subjects.”" We believe that the research described in this
application is exempted from the DOE Policy for the Protection of Human Subjects in
accordance with 10CFR Part 745, Section 101(a)(2), due to the protection of anonymity of
the participants in the surveys used in this research.

We sppreciate any comments the Committee may have on the human subject aspects of our
.proposed research. - Any changes recommended by the Committee will be adopted as

necessary.

jougLzo



Dr. William H. Calhoun, Chair 2 September 22, 1993

Because we are trying to submit a proposal to the EPA in a timely fashion, we would
appreciaté a guick response regarding this application. If you concur that the research is
exempted, please sign the concurrence block below and telefax this letter to me at 576-8646.

Please call me if you need any additional information.

Sincerely,
Virginia Dale
VHDS)W
Attachment
cc ‘S. G. Hildebrand
‘ D. E. Reichle
M. Rivera (ORAU)

D. S. Shriner
R. 1. Van Hook

CONCURRENCE:

W. H. Calhoun, Chair v Date
ORNL’ORAU Committee on Human Studies

1048421 | ,
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SIGNATURES: _\/&‘@a&ﬁ_&&_/ 9'314;:/7 3
' ' Pripcipdl Investigator
M{/MM '

PROJECT TITLE: Rda:hnq Ee:o/ocf,caﬁ Inducatars

IDENTIFICATION NO.:

v e et Lol ur AALNLAND AD EAPERIMENTAL SUBIETTS
INSTITUTIONAL REVIEW AND APPROVAL

4 Societel Valice 5

STARTING DATE: Tanuwau |y 1914

The pnncxpal investigator will follow the procedures of the Commiuce on Human Studies in obtaining "informed
consent” from the subjects under study. The investigaior nmgmzes acceplance of primary responsibility for safe-
guarding the interests of the participants under study. The investigator is responsible for notifying the
ORAU/ORNL Commitiee on Human Studies of any significant changes in methods of procedure or of the
development of uncxpected risks. .

- F-a/-73
L Ye/r>
) Date

Co-Principal Investigator(s)

DIVISION REVIEW

The application described herein has been reviewed and approved for submission to the ORAU/ORNL

CommJ ttee on Human Studies:

Title:

-~

Signature:

Institution: Qak Ridge National Laboratory
Date:

INSTITUTIONAL APPROVAL:

The applicadon described herein has bccn reviewed and approved for submission to the ORAU/ORNL
Commmec on Human Studies.

"April 20, 1993

Signature:
David E. Reichle
Titlee ~  Associate Direcror, Environmental. Life, and Social Sciences
Institution: Qak Ridge National Laboratory '
Date:
2 418 PM

1048422



Identification No. —_
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

To: Committee on Human Studies Date: September 21, 1993
Oak Ridge Associated Universities |
Oak Ridge National Laboratory

Principal Investigator: Virginia H. Dale
In-plant mailing address: Ms 6038, Building 1505, ORNL
Telephone number: 6-8043 (fax 6-8646)

Co-investigators: Carolyn Hunsaker and Glenn Suter, Environmental Sciences
. Division, ORNL

" Title of Project: . . Relating cnyiionmcntal indicators to societal values
Anticipated sponsor: U.S. Environmental Protection Agency

Estimated annuél funding: $268,655 (first year)
S $544,819 (two years)

I. Objectives of experiment

‘We propose to develop and test three alternative methods for conveying information
about environmental indicators to members of the public (society) and for soliciting their
rankings of combinations of those indicators that characterize different states of ecological
systems. The particular systems and indicators used will be defined by our case-study region:
the forests, surface waters, and integrated resources of the Southern Appalachian Man and
Biosphere region. The data available for this region are extensive and include information
on current status and some projections of changes over time for the Great Smoky Mountains

. National Park and for the Oak Ridge Reservation and surrounding counties. ’

- II. Method of Procedure
a. Identification of Relevant Indicators and Other Variables for Data Collection
The examination of societal environmental values and the ways in which'thcy can best
be assessed requires identifying the relevant ecosystem indicators that best reflect these
broader values and can be understood by the public and individual and research design

characteristics that may influence the nature of responses. Decisions about elements within
each of these categories that will be included in the data collection protocols will be guided

1o48Y23



by scveral sources. These include reports of relevant research conducted to date, pertinent
documents about the case study ecosystem, and interviews of knowledgeable individuals, and
focus groups comprised of both members of the public and active stakeholders in
environmental debates and decisions.

b. Development and pre-testing of data collection protocols

The major aim of our study is to examine the utility of three different data collection
strategies (a mail questionnaire, a telephone survey, and a video-based in-person
questionnaire) for collcctmg public valuations of the case study ecosystem conditions (Table
1). By keeping certain aspects of each constant (e.g., employing the same core set of
questions) but manipulating the format, especially the use of visual information, and
procedures for gathering the individual valuations, it should be possible to investigate the
effects.of these data collection modes on responses [e.g., whether supplementing pure word
questions (as in the phone survey) with static images (as in the mail survey) alters the
distribution of value rankings, results in a higher level of individual confidence in their
assessments, and/or decreases the proportion of "don’t know" responses]. These results, in
turn, should identify which approach(es) for assessing.public societal values appear most
promising in any future EMAP efforts. '

. & Development of data collection protocols
*  The findings from the previously described activities will be used to design three more
formal protocols for data collection, each of which incorporates a distinct assessment strategy
and methodology for obtaining public valuations. These are: (1) a telephone survey
protocol that uses words to present the information (e.g., indicators and alternative system
conditions), to pose questions, and to obtain responses and that will be administered to a
probability sample of the target population; (2) a mail questionnaire that relies on both
words and static images (e.g., graphs, drawings, and still photos) for distribution to another
probability sample; and (3) a video and accompanying questionnaire that combine words,
static illustrations, and moving images to be administered to a random sample of visitors to
a shopping mall serving the target population, following the procedures used by szcusx and
his colleagues (e.g., Viscusi et al. (1991b).

Each protocol will cover the same domains, indicators, demographic, and other
vanables shanng a standard core of questions for obtaining data on:

¢ The individual’s assessment of the overall relative value of the respective
ecosystem and its alternative conditionS'

¢ The person’s Judged level of conﬁdence in his/her responses to each of the
above sections;

¢ Respondent evaluations regarding the ease of answering the survey items (e.g.,

their clarity), length of the survey, and any other aspects of the procedure
about which they wish to comment; and

|OuUBu2Y



Table 1. Similarities and Differences in the Proposed Data Collection Strategies

s
—

Attribute

Target population

Telepbone Survey

Adult residents of a locale in
the case-study region

Mail Survey

Aduit residents of a locale in
the case-study region

'Video Survey

Adult residents of a locale in

the case-study region

Visitors to a mall in the locale

systematic sampling procedures

systematic sampling procedures

Sampling frame Published residential telephone | Published residential telephone
directory listings (reverse directory listings (reverse - during specified time periods
telephone directory) for the telephone directory) for the
appropriate geographic area, appropriate geographic area,
i.c., county i.c., county
Sampling strategy Probability sample, using Probability sampie, using Systematic sampling of visitors

during randomly varied time
periods and mall focations

610

Total N in sample 1,138 ?
Expected completed
protocols (N) 391 391 391

Protocol format -+

Words only

Words and static images

Words, static images, and
sophisticated images and
displays

Mode of recruitment

Prenotification letter followed

. by interviewer phone call

Mailed cover letter

Face-to-face request from a
research staff person

Mode of administration

calculations of actual data
collection cost (excludes
professional time required
for development of core
items, data entry, and
analysis costs

Xeraxing, supplies, assembly,
and postage for pre-notification
letter

Interviewer hiring, training, and
supervision Interviewer pay
Xeraxing of data collection
protocols .

Phone lines and charges

Xeroxing, supplies, assembly,
and postage for cover letier
Clerical staff for survey
personalization techniques
Xeraxing of data collection
protocols and follow-up mailings
Postage for initial mailing and
follow-up mailings

Research staff time for
telephone follow-up request

Interviewer-administered Paper-and-pencil Paper-and-pencil (after
instructions from a research
staff person)

Expected period required
for actual data collection

' 4 weeks 8-10 weeks 4 weeks
Elements used in Sample selection Sample selection Sampie selection and

recruitment by research staff
Preparation of video
Acquisition of video
equipment

Payment of research staff for
recruitment and participant
instructions

Xeraxding of data collection
protocols

104823



. Selected demographic and other characteristics that may potentially affect
responses (e.g., rural vs. urban residence, educational attainment, and previous
exposure to the case-study ecosystem).

The study design will permit empirically-grounded comparisons of how the survey
(espccxally the information transfer charactenstxcs) contribute to the typcs and quality of
data obtained.

d. Exemption

The study involves no human health risk and only minimal risks to individuals’ well-
being as described in the Committee’s guidelines, "Assurance, of Compliance with HHS
Regulations for Protection-of Human Research Subjects." The research described in the
application is exempted from the DOE Policy for the Protection of Human Subjects, in
accordance with 10 CFR Part 745 section 101 (a)(2), due to the protection of anonymity of
the participants in the surveys used in the research. '

III. Possible Hazards and their Evaluation

There are no potential human health hazards and only minimal risks of other kinds
to human subjects associated with this project. Because this research is exempt from the
DOE Policy on the Protection of Human Subjects, the requirement for informed consent

“does not apply, as given in the 10 CFR Part 745, section 116. The anonymity of participants
is this study will be maintained, which is the central basis for exemption from the Policy for
this research.

IV.  Radioisotopes and New Drugs

The study involves no use of radioisotopes or drugs.'.
V. Responsibility of Principal Investigator

The principal investigator will follow, and will direct subcontractors to follow, the
procedures of the Committee on Human Studies in conducting the research described in this
_ application. The investigator recognizes that she retains the primary responsibility for safe-
.guarding the interests of the participants under study. Any significant changes in methods

of procedure or the development of unexpected risks will be brought to the attention of thc
Committee immediately. -

1048420
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ORAUFORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title:
'
Relating Ecological Indicators to Societal Values

Principal Investigator: Virginia Dale
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PROTEGTING g m

HUMAN SUBJECTSY

Office of Health and Environmental Research U.S. Department of Energy

PROJECT SUMMARY .

Policy: Research activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE). conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Part 745. Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).
s
1. Project Titie

Relating Ecological Indicators.to Societal Values

2. Principal Investigator Telephone Number

Virginia H. Dale 615-576-8043

Mailing Address — Include full name of performung insutution.

Environmental Sciences Division, Oak Ridge National Laboratory,

P.0. Box 2008, Oak Ridge, TN 37831-6038

3. Institutional Assurance Number (if issued)' 4. Project Number®
ORML- 28

5. Annual Funding:
Give actual funding or check the amount closest to the estimated 1otal for the current DActuul Funding
Federal fiscal year. whether requested or obtained. Include both direct and indirect costs. s 268,655

510,000 U s100.000 O ss00,000 Us1,000,000 U s5,000,000

6. Funding Sources
A. Name DOE Program Office (see list in attachment). if applicable.
B. Name non-DOE sources of funding (up to two). if applicable.

A. DOE Program Office

Contsct Person Telephone Number

B. Non-DOE Source

U.S. Environmental Protection Agency

Non-DOE Source

' Under 10 CFR Pant 745, tnstitutions are required 1o file an assurance of compliance with the regulations with DOE or the Department of
Health and Human Services. The Department involved may then issuc an assurance number.

* Each project must have a unique identification number assigned by the institution—for example, ANL-94/104.
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7. The Project has been reviewed and approved by the institutional Review Board (IRB)
as required under 10 CFR Part 745.

A. Type of Review

QFull Board
For a list of rescarch not requiring IRB review, see Attachment.

El Expedited .
For an explanation of projects that qualify for expediled reviews, see Attachment.

B. Type of Approval
X New Q) Annual Renewal Qother

C. IRB Approval Date

9-28-93
8. This Project invoives the following coliaborating institutions (list a maximum of two):

Vanderbilt University

8. Vulinerable Populations - -
X This project does not involve vulnerable populations.

O This project involves the following vulnerable populations:

D Minors D Mentally Disabled D Prisoners
D Fetuses, Pregnant Women, In Vitro Fertilization D Economically or Educationally Disadvantaged

10. Type of Research '

Check all categories that apply.

-J Eﬁidemiology(using personally identifiable data)—
Using data collected directly from human subjects.
Using existing data.

Q Diagnostic studies using radiation or chemical agents in tracer amounts.
DThcrapculic studies using radiation or chemical agents.
O Studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids, cells, or tissues—
= Specimens collected directly from human subjects for this project.
Specimens obtained from secondary sources (e.g., hospitals, laboratories).
O Instrument development and testing using human subjects.

Q Surveys that collect personally identifiable data.

O Environmental studies using human subjects to evaluate weatherization options, habitat alteration,
or similar,

B Other. Please identify SurVey that collect data that cannot be identified to a
person

Iouguzq



11. Abstract

Provide a brief abstract that includes the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
the categones checked in Item 11).

We propose to develop and test three alternative methods for conveying information
about environmental indicators to members of the public (society) and for soliciting
their rankings of combinations of those indicators that characterize different states
of ecological systems. The particular systems and indicators used will be defined by
our case-study region: the forests, surface waters, and integrated resources of the
Southern Appalachian Man and Biosphere region. Human subjects will be queried
via phone, mail, and in-person surveys concerning environmental indicators. The
identity of the persons surveyed will remain anonymous.

B. Specify the number of humnan subjects involved each year.

About 2,200 surveys will be distributed; we anticipate about 1,200 will
be completed and returned.

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

Volunteer subjects will be asked to sign an informed consent form prior to
participating in the survey. Information will be given to volunteers on the aquatic
and terrestrial environment and environmental indicators. There is no risk to the
persons involved in the survey.

D. List the chemical or radioactive matenials, if any, that are used in the study,v and identify
the route of exposure.

None used.

See reverse for approval signatures.
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The official sigming below certifies that the information provided on thus form is correct and that the instuuon assumes responsibality for

future reviews. approvals. and submussions of rroject summanes. which are all required at least once a year.

TP U

o Q&Q/W'

P;nted or Typed Name
David E. Reichle

Telephone Number
(615)-574-4333

For DOE Use Only
Date Received by ER-70 Date
D Accepted
O retumed 1o Originator

Reason for Return

DOE Reviewers
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Ident. No.
APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS
To: COMMITTEE ON HUMAN STUDIES

Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Date
Principal Investigator: __Stephen J. Kennel, Ph.D. (ORNL Biology)
Co-Investigators: Scott Robertson, Student (Cell & Molecular Biology Program, U. of TN)
Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF

RENAL CELL CARCINOMA

L Objective of Experiment:

The objective of this study is to develop monoclonal antibodies (MAb) to blood vessels of
renal carcinomas. It is hoped that some of these MAb will react selectively with tumor
endothelium, providing a reagent for the specific targeting of cytotoxic agents to the tumor.
Identification of the target molecules reacting with these MAb will extend our knowledge of
the linings of blood vessels and their unique structure and functions at different anatomical

sites.

II. Methods of Procedure:

Excess tissues from RCC patients, obtained during standard resection surgery, will be used
in these studies. Extracts of membrane proteins from tumor tissue or from cultured human
umbilical vein endothelial cells (from a commercial source) will be used to immunize mice in
preparation for hybridoma production. Hybridomas producing MAb will be identified by
ELISA on membrane protein preparations. Promising MAb will be tested in
immunohistochemistry on frozen or fixed sections of human tissue. MADb reacting specifically
with endothelium or tumor will be characterized further.  Western blot and
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the

MAbs.

IIL Possible hazards and their evaluation:

These experiments will have no bearing on the patients’ diagnosis or treatment. Only excess
tissues obtained at standard surgery will be used and the patients will not be identified by
name. Precautions will be taken when handling and disposing of tissue. Gloves and lab coats
will be worn at all times tissue is present. Extracts will be done in a chemical exhaust hood
and centrifugation in capped tubes. All waste materials will be bagged and autoclaved before

disposal.

lO0uBu32
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Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF
RENAL CELL CARCINOMA

Ident. No.

IV. Radioisotopes and New Drugs:

N/A

V. Responsibility of the Principal Investigator:

~ Patients will not be affected by this project and will not be identified by name. The main
concern of the P.L is the proper handling and disposal of tissue. Human samples will be
treated as biohazardous materials. Gloves and lab coats will be worn and waste will be
autoclaved in plastic bags before disposal. Any significant changes in these procedures will
be brought to the attention of the Committee on Human Studies.

Starting Date:

Signatures: S;tLdeAN w Principal Investigator

phon 3. _
| v 7
‘}"

. ,’ﬁ“) / Mpme———" Co-Investigator

DIVISION REVIEW:

The application described above has been reviewed and approved for submission to the
ORAU/ORNL Committee on Human Studies.

Official signing for the institution:

Signature

Title

Institution

Date

l1ougu3s3



JAK RIDGE NATIONAL LABORATORY POST OFFICE BOX 2009
. OAK RIDGE, TENNESSEE 37831
JANAGED BY MARTIN MARIETTA ENERGY SYSTEMS, INC.

FOR THE U.5. DEPARTMENT OF ENERGY July 21, 1993

Dr. William Calhoun

Committee on Human Studies

Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Dear Dr. Calhoun:
In 1988 I spoke with Dr. Lushbaugh about this project. He indicated that it qualified for a waiver
from getting approval of the Committee since the subjects were not affected or identified by name.
I am submitting this brief application to insure that under current rules our project meets with your
approval. Please contact me if more information is needed.
Sincerely,
= S W
| Stephen J. Kennel, Ph.D.
Biology Division

SIK:sa
Enclosure: Application

cc: File - RC
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Ident. No.

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

To: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities and
Oak Ridge National Laboratory

Date
Principal Investigator: __Stephen J. Kennel, Ph.D. (ORNL Biology)
Co-Investigators: Scott Robertson, Student (Cell & Molecular Biology Program, U. of TN)

Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF
" RENAL CELL CARCINOMA |
L Objective of Experiment:

The objective of this study is to develop monoclonal antibodies (MAD) to blood vessels of
renal carcinomas. It is hoped that some of these MAD will react selectively with tumor
endothelium, providing a reagent for the specific targeting of cytotoxic agents to the tumor.
Identification of the target molecules reacting with these MAb will extend our knowledge of
the linings of blood vessels and their unique structure and functions at different anatomical
sites.

II. Methods of Procedure:

Excess tissues from RCC patients, obtained during standard resection surgery, will be used
in these studies. Extracts of membrane proteins from tumor tissue or from cultured human
umbilical vein endothelial cells (from a commercial source) will be used to immunize mice in
preparation for hybridoma production. Hybridomas producing MAb will be identified by
ELISA on membrane protein preparations. Promising MAb will be tested in
immunohistochemistry on frozen or fixed sections of human tissue. MADb reacting specifically
with endothelium or tumor will be characterized further.  Western blot and
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the
MADbs.

II1. Possible hazards and their evaluation:

These experiments will have no bearing on the patients’ diagnosis or treatment. Only excess
tissues obtained at standard surgery will be used and the patients will not be identified by
name. Precautions will be taken when handling and disposing of tissue. Gloves and lab coats
will be worn at all times tissue is present. Extracts will be done in a chemical exhaust hood
and centrifugation in capped tubes. All waste materials will be bagged and autoclaved before
disposal.
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Title of Project: MONOCLONAL ANTIBODIES TO VASCULAR ENDOTHELIUM OF
RENAL CELL CARCINOMA

Ident. No.

IVv. Radioisotoges and New Drugs:
N/A

V. Responsibility of the Princip_al Investigator:

Patjents will not be affected by this project and will not be identified by name. The main
concern of the P.IL is the proper handling and disposal of tissue. Human samples will be
treated as biohazardous materials. Gloves and lab coats will be worn and waste will be
autoclaved in plastic bags before disposal. Any significant changes in these procedures will
be brought to the attention of the Committee on Human Studies.

Starting Date:

Signatures: Sikp-‘Lﬁ'\ 3 \Lt/v\mbp Principal Investigator

S/{J .) — Co-Investigator

DIVISION REVIEW:

The application described above has been reviewed and approved for submission to the
ORAU/ORNL Committee on Human Studies.

Official signing for the institution:

Signature

Title

Institution

Date

I04843b



| ORNL-29
ORAUFORNL COMMITTEE ON HUMAN STUDIES VOTING RECORD

Proposal Number and Title:

A .
Monoclonal Antibodies to Vascular Endothelium of Renal Cell Carcinoma

Principal Investigator: Stephen J. Kénncl, Ph.D.

YOTE OF COMMITTEE

Comment Date

Approve Disapprove
l/ [ —70—%3

/ /f/g 53
x

Signature

(1.10.93.
U/ror/fn
174

6. ,11- C L'-;/I 7 - )( ii/r\ /C/.S

10.

11.

12.

13.

14.

Chairman’s statement of Committee consensus:

Date
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OAK RIOGE HNSTITUTE FOR SCIENCFE AND EDUCATION

AAT I AL SC I NNC E 5 LMV S

July 30, 1993

Stephen J. Kennel
ORNL

PO Box 2009

Oak Ridge, TN 37831

Dear Dr. Xennel,

I have reviewed your proposal titled "Monoclonal Antibodies to Vascular Endothelium
of Renal Cell Carcinoma” and can approve the project by expedited review.

Please inform the Committee of any changes in protocol and file an annual report of
progress and any untoward effects you have observed.

~ I wish you success on your research.

Sincerely,

William H. Calhoun

/sa

cc: Riveria

P. 0. BOX 117, OAK RIDGE, TENNESSEE 37831.0117

Moanoged ond operated by Ook Ridge Associated Universities for the LS. Department of Energy

Iou8y38



PROTECTINGZM

HUMAN SUBJECTSSF

: Office of Health and Environmental Research U.S. Department of Energy
| PROJECT SUMMARY

Policy: Research activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Part 74S. Failure to comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Departmeat to suspend or terminate the project.

Directions: Instinrtions must complete this form, providing the data listed below in the format indicated,
for each research activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them 10 DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Encrgy, Washington, DC 20585).

- "~ ]
1. Project Title

Monoclonal Antibodies to Vascular Endothelium of Renal Cell Carcinoma

2. Principal Investigator Telephone Number
Stephen J. Kennel 615-574-0825

Mailing Address — Include full name of perfonmung institution.

P.0. Box 2009, Biology Division

Oak Ridge National Laboratory, Oak Ridge, TN 37831-8077

3. Institutional Assurance Number (if issued)’ 4. Project Number?
ORNL~29

5. Annual Funding:
Give actual funding or check the amount closest to the estimated 1otal for the current . DActual Funding
Federal fiscal year, whether requested or obtained. Include both direct and indirect costs. $ _ 16,500

110,000 Qs100,000 1 $500,000 01,000,000 O s5,000,000

6. Funding Sources
A. Name DOE Program Office (see list in atachment). if applicable.
B. Name non-DOE sources of funding (up to two). if applicable.

A. DOE Program Office

Contact Person Telephone Number

8. Non-DOE Source
Jewish Hospital, Cincinati, OH
Non-DOE Source

' Under 10 CFR Pant 745, institutions are required to file an assurance of compliance with the regulations with DOE or the Department of
Health and Human Services. The Depaniment involved may then issue an assurance number.

» ! Each project must have a unique identificanon number assigned by the institution—for example, ANL-94/101.

Io48u3q !



7. The Project has been reviewed and approved by the institutional Review Board (IRB)
as required under 10 CFR Pa.1 745. —\

A. Type of Review

‘T Full Board
For a list of research not requiring IRB review, sec Attachment.

& Expedited . ‘
For an explanation of projects that qualify for expedited reviews, see Attachment.

8. Type of Approval
R New QJ Annual Renewal Qother

C. IRB Approvsl Date
November 30, 1993

8. This Project involves the following collaborating institutions (list a maximum of two):

University of Tennessee; Knoxville, TN

9. 'Vuinerable Populations
A This project does not involve vulnerable populations.

O This project involves the following vulnerable populations:
:]Ilinon CI Mentally Disabled D Prisonsrs

:’ Fetuses, Pregnant Women, In Vitro Fertilization D Economically or Educstionally Disadvantaged

10. Type of Research

Check all categories that apply.

- rl::_pidemiology( using personally identifiable data)—
d Using data collected directly from human subjects.
I:lUsing existing data.
3 Diagnostic studies using radiation or chemical agents in tracer amounts.
:’Therapcutic studies using radiation or chemical agents.
S Swdies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids. cells, or tissues—
Specimens collected directly from human subjects for this project.
Specimens obtained from secondary sources (e.g.. hospitals, laboratories).
QInstrument development and testing using human subjects.

a Surveys that collect personally identifiable data.

O Environmental studies using human subjects 10 evaluate weatherization options, habitat alteration,
or similar.

&) Other. Please identify _ Excess tissue samples from non-identified individuals
from secondary sources

1048u40 :
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11. Abstract

Provide a brief abstract that includes the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
the categones checked in Item 11).

The objective of this study is to develop monoclonal antibodies (MAb) to blood vessels of renal
carcinomas. It is hoped that some of these MAb will react selectively with tumor endothelium, providing
a reagent for the specific targeting of cytotoxic agents to the tumor. Identification of the target molecules
reacting with these MAD will extend our knowledge of the linings of blood vessels and their unique
structure and functions at different anatomical sites.

Excess tissues from RCC patients, obtained during standard resection surgery, will be used in these studies.
Extracts of membrane proteins from tumor tissue or from cultured human umbilical vein endothelial cells
(from a commercial source) will be used to immunize mice in preparation for hybridoma production.
Hybridomas producing MAb will be identified by ELISA on membrane protein preparations. Promising
MAD will be tested in immunohistochemistry on frozen or fixed sections of human tissue. MAD reacting
specifically with endothelium or tumor will be characterized further. Western blot and
immunoprecipitation will be done on cell and tissue extracts to identify proteins for the MAbs.

B. Specify the number of human subjects involved each year.

10

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

Excess tissues obtained at surgery or autopsy are received from a secondary source. Individual patients
are not identified.

D. List the chemical or radioactive materials, if any, that are used in the study, and identify
the route of exposure.

N/A

See reverse for approval signatures.
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fl.ll iews, approvals. and submusnons ¢! proyct sun:::nes ?:h:ch -::I‘l‘:equued :“ le:l‘o::e l:s;::uon fsumes responubiity for w
w/re Ttl{m Date
~—r January 25, 1994 \
Printed or Typed Name Telephone Number
D. E. Reichle (615)574-~4333 .
For DOE Use Only . )

Date Received by ER-70 Date
D Accepted
O Returned to Originator

Reason for Retum

DOE Reviewers
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Identification No. ONL-30

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

TO: COMMITTEE ON HUMAN STUDIES
Oak Ridge Associated Universities (ORAU) and
Oak Ridge National Laboratory (ORNL)

Date: July 2, 1993
Principal Investigators: Jack C, Schryver, Ph.D. (ORNL) 4-4710; 6025 MS-6360

Co-Investigators: (none)

Title of Project: Investigation of Cognitive Workload Measurement Techniques
I. Objective of Experiment;

The objective is to identify techniques for cognitive workload measurement,
develop criteria to evaluate these techniques, and perform an experiment to evaluate
the techniques for measuring cognitive workload during tasks that require
navigation through computer-based display networks. The workload measures to
be compared include response latencies, errors, keystrokes/mouse clicks, and eye-
gaze scan paths. The results will be used to provide recommendations for review
of computer-based operator workstations.

I1. Pr re;

About 12 subjects will participate in this study of cognitive workload metrics
associated with navigating display networks. During the experimental trials, each
subject will participate in a single session for 60-90 minutes. Subjects will be
recruited from ORNL employee volunteers to include research staff and facility
operators.

Each subject, tested separately in a private office, will sit in front of a Unix
computer workstation. The subject's eye-gaze locations on the screen during the
trial will be collected by a commercial, non-invasive eye-tracking system, as
explained below. The camera from the eye-tracking system is not attached to the
subject, and resides just under the computer display. The subject will rest his chin
in a comfortable chin rest during these trials and will be asked to perform a series of
simple tasks on the screen. On each trial, the subject will be requested to retrieve
information from a computer display, navigate a display network with mouse
clicks, and find a target display. The subjects will type in answers to questions
based on the information in a pop-up window.

A calibration procedure for the eye-tracking system precedes the experimental
trials described above. For this procedure, the subject places his chin in the chin
rest to maintain a reasonably stationary head position, then looks into the
infrared-sensitive eye-tracking camera with 75 mm lens. A computer-controlled
sequence of circles presented on the display is then initiated. The subject fixates
each of the 10 circles as they are displayed. The system repeats the calibration
until a criterion accuracy is achieved.

1048443
20



II1. Possible Hazards and Their Evaluation;

This study involves behavioral research with minimal risk to human subjects.
Subjects will be tested individually in a private office environment, without
invasive clinical procedures. Subjects will perform simple visual scanning and
manipulation of windows at a workstation. This will be done in a self-paced
manner, without stress. The procedure includes no deceptive or behavioral
manipulations, and confidentiality will be ensured via numerical encoding of all
subject identities.

The eye-tracking hardware, manufactured by LC Technologies, Fairfax, VA, uses a
pupil-center/corneal-reflection algorithum to determine eye-gaze direction.
A small, low-power, infrared light-emitting diode (LED) located at the center of the
camera lens illuminates the pupil of the eye. The LED generates both a bright pupil
for camera view enhancement and a comecally reflected light glint. The relative
relationship of the glint to the modeled pupil is used by the computer software to
infer gazepoint direction. The LED wavelength is 880 nm (near-infrared), and has
~ a beam width of 20 degree beam width; the safety factoris 5. Atarange of 15
inches, the LED illumination on the eye is 20% of the US Dept. of Health and
Human Services maximum permissible exposure. The only noticeable effect of
LED illumination is that prolonged exposure (i.e., several hours) sometimes dries
the eye. In this study, subjects will be provided with several rest periods over the
course of experimental testing. In addition, subjects will be instructed to take a
break whenever they feel it is necessary, as the task is self-paced.

IV. Radioisotopes and New Drugs:

No materials of this kind are involved in this study.
V. Responsibility of Principal Investigators:

The principal investigators will follow the procedures of the Committee on Human
Studies. The experimental protocol has minimal risk, and manipulation computer
displays is an accepted daily occurrence in office work environments. The eye
tracking procedure is well-accepted and non-invasive. Informed consent will be
obtained from all participants, as shown in an attached sample form, which also
contains the explanation of study.

The principal investigators recognize their primary responsibility for safe-guarding
the interests of the participants under study. Significant changes in methods of this
procedure, and development of unexpected risks will be brought to the attention of
the Committee on Human Studies.
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THE EYEGAZE™ DEVELOPMENT SYSTEM

A TOOL FOR HUMAN FACTORS APPLICATIONS

LC Technologies, Inc.

4415 Glenn Rose Street
Fairfax, Virginia 22032

(800) 733-5284

(703)425-7509
FAX: (703)323-4782
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Engineering Physics and Mathematics Division
Oak Ridge National Laboratory

Explanation of Research Study and Informed Consent Form

Project: Investigation of Cognitive Workload
Measurement Techniques

Principal Investigator: Jack C. Schryver, Ph.D. (574-4710)

Pardcipant's Name:

Participant Number/ID:

EXPLANATION OF STUDY

_

The objective is to identify techniques for cognitive workload
measurement, develop criteria to evaluate these techniques, and perform an
experiment to evaluate the techniques for measuring cognitive workload
during tasks that require navigation through computer-based display
petworks. The workload measures to be compared include response
latencies, errors, keystrokes/mouse clicks, and eye-gaze scan paths. The
results will be used to provide recommendations for review of computer-
based operator workstations,

Study Procedure:

During the study, you will need to place your chin in a chin rest. This will
ensure that the head is relatively steady, The study will include the
following procedures:

1. Calibration to a workstation display to permit the eye-gaze hardware
to accurately track your eye movements,

2, About 50 experimental tials will be conducted, during which you
will view computer displays which resemble a safety parameter
display system for a Pressurized Water Reactor. You will retrieve
information from the display, and then navigate to a target display
using the mouse. You will respond to questions regarding the
information using keys on the computer keyboard.
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ORrRIsE

OAR RIDOE INITITUTE FOR SCIINCE AND LOUEATION

MEDICAL SCTIENCES DIVISKON

July 21, 1993

Jack D. Schryver, Ph.D,
ORNL

PO Box 2008

Oazk Ridge, TN 57831

Dear Dr. Schryver,

I have reviewed your proposal and agres that it can be approved by
expedited review.

Please file an annual progress report and notify the Committee if there are
any changes in the protocol,

I wish you success on the project.
Sincerely,

/]

William H, Calhoun,
Chair, Human Subjects Committee

/sa

¢c: Riveria

. O. 80X 117, OAK RIDGE, TENNESSEE 37831-0117
Monoged ond operored by Ook Ridge Associated Universiiies for the U.S. Deportmaent of Energy
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APPROVAL SLIP

APPROVAL SEQUENCE K é é ( C &
[ Type in names. When routing does not apply, type For Signature o

NA on that line. ] [ Flag document(s) on which final signature(s)
is required.] Ltomamidiee Kuw-'\na
DATE Subject A ny %\‘M\' ool Ceai)ve
V\E\; (U Typlst/Telephone Marion ]-:, Hall 0_7_[_(11[_9_3 (,N,o,.\..\.a N \a\“ St o p Q—:Jb\_‘,i_ .

" Proofreader/Telephone

Author Jack C. Schryver W 07/02/93

\& T\<_Supervisor H. E. Knee, Gr oup Ldr. 07/02/93 Type Style
QCY] Dept./Sect. Head _Reinhold C, Mann Q7/02/93
&n #RU'J Div. Dir.(s) _Robert C. Ward Q7/02/93 * Information Copy to Divisional Assoc. Dir.
sent by < on 5
Prog. Dir.(s) (Name) (Gate)
Dollar Level
Fin. Off./Mgr. This Increment

Fin. & Mat. Div. Dir. Cumulative
Adm, Serv, Dir. '

Programmatic Assoc. Dir. _QQH_QEE”)F\Q ** Concurrence(s) received:
Associate Dir.,

Deputy Dir.
Laboratory Dir.
Commitment SystemNo. ________ /Due Date
Delivered to Lab Records on

(Date)

ForIssueon _Iuly 7, 1993

{Date of correspondence)

® Responsibility of division office to send copy 1o divisional Associate Director in conjunction with forwarding document to

Programmatic Associate Director. —_— :
' C{-\‘Jt &.;\r\lver UCN-11096
** Responsibility of “hold position*’ in concurrence sequence. # 4_‘.{17 / D 3 11-90)
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

INSTITUTIONAL REVIEW AND APPROVAL

STARTING DATE: July 7, 1993 P )

o e

SIGNATURE

ncipal Investngato

DIVISION REVIEW:

.. THE APPLICATION DESCRIBED HEREIN HAS BEEN REVIEWED AND APPROVED FOR
SUBMISSION TO THE ORAU/ORNL COMMI ON HUM/Z STUDIES.

SIGNATURE: &<i_| «@/[ %— 2C Ueadd

TITLE:Dir r._Enagineering Physics an Mathemati s Division

INSTITUTION: QOak Bid tional | aborat
DATE: '___Z/é 23 e

INSTITUTIONAL APPROVAL:

The application described herein has been reviewed and approved for
submission to the ORAU/ORNL Committee on Human Studies.

SIGNATURE: QQM(Z_ ;&*

TITLE: Associate Director, Environmental, Life, and Social Sciences

INSTITUTION: Ri ion

DATE:

T — . e — — s Y~ —— ——— - ——— St S — T — s S_ S . A o S St

MARCH 12, 1993

fouguyq



Engineering Physics and Mathematics Division
Oak Ridge National Laboratory

Explanation of Research Study and Informed Consent Form

Project: Invesugatxon of Cognmve Workload
Measurement Techniques

Principal Investigator: Jack C. Schryver, Ph.D. (574-4710)

Participant’'s Name:

Participant Number/ID:

EXPLANATION OF STUDY

Purpose of Study

The objective is to identify techniques for cognitive workload
measurement, develop criteria to evaluate these techniques, and perform an
experiment to evaluate the techniques for measuring cognitive workload

" during tasks that require navigation through computer-based display

networks. The workload measures to be compared include response
latencies, errors, keystrokes/mouse clicks, and eye-gaze scan paths. The
results will be used to provide recommendations for review of computer-
based operator workstations.

Study Procedure:

During the study, you will need to place your chin in a chin rest. This will
ensure that the head is relatively steady. The study will mclude the
following procedures:

1.  Calibration to a workstation display to permit the eye-gaze hardware
to accurately track your eye movements.

2. About 50 experimental trials will be conducted, during which you
will view computer displays which resemble a safety parameter
display system for a Pressurized Water Reactor. You will retrieve
information from the display, and then navigate to a target display
using the mouse. You will respond to questions regarding the
information using keys on the computer keyboard.
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Study Duration:

The entire study will take from 60-90 minutes including instruction and
practice. Several rest periods will be provided, but if you become fatigued

at any time, you may stop and rest.

Discomforts. Inconveniences. or Risks:

A camera with a very low power infrared light source will be used to track
your eye position during the experiment. Prolonged exposure to this may
cause some dryness in your eyes. If your eyes feel dry, please notify the
experimenter so the study may be paused.

Potential Benefits:

- The study to determine the sensitivity and construct validity of various
measures of cognitive workload while operators or users navigate a large
display network. Ultimately, the results may allow new review procedures
to be devised that will verify that computer display networks are not too
difficult to use for operators. Following the study, you may contact either
of the principal investigators for follow-up information and published

results.
INFORMED CONSENT

The information on this form has been given to me to inform me about this
research project and my participation in it. I have read it carefully, and all
of my questions about the study, and its procedures, have been answered to
my satisfaction.

I have been informed of the purpose of the study and the procedures
involved. I understand that confidentiality will be ensured and that my
name will not be associated with any results from this study. I understand
that any information gained in this study becomes the property of ORNL
and may be published in the scientific literature or used for other purposes
which ORNL deems proper in the interest of education, knowledge, or
research.

I am freely volunteering for this study. I understand that I may, at any
time, withdraw from continued participation in this study without suffering
any penalty or prejudice. I am freely and voluntarily choosing to
participate.

Date: Signature
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PROTECTI NG

o
HUMAN SUBJECTS Y

Office of Health and Environmental Research U.S. Department of Energy
PROJECT SUMMARY

Policy: Rescarch activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE). conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Part 74S. Failure w0 comply with these regulations may prevent DOE from authorizing or
funding an activity, or may lecad the Department to suspend or terminate the project.

Directions: Instinttions must complete this form, providing the data listed below in the format indicated,
for each research actvity each year. Forms must be sent 1o the appropriate DOE Field Office, which will
forward them to DOE Headquarters (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

1. Project Title
Investigation of Cognitive Workload Measurement Techniques

Tobphoco Number
(615) 574-4710

2. Pnincipal investigator
J. C. Schryver

Mailing Address — Inciude full name of performung insowbon.
Oak Ridge National Laboratory, Bldg. 6025 Mail Stop 6360

P. 0. Box 2008, Oak Ridge, TN 37831

3. Institutional Assurance Number (if issued)' 4. Project Number
ORNL-30

5. Annual Funding:
Cive actual funding or check the amount closest to the estimated total for the current &aw Funding
Federal fiscal year. whether requesied or obuained Include both direct and indirect costs. $ 43 000

s10.,000 100,000 25500,000 351,000,000 QO s5.000,000

6. Funding Sources
A Name DOE Program OfTice (see list in attachment). if applicable.
B. Name non-DOE sources of funding (up 1o two), if apphcable.

A. DOE Program Office

Conuct Person Telephone Number

B. Non-DOE Source

t Commission
v Offiglé‘cé%aﬁugigg%aRgEXIatrgry Research, Human Factors Branch

Non-DOE Source

' Under 10 CFR Pant 745, insututions are required 1o file an assurance of comphance with the regulauons with DOE or the Depanment of
Health and Human Services. The Depanment involved may then 1ssue an assurance number,

! Each project must have a unique sdentification number asigned by the wsutution—for examplc. ANL-94/101
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7. The Project has been reviewed and approved by tha institutional Review Board (IRB)
as required under 10 CFR Part 745.

A. Type of Review

L Full Board »
- For a hst of research not requiring IRB review, see Aftachment.

LA Expedited ‘
For an explanation of projects that qualify for expedited reviews, see Attachment.

8. Type of Approvsl
QNew O Annual Renewal Qother

C. iRB val Date
Aeere July 21, 1993

8. This Project involves the following collaborating institutions (list a maximum of two):

9. Vulnerable Populations
| ZKrhis project does not involve vulnerabie populations.
J This project involves the following vulnerable populations:

3 Minors 3 Mentally Disabled ':I Prisoners

3 Fetuses. Pregnant Women, in Yitro Fertilization D Economically or Educationally Dissdvantaged

e ——
10. Type of Research .
Check all categories that apply.
. %idemiology(using personally identifiable data)—

Using data collected directly from human subjects.

Using existing data.
3 Diagnostic studies using radiation or chemical agents in tracer amounts.
aThcrapcutic studies using radiaxion or chemical agents.
 Studies of exposure. effects. health, or monitoring using human urine. blood, other body
fluids. cells. or tissues—

Specimens collected dlrectly from human subjects for this project.

Specimens obtained from secondary sources (c.g.. hospitals, laboratories).
Dlnstrument development and testing using human subjects.

'_3 Surveys that collect personally identifiable data.

. JEnvironmenual studies using human subjects to evaluate weatherization options, habnat alteration,
or similar.

Other. Please identify
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11. Abstract

Provide a brief abstract that includes the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
. the categones checked in ltem 11).

The objective of this research was to validate proposed cognitive workload
metrics for regulatory review of display navigation tasks which may be per_forme#
in advanced digital control rooms. All human subjects testing occurred while
the participants were seated before a computer workstation monitor. The
participants performed an eyetracker-calibration procedure with the head
supported in a chin rest. The participants were given instructions and briefed
on all aspects of the procedure. After performing a few practice trials, the
participants completed approximately 50 test trials. The trials involved
repetitive problem-solving tasks at the workstation, For example, a pop-up
task window requested the participant to monitor data on the underlying window,
and then navigate through a display network to a target window. Questions
regarding the monitored data were then answered in a pop-up response window,
All participants were debriefed. Experimental sessions were approximately
90 minutes in duratiom.

B. Specify the number of human subjects involved each year.

Seven human subjects participated during FY-1994

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

The participants completed tasks at a computer workstation while their
performance was recorded. The tasks were not significantly different from
those ordinarily performed by office workers on computers. Eye movements were
recorded by an Eye-Gaze System marketed by LC Technologies, Inc. of Fairfax, VA
N’ The eyetracker utilized an infrared LED sourced mounted on a camera lens to
illuminate the pupil and generate a corneal glint. These phenomena were
detected and utilized by the eye tracker to calculate eye-gaze point-of regard.
The amount of infrared illumination on the eye at a range of 15 inches is 20%
of the HEW maximum permissible exposure according to vendor performance
specifications.

D. List the chemical or radioactive matenals, if any, that are used in the study, and identify
the route of exposure.

NA

See reverse for approval signatures.

10u8USY

T e IO S =




The official signing below cemfies that the information provided on thus form 15 correct and that the instilubion assumes responsibility for
future reviews. approvals. and submussions of sroject summanes. which are all required at leasi once a year

Date
25, /999

A

Printed or Typed Name
David E. Reichle

Terhone Number
(615) 574-4333

For DOE Use Only
Date Received by ER-70 Date
D Acoepted
Q) Returned to Originator

Reason tor Retum

DOE Reviewers




. Identification No. QLN - 31

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

To: COMMITTEE ON HUMAN STUDIES Date:
/ Oak Ridge Associated Universities
Oak Ridge National Laboratory
Principal Investigator: Lee M. Hively (Engineering Technology)
In-plant mailing address: K-1225, MS 7294
Telephone number: 615-574-7188
Co-Investigator(s) N. E. Clapp (Instrumentation & Controls)

(Affiliation)
C. S. Daw (Engineering Technology)

W. F. Lawkins (Engineering Physics & Math)

Title of Project: Chaos Analysis of EEG Data

* Anticipated Sponsor: ORNL Seed Money

Estimated Annual Funding
(Current FY). $90K

I.  Objective of Experiment:
Include statement why experiment must be done using human subjects, and describe the expected benefits

. from the knowledge.

~
* - Human EEG data must be analyzed to find the onset of epilcpﬁc seizures,

1L Methods of Procedure; :
Briefly describe methods, all medications including name and dose range, number and types subjects
anticipated, time for single session, total number of sessions, total duration of study, methods used to
screen subjects, etc. Describe where the work will be done, including collaborative arrangements.
Indicate if work will de done by subcontractor to ORNL. Indicate here if you consider your research to
meet the requirements for exemptions.
Existing clinical data for 12 patients (2 non-seizure, 10 seizure) will be procured from St. Mary’s Medical
Foundation, and analyzed via chaos tools. This work meets the exemption requirements.

1B Possible Hazards and their Evaluation:
None (see Anachment for details)

IV, Radioisoiopes and New Drugs:
If the study involves radioisotopes, indicate action of the Isotopes Committee. If new drugs are involved,
indicate that appropriate application to FDA has been made.
None (see Attachment for details)

V. Responsibilitv of Principal Investioator:
Include statement of your procedures for protecting rights of the patients and for gaining informed consent.

. Standard protocols will be used to assure patient anonymity. Release of this data is covered by existing
3 St. Mary's patient release forms. A counterpart Human Studies application has been approved at St.

Mary’s Medical Center.

I04BLUShH
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS

INSTITUTIONAL REVIEW AND APPROVAL

PROJECT TITLE: Chans Analysis of FEG Data

IDENTIFICATION NO.:

STARTING DATE: December 11003

The principal investigator will follow the procedures of the Committee on Human Studies in obtaining
“informed consent” from the subjects under study. The investigator recognizes acceptance of primary
responsibility for safe-guarding the interests of the participants under study. The investigator is
responsible for notifying the ORAU/ORNL Committee on Human Studies of any significant changes in

methods of procedure or of the dcvclopmcm of uncxpccted risks. , !

. ) 'w/')

SIGNATURES: lee M _Hively L)-—C /'\" ) tALSg ' L v
Principal Investigator 1 * Date

N. E. Clapp 77 2. 6&,'79 | //Z//Z&//?j.
, o . 2z /o3
S’J Sr [I)a:,\_hnc Lis '—(#‘"‘k’l”—"\/ﬁ i /-f’ .53

Co-Principal Investigator(s) Date

DIVISION REVIEW:

The application described-berein has been reviewed 2 INor submission to the ORAU/ORNL Commirtee
on Human Studies.

A
Signature: — -
’ﬁ »c(/f' é’ g 7 .. ' iy
Title: 1} N , AN / H
/ /
Institution: Qal: Ridge Natinnal 1 abaratory:

Date: / %/J 7//7.;

INSTITUTIONAL APPROVAL:

The application described herein has been reviewed and approved for submission to the ORAU/ORNL

Committee on Hummw é M/

Signature:
David E. Reichle

Title: Associate Direrinr Enviranmental 1 ife and Spcial Science

Institution: Qak RJ.ASP National !nhnmm:}'

‘2 /20 /53

Date:
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NEW IDEA QUESTIONNAIRE
SEED MONEY FUND
LABORATORY DIRECTED RESEARCH AND DEVELOPMENT PROGRAM

Initiator's Name Lee M. Hively Phone__ 574-7188
Building__K-1225 Mailstop__ 7294 _ Division Engineering Technology

Project Title:_Chaos Analysis of Electroencephalogram (EEG) Data for Epilepsy Detection

Brief Summary

The DOE Office of Health and Environmental Research and the Office of Naval Research have

. expressed recent interest in brain research. We propose to apply nonlinear dynamics analysis

to electroencephalogram data as a direct indication of brain function for detection of epileptic
seizures. Three ORNL divisions (Engineering Technology, Engineering Physics and Mathematics,
and Instrumentation and Controls) and St. Mary’s NeuroScience Center w:ll collaborate to:

(1) acquire, screen, and digitize EEG data,

(2 graphncally and numerically analyze the data for seizure detec‘uon and

(3) document the work as publications and conference papers.

Does your Division Directory agree with the development of the idea in your Division? Yes
Does the proposed work conform with criteria in the ORNL guidelines for Seed Money Fund? Yes
Does your Division have programmatic funding for which this request could be considered a
supplement or substrtutzon" No

* Author Signature(s) L/LP M M/% ge No._ 26906

Principle Division Director's Sugnature‘%Mw K/éﬂh

What other Division(s) are involved in development of the ldea’? EPM and I&C
Supporting Division Directors' Signature(s) W el /,/j////"%«a@t

Do any environment, safety, and heaith aspecfs of this proposal require special review? No

Describe the status of any Technology actions, e.g., invention disclosure, patent apphcat:on
patent waiver request (planned, submitted, or granted), etc. None

Give amount of money requested. (Include no Laboratory overhead)_$120K

Identify the DOE offices or other agencies that may supply future program support.

DOE/OHER, per letter from John C. Wooley to David Reichle (dated 16 June 1893)

Office of Naval Research, per private communication from Mike Shiessinger to Lee Hively {(8/9/93)

Submit 18 copies of the completed questionnaire with your proposal attached to the Laboratory
Directed R&D Manager, Office of Planning and Management, Building 4500N, Rm 1205P,
Mailstop 6251. Send a copy to each Division Director listed above.
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BACKGROUND

The theo'ry of chaotic nonlinear dynamics provides a basis for understanding and potentially
controlling many complex physical and engineering systems. In particular, brain waves exhibit
seemingly random, unpredictable behavior, that is characteristic of deterministic chaos [1]. This
proposed research will analyze human neurophysiological functions from a chaos perspective
with a long term goal of advanced clinical diagnostic/treatment techniques for brain pathologies.
Examples of such disorders include sleep abnormalities, brain injury, stroke, cognition problems
(memory, speaking, writing), and dementia. This proposal addresses epilepsy via chaos analysis
of EEG data to characterize seizure precursors which present techniques cannot detect.

ORNL staff members have actively developed and applied chaotic time-series diagnostic tools
to engineering processes for several years. Indeed, ORNL work has provided leadership in
translating theoretical concepts into technology applications. Simultaneously, Dr. Michael
Eisenstadt and colleagues at St. Mary’s Neuroscience Center (NSC) have created a substantial
database of EEG measurements while caring for many patients with neurophysiological disorders.
The proposed work will build a collaboration between these two groups, combining the

- capabilities - at St. Mary's (biomedical laboratory facilities, EEG and related diagnostic

instrumentation and measurement database, knowledge of neurophysiological function and
disorders) and ORNL (chaos theory, data analysis and modelling, chaos control techniques). Dr.
Eisenstadt is eager to build a collaboration with ORNL by providing medical expertise, access
to biomedical facilities, and EEG data for this project.

We believe that good prospects exist for future funding of this (and related) work. The DOE Office
of Health and Environmental Research recently solicited suggestions from ORNL for a Federal
initiative on brain research. The Office of Naval Research is interested in chaos analysis of the
brain for robotics applications. This proposed research may provide the framework for a practical,
real-time, non-intrusive monitoring for epileptic seizure onset and for effects of stress, drug abuse
and aging in key workers. These prospects are discussed further below.

The goals of this research are to: (1) demonstrate that EEG data can be meaningfully analyzed
via chaotic time-series methods, (2) develop a nonlinear dynamic characterization of the transition
from normal to abnormal neurophysiological function during an epileptic seizure, and (3)
determine abnormality precursor(s) that are detectable by a practical out-patient sensor. The first
goal is very generic and is valuable for the application of chaos tools to advanced diagnostics
for other neurological disorders. The second goal is discussed under Task 2. The third goal is
addressed in the last section of this proposal.

RESEARCH TASKS

We propose a focussed application of chaos analysis of electroencephalogram (EEG) data as
a direct indication of brain function. Present techniques do not access all of the information in
EEG signals, so more powertul tools are needed. Analysis tools for chaotic processes over time
(chaotic time-series analysis) are appropriate because normal brain waves show strong evidence
of chaos [1]. An important objective of this proposal is development of tools for systematic
analysis of chaotic structure to distinguish normal function from epilepsy. Also, these tools must
cope with the noisy data that is typical in biomedical diagnostics. The proposed work involves
(1) acquisition, screening, and digitization of biomedical data with existing equipment, (2)
graphical and numerical analysis of the data, and (3) documentation of the work as publications
and conference presentations. These tasks are described more fully below.

I04BLSY



Task 1: Data acquisition and digitization

Our coliaborators at St. Mary's Neuroscience Center have an extensive library of 16-channel,
analog EEG data on VHS tapes. Typically, the data are recorded during long periods of normal
neurophysiological function and have been carefully indexed by patient for artifacts.
Representative data will be characterized for ‘normal’ neurophysiological function, as a baseline
for identitying epileptic seizures and associated precursors. We note that this latter (abnormal)
data constitutes only a small fraction of the total. ORNL will work with the Neuroscience Center
to screen the data from this library and digitize selected segments for detailed analysis, as well
as to acquire and digitize new data from patients as appropriate. Data screening also will involve
a data quality assessment (e.g., minimal noise and availability of all 16 data channels). Automated
(computerized) techniques will be studied for data screening. Dr. Eisenstadt will provide the
medical expertise for this task; see Attachment 1 for more details. The product of this task will
be carefully documented, representative segments of multichannel EEG data for detailed
nonlinear analysis under Task 2.

Task 2: Nonlinear dynam:cal ana!ys:s of data o

The proposed work wnll buuld on our extensive experience in chaos analysis of scalar, time-series
data. The 16-channel data from Task 1 contains information about the temporal evolution of
neurophysiological dynamics at different spatial locations. Relative to previous work (e.g., Ref.
1), examination of the spatio-temporal data will be a unique feature of this research. In fact,
spatio-temporal analysis is an important new problem in chaos research.

Existing computational tools will be extended appropriately to analyze the spatio-temporal data
graphically and quantitatively for its nonlinear dynamical structure. We foresee a straight-forward
software implementation of improved algorithms.

The first goal of this task is quantitative characterization of normal EEG signals which appear as
chaotic and spatially uncorrelated brain waves. At the other extreme, we also will characterize
epileptic seizures which appear as periodic and spatially correlated brain waves. The second goal
of this task involves quantitative characterization of the transition from normal (chaotic) state to
an epileptic seizure (periodic) state. We anticipate that this second goal will require detailed
analysis of the evolution of the correlation between spatially separated data channels.
Alternatively, the transition might be viewed as an evolution from higher dimensional chaotic
dynamics to lower dimensional chaos or to periodicity. The third goal involves the earliest
possible detection of this chaotic-to-periodic change for seizure mitigation and treatment, for
which we will identify key parameter(s) that are most sensitive to the transition onset.

Examples of the chaos analysis techniques [4-8] include: time-delay embedding; phase-space
reconstruction; mutual information; singular value decomposition for principle components
analysis; nearest-neighbor dimension; correlation dimension; correlation integral; Kolmogorov
entropy; Lyapunov spectrum; noise filtering; and Poincaré return map. Various analyses are
possible with these techniques to achieve the goals of the proposal. For example, if brain chaos
is dissipative (non-energy-conserving), then the number of dominant degrees-of-freedom (e.g.,
as determined by the principle components analysis of Broomhead and King [2]) may be low,
even if the chaos dimensionality of the full system is much larger. Characterization of the
dominant degrees of freedom is an important component of the first goal of the proposed
research. Another example is construction of a Poincaré return map during chaotic-to-periodic
transition as the intersection of the chaotic orbit with an appropriate multi-dimensional plane
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surface. This analysis may identify unstable periodic orbit(s) in the chaotic state, which become
stable during seizure (periodic) state.

Task 3: Documentation of the Work

This task will document the work in technical publications and conference presentations. We will
provide lucid textual descriptions and graphical (video if possible) displays of the work as a basis
for seeking further work for ORNL.

IMPLEMENTATION, COSTS, and PERSONNEL

The proposed work will provide methodologies implemented via computer software and hardware
for expert analysts’ use on existing PCs, workstations, and high-performance computers, as
appropriate, with corresponding documentation. Work will begin immediately after approval of
this proposal. We expect to further utilize existing collaborations with University of
Tennessee/Knoxville (Ke Nguyen), University of California at San Diego (Henry Abarbanel),
University of Maryland (Ed Oft, Celso Gebogi, James Yorke), and Delft University/Netherlands

- -(Prof. Takens). Literature searches can be performed through the ORNL library system. The costs

and personnel for FY1994 are shown in Table 1. The cost for Dr. Eisenstadt is for screening and
selection of data under Task 1. Deliverables include algorithms, computer software, as well as
technical reports and publications documenting the work. Task leaders are indicated by asterisks;
Dr. L.M..Hively is the principal investigator.

FOLLOW-ON FUNDING

As noted on the title page, John Wooley (DOE Office of Health and Environmental Research) sent
a request to David Reichle on 16 June 1993, asking for brain research ideas. DOE is part of a
federal initiative to understand the human brain and nervous system, and to treat its diseases.
The federal sponsors of this initiative desire to support new research on anatomical and
physiological mapping of the human brain and nervous system via real time physiological
monitors, advanced computers, and modeling. Federal interest is motivated by a rising incidence
in neurological and behavioral diseases, due to aging, drug abuse, and neuropathic involvement
in other ailments such as AIDS. See Attachment 2 for details.

The Office of Naval Research has funded nonlinear dynamics research for many years, including
chaos analysis, synchronization of chaotic systems, and control of chaos. Mike Shiessinger (a
Program Manager at ONR) informed Lee Hively that one of their current interests is chaos in
biological systems. Brain research is particularly interesting to ONR for robotics applications.

While the proposed research involves sophisticated computationally-intensive analysis, simplified
methods might be developed for real-time analysis and seizure detection. A practical, out-patient
implementation might be a hat or pair of glasses with biomedical sensors and a programmable
computer chip that would alert a person to the onset of an epileptic seizure. The person then
could stop any critical task {e.g., driving a vehicle) and request help or take medication. This type
of diagnostic also might provide real-time, non-intrusive monitoring of key workers for extreme
stress, drug abuse, or aging. A more advanced product might allow medical intervention into
brain pathology via chaos control techniques [10-11].

Dr. Eisenstadt has provided strong input to this proposal and wants to paricipate directly in
Tasks 2 and 3 (without financial support form ORNL) of the proposed work. Based on his many
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ttachment 2

Department of Energy
Washington, DC 20585

JUN 1 6 1993

Dr. David Reichle

Oak Ridge National Laboratory
P.0. Box 2008

Oak Ridge, TN 37831

Dear Dr. Reichle:

In the past few years, the Federal Government and the Department of Energy
(DOE) have developed an increasing interest in seeking new and innovative ways
to apply the rapidly advancing computer and modelling technologies to
understanding the human brain. The interest.was sparked by rapid = 4
technological advances and a rising incidence of neurological and behavioral
diseases affecting millions of people. The rising incidence results from
several factors, including the changing demographics of an aging population,
drug abuse, and increasing occurrences of neuropathic involvement in diseases
such as AlDS.

The Federal interest in understanding the brain and behavior led President
Bush to declare the 1990s the "Decade of the Brain." Rapid scientific
advancements coupled with that declaration led to the formation of an
interagency committee on brain and behavior that issued a report entitled,
"Maximizing Human Potential."™ Following that report, a smaller group of
scientists from several Federal agencies agreed to form an informal consortium
with a more focused goal of supporting new research efforts aimed at mapping
the anatomical and physiological aspects of the human brain.

For decades, the Office of Health and Environmental Research (OHER) has
sponsored research to develop new radiological and other advanced technologies
to study, treat, and understand diseases of the brain and nervous system.
During this period, various other DOE Offices have sponsored development of
high technologies, such as real time physiological monitors, powerful
computers and complex computer models, networks, and so on. But, altering
priorities of the past and meeting the needs of the future require change and
creativity. OHER would like to help the Department benefit from these
changes. To do this, OHER is exploring the question as to whether its
resources, technologies, and research potential can be brought together in new
and creative ways to help understand the brain and its diseases.

[048Y4b2
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Attachment 2

By this-letter, OHER is asking you and your colleagues in fields such as those
named above, to give this question serious consideration. Please discuss the
issues among yourselves and, with scientists in the relevant disciplines, and
with your colleagues in other laboratories. Let OHER know if you are
interested in participating in this exploration and ask your collcagues to do
the same. After hearing from all interested parties, we will decide the next
step. Tnis may include holding an informal meeting or a conference to
exchange ideas and to develop future directions. If you are interested in
joining OHER's quest for finding new and exciting ways to bring high
technology and brain research together to address very difficult national
problems, write to James R. Beall, ER-72, U.S. Department of Energy (GTN),
Washington, D.C. 20585 or call (301)-903-4507.

Sincerely,

- ity

John C. Wooley

Deputy Associate Director

Health and Environmental Research
Office of Energy Research

LOU8Yb3
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JAK RIDGE NATIONAL LABORATORY POST OFFICE BOX 2003
o’ MANAGED BY MARTIN MARIETTA ENERGY SYSTEMS. INC. OAK RIDGE, TENNESSEE 37821

December 30, 1993

Dr. William H. Calhoun
Professor, Psychology

312 D Austin Peay Building
855 West Woodchase
Knoxville, TN 37922

Dear Professor Calhoun:

Please find enclosed a copy of our application for Human Studies Review. If you require any
further information to complete the review, please call me at 615-574-7188.

Sincerely,
N }\/' . }
~’ [_2w MM ) w"g
Lee M. Hively
LMH:jbe
Enclosure: Application for Human Studies Review
N’
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If you have any questions about this ressarch project, don’t
hesitate to call (615)~545-7539,0r (615)=-545-7527. We’ll be happy
to find@ answers for you. We are looking forward to your

participation in this xesearch, as we feel it may be of great
importance. ‘ . LT SR =

Tha BEG data we want to use is already recorded on tape, sO it
will not be necessary for you to return to St. Mary’s for us to do
any further tests. Your name &and picture will not be used. Your
help is very important to the success of the project. Thank you in
advance if you agree to participate.

Plsase, sign the enclosed consent form in the presence of an
adult and have that adult sign on the line that reads "witness.”
This form may be witnessed by a family member, guardian, or other
adult.

Sincerely,

walter W. Holland, R.EEG T.

lou8ubS
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St. Mary’s Medical Center, Inc.

: ) 900 E. Oak Hit Avenus
hg im St S Knoxvilig, Tennessee 37817-4556
‘ 615-971-6011

Neurodiagnostic Department

We are starting a research project dealing with spileptic
seizures. We would like to use your EBEG data in this
important resesarch effort and would appraciate your pesrmiasion
to do s¢. Your name and image will not be used. Please sign
the attached consent form and mall 1t to the Neurodiagnostic
Center at your <arliest conveniance. We feel that this
project may lead to advances in the diagnosis of seizures.
Your cooperation in this sffort is very much appreciated.

N
8incerely
Michael L. Eisenstadt, X.D., Ph.D.
N’

lgugubb A Momba of Mercy Hoakh Syslem
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'SENT BY:WOES SeS2=SSl 104-94 : 3:99PM :  APPLIED TECH. DIV.- 615 576 7903:# 1/ 4

FAX COVER SHEET

To:  Prof. Willaim Cathoun 874-3423
Department of Psychology 874-3330 fax
University of Tennesse, Knoxville, Tn

From: Dr. Lee M. Hively 574-7188 ) )
Engineering Technology Division, ORNL 574-8481 fax i -

Oak Ridge, Tn

ce. Marta Rivera 576-3480
Oak Ridge Associated Universities 576-7903 fax
Oak Ridge, Tn

Date: 24 January 1994

Number of pages: 4 (including cover sheet)

The answers to your questions are as follows:

1) Patient identity will be preserved by St. Mary's Medical Centsr, which will identify
each data set by a number. All references to the data set will be by number only.

~
. 2) The patients were informed of the use of their EEG data by St. Mary's Medical
Center. Copies of the cover letters and an unsigned release form (signed by each
patient whose data is to be used) are enclosed.
Please call Lee Hively (574-7188) about any questions. - Thanks.
~—
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Neurodiagnostic Department

I hereby give
permissicn to the Neurodiagnostic Department at St. Mary'’s
Medical Center to use Video Tape for medical purposes and the
electroencephalogram (EEG) data for scientifio reseaxch
purposes. '
Signature
wit
~ ness
Date
N~
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= 6159743330 | R. D. FOWLER ©1-24-94 15:39 PB2

(')R Oak Ridge

R f‘t' Associated  Post Office Box 117
- Universities  Oak Ridge, Tennessee 37831-0117

January 24, 1994

Lee M. Hively

K-1221, MS 7294

Oak Ridge National Laboratory
Oak Ridge, TN 37831

Dear Dr. Hively:

I have reviewed your proposal for the analysis of EEG data using chaotic time-series
methods. I will ask Marta Rivera to assign your project an I. D. number, and ask that you use
that number in future communications about your project. Your project seems to fit the category
of projects which are exempt from review under 45 CFR 46 as follows: " Rescarch involving

the collection or study of existing data, documents, records, pathological specimens, or -

diagnostic specimens, if these sources are publicly available or if the information is recorded by
the investigator in such a manner that subjects cannot be identified, directly or through
identifiers linked to the subjects.” Yet, I will need some additional information for the
Committee.

It is not clear from your proposal how you plan to identify “subjects” to be included in
your study. I assume you are using archival data maintained by St. Mary’s Neuroscience
Laboratory. There are two things you need to add to your proposal: (1) assurances that the
persons from whom the EEG’s were originally collected are aware that their data will be used
by researchers, and how informed consent was obtained from those persons, and (2) how you
will ensure that the identify of the persons will be protected.

I believe you can satisfy point 1 by providing the Committee with a copy of the standard
consent forms patients sign before the EEG’s are recorded. It is standard practice for any
hospital or laboratory to collect such approval. The second point merely reflects the need to
ensure that no persons will be identified by name.

If you provide this information, your project is approved. You are expected to keep the
Committee informed of any changes in protocol and to file an annual report of progress on the
project. If you discontinue the project, please let me know.

I wish you success with your research,

Sincerely,

LN hbera

William H. Calhoun, Chair
ORAU/ORNL Committee on Human Subjects

I0484bY
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JAK RIDGE NATIONAL LABORATORY POST OFFICE BOX 2003
\ANAGED BY MARTIN MARIETTA ENERGY SYSTEMS, INC. OAK RIDGE, TENNESSEE 37831

December 30, 1993

Dr. William H. Calhoun
Professor, Psychology

312 D Austin Peay Building
855 West Woodchase
Knoxville, TN 37922

. Dear Professor Calhoun:

Please find enclosed a copy of our application for Human Studies Review. If you require any
further information to complete the review, please call me at 615-574-7188.

Sincerely,
BN M’ ' ]
w | o N "U”""g
Lee M. Hively
LMH:jbe
Enclosure: Application for Human Studies Review

touguio



PROTECTINGS D

HUMAN SUBJECTS Y’

Office of Health and Environmental Research U.S. Department of Energy

PROJECT SUMMARY . -

Policy: Rescarch activities that involve human subjects and that are funded by the U.S. Department of Energy
(DOE), conducted in DOE facilities, or conducted by DOE personnel must be approved or exempted from review in
accord with 10 CFR Pant 745. Failure to conply with these regulations may prevent DOE from authorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must complete this form, providing the data listed below in the format indicated,
for cach research activity each year. Forms must be sent to the appropriate DOE Field Office, which wil)
forward them to DOE Headquarters (Protection of Human Subjects, Mai] Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).
m-
1. Project Title

Chaos Analysis of EEG Data for Epilepsy Detection
2. Principal investigator Telephone Number

Dr. Lee M. Hively 615-574-7188

Mailing Address — Include full name of performung institution,

Oak Ridge National Laboratory, P. 0. Box 2003

Oak Ridge, TN 37831-7294

3. Institutional Assurance Number (if issued) 4. Project Number®
OMNL-3}
3210-0502

5. Annual Funding:
Give actual funding or check the amount closest to the estimated total for the current aActunl Funding
Federal fiscal year, whether requested or obtained. Include both direct and indirect costs. $ 120,000

T s10,000 QO s100,000 Q ss00,000 Qi s1,000,000 U s5,000,000

6. Funding Sources
A. Name DOE Program Office (see list in attachment), if applicable.
B. Name non-DOE sources of funding (up to two), if applicable.

A. DOE Program Oftice

Contact Person TJeiephone Number

B. Non-DOE Source

ORNL Seed Money (Mark Reeves, Manager 574-4174)
_Non-DOE Source

* Under 10 CFR Pan 745, institutions are required to file an assurance of compliance with the regulations with DOE or the Depanment of
Health and Human Services. The Depaniment involved may then issue an assurance number.

? Each project must have a umique identification number assigned by the institution—for example, ANL-94/101.

louguil



7. The Project has been reviewed and approved by the institutional Review Board (IRB)

as required under 10 CFR Part 745.

A. Type of Review

QIFull Board '
Tor a list of research not requiring IRB review, see Atachment.

O Expedited

For an explanation of projects that qualify for expedited reviews, see Attachment.

8. Type of Approval
QO New QJ Annual Renewal E)Other Exempt (Category 4)

C. IRB Approvsl Date

8. This Proiect involves the following collaborating institutions (list a maximum of two):

St. Mary's Medical Center, Knoxville, TN

University of Tennessee, Knoxville, TN
9. Vulnerable Populations

a'l'h.is-projccx does not involve vuinerable populations. -
O This project involves the following vulnerable populations:

D Minors D Mentally Disabled D Prisoners

D Fetuses, Pregnant Women, in Vitro Fertilization ) D Economically or Educationally Disadvantaged

e
10. Type of Research

Check all categories that apply.
Q 8idcmiology(using personally identifiable data)—

Using data collected directly from human subjects.

£ Using existing data.
_ DDiagnostic studies using radiation or chemical agents in tracer amounts.

DTherapcutic studies using radiation or chemical agents.
U Swdies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids. ceils, or tissues—

Specimens collected directly from human subjects for this project.

Specimens obtained from secondary sources (e.g., hospitals, laboratories).
Qinstrument development and testing using human subjects.

a Surveys that collect personally identifiable data.

QEnvironmental studies using human subjects 1o evaluate weatherization options, habitat alteration,
or similar.

QOther. Please identify

1ouB412
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11. Abstract |

Provide a bricf abstract that inclcdes the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
. the categonies checked in Item 11).

Existing electroencephalogram (EEG) data is analyzed via nonlinear
dynamics tools as a direct indication of brain function for detection
of epileptic seizure onset, The tasks are:
(1) screen and digitize EEG data,
(2) graphically and numerically analyze the data for seizure onset
detection, and
(3) document the work as publications and conference papers.

Only existing electroenchepalogram data is used, for which no risk
exists. Therefore this project belongs in the exempt category.

B. Specify the number of human subjects involved each year.
12 ' -

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

Only existing electroenchephalogram data is used, for which no
risk exists. '

D. List the chemical or radioactive materials, if any, that are used in the study, and identify
the route of exposure.

Not applicable

See reverse for approval signatures.
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The official sigming below ceruifies that the information provided on thus form 15 correct and that the instituuon assumes responsibility for
future reviews, approvals. and subrmussions of project summanes. which are all required al least once a year.

— g
ig of an 7(::{ E Date
Ay 1/25/94
Printed or Typed Name Teiephone Number
Dr. David E. Reichle 615-574~4333

For DOE Use Only

Date Received by ER-70

O Returned to Originstor

Reason for Retumn

DOE Reviewers

IouBuY




STATEMENT OF WORK
for

PHYSIOLOGICAL RESPONSES OF ELECTRIC
AND MAGNETIC FIELDS IN HUMANS

The contractor shall furnish personnel, facilities, equipment, materials, supplies and services
necessary to conduct the following research.

TASK 1 60-Hz EMF Effects on Cardiqvascular Activity : Analysis and Integration

Subtask 1.1

Conduct appropriate statistical analysis of the data obtained in the recent study sponsored by
the U.S. Department of Energy investigating the effects of intermittent exposures on the heart
rate of human subjects.

Parameters measured in this study, and which are to be statistically analyzed, include:

cardiac interbeat interval, pulse transit times, FFT of the heart period, blood pressure,
alertness ratings, electrocardiogram, arterial oxygen saturation, sinus arrhythmia, and vital
signs. Other measures including respiratory parameters and non-linear dynamics of heart rate
may be analyzed as deemed appropriate by the investigators.

Subtask 1.2

Integrate the finding from the analysis of the recent study with data from other completed
studies at Midwest Research Institute.

Subtask 1.;

Evaluate the significance and implications of the individual and combined studies at Midwest
Research Institute with particular emphasis on:

- dose-response relationships

- relevant exposure parameters
- mechanisms of any observed effects.

1048415



ubtask 1.4

Review the interpretations derived from the evaluations in Subtask 1.3 with other scientists
and with the DOE quality control team for consensus regarding the conclusions.

Subtask 1.5

Prepare recommendations for future research on the basis of findings to date and submit to
the ORNL project manager.

Subtask 1.6

Prepare a comprehensive report in protomanuscript format for review by the ORNL project
manager and for submission for publication in the peer-reviewed scientific literature.

TASK 2 60-HZ EMF Effects on Electrophysiological Measures of Brain Activity and
Function : Relevant Exposure Characteristics and Dose-Response
Relationships.

ubtask 2.

Conduct two studies using a common intermittent exposure protocol based on evaluation of
previously obtained data. In each study 18 male and 18 female volunteer human subjects
shall be randomly assigned to three conditions:

200 mG rotating magnetic field exposure
100 mG rotating magnetic field exposure
sham (no field) exposure
Each test session shall consist of at least three periods:
45 minutes pre-exposure period
45 minutes of exposure at the assigned level

45 minutes post exposure period

Electroencephalographic (EEG) data shall be collected in the last 30 minutes of each test
period. All sessions shall be conducted in the double-blind mode.

Prior to initiation of this series representatives of the National Institute of Standards and
Technology shall verify field levels and uniformity in the exposure facility.

0484 1b



All sessions shall be conducted in accordance with NIH guidelines for the use of human
subjects and as approved by both the Midwest Research Institute and the ORNL committees
on the use of human subjects.

Subtask 2.1.1

Study 1 - Investigate 60-Hz EMF Effects on Sensory Function and EEG Power Spectra.

The following parameters shall be investigated in this study using standard procedures for
recording EEG activity from head sites as defined by the International 10-20 electrode
placement system.

. Brain Stem Auditory Evoked Potential. The seven distinct components within the
BASEP waveform derived from the EEG allows noninvasive measurement of E_MF A
- effects on the auditory system. ‘ ’ o '

e Pattern Reversal Visual Evoked Potential. This widely used technique is a measure of
the integrity of the visual system.

. Somatosensory Evoked Potential. SEP will be elicited by presenting brief pneumatic
pressure stimuli to the finger tips. Data can be used to differentiate peripheral from
central effects within the somatosensory system.

. EEG Power Spectra. Spectral analysis provides information about the bioelectric

characteristics of the resting brain. Fast Fourier Transformation Analysis will be
performed on the EEG data.

Subtask 2.1.2
Study 2 - Investigate 60-Hz EMF Effects on Cognitive EEG Activity and Performance.

The following parameters shall be investigated in this study using the same recording
procedures as in Study 1.

. Auditory Evoked Potential. This widely used and standardized paradigm provides
both physiological and performance data.

. Contingent Negative Variation. This is a measure of how the central nervous system
prepares to respond to stimuli.

1048477



. Visual/Spatial Memory Task. This is an analogy to the radial arm maze technique
used in animal studies and is a test of short term memory.

. Time Estimation Task. This is a computerized time estimation technique similar to the
DRL task used in animal experiments.

TASK 3 Reporting and Deliverables

Subtask 3.1

Detailed, informative task progress reports shall be prepared and submitted to the ORNL
project manager early in the 2nd, 3rd and 4th quarters of the contract year presenting
progress, problems, etc., for the respective preceding quarters.

Subtask 3.2

A draft final report in protomanuscript format shall be prepared and submitted to the ORNL
project manager for review and shall be submitted for publication in the peer-reviewed
scientific literature. Two reports shall be prepared:

. Results of Task 1
. Results of Task 2

ubtask
Investigators shall prepare and present appropriate reports at scientific meetings; for example,

the Bioelectromagnetics Society, FASEB, Annual Review of Power Frequency Research, etc.
The ORNL program manager shall review the submissions.

1048418 b
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OAK RIDGE INSTITUTE FOR SCIENCL AND EDUC. ATICONN

AAFTIC AL SOt I DIVEL i -

May 13, 1993
Paul C. Gailey
Program Manager

ORNL Electric and Magnetic Fields
Research Program

Dear Dr. Gailey:

I have reviewed the materials you submitted. It is clear that the Midwest Research
Institute (MRI) understands the procedures to ensure safety of human subjects used in research.
I believe all you need for ORNL to be in compliance with our Committee is to inform us of the
‘research you actually undertake. This information should contain dates, numbers of subjects,
and any outward observations.

If you plan to conduct such research locally, a compha.nce procedure patterned after
MRI’s would be needed.

I do not expect there will be any delays in your receiving expedited review of such
proposals. -

I trust this is satisfactory for your purposes.
Sincerely,

ulé¢ﬂé&lj%umJ

William H. Calhoun, Chair
ORAU Human Subjects Committee

/sa

cc: Marta Riveria

P. O. BOX 117, OAK RIDGE, TENNESSEE 37831-0117

Managed and oporoted by Ook Ridge Associoted Universities for the U.S. Depariment of Energy
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ORAU/ORNL COMMITTEE ON HUMAN STUDIES YOTING RECORD

Proposal Number and Title: Physiological Responses of Electric and Magnelic Fields in Humans

R
Principal Investigator: Dr. Paul Gailey, ORNL

VOTE OF COMMITTEE

Signature Approve Disapprove Comment Date
L Gi2clas
2.ZZQW4241~42W_, u// ?ﬁ»éb
3 // AT LG U siay
) Wé"/@ \/ | N L L
s leelny 2L “les/ay
6 g A :;j v 6.25.85
g M7 ey A M s 2595
,\;8 b 1S oS
9
10.
11.
12.
13.
14.
Chairman’s statement of Committee consensus:
— Date
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PROTECTING M

HUMAN SUBJECTSS

Office of Heatth and Environmental Research U.S. Department of Energy

o - PROJECT SUMMARY

Policy: Research activities that involve human subjects and that are funded by the U.S. Department of Energy
(DQE). conducted in DOE facilities, or conducted by DOE personnel must be approved or exemptiad from review in
accord with 10 CFR Part 745. Failure to comply with these regulations may prevent DOE from asuthorizing or
funding an activity, or may lead the Department to suspend or terminate the project.

Directions: Institutions must corplete this form, providing the data listed below in the format indicated,
for each rescarch activity each year. Forms must be sent to the appropriate DOE Field Office, which will
forward them 10 DOE Headquaners (Protection of Human Subjects, Mail Station ER-70, Office of Health and
Environmental Research, U.S. Department of Energy, Washington, DC 20585).

1. Project Title

Physiological Responses of Electric and Magnetic Fields in Human

2. Principal Investigator . S Telephone Number
Paul Gailey/ - -
(Dr. Charles Graham¥, 816~753-7600 Ext 1161

AP ATETE NEETSAL T TSHBYITSR Y IEDG 3147, 56070, phone (615)-574-0419

(Midwest esearch Institute)

P.0. Box 2008, Oak Ridge, Tennessee 3/83T-bU/0
C&ZS Volker Blvd., Kansas City, Missouri 64110-2299>

3. Institutional Assurance Number (it issued)’ 4. Project Number®
~ M1051 (Health and Human Services) ORNL-32
5. Annual Funding:
Give actual funding or check the amount closest (o the estimated total for the current DAcwnl Funding
Federal fisca! year, whether requested or obtained. include both direct and indirect costs. $
10,000 Qs100,000 A $500.000 O s1,000,000 O 55,000,000

6. Funding Sources

A. Name DOE Program Office {see list in attachment). if applicable.
B. Name non-DOE sources of funding (up 1o two). if applicable.

A. DOE Program Office
Energy Efficiency and Renewable Energy

Contact Person Telephone Number
Dr. Imre Gyuk 202-586-1482
8. Non-DOE Source

. Non-DOE Source

! Under 10 CFR Part 745, insttutions are required 10 file an assurance of compliance with the regulations with DOE or the Depanment of
Health and Human Services. The Depariment involved may then issue an assurance number.

! Each project must have a unique identification number assigned by the institution—for example, ANL-94/101,

fouBus8l
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7. The Project has been reviewed and approved by the Institutional Review Boerd (IRB)
as required under 10 CFR Part 745,

A. Type of Review

QIFull Board
For a list of research not requiring IRB review, see Attachment.

DExpediled ,
For an explanation of projects that qualify for expedited reviews, see Attachment.
B. Type of Approvsl
ONew (J Annual Renewal Qother

C. IRB Approval Dete
June 29, 1993

8. This Project involves the following collaborating institutions (list @ maximum of two):

9. Vuinerable Populations
& This project does not involve vulnerable populations. =

O This project involves the following vulnerable populations:
Cminors O mentaily Disabled Ol prisoners
D Fetuses, Pregnant Women, in Vitro Fertilization D Economically or EMMIIy Disadvantaged

10. Type of Research
Check all categories that apply.

DEdidcmiology(using personally identifiable data)—
Using data collected directly from human subjects.
Using existing data.

Q Diagnostic studies using radiation or chemical agents in tracer amounts.
DThcrapeutic studies using radiation or chemical agents.
O studies of exposure, effects, health, or monitoring using human urine, blood, other body
fluids. cells, or tissues—

Specimens collected directly from human subjects for this project.

Specimens obtained from secondary sources (e.g.. hospitals, laboratories).
Dlnstrumcm development and testing using human subjects.

Q Surveys that collect personally identifiable data.

U Environmental stdies using human subjects to evaluate weatherization options, habitat alteration,
or similar.
Studies of the effects of environmental levels of

(B Other. Please identify __magnetic fields on EEG and performance.
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11. Abstract

Provide a brief abstract that incluces the following information:

A. Summarize the objectives and methodology of this research project. (Explain clearly why it belongs in
the categories checked in Item 11).

Human volunteers are briefly exposed to controlled 60 Hz magnetic
fields while EEG and other performance measures are recorded. The
field levels used are comparable to those which may be experienced
while riding an electric commuter train or sleeping under an electric
blanket. These studies are a critical component of a larger, national
EMF Research Program to determine whether or not magnetic field
exposures produce any measurable effects in humans.

B.. Specify the number of human subjects involved each year.

36 men -
36 women

C. Describe the involvement of human subjects and the risks, if any, to which they are exposed.

EEG data are recorded from human volunteers while they participate
in simple performance tests. During one-half of a 45 minute period,
the subjects are exposed to a 200 mG magnetic field which has been
characterized by the National Institute of Standards and Technology.
There are no known risks from these environmental levels of 60 Hz
magnetic fields.

D. List the chemical or radioactive materials, if any, that are used in the study, and identify
the route of exposure.

No chemical or radioactive materials are used in the experiments.

See reverse for approval signatures.
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The official sigming below certifies that the information provided on thus form is comect and that the institution assumes responsibility for
future reviews, approvals, and submissions of oroject summanes. which are all required at least once a year.

ignature of Ixstitution Oﬁ'ici:; E 2

Date —
28 /Ty

Printed or Typed Name
David E. Reichle

Ta“phone Number
(615) 574-4333

For DOE Use Only

Date Received by ER-70

Date
O accepted

D Retumed to Originator _.

Reason for Retumn

DOE Reviewers
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