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ABSTRACT

A substantial quantity of 2% Chlordane insecticide (emulsifiable solution)
was introduced into the heating ducts of two Capehart type housing units at
Webb AFB, Texas on 12 March 1970. The insecticide was being used as a subslab
termite control agent in accordance with AFM 85-7(8-16), when it was accidentally
introduced into the heating ducts formed within the concrete siab.’ Several
hours after the treatments the heating systems were thermostatically activated

and distributed the pesticide as an aerosol and vapors throughout the housing

units during the night. . ]

I <

Conclusions and recommendations included:
‘' a. Adult rehabitation can be safely accomplished when wall and ceiling

residues are reduced to 50 ug/ft2 and floor residues to 10 ug/ftz. These valui~
must be 7.0 ug/ft2 and undetectable, or 3.4 and 0.5 ug/ft2 respectively before
children can live in these quarters.

b. Decontamination of painted surfaces - 3 vigorous scrubbings with 20%
methanol:water solution, followed by repainting of walls and ceilings. Such
scrubbings remove up to 90% of the Chlordane residues.

c. Decontamination of clothing, bedding and curtains - disposal of grossly

contaminated curtains and other items the value of which did not justify cleani: g

- costs.

d. Dry cleaning of all clothing, bedding and other such items twice.
Disposal of contaminated dry cleaning solutions in a sanitary landfill.

e. Overstuffed furniture was recovered or replaced.

f. Base Civil Engineering at Webb AFB recommended the installation of new
heating ducts vs further atiempts to clean the existing conduits. Investigations

showed the conduits would be extremely difficult to clean due to faulty construcfio

. le



II.

1
]

III.
1v.

iI.

N e e

. TABLE OF CONTENTS

Page

INTRODUCTION. v eeerernnnenianceacsoosascosssossosnonses ceeees 1
DISCUSSION. .« evtuenueneeeeneesoeesonennansanonananess e e 2
A. Toxicology and Maximum Allowable Daily Intakes of

Chlordan@....ooveeiennnncennnes ARCXEEEERRERTTTRTETE: cesvene 2
B. Chlordane Contemination of Quarters and

Decontamination Procedures.......... ceeeserciearetaacennes 2
C. Dermal Absorption of Dry Chlordane and Maximum

Allowable Household ResiduesS.....eveveeeseanecesnans ceees 4
D. Actions Taken to Date.eeveereerecencnneanss eeeceecariaaes 4
CONCLUSTIONS . ettt iieiiireeesesseresncseronasssranconscacsans 6
RECOMMENDATIONS . .vvnvecnennas l ................................ 8

APPENDICES

Ltr, Director Base Medical Services, Webb AFB TX...ceveviunnnn 11
The Toxicity of Chlordane.....cvveeeeeienenenenesooosonsancsans 13
A. Physical Characteristics and Acute Toxicology of

Chlordane. .. ovueiiiiiiiiiiiiiitiiiecennasroasersesencnaas 14
B. Chrenic Toxicity of Chlordan@...evveveeeeeererenrnencannns 17
Chlordane Residues in Government QUarterS......eeeeeesen weeess 21
A. Measurement of Chlordane Contamination.......ceeeveeeennne 22
B. Chlordane Residues in Ambient Air.............. eeseesaens 23

€. Patterns of Chlordane Disposition on Household Surfaces... 27

D. Chlordane Residues on Personal POSSEeSSTONS.seeeeccceonnnss 42

ii

1 |




TABLE OF CONTERTS (contd)
Page

E. Decontamination ProCeduras.....ceeeviieenereesneeneocnasas a4
- IV. Dermal Absorption of Dry Technical Chlordane
Residues and the Maximum Quantity Permissible on
HOUSENOTG SUPTaCeS .. ittt i i e iiieterteenieeneeeosasosonnns 49
i A. The- Dermal Abso?ption of Dry Chlordane Residues........... 50
B. Maximum Permissible Daily Intake of Chlordane............. 52
y - C. Maximum Permissible Househoid Residues of Chlordane....... 54
V. Written Communications with Webb AFB Concerning
‘ Decontamination and Sampling ProceduresS.....c..eeeeveevenaeaees 61
A. Protocol 1 - Cleaning Sequence....ueeeeveeeneeeenneaennans 62
B. Protocel 2 - Cleaning Interior Surfaces of Chlordane
Contaminated HouseS .. vveuniiiiii i 64
C. Protocol 3 - Sampling Procedure for Use in Chlordane
Contaminated HOUSES.......oouviiiiiiiiiiinneiienearnnenens 66
D. Protocol 4 - Cleaning Cement Enclosed Air Ducts
With Trichloroethylene w/Accompanying Letter.....ceeueunen 68
L 0 =11 T 70
VII. Persons Contacted at Webb AFB.......vevviieereirenneeneennncns 74

iii

. meew e vmaem

nouuiinte SN - el s wToo Rl XD T 2




'

Dir of Base Med Svcs
Webb AFB TX 79720 -

ATC (ATSGM)
Randciph AFB TX 78148

USAF {AFMSPAP)
Wash DC 20333

USAF Env Health Lab (HMG)
McClellan AFB CA 95652

USAF (AFOCE-MC)
Wash DC 20333

AFLC (MCDPE) )
Wright-Patterson AFB OH 45433

DISTRIBUTION LIST

2 ¢cys

1cy

1cy

2 cvs

1cy

1cy




I. INTRODUCTION

On 12 April 1970 a 2% water-chlordane insecticide solution was
accidentally introduced into the heating ducts of two Capehart type housing
units at Webb AFB TX. These heating ducts consisted of cardboard 1ined
conduits within the concrete slab. Subsequent activation of the heating
systems resulted in extensive human exposure and gross pesticide contami-
nation of government housing and personal possessions. All exposed persons
have remained asymptomatic to date.

A vesume of the activities’ that preceded this laboratory's involvement
is presented by the Director, Base Medical Services, Webb AFB TX in Appendix
1. This report provides a detailed account of the on-site contamination
survey conducted by lakaratory personnel, the physical, chemical and
toxicological properties of chlordane, establishes allowable chlordane
residues in the home, and recommends decontamination procedures to reach
these levels. Much of this information was needed by the personnel of
Webb AFB immediately as it became available, and was given in the form of
personal discussions, written letters, protocols, and by telecon. This

report documents these recommendations and the reasons for them.




i. Chicrdase is a chiorinated hydrccarson, cyclediene insecticide; it

1S a persictent pesticide of moderate acute toxicity and is reedily absorbed
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te vary low levels of chlordane (1.0

-

tarouch the skin. Long ierm exposurs
ne/al) have been shown experimentally o have marked ohysiciogical affects
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o antinal and human czils {Appendix 1I). Such physiological chanzes musi
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red a potential threat to health since their precise significance
is incemplietely understocd.

2. The maximum Allosable Daily Intake (ADI} of chlordane is 1.0 ug/kg

{1.0 % 107° g/kg) {(Rppendix 1¥). This AD

ot

reflacts the chronic toxicity
nazard of chlordane. *.:rovimately 1/2 of this quantity may be ingested

i veuelabies previousiy treated with chlordzne and purchased commarcially.
wnerefore, 0.5 ug/kg is the corrected ADI from sources other than fo0d.
Obviously, decontamination of this housing must be extremely thorough io
prevent cheonic chlordane exposures in excess of the ADI.

n

o. Lhiordane Contamination of Quarters and Deconcamination Procedures

i, Gas cﬂrbmatographic analyses of over 30C samples indicate the
following (Appendix I11): .
é. The walls and ceilings of both units were extensively contaminated
averaging approximately 250 ug/ftz.
b. The pesticide emerged from the forced hot air registers on the

floors, rose with the warm air over the adjacent wails and ceilings,

penetrated closets, cabinets and drews, and Tinally was recycled through the

. e e a———— o s < =+ v g ——————————A - —




return duct, the furnace and the conteminated conduits (Appendix 111,
Figs 1-8).
c. On contact with these surfaces chlordane vapors sublimated,
leaving a residue.
dé. The subiimation rate was inversely related to the temperature
of the surface.
¢, Tests of decontamination procedures indicated:
a. Glass surfaces are readily decontaminated. ’ . -
b. Dry cieaning apparently vemoves chlordane from clothing.
c. Detergeris were inéfficient dacentaminants of painted surfaces. - 7
G. Methanoi:water and vinegar:H,0 soTfutions were more efficient
decontaminants of painted surfaces. Three washings as described in
Appendix V, Protocol 1, will remove up to 90% of the residues from these
surfaces. Tnese washings mustlba very vigorous and thorough to be effective,
€. Furniture polish was ineffective at decentaminating wood
finishes.
7. Duct residues were reduced over 90% 18 days after the cardboard
Tiners were removad and they were swabbed with tricnioroethylene.
g. Flooding two ducts with trichloroethylena {YCE):
{1) immediately reduced the chiordans amitted from the ducts to
19 ug/m® {1/25 of the TLV).
(2)' Resulted in the loss oF approximately 30 gal of TCE into
the subslab fi11 because of fauity duct construction.
(3) Resulted in the decision to seal the subslab conduits -
with concrete and install overhead neating and conduit systems in both

3




quarters. This decision eliminated the conduits as sources of chlordane
centamination.

€. [Dermal Absorption of Dry Chiordane and Maximum Allowable Household

Residues

1. The aSsorption rate of chlordane from dry surfaces by dry skin was
not known. This rate was measured by appling known residues of chlordane on
glass slides to the denuded skin of rabbits for varying lengths of time
{kpeendix I1I). The reducticn of chlordane residues on the slides as a
function of time was analyzed by the Least Squares technique using the AFLC
Rush Computer system, and was found to be F(y)= -0.0124x"2+12.526x“1+0.817,
This corresponds to a disappearance rate of approximately 1.5%/min. Within
the ranges tested, this rate was independent of pesticide concentration.

2. Combining this data with the ADI  levels (Appendix IV) it was
determined that wall, ceiling and floor residues of 50 ug/ft2 will be safe
for adult habitation. Ceiling and wall residues of 7.0 ug/ft2 and virtually
undetectable floor residues are necessary if children are to inhabit the
quarters. If 0.5 ug/fté floor residues are present with children, wall
residues should be reduced to at least 3.43 ug/ftz.

3. These estimates are conservative and fully protect personnel. It is
anticipated that such residues will not result in measurable ambient air
residues. Recommendations have been made to test this hypothesis by testing
the ambient air in decentaminated housing as described in Appendix V.

D. Actions Taken tc Date:

1. Both quartars and contents thoroughly sampled for chlordane contami-
nation.

4




2. Both families moved to new quarters.

3. A1l articles of clothing made of fabric have been dry cleaned and
the dry cleaning fluid disposed of in a sanitary landfill.

4., Household furnishing and utensils have been decontaminated or
disposed of. .

5. The decision has been made to replace the subsiab heating system

with an overhead duct system.




o

L. The recidues remaining in the guarters must be reduced to a levei so

thzt the Maximum Allowable Daily iIntake for Chlordane of 1 ug/kg body wt
cannot be exceeded by serscnnel or dependenis. Correcting this figure for
chlerdane which might be consumed with food, 0.5 ug/kg chiordane is the

maximum allowable daily intake which can be abscrbed from all sources other
than Tood.

2. The absorntion of dry chlcrdane residues from household surfaces by dry
skin is less than F(y)= ~,0124X”2+12.526x“1+.817 where y = time.

3. Asstming zero chlordane air concantratic 0s, 50 ug/ftz on walls and ceiiings
and 10 ug/ft® concentrations on fioors are *he maximum allowabie residues vor
adult rehabitation. The presence of children in the family requires residue
Jevels of 7.0 ug’fr2 n wzlls and ceilings and undetectable floor residues.
Detectabla flocr residues require corresponding reductions in wall residues
(0.5 ug/ft” on floor, 3.4 ug/Ft2 on wails and ce{lings).

4. The evidence indicates that a substantial quantity of chlordane was introdurrd
into one or more ducts in each unit. The Tact that the ducts proved to be

of taulty construction, that many previous subslab treatments have resulted in
no contamination of heating systems, and that two houses on the same street
were invoived indicates the 1ikeiihcod that the ducts deviated from the

architect-engineer designs. This investigaticn was not. however, intended to

~H

ix the cause of the accident.

5. Incidents such as this illustrate the potential hazard of handling all

toxic persistent chemicals and the benefits in proper chemical selection.

(o4 ]
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Aldrin and dieldrin have been extensively used in subterranean termite
control. These chemicals are 5-10 times as toxic to humans as chlordane.
The use of chlordane in military termite control likely prevented an expensive

accident from being a tragedy.
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COMMENDATIONS

(i)

V. R

1. Decontaminaticn operations should be concluded as described in Appendix
V. Tie living room of Quarters 57-B should then be sampled, repainted and
resampled.
2. The residue levels after decontamination should be used in conjunction
with the criteria presented in Appendix IV to determine the safety of
rehabitation. If established as safe for adult habitétion the rest of the
quarters should be repainted and resampled.
3. If decontamination and repainting does not lower the residues to the
Timits recommended for adult habitation all walls should be wiped with
trichloroethyiene under the supervision of a Bioenvironmental Engineer or
smilarly qualified individual.
4. A11 clothing and furniture should be decontaminated. Stuffed furniture,
which will centain higher volumes of pesticides, shou]d be reupholstered or
replaced. A1l clothing should be dry cleaned twice and the dry cleaning
solvent properly dispesed of in a sanitary landfill. Children's toys which
can be dry cleaned should be where the cash or sentimental value warrants it,
thers should be replaced. Ten percent of the dry cleaned items should be
sampled by caretully removing 50-100 fibers for gas chromatographic analysis.
5. ATl kitchen utensils, dishes, glassware and flatware should be thoroughly
washed in hot soapy water several times and tested for residues. Further
decentamination can be accomplished by washing in a high grade kerosene,
tellowed by soap and water.

6. Termite control of facilities constructed on a slab is best effected by

8




treating the prepared subslab surface just before the concreze is poured
(AFM 85-7). Such treatments are the best preventive protection against
termits and are very cheap. Protocols for such treatments can be obtained
from any USAF Medical Entomologist or by consulting the referenced manual.
Such treatment very likely would have prevented this incident by preventing
termite infestation.
7. Cardboard lined heating ducts that coﬁmunicate with the subslab soil
invite termite infestation. Provisions shouid be made to prevent such faulty _
construction.
8. Three inches latitude was given for duct placement in subslab termite
treatments at Webb AFB. It is recommended that in the future:
a. Fifteen inphes latitude be given where possible.
b, Drill bits be :zhecked for d%rt, to confirm the slab has been penetrated.
c. After the holes have been drilled the heating system should be turned
on and the hole checked for drafts prior to treatment. The system should then
be turned off.

d. After treatment the heating system should be turned on once more and

all ducts checked for the pungent odor of chlordane.

ol
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REPLY TC
ATTN CF-

SUSJIECT

DEPARTHMENT OF THE AIR FORCE
HEADQUARTERS 3560TH PILOT TRAINING WING (ATC)
WEBB AiR FCRCE BASE. TEXAS 79720

e 10 April 1970

Chlordane Contamination of Government Housing and Privately
Owned Household Furnishings and Personal Clothing

Environmental Health Laboratory (HKG)
Kelly AFB, TX 78241

Standard procedure for termite control on base consists

of removing all physical evidence of termite damage and
repair or replacement. This is followed by sub-slab
injection of Chlordane to sterilize the soil in which the
subterranean termites live. Base Capehart housing (468
units total) is built on poured concrete slab containing
seven 3" cardboard ducts for dispersal of hot air from the
downlraft type furnace: Each of these ducts is inclined
slightly upward from the sump under the furnace and ends in
3" x 14" hot air registers in each room except the bathroom.
Return air to the furnace is supplied through a 10" x 24"
intake located high in the wall of the hallway near the
furnace. The sub-slab injection of Chlordane is accom-
plished by drillina four or five 3/3" holes through

the slab near the area of termite damage. The positioning
of the holes is determined by using engineering drawings
and allowing a minimum of 3" clearance from the depicted
duct location. Through each of these holes, approximatel
15 gallons of a 2% water emulsion of Chlordane under

200 psi pressure is injected.

Approximately 100 Capehart housing units had been treated
in this manner without incident prior to 12 March 70.

On that .date, sub-slab treatment was initiated in quarters
53A at approximately 1300 hours. No technical difficulty ?
with the treatment process was noted at the time although ‘
it later became apparent that the last 15 gallons had

been introduced into the air duct which ran between the

toilet and the hall wall. At approximately 1400 hours,

the same procedure was acccmplished in quarters 57B with

identical results.

Quarters 53A: Since the heating system was not operated
until approximately 1830 hours, the insecticide odor was
not ncticed. As the odor became more intense, the
windows were opened for ventilation, the thermostat was
turned down somewhat, md the family went to bed. They

OR—OFEIGIAL USE-ONLY
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noticed progressive odor through the night, reported it
the next morning, and ieft the house at approximately

1100 hours, 13 March. They were subsequently guartered in
the VOQ. Various family members reentered the well-
ventilated house approximately three times daily for 15
minutes each subsequently for the purpose cf removing
personal clothing or other items.

Quarters. 57B: Again, the heating system was not turned on
until after 1800 hours. The family noticed the insecticide
odor, but elected to remain in the house with the windows
closed except in the master bedroom. Likewise they slept
overnight and left the house at approximately 1100 hours
'on 13 March for the VOQ. Reentry by famrily members was
similar to the above.

On 13 and 14 March, Civil Engineer personnel attempted
unsuccessfully to clean the ducts with water and to
evaporate the material. The Director, Base Medical
Services was notified of their unsuccessful effoerts
Monday, 16 March, and contact was established with the
ATC Surgeon's office. On the advice of the ATC
Bioenvironmental Engineer, the Regional Environmental
Health Laboratory was contacted for support on 17 Mar 70.

({12;((/ﬂ&(4(;/£:24%2

EDWARD C PARKER, JR, L /Célonel USAF, MC 5 Atch

Director, Base Medical~Services 1. Drawing, 57B
2, Drawing, 53A
3. Drawing, 533,
Duct

4. Samples List
5. Family Members

12
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APPENDIX II

The Toxicity of Chlordane

A. Physical Characteristics and Acute Toxicology of Chlordane

1. Technical chlordane is a mixture of 10-14 cyclodiene constituents

inciuding heptachior, a, B, and 3-Chlordane. Typical structures are:

cl
Ci Ci
ci-Cc-Cl
Cl Cl
Cl H Cl
a~Chlordane ' Heptachlor

The chemiéai name of Chlordane is 1,2,4,5.6,7,8,8-octachloro-3a,4,7,7a-~
tetrahydro-4,7-methanoindan. Its density is 1.63; its boiling point, 175°¢C
(2mm Hg); its flash point 569C; vapor pressure 1x107° (25°9C); and its
molecular weight is 409.8. Chlordane is insoluble in water, soluble in
petroieum ether and most organic solvents (1,2,3,4).

2. The acute toxicity of a substance is usually measured by the lethal
dose tc 50% (LDgy) of an animal population (often rats) when applied in a
standard fashion. The acute oral LDgg of chlordane to rats has been reported
as 250 mg/kg body weight when fed in corn 0i1®)and 457-590 mo/kg when fed on
solid vehicle 02 The apparent discrepancy between thesé authors is probably

due to the increased absorption rate of the lipophilic pesticide in the presence

14




of lipids. Fifty mg/kg chlordane/day in cottonseed ¢il has been shown to
be fatal to all rats tested when applied dermally. Identical oral dosages
produced no fatalities. The authors interpret this data as indicating

- chlordane is more toxic dermally than ora]lfzz. It is important to note
that chlordane 1is apparently more toxic to humans than to rat§9{

3. The insecticidal mode of action of ch1o}dane has not been conciusively
demonstrated. However, all chlorinated hydrocarbons are known to stimulate
the insect nervous system to convuisions by causing a massive rise in

. acetylcholine levels. This increase is theorized to be caused by the release ‘
of the stored Form of acety]cho%ine in the vesicles of the presynaptic nerve
endingsﬂs) It is well established, however, that chlorinated hydrocarbons do
not inhibit cholinesterase as is the case with organophosphate and carbamate
insecticides. Symptoms o1 acute poisoning appear 45 minutes to several hours
after exposure. Skin irritation and sensitization are rare§24)

4. The data cited above indicates that chlordane is strongly soluble in
nonpolar solvents and readily absorbed through the skin (a nonpolar barrier).
As would be expected, chliordane is also highly soluble in 1ipid systems and
is stored in fat, although to a lesser extent than some cther cyclodienes such
as dieldrin.

5. Table I presents the metabolic fate of a-chlordane as reported in the

rat and the rabbit.ao’ln These data indicate that rabbits excrete approximately

70% of the a-chlordane ingested over a 10 week period in 12 weeks. Approximately
twice as much a-chlordane was excreted by the urinary route than the fecal

route. This indicates among other things, efficient absorption of chlordane

through the gut. Conversely in the rat the primary excretory route is the

15




TABLE I

The Distribution of ¢ Chlordane in Exposed Rabbits and Rats
(*data derived from Poonawalla, et al 10&11)

Dose
C-14 oChlordane

% C-14 excreted in urine
% C~14 excreted in feces

% C~14 stomach + duodenum
iess contents

% C-14 gut less contents
% C-14 abdominal fat

% C-14 subcutanepus fat
% C-14 kidneys

% C-14 liver

% €-14 heart

% C~14 spleen

aR

C-14 brain

% C-14 carcass. .

R

C-~14 blood

[+ V]

o
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Rabbit (?)

20 mg orally 5
times per week for
10 weeks (100 mg/wk)

Rat(b)
I1.V. 27 ug

47.2% (in 12 wks)
22.72 (in 12 wks)
0.43 (13.62 ppm)

0.2

~1

{20.43 ppm)
2.59 (240.9. ppm)

1.53 (231.82 ppm)

.05 (35.22 ppm}
.52 (44.32 ppm)
.09 (90.90 ppm)

~N

.03 (75.00 ppm)

o o o o O

.04 (25.0 ppm)
11.25 (86.37 ppm)
0.34 (40.91 ppm)

Animals were treated once and sacrificed at 60 hours.

1% (60 hrs)
29% (60 hrs)
0.6 (0.163 ppm)

5.7 (0.245 ppm)
11.9 (0.489 ppm)
7.0 (0.167 ppm)
1.2 (0.159 ppm)
1.6 (0.038 ppm)
<0.1
<0.1

0.1 (0.030 ppm)
26.2 (0.124 ppm)
<0.1

Animals were treated for 10 wks and sacrificed at 12 wks




fecal route even thcugh the dosage was administerad intraver-usly. Comparable
data for humans is unavailable.

B. Chronic Toxicity of Chlcrdane

1. Chemical substances introduced into the body at subacute levels may
havé deleterious physiolcgical effects completely unrelated to their acute
toxicology. Vast amounts of such evidence have recently accumulated on the
chronic effects of alcohol, cigaretts constituents, LSD and chlorinated
hydrocarbon pesticides. The chemical complexity of Tiving organisms
(including man), the compiexity and diversity of the orgenic compcunds
involved, their myriad metabolites, coupled with our current ignorance of
physiological mechanisms and their interrelationships makes general statements
about chronic toxicity impossible.

2. Recent research shews that, in general, the dosage of a given compound
necessary to cause a physiological effect is inversely ée]ated to the length
of exposure. Therefore, generally, the longer the exposure, the lower is
the dose that will cause no physiological effect. A word cf caution is
appropriate at this time. When authors speak of "no effect levels" they
mean no effect was observed in the paraneters they tested. Obviously, if
an investigator measures 5 or 10 parameicrs (more parameters than are
usually considered) of the thousands of systems present in the animal and
finds no effect this does not mean no effect exists. In the past (and to a
lesser extent presently) chemical exposures were considered safe if clinical
symptomology was not detectable; that is, the dose would not cause acute

poisoning. Thus, pesticide applicators were tested periodically for

cholinesterase depression. If this level was not "significantly"

17




TABLE 1I

Some Chronic Effects of Chlordane

Organ
Dose duration Species Sex System Effect Reference
~8 mg/ka 2 yrs Rat 6 & Q Total Growth reduction 36
~8 mg/kg " " " Liver Enlargement 6
Kidney
~8 ma/kg " " " Lung Thromboses & 6
_fibroses
~8 mg/kg " " " Heart Edema & necrosis 6
of myofibrils
~8 mg/kg ! " " Duodenum Necrosis of mucosa 6
& submgcosa
1 ppm Inl Rabbit - Brain Inhibition of Mg, 11 (In vitro)
treatment - Cortex Na, K-ATrase
25 mg/kg 10 days Rat 0 Liver Increased polar 12 (In viere
metabolites of
testosterone X 2.5
! . " “ " Increased polar 12 (In vitro)
metabolites of
Progresterone X 2.2
" " " " o Increased polar 12 (In vitro)
metabolites of :
Dasoxycorticosterone
X 1.8
0.1 ug/mi 84 days Human - Derived Cytopathic effects 13 (cell cultur
Cells from & growth inhibition
cervical
carcinoma

10 ug/m1 >107 days

‘Large abnormal

rounded cells




TABLE II (contd)

) Organ
Dose Duration Species  Sex Sysiem Effect Reference
0.1 ug/ml 77 days Human - Derived 10 fold increase 13 (cell culture)
Cells from into poliovirus
cervical susceptibility
carcinoma
5.0 ug/ml 11 days " - " “15% reduction in "
vaccinia virus
replication )
25 my/kg 3 days " - Liver Protiferation of i4
smooth Endopliasmic -
reticulum g
25 mg/kg 3 days " - i 31% increzse in 15
microsomal protein
<5 pom 14 days " - Brain Shortens CNS 16, 18
depression by
ster:ct hormones
<5 ppm 14 days ! - Liver Stimulates the 17

18

metabolism of drugs
(amino pyrine,

warfarin, phenylbutazone,
digitoxin, zorazolamine,
chlorpromazine,
hexabarbitol




depressed (in itself a difficult parameter to defiqe) they were considersd
vnaffected by their expcsures tc cholinesterase depressants. Such indaxes
of toxicity are now considered incomplete.

3. Table II is an incomplete summary of some of the known subacute
chronic effects of chlordane. The health significance of these changes are
largely unknown and a discussion of their possible significance would serve
no purpose in this report. However, the physiological homeostasis of inodern
aninals (including man) is the product of millions of years of selection.
Considering our iimited physiological understanding and limited diagnostic
abiiities it is proper to view any physiclogical change as deleterious unti)
it is de wonstrated to be innocuous rather than assuming it to be innocuous
tntii uroven deleterious.

4. Physiologically active substances such as chlordane which are readily
a':sorved, physiologically activé at very low levels (Table II), and slcwly
v-talelized and excreted necessitate a conservative approach where chronic
A posuras are a possibility. Where gross household contamination has
uceurred, additional precautions are necessary because of fhe constancy of
¢-~osure, the lack of any protective clothving or habits, the presence of

¢chilcren and the prebability of pregnancy.
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Chlordane Residues in Government Quarters




APPENDIX III

Chlsrdane Residues in Government Quarters

A. Measurement of Chlordane Contamination

1. Persoqne] frem this Jaboratory visited Webb AFB 25-27 April 1970.
The following data was collected during that period, or where indicated,
by the MPH personnel, Webb AFB, subsequent to these dates. The following
techniques vere used tc collect and analyze these data.

2. A Varjan Aerograph Gas Liquid Chromatograph (GLC), Model 660,
equipped with a tritium foil electron capture (EC) detector was used in all
on-site analyses. A 5 ft 1/8" stainless steel column packed with 10% DC-200
on 100-110 mesh Chromosorb/W was used on the initia? analyses. Temperature
parameters were injector 220, column 200, and the detector 210°C.

3. Over 200 residue samples were taken from various surfaces by wiping .
within a 15 square inch (5x3) template. Samples from painted surfaces
(walls & ceilings) were taken by thoroﬁgh wiping within the template using
a cotton ball dampened with hexane or petroleum ether. On furniture
surfaces, samples were taken using dry cotton swabs. Care was taken to wipe
each surface at least 4 times with each of 2 swabs. The swabs were composited.

4, Air samples were taken by drawing ambient air through two serially
aligned impingers containing hexane at one liter per minute. Ajr flow varied
between ducts and also across individual ducts. Estimates of the ai} flow
per duct were made by divid{ng each duct into thirds, measuring the flow in
each third and averaging the measurements. Flow measurcments were made

with an Anemotherm, Model 60, flow meter prior to removing the cardboard liners.

22
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5. Chloraane was extracted from the collecting cottor by saturating
the cotton with hexane and squeez&ng dry. On sampies run 35-27 April, the
volume of hexane was measured and the chiordane was roughly quantitated
(£10%) because the DC-200 coiumn did not compietely separate the various
chlordane constituents. This column had the advantage of taking only 10
minutes vs 20 minutes or more for each chromatogram. On this survey, numbers
of samples were considerad movre important.than fine accuracy.

6. More detailed analysis were made of wall, air, and clothing samples
using a 6 ft %" column packed with 5% QF-1 in a Micro-Tek Moazl .30 GLC
instrument equipped with a 11160 EC detector on subsequent dates. Instrument
v

conditicns were identical to those cited by Thempson et ai” “ concentrations

were gquantitated by comparing the height of peak #§23)t0 that of a technicel
cnlordane standard.

B. Chlordane Residues in Ambient Air

1

1. Flows from the ducts varied between registers and aiso varied
greatly across each register. The chlordane delivered to each room was equal
to the product of the concentration of chlordane/m3 x m3 air/unit time
delivered by the ducts in that room + vapors entering the room through doors.
Table IIT is a compilation of air Tlow measurements and concentrations of
chlordane measured from the varicus ducts before and after cleaning.

2. Flow variances across individual registers caused the amount of
chlordane, the velocity of the air, and air temperature to vary on all planes
at a given distance above each heating register. Table III indicates that

the stripping operation immediately lowered the chlordane delivery by the

ducts from 48-82%. Figure 1 indicates that the three ducts showing the largest

23
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jnitial reductions, 5, 1, and 4 respectively, were either comparatively
straight or were short, Percent reduction was apparently independent of
residue concentration and is probably an indication of the success in
removing the cardboard.

3. This variability coupled with the number of samples anaiyzed make
quantitative analyses of the chlordane content of each room, wall, or
house impossible. Such an estimate would require many hundreds of analyses
and vere considered beyond the needs of the USAF.

4. Note that before these samples were taken the heating units were
removed, the ducts were rinsed Qith water and in Qtrs 57-B the cardboard
liners were partiaily removed. These "initial" values are therefore
substantially lower than the values actually delivered immediately after
centamination.

5. Eighteen days after the cardboard 1iners were removed the ducts cf
Qtrs 57-B, although reduced 89-97%, were still emitting about 60 ug/m3 of
air (Teble II1I). Obviously, additional action was needed. On 14 Apr 1970
a protocol for further cleaning the ducts was given to Lt Col Parker at
Webb AFBhy telecon. On 17 Apr 1970 a letter (Appeadix V) with the written
protoco? was forwarded to Webb AFB. The letter suggested two alternative
courses of action:

a. Replace the heating ducts.
b. Clean heating ducts with trichloroethylene {TCE).
6. Subsequent telecon with Lt Turner (CE) at Webb AFB established that

it was possible to isolate one or two ducts from the rest of the heating

system of Qtrs 53-A, allowing a test of the cleaning technique to be accomplished

26
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on two ducts alone. This test established that at least one duct (Fig 1 #1)
is not completely enclosed with cement but is open at the bottom. The TCE
therefore ran into the fill under the slab and could not be retrieved.

This cleaning technique was abandoned since other ducts were likely to

share the same Taulty construction and complete remcval of TCE under such
conditions was not assured., It is interesting to note that TCE cleaning

was successful in removing the chlordane from the ducts. After flooding -
with TCE chiordane residues from these ducts were >1.0 ug/m3. Installation
of new heating ducts would have been prevented if the ducts had '<een built
properly. In addition, houses consiructed with cardboard lired ducts in
contact with subslab fill are extremely vulnerable to termite infestation.

ral

£. Patterns of Chiordane Disposition on Surfaces

1. As mentionec above, sufficient numbers of sampies were not taken to
quantitate the chlordane residues within the house. Sufficient analyses were
made, however, to indicate patterns of residue disposition. Figure 2 is 2
ihree dimensicnal view of the living room of Quarters 57-B. The air intake
is approximately 15 ft up the haliway to the left of the room. The view
is looking at the north wall, (west wall to the left, east wall tc the
right, see Figures 3 and 9).

2. Several things are readily apparent from these figures:

a. Chlordane ievels decline rapidly ac one proceeds horizontally from
the ducts.
b. The greater the contact with contaminated air the higher the residue.

¢c. UWindows have many times the residues as similarly exposed vialls.

This increase is due to the cool temperature of the window panes: glass exposed

27
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s similar to experiences we have had in this Laboratory working with
Dieldrin, a similar cyclodiene insecticide.

3. The implications of this rapid sublimation effect are obvious. As
long as any Chiordane is being emitted from the ducts it will accumulate on
all exposed surfaces in the house. This is an additional reason why
contaminated ducts have to be extremely well cleaned prior to rehabitation.

4, This pattern of residues is similar in the other rooms of Quarters
57-B as illustrated in Figures 3 through 8. These data are tabulated in
Table IV. Less detaiied sampling was made of Quarters 53-A because the
consistency of the residues in Quarters 57-B (especially away from the
heating'registers) indicatled a éeneral estimate of residue levels could be
made without such extensive sampling. These data are presented in Table V
and Figure 1.

5. Table VI is & compilation of the mean residues per sq ft found
in the varicus rooms of Quarters 57-B and 53-A. These data are not

quantitative measurements but merely indices of contamination.




TABLE 1

Distribution of

QUARTERS 57B*

Chlordane Residue on Walls and

eilings

Chlordane Rasidue Priop®*

: to Attempted Cl2an-up
Mo. Relative Location of Wiped Area {microgrems per sg ft)
1 h1v1ng riz, raar wall (north wall), left corner 562
2 . on iefi window 25,200 -
3 * reay doer 7,400
4 * on right window 8,709
3 “ on right window 1,500 t.
6 ! wnll, right corner 2,200
7 i —aSv wail, left third 4,200
8 " ¥ r‘qht third 349
o ! Front wail {south wall) left thi: d 192
i0 i " " " " m1da1e thi 211
11 1} 1§ 1] 1 Hi r,.l gnt 'n 480
i2 " West wail, Jeft third 495
13 ) ¢ " yight third ¢53
14 " ceiiing, near north wall, left of Jeft window 530
15 ! " i above leit window 3,200
1§ : " f 1ot of left window 3,200
gé . . " tefr of richt window ,800
18 above “1ghr window 502
18 Ha.]uav wall, left side of kitchen deor 423
20 right side of kitchen geor 125
21 Bedroon adj: acent to Tiving room, east wall, left third 182
22 " " " ¥ middle third 128
23 n H [ H] n " IH r ( ’}ht thi Y,d D vt
24 " " . " south wx1l, left third JoxF*
25 ! “ " " . " middie third 14g
; H] [ LH i L] [ r.;ght thi ‘:,,d 42
27 ! " i " room side of door 81
28 " " . " west wall, left third g2
z9 i " " " " " middie tnird 66
3% f " " " " " right third 41t
il ! " " " north wail, left third 67T
32 1] 1 i ) H 1 ]e : 4 na" f Of
windoy! 1,200

*A1T1 wall wipe

ceiling sample

cw a“prfx1maLoly
**As measured / & §

r..

ay
to orib.
t

#all a 0 cnitd's bed.

37

s taken approx7na+e‘y &;~5 feet q
Teet from w
's atter initisl LORL mination.

ahove the Tioor; all
11.

Qi




33 Bedrcom adjacent to

40 Master BR, East wall

TABLE IV (cont'd)

1iving room, north wall, right haif

of window
" caiiing near west wail, left
th:rd

middie third
right third
ceiling above window

" " above center of room

" “ above c¢rib
, on mirror on.left closet door

. 41 " " on right closet door
42 " hallway doer
43 N scuthwall, left third

.t 44 " " mirror above dresser

! 45 . . right third
46 " westwall, left *hird
47 " i middie third, above bed
48 " " right third
49 . novrthwali, left third
50 . " left haif of window
51 " ! right hailf of window
52 " ce11 ing above left half of window
53 o " right half of window
54 " " ¥ bed
55 : " " right side of dresser .
56 " " " left side. of dresser
57 " " middle third near east wall

58 Lounge east wall and closet door

59 south wall,

61 i H]
62 13} n

north wall,
66 H 1]
68 " "

69 U} ]
70 u un

near east wall,
northwest quarter

left corner

left half of window
right half of window
right third

middie third of west wall
left third

middle third

right third

ce1}1ng above left half of window

right half of window
left third

t+Ceiling above child's bed.

r_._
{
L]
'
1
i
i
1
1
!
{

257

643
181
7317t
288
418
365
1,700

643
207
245
395

85
122
223
451

1,600

80

1,200
247

1,100
543
454

519
208
701
545

1,200
547
101

174
135
208
324
143
195
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TABLE IV (contd)

~

Ba+hroon wall above heater
wall above tub

itchen,

sast wall,
11

teft third
middle third, on cabinet
right third, on door

south wail above door
t

west wall,

on window
left third

on vater dispenser
ce1i1ng, southeast corner

southwest corner
center
above hallway door

130
241
195
259

233

249
171
i27
151
145

83




Distribution of Chlerdane Residue on Walls and Ceilings

QUARTERS 53A* . /
Chlordane Residue Pricr
to Attempted Clean-up

No, Relative Location of Wiped Area (micrograms per sg -
1 K“tchen, west wall, on cabinet door 320
. 2 on ceiling, near north wall : 196
3 " north wail, right side of door frame 284
4 " north wall, on window 220%*
. 5 Badroom adjoining 1iving rm, south wall, Teft window 2 ,000**
6 " . " " right window 86**
7 " " " east wali, middle third 67
3 " " . west wall, middie third 88
9 ! " ! 1ight mid-ceiling 202
10 Master Bedroom, east wall, middle third 39
il " " west wall, middle third 112
i2 " " north wail, left window 153**
13 ! ! " right window 153%%*
14 ! " mid-ceiling, next to light 70
15 Playroom & child’s room, south wall, left window 1,400%*
16 . right window 1,100%*
17 " east wall, middle third 60
18 " west wall, middle -third, on
closet door 441

*A11 wall wipe samples taken approximately 4%-5 feet above the floor; ali
ceiling samples taken approximately 1}%-2 feet from wall,

#*%A11 windows in this house were washed twice by occupants with Windex®
before samples were taken.

. [ORBPUNIYY
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TABLE VI

Mean Chlordane Residues in Contaminated Quarters

Qtrs 57-8 Qtrs 57-B Qtrs 53-A
{Including (Exciuding (Excluding
i Windows ) Nr of Windows ) Nr of Windows)* Hr of
Room ug/sq ft Sampies ug/sqg ft Samplies ug/sa Tt Samples
Living Room 3371 18 1639.6 15 - 0
Bedroom 267 1S 212 17 11¢9 3
(Children's)

Bedroon 550 18 514 1o 250 2

(Master 57-B)
{Children's 53-A)

Lounge 57-8 349.5 13 254 11 73.7
M.Bedroom 53-A

(&3]

Kitchen : 175 10 173 9 266 3
*A11 windows in Qtrs 53-A were washead with Windex® prior to sampling.

A1l rooms were substantially contaminated. Chlordane contamination in
Quarters 57-B can be ranked by rooms: Tliving >> master bedroom > lounge >
children's bedroom > kitchen. The data indicate that Quarters 53-A had
similar ‘levels of contamination with the exception of the mastei bedroom,
which appears to have been less contaminated.

6. It is interesting to note that ranking the flow rates measured at the
registers (Table 1I1) in 57-B yields a comparison in some ways similar to the
contamination levels listed above.

&. The living rocm received the most air and had the highest
contamination.

b. The kitchen and the children’s bedroom had the lowest residues
41
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and the Towest flow rates. However, the Jounge had a flow rate almost
double that of the master bedroom (21 vs 12 cu ft/min) yet the master
bedreom was substantially more contaminated than the lounge. Tnis
inversicn of contamination vs flow rate indicates a higher content o/
chlordane in the duct of the master bedrcom than in the child's bedroom,
the Tounge or the kitchen. This duct may have had chlordane introduced
directly inte it, or the pesticide may have accumulated in it because of

its pitch.

D. Chiordane Residues on Personal fassessions

1. Table VII lists the chlurdane residues found on objects in various
lecations in Quarters 57-B and 53-A. Figures 3 through 8 depict many of
these items and their residues in situs. In general, these data confirm the
distribution patterns already established on the walis and ceilings. They
also establish that items of furniture were heavily contaminated. The dry
wiping technique undoubtedly does not remove all of the chlordane residues;
therefore, residues recovered by this technique are lower than actually
presant.

2. ‘The rug sample consisted of six tufts of material {approx 10 mg).
This sample indicates the rug to be extremely contaminated as would be
expected from its proximity to heating register #2 (Figure 2).

2. The wet wipe of the sofa recovered only a small percentage of the
chlordane actually present because the solvent on the cotton swab was
abscrbed by the sofa fabric and stuffing, carrying the pesticide away from
the swab. Ho other nondestructive sampling technique was available.

4. The substantial residues within the closet, bureau and hutch,




Object

TV Consoie

Water Cooler
End Table
End Table

Rug

Sofa Back

Stuffed Toy
Shel?

Shelf

Venetian Blind

Bureau Drawer

Dining Table - .

]
Drinking Glass

Pot (small)
Pot (large)

gtrs

TABLE VII

Chlordane Residue on Miscellaneous Surfaces¥*

tocation of Object
During Exposure

578

Liv Rm, east wall

Kitchen, west wall
iiv Rm
Liv Rm

Liv Rm floor; sampie
from NW corner

Liv Rm, South Wail
over register

2. child's crib

Master BR closet

Liv Rm, north wall

Master BR, in dresser

Liv Rm & Dining Area

Liv Rm, in Hutch

Kitchen

closet, front vedge

Area, Quantity, etc.
of Material Sampled

Calordane
‘Residue

15 sq inch on top, dry
wipe

413 ug/ft?

15 sg inch, wet wipe 171 "
15 sq inch, dry wipe 91 % °
15 sq inch, dry wipe 83 S
6 fibers from rug 34 ug total
area near window
15 sq inch, wet wipe o1 ug/ft2
5 dolt hair fibers 117 ug total
15 sq inch, wet wipe 174 ug/ft2

" 122 1]

" 249,600 "
15 sq inch, sample 145 "
from right draw panel
15 sq inch, dry wipe 62 "

1] ) 52 1

] 60 Ha
Total inner&outer 218 ug
Surtaces
Inner Surface 78 ug**
Innei Surface 55 ug**

*As measured 9 days after initial contamination; prior to any clean up attempts.
**These utensils nad been washed twice by owner in a dishwasher bafore samples

were taken.
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indicates a penetrating fumigant effect. This indicates extensive contamina-
tion of ail articies in the house; a fact substantiated by samples taken 3, 5
and 6 April by Military Public Health personnel at Webb AFB. These samples
and their residues are listed in Table VIII.

E, ©Decontamination Procedures

1. Table VIII also demonstrates that dishwéshing prcvides inadequate
cleaning and ths. dry cleaning appears a promising method of decontaminating
clothing. Additional sampies of dry cleaned clothes wiil be analyzed at a
Tater date.

2. Varicus methods of decc5taminating painted walls and furniture; and
waxad furniture were tested with limited success. The data presented in
Table IX indicate:

a. Chlordane residues can be easily removed from glass surfaces.

b. Chem-i-san Concentratéa(and probably other detergents} is an
inefiicient chlordane decontaminant for wails.

¢. Methanol:water and vinegar:water solutions gave fair removal when
scrub cloths are used. Spraying and brushing 20% methanol:water solution
gave censisiently noor resuits.

d. Increasing the methanol concentration to 40% increased performance.

e. Guardian Furniture Polisﬁagave very inconsistent results.

As discussed in Appendix II chlordane is solubie in nonpoiar solvents
such as waxes. Therefore, cleaning agents which leave wax residues simply
redistribute the chlordane in the wax. Better results would be expected
using a wax solvent. Care must be taken to select a solvent which will not

damage the underiying finish.

44




Location
During (uantity &
Object Qtrs  Exposure Type Sample
1 Plate 57-B  Kitchen Total wet wipe
Cupboard
2 Plastic . " .
Glass

(93]

(o3

-~}

11

12

13

14

45

TABLE VIII

Cnlordane Residues Trom Miscellaneous Protected Surfaces
2-6 April 1970

Metal Spocn ™

e

(93
)

i

Drinking
Glass

Spoon "
Plate !

Cooking "
Ladle

Small Pot "
Large Pot "

Box Spring 57-B

Ticking

Blue "
Sweater

Black "
Sweater

Blue Knit '

Box Spring 53-A

Ticking

Kitchen Drawer

" Cupboard

Underside of
bad/¥ Bedroom

Bureau/M
Bedroom

Closet/Chid's
room

Child's Bed

123.5 mg
4.3 mg
69.3 wg
3.2 mg

69.3 mg

ug Frevious
Chlcrdane Cleaning
24.0 dishwashing
20.0 i
62.0 i
5.4 i
5.7 "
5.7 "
30 11}
78 111
65 H)
220 ug none
(1781 ppm)
0.00 none
1.6(23ppm) hone
0.00 dry cleaned
3.7(53.3) none
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APPENDIX IV
Dermal Absorption of Dry Technical Chlordane Residues

and the Maximum Quantity Permissible on Household Surfaces




FPPERDIX [V

o)

A. The Dermai Absorpticn of Dry Chicrdane Residues

ne transfer of chlordane from a glass surface to denuded rabbit skin
was measured in an experiment conducted as follows:
1. Two ? Albino New Zealand rebbits § & 10 months old were placed in

two stock type restraining boxes, shaved with a #40 clipper, and Tinally

3

denuded of hair with a surgical depilatory (Surgegi 5% calcium thioglycolate
cream}. Hair was removed in a square shaped area from the scapula posterior
to the crest of the ischium and ventrad approximateiy half way to the
nidiina. The depitatory was carefu]?& washed from the skin with cottion

and tap water.

2. Technical Chiordane (Nutritional Bicchemical Company, Cleveland OH)
was dituted in hexane {nanograde} to 505 micrograms (ug)/ml and 1204 ug/mi
standards. Cne hundred microliters, (0.1 mi) of these solutions were
separately applied to the free surface of two sets of 1 sq in (22 mﬁz) cover
slips pcreviously attached to Band-Aid brand, Clear Air-VenéJtape. The
solunions were asplied in two 50 ul aliquots, the hexane was allowed to
cveperate and the slides rotated to assure even pesticide application. Each
~2bit received eleven slides containiag 50.5 ug/sq inch left of the backbone,
and eleven slides covered with 120.4 ug/sq inch to the right of the backbone.
The siidas were applied 2.5 hours afier the depilatory was removed. Each
slide was numbered and randomly removed at six time intervals, using a table
¢t random numberézn as illustrated in Table X. Slides removed from the
rabbits were separated from the tape and immediately immersed in hexane.

I

50




TABLE X

Chlordane Absorption Sampling Schedule
50.5 vg/sq in - 120.4.ug/sq in

Hrs After fNo. of Slides Ho, of Slides
Application Removed Removed
1 4 4
2 4 4
3 4 ' -
7 - 4
8 4 -
16.5 - 4
17.5 4 -
23 - 2
24 2 4
TOTAL SLIDES 22 . 22

-

3. <Chlordane was removed from the coverslips by an additional 10 ml
wash with hexane in an ultrasonic cleaner. The washes were compositea and
enalyzed in the Micro;Tek GLC using a QF-1 column as described by Thompson
et 2123)

4. The chlordane residues recovered from the coverslips are presented
in Tabie XI. Residues recovered from coverslips having no contact with
rabbits indicated the recovery method was accurate (Table XI).

5. The results presented in Tables XI & XII and Figure 10 indicate

that half the chlordane transferred from the glass tc the rabbit after
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data presented in Appen
is mere ceadily removed from the g¢lass than
rabbit skin maximized absorption because no
skin from the chiordane. This experiment,

Tactor bhecause it was designed to maximize the

abzorpiion rate by using a glass surface in contact with denuded skin. This
experirent is theraefore designed not to establish an exact dermal absorption rate,

te that equals or exceeds the true rate.

8. Haximum Pzrwissible Daily intake o5f Chiordane

s a AT
strictly

Y. The above informaticn wakes abundantly clear the necessity of

soaitering tne daily cheonic intake of chlordane. The specific problem remains

Several guides to such “saie" dosagec

i9)

as te waat jevels ave sare and what are not.

Tha "Thresheld Limii Value of Airborne Contaminants (TLV)"
refer tu airborae concentrations of substances and represent condifions under
vnich it is believed that nearly all workers may be repeatedly exposed, day atte
day, without adverse effest. The TLY of chlordane is 0.5 mg/m3. This value is
no* enpiicable o household contamination because:

a. The TLV ¢f chicrdane refers oniy to respired exposures not to dermaliy
ebsorped chlordere. The literature and data cited above indicate that chlordane
is dermally absorbed very rapidly; at Jeast as gquickly as through the alimentary
tract. The TLY

cornitiee notes this danger.

p. Tha TLY values refer to industrial worker exposures, §.e., 8 hr/day -
5 day workweek, whereas 24-hr/day 7-day/week exposures must be assumed in the
home. The TLY values alsv assume adult exposures whereas in the home infant and
fetal exposures may occur.

)
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2. For all these reasons it is obvious that household levels must be
much betow the TLV of 0.2 mg/M3. A value more appropriate f~r chronic
household exposure is the “"Maximum Acceptable Daily Intake,” (ADI} of the
Joint Heeting of the FAO (Food and Agriculture Organization) HWorking Party,
and the WHO (World Health Organization) Expert CommitteeﬁZO) The ADI is.
"...the daily intake which, during an entire lifetime, appears tc be without
appreciable risk on the basis of a]] the known facts at the time." The ADI

for chiordane is 0.00% mg/kg. It must be noted that this ADI includes the

te

maximun intake for all sources of exposure. Chlordane is presentiy a
registared pesticide to be used on many crops. These include rooi, leafy
and stalk vegetabies. curcurbits {cucumbers, etc.) surgar bteets, berries,
tometoes and other garden cropsﬂzw Obviously, chiordane residues will be
ingested daily with fcod. The actual amount ingesied will be dependent on
many unincasurabie variablies. A review of the particular residues ailowecd by
law on the various crops indicates that it is extremely unlikely that 1/2

of the ADI wili be consumed through food intake. The author of this report
believes this opinion maximizes the amount of chlorgane that could nossibly
be ingested with fecod conforming to federal standards.

3. The Depariment of HEW is currently considering recommending that the
USDA restrict the use of ch]ordane.e) IT such restrictions are enforcec they
wouid further reduce focd residues and the safety of the above assumption.
The above considerations indicate that 0.0005 hg/kg (0.5 ug/kg) is the
maximum acceptable chlordane intake in addition tc that ingested with food.
Table XIIT Tists maximum acceptab]e'ch]ordane intakes in addition to that

Yikely to be ingested with food for individuals of various weights.




moxdmee Permissibia Household Residues of Chlordane

(S

1. In contaminated housing two methods of chiordane entry are

1in2ly: (1) respired chiordane entering through the lung, and (2} chlordane
dermaily atsorbed from contaminated surfaces. As discussed previously
chiordans is absorbed rapidly through cell walls and therefore undoubtediy
through the lung and skin. The precise absorption rates arg important

nere gecause knowing the allowable daily %ntake, the knowiedge of such rates
would ailow inteliigent estimates of safe residues in household air and

on surfaces. Such absorption rates are unabaiiable. Absorption through

-

the ung must be assumed to be very rapid because of the tremendous

surface-air contact and the thin-epithelial Tining of the aiveoli walis.

2. 7he normal adult inspires approximately 9201 liters of air per day§25)
Assuming 90% absorption per inspira%ion a 150 b man will receive his ADI
{Table XI) ¥rom the air alone at a concentration of 4.112 ug/m3. The faulty
censtruction of the slab conduits (Append%x II1) precluded their cleaning.

The decision was made to seal the old ducts with concrete and install new
heating systems, inciuding new overhead ducts, in the gquarters. This action
¢liminated chiordane vapors originating in the oid ducts as a source of
contamination.

3. Table VI, Avpendix III, indicates that wall residues averaged approxi-
mately ZE0 ug/sg ft in both quarters. At this level a 150 1b man wouid attain
nis adjusted ADI of 34.05 ug/day (Table XIII) after 9.1 minutes of bare skin
contact with 1 sq Tt of glass surface which continually méintained this
raidue (Table X and Fig 10). One square foot contact with a wall surface is
a near physical impossibility; 18.2 minutes of % ft2 contact would give the

54
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ame ADI. This erercis2 is significant because it indicates that a 5 fold

(O]

decrease in wall residues (a mean residue of 50 ug/ft2 would not exceed

P

the corrected ADI of a 15C 1b man i7T he had 90 minutes of bare skin contact

¢t

with % square foot of glass wail. As mentioned above contact with painted
surfeces would greatly lessen absorption. Since people do not come in

\ - - . kl 'f' 2 "9
direct skin contact with % ft¢ wall surfaces for 90.8 minutes/day; 50 ug/ftc

ts certziniy a safe ievel on house walls for aduits. .

‘v

4, This same exposure level of 50 ug/ftz/min would supply the {corrected)

2 contact in about 12 minutes. The residuss ’

o
=N

ADI of a 20 1b child with % ft
woulghave t0 be reduced to 6.8 ug/ft2 to give the same 90 minutes of % ft2
sXin contact time tc a 20 1b chiid. 1If mean wail levels of 7.0 ug/ft2 or
under cannot be achieved it would be unwise to allow children to iive in
juarters 53-A and 57-8.

5. An additional structural surface not measured for chlerdane residues
in the initial survey is the floor. Adults normaliy have more skir contact
with floors than with wails, therefore, the 50 ug/ft2 criteria of walls
should be reduced to 10 ug/ft2 for aduits (ADI achieved in 7.5 hrs)}.
Horeover, children have jong periods of intimete flocr-skin contact; quarters
witn children must, therefore, have less than 0.5 ug/ft2 chlordane on the
rioors. On glass, such a residue would supply the corrected ADI of & 20 ib
child in 20,2 hrs with % 7t% skin contact. When such residues are present
on flcors, wall residues should be reduced to 3.43 ug/ftz. At these levels,

2

a 20 1b child can have % ft° skin contiact with the floor for 12 hrs and

with walls (3.43 ug/fi%) for 67 minules. These levels offer enough latitude

[}

that the ADI will not b

exceeded even by small children unless they are lain
55
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TABLE XII

Chiordane Residue

ppearance Function of 120.4 ug/1n2 Chlordane
j25s Siides in Contact with Rabbit Skin

#AER=2 +12,5261948 ik Xkk=] +.,816722671

-

{~CAL
12042402
{.204E402
1.2045+02
1.,204E+02
1,232 %01
1333840

1,335 B0

1333 +01
1.077E+00
7. 07T7E+00
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2.382 %00
«O8LEHOO
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l.ﬁ?GEfOO
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1381 200
1o3S1EHQO
1.539=2-00.
1.3358+00
1339 E+00
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~1.73E-05
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2,331 800
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48315400
-§.92 00
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“Da [22-01
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90758 E"O!
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9.386E-01

272516
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TABLE XIII

Maximum Acceptable Non-Food Chlordane Intakes Assuming 0.5 ug/kg

Daily Intake With the Diet20

Ug Chlordane/Day in Excess

Wt. Lbs Wt. Kg of Food
5 2.27 1.135

10 4.54 z.27

20 9.08 4,54

40 18.16 9.08

20 36.32 18.16
100 5.4 22.70
120 54.43 27.24
140 63.56 31.78
150 58.10 34.05

200 90.80 . 45,

(32
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APPENDIX V

Hritten Communications With Webb AFB
Concerning Decontamination and Sampling Procedures




T: SRa¢ 7irs prevention notes pertaining to cleaning with methanel

gan dacts. The ducts are the primary socurces of chlordane; hence.

-~

-Jeanad Lefore other clean up activities can be

. Strip out aii cardboard liners out of all ducts. Swab ducts with

2gs which have besn dipped in trichloroethylene and wrung cut. (Workers
wringing rage should nave rubber gloves on; ail windows should be opened
s0 minimize 4he TCE vapor concentration.) Ba thorough to eliminate having

Lo, wramore, hpmn VTN SR 3 1 3.
0 CRETVE neavdy aga s 0 Yacdieai aulks.

5. ©Dry ducts by blowing or suction. Air flow should be such that the

¢. Clean all internal surface of heater with solvent on rags {TCE).

yie time, at Jeast one-half hour for evaporation of TCL.

S

sconnect neater.

Ly

2. Clean fioors, walk, inside of closets, ceilings, window, etc.
(sea protocol Tor cleaning) (See Fire Safety notes)

62
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[ ]
b

furniture, cicthes, <ishware, ¢ic., which remains in house
and for which permission to clzan has been racsived. If possible, store
+pose items that are $fill in gquestion (as to cleaning methods, etc.) in

-

s. See protoce) fer clieaning 211 items mentioned above. Take

&, After 211 clean ups are accomplished end contaminated articles wnich

wil? not b

(>

cleansd immediately are bagged or stored away from house, shut
windows and doors; set heater thermostat to 85°F and do not disturb house
Tor 48 hours.

5. After 48 hours have elaP595 anter house, xkeep windaws end deers clesed,
and take the extendacd air semple and cuct samplies (1 hour) also take wall
and ceiling sampies as specifiad in protecel and ship all samples to the
USAR EHL K, for anzlysis. (NQTE: Personnel entering house should ha
respirators Tor use if delactabie odors are noted.)

S. Aiter these camples have bazn anzlyzed recommendstions concerning

occupancy of the nouse will be made.




e mom st e o St e P

5. Protocol 2 - Lleening Interior Surfaces of Chlordane Contaminated
Houses

o

1. Mix 20% (2:8) methanol:water solution.

(AN

Wash from ceiling to floor wearing rubber gloves with felt liner.
3. First Wash:
*3, Removing chlordane involves getting it off the surface into the

solytion (scrubbing) and then removing all the solution. If the scrubbing

is not vigorous the chlordane wili remain on the wall, if all of the solution
is not removed immediately after scrubbing the chlordane will go back onto
the wall.
*MOTE: A%l methanol washing shouid bé done with all electricity off,
electrical outlets taped, windows and doors open and no sparks, fiames, etc.,
and all pilot lights out.

b. Spray methanol:water solution on center of ceiling, proceed slowly
toward wall and down to Floor.

c. As solution is flowing on surface 2nd man scrub vigorousiy and
thoroughly entire ceiling, wall and all moldings, joints, etc..

d. Immediately after scrubbing 3rd man remove solution with sponges,
wringing sponges into.pail frequently.

4, 2nd and 3rd Washes:

a. Soak cloth in ciean methanol:water solution, partially wring.

b. Starting on ceiling and working down walls scrub 2'x2' square area
thoroughly, remove water with sponge and squeeze into dirty water pail.

c. Repeat, overlapping each square by several inches.

NOTE: *Carefully segregate clean and dirty water. Reapplying dirty water tc
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surface, replaces the chlordane on the wali.

5. Strip all old wax from floors.

—~

6. Scrub with floor detergent, rinse and rewékj
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C. Protocol 3 - Samnling Procedure for Use in Chlordane Contaminated

Houses
1. DUCTS: Pricr to cleaning ceiling, walls, and floors

a. Shut house and take 20 minute living rocm ambient air samples using
iwo fmpingersvat one liter per minute flow before turning on heat. Replace
pet ether as needed.

b. Turn heat on for two hours at 85°F.

¢. Retake amdbient air as in "2".

d. Take one 20 minute air sample at each duct, being carefuil to sample
stream of highest flow. The flow rate of samples equals one Titer per minute:

e. Place sampies in glass containers with screw caps. Rinse impingers
with pet ether and combine wash with samples. |

f. Tightly cap in such a way that pet ether does not come in contact
with cap (pack in upright position and so label box).

g. Ship immediately.

2. HOUSE AFTER CLEANING:

a. Shut up house. Before turning on heat, take two samples above each
duct: one on a wall surface at about 4-5 feet; another on the ceiling. Do
not take wall samples off of glass. Total of 14 samples per houze or 28
) samples for two houses. Place samples in glass containers and refrigerate
. or freeze.
b. Turn on heat at 85°F for 48 hours.
c. Take ambient air sample in Tiving room as instructed in "l.a".

d. Take duct samples as instructed in "1.d".
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e. Take two samples from each wall and two ceiling samples in each
room. (As instructed by EHL-K personnel during TDY to Webb)
f. Place in glass containers and ship with pre-heating samples

mentioned above.




B. Protecoi & - Cieaning Cement Enclosed Air Ducts With Trichicroethy]ene

Chiordane is highly soluble in trichiorcathylene {TCE). TCE is
inflammable, evaporates rapidly and is readily available. The following
procecure is therefors recommended:

1. Remove furnace.

2. Tightly stuff the sump openings of six ducts with rags.

3. Stowly fi11 the sump and the 7th auct with TCE. (Have observers
placed by all registers to insure TCE does not‘overf?ow into the house.)

4. Wait one hour and pump TCE from sump back into drum. (Maintain
TCE level in the sump during this hour by adding TCE as necessary.)

5. Swab duct dry with rags. |

6. Stop up treated duct and repeat on other ducts reusing TCE.

7. Blow ducts dry with hot air.
CAUTION: TCE fumes are toxic. Experienced supervision must be provided
at all times. A1l personnel within the house should wear a self-contained
breathing apparatus including eye protection, (such as a Scott Air Pack).
Gloves should be worn and any skin coming in contact with TCE should be
promptly and thoroughly washed with water. TCE must not be allowed to
come in contact with flooring, etc.

8. Reconnect furnace and retake duct samples after 48 hours as

described in previous protocoi.
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DEPARTIMENT CF THEZ AIR FCRCE ,\
i . ENV / \\‘I// \,\
.J

IRONMENTAL HEALTH LABGRATORY (AFLC) /n \\&
KELLY AIR FORCE CASE. TEXAS 78241 - 413

HX8 17 8pril 1970

Protocoi for C?éﬁning Heating Ducts of Qtrs 53-A and 57-8.

3560 USAF Hoep (Lt Col Parker)
Webb AFE TX 78720

1. An 1nibrﬂat1ona1 gr*"u of experrs(]) has established that the Chiordane
residuss acceptable for chrenic adult human exposure is 20 ug/aay after
aliowance 1s ma e for residues consumed in food. Analysis of air samgies
taken from the duct of quarters 53-A on 5 Aprii indicate prohibitive re-
sidves stiil persist.

2. Two courses of action remain:
2. Instail new heating ducts.

b. Attempt cleaning the present ducts with trichloroethylene as
described in Atch 1. I would estimate such a procedure has a 50:50 chance
of providing adequate cleaning. Dry cleaning clothes with similar solvents
eliminates detectabie residues.

3. I recommend attempting the cleaning procadure for the folio w.ng raasons.

The cost of the ur1cn]oroetny]ene is reasonable 55 gallon drum
costa '$80.00.

b. Labor cost are largely fixed if base personnel are used. Although
diverting personnel from their usual duty assignments upsets workloads,
the increase in actual cost to the USAF for one day werld be a fraction of
the total fixed labor cost.

¢. Installation of heating ducts would be expensive.

d. The knowledge gainad by trv1ng such a procedure would in itself
Justify the cost. This Laboratory is 1ncreas1ng]v being asked to deal with
pesticide contamination problems. Experience in connection with the current
problem has demonstrated a national ignorance of decontamination procecures.
This cleaning technique would at the least provide information that could be
used in a similar contamination situation. It may well save the cosis of
installing new heating ducts in the quarters.

FOR THE COMMANDER

ke Y O

RICHARD A. CALLAHAN, Ph.D. 1 Atech
Captain, USAF, 3SC Protocoi
Chief, Lntono.og ical Studies Branch

(])Rzpp of the 1967 Joint Mtg of FAD Yorking Party & WHO Expert Comn1»tee.
WHO Tech Rept Series No. 091 beneva ]968
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PERSONS CONTACTED AT YWEBB AFB

Colonel John Grow, Base Commander

Lt Coicnel Edward C. Parker, Directer of Base Medical Services
Lt Colenel Ernest Cutler, Base Executive Officer

Capt and Mrs James Clevenger, Occupants, Qtrs 53A

Capt and Mrs John K. Bray, Occupants, Qtrs.57B

Capt Paul C. Foraste, Chief, Aeromedical Services

Capt Hirim West, Civil Engineering

1st Lt Daniel Turner, Civil Engineering

Mr William Mims, Asst Civil Engineer

TSgt William H. Roy, Jr., NCOIC, Military Public Health
SSgt William iebster, NCOIC, Water & Sanitation

SSgt Edward J. McCall, PM Technician

Sgt Joe UWoodard, PM Technician




