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The heterocyclic organic nolecule 2,3,7,8-tetrachlorc:rdibe:nzo­

p-dioxin ('ICDD) has received a great deal of attention in the last 

6 years because of its highly toxic properties and the possibility 

of it being widespread in the envirorment by the use of products 

made fran trichlorophenol, especially the herbicide 2,4,S­

trichlorophenoxyacetic acid (2,4,S-T). 

Although 'lrnD may occur as a contaminant in products nede 

frcm trichlorophenol, the levels of 'lCDD found in any given lot of 

trichlorophenol is dependent upon the rranufacturing process. 'ICDD 

may be produced as a by-prcxiuct during an alkaline hydrolysis 

reaction when the 1:.a1q?erature for making 2,4,S-trichlorophenol 

fran tetrachlorobenzene e>cceeds 160°C. However, there is less 

likelihood of 'Rm fonnation in the rranufacturing process which 

st.arts with phenols and chlorinates them to fonn trichlorophenol 

since little or no heat is re;JUired in this reaction. 

Public interest in 'lrnD originated in 1970 when the herbicide 

2,4,5-T was inplicated as a potential teratogen in pregnant rats 

(1). Later tests indicated that the teratogenesis may have been 

caused by 27 ± 8 Pfltl of '.ICDD present as a oontaminant in the 

2,4,5-T. As nore data have been obtaine.d. (2), it has becare apparent 

1 Courtney, K.D., D.W. Gaylor, M.D. Hogan, J.L. Falk, R.R. Bates, 
and I. Mitcl1ell. Teratogenic evaluation of 2,4,5-T. science 
168:864-866, 1970. 
2schwetz, B.A., J.M. Norris, G.L. Sparschu, V.K. Rowe, P.J. Gehring, 
J .L. Emerson, and C. G. Gerbig. Toxicology of chlorinated clibenzo-p­
dioxins. Environ. lllth. Perspect., Experinental Issue No. 5:87-100, 
Septenber 1973. 
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that '10:>D is one of the rcost toxic chanicals known; the oral rn50 

for many arrima1 species is in the range of micrograms per kilo­

gram. Furthenrore, the known effects of 'IO)D include anorexia, 

severe weight loss, hepatotoxicity, hepat.oporphyria, vascular 

lesions, chloracne, gastric ulcers, arrl teratogenicity (2). The 

hazard posed by the presence of even a snal.l am::nmt of this sub­

stance in the enviromrent has therefore been of cxmcern. 

For a person or arumal to be poisoned with 'I(])I), a rare set 

of circumstances would be required. since present prcxluctian 

netmds are able to reduce the 'lCDD level to less than 0.1 Pfltl, 

it is unlikely that contaminated 2,4,S-T herbicide or even con­

taminated trichlo:ropheool would be inplicated in such a poisoning. 

Nevertheless, two accidental poisoning episodes involving 'IQ)!) 

have been recently reported. In 1975, carter et al. (3) identified 

'IQ)!) as the apparent cause of an outbreak of i;;oisatl.ng in l'u.m:ms, 

horses, and other arumals on a horse breeding fann in eastem 

Missouri in 1971. Exposure to TaD foll.owed the spraying of con­

taminated industrial waste oil on riding arenas for dust control. 

An investigation concluded that a hexachlorophene (made fran 

trichlorophenol) factocy in southwestel:n Missouri had accunulated 

distillate residues containing 306 to 356 ppn 'IQ)!). It was this 

distillate residue that was subsequently disposed of via a 

salvage oil cx:xrpany and sprayed on the horse arenas. 

3carter, C.D., R.D. Kimbrough, J.A. Liddle, R.E. Cline, M.M. Zack, 
Jr., W.F. Barthel, R.E. Koehler, and P.E. Phillips. Tetrachloro­
di.benzodioxin: an accidental poisoning episcx:le in horse arenas. 
Science 188:738-740, 1975. 
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The second incident of 'I(I)D poisoning occurred in July 1976 

in seveso, Italy (4). The source of the '!COD was a chanical 

factocy that produced trichlorophenol through the alkaline hydrol­

ysis of tetrachlorobenzene. When the tatpera.ture in a steam­

heated reaction vessel rapidly increased, a safety disk ruptured 

sending a pll.1lre of trichlo:rophenol, '!COD and other products 30 to 

50 m high alx>ve the factory. The cloud apparently rose into the 

air, o:x:>led, and cane down over a cone-shaped area about 2 km long 

and 700 m wide. An area of 110 hectares (ha) was evacuated after 

hundreds of animals had died and many people had reporte1 skin 

disorders. several neasuraients of '!COD on veg-etation in an area 

adjacent to the factory were in the 1 to 15 ppn range, with one 

reading as high as 51. 3 ppn. An Ital jan goverment ccmnission (5) 

rec:a:mended: "raRJVal of topsoil to a depth of 10 an in an area of 

113 ha, the disnantling of all blil.dings in the Seveso area, and 

the total disruption of all wildlife. 11 

The need for data on the fate of 'lCOD in the envirarment is 

not confined to solving problans associated with the aoove b+.u 

incidents. During the latter portion of the last decade, a program 

of aerial application of herbicides was conducted in southeast 

Asia by the United States Air Force. In 1969, at the conclusion 

of this program, considerable anounts of herbicide were left m1used. 

4Rawls, R.L., and D.A. O'Sullivan. Italy seeks answers following 
toxic release. Chan. Engr. News 54(35):27-35, August 23, 1976. 

5 . loud Itay, A. Toxic C over Sevesco. Nature 262(5570):636-638, 
August 19, 1976. 
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One of the herbicides used extensively in this project was a 

herbicide designated 110range11 which was formulated as a 50:50 

mixture of then-butyl esters of 2,4-dichlorophenoxyacetic acid 

(2,4-D) and 2,4,5-T. In 1970, approxinately 2.3 million gallons 

of this material was placed in storage by the Air Force. An 

analysis of '10)0 in the Orange herbicide stocks (6) indicated 

that the range in concentration was 0.1 to 47 ppn '10)0. The 

weighted average cx:mcentration of '10)0 for the 42,015 55-gallon 

drums of herbicide was 1. 859 ppn. Because of the '!'COO cx:mcentra­

tion, the herbicide could not merely be declared surplus and 

disposed of on the agricultural markets. Many neth::xis have been 

evaluated for disposing of this material. However, regardless of 

the final net.hod selected for its disposition, the storage sites 

where the material is currently stored (Naval Construction 

Battalion Center, Gulfport, Mississippi, or Johnston Island, 

Pacific Ocean) will need to be decontaminated. 

At the request of Headquarters, Air Force IDgistics Ccmnand, 

Wright-Patterson AFB, Ohio, in April 1972, the Departrrent of 

Chemistry and Biological Sciences, United States Air Force Acadany, 

initiated studies on herbicide Orange and 'l(DD. The objectives 

of these stuiies were: (1) to investigate soil inoorporation/ 

biodegradation as a disposal net.hod for herbicide Orange; (2) to 

investigate the ecological effects associated with past uses of 

6oepartrnent of the Air Force. Disposition of orange herbicide by 
incineration. Final Enviromnental Stataoont, Novanber 1974, pp. 
36-37. 
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herbicide Orange; and (3) to investigate the soil persistence and 

food chain accumulation of 'l'CDD. 

'l11is report docunents the available data on 'l'CDD fran these 

studies. FurtheDlore, using these data, recameudations for deaJn­

tamination of an area exposed to 'l'CDD are presented. 

5 



SOIL INX>RPORATION/BIODEXiru\DATION SWDIFS 

One :i;x:,tential rrethod proposed for the disposal of herbicide 

Orange was subsurface injection or soil i.naJrporation of the 

herbicide at massive concentration rates. The pranise for such 

st'lrlies was that high concentrations of the herbicides and 'RDD 

would be degraded to innocuous prcxlucts by the ccmbined action of 

soil microorganisms and soil hydrolysis. In order to field test 

this concept, biodegradation plots were established in three 

clirratically different areas of the United States; Northwest 

Florida (F.glin AFB), Western Kansas (Garden City), and North­

western Utah (Air Force IDgistics Ccmrand 'fest Range Catplex). A 

catparison of the soils of the three sites is given in Table 1. 

The Utah site had a mean annual rainfall of 15 cm, while the 

Kansas and Florida sites had 40 and 150 cm, respectively. Table 

2 describes the experirrental protocol for the three sites to in­

clude when the plots were established, the nethod of herbicide 

incorporation, the experirrental design and the initial calculated 

herbicide concentration, ppn, at the tine the plots were estab­

lished. Further details on the experirrental protocol can be 

obtained fran Young, Arnold and Wachinski (7) • 

Tables 3, 4, and 5 carpare the rate of disappearance of 'ICDD 

with that of Orange herbicide for selected plots at the Utah, 

7Young, A.L., E.L. Arnold, and A.M. Wachinski. Field studies on 
the soil persistence and noverrent of 2,4-D, 2,4,5-T, and 'RDD. 
Appendix G. Department of the Air Force. Disposition of orange 
herbicide by incineration. Final Environnental Staterrent, 
November 1974. 
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TABLE 1. ANALYSES OF 1llIE 'IDP 15-01 IAYER FK:M EACH OF 1llIE 
SOIL BIODEXiRADATION SITES 

ORGANIC SAND SILT CTAY 
LOCATION pH MATI'ER (%) (%) (%) (%) 

F.glin AFB, FLa 5.6 0.5 91.6 4.0 4.4 

Garden City, Ks' 7.0 1. 7 37 42 21 

AFI.C Test Range 7.8 1.4 27 53 20 
eaip1ex, me 

~lots located on Test Area c-52A, F.glin AFB Reservation, Florida 

SOIL 
DESCRIPTION 

Sandy loam 

Silt loam 

Clay loam 

1\,lots located on the Kansas Agricultural Experiment Station, Garden City, Kansas 

~lots located 75 miles west of salt Iake City, Utah 



00 

TABLE 2. DESCRIPTIOOS OF THREE BIODEX:;RAOM'IOO S'1UDIF.S INVOL~ USE OF HERBICIDE ORA!a 

IOC.ATIOO 

F.glin AFB, 
Florida 

Garden City, 
Kansas 

~TE 
ES'I2\BLISHED 

2 Apr 1972 

10 May 1972 

AFIC Test 2 Oct 1972 
Range COrplex, 
Utah 

MErnOD OF 
IN:ORPORATIOO 

Sinulated Subsur­
face Injection 
(30 cm barrl width) 

Preplant Incnr­
porate (Rototiller) 

S.imulated Subsur­
face Injection 
( 8 cm barn width) 

TRFA'IMENI' 

4,480 kg Herbicide/haa 

4,480 kg Herbicide/hp, 
plus soil arrendrrentsD 

4,480 kg Herbicide/ha 
plus soil arrendrrents 
and activated charooal 

2,240 kg Herbicide/ha 

4,480 kg Herbicide/ha 

1,120 kg Herbicide/ha 

2,240 kg Herbicide/ha 

4,480 kg Herbicide/ha 

CAICUIATED INITIAL 
HERBICIDE 

OOtCENI'RATION (PPM) c 

5,000 

5,000 

5,000 

1,000 

2,000 

10,000 

20,000 

40,000 

~te of herbicide calculated as active ingredient. Herbicide injected at 10-15 cm level or preplant 
incorporated in the 0-15 cm level. All plots duplicated. 

b.nie arrendrrents included 4.5 kg liloo, 13.5 kg organic matter, aoo 1.4 kg fertilizer (12:4:8 for N,P,K, 
respectively) unifonnly mixed within the top 0-30 an of soil in the plot. 

cContained in the top 0-15 an layer . 

.,, 
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TABLE 3. ~ONS OF HERBICIDE ORANGE AND '1CDD 
IN PI.Ol'S ORIGINALLY TRFATID WITH 4,480 KG/HA, AFIC 
TE.ST RAl'a m!PLEX, UTAH, A.T VARIOUS SAMPLING DATES 
AFl'ER APPLIC'ATIOO. ('ICDD IN PARI'S PER BILLION) 

'lUl'AL 
DAYS AFl'ER HERBICIDEf° '1CDD 
APPLICATION (PPM) (PPMxl0-3) 

282 8,490 15.0 

637 4,000 7.3 

780 2,260 5.6 

1,000 2,370 3.2 

1,150 1,150 2.5 

~site sarrple fran replicated plots, 
0-15 an incranent 

'mBIE 4. ~ONS OF HERBICIDE ORANGE AND 'lmD 
IN PI.Ol'S ORIGINALLY 'l'RFJ\.TED WITH 4,480 KG/HA, 
GARDEN CITY, KANSAS, A.T VARIOUS SAMPLING DA.TFS 
AFl'ER APPLICATION. ('IU)I) IN PARI'S PER TRILLIOO) 

'lUl'AL 
DAYS AFl'ER HERBICIDEf° 'IU)l)a 

APPLICATION (PPM) (PPMxl.0-6) 

8 1,950 b 

77 1,070 225 

189 490 - b 

b 362 210 -
600 40 b -
659 <l 42 

~site sampling fran replicated plots, 
0-15 an incranent 

~ deteDtdned 

9 



TABLE 5. c:x:N:EN!'RATIOOS OF HERBICIDE ORA1'rn AND 'I(l)t) IN 
PI.DrS ORIGINALLY TREATED Nr 4,480 KG/HA, EXiLIN AFB, 
FIDRIDA, AT VARIOUS SAMPLING DA'IES AFTER APPLICATION 

'lUl'AL 
DAYS AFI'ER HERBICIDEa 'ICODa 
APPLICATION (P™) (PPMxlO-G)c 

5 4,897 375 

414 1,866 250 

513 824 75 

707 508 46 

834 438 b 

1,293 <10 b 

~site sarrple fran the plot containing 
only herbicide (i.e. , no lirre, organic 
matter, or fertilizer added). 5arrg;>le 
fran the 0-15 cm incrarent. 

bAnalysis not catpleted. 

~Din parts per trillion. 
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Kansas, and Florida sites, respectively. Alth:rugh the nmiber of 

analyses have been limited, the data have indicated that TCDD 

(and phenoxy herbicide) degrade I1Dre rapidly in the Kansas soils 

(Ulysses Silt Ioam) than in the Florida soils (Lakeland Sandy IDam), 

and least rapidly in the Utah desert soils (Lacustrine Clay IDam} • 

The levels of '!crlD and herbicide in a soil profile frail one 

of the F.glin AFB, Florida, biodegradation plots are shJwn in 

Table 6. Initially (e.g., day 414), the data indicate that both 

the herbicide and the 'l'CDD nay be leaching down into the lower 

soil incranents. HoweVer, note that the analysis for herbicide 

in a soil profile obtained on day 557 shows no leaching. The 

nethod of collecting soil sanples, i.e. , by the use of a 

soil auger contaminated the lower soil i.ncreoonts whereas the 

trenching t.echnique showed no contamination. The analysis of 

soil profiles at all three locations for biodegradation indicated 

that neither the herbicide nor the '!crlD appreciably penetrated 

belo,, the 15-30 an level. Thus, we believe that the disappearance 

of the herbicide and the 'IO)[) can be attributed to the action of 

soil microorganisns, rather than leaching. 

Data for 'KDD are not available at this tine (analysis in 

pxogress) on the influence of soil anendments (e.g., line, 

fertilizer, and organic natter) on the degradation of '10:)D in the 

F.glin AFB, Florida, biodegradation stu:ly. However, preliminal:y 

indications are that the addition of these anendments in these 

Florida soils does appear to slightly enhance herbicide degradation. 

On the other hand, the presence of activated coconut charcoal in 

11 



TABLE 6. MJVEMEm' OF HERBICIDE ORANGE AND 'IO)[) IN 
A SOIL POOFILE, EXiLIN AFB, FIDRIDA. ('ICDD IN PARI'S 
PER TRILLION) 

DAYS AFTER APPLICATIOfF 

414b 557C 

DEPTH HERBICIDE TCDD HERBICIDE 
(a-1) (PPM) (PPMxl0-6) (PPM) 

0-15 1,866 250 824 

15-30 263 50 11 

30-45 290 <25d <lOd 

45-60 95 <25d <lOd 

60-75 160 <25d <lOd 

75-90 20 <25d <lOd 

~site sanple fran the plot containing only 
herbicide 

bincrements obtained by use of a soil auger having 
cup dimensions of 7.6 x 15.2 cm, diameter and 
length, respectively 

cincrements obtained by use of EXJrcelain spatula 
fran the side of 90 cm deep trench 

~tection limit 

u 

., 



the Eglin plots, at the 12 an level, prevented degradation of the 

herbicide and probably also prevented degradation of the 'IO)D. 

These data are sh:Jwil in Table 7. 

In ro instance can it be sh:Jwn that 'lCDD levels reached a 

non-detectable level (less than 10 parts per trillion) within the 

designated time periods (see Tables 3, 4, and 5). Although bio­

degradation appears to reduce the level of herbicide and 'IO)D, 

the data did not follow sinple exponential decay curves. For 

the mixture 2, 4-D and 2, 4, 5-T herbicides, disappearance was rapid 

initially, but slowed substantially in the later portions of the 

test period. With this type of decay kinetics, neaningful half 

lives are difficult to calculate; h:Jwever, a reasonable estimate 

appears to be in the range of 150-210 days. The degradation of 

'lCDD followed a similar decay pattem. However, it appears at 

this time that the decreased rate of degradation of '10)D as a 

function of time may be even nore pronounced than for the 

herbicides. One might speculate that the enzyrres responsible for 

herbicide rcetabolism are inducible and also are involved in 'lCDD 

breakdown. If this is the case, it is rot surprising that 'lCDD 

rretabolism slows or ceases when the initial massive ooncentrations 

of herbicide are raroved.. 

Microbial studies have been oonducted in the biodegra.dation 

plots in toth Utah and Florida (8, 9) • For the Utah plots, 

8stark, H.E., J.K. ~ide, and G.F. Orr. Soil incorporation/ 
bicxlegradation of herbicide orange. Vol I. Microbial and baseline 
ecx>logical study of the U.S. Air Force Logistics carmana. Test Range, 
Hill AFB, Utah. Docurrent ?-o. DPG-FR-C61SF, US ArnW Dugway Proving 
Ground, Dugway, Utah 84022, Februacy 1975. 
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'mBLE 7. CX1w1PARIS0N OF HERBICIDE ORANGE DEGWlATION 
RATES IN PliY.I'S AT THE :&;LIN AFB, F!DRIDA, SITE, 
RB:EIVING EITHER HERBICIDE, HERBICIDE PLUS son. 
AMENDMENrS, OR HERBICIDE PLUS AMENDMENrS AND 
CHARalAL 

DAYS AFl'ER 
APPLICATION 

5 

98 

414 

463 

557 

707 

834 

1,293 

HERBICIDE 

DEPTH (01) 

0-15 15-30 
(PPM) (PPM) 

4,897 

4,280 

1,866 

1,217 

824 

508 

438 

<10 

302 

580 

263 

222 

11 

<10 

<10 

<10 

TRFA'IMENr 

HERBICIDE PLUS 
.AMENDMENI'Sa 

DEPTH (CM) 

0-15 15-30 
(PPM) (PPM) 

5,703 

5,422 

2,015 

1,796 

C 

C 

184 

<10 

232 

<50 

193 

161 

C 

C 

<10 

<10 

HERBICIDE PLUS 
AMENDMENrS 

AND CHARCOALb 

DEPTH (CM) 

0-15 15-30 
(PPM) (PPM) 

3,074 

2,767 

C 

C 

2,660 

C 

C 

1,556 

134 

<50 

C 

C 

<SO 

C 

C 

<10 

~ arrencbrents inclmed 4.5 kg line, 13.5 kg organic matter, arrl 
1.4 kg fertilizer (12:4:8 for N,P,K, respectively) unifonnly 
mixed within the top 0-30 cm of soil in the plot. 

bA 1 cm layer of activated coconut charooal. was applied to the 
trench prior to application of the herbicide. 

°Not determined. 
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sarrples were taken three t.:iJres through:>ut the year (sumer, winter 

and spring, 1973-1974), and microbial species present (bacteria, 

act.incmycetes and fungi) were detennined. Bacterial oounts were 

higher for soils with greater concentrations of the herbicide and 

with greater noisture content, but the herbicide, in any concen­

tration, had no significant effect on the myooflora. For the 

Florida plots (9) , soil sanples were taken fJ:an all plots in June 

and August 1974, and in April 1975. Although bacterial and fungal 

levels were similar for control plots or plots receiving either 

herbicide or herbicide plus the soil airendltents l.ine, fertilizer, 

and organic matter, the levels were significantly higher in the 

plots receiving the activated charcoal. Microorganisms tended to 

be concentrated in the level which contained the charcoal (0-15 an) , 

but greatly reduced in number at depths ilmediately below the 

charcoal. This effect of increasing the number of microorganisms 

may have been due to adsorption of growth praroting substances 

(e.g., nutrients and water) on the surface of the charcoal particles. 

Alth:rugh the nunber of organisms were greater in these plots, the 

level of herbicide residue was also greatest (Table 7) . Apparently, 

the binding of the herbicide by the charcoal prevented it fran 

being degraded by .the microorganisms. 

These two microbial studies have slnm that the application 

of 2,4-D and 2,4,5-T at massive rates (5,000-40,000 ppn) not only 

9Cairney, W.J. Detennination of soil microorganism populations in 
the F,glin AFB, Florida, biodegradation plots. Departnent of 
Chemistry and Biological Sciences, united States Air Force 
Academy, CO, 1975, unpublished. 
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does not sterilize the soil, but indeed stimulates the growth of 

certain microflora. That these bacteria, actinaeycetes and 

fungi are proliferating to such an extent in:licates that they are 

probably using the herbicide and '!COO as a carb:m source (the 

exception being the charcoal plots at F.glin), and, as such, are 

contributing to their degradation. 
j 
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FATE OF '1aJD m AN EXDSYSTEM 

The biodegradation plots offered little opportunity to 

evaluate the ecological effects associated with the use of 

herbicide Orange or to investigate food chain accumulation of '10)0. 

Although studies were conducted on the microorganisms, plants and 

daninant resident vertebrate and invertebrate arrlnals an and 

adjacent to these plots (8,9), they were limited to studies of 

less than 0.5 ha. Therefore, cx:mcurrent with the biodegradation 

sttrlies, an investigation was initiated an the much larger ear 

systan (terrestrial and aquatic) of a unique military test area 

in Nort:hEst Florida. 

In support of programs testing aerial dissanination systems, 

Test Area (TA) C-52A, F.glin AFB Reservation, Florida, received 

massive quantities of military herbicides. The purpose of these 

test programs was to evaluate the capabilities of the eguipnent 

systems, not the biological effectiveness of the various herbicides. 

Nevertheless, after several awlications, test personnel began to 

express concern over the p::>tential ecological and envi.roment.al 

hazai:ds that might be associated with oonti.nuance of the test 

program. This ooncern led to the establishment of a research 

program in the ~all of 1967 to rceasure the ecological effects 

produced by the various herbicides on the plant ccmnunity of TA 

C-52A (10). 

1°wara, D.B. Ecological reco:ro.s on F.glin AFB Reservation-the 
first year. AFATL-TR-67-157, Air Force Annarrent Laboratory, 
F.glin AFB, Florida, 1967. 
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Geographical and Vegetative Features 

In 1962, the ADnament DeveloJ:ltent and Test Center (AOIC) , 

F.glin AFB, Florida, est.abl:i.shed an elaborate testing installation 

designed to neasure depJsition paraneters of aerially applied 

herbicides on the Eglin Reservation. The direct aerial application 

was restricted to an area approximately 2.6 km
2 within 'm c-52A in 

the southeastern part of the reservation. The entire test area 

oovers approximately 5 km2 and is a grassy plain surrounded by a 

forest stand that is daninated by long leaf pine (Pinus palustris), 

sand pine (Pinus cl.ausa), and turkey oak (Quercus laevis). The 

actual area of test flight paths and herbicide application is in 

a mechanically cleared area now occupied mainly by brcnnsedge 

(Andropogon virginicus), switchgrass (Panicum virgatum), and other 

low growing herbaceous vegetation. 

Sampling Grids and Herbicide Deposition 

Four separate test grids were est.ablished on the 2.6 km
2 

test 

area during the 1962 through 1970 testing period. Table 8 indicates 

the approximate total anount of herbicides (active ingredients) 

applied on each test grid and the time periods of tl'Dse applications. 

Preliminary Ecological Studies 

The first in depth animal survey was initiated on the herbicide 

equipnent test grids and surrourrling area in 1970 (11). This 

1~ate, B.D., R.C. Voight, P.J. Lehn, and J.H. Hunter. Aruita1. 
survey of test area C-52A, Eglin AFB Reservation, Florida. AFATir­
TR-72-72, Air Force ADnament Laboratory, Eglin AFB, Florida, 
April 1972. 
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TE:sT 
GRID 

1 

2 

3 

4 

TABLE 8 • .APPOOXIMATE AK>l.JNI'S OF 2,4-D AND 2,4,S-T 
HERBICIDES .APPLIED '10 TE:sT ARFA C-52A, 
EGLIN AFB RESERVATIOO, FIDRIDA 

GRID HERBICIDES (KIICGRAMS ACTIVE m:iREDIEN.I') 
ARE'A 

(mx::TARES) 2,4-D 2,4,5-T 

37.25 39,540 39,540 
(1962-1964)a (1962-1964) 

37.25 15,885 15,885 
(1964-1966) (1964-1966) 

37.25 1,263 
(1967) 

97.0 19,959 19,959 
(1968-1970) (1968-1970) 

clyears when the major portion of the herbicide was ai;:plied. 
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survey was cxmducted during the tine that aerial spray equipnent 

was actively being tested. The purpose was to detenni.ne species 

variation and distribution patterns on the test grids and surround­

ing 28. 5 km
2• Of the 86 species of vertebrate animals observed or 

collected, it was concluded that the beach nouse (Peranyscus 

polionotus) and the six-linerl racerurmer (Cnanidophorus sexlineatus) 

were present in sufficient nurrbers to conduct population studies. 

In the spring of 1973, analyses of rarrlan soil sarrples fran the 

test area indicated that low levels (e.g., parts per billion or 

parts per trillion) of 'IO)[) were persisting in areas (i.e., the 

flight paths) that had received repetitive aerial applications of 

2, 4, 5-T. Based on the beach m:>use populations and the residue 

information a stmy was initiated in the sumner of 1973 to obtain 

rodents for analysis of 'ltt>D in body tissues and for examination 

of 'KDD in body tissues and for examination of gross and micro­

scx,pic evidence of teratogenic and nutagenic effects. A trapping 

survey was also conducted to stmy habitat preference of the beach 

nouse to determine if population distribution was related to 

vegetative cover. Data fran these studies (12) indicated a cor­

relation between the levels of '10)0 in rodent liver and soil; 

b:Mever, there was no evidence of toxic histopath:>logy in any 

rodent tissue. It was also found that indeed the population 

distribution was related to vegetative oover. 

12yol.lllg, A.L. F.cological studies on a herbicide-equiµrent test 
area (TA C-52A) Eglin AFB Reservation, Florida. AFATirTR-74-12, 
Air Force Al:mament Iaborato.cy, Eglin AFB, Florida, 1974. 
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In the sunmer of 1974 a team of military and civilian 

scientists undertook a nore extensive investigation of the nurrerous 

o::np:ments of the ecosystem of TA C-52A. Using the infonnatian 

fran previous studies, they obtained data on the fate of 'lCDD in 

soils, rodents, reptiles, aquatic organisms, birds, and VE!g'etation. 

These results have been published by Young, Thal.ken and ward (13), 

and are stmnarized in the followblg sections of this report. 

Soil Studies of 'l'CDD Residues 

Soil sanples (the top 0-15 an :incretent) were collected fran 

all four of the test grids on the test area and analyzed for 'ICDD. 

With the exception of Grid I, 'lCDD residues were in the range of 

<10 (rni.niJrun detection limit) to 30 parts per trillion (ppt, 1.x10-
12

). 

Soil analysis of 20 separate sanples fran Grid I detected levels 

of 'lCDD in the range of <10 to 1,500 ppt. This wide fluctuation 

in 'lCDD concentrations was attributable to the locations of the 

actual flight paths on the test grid (i.e., not all of the 37 ha 

received the sane anmmt of aerially applied herbicide). It was , 

also apparent that the massive anounts of herbicides applied to 

this area in 1962-1964 contained very high levels of the 'lCDD 

contaminant. Further analysis of a duplicate soil core, obtained 

fran a site having 110 ppt 'lCDD, indicated that 'lO)I) was stratified 

within this top 0-15 an of soil (Table 9). 

l3y0\ll'l.g, A.L., C.E. Thal.ken, and W.E. Ward. Sta:lies of the 
ecological iitpact of repetitive aerial applications of herbj,cides 
on the ecosystan of test area c-52A, Eglin AFB, Florida. AFATir 
TR-75-142, Air Force AJ:m:ment Iaboratocy, Eglin AFB, Florida, 1975. 
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TABLE 9. COJ:,CENI'RATJ:00 OF TCDD IN son. POOFILE (1974) 
OF GRID I, TF.sT ARFA C-52A, EnLIN AFB, FIDRIDA 

GRID I APPLICATIOOS OF 
HERBICIDES (1962-1964) 

SOIL POOFILE PAR!'S PER TRILLION (PPT) 'ICDD 

0-2.5 cm 150 

2.5-5 cm 160 

5-10 cm 700 

10-15 cm 44 

Below (15-90 cm) None detectable 

TABLE 10. NUMBERS OF BFACH MICE CDLLECTED OORING THE 
1973 AND 1974 S'IUDIES OF TF.sT ARFA C-52A 

CDNrROL 1973 1974 'IDI'AL 

Male 5 12 17 

Fanale 5 10 15 

Fetuses 12 11 33 

Subtotal 65 

TEST 1973 1974 'lOl'AL 

Male 26 17 43 

Fanale 18 13 31 

Fetuses 25 9 34 

Subtotal 108 

'lUl'AL 173 
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Rodent Studies 

TRAPPING DATA/HISTOPATHOLOGY. In the 8 weeks of trapping 

beach mice during the smmer of 1973 and 6 weeks during the 

surrmer of 1974, 106 specimens were collected fran Grid I. Many 

of the fanales were pregnant at the time of collection, providing 

67 fetuses for examination. Table 10 indicates the mriJers of 

males, fanales and fetuses collected fran Grid I during 1973 and 

1974. 

The only significant lesions seen on histopathologic examina­

tions of 173 adult and fetal beach mice were two instances of 

rroderately severe, multifocal, necrotizing, hepatitis (one test, 

one control ani.mal) and a single test mJUSe with severe venous 

ectasia of the renal veins in one kidney. All other lesions were 

of the minor or insignificant type noi:mal.1y observed in microsoopic 

surveys of large nuntiers of field animals. The absence of liver 

lesions (necrosis and porphyria) in mature animals that had liver 

levels of 'lCDD fran 20 ppt to 1,300 ppt (Table 11) is nDSt signif­

icant in view of the massive quantities of both 2, 4, 5-T and 'lCDD 

that llUlSt have been applie:1 to the test site. There was no 

evidence to indicate that 'lCDD was mutagenic nor carcinogenic in 

the field at the cxmcentrations noted in Table 11. None of the 

34 fetuses examined fran animals captured on the test grid shcMed 

teratogenic defects. This leads one to the conclusion that the 

levels of 'lCDD encomitere:1 in the field faile:1 to induce 

observable developrental defects. An analysis of the organ to 

body weight ratios of each of the control (males and females) and 
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'mBLE ll. OON:::ENI'RATIOO (PARI'S PER TRILLIOO) OF 2, 3, 7, 8-TETAACHIDR:>DIBENZO­
P-DIOXIN ('ICT.>D) IN LIVER AND PELT SAMPLES FRCM BEACH MICE, PERCMl50.1S 
POLI(N)TUS, COLLEr:.'TED FRCN CXNI'ROL AND '10)[)-EXPOSED FIEill SITE.5, 1973 AND 1974 

TRFA'.lMENl' YFAR 

Control 1973 

Control 1974 

Control 1974 

Grid I 1973 

Grid I 1974 

Grid I 1974 

~ level of detection 

~t detennined 

~ 

SEX LIVER PELT 

-
Male and Female 20a ~ 

Male 51 40a 

Female 83 40a 

Male and Fetale 540 ~ 

Male 1,300 130 

Fanale 960 140 



test (males and fanales) using the Wilcoxon Rank sun Test imicated 

no statistical differences between field control males and field 

test males nor field control females and field test fanales (P~0.05). 

LIVER AND PELT ANALYSIS. The presence of 'lCDD in the liver 

sanples of both male and fenale mice collected £ran the control 

site in 1974 may have been due to high levels in ooe or ncre 

specinels in the pool of sanples. Mice £ran the test area could 

have migrated to the periphecy of the grid and warx1ered into the 

area designated as control. The closest point fran the control 

site to the test area was 200 m. However, it is enphasized that a 

nouse (or mice) could have been contaminated in this way, and thus 

have contaminated pooled sanples analyzed for '!O)D. Therefore, 

the use of these data as truly control data Jil.lSt be viewed with 

caution. 

The levels of TCDD in the liver of beach mice collected fX'tlll 

Grid I substantiated bioacetm.Jl.ation of 'ICDD; i.e., an accunulatioo 

of TCDD in an organisn £ran its environnent. In general, levels of 

'ICDD in the livers were no greater than the nest concentrated zones 

of 'l'CDD in the soil. 'l1lere are no data fran these stooi.es to 

support bianagnification of TCDD; i.e. , an increase in concentra­

tion of TCDD in successive organisns asceooing the trophic food 

chain. 

BURROW AND DIET STUDIES. In all burrows that contained mice 

a oonsistant finding was a pllJ3' of soil pushed up into the turmel 

within the first 2. 5 to 25 an of the entrance. Frequently an 

"escape tunnel" would extend £ran the nest area to within 2. 5 to 
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15 en of the soil surface. Altlr::>ugh the cxmcentration of 'lCDD on 

the pelts of beach mice fran the test area was only 10-15 percent 

of that in their livers, Table 11, it was apparent that the mice 

were oontinually oontarninating thanselves as they repeatedly noved 

in and out of their burrows. The soil data, Table 9, substantiated 

the presence of a zone of 'lCDD within the region of the tunnel 

entrance. Likewise, the location of the escape tunnel suggested 

that even the nest itself may contain detectable levels of 'ICTlD. 

An examination of the plant and insect litter within the nests 

i.ndi.cated that the beach nouse diet was made up of about 90 

percent seeds (based on cacyopsis hulls) and about 10 percent 

insects (based on lllSE!Ct exoskeletons and wings} • Four carposite 

seed samples were analyzed for 'lCDD with no TCDD being detected in 

any sample (at a mininun detection limit of 1 ppt TCDD) • The 

insect retains are currently being analyzed for 'ICDD. 

TCDD LABORATORY UPTAKE EXPERIMENT. Twenty-two beach mice 

fran the designated oontrol area were brought into the laboratory 

and divided into a "control" group of 10 animals and dusted with 

100 rrg of alumina gel 10 t.iltes over a period of 28 days while the 

"test" group of 12 animals was dusted with 100 rrg alumina gel 

containing 2. 5 ppb 'lCDD 10 times over the 28 day perioo. Table 12 

irxlicates control levels and test levels of TCDD in the ccmposite 

liver sanples and on the ccmposite pelt sarrples of the alumina gel 

arrl alumina gel plus '!'COD dusted animals. 

These animal.s were given oc:mplete histopath::>logic examina­

tions at the carpletion of the experiment with no difference:S being 
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seen between control and test aninels. An analysis of the organ 

to :tody weight ratios of each of the control males to test males 

and control females to test females using the Wilcx»o::m Rank Sum 

Test indicated a statistical difference involving only the spleens 

of control male arrl test male animals at the 95 percent confidence 

level. This difference was not supported by either histopat:oological 

evidence nor by norphcnetric data as indicated in the Hepatic 

Ultrastructural Study section which follows. 

HEPATIC ULTRASTRUCTURAL STUDY. After the liver was reroved 

:Eran 30 beach mice (15 control and 15 fran the test area) and 

weigherl, a section was taken fran the center of the median lobe. 

Representative electron micrographs were made fran the liver tissue 

of each animal and the data obtained fran each micrograph using a 

stereology technique. This net:h:x1 of quantitative analysis of the 

cell ultrastructure used norp}Dnetric procedures based on the 

teclmiques developed by Weibel et al. (14), as rn:xlified by Buchanan (15). 

With this method, a transparent grid of intersecting lines 

was placed at randan over the micrographs and all the line inter­

sections (points) which were over the required cell structures 

were counted. All of the points lying over the mitoch:mdria, the 

damaged (~llen and ruptured) mitoclnndria, the granular 

14weiliei, E.R., G.S. Kistler, and W.F. Scherle. Practical stereo­
logical meth:xis for rrorphcnetric cytology. J. Cell. Biol. 30: 
23-38, 1966. 

15Buchanan, G.M. Effect of high dif!tacy nolybodemn. on rat 
adrenal oqrtex. Unpublisha:l thesis. University of COlorado, 
Boulder, co, 1973. 
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TABLE 12. cnNCE:m'RATION (PARJ.'S PER TRILLICN) OF 2, 3, 7, 8-
TETRACHI.ORODIBENZO-P-DIOxrn ('ICDD) rn LIVER AND PELT 
SAMPLES FRCM BF.ACH MICE, PEIU1YSCUS POLIO!'DIUS, 
DUSTED WITH AilJMINA. GEL CDNTAINING ID 'ICDD (CON!'ROL) 
OR 2. 5 PARI'S PER BILLION 'lCDD (TFST) 

TRFA'!MEm' SEX LIVER PELT 

Alumina Gel Ma.lea NDb NDC 

Fana.lea NDb NOC 

Almri.na Gel + 'lU)[) Male!J. 125 45 

Fanalea 125 89 

~e and female livers a::rtlfOSited for analysis 

~ detection level - 10 ppt 

~ detection level - 8 ppt 

TABLE 13. CON:EN'l'RATION (PARL'S PER TRILLION) OF 2, 3, 7, 8-
TETRACHI.ORODIBENZO-P-DIOXIN ('ICDD) Ilil ~I'l'E 
SAMPLES OF VISCERA OR TRUNK FR:lM SIX-LINED RACE­
RUNNERS, CHEMIOOPHORUS SEXLINFA'IUS, COLLECl'ED FIOI 
CONl'ROL AND '!COD-EXPOSED FIEID SITF.5 

ur.ATION 

COntrol Site 

Test Site 

VISCERA 

NDa 

360 

TRUNK 

370 

~ detection limit - 50 ppt 

~ detection limit - 40 ppt 
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endoplasmic reticul\.111 (RER) and the agranular errloplasmic reticulum 

(SER) were then counted. The total area of the cytcplasn was 

then neasured in the sane nanner. 

The volume fraction of ea.ch structure was detennined to be 

the ratio between the point count of that structure and the total 

point count of the cytoplasm. In this nanner the ratio of mito­

cmndria volurre to cytoplasn volume of the hepatic parenchymal 

cell was detennined for each animal, as was the ratio of danaged 

mitochondria volume to total mitochondria volune, RER to cytoplasm, 

SER to cytoplasm, and RER to SER. Using these volume fractions or 

ratios as quantitative mea.suranents of the structures in question, 

the hepatic parenchymal cells fran treated animals were ccrcpared 

with those fran control animals. 

Similar data were collected fran 22 mice brought £ran the 

field into the laboratory arxi exposed to 30 days of external 

dusting with alunina gel (with or witrout 2. 5 ppb 'lrnD} • 

Analysis of the norphcmatric data using the Wilcoxon Rank 

SUn Test indicated no statistical differences between field control 

and field treatnent animals, nor were there statistical differences 

between the control ani treatnent animlls of the dusting stmy 

(P~0.05). 

Reptile Studies 

ANALYSIS OF REPTILE TISSUE. Chanical analysis for '!OX) in 

body parts of the six-lined racerunner indicated significant 

levels of 'lCDD in both the visceral mass and in the trunk, Table 13. 
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Gross p:>st-nortan examinations were perforrred on 19 racerunners 

collected frcm either a control site or fran Grid I with no 

evidence of gross abnonnalities seen in any of the specinens. 

TCDD In Aquatic Organisms 

Young, Lehn and Mettee (16) conducted species diversities 

and focxl chain studies in two aquatic ecosystans draining TA C-52A. 

Erosion of soil occurred in to a p:>nd on the test area and in to 

a stream imrediately adjacent to the area. 'KDD levels of 10-35 

ppt were found in silt of the aquatic systans, but only at the 

point where eroded soil entered the water. Species diversity 

studies of the stream were conducted in 1969, 1970, 1973 and 1974. 

Insect larvae, snails, diving beetles, crayfish, tadpoles, and 

rrajor fish species fran both aquatic systans were analyzed for 

TCDD. Species diversity sttrlies indicated no significant change 

in the ccop:,sition of ichthyofauna between these dates or a control 

stream. concentrations of TCDD (12 ppt) were found in only two 

species of fish fran the stream, sailfin shiner (Notropis 

hypselopterus) and nosquitofish (Gambusia affinis). The sarrple of 

nosquitofish consisted of bodies with heads and tails rateved. '.1\\0 

saq,les of sailfin shiner were analyzed; one oontaining viscera 

only and the other 1:xxlies less heads, viscera, and caudal fins. 

only the viscera contained TCDD. Sanples of skin, muscle, gonads, 

and gut were obtained £ran spotted sunfish (I.epanis punctatus) 

16 Young, A.L., P .J. Lehn, and M.F. Mettee. Absence of 'lCDD toxicity 
in an aquatic ecosysten. weed Sci. Soc. Amer. Abst. 107, p. 46, 
1976. 
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£ran the test grid porrl. Levels of 'ltDD in tmse J:xx1y parts were 

4, 5, 18, and 85 ppt, respectively. Gross patmlogical observa­

tions of the sunfish revealed no significant lesions or 

abnormalities. 

'1CDD In Birds of TA C-52A 

Bartleson, Harrison, and l-brgan (17) have oonducted an 

extensive survey of the birds of TA C-52A. Between March 1974 

and February 1975, they visited stu:iy areas twice each week at 

various times of day and night, and observed a total of 77 species 

of birds. Of this m:mber, 44 species were observed on Grid I, the 

area of greatest 'lt:DD residue. The ranaining birds were seen in 

the surromrli.ng clearing and bayheads projecting into the cleaming. 

A small oollection of spec:inens was made for species identifica­

tion and for '1CDD analysis. Only three species could be classified 

as residents which nest on the test grids. These were southern 

neadowlark (Sturnella magna) , IIDrlling dove (Zenaidura macroura) , 

and bobwhite quail (Colinus virginianus). 'lCDD residues were 

found in meadowlark livers (100-1,020 ppt) and in the statachs 

and strnach CX>ntents (46 ppt) of these sane birds. An analysis 

of liver and fat tissue fran doves indicated concentrations of 

50 ppt. An analysis of seed in the crop of the doves sh:Jwed m 

detectable residue of 'ICDD. ~ routes of '1CDD CX>ntamination 

17Bartleson, F.D., D.D. Harrison, and J .D.· t-brgan. Field studies 
of wildlife e,qx,sed to 'RDD CX>ntaminated soils. AFATirTR-75-49, 
Air Force Annament Iaboratory, Fglin AFB, Florida, 1975. · 
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were proposed for these birds. The first was through the process 

of dusting and subsequent ingestion of contaminated soil while 

preening. A second possible route was through the ingestion of 

soil-borne insects £ran the test grid; an analysis of a single 

cc:riposit.e insect sample indicated a concentration of 40 ppt TCDD. 

Vegetative Succession Studies on '.12\ C-52A 

TCDD analysis of vegetation has been limited to seed sanples 

collec..'ted in StlplX)rt of the rodent diet study. No TCDD was found 

in four samples of sea:ls collected fran vegetation on Grids I or 

IL The minimum level of detection was 1 ppt. A vegetative 

succession study has been conducted by Young and Hunter (18) to 

doct:lrent the r~vegetation of an area denuded first by nechanical 

means and then by hundreds of applications of phenoxy herbicides. 

Nine nonths (June 1971) after the last defoliant-equiprent test 

mission, a detailed survey of the vegetation was initiated. The 

area was divided into a grid of 169 sections (each 122 by 122 m), 

and within each section the percentage vegetative coverage was 

visually ranked as Class O, 0-5 percent; I, 5-20 percent; II, 20-

40 percent; III, 40-60 percent; -rv, 60-80 percent; and V, 80-100 

percent. Three sections within each class were selected at rand.an 

and surveyed for dicotyledonous plants. An unsprayed area O. 32 km 

northwest of the test area was also surveyed. In June 1973, each 

18Young, A.L., and J.H. Hunter. A long-tenn field study of 
vegetative succession following repetitive application of phenoxy 
herbicides. Weed Sci. soc. Amer. Abst. 1977. 

32 

,. 

... 



•' 

of these areas was again surveyed, but in acklition, a square-foot 

(0.093m2) analysis technique was perfonte:1 in 15 additional 

sections. These sections were randanly selected and within each 

section, nine areas, each 0.093m2, were analyzed for species 

CXllpJSition and grourrl cover density. Both nethods of vegetative 

survey were repeated in June 1976. The nl.11lber of dicotyledonous 

species increased fI:an 74 in 1971 to 107 in 1973, and to 123 in 

1976. In 1971, 20 percent of the test area had less than 20 

percent vegetative c::over, while 26 percent of the test area had 

rrore than 60 percent vegetative c::over. In 1976, no sections had 

less than 20 percent vegetative c::over, but over 73 percent of the 

test area had a c::over of ItDre than 60 percent. The major grass 

species were Panicun virgatun and PaniCllll lanuginosun. The major 

dicotyla:lon was Diodia teres in 1971, but was replaced by 

Chcysopsis graminifolia in 1976. These data denonstrate the 

rapid invasion of dicotyledonous species despite the unusually 

heavy applications of phenoxy herbicides. 

As a concluling remark, Test Area C-52A, Eglin AFB, Florida, 

has offered a unique opportunity to examine the effects of long­

tenn, !CM-level exposure of biological systans to 'IOD. Perhaps 

when the herbicide 2,4,S-T (contaminated by 'IOD) was first applied 

to the test area (1962-1964), the levels of 'lO)D that aCC\.ITILllated 

on the soil may have been sufficiently high to be toxic, altoough 

there is no ne1tion of arumal. deaths in the reex>rds of test 

missions for this area. It is of interest to note that in the 
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Italian 'ICDD episode, an estimated 0.9 to 4.5 kg 'ICDD were 

dissaninated on an area of 1. 4 km2• This is approximately equal 

to 6.5 to 32 gjha. Grid I on Test Area c-52A probably received 

between 0.07 and 1.86 kg 'lCDD on an area of 37 ha, or approximately 

2 to 50 g '10)[)/ha over a 2-year period. This range of values was 

arrived at using the arithnetic nean and maximum concentration of 

'1CDD contamination of the herbicide Orange presently in the United 

States Air Force inventory. 
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Two additional studies have been cxmducted in support of the 

previous investigations of 'l'CDD in field ec:osyst.ans. One of these 

studies has been cxmducted by CUpello and Young (19) an the 

potential uptake £ran soil of 14c..JI'CDD by plants. In this stu1y, 

2,240 kg active ingredient orange herbicide/ha, containing 14 ppn 

14c-'OCDD, was placed beneath the soil surface in specially designed 

gl."'Ollth ooxes oontaining 100 plants of Sorghan (Sorghmn vulgare) 

per box. The plants were grown uooer controlled enviro11111ent.al 

ronditians for 9 weeks: 14-hour photoperiod, diumal taTperature 

of 35 ± 2°c and 15 ± 1°c, and a relative humidity of 60 and 85 

percent, day and night, respectively. on day 64 the plants were 

cut at the soil surface, ground in a Wiley Mill, and extracted 

with hexane in a SOXhlet Extraction apparatus for 4 hours. The 

'RDD in the extract was then concentrated by using the DcM Chanical 

carpmy Analytical Meth:xi M[,-M,1 73-97. 

The 11'10)[) concentrate" was quantitatively transferred to a 

scintillation vial using benzene, and 15 cc of Aquasol added to it. 

Analysis of the counting data fran a liquid scintillation counter 

:im.icated no significant uptake of hexane extractable 14
c-'1CDO 

activity in the plant material. An analysis was also perfol:tll:!d 

on the plant tissue prior to hexane extraction, and after hexane 

extraction for 4 hours. These plant sarrples were canbusted in a 

19CUpello, J.M., and A.L. Yomig. Radiochsnical bioassay of 'RDD 
uptake in plant material. Depart::nEnt of Chanistry and Biological 
Sciences, United States Air Force Acadat¥, CD, 1976, unpublished. 
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Packard MJdel 306 sanple oxidizer, the m2 oollected in Packard 

carbo-Sorb, this solution diluted in Packard Perma.fluor-v, and 

tbe fluor counted in a liquid scintillation counter. These data 

indicated the presence of sufficient 14c activity in the unextracted 

plant material to be equivalent to approximately 430 ppt '1CDD in 

the plant tissue. This activity was not significantly reduced by 

hexane extraction. 

This relatively high 14c activity in the plant tissue could 

be explained by one of at least four hypotheses. It could 

represent the presence of (1) bound (non-hexane soluble) 'ICDD, 

(2) a soil biodegradation product of '1CDD that was taken up and. 

bound by the plant, (3) a netabolic breakdcMn product of the '1CDD 

that was formed after incoqoration of the '1CDD into the plant, or 

(4) a oontaminant in the original 14c 'IO)D stock solution that 

eventually found its way into the plant either as the original 

oontaminant or as a netabolic of it. 

A second study has been conducted by Bartleson, Harrison, and 

J:.brgan (17) on the effect of tilling '1CDD contaminated soil. One 

cubic meter of soil was oollected rran Grid I, TA C-52A, and 

rarcved to the laboratory. Four sanples were taken fran the 

uniformly mixed soil, analyzed and. found to contain 1,100 ppt 

(2 sanples) and 1,300 ppt (2 safll)les) 'IO)D. The oontaminated 

soil was placed in two groups of four pots (20 an deep and. 20 an 

in dianeter). The four pots in each group were treated as follCMS: 

two were left outside and exposed to natural elanents, and two 

were placed in a greenh)use and watered with a nutrient solution. 
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TABLE 14. DmRADATION OF '10)[) (PARrS PER TRILLION) 
IN A GREENHCXJSE EXPERIMENT, EXiLIN AFB, FIDRIDA 

LENG'IH OF EXl?OSURE 

0 9 weeks 23 weeks 
TRE'A'IMENI' (PPT) (PPT) 

Full Sunlighta 

Tilled 1,200 1,100 

Untilled 1,200 1,000 

Greenh:>useb 

Tilled 1,200 640 

Untilled 1,200 810 

asanples placed outside of greenhJuse 

bSarrples watered with a nutrient solution 
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520 

530 

460 

530 
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Altmugh there are many potential options for the decontamina­

tion of an area exposed to 'ICDD (see reference 4) , data provided in 

this rep::,rt would suggest that one of the nost feasible options 

would be soil incorporation/biodegradation. The data base used in 

selecting this option is as follows: 

1. 'ICDD nay persist (in biotic and abiotic o:1111:x.>nents) 

for long periods of tune when initially present at extremely high 

ooncentrations an the soil surface. 

2. 'ICDD will a.ccurm.tl.ate in the tissues of rodents, 

reptiles, birds, fish, and insects when these organisns are exposed 

to 'ICDD cxmtaminated soils (h::Jwever, the levels of 'ICDD in the 

tissues apparently do not exceed the levels of 'ICDD found in the 

environment). 

3. Organisms tolerate, i.e., based an no observed 

deleterious effects, soil levels between 10-1,500 ppt 'ICDD. 

4. 'ICDD is degraded by soil microorganisms, especially 

when in the presence of other chlorinated hydrocarbons. 

5. TCDD is degraded :in the presence of sunlight. 

6. M:>varent of 'ICDD in the abiotic portions of the 

enviroment can be by wind or water erosion of soil particles, but 

leaching by water alone does not appear to occur. 

7. TCDD is prci)al?ly not readily released or degraded 

in the enviroment when l:x:n.nx1 to activated oocxmut charooal. 
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Specific Recx:mnendations 

In locations where accidental '10)[) contamination covers 

significant geographical area, e.g., many hectares, an in situ 

biodegradation program nay be nost effective in reducing levels 

of TCDD residues. Incoqx:,ration of organic naterial, liire, and 

fertilizer to enhance microbial activity nay be advantageous. The 

biodegradation site should be tilled frequently so as to expose 

residue to sunlight. Watering of the site is reccmrended to 

reduce wind novanent of contaminated particles and to enhance bier 

degradation. In locations where a limited area has been exposed 

to accidental contamination of 'ICDD, the top 0-15 cm of soil sb::mld 

be raooved and taken to an isolated area where biodegradation pro­

cedures can be corrlucted. Similar treatnents sh:>uld be applied to 

these plots as \\Oul.d be for an in situ program. Protective 

clothing should be \\Orn by all site personnel. The contaminated 

clothing sb::mld be incinerated at an approved incinerator. FollCM­

ing use, all equipl&lt should be rinsed with an organic solvent 

(e.g., diesel fuel) to rerove '!ID) residue. The solvent containing 

'la>D residue may be collected in acti vat;ea cx:xxmut charcoal and 

either incinerated or placed in an approved sanitary landfill, 

altoough if a sufficiently isolated land area is available, bier 

degradation nay be feasible. 

It should be noted that sate 'l'Cl)D residue will ranain in a 

contaminated site. However, research on the ecosystan at Test 

Area c-52A, F.glin AFB, Florida, indicated that organisms do have 
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a tolerance to le,..., levels of 'ICDD. Therefore, in th:>se areas having 

soil residues belc:,..., 1 ppb, further efforts to decontaminate the 

area are not practical. These areas smuld, lx:Jwever, be fenced 

and posted to prevent livestock and human exposure. 
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