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A BST R ACT 

Contaminant uanspon models were used 10 csrirnare the airborne conccnuaaons of 2,3,7,8 
tcmchlorodibento-poxin (TCDD) vapor and parriculatcs originating from soil containing 100 ppb 
TCDD. The upper-bund estimates of the airborne TCDD vapor concentration were 30 p g / d  on- 
site. and 12 pdm3 for TCDD vapor 100 m c r s  downwind. Thc maximum plausible annual avcragc 
concentration of TCDD bound to suspended soil was 0.7 pgm3 on-site and 0.07 pg(m3 1W.mctcn 
downwind. Assuming 70 ywn of continuous exposure 10 rhcse concenmdons. and a risk-specific 
dose (RSD) of 100 fkllrglday (10.6 risk), rhe upper-bound cancer risks w e n  esrimared to bc 8.1 x 
10-5 and 3 2  x 10-5 for inhalation of vapors on and off &e site- ?he upper bound ridc for airborne 
dust on and off the site were 1.9 x 104 and 1.9 x 10-7 rcspcctivcly. Duc 10 the conservatisms 
inhaent in the uansport models. the actual airborne wnccnuarions will almosc c d y  be 10-50 
fold less than hac predictad hac Since few ices have average soil concenuations as high as 100 
ppb TCDD, this worst<& analysis indimes &at inhalation will rarely. if ever. be an imponant 
mutt of utposure to TCDD-contaminarcd soil. 
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INTRODUC'flON 

Although 2,3.7,8-TCDD has bcen shown to havc gligiblc vapor xssurc ( I  .S x 10-9 mm Hg ill 
25 C; Schroy ti a].. 19851, numerous studics hovc claimed that airborne concentrations of TCDD 
from contwina id  Soil  could be of a magnitude sufficient to pose a significant health risk (EPA. 

1985). Orlier rcpons havc sugpcstcd that inhdarion of TCDD vapors and pardculares am ncgligible 
mutes of exposun: ihat may be dismissed from considendon (Paustenbach p d.. 1986). To rcsolve 
this issue. thc highcsi plausible airborne concentrations of TCDD (vapor and paniculate-bound) 
originating from a contahnated site wcrc estimated and the attendant rheorctical cancer risks were 
calculated. 

METHQBS 
In his analysis, 10 acrcs of soil were assumed 10 be contaminated wkh 100 ppb TCDD to a depth of 
10 cm. Thc potential TCDD vapor eqissions from she soils were estimated using the model of Jury 
et al. (1983). This mcdcl estimates h e  nmcdcpendenr chemical vapor flux from conuminatcd soil. 
considering both the soil characteristics and the physical propenies of the chemical (c.g.. vapor 
pressure and soil binding caflcieni). It accounts for &e contaminant's voladlity. absorption to soil 
panicles. and upward leaching in Ihe soil column due to evapouanspontion. To ensure that the flux 

was nor undcresdinatd ir was assumed that (a) the ne; water flux in the a i l  column was upward (b). 
the soil had a high porosity (45%). and (c) rhe soil conrained a low lewl of organic mailer (1%). 

\ 

A box-model approach was used LO prrdict the maximum plausible levels of on-sitc airborne TCDD 
vapor. The approach assumes b a t  &e air above the site is contained in a building having two open 
walls with wind blowing through the sv~cturc. An 8 tdl ceiling was assumed (mixing height). 
The box-model assumes that the TCDD vapor aavels only a very shorl disrancc prior LO inhaladon. 
It accounts for removal of TCDD vapor by the wind, bur ignores dispersion effecrs. The approach 
produces an upper-bound airborne contaminant concenuation. The SCREEN (EPA. 1988) 
Gaussian air dispersion model was used to estimate a WOG~-C~SC concentration of TCDD ar a 
distance of 100 metes off-sire. As its name implies, SCRJZEN is also a screening model which 
produces upper-bound and oftcn unrealistically high estimara of the actual airborne concentrations. 
SCREEN generates a maximum hourly air conccnmtion esilmatc by accounting for horizontal and 
venical dispersion during wors~cast meteorological condilions (Le. escremcl y slow; stable winds). 
For the purposes of this srudy, the annual averngc concenualion was consemativcly assumed IO be 
10% of h e  predicted maximum hourly concena;ldon; an approach suggested in revend regulatory air 
dispersion modeling guidelines (EPA. 1982 CAPCOA. 1987). 

To estimate the maximum air concenaadon of TCDD bound IO total suspcndcd panicdates (TSP) 
originating from the conuminrted sail, ii was assumed that the annual average ambient concentranon 
of TSP is 0.07 mum). This concentradon is similar IO the TSP levels mcasund in many rural areas 
(Trijonis et rl.. 1980; EPA. 1983a). Since there axe many sources of a i h e  paniculate matter 

(c.g. automobile exhaust. tire rubbcr). this factor ws adjusted ro account for the TSP fraction that 
conceivably originated from thc TCDDcontrdnated soil on ;he site (10%). Several studies havc 
Shown that only about IO-ZOaS of airborne n p  is from Soils (Lioy and Daisey. 1986). The air- 
borne concenmtion of TCDD bound IO paniculate is simply the product of thc ambient TSP 
concentration, the percentage of the TSP fm the S ~ W  soil. and the average TCDD conccnation in 
the S O I L  
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The EPAs unit risk vahc (lJRV)l of 4.4 x 10.5 (pg/m3)-i and &c URV of 2.7 L 10.6 (pgh'J)-l 
suggcstd by Keenan g d.. (1330a.b) (bascd gn ihe rcccnr n-malysis of Kociba a J. (1978)) WCK 

uscd 10 estimate the plausible excess lifctime c m c r  risk. Thc URV is defined as the theoretical 
cancer risk associared with breaching 1 pg/m3 of rhc contaminant for a Iifctimc. The risk associared 
with exposure is b a s 4  on the cancer ptcncy factor for TCDD. and standad cxposurr assumptions 
(20 mJ/day brcarhing rate. 70 kg body weight). for h e  p u p x e s  of this xpon it  was conservodvcly 
assumed thar exposure occurs continuously for a 70-year lifcrime. 

Using Jury's model. the TCDD vapor flux (emission rate per unit area of soil) was estimated at I .1 x 
10-13 rng TCDD/scc-cmZ. Given the conservative naturc of the assumptions concerning soil 
conditions, this is an upper-bund estimate of h e  TCDD vapor flux. Using this figure and a ]OW 

annual average wind speed of 3 meters/sec (about 7 mileshour). the box-rndel pndictad an on-site 
TCDD vaporconcenrradon of 30 pglm3 above soil containing 100 ppb. This concentration auld bc 
associated with a lifedm cancer risk of 1.3 x 10-3 (URV of 4.4 x 10-5 p d d )  or 8.1 x 10.5 (URV of 
2.7 x 10-6 bascd on a RSD of 100 fg/lcg/day). Using a screening air dispersion model, the upper- 
b u n d  off-site annual average air concentration (100 metes downwind of the source) was 12 p g h 3 .  

This conccnuation corresponds to an increased lifetime cancer risk of 5.3 x 104 (URV of 4.4 x 10-5) 

or 3-2 x 10-S (URV of 2.7 x 10.6). The m i m u m  airborne concenmrion of particulatc-bound 
TCDD was csiimatd zs 0.7 pdm) from soil containing 100 ppb TCDD and this poses a plausible 
increased cancer risk of 1.9 x 10-6 (URV of 2.7 x 10-6). Since the risk is directly proportional to the 
soil concenmrion, if the soil level was 1 ppb. hen  the combined hazard of inhaling both TCDD 
coniaminated dust and vapor would be no greater than 8.2 x 10-7 (URV of 2.7 x 10-6 pg/m3) or 
about 1.4 x 105 (URV of 4.4 x 10.5 p g h 3 ) .  

Fate and transport models are commonly used to predict the movement of chemicals in the 
environment. Most models accepted by the regulatory community are designed to skew the 
unccnainry in their predictions such that the likelihood of overestimating the concentration at a 
receptor location is much greater than char of underestimating it. Nonetheless, screening models 
provide the risk assesor with a rapid. inexpensive method For separating contaminated shes into two 

categories: those that clearly do not wanant concern and those thar nquue a more in-depth. realistic 
analysis. 

Sincc numerous conservarive modeling and exposure assumptions were employed in this analysis, it 
is expected thar the risk estimates derived herein an upper-bound and may well over-predici the 
actual risk by at least 100-fold. It is unlikely h a i  many of the worst-case assumptions used in lhis 
analysis would k applicable to any site for a period of 70 yurs. 

'??IC EPA (1989) xtuaily reponed a URV of 3 3  x 10-5 @Jmt).l. brrcd on rhcu urimaie rha only 75% of inhaled 
puricularc-bound TCDD will actually bc ab&orbcd @PA. 1985). Becase we am. &mating cxposurr IO X D D  both il 
vapor form and bowd io poniculates. we have m o v c d  Ihc rbrorpiion correction kion from Ihe VRVs uscd in rh;s 

analysis. 
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The results Of this analysis indicate that inhaation of TCDD vapor is not a significant exposure 
pathway and can bc discounted in heallh risk assessmcnts where the soil levels are less than 100 
ppb. 111 addition. for most TCDDtonraminated sites, the inhalation of suspended soil wili nor p s c  
a significant health risk. 
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