
Novcmber 24. 1998 

Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 

U. S. Environmental Protection Agency 
Region II Headquarters 
Chief RCRA Caribbean Section 
290 Broadway - 22nd Floor 
New York, New York 10007-1866 

Attn: MS. Nicoletta DiForte 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0277 
RCRA/HSWA Permit Number PR2 170027203, U. S. Naval Station Roosevelt Roads 
Response to EPA Comment Letter Dated September 15. 1998 

Dear MS. DiForte: 

Baker Environmental, lnc. is pleased to provide this letter on behalf of the Navy. The letter is in response to 
the United States Environmental Protection Agency’s (EPA) Region II letter datcd September 15, 1998, 
addressed to Mr. Paul Rakowski, P. E., Head, Environmental Program Branch, Atlantic Division (LANTDIV) 
Naval Facilities Engineering Command. EPA’s comments pertain to the following subjects as indicated in the 
letter: 
. EPA Comments on Report on Additional RFI Investigations for Operable Units (OUs) # 1,6, and 7, 

dated May 6. 1998 
. Corrective Measures Study (CMS) Notification for SWMU #46/AOC C. SWMU #13, and former 

üncontrolled storage area” associated with SWMU #3 1/#32 area. 

This letter and attachments serves to provide a response to each of EPA’s comments on the above referenced 
topics. The EPA comments precede our responses for ease of review. 

EPA Comments 

Comment 
EPA approvcs the Navy’.s recommendation, as given in Section 4.0 qf thc Rcport, that a Corrective 
Mensure Stzt~v (CMY) be perfòrmcd,fbr the ditch sediments associated with SWMIJ # 13 and thc 
combined S?CMJ # 36/AII(~’ C‘ arca. This letter shall constitute EPA ‘.s notifìcation that C’M% are 
required,fòr thc ditch sedimcínts associated with SWMIJ # 13 and thc comhined SWMIJ tt&/AOC 
C:’ arca. Pursmant to Conditions E.5. (c) and E.5. (d) qfModule 111 of‘thc 1994 RCRA Permit (the 
Permit).for the.fticility, the Navy is required to submit Ch4S workplans nnd Task I reports (refer IO 

bcc: PAShucetXF, JWMentz/PRGM F; TCFuller/PJT F; 
MEKimes; Daily File 
S.0.h’ 62470-277-SRN 
Subfílc # 
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Appendix B “Scope of Work.for a C’orrective Measure Study” (U&í’ Scope of WorkJ qf the IYY4 
I’crmit) jor the ditch sediments associated with SWMIJ # 13 and the combined SWMIJ #46/AOC CI 
area. within 60 calender days afier written notijication that the (‘MS is required. 

As discussed in the Advanced Notice qf Proposed Rulemaking (ANPR) on “Corrective Action.for 
Rcleases From Solid Waste Management IJnits at Hazardous Waste Management Facilities”, 
published on May 1) 1996 The Federal Register, Vol. 61, No. 85, pp 19431-l 9464, the CA4S does 
not have to address al1 potential remedies. and the CMS may incorporate usage of ‘presumptive 
remedies “. If‘ the Navy wishes fo utilize such a “streamlined” CMS, omitting certain 
portions/requirements described in Appendix B of the Permit (CXS Scope of‘ Work), and/or 
incorporating a ‘presumptive remedy”.for either the ditch sediments associated with SWMIJ # 13 
and/or the combined SWMIJ # 46/AOc’ C:’ aren, please submit. within 60 da-ys ofyour receipt of this 
letter. either the actual “streamlined” CMS’ report(s), or an outlinc.for each, with the actual CMS 
report(s) to be submitted within 60 days of EPA’s approval of the outline(s). 

The,focw of the “streamlined” CX4Ss.for the ditch sediments associated with SWMJ # 13 and the 
combined SwMIJ#46/AOC Carea should be to describe.filly (including appropriatejigures/maps, 
etc.) thc proposed remedies and to confìrm that they are protective of human health and the 
environment. based on.f¿tcility-specffic conditions. 

Response 
Outlines for the Corrective Measures study at these sites are attached to this documentas Attachments 
1 and 2. The Navy has proposed a “presumptive” remedy approach. In addition, the Navy proposes 
to do the designs for AOC C/SWMU 46, SWMU 13 and SWMU 3 1/32 together. This will allow the 
work to be perfomled by a single contractor mobilizing once resulting in schedule compression and 
cost savings . 

Comment 

In addition. since unacceptable potential human health risks are indicated .for current on-site 
workers.from possible dioxin exposure at the.former “uncontrolled storage area” investigated as 
part of’the SWMJ #31/#32 area. EPA cannot approve the no.fitrther action~recommendation.for the 
SWMLJ #31/#32 aren. That recommendation was based on an “industrial usage” restriction being 
placed on the aren, coupled with the contention in the Report that “The risk to current onsite 
workers is mitigated by the.fact that signtjicant portions of the site are paved and where unpaved, 
the material is hard packed and does not generally produce dust when windblown or transited”. 
However. the “industrial usage” restriction would not eliminare unacceptable health risks to current 
or.f,tture on-site workers. In addition, the ‘mitigating factors” (covered by pavement and ‘hard 
packed’soils) cited in the Report are a) undocumented, and b) the mitigation of the human health 
risks due fo the ‘hardpacked” nature of unpaved areas is questionable, as discussed in the enclosed 
TechLaw Evaluation. Also, ifthe dioxin contaminated soils are not cleaned-up, restrictions on soil 
excavation and management.for those dioxin contaminated soils appear warranted. Accordingly, 
this letter shall constitute EPA’s notffìcation that a CMS is required.for the dioxin contaminated 
soi1.s in the .former ‘uncontrolled storage area” associated with the SWMJ #31/#32 area. As 
discussed above, a “streamlined” CMS and/or CMS based on a presumptive remedy may be 
submittedfor the dioxin contaminatedsoils in the SWíMJ # 31/‘32 area. Please submit either a CMS 
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workplnn, or an outline.fi,r n “strenmlined” C’MS, .for the dioxin contnminated soils in the SWMIJ 
#31/X32 aren, as descrihed nhove. within 60 dnys qfyour receipt of‘this letter. 

Response 
An outline for a streamlined CMS at SWMU 3 1/32 is included in this document as Attachment 3. 

Comment 
In nddition, EPA is not yet prepared to.fitlly approve the no.fùrther action recommendations made 
in the Report .for the,following: SWíWJ #6/AOC B area, SK44~J #26, nnd AM’ D. This due to 
dqfìciencies and/or data gaps in the Nnvyli evaluations of possible risk scenarios, and questions 
about the representativeness qf certnin background dota used in support of no,farther nction 
determinntions. These d@ciencies nnd/or data gaps, and concerns nbout certain bnckground data 
are discussed in the enclosed June 30. 1998 Evaluation qf‘the Report prepared by EPA ‘s contractor 
TechLaw, Inc (the TechLnw Evaluation). 

Response 
The TechLaw comments are addressed in detail in this document. 

Comment 
In order to fncilitnte conclusion sf the RH Final report and the actionlno-action determination 
process.for al1 ofthe above discussed SWMJs and AOCs, EPA requests the Navy to submit, within 
60 days efyour receipt qf this letter, a written response addressing al1 comments in the enclosed 
TechLuw Evaluntion (in addition to your submission qf the C’MS workplans or outlines .for 
‘streamlined” CA&. as discussed above). EPA will then evaluate and respond to the Navy5 
comments, prior to you hnving to submit any revisions fo the Report. 

Response 
This document comprises the requested submission. 

Comment 
Also, as indicnted in previous correspondence, .for any SWMIJ or A OC:’ where the nohrther action 
recommendation is based on restricted.fùture site usage, i.e., ‘institutional control”, EPA will 
require documentation ?f such ‘institutionnl control” (such as certifìcation by the base’s 
commanding Qcer. or some other enforceable document. ?f restricted jilture usage). Súch 
documentation is required.fòr the SKMJs #6/AOC B area. However. as previously discussed with 
Mr. Christopher Penny, ofyour stqf/,’ nnd nt severa1 Joint Interest Group meetings held between 
EPA, the Navy. nnd the Puerto Rico Environmental Qunlity Bonrd (PREQB). such documentation 
muy be submitted as part qf‘a comprehensive CM!X.‘Ml (C’orrective Mensures StudyKorrective 
Measures Implementation) document, once al1 other issues regarding the final decision .for al1 
S?KMJs and AK’s have been resolved. 

Response 
It is the intent of the Navy to comply by providing the requested information at the appropriate time. 
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TechLaw Comments 

Comment 
3.0 GENERAL COMMENTS 
1. Site ,fcntures illttstrated in .fipures presented in Section 2.0 oppear to have been significantly 

modifìed since the July 1996 Drqfi Phase I Report. The text should explain the mod$cations to the 
site.fentures. Bltilding, Il 2 depicted in Figure 5-I of the Jul-v 1996 report is not illwtrated in Figure 
2-2 qf the Muy 1998 report. In addition, severa1 figures have dark dashed lines. which are- not 
identlfied in the legends. The.fìgures must be revised to clar!& meaning qf the dnrk dashed lines. 

Response 
The mapping used in the most recent submittal is new and was made from fresh aerial photography. 
Minor changes in what is included on the figures have been noted. In all cases, features important to 
understanding conditions at a given SWMU have been included. Where structures or other features 
are outside the limits of the SWMU or AOC they have only been included as “landmarks” if deemed 
important to the site. Building 112, referenced specifícally in the conunent, has not been razed or 
moved. It was simply not placed on the figure since it is unimportant to site context. 

There are “dark dashed lines” on many of the drawings. No specific occurrence was cited. The lines 
represent numerous things. In the case of Figure 2-2, the dashed lines in the SWMU area represent 
cleared areas which appear to be bare and trafflcked by vehicles (the equipment storage area which 
comprises a large portion of the present SWMU use). 

In future submissions, any “dark dashed lines” will be labeled. 

Comment 
2. The human henlth risk nssessment perfòrmed ns part qf the Drqfi Additionnl Investigations Report 

.for OlJs 1, 6, and 7 (SWMlJs 6, 10, 13, 26, 3 1, nnd 46 nnd A0C:S B. C. and D) complied with EPA 
guidance with severa1 minor exceptions which are discussed below in page-specijic comments. 
However, many of the Nmy’s conclusions’ nnd recommendations presented in Section 4.0 are not 
supported by the icformation provided in the risk assessment. The no jiuther action 
recommendations for SWMJs 6. 26. and 31 and AOC:’ D are not adeyuatelyjustifìed.‘ustijied. In addition. 
the Navy does not adequately respond to comments #l and #2 in EPA’s April25. 1997 letter. The 
commentspresentedconcerns regarding the derivation ofbackground concentrntionsandadditional 
exposure scennrios to be evnluated.for SWMJ 6, SWMJ 26. SWM~J 3 1, nnd AOC’ D. These issues 
are summnrized below in items A through E nnd page-specf fìc comments. 

Response 
Comment No. 2 is one that is summary in nature. The specific points raised are responded to under 
the applicable detailed comments which followed. 

Comment 
A. Derivatiort of Background Constituent Concentrations 
The Navy’s response to comment # 1 in EPA ‘s April25, 1997 letter. does not address the concern 
regarding the derivation qfsite background constituent concentrations. As notedpreviously by EPA, 
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thc site hnckground data nnd thc SWMtJ 26 background data both include samples in whlch 
orgnnics were detected. Xylene. PAHs. total HxCDL) nnd 2.4.5-T werc detectcd in thc site 
bnckgroundsnmples. Ten SVOC’s were detectcd in the SWMIJ26 bnckgroundsamples. The dctection 
of organic constitrtents suggests that the bnckground snmples nre impncted by human activity. 
Thercftire, the inorganic constituents detected maynot rcpresent nnturally occurring conditions. The 
Nnvy mllst evaluate the ndequacy of the bnckground doto nndprcsent corrective actions to develop 
an adequate bnckground data set. 

Response 
The purpose of background is to establish a baseline of ambient environmental conditions in 
environmental media of concern. Background is not some arbitrary standard from some pristine 
setting totally unaffected by man but is based on site-specific conditions. 

All sites, whether they are SWMUs or not. are equally affected by anthropomorphic contamination 
from multiple sources. Specifically, runoff from parking lots and roadways obten contain volatile and 
semi-volatile organics arising from petroleum based paving materials and emissions from vehicles. 
These chemicals commonly occur in soils and drainage ditch sediments near these features. The 
historie and long-term use of pesticides and herbicides, especially in a tropical environment, will often 
produce low levels of residual chemicals in the soil and sometimes groundwater. Finally, airbome 
contaminants (dioxin being a prime example) can migrate onto a facility from offsite sources and 
eventually show up randomly in site soils. 

In all the cases discussed above, the important consideration is establishing ambient site conditions. 
All the factors which may affect the site must be taken into consideration. This is the key to 
constructing a background database that is representative of ambient conditions, unaffected by waste 
management activities. 

Based on the forgoing infomlation, the Navy contends that it is perfectly reasonable and technically 
supportable to use background data for organics. 

The presente of antimony, beryllium, cadmium, mercury, selenium. silver and thallium are not in the 
background as a result of “man’s impact”. These are naturally occurring elements whose presente in 
site media is of no surprise especially considering the igneous nature of the parent rock. 
Attachment 4 to this letter provides some brief information conceming the occurrence of the “trace 
elements” in soil and groundwater. As can be seen, all the elements attributed to “man’s impact” in 
the comments are commonly occurring. Of special interest is the quote from the McGraw Hill volume 
regarding the occurrence of selenium in Puerto Rico soils. 

Based on the above, the Navy still contends that the background data is of particular importance in 
considering inorganics constituents and to what extent they may be site related. 

Recent discussions with the EPA (primarily during the November 4,1998 JIG conference call) allowed 
the Navy to express some of its concem regarding the whole question of background and how it is to 
be utilized at the site. It is the opinion of the EPA that a “risk-based” approach is the one of choice 
for most of the sites. While this is apparently applicable in many cases, there still are the occasions 
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where the risk is being imparted by soil and groundwater constituents that the Navy contends are the 
naturally occurring. It was generally agreed that the review presently being completed by EPA for the 
OU 3/S RFI report will address the issue of background in detail since it appears that it will be of 
critica1 importance for those units. A final disposition of the cornments contained herein regarding 
background will be deferred until such time as the OU 3/5 situation is resolved. 

Comment 

B. SWMIJ 6/AOC:: B 
The Navy must revise the risk assessment to ctddress concerns identified in Comment #2. e ondJ‘of’ 
EI’A’s April25, 1997 letter. Concerns were presented regarding the potentinl exposure of:ficture 
residents and current workers to nccumulnted/standing wnter in Building 145 (where mercury was 
mensured ctt a concentration of’22 ugil). The Nnvy must ~unntitntively qssess risks to on-site ., ..i\ .,%_. ~.4 
workers nnd.future residen& through&$&&Wut ;$f .tidig ytm fn 
Building 145 and add the risks cnlcul&d:@r these”ex)7ós%res~- to the other exposure risks at AM’ 
B. I’unacceptable potential risk is indicnted. a remedia1 work plnn.for cleonup operations must he 
submittedprior to initiating on-site work. This issue must be nddressed before the recommendation 
of nojfitrther action at this site cnn be evnlunted. 

Response 
Attachment 5 to this response document contains the results of the requested risk assessment. The 
conclusions reached indicate that the risk posed by the“‘standing water” in Building 145 does not 
change significantly the conclusions ofthe original arsessrnent. There are unacceptable risks to future 
residents when the vaiious risks are summed. There is a slight risk to on-site workers posed primarily 
by the surface soil (of which 26% comes from beryllium which is attributed to natural occurrence). 
The HI for on-site workers remains below 1. 

Based on the results of the newly performed risk assessments, it appears that the recommendation of 
“Institutional controls” in the form of a property use restriction is still applicable. 

Comment 

c SWMU26 
The Nctvy mwt clearly demonstrate thnt the beryllium is due to native sources or the Navy must 
revise the risk nssumptions.for beryllium and/or the bctsis qf closure.for SWIJ 26. The Navy has 
asserted that the concentrations of’beryllium (nndother elements) are likely the result ofbackground 
conditions. Beryllium is present in SWMJ 26 surface soils nt concentrations that would pose an 
unncceptable increased risk to.fiiture residents. This SWM~J is located in cm area which. according 
to text on page 2-14, may be used .for bnse housing nt some .fitture point. !f the Navy cannot 
demonstrate the beryllium is naturall~v occurring, then, ctssuming otherwise valid risk nssumptions 
.for beryllium nnd other identified contaminants, the no action alternative.for SWMIJ 26 will be 
unncceptable. 

The no action npproach to SWíWJ 26 is based in part on the assumption ofbackground conditions. 
This assumption appears to be inappropriate for two primary reasons. First. the background data 
set developed.for arsenic and beryllium.for SWMJ 26 may not be valid. Ten dt@rent SVKs were 
detected in both surface and subsurface background soil samples at SWMIJ 26. which suggests that 
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soil in this aren was impacted by anthropogenic activity and rnayl not be representative of‘naturally 
occurring conditions jor SVOC’s. By extension. the concentrations qfother constituents rna)? have 
bcen impacted by anthropogenic activily. Second, the maximum detected concentration ofberyllium 
detected in both surface and subsurjace background soil samples. f¿rr SWMJ 26 is 1.200 u,g/kg. This 
is over 3 times greater (han the concentration of’beryllium in the site-wide surface soil background 
database (360 ug/kg) and over 1.5 times greater than the sitewide subsurface soil background 
concentration (740 ug/kgJ. This data suggests that the SWMJ 26 “background” levels are elevated 
and are not representative qfnative, mineralogically derived beryllium. 

Response 
The site-wide background referred to in the comment was developed at a location three or four miles 
from SWMU 26. SWMU 26 is the only SWMU in the “Bundy Area“. The most recent investigations 
at this site included the development of site-specific background to address the difference in 
background across the base especially in what is a potentially rapidly changing area of soil conditions 
given their varying volcanic source rocks. The comment would appear to imply that the presente of 
even one non-naturally occurring organic in the background database is sufficient to nullify the entire 
database. Organics, particularly semi-volatiles are ubiquitous in the environment especially one that 
has an urban setting as does Roosevelt Roads. Their presente should not be a surprise at low levels 
and should not negate the entire background database. 

Recent discussions with the EPA (primarily duringthe November 4. 1998 JIG conference call) allowed 
the Navy to express some of its concern regarding the whole question of background and how it is to 
be utilized at the site. It is the opinion of the EPA that a “risk-based” approach is the one of choice 
for most of the sites. While this is apparently applicable in many cases, there still are the occasions 
where the risk is being imparted by soil and groundwater constituents that the Navy contends are the 
naturally occurring. It was generally agreed that the review presently being completed by EPA for the 
OU 3/5 RFI report will address the issue of background in detail since it appears that it will be of 
critica1 importance for those units. A final disposition of the comments contained herein regarding 
background will be deferred until such time as the OU 3/5 situation is resolved. 

Comment 
The second element ofthe Navy’s no action approach is the assumption that the area will not be used 
for residential housing. However, text concerning SWM~J 26 on page 2-I 4, paragraph 2 contradicts 
this assumption by indicating this aren could be usedjor a base housing expansion in the.fùture. 

Resuonse 
The Navy, at this time, would like to reuse the site with no conditions. This could include its use as 
residential property in the future. Therefore, the Navy desires that no property use restriction be 
placed on the SWMU. While this is the case, the Navy reserves its right to reverse this decision in the 
future should it become in the best interest of the Navy. 
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Comment 
B. swikfu31 
Oioxin wns detected at concentrntions in soil snmples collectedfrom SWMlJ 31 which exceeded 
EPA ? risk-hased acceptahle concentrntion range .fòr on-site workers. Although the Navy 
recommends nn industrial land-use restriction on the .SWMII to protect @ure residents .fi-om 

exposure, this lcmd-use restriction does not protect current workers. According to the henlth nnd 
sqfety plan jor this site, SWMIJ 31 is an area of ‘intense vehicular activity”and easily accessed by 
base personnel. Vehicular activity muy disturb “hardpncked”areas generating signiflcant amounts 
of‘dust potentictlly containing elevated levels of‘dioxin. Therefore current workers may be exposed 
I« unacceptnble levels of dioxin. The Navy must just@ the nofirther action recommendation in the 
context ofpresent use exposure scenarios. ífthe no nction appronch is not protective qf current site 
workers. thcn 1) the no action nssumptions must be revised. or 2) Heolth nnd Sqfkty precautions 
including exposure monitoring, must be implemented fo protect current site workers. 

Response 
A Corrective Measures Study for this site has been mandated by the EPA the outline for which is 
attached to this response document. 

Comment 
E. AOC D 
The Ncrvy’s no.filrther action recommendation jòr AOC’ LI is not acceptable since Phase I sediment 
sampling results indicate that sedimentspresent apotentially unncceptable risk to recreational users 
and @ture residents. The Navy must summarize these risks in Section 3.X and indicate that 
conclusions regarding these risks are vctlid and ore not mod$ed by the Phnse II snmple results. The 
Navy must nlso provide recommendations .for mitigating recrentionnl user and @ure resident 
exposure to AIX LI sediments. 

Response 
A review of the original risk assessment for AOC D indicated that the primary risks were coming from 
two areas: the three sediment samples taken in Puerca Bay (SWMU 1 1/45) at the end of the cooling 
water tunnel, and the sediment samples associated with SWMU 2. 

The SWMU ll/45 samples should not have been included in the database since they are not a patt of 
the Ensenada Honda sediments. Also, the area of Puerca Bay near the tunnel has been investigated 
through sediment sampling since the original investigations that the risk assessment addressed. The 
results of this samphng, and subsequent risk assessment performed for Puerca Bay, indicated that a 
problem with the sediments was present and that finding triggered the recommendation that a CMS 
be performed for the sediments. Based on this, the three samples from Puerca Bay were deleted from 
the AOC D database. 

The sediments at SWMU 2 also contributed significantly to risk at AOC D. These near shore 
sediments are likely to have been impacted by erosion of the SWMU 2 soil. This being the case, it is 
the Navy’s technical opinion that the SWMU 2 sediments should be addressed along with the SWMU 
and that any CMS for SWMU 2 (should one be required at some time in the future) will include the 
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sediments. On this basis, the sediment sampling results from SWMU 2 were also deleted from thc 
AOC D database. 

A new risk assessment was perfomled for AOC D using al1 the original data with the exception of that 
from SWMU ll/45 and SWMU 2. The results of the new assessment are provided in Attachment 6 
to this document. The tindings indicate that there are no unacceptable risks posed by the AOC D 
sediments. 

Coniment 

3. (Jnacceptable risk based levels of’dioxin compounds have been identijied at various sites at NSRI< 
during the RFI The identijication qf‘dioxin compounds nt certnin sites (i. e. S’WIJ 1, 2, and 3 1, nnd 
AOC D) does not inherently correspond to the site specific uses. A sepnrate source qj’dioxins 
appenrs to hnve entrained dioxin contnminnnts into the air pnthwny, depositing contaminants at 
various locations nt the site. Two possibilities should be considered: 

1). Dioxin compounds mcly be present on-site at ureas not yet discovered or sampled.for dioxins 
(i. e. arens qf air borne deposition or secondary deposition.from runqff such as AOC.’ 0). 
This mciy have resulted in a more widesprend nnd ns ojyet uncharacterized ureas qf dioxin 
contamination at NSRR. 

2). If a dioxin source is identijied on-site ns causing air borne contamination. the impact area 
could be addressed as n separate segregated site. C’ertain sites within the dioxin site could 
potentially be “closed”, tfa leve1 qfno signifìcant risk wns demonstrated.for the remaining 
site specijic contaminants qf concern ond the site use history did not support dioxin 
contnmination. 

The Nnvy must complete a study to investigare dioxin contnminntion detected across NSRR. Al1 
dioxin dnta.for NSRR should be corrclated to identiJL a potential source jor dioxins and the potential 
mi<grntion pathwoys. A workplan should be prepctred to address any data gaps identijied by EPA 
prior to implementation. 

Response 
Attachment 7 to this document contains tables showing al1 the dioxin detections and a base map 
indicating where al1 the dioxin hits occurred. 

A review of the base map indicates that there is certainly no clear, point source for the dioxins which 
have been found on the base. Its presente in one of the background samples would appear to give 
some indication that at least some of the dioxins are imported from off-site. The occurrence of dioxins 
appears to be concentrated in the “industrial horseshoe” that comprises the area around the harbor. 
This is quite possibly misleading though since that area also correlates to the area of most intensive 
sampling and analysis for dioxin. 

Dioxins are found commonly at low levels in most industriahzed areas. Attachment 8 contains some 
infomlation from NIOSH regarding the derivation of diosin. A review of this document indicates that 
the likely source of the dioxin found at Roosevelt Roads is from the historie use of herbicides to control 
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growth along roads, fence lines, and areas of intensive use. It is also quite possible that herbicides 
were extensively used off the base in surrounding farms, municipalities, and industries. This likely 
potential source for the dioxin would appear to fit well with the occurrence pattem of the sampling 
results, namely, dioxins are found in the utilized portion of the base at the low levels that would be 
expected to be seen given the fact that dioxins are a contaminant in certain herbicides. 

The Navy strongly opposes the idea of a base-wide dioxin sampling program based on the following 
three reasons: 

1. The ubiquitous nature of dioxins in industrialized settings. Dioxins are ubiquitous in 
industrial areas. especially those where past use of herbicides has been made. such as that 
found near the harbor at Roosevelt Roads. The extremely low risk values for these 
compounds cause there to be a calculated unacceptable risk for practically any detection 
without the need for any additional contaminants to be associated with the dioxin. 

2. The abilitv to remediate dioxins is limited and problematic. The only effective means of 
dioxin destruction is incineration. There are some other remedial approaches that have shown 
promise but these are not proven technologies and, for the most part, are designed to reduce 
dioxin concentrations leaving behind residual dioxins that are above the levels that have been 
detected at Roosevelt Roads. To remove large amounts of soil from the base and send it off- 
island for incineration would entail astronomical costs and damage to the ecology. 

3. The cost of anv meaningful dioxin investigation would be extreme and would not provide 
a benefít commensurate with the expenditure. There are 33,500 acres which comprise the 
contiguous Roosevelt Roads Naval Station. Assuming a sampling density of one sample per 
50 acres (which is not in any way a sufficient number of samples to provide a representative 
database for the Station) and a cost of approximately $500 per sample in only analytical and 
validation costs, the total would be $335,000. To this cost must be added the costs for 
sampling , data evaluation, risk assessment, and reporting which will easily drive the total cost 
to $500,000 - and this if for an insufficient sampling program. 

Assuming for a moment that the investigation were performed, a CMS would be required 
since there will undoubtedly be risks associated with the lows levels of dioxin expected to be 
found. The expected result of the CMS is that no remediation will be required based on the 
cost benefít analysis of risk reduction to remediation costs. This is especially true when the 
damage to the enviromnent and possible releases during transport are factored into the 
equation. 

Based on the infomlation discussed above, the Navy respectfully requests that the EPA reconsider their 
request for a base-wide dioxin sampling program. 
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4.0 PA GE SPECI FIL COMMENIIS 
Paze 2-2, Section 2.1.2.1 Paragraph 3 and 5 and Paf e 2-3, Section 2.1.2.3, Paragraph 3 
The Navy statcs that “... thrce semivolatile organic compounds _. were detected in [hackground 
surface soil] sample BGMWOI-00” (see Table 2-3) and “Trace concentrations oj’ organic 
compotinds.. were detected in the background subsurface soil sample set as shown in Table 24! The 
prcscncc ofxylene, PAHs. total HxC’DD and 2.1. S-T in thc site-wide background data set is a strong 
indication that the results are not representative of natural conditions. Al1 samples with detected 
organics must be eliminated.from the organic compound background data set. This will result in an 
organic background data set of three surface soil samples and three subsurface soil samples. 
Average background levels mrut be recalculated and conchtsions regarding risk must be revised. 

Response 
See responses to previous conments related to background. 

Comment 
Paze 2-14, Section 2.51, Parawaph 5 
The Navy has not demonstrated that “... the concentrations (of‘arscnic and ber$lium) are likely the 
result qf background conditions... ” at S’WMJ 26. First, the background data set developed jor 
arsenic and beryllium jor ,SwMIJ 26 muy not be valid. Ten dijftirent 5’VOc’s were detected in both 
surface and subsurface background soil samples at SWMJ26. which suggests that soil in this urea 
was impacted by anthropogenic activity and muy not be representative of naturally occurring 
conditions jor 5’VOC.s. By extension, the concentrations of’ other constituents muy have been 
impacted by anthropogenic activity. Second. the maximum detected concentration qf beryllium 
detected in both swf& andsubsurface backgroundsoil samples,for SWMIJ 26 is 1.200 ug/kg. This 
is over 3 times greater than the concentration qfberyllium in the site-wide stuyf0ce soil background 
database (360 ug/kg) and over 1.3 times greater than the site-wide sitbsurfacc soil background 
concentration (740 ug/k<q). This data suggests that the SWMIJ 26 “background” levels are elevated 
and are not representative qf native. mineralogically derived beryllium. lf thc Navy cannot 
demonstrate that the beryllium is natltrally occurring. then. assuming otherwise valid risk 
assumptions.for beryllium and other identrjied contaminan& the no action alternative.for SWMIJ 
26 will be unacceptable. 

Response 
See responses to previous conunents related to background 

Comment 
In addition, with regard to the no.fitrther action approach advanccd b-v thc Navy,fi>r SWMU 26, 
beryllium ispresent in .swfCrce soils at concentrations posingpotcntially unacceptable increased risk 
to.fi(ture residents. The no action approach relied on the assumption that no residents would be 
present in the jittttre. However. this SWMIJ is located at an urea which. according to text on page 
2-14. muy be used.fòr base housing at some.fùture point. 

The Navy must clearly demonstrate that the beryllium is due to native sources and must revise the 
risk assumptions.for berylliltm and/or the basis qf closure.for SWMIJ 26. 
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Response 
See responses to previous comrnents related to background. 

Comment 
Pane 2-20, Section 2.7.2, Parawaph 1 
The text stntes that samples AC’,%’ through ACSS41 were inadvertently labeled SWíWI AOC’ C 
instend ~fSWW~/ 46. No annlytical dctta for these samples are presented in Table 2-31, Table 2-36, 
or Appendix D. The anal.vtical data.jrom these samples should be included. 

Response 
The analytical data for samples ACSS39 through ACSS4 1 can be found on Table 2-3 1 at the bottom 
of the fírst page. Table 2-36 is in referente to AOC C and the sarnple results therefore do not belong 
in Table 2-36 as the text in Section 2.7.2 described. These three samples (ACSS39 through ACSS41) 
are from SWMU 46. Appendix D does present the data for the three samples in question. They can 
be found on the table labeled Appendix D.20. 

Comment 
PaFe 2-21, Section 2.7.3.1 and Figure 2-13 
The extent qfPC’B contnmination at SWMJ 46 and AOC’ c’ has not been adequately delineated and 
must be delineated via-fitrther surface and subsurjtice soil sampling. Figure 2-O illustrates an 
increase in PC’B levels in soil nt the location qf soil sample A C’-SS27. -Thi.sincrease in PC13 levels 
rejlects an increase in contaminant levels at the perimeter qf’the site. Additional samples should be 
collected to delineate the extent ofPCB contamination. 

Response 
It is the intent to provide for additional site characterization during the remediation of the site soils. 
Attached to this comment response document is an outline for the CMS which will be performed for 
the site. The outline contains provisions for pre-soil removal samphng in those areas where the extent 
of soil requiring removal is not defínitively known. 

Comment 
Paae 2-23, Section 2.8.2. Paranraph 1 X 2 
The text should report on the wipe sampling. conducted at SWMIJ AM C Analytical results 
presented in Appendix D indicate that Aroclor 1260 was detected in severa1 samples at a maximum 
concentration qf‘ 130,000,000 m,q/wipe. The signfjkance oj’the results must be discussed. 

Response 
The results of the wipe samples were discussed in the July 1996 RFI report. No additional wipe 
sampling was perfomled. The pads will be addressed by the CMS which will be performed for this 
site. An outline for this program is attached to this comment response document. 
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Comment 
Pum! 3-2, Section 3.1.1, Paraaraph 2 
The identf fìccrtion andselection ofchemicals ofpotentialconcern (COPCs) must consider chemicals 
.for which there are no toxicity criteria or EPA Region III screening values. The detected 
concentrations qf such chemicals must be carried through the risk nssessment and addressed 
qunlitntively in the risk characterization and uncertainty sections qf the risk assessment text. For 
example, methnpynilene was detected in a SWíWJ 6 subsurface soil snmple at a concentration nfY30 
ug/kg. Although no Risk Based C’oncentrntions (RBC’s) are estohlished.fòr this constituent, the 
chemicnl must be wrried through the risk assessment. 

Response 
Those chemicals detected for which no toxicity criteria exist will be identifíed and wili be qualitatively 
carried throughout the risk assessment. The resulting uncertainties as to whether quantitative risks are 
over- or underestimated as a result of the presente of such constituents will also be addressed. This 
will be included in the final document. 

Comment 
Page 3-6, Parapraph 3 X 4 
Total, rather than dissolved. inorganic results must be qunntitntively evaluated in the human risk 
assessment. It is not appropriate to assume concentrations ,from dissolved samples more closely 
approximate exposure conditions at the tap. when the actual chnrncteri.stics qf n possible @ture 
water supply are unknown. The Navy mwt revise the quantitntive risk assessment to include total 
inorganic results. 

Response 
It has been an accepted practice, by Region II, on all past NSRR risk assessments to evaluate and 
retain both total and dissolved inorganics as groundwater COPCs: however. in the Exposure 
Assessment, the tap water pathways for total inorganics are logically eliminated since the amount of 
sedimentation from turbidity observed in the samples is never representative of conditions at the tap. 
It is more logical to evaluate exposures to total inorganics in groundwater under, e.g., construction 
worker scenarios, where shallow groundwater may be encountered during excavation. 

Comment 
Paae 3-6, S WMU 06/AOC B 
For clarity, the text should summarize subsurface soil analysis results and indicate that al1 
detections were below applicable residential RBC’s. The detection ?f‘methap,vrilene should be 
presented nnd the potentinl incrensed risk, Ifany, posed by this chemicnl should be qualitntively 
nddressed in the uncertainty nnd risk chnracterizntions sections. Methnpyrilene should not be 
eliminnted.fiom consideration simply becnuse n toxicity value does not exist. 

Response 
A subsection discussing the organics (L-sec-butyL4,ódinitrophenol and methapyrilene) and inorganics 
detections in subsurface soil and the non-exceedence of existing RBCs will be provided for SWMU 
6/AOC B in the final report. See response to comment made on Pane 3-2. Section 3.1.1, ParagraDh 2 
regarding methapyrilene issue. 
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Comment 
Page 3-13, Purazraphs 3 and 4 
In Phase II, additional sediment samples were collected.from two locations at AOC’ D that were not 
sampled durinR Phase 1. The results of‘these two new samples indicate the presente qf chemicals 
at concentrations less than or equal to that detected in Phase 1 samples. The text should clarifl that 
Phase II results were collected at new locations and should not be considered duplicate results of 
samples collected during Phase 1. The comparison qf the Phase 1 data to the Phase Il data ‘in lieu 
o fa risk assessment ” is potentially misleading and muy cause the reader to infer that the Phase II 
data supersedes the Phase I data. The text must clearly indicate that the risks estimated during the 
Phase I HEA are still valid. 

Response 
Additional clarifícation will be added to the text when the report is eventually finalized. The content 
of the comment indicates that the reviewer has a correct understanding of the additional sampling. 

Comment 
Pune 3-23, Paragraph 3 and Pape 3-53, Paragraph 2 
The statement “The urea will not be developedforpersonnel housing, in thefdture.. ” is inconsistent 
with page 2-14. paragraph 2, the text qf which states, “The Building 344 Aren is located within the 
‘Bundy “portion qf the station. Bundy is a primary location.for bachelor’s quarters and, therefore, 
it is possible that the Building 544 A rea could be used.for base housing expansion at some point in 
the-fùture. ” The text must be-revised since residential development is possible. 

Response 
The cited portion of the text is correct at this time. The Navy’s intent is to have the site available for 
all possible uses. Depending on the final disposition of the site, this language may have to be revised 
(or that of the other referenced test) in the final document. 

Comment 
Pune 3-31, Paranraph 2 
The Navy!s derivation qf the particulate emission factor (PEF) should be provided since it d@rs 

,from EPA’s Human Health Evaluation Manual. Development of‘ Risk-Based Preliminary 
Remediation Goals (Part B). dated December 1991 (6.79 x 10’ mj/kg VS. 4.63 x 10’ mg/kg. 

Response 
The PEF value of 1.32 x 10’ m”/kg used in this risk assessment is an updated USEPA default value 
that was obtained from USEPA’s Soil ScreeninP Guidance (1996). 

Comment 
Page 3-48, Section 3.6.3, Paranraph 3 
The referente to the 1989 Exposure Factors Handbook should be updated to EPA’s Exposure 
Factors Handbook (EPA&OO/P-95/002Fa). dated Augwt 1997. 
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Response 
The cited referente for the Exposure Factors Handbook will be modifíed in the final report to reflect 
the updated document number and publication date of EPA/6OO/P-9Y002Fa and August 1997, 
respectively. 

Comment 
Tables 3-16,3-l 7 and Appendx 0 
The guidance rcfcrenced by the Nqvy .for the exposure input parnmeters for inhalation of 

contaminated nir states that “, . . 20 m3 per N-hour workday represents a reasonable upper-bound 
inhalation rnte .fòr the occupational setting”. The Navy, however, is using input parameters jòr 
respiration rnte nnd cxposure time which result in an inhalntion rnte of 1 Om-’ per 8-hour workday. 
The input parnmeters .for respirntion t-ate and exposure time must he changed to rcflect an 
inhalarion ratc qf 20 m3 per 8-hour workdoy,fòr current on-site workers nnd.filture construction 
workers. 

ResDonse 
The inhalation rate will be changed as noted in the final edition of the report. It should be noted that 
this modification is not significant enough to change the outcome of the risk assessment results. 

Comment 
Pape 4-3, Section 4.3. Paramaph 1 
The streamlined CM,S proposed.for SH34IJ 1.3 will be considered incomplete until an ecological 
assessment demonstrntes that n condition qf'no unncceptahle risk to the environment has been 
achieved. 

Response 
It is the purpose ofthe CMS to address the contamination that represents a complete risk pathway (the 
sediments in the drainage ditch). Once the Corrective Measure is completed. the risk will be reduced 
below unacceptable levels. 

Comment 
Paae 4-4, Parapraph 6 and Pane 4-5, Paraaraph 4 
In arder to support n nojficrther nction nt SWMJ 46 cmd A OC‘ Ca relinble background data set must 
be used. Bnsed on the detection oj‘organics. the CYMY.fòr SWM(J 46 nnd AOC’ ( must address 
elevated levels qf arsenic and beryllium. The current background dato set does not appenr to 
ndequateb represent natural soil conditions. 

Response 
See responses to previous comments related to risk. 

Comment 
Pape 4-5, Section 4.6 and 4.7 
The additionnlproposed investigntion activities must be documented in a workplcm addendum and 
submitted.f¿,r review. 
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Response 
An outline for the conduct of a CMS at the combined sites AOC C/SWMU 46 is attached to this 
document. The outline contains provisions for additional sampling during the corrective measure to 
address those areas requiring further delineation of contamination. 

Comment 
Pune 4-6, Section 4.8 
The no.fiuther nction recommendntion.for AOC D sediments is not consistent with the Phase I HE4 
which stnted thnt AOC’ D sediments pose potentinlly unncceptable risks to recrentional users and 
ji&ltre residents. The Nnvy must summnrize these risks in Section 4.8 nnd state that conclusions 
regnrding these risks are still valid and mwt re-evaluate the no.fitrther nction recommendation. 
Recommendntions.fòr mitigating recrentionnl user andj&ure resident exposure to AK D sediments 
mwt be provided. 

Response 
See comment response to “General Comment-2.E 

Comment 
5.0 EDITORLAL COiWkíENTS 

Table 2-43 
Results presented in Table 2-43 need to be cross-checked with nnnlytical results in Appendix D and 
revisedas appropriate. The data presented in Table 2-43 are not consistent with corresponding data 
contnined in Appendix D. 

Response 
The tables will be cross-checked with the appendix for the final document to be prepared once al1 
issues are resolved. 

Comment 
Firrure 2-3 
Sample identlfìers BG WO2-03 and BG WO2-04 should be lnbeled BMW-02-03 and BMW-OL-04.fòr 
consistency with sample identijers in Table 2-10 and Section 2. 

Response 
The designations on the figure will be altered as needed during final report preparation. 

Comment 
Pane 3-5, Paraprapli 3 
Although TPH concentrations do not exceed Puerto Rico Environmental Qunli~ Board (PREQB) 
criteria, the Nnvy’s statement “. . due to a lock qf toxicity criterio. TPH was not evaluated in the 
selection qf C‘0Pís, nor was it evaluated in the risk a.ssessment” mwt be revised to nvoid.fi&tre 
misunderstanding. Any detected levels ef TPH mrtst be evaluated and concentrations which exceed 
PREQB criterio must be addressed in the risk characterization section. 



MS. Nicoletta DiForte 
Novmber 24, 1998 
Page 17 

Response 
The text will bc: altered in accordance with the comment for the final report 

Comment 
Table 2-43 
The summnry columns on page 4 of 4 mnst be revised. ‘Ihe summnry columns indicate thnt 33 
sample results were included in the data evaluntion; howcver. results,fi-om only 27 samples are 
presented on pages I through 3 qf Table 2-33. 

Response 
The table will be revised as needed for the final report. 

Comment 
Page 3-9. Parawaplr 1 (;rWMZJ 46) und Table 3-S 
The number qf soil snmples presented in the text and Tablc 3-5 is inconsistent with the nurnber qf‘ 
soil samples prcscntcd in Section 2.0 and Tnble 2- 5 and must be rcviscd ns nppropriatc. 

Response 
Appropriate revisions will be rnade for the final report. 

Comment 
Pare 3-10, Parawaplí 5 
The number qfsoil somples presented in the text and Table 3-27 is inconsistent with the ntlmber ej’ 
samples presented in Section 2.0 nnd Tobles 2-36 nnd 2-37 nnd should be revised ns approprinte. 
The text and Table 3-7 indica& that 29 su~face soil snmples were collccted; howcver. Section 2.0 
text nnd corresponding Tnbles 2-36 and 2-37 list 26 soil snmples. 

Response 
Appropriate revisions will be made for the final report. 

Comment 
Table 3-4 
Thc RBc”s listed.fi-,r total TCLIFon this tnble are incorrect nnd must be revised, 

Response 
The values were correct when the report was subtnitted: however, they have been updated since that 
time. Correct values will be used in the final report. 

Comment 
Table 3-11 
Table 3-11 indicares that no dioxin data wns generated in Phasc II. Since this is incorrcct, thc table 
must be revised. 

Response 
The table will be revised for the final report. 



MS. Nicoletta DiFortc 
Novcmber 24, 1998 
Page IX 

Comment 
Pape Cl, Section 4.0, Parapaph 1 
The text should summarize estimated risks and subsequent conclusions and recommendations 
gcnerated during the Phasc I HEA. 

Response 
The final report will contain the sununary requested in the conment. 

Should you have any questions or desire further clarifícation of any of the points discussed, please do not 
hesitate to call me at (412) 269-2065 or Mr. Christopher T. Penny, the Navy Technical Representative at 
(757) 322-48 15. 

Sincerely, 

Activity Coordinator 

TCF/lq 

cc: Mr. Christopher T. Penny, Code 1823 - LANTDIV 
MS. Madeline Rivera, NSRR 
Mr. Isreal Torres - EQB 
MS. Luz A. Muriel Diaz - EQB 
Mr. Tim Gordon - US EPA Region II 



ATTACHMENT 1 
SWMU 13 CMS OUTLINE 



Corrective Measures Study 
for a 

Presumptive Remedy 
Solid Waste Management Unit 13 

Naval Station Roosevelt Roads 
Annotated Outline 

The purpose of this annotated outline is to provide the framework for a streamlined Corrective 
Measures Study (CMS) at SWMU 13 which is a former pesticide management area. 

1.0 Introduction 
Section designed to introduce the reader to the site and the intent of the CMS. 

1.1 Regulatory framework 
This section will provide a synopsis of how the project has proceeded from initial 
identification through investigation and now to corrective action. A brief 
explanation of the overa11 RCRA process will be included. It is the intent of this 
section to provide a person who is unfamiliar with the site a reasonable 
understanding of the process and at what stage SWMU 13 is. 

1.2 Intent of the Presumptive Remedy CMS 
The “normal” CMS process will be briefly described. It will be explained that, 
based on the results of the investigation, only one environmental media at the site 
(the drainage ditch sediments) has been significantly impacted based on an 
analysis of risks. Since the scope of corrective measures required is limited and 
there are very few technologies that are appropriate, a remedy has been selected 
without the formal CMS process that will allow site clean-up to proceed with the 
greatest amount of speed. 

1.3 Goals of the Corrective Measure Process 
Very brief section which will establish the objective of the program (to effect 
clean-up of the ditch sediments at SWMU 13) and the goals of the remedy (to 
reduce contaminant levels to a point at or below the clean-up levels established in 
this document). 

1.4 Organization of the Report 
Will provide a description of the report’s organization which will make navigating 
through the report easier. 

2.0 Description of Current Conditions 
This section will provide information related to the results of the RFI activities at the site. 



2.1 General Site Description 
SWMU 13 will be described in this section. Included will be a site location map 
and a SWMU map. The history of site usage will be briefly discussed. 

2.2 Summary of Site Conditions 

2.2.1 Investigation History 
The various stages of site investigation will be detailed. This will include 
work done before the permit and al1 the RFI activities. Pertinent reports 
will be referenced. 

2.2.2 Site Conditions 
The results of the investigations will be discussed here. Each individual 
sampling program will not be detailed rather, a summary of current 
conditions will be provided. Maximum use will be made of tables and 
figures to provide the summary. It is expected that the tables and figures 
will be available from previous reports. 

3.0 Establishment of Corrective Action Objectives 
This section will evaluate the results of the baseline human health risk assessment and 
determine the remediation goals for the drainage ditch sediments at SWMU 13. 

3.1 Identification of Media of ConcernKontaminants of Concern (COCs) as 
Determined by the Human Health Risk Assessment 

This section will identify the media of concern and COCs for SWMU 13 with 
respect to the human health risk assessment developed in the RCRA Facility 
Investigation. 

3.2 Exposure Routes and Receptors 
This section will identify the potential exposure pathways and human receptors 
that are applicable in determining risk-based preliminar-y remediation goals. 

3.3 Remediation Goal Options and Remediation Levels 

3.3.1 Pertinent Regulatory Criteria 
This section will present remediation goal options in the form of applicable Puerto 
Rico and federal criteria. 

3.3.2 Human Health Risk-Based Preliminary Remediation Goals 
This section will provide details on the process whereby risk-based 
preliminar-y remediation goals for the COCs are developed. 

3.3.2.1 Risk Assessment Evaluation 
This section will present a brief summary of the risk assessment 



methodology employed in determining preliminary remediation 
goals. 

3.3.2.2 Summary of Site-Specific Risk-Based Remediation Goals 
This section will summarize the risk-based remediation goals 
developed for the COCs. 

3.3.2.3 Comparison of Risk-Based Remediation Goals to Maximum 
Contaminant Concentrations 
This section will compare the risk-based remediation goals to the 
maximum detected concentrations of the COCs. 

3.3.3 Summary of Final Remediation Goals and COCs 
This section will present the final remediation goals for the COCs at 
SWMU 13. 

4.0 Recommendation and Justification of the Presumptive Remedy 
The presumptive remedy will be recommended and justified in this section of the report. 

4.1 Description of the Remedy 
The remedy selected will be removal of the drainage ditch sediments with 
disposal off-site. This approach will be briefly described - a more detailed 
conceptual design is provided for later in the report. 

4.2 Justification of the Presumptive Remedy 
The presumptive remedy will be justifíed based on technical, human health and 
environmental considerations. 

4.2.1 Technical Considerations 
The removal remedy selected will be technically justified in terms of its 
performance (removal is a permanent remedy), reliability (the reliability of 
removal actions can be demonstrated trough confirmatory testing), 
implementability (the selected method is implementable at the site based 
on the expected limited volume of material and easy site access), and 
safety (there are minimal safety concerns with removal of the sediments). 

4.2.2 Human Health Considerations 
The clean-up goals established in the previous section will be based on 
human health risks. It will be indicated in this section that reaching the 
goals will assure that human health are reduced to acceptable levels. 

4.2.3 Environmental Considerations 
This section will discuss how removal of the sediments will provide the 
greatest improvement to the environment over the shortest possible time. 



5.0 Technical Approach to the Presumptive Remedy 
This section of the report will describe the elements that need to go into the presumptive 
remedy. Included will be a description of the various plans required, a conceptual design 
for the corrective measure, a description of the confirmatory sampling program which 
will be implemented following the initial clean-up, and a listing of the various reporting 
requirements. 

5.1 Conceptual Design 
The various parts of the conceptual design will be discussed in this section. 

5.1.1 Design Considerations 
Certain site conditions affect remedia1 approaches and their design. The 
various factors that are present at S WMU 13 will be discussed. These 
include site access, availability of off-site disposal, staging areas, 
minimization of site disturbance, etc. 

5.1.2 Description of the Approach 
The removal action proposed for SWMU 13 will be described in this 
section. 

5.1.2.1 Technical Approach 
This section will contain a narrative of the technical approach 
proposed for use at S WMU 13. Included will be a description of 
the equipment expected to be employed, containerization 
procedures for the removed sediments, the sampling program to be 
used to characterize the excavated sediments, decontamination of 
the equipment, and final site closure. 

5.1.2.2 Required Planning Documents 
Also included in this section will be a brief description of the work 
plans which will be required as a part of the remediation. These 
include the contractor’s “Work Plan”, the Environmental 
Protection Plan, the Accident and Analysis Plan, the Stormwater 
Pollution Prevention Plan, and the Health and Safety Plan. 

5.1.3 Confirmatory Sampling Plan 
The confirmatory sampling program to be employed to demonstrate that 
the removal action was effective in meeting the clean-up goals will be 
described in this section. 

5.1.3.1 Sampling Approach 
The sampling strategy to be employed will be described in this 
section. Included will be an estimated number of samples to be 
taken, the approximate location of sampling, and the parameters 
which will be analized. 



5.1.3.2 Sampling and Analysis Procedures 
The sampling methods will be described in this section. It is 
expected that the methods employed in the RFI will be 
incorporated by referente as has been done in the past. 

The analytical methods to be used will be listed. The methods will 
be the same as those used during the various RFI field programs. 

5.1.3.3 Quality ControYQuality Assurauce Program 
The Quality Assurance Project Plan employed in the RFI phase 
will be incorporated by referente as has been done in the past. 
Any points requiring updating will be detailed in this section. 

5.1.3.4 Data Validation 
The final confirmatory sampling data will be validated by a third 
party, independent, data validation firm. The Region II specfic 
data validation procedures will be used as has been done in the 
past. 

5.2 Reporting 
The various reports required for the presumptive remedy will be detailed in this 
section. 

5.2.1 Corrective Measures Study 
The report, for which this is the outline, will be prepared in draft and final 
form. It is expected that the final will be subjected to a public comment 
period before the EPA will approve the selected remedy. 

5.2.2 Presumptive Remedy Design 
Since the approach is straightforward, of relativly low technology, and is 
to be provided in conceptual form in the report referenced in Section 5.2.2, 
it is anticipated that only a drafi and final design will be required. This 
wiil provide the details of how the remediation will be undertaken. 

5.2.3 Project Close-out Report 
The project close-out report will contain a descxiption of the remedia1 
activities performed, an estimate of the quantity of sediments removed, a 
discuusion of the disposition of the sediments removed and al1 the results 
of the confirmatory sampling. 

Interim reporting of remediation activities will be provided in the RCRA 
quqrterly progress reports already being programmatically being prepared 
on a regular basis. 



ATTACHMENT 2 
SWMU 46/AOC C CMS OUTLINE 



Corrective Measures Study 
for a 

Presumptive Remedy 
Solid Waste Management Unit 46/Area of Concern C 

Naval Station Roosevelt Roads 
Annotated Outline 

The purpose of this annotated outline is to provide the framework for a streamlined Corrective 
Measures Study (CMS) at SWMU 46/AOC C which is the area where the Base transformers 
were stored and where now the Base Operating Support contractor has his “under 90-day” 
storage area. 

1.0 Introduction 
Section designed to introduce the reader to the site and the intent of the CMS. 

1.1 Regulatory framework 
This section will provide a synopsis of how the project has proceeded from initial 
identification through investigation and now to corrective action. A brief 
explanation of the overa11 RCRA process will be included. It is the intent of this 
section to provide a person who is unfamiliar with the site a reasonable 
understanding of the process and at what stage SWMU 46/AOC C is. 

1.2 Intent of the Presumptive Remedy CMS 
The “normal” CMS process will be briefly described. It will be explained that, 
based on the results of the investigation, only one environmental media at the site 
(the surface and subsurface soils) has been significantly impacted based on an 
analysis of risks. Since the scope of corrective measures required is limited and 
there are very few technologies that are appropriate, a remedy has been selected 
without the formal CMS process that will allow site clean-up to proceed with the 
greatest amount of speed. 

1.3 Goals of the Corrective Measure Process 
Very brief section which will establish the objective of the program (to effect 
clean-up of the surface and subsurface soils SWMU 46/AOC C) and the goals of 
the remedy (to reduce contaminant levels to a point at or below the clean-up levels 
established in this document). 

1.4 Organization of the Report 
Will provide a description of the report’s organization which will make navigating 
through the report easier. 
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2.0 Description of Current Conditions 
This section will provide information related to the results of the RFI activities at the site. 

2.1 General Site Description 
SWMU 46/AOC C will be described in this section. Included will be a site 
location map and a SWMU map. The history of site usage will be briefly 
discussed. 

2.2 Summary of Site Conditions 

2.2.1 Investigation History 
The various stages of site investigation will be detailed. This will include 
work done before the permit and al1 the RFI activities. Pertinent reports 
will be referenced. 

2.2.2 Site Conditions 
The’ results of the investigations will be discussed here. Each individual 
sampling program will not be detailed rather, a summary of current 
conditions will be provided. Maximum use will be made of tables and 
figures to provide the summary. It is expected that the tables and figures 
will be available fiom previous reports. 

3.0 Establishment of Corrective Action Objectives 
Two previous clean-ups of PCB contaminated surface and subsurface soils have been 
performed at Roosevelt Roads. The close-out reports for these projects have been 
approved. As a part of this work, acceptable clean-up levels for PCBs have been 
established. It is the intent that the previously established values will be used for this site. 
Based on this, the “normal” steps undertaken to derive clean-up goals are not necessary. 

4.0 Recommendation and Justification of the Presumptive Remedy 
The presumptive remedy will be recommended and justified in this section of the report. 

4.1 Description of the Remedy 
The remedy selected will be removal of the surface and subsurface soils with 
disposal off-site. This approach will be briefly described - a more detailed 
conceptual design is provided for later in the report. 

4.2 Justilication of the Presumptive Remedy 
The presumptive remedy will be justifíed based on technical, human health and 
environmental considerations. 

4.2.1 Technical Considerations 
The removal remedy selected will be technically justified in terms of its 
performance (removal is a permanent remedy), reliability (the reliability of 
removal actions can be demonstrated trough confirmatory testing), 



implementability (the selected method is implementable at the site based 
on the expected limited volume of material and easy site access), and 
safety (there are minimal safety concerns with removal of the surface and 
subsurface soils). 

4.2.2 Human Health Considerations 
The clean-up goals established in the previous work have taken into 
account human health risks. It will be indicated in this section that 
reaching the goals will assure that human health are reduced to acceptable 
levels. 

4.2.3 Environmental Considerations 
This section will discuss how removal of the surface and subsurface soils 
will provide the greatest improvement to the environment over the shortest 
possible time. 

5.0 Technical Approach to the Presumptive Remedy 
This section of the report will describe the elements that need to go into the presumptive 
remedy. Included will be a description of the various plans required, a conceptual design 
for the corrective measure, a description of the confirmatory sampling program which 
will be implemented following the initial clean-up, and a listing of the various reporting 
requirements. 

5.1 Conceptual Design 
The various parts of the conceptual design will be discussed in this section. 

5.1.1 Design Considerations 
Certain site conditions affect remedial approaches and their design. The 
various factors that are present at SWMU 46/AOC C will be discussed. 
These include site access, availability of off-site disposal, staging areas, 
minimization of site disturbance, etc. 

5.1.2 Description of the Approach 
The removal action proposed for SWMU 46/AOC C will be described in 
this section. 

5.1.2.1 Additional Site Sampling 
The additional site sampling required to fully define the extent of 
contamination present at levels exceeding the clean-up goals will 
be described in this section. Reliance will be placed on the 
approved RFI work plan for sarnpling and analytical 
methodologies. 

5.1.2.2 Technical Approach 
This section will contain a narrative of the technical approach 



proposed for use at SWMU 46/AOC C. Included will be a 
description of the equipment expected to be employed, 
containerization procedures for the removed surface and subsurface 
soils, the sampling program to be used to characterize the 
excavated surface and subsurface soils, decontamination of the 
equipment, and final site closure. 

5.1.2.3 Required Planning Documents 
Also included in this section will be a brief description of the work 
plans which will be required as a part of the remediation. These 
include the contractor’s “Work Plan”, the Environmental 
Protection Plan, the Accident and Analysis Plan, the Stormwater 
Pollution Prevention Plan, and the Health and Safety Plan. 

5.1.3 Confirmatory Sampling Plan 
The confirmatory sampling program to be employed to demonstrate that 
the removal action was effective in meeting the clean-up goals will be 
described in this section. 

5.1.3.1 Sampling Approach 
The sampling strategy to be employed will be described in this 
section. Included will be an estimated number of samples to be 
taken, the approximate location of sampling, and the parameters 
which will be analized. 

5.1.3.2 Sampling and Analysis Procedures 
The sampling methods will be described in this section. It is 
expected that the methods employed in the RFI will be 
incorporated by referente as has been done in the past. 

The analytical methods to be used will be listed. The methods will 
be the same as those used during the various RFI field programs. 

5.1.3.3 Quality ControYQuality Assurance Program 
The Quality Assurance Project Plan employed in the RFI phase 
will be incorporated by referente as has been done in the past. 
Any points requiring updating will be detailed in this section. 

5.1.3.4 Data Validation 
The final confirmatory sampling data will be validated by a third 
party, independent, data validation firm. The Region II specfic 
data validation procedures will be used as has been done in the 
past. 



5.2 Reporting 
The various reports required for the presumptive remedy will be detailed in this 
section. 

5.2.1 Corrective Measures Study 
The report, for which this is the outline, will be prepared in draft and final 
form. It is expected that the final will be subjected to a public comment 
period before the EPA will approve the selected remedy. 

5.2.2 Presumptive Remedy Design 
Since the approach is straightforward, of relativly low technology, and is 
to be provided in conceptual form in the report referenced in Section 5.2.1, 
it is anticipated that only a draft and final design will be required. This 
will provide the details of how the remediation will be undertaken. 

5.2.3 Report on Additional Site Sampling 
This report will contain the results of the additional site sampling that is 
required to delineate the extent of soil contamination present at levels 
above the clean-up goals. , 

5.2.4 Project Close-out Report 
The project close-out report will contain a description of the remedia1 
activities performed, an estimate of the quantity of surface and subsurface 
soil removed, a discussion of the disposition of the surface and subsurface 
soils removed and al1 the results of the confirmatory sampling. 

Interim reporting of remediation activities will be provided in the RCIL4 
quqrterly progress reports already being programmatically being prepared 
on a regular basis. 
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ATTACHMENT 3 
SWMU 31/32 CMS OUTLINE 



Corrective Measures Study 
for a 

Presumptive Remedy 
Solid Waste Management Unit 31/32 

Naval Station Roosevelt Roads 
Annotated Outline 

The purpose of this armotated outline is to provide the framework for a streamlined Corrective 
Measures Study (CMS) at SWMU 3 1/32 which is the area adjacent to Building 3 1 (Public 
Works) where various wastes were previously stored. 

1.0 Introduction 
Section designed to introduce the reader to the site and the intent of the CMS. 

1.1 Regulatory framework 
This section will provide a synopsis of how the project has proceeded from initial 
identification through investigation and now to corrective action. A brief 
explanation of the overa11 RCRA process will be included. It is the intent of this 
section to provide a person who is unfamiliar with the site a reasonable 
understanding of the process and at what stage SWMU 3 1/32 is. 

1.2 Intent of the Presumptive Remedy CMS 
The “normal” CMS process will be briefly described. It will be explained that, 
based on the results of the investigation, only one environmental media at the site 
(the surface soils) has been significantly impacted based on an analysis of risks. 
Since the scope of corrective measures required is limited and there are very few 
technologies that are appropriate, a remedy has been selected without the formal 
CMS process that will allow site clean-up to proceed with the greatest amount of 
speed. 

1.3 Goals of the Corrective Measure Process 
Very brief section which will establish the objective of the program (to effect 
clean-up of the surface soils SWMU 3 1/32) and the goals of the remedy (to reduce 
contaminant levels to a point at or below the clean-up levels established in this 
document). 

1.4 Organization of the Report 
Will provide a description of the report’s organization which will make navigating 
through the report easier. 

2.0 Description of Current Conditions 
This section will provide information related to the results of the RFI activities at the site. 



2.1 General Site Description 
SWMU 3 1/32 will be described in this section. lncluded will be a site location 
map and a SWMU map. The history of site usage will be briefly discussed. 

2.2 Summary of Site Conditions 

2.2.1 Investigation History 
The various stages of site investigation will be detailed. This will include 
work done before the permit and al1 the RFI activities. Pertinent reports 
will be referenced. 

2.2.2 Site Conditions 
The results of the investigations will be discussed here. Each individual 
sampling program will not be detailed rather, a summary of current 
conditions will be provided. Maximum use will be made of tables and 
figures to provide the summary. It is expected that the tables and figures 
will be available fiom previous reports. 

3.0 Establishment of Corrective Action Objectives 
This section will evaluate the results of the baseline human health risk assessment and 
determine the remediation goals for the surface soils at SWMU 3 1/32. 

3.1 Identification of Media of ConcernKontaminants of Concern (COCs) as 
Determined by the Human Health Risk Assessment 

This section will identifl the media of concern and COCs for SWMU 3 1/32 with 
respect to the human health risk assessment developed in the RCRA Facility 
Investigation. 

3.2 Exposure Routes and Receptors 
This section will identify the potential exposure pathways and human receptors 
that are applicable in determining risk-based preliminary remediation goals. 

3.3 Remediation Goal Options and Remediation Levels 

3.3.1 Pertinent Regulatory Criteria 
This section will present remediation goal options in the form of 
applicable Puerto Rico and federal criteria. 

3.3.2 Human Health Risk-Based Preliminary Remediation Goals 
This section will provide details on the process whereby risk-based 
preliminary remediation goals for the COCs are developed. 

3.3.2.1 Risk Assessment Evaluation 
This section will present a brief summary of the risk assessment 
methodology used in determining preliminary remediation goals. 



3.3.2.2 Summary of Site-Specific Risk-Based Remediation Goals 
This section will summarize the risk-based remediation goals 
developed for the COCs. 

3.3.2.3 Comparison of Risk-Based Remediation Goals to Maximum 
Contaminant Concentrations 
This section will compare the risk-based remediation goals to the 
maximum detected concentrations of the COCs. 

3.3.3 Summary of Final Remediation Goals and COCs 
This section will present the final remediation goals for the COCs at 
SWMU 3 1132. 

4.0 Recommendation and Justifícation of the Presumptive Remedy 
The presumptive remedy will be recommended and justified in this section of the report. 

4.1 Description of the Remedy 
The remedy selected will be removal of the surface soils with disposal off-site. 
This approach will be briefly described - a more detailed conceptual design is 
provided for later in the report. 

4.2 Justification of the Presumptive Remedy 
The presumptive remedy will be justifíed based on technical, human health and 
environmental considerations. 

4.2.1 Technical Considerations 
The removal remedy selected will be technically justified in terms of its 
performance (removal is a permanent remedy), reliability (the reliability of 
removal actions can be demonstrated trough confirmatory testing), 
implementability (the selected method is implementable at the site based 
on the expected limited volume of material and easy site access), and 
safety (there are minimal safety concerns with removal of the surface 
soils). 

4.2.2 Human Health Considerations 
The clean-up goals established in the previous section will be based on 
human health risks. It will be indicated in this section that reaching the 
goals will assure that human health are reduced to acceptable levels. 

4.2.3 Environmental Considerations 
This section will discuss how removal of the surface soils will provide the 
greatest improvement to the environment over the shortest possible time. 

5.0 Technical Approach of the Presumptive Remedy 
This section of the report will describe the elements that need to go into the presumptive 



remedy. Included will be a description of the various plans required, a conceptual design 
for the corrective measure, a description of the confirmatory sampling program which 
will be implemented following the initial clean-up, and a listing of the various reporting 
requirements. 

5.1 Conceptual Design 
The various parts of the conceptual design will be discussed in this section. 

5.1.1 Design Considerations 
Certain site conditions affect remedia1 approaches and their design. The 
various factors that are present at SWMU 3 1/32 will be discussed. These 
include site access, availability of off-site disposal, staging areas, 
minimization of site disturbance, etc. 

5.1.2 Description of the Approach 
The removal action proposed for SWMU 3 1/32 will be described in this 
section. 

5.1.2.1 Technical Approach 
This section will contain a narrative of the technical approach 
proposed for use at SWMU 3 1/32. Included will be a description 
of the equipment expected to be employed, containerization 
procedures for the removed surface soils, the sampling program to 
be used to characterize the excavated surface soils, 
decontamination of the equipment, and final site closure. 

5.1.2.2 Required Planning Documents 
Also included in this section will be a brief description of the work 
plans which will be required as a par-t of the remediation. These 
include the contractor’s “Work Plan”, the Environmental 
Protection Plan, the Accident and Analysis Plan, the Stormwater 
Pollution Prevention Plan, and the Health and Safety Plan. 

5.1.3 Confirmatory Sampling Plan 
The confírmatory sampling program to be employed to demonstrate that 
the removal action was effective in meeting the clean-up goals will be 
described in this section. 

5.1.3.1 Sampling Approach 
The sampling strategy to be employed will be described in this 
section. Included will be an estimated number of samples to be 
taken, the approximate location of sampling, and the parameters 
which will be analized. 



5.1.3.2 Sampling and Analysis Procedures 
The sampling methods will be described in this section. It is 
expected that the methods employed in the RFI will be 
incorporated by referente as has been done in the past. 

The analytical methods to be used will be listed. The methods will 
be the same as those used during the various RFI field programs. 

5.1.3.3 Quality ControYQuality Assurance Program 
The Quality Assurance Project Plan employed in the RFI phase 
will be incorporated by referente as has been done in the past. 
Any points requiring updating will be detailed in this section. 

5.1.3.4 Data Validation 
The final confirmatory sampling data will be validated by a third 
party, independent, data validation firm. The Region II specfic 
data validation procedures will be used as has been done in the 
past. 

5.2 Reporting 
The various reports required for the presumptive remedy will be detailed in this 
section. 

5.2.1 Corrective Measures Study 
The report, for which this is the outline, will be prepared in draft and final 
form. It is expected that the final will be subjected to a public comment 
period before the EPA will approve the selected remedy. 

5.2.2 Presumptive Remedy Design 
Since the approach is straightforward, of relativly low technology, and is 
to be provided in conceptual form in the report referenced in Section 5.2.1, 
it is anticipated that only a draft and final design will be required. This 
wiil provide the details of how the remediation will be undertaken. 

5.2.3 Project Close-out Report 
The project close-out report will contain a description of the remedia1 
activities performed, an estimate of the quantity of surface soil removed, a 
discuusion of the disposition of the surface soils removed and al1 the 
results of the confirmatory sampling. 

Interim reporting of remediation activities will be provided in the RCRA 
quqrterly progress reports already being programmatically being prepared 
on a regular basis. 
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An accounl of the concentrations of 
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collected by U.S. Geological Survey peraonnel along 
their routes of travel to areas of other types of field 
studies or within their project are=. 

The locations of the routes that were sampled de- 
pended on both the network of roads that exi&d and 
the destinations of the aamplers. Sampling intensity 
was kept at a minimum by selecting only one sampling 
8ite every 80 km (about 60 miles; 8elected for conveni- 
ence beeau8e vehicle odometers were adibrated in 
dee) dong the routes. The specific aampling aites 

were selected, insofar as poasible, that had surfi&l ma- 
teriala that were very little altered from their natural 
condition and that supported native planta suitable for 
txunpling. In practice, this site selection necessitated 
sampling away from roadcuts and fills. In some areas, 
only cultivated fields and planta were available for aam- 
pling* 

thdambation of the sampling sites by vehicular 
emi88ionf3 wa8 aeemingly Mgnificant, even though 
many aitea were within 100 m or less of the roads. Col- 
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169: 525 .55 2.53 

10 - l.SOO 
<1 - 7 

36 
420 

.65 

<0.5 - ll .86 78: 128 .62 2.18 <o.s - 5.3 .a5 
0.16 - 10 2.5 162:162 1.5 2.88 0.06 - 37 2.6 
0.06 - 32 3.3 514:314 .34 3.08 0.01 - za -63 
<lY) - 300 75 ?0:409 63 1.85 <lSo - 300 76 

<3 - 50 9.0 403: 533 s.9 2.57 <0.3 - 70 9.2 

77a:77a 41 2.19 
77a:77a 21 2.07 
598:610 280 2.52 
7?6:777 2.1 1.95 
767:??6 16 1.60 

224:224 1.2 1.32 
?29:?33 .046 2.33 
169: 246 .?9 2.5s 
?77:?77 1.a -71 
462:?77 30 1.89 

3 - 2,000 56 541:S41 33 2.60 
2 - 300 27 523:s33 13 2.80 

<lO - 1.900 440 390:43s 130 4.19 
0.1 - >lO 2.6 539:wo 1.4 2.87 

<s- 70 19 431:H0 9.3 2.38 

1 - l.Ooo 
<1 - 700 

<lO - 3.700 
0.01 - >lO 

<s - 70 

52 
22 

360 
2.5 

14 

0.58 - 2.5 1.2 
<O.Ol - 4.6 .065 

(0.5 - 9.6 1.2 
0.19 - 6.3 norte 

~30 - 200 37 

130:131 1.1 1.45 
534: s34 .oa1 2.52 
90:153 .60 2.81 

S37:53? 1.2 .75 
294:516 29 1.98 

<O.l - 2.0 
0.01 - 3.4 
co. 5 - 7.0 

0.005 - 3.7 
<30 - 200 

ll 418:?71 8.7 1.82 <lO - 100 10 322:49a 10 1.65 <IO - 50 12 
46 120:530 36 1.76 <?O - 300 43 109:332 46 1.58 (70 - 300 51 

19 747:17a 15 2.10 <5 - 700 19 443:SSO II 2.64 <5 - 700 la 
430 324:524 320 2.33 40 - 4.500 460 380:3a2 200 2.95 <20 - 6.800 360 

19 ?l2:?78 17 1.80 <lO - 700 20 422:%1 14 1.95 <IO - 300 17 

67 221:224 6% 1.50 <20 - 210 74 
.16 34:224 .13 2.37 <o.oa - 4.6 .19 
.6? 35~223 .4? 2.15 <l - 2.6 -62 

8.9 685:770 8.2 1.71. <5 - 50 ,9.6 
.39 í90: 133 .23 2.43 <O.l - 4.3 .34 

10?:131 43 1.94 
20: 131 .lO 1.34 
31:131 .52 2.38 

389: 526 6.5 1.90 
449: 534 .30 2.44 

156:156 34 6.64 
123:131 -86 2.81 
MI:540 53 3.61 
SLO: 5LO .2a 2.00 
102: 102 1.7 1.58 

130:130 2.1 2.12 

<20 - 160 53 
<o.qa - 0.31 .Il 

<I - 8.8 -76 
<s - 30 8.0 

<O.l - 3.9 .Lí 

1.7 - rí -- 
<O.l - 10 1.5 

<5 - 700 120 
0.007 - 1.5 .35 

2.2 - 23 8.6 

Sl6:Yl 43 2.51 
4??:341 20 1.97 
452:406 2-b 2.06 
4?3:482 LO 2.11 
539: 541 220 2.01 

0.29 - Il 2.7 
<7 - 300 66 

<lO - 200 2S 
<l - 50 3.3 
<J - 2.900 52 

<20 - 2,000 290 
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642 Soil cl 

For this reason, contaìner soils are often supplied with 
nutrient sources that break down slowly to release nu- 
trients over a relatively longer time. 

John H. Madison 
Bibliography. M. Baldwin, C. E. Kcllogg. and J. 

Thorp, Soil classification, in Soils rrnd Mcrl, USDA 
Yearb. Agr., 1938; L. J. Bartelli et al. (eds.), Soi/ 
.!&r\~c~v.s «nd Lund Use P/unning, 1966: P. W. Birkc- 
land, Pedok)gy. We(lthering, ami Gcorrror-l>lrolo~ic’<rl 
Rcsectrch. 1974; C. E. Black (Cd.). Mc~lrorls cfl Soil 
Rtwl~sis, 1965; N. C. B rady, Tlrcj Nrrturc ond Prop- 
erlies oj Soils, 1914; A. C. Bunt, Modern Po//inR 
Co~~~po.sr.s, 1976; E. T. Cleaves, A. E. Godfrey. and 
J. K. Coulter, Soil management systems, in Soils oj 
rhe Humid Tropics, 1972; J. Doorenbos and W. 0. 
Pruitt. Crop Water Requirements, FAO Irrig. Drain 
Pap. 24 (rev.), 1977; R. Duda1 (ed.), Dnrk Cluy Soils 
of Tropical und Subtropical Regions, FAO Agr. Dev. 
Pap. 83, 1965; Food and Agricultura1 Organization- 
UNESCO, Soif Mup ofthe World, 1971-1976; H. D. 
Foth. Fundamentals of Soil Science, 6th ed., 1978; 
R. M. Hagan, H. R. Naise, and T. W. Edminster 
(eds.), Irrigarion of Agriculture Lands, Agr. Monogr. 
I 1, Ameritan Society of Agronomy, 1967; N. Hud- 
son, Soil Conservation. 2d ed., 1981; H. Jenny, The 
Soil Resource: Origin and Behavior, Ecological Stud- 
ies. vol. 37, 1980; A. A. Klinebiel and P. H. Mont- 
gomery, Land Capability Classifcation, Agr. Handb. 
210, 1966; L. Lyles, L. J. Hagan, and E. L. Skid- 
more, Soil Conservation: Principies of Erosion by 
Wind, Agron. Monogr. 23, Ameritan Society of 
Agronomy, 1983; J. H. Madison, Principies of Turf- 
grass Culture, 1982; J. V. Mannering and C. R. 
Fenster, Vegetative water erosion control for agricul- 
tural areas, in Soif Erosion and Sedimentation, Amer- 
ican Society of Agricultura1 Engineers, 1977; Na- 
tional Academy of Sciences, Soils of rhe Humid 
Tropics, 1972; K. G. Renard and G. R. Foster, Soil 
Conservntion: Principies of Erosion by Water, Agron. 
Monogr. 23, Ameritan Society of Agronomy, 1983; 
E. W. Russell, Soil Conditions and PIant Growlh, 
1973; R. W. Simonson, Loss of nutrient elements in 
soil formation, in 0. P. Englestad (ed.), Nurrienr Mo- 
bility in Soils: Accumulation and Losses, Soil Sci. 
Soc. Amer. Spec. Publ. 4, 1970; Soil Survey Staff, 
Soil Tuxonomy: Basic System of Soil Classijcation j¿w 
Making nnd fnterprering Soil Surveys, USDA Handb. 
436, 1975; J. H. Turner (ed.), Fundmnrntcrls oj No- 
Till Farming, Ameritan Association for Vocational 
Instructional Materials, 1983; U.S. Department ot” 
Agriculture, Gil, Yearb. Agr., 1957; W. H. Wisch- 
meier, Conservation tillage of control water erosion, 
in Proceedin~s of n Nntionnl Tillrge ConJ¿wnce, Soi I 
Conscrvation Society of Amcrica. 1073: H. M. 
Young. Jr.. and W. A. Hayes, No-Tilk,qe Fwnrirr,~ 
md Mininium Tilloge FUrJJliJi,~, 1982. 

Soil chemistry 
Thc study of the composition and chcmicel propcrtics 
of soil. Soil chemistry involves thc dctailcd invcsti- 
gation of thc nature of the solid mattcr from which 
soil is constituted and of the chcmical proccsscs that 
occur as a rcsult of thc action of hydrologicnl. gco- 
logical, and biolopical agcnts on thc solid mattcr. Bc- 
cause of thc bread divcrsity arnong soil coml~tncnts 
and thc complcxi~y of soil chcmical proccsscs, thc ap- 
plication of ;I widc varicty ol’ conccpts and ~nclhods 

employcd in thc chemistry of aqueous solutions, of 
amorphous and crystallinc solids, and of solid sur- 
faces is requircd. For a general discussion of thc ori- 
gin and classilication of soils sEE So/r.. 

Elemental composítion. The elemental composi. 
tion of soil varics ovcr a widc range, permitting only 
a few general statcmcnts to be made. Those soils that 
contain Icss than l2-20% organic carbon are termed 
mineral. (Thc cxact pcrcentage to consider in a spe. 
cilic casc dcpcnds on drainage characteristics and clay 
contcnt of thc soil.) All othcr soils are termed or- 
ganic. Carbon. oxygcn, hydrogen, nitrogen, phospho- 
rus. and sulfur are thc most important constituents (,I 
organic soils and of soil organic matter in gencr;,!. 
Carbon, oxygen, and hydrogen are most abundanl: 
the content of nitrogen is often about one-tenth rhat 
of carbon, while the content of phosphorus or sulfur 
is usually less than one-fifth that of nitrogen. Thc 
numbcr of organic compounds into which these ele- 
ments are incorporated in soil is very large, and thc 
elucidation of the chemistry of soil organic matter re- 
mains a challcnging problem. SEE HUMUS. 

Besides oxygen. the most abundant elements fountl 
in mineral soils are silicon, aluminum, and iron (Ta- 
ble 1). The distribution of chemical elements I\ III 
vary considerably from soil to soil and, in gene!-.!!. 
will be different m a specific soil from the distributioll 
of elements in the crustal rocks of the Earth. Oftcn 
this difference may be understood in terms of pedo- 
genic weathering processes and the chemical reactions 
that accompany them. Some examples evident in Ta- 
ble 1 are the accumulation of aluminum and iron ox- 
ides in the Oxisols and of calcium carbonate in thc 
Mollisols. The most important micro or trace elc- 
ments in soil are boron, copper, manganese, molyh- 
denum. and zinc, since these elements are essential i11 
the nutrition of green plants. Also important are ~‘(1 
balt. which is essential in animal nutrition, and setcl)- 
ium. cadmium, and nickel, which may accumulate 11) 
toxic levels in soil. The average distribution of trace 
elements in soil is not greatly different from that ill 
crustal rocks (Table 2). This indicates that the total 
content of a trace element in soil usually reflects thc 
content of that element in the soil parent material and. 
zcnerally, that the trace element content of soil oftcll 
IS not affected substantially by pedochemical Pr”- 
ccsses. 

The elemental composition of soil varies with di ji!!) 
below the surface because of pedochemical weathcl 
ing. The principal processes of this type that result i[l 
thc removal of chemical elements from a given s(jil 
horizon urc: (1) soluviation (ordinary dissolution jll 
watcr), (2) cheluviation (complexation by organic 01 
inorganic ligands), (3) reduction (lowering of the Os- 
ida~ion statc). and (4) suspension. Soluviation. chc- 
luvialioll. antI reduction includc leaching by w~tc’ 
into lowcr horizons; suspension involves remo\‘:ll 1’! 
crosion or hy translocation downward alon$ ” 
porcs. The principal cffect of these four procc:.h:. ‘. 
thc appcarancc of illuvial horizons in which k’<‘lli 
pounds such ab aluminum and iron hydrous oxide\. 
nluminosilicatcs. or calcium carbonate have been Prc- 
cipitatcd from solution or deposited from suspensioíl. 
Sb IC Wr.,tnrr..fww; ~wo~wws. 

Minerals. The minerals in soils are thc products (” 
physical. gcocllslllical, and pcdochcmical wcathcring 
Soil nlincrals rnay bc cithcr arnorphous or crystallinc 
Thcy rnay bc classilìcd furthcr, approximatcly. ;I\ Pr’- 
mary or sccontl;lry mincrals. dcpcnding OII ,&:lh~ 
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Table 1. Average percentages of the majar and soma micro elements In subsurface sol1 clays and CNStal roCks 

Soil order: Allisot Inceptisol Mollisol oxisol Spodosol ultisol 
Cnrstal 

rocks 

Siliwn (Si) 19.20 24.69 23.01 12.43 5.79 16.02 
Alumlnum (Al) 12.36 19.61 10.29 19.33 15.66 17.49 ‘IZ 
Iron (Fe) 8.04 3.81 6.83 10.83 3.29 ll.96 5:OO 
Calclum (Ca) 0.69 0.00 3.59 0.10 0.29 0.15 3.63 
Magnesium (Mg) 1.26 0.40 1.62 0.46 0.15 0.08 2.09, < 
Sodium (Na) 0.18 2.52 0.04 0.27 0.06 
Potasaium (K) 3.63 n.d. 1.20 

E 
0.40 0.22 

g-$ 
. 

Tttantum (‘II) 0.40 0.26 0.44 1:32 0.16 0.50 0.44:‘: 
Manganese (Mn) 0.06 n.d. 0.06 0.08 0.06 0.05 O.lO., 
Phosphorus (P) 0.14 n.d. 0.14 0.27 0.17 0.12 0.11 

they are inherited from parent rock or are produced 
by chemical weathering, respectively. 

Primary minerals in mil. Thc bulk of the primary 
minerals that occur in soil are found in the silicate 
minerals, such as the olivines, garnets, pyroxcnes, 
amphiboles, micas, feldspars, and quartz. The feld- 
spars, micas, amphiboles, and pyroxenes commonly 
are hosts for trace elements that may be released 
slowly into the soil solution as weathering of these 
minerals continues. Chemical weathering of the sili- 
cate minerals is responsible for producing the most 
impottant secondary minerals in soil. The general 
scheme of the weathering sequence is shown in Fig. 
1. SEE SILICATÉ: MIh’ERALS 

Secondary minerals in soil. The important secondary 
minerals that occur in soil are found in the clay frac- 
tion. These include aluminum and iron hydrous ox- 
ides (sometimes ín the form of coatings on other min- 
erals), carbonates, and aluminosilicates. The term 
allophane is applied to x-ray amorphous, hydrous 
aluminosilicates that are characterized by variable 
composition and a defect-riddled kaolinite structure 
containing Al in both tetrahedral and octahedral co- 
ordination. The signilicant crystalline aluminosilicates 
possess a layer sttucture; they are chlorite, halloysite, 
kaolinite, montmorillonite (smectite), and vermicu- 
lite. These clay minerals are identified in soil by 
means of the characteristic x-ray diffraction pattems 
they produce after certain pretreatments, although 
their positive identification may be difhcult if two or 
more of the minerals are present at once. SEE CUY 
MINERALS. 

The distribution of secondary minerals varies 
among different soils and changes with depth below 

gi-amounts’if trace elements commonly;.; 
ánd crustal rocks ., ,, . . ;i 

Arsenic (Aij 
Soron (6) $i 

the surface of a given soil. However, under a leach- 
ing. well-oxidized environment, soil minerals do pos- 
sess a differential susccptibility to decomposition, 
transformation, and disappearance from a soil profile. 
This has made possible the arrangement of the clay- 
sized soil minerals in the order of increasing resis- 
tance to chemical weathering. Those minerals ranked 
near the top of the following list are present, there- 
fore, in the clay fractions of slightly weathered soils; 
those minerals near the bottom of the list predominate 
in extensively weathered soils. 

Wenthcring Clny-sizcd 
index rt~itwrr~ls 

1 Gypsum, halite 
2 Calcite, apatite 
3 Olivine, pyroxene 
4 Biotite, mafic chlorite 
5 Albite, microcline 
6 Quartz 
1 Muscovite, illite, sericite 
8 Vermiculite 
9 Montmorillonite, Al-chlorite 

10 Kaolinite, allophane 
ll Gibbsite, boehmite 
12 Hematite, goethite 
13 Anatase, rutile. zircon 

In zonal soils of humid-cool to subhumid-temperate 
regions, illite is the predominant clay mineral. Mix- 
tures of kaolinite, vermiculite, and interstratified clay 
minerals are found in humid-temperate regions. In 
humid-warm regions, kaolinite, halloysite, allophane, 
gibbsite. and goethite are found. The mineralogical 
composition of the highly weathered and leached soils 
of the humid tropics is a subject of active investiga- 
tion, in part because these soils (the Oxisols and UI- 
tisols) constitute approximately one-third of the 
world’s potentially arable land. The soil minerals are 
dominated by iron and aluminum hydrous oxides, ka- 
olinite, halloysite, and quartz. Weathering residues 
also are found in thin coatings on clay particlc sur- 
faces. Vermiculite and montmorillonite with inter- 
layer Al hydroxy polymers are common. 

The chemical conditions favoring the genesis of ka- 
olinite are the removal of the basic cations and Fe*+ 
by leaching, the addition of H+ in fresh water, and a 
high Al-Si molar ratio. Smectite (montmorillonite) is 
favored by the retention of basic cations (arid condi- 
tions or peor drainage) and of silica. SEE GIBBSI~EE; 
GOETHITE; HALLOYSITE; ILLITE: KAOLINITE; MONTMORIL- 

LONITE; VERMICULITE. 



650 Sphalerite 

Powdcr River is derivcd l’ron~ ~nany strcam SOU~CCS, 
and cxcess ~nolybdc~u~n~ that any onc strcam may 

contribute is largcly dilutcd. 
Magnesium. Studies of magnesium conccntration in 

grasses rcvcal how gkicrs. ovcrriding hcdrock, in- 
fluente glacial drift and thc soils formcd on it. Thcrc 
is apprcciably morc m;~gncsit~m in grwws from thc 
glacial drift plains in Wisconsin man in similar 
grasscs from thc drift plains in Michigan. Thc soils in 
the two statcs are Illor-phologic;~Ily and gcnetically the 
samc, and diffcr principally in thc undcrlying limc- 
stonc bcdrock that thc glacicrs ovcrr(xie. Dolomite is 
a magncsium-rich limcsto~ic that undcrlics arcas in 
Wisconsin but not Michiga~n. Thc southcrly move- 
ment of thc glacicrs has expanded the influencc of thc 
dolomitic rock into parts of Illinois and Iowa. 

Grass tctany is a nutritional dcticicncy disease due 
to low magnesium in foragc plants. Grasses with 
0.2% magnesium or more protcct cattlc from grass 
tetany. The disease is virtually absent in Wisconsin 
but quite prevalent in Michigan. 

Pregnant cows and cows with nursing calves are 
most susceptible to grass tetany. Older cows in the 
fourth or fifth pregnancy are more susceptible than 
younger ones. Knowing the geographic areas where 
cows may graze low-magnesium forage is importan1 
so that animal losses can be minimized, especially in 
springtime when the incidence of grass tetany is high- 
est. Cool-season grasses are often the first fresh for- 
age available to cattle in spring. If the growing tem- 
perature during this period is warm, grasses tend to 
have more magnesium. However, soils formed in do- 
lomitic till tend to overcome effects of cool tempera- 
ture and grow grasses with magnesium adequate for 
animals. In the West. grasses growing on soils 
formed in or influenced by volcanic ash generally 
have small amounts of magnesium and respond only 
weakly lo warm growing temperatures. In these soils, 
the grasses have 0.15% or less of magnesium. 

Selenium. Other mineral elements are associated 
with soil-related nutritional problems in animals as a 
result of soil paren1 material interacting with soils. 
The best-known disease is selenium toxicity, or sele- 
nosis. In parts of the Rocky Mountain and the Great 
Plains states where calcareous soils are formed in se- 
leniferous rocks, or in materials derived from them, 
the incidence of selenosis in grazing animals is high. 
Acute cases occur where selenium accumulator plants 
such as Aswagalus bisulcatus or Sranlyea pinnata 
grow. These plants may have a selenium leve1 of 
1000 ppm or more, often greatly exceeding the level 
in the soil. Selenium-rich rocks occur in Hawaii and 
Puerto Rico, but selenosis is not a nutritional problem 
there. Selenium is appreciably Jess available to plants 
growing on acid soils, and the plants do not accumu- 
late levels toxic to animals. Because of the differ- 
ences in plant response, the selenium-rich soil areas 
in Hawaii and Puerto Rico are identilied as nontoxic 
seleniferous soils. 

Coball. Areas of cobalt deficiency in cattle in the 
eastem United States also result from the combined 
effect of soil paren1 materials and the soils them- 
selves. The area between the Merrimac River in New 
Hampshire and the Saco River in Maine is low in 
cobalt, because only small amounts were contributed 
to the glacial drift by the White Mountain granites. 
The Lower Atlantic Coastal Plain is the other broad 
area of low-cobalt soils. The coastal plain deposits in 
which soils formed are materials that already had un- 
dcrgone a cycle of weathering in the uplands. In both 

,,,2 N(~flhc;~st antl 111~‘ Soulhc~~st. lcaching losses of 
cob;llt hclow rooting dcp~hs ot common plants occur 
wi(h (lle dcvclopmcnt (ll‘ S~O~OSO~S ht form in tbe 
sandy dcposits. Foragc plams and native grasses 
grown on soils in both arcas h:tvc 0.04 fo 0.07 ppm 
or less of cobalt, wcll in 111~ deticicncy range recog- 
nized for animals. 

Bibliography. Il. l~ohn ct al.. Soil Chemisrry, 1979; 
E. Brcsler et al., &rlitrc <III(/ Sorlic Soi/s. 1982; W, R 
Chappell and K. Kellogg (cds.). Molybdenum in 1~; 
Eaviro~~me~fl. 1977; ks. E. hv¡CS (Cd.), Applied ii,< 
Trace E/e,ncrrr.s, 1980: D. J. Grcenland and M. H. B, 
Hayes (cds.). The Cheuristr~ of Soil Coastitae,lrs, 
1978; D. H. Grcenland and M. H. B. Hayes (eds.), 
The Chernistry oJ’ Soil f’romses, 198 I ; W. L. Lind- 
say, Chernical Equilibria irr Soils. 1979; G. Sposito 
The Surjnce Chemislry oj Soik, 1984; G. Sposito: 
The Thertnodynatnics of Soii Sohrtions, 198 1; F. J. 
Stevensen, Humrts Chetnis!ry, 1982; W. Stumm and 
J. J. Morgan, Aquatic Chernisq, 198 1; B. K. G. 
Theng (ed.), Soils wifh Variable Charge, 1980; 1. 
Thomton (ed.), Applicd Etwiromenral Geochemis. 
rry, 1983. 

Sphalerite 
A mineral, B-ZnS, also called blende. It is the low- 
temperature form and more common polymorph of 
ZnS. Pure B-ZnS on heating inverts to wurtzite, 
a-ZnS, at 1020°C (1868”F), but this temperature can 
be lowered substantially by impurity-atom solid solu- 
tion (especially Cd’+ and Fe’+) and sulfur fugacity. 
Sphalerite crystallizes in the hextetrahedral class of 
the isometric system with a structure similar to that of 
diamond. The space group is F43m, and the cubic 
unit cell has an edge a = 0.543 nanometer, which 
contains four ZnS molecules. Zinc atoms occupy the 
positions of half the carbon atoms of diamond, and 
sulfur atoms occupy the other half. Each zinc atom is 
bonded to four sulfur atoms, and each sulfur atom is 
bonded to four zinc atoms. The common crystal 
forms of sphalerite are the tetrahedron, dodecahedron. 
and cube, but crystals are frequently complex and 
twinned (see illus.). The mineral is most commonly 
in toarse to fine, granular, cleavable masses. The lus- 
ter is resinous to submetallic; the color is white when 
pure, but is commonly yellow, brown, or black, dark- 
ening with increased percentage of iron. It has been 
shown that excess sulfur can also contribute to the 
darkening of the color. There is perfect dodecahedral 

Sphalerlte. (a) Crystals In limestone from Joplln. MtssoUd 
(speclmen /mm Daperlmenf of Geology, &yn Mawr 
Cdkge). (b) Crystal habit (after C. S, Hurfbuf, JI., Dam* 
Manual of Mlnefafogy, 17th ed., John Wlley and So% 
1959) 
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TABIX 3.1 Narivc Soil Conccn[rations of Various Elements 

Eletnenf 

Ag 
Al 
As 
B 

Ba 
Be 
Br 
Ca 
Cd 
Ce 
Cl 
co 
Cr 
CS 
CU 
F 
Fe 
Ga 
Ge 

HI3 
1 
K 
La 
Li 

Mg 
Mn 
Mo 
Na 
Ni 
P 

Pb 
Ra 
Rb 
S 

Sb 
Sc 
Se 
Si 
Sn 
Sr 
Th 
Ti 
u 
V 
Y 
Zn 
Zr 

Cotrcetrtratiot~ (ppm) 

Tvpical Extreme 

Kange Linrifs 

0.1 - 5.0 0.1 - 50 
10.000 - 300.000 - 

1.0 - 40 0.1 - 500 
2.0 - 130 0.1 - 3000 
loo - 3500 10 - !O,Ooo 
0.1 40 0.1 - 100 
1.0 - 10 - 

100 - 400.000 - 
0.01 - 7.0 0.01 - 45 

30 - 50 - 

IO- 100 - 
1.0 - 40 0.01 - 500 
5.0 - 3000 0.5 - 10,000 
0.3 - 25 - 

2.0 - 100 0.1 - 14,000 
30 - 300 - 

7.000 - 550,000 - 
0.4 - 300 - 
1.0 - 50 - 

0.01 - 0.08 - 
0.1 - 40 - 
400 - 30,000 - 
1.0 - 5ooo - 
7.0 - 200 1.0 - 3000 
600-6000 - 

100-4000 1.0 - 70,000 
0.2 - 5.0 0.1 - 400 
750 - 7500 400 - 30,000 
5.0 - 1000 0.8 - 6200 
50-5000 - 

2.0 - 200 0.1 - 3000 
10-6.5 - 10-5.7 - 

20 - 600 3.0 - 3000 
30 - 10,000 - 

0.6 - 10 - 
10 - 25 - 

0.1 - 2.0 0.01 - 400 
230,000 - 350,000 - 

2.0 - 200 0.1 - 700 
50-1000 10-5000 

0.1 - 12 - 

1000 - 10,000 400 - > 10,ooo 
0.9 - 9.0 < 250 
20-500 1.0 - 1000 
10-500 - 

10-300 3.0 - 10,000 
60-2000 10-8000 

111111 

- 

a Based on an Analysis of Data Presented in Referentes 1,2,3,4,5, and 6. 
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FC 
li 

Mg 

Na 

NOI 
SiO, 
SO; 

Sr 

Ag 
Al 
AS 
B 

Ba 
Br 
Be 
Bi 
Cd 
co 
Cr 
CU 
Ga 
Ge 

Hg 
1 

Li 
Mtt 
MO 
Ni 

PO, 
Pb 
Ra 
Rb 
Se 
Sfl 
Ti 
U 
V 

Zfl 
Zr 

Major EIcmc~~t\ (ppm) __ 
I .o I 50” 95 .OOO~ 
c: wo~’ 
I .o 70” 200.000~ 
< IOOO” 

0.1 5.0 70 
I6OOC 

0.01 10 > looo- 
1.0 - 10 25 ,oooc 
I .O - 5Oh 52,oc@ 
< Jood 

0.5 - I2Oh I20,0tw 
‘c IOOOd 
0.2 - 20 70 
5.0 - 100 4,000’ 
3.0 l5Oh 2OO.oooc 
< 2wo~ 
0.1 - 4.0 50 

__ Trace Elements (ppb) __ 
< 5.0 

< 5.0 - loo0 
< 1.0-30 4,000 

20 - 1000 5,000 
10 - 500 

< 100-2000 
< 10 
< 20 
< 1.0 
< 10 

< 1.0 - 5.0 
< 1.0 - 30 

< 2.0 
< 20 - 50 

< 1.0 
< 1.0-1000 48,000~ 

1.0 - 150 
< l.O-lOO 1 0,000~ 
< 1.0 30 10.000 
< 10-50 

< 100 - loo0 
‘z 15 

< 0.1 - 4.0’ 720~. 1 
< 1.0 

< l.O- 10 
< 200 

< I.O- 150 
0.1 -40 

< 1.0 - 10 70 
< 10-2000 

< 25 

a based on an analysis ol’ data prescmcd in rcferencrs 7.8. and 9. 
h in relatively humid rsgiotw 
i ill hrinc. 
d in rclativcly dry rcgiw,,. 
c in tbermal springs and mine arcas. 
’ picocuries/liter (ix. 0.037 disilrtcgratiot\s/rcc). 



ATTACHMENT 5 
SWMU 6/AOC B REVISED RISK ASSESSMENT 



REVISED HUMAN HEALTH RISK ASSESSMENT 

SWMU ó/AOCB 

The objective of this effort is to re-evaluate potential human health risks associated with SWMU 6/AOC B 
based on cumulative exposures to COPCs identified in surface soil, the standing water on the floor in 
Building 145 and groundwater. Potential health risks to surface soil were previously calculated as part of 
the Draft RFI Report for OU 1, 6 and 7 prepared by Baker in July 1996, and the risks to groundwater were 
previously estimated as part of the Draft Additional Investigations Report for OU 1, 6 and 7 prepared by 
Baker in May 1998. Although a standing water sample was collected from Building 145 and analyzed as 
part of the 1996 RFI, potential health risks were never estimated using those data. This effort was conducted 
to estimate total site risks overall of these media. Current on-site workers and future residents were evaluated 
as potential receptors, with the former being the most likely and realistic of the two exposure scenarios. The 
following pathways were evaluated these receptors: 

Current On-Site Workers 
l Incidental ingestion of surface soil 
l Dermal contact with surface soil 
l Inhalation of fugitive dusts emanating from surface soil 
l Incidental ingestion of standing water in Building 145 
l Accidental dermal contact with standing water in Building 145 

Future Adult and Child (Ages 1 - 6 Years Old) Residents 
l Incidental ingestion of surface soil 
l Dermal contact with surface soil 
l Inhalation of fugitive dusts emanating from surface soil 
l Incidental ingestion of standing water in Building 145 (during potable use) 
l Dermal contact with standing water in Building 145 (during potable use) 
l Ingestion of groundwater during potable use 
l Dermal contact with groundwater (whole body exposure, i.e., during bathing) 

The COPCs identified and evaluated in each medium, the assumptions regarding the aforementioned 
exposures, and the applied toxicity criteria are all presented in the attached risk calculation spreadsheets 
(spreadsheets 1 through 12). Since previously assessing risks to surface soil and groundwater some changes 
have occurred in the toxicity criteria for some the of COPCs. The oral cancer slope factor for beryllium, the 
oral referente dose for mercury, and the inhalation cancer slope factors for the carcinogenic PAHs have been 
withdrawn from USEPA’s IRIS database, pending further review. However, for the purpose of health 
conservatism, as well as consistency with the previous risk assessments, these withdrawn toxicity criteria 
have been used in this re-evaluation of SWMU 6/AOC B. Also, it is acknowledged that USEPA has recently 
changed the oral referente dose for beryllium from 0.005 mg/kg/day to 0.002 mg/kg/day. Again for 
consistency with previous risk assessments, the former value was applied to this evaluation, with virtually 
no significant impact to the outcome of the systemic risk evaluations had the new value been applied. 

Prior to discussing the risks estimated for these receptors, it should be noted that the evaluated exposure 
assumptions are associated with a high degree of conservatism and uncertainty. First, the estimation of risks 
from exposures to the standing water observed in Building 145 represents an almost unrealistic scenario for 
both receptor groups. This is because access into the building 145 is highly restricted due to the presente 
of fencing that is welded onto entry ways of the building. In addition, data acquired for the sample collected 
from the standing water area are over two years old and do not reflect physical and chemical changes that 



have occurred to the water over that period of time as a result of natural processes acting on the water (e.g., 
evaporation and recharge from numerous precipitation events). It is also likely that due to the small volume 
of water observed on the floor in the building, there may be periods during which no standing water is 
present. Therefore, the standing water data used in this risk evaluation are associated with a high degree of 
uncertainty because those data are considered to only be representative of that “snapshot in time” during 
which the sample was collected. 

In addition, the assumption of residential receptors living within the boundaries of SWMU 6/AOC B, while 
being exposed to the standing water in Building 145 and shallow groundwater during potable use, represents 
an unrealistic extreme for estimating and characterizing potential risks associated with the SWMU. This is 
because residential development of the SWMU and the use of the shallow aquifer as a potable source (of 
poor quality and yield) are highly unlikely to occur. In addition, the notion of residential use of the standing 
water on the floor of Building 145, potable or non-potable, is even more unrealistic than the assumption of 
domestic groundwater use. 

The following text, as well as Tables 1 and 2, characterize the potential health risks estimated for future 
residents and current on-site workers at SWMU 6/AOC B. Carcinogenic and noncarcinogenic risks were 
compared to USEPA’s target cancer risk (excess incrementa1 lifetime cancer risk - ICR) range of 1 x 1 Od 
to 1 x 10” and a target hazard index value of 1 .O, respectively. 

Future On-Site Residents 

Table 1 shows that unacceptable total carcinogenic risks were estimated for future adult and young Child 
residents (6.2 x lo4 and 3.8 x lOA, respectively) at SWMU 6/AOC B. Dermal contact exposures to to 
benzo(a)pyrene and beryllium in surface soil(29% and 26% risk contributions to surface soil, respectively), 
and ingestion exposures to dissolved beryllium in groundwater used as drinking water (attributed nearly 100% 
of the risk to groundwater exposures) predominantly contributed to the total ICRs. 

The total HIs estimated for both the adult and you.ng Child (3.1 and 7.6, respectively) exceeded USEPA’s 
acceptable target value of 1 .O due primarily to ingestion exposures to mercury detected in the standing water 
on the floor of Building 145 (approximately an 82% risk contribution to the ingestion pathway). 

Current On-Site Workers 

Table 2 shows that an unacceptable total carcinogenic risk was estimated for on-site workers (2.0 x 1 OA) at 
SWMU 6/AOC B. As was the case for future residents, dermal contact exposures to to benzo(a)pyrene and 
beryllium in surface soil (29% and 26% risk contributions to surface soil, respectively) predominantly 
contributed to the total ICR. 

The total HI estimated for this receptor (0.82) is less than USEPA’s acceptable target value of 1 .O, indicating 
that no adverse systemic effects are expected to result subsequent to exposures to SWMU 6/AOC B surface 
soil and the standing water in Building 145. 



TABLE 1 
INCREMENTAL CANCER RISKS (ICRs) AND HAZARD INDICES (Hls) 

FOR FUTURE ADULT AND YOUNG CHILD RESIDENTS 
SWMU 6/AOC B 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Pathway 

Surface Soil 

Incidental Ingestion 

Dermal Contact 

Inhalation (‘) 

Subtotal 

Standine Water 

Incidental Ingestion 

Dermal Contact 

Subtotal 

Groundwater 

Ingestion 

Dermal Contact 

Subtotal 

TOTAL 

Residents 

Adult Young Child 

ICR HI ICR HI 

3.2 x 1W5 0.08 7.5 x 1o-5 0.79 

2.3 x 1O-4 0.32 1.0 x lOA 0.56 

1.3 x 10” co.0 1 1.5 x Io‘* co.0 1 

2.6 x lo4 0.40 1.8 x lOA 1.4 

7.2 x 1O-5 2.5 4.2 x 10“ 5.8 

1.0 x 10” 0.03 4.8 x 1O-7 0.05 

7.3 x 10” 2.5 4.2 x 10” 5.8 

2.4 x lo4 0.18 1.4 x loa 0.42 

4.8 x 1O-5 co.01 2.2 x 10bS co.01 

2.9 x lo4 0.18 1.6 x lo- 0.42 

Notes 
Galation of fugitive dusts. 

(‘) Total ICR exceeded USEPA’s target risk range dueto dermal exposures to benzo(a)pyrene and beryllium 
(29% and 26% risk contributions, respectively) in surface soil. In addition, ingestion of dissolved beryllium 
contributed nearly 100% of the risk to groundwater exposures. 

c3) Total Hls estimated for both adult and Child exceeded USEPA’s acceptable target value of 1 .O due primarily to 
to ingestion exposures to mercury in the standing water (approximately an 82% risk contribution to the 
ingestion pathway). 

Shading indicates exceedence of USEPA acceptable target risk criteria by total risk value. 



TABLE 2 
INCREMENTAL LIFETIME CANCER RISKS (ICRs) AND HAZARD INDICES (Hls) 

ADULT ON-SITE WORKERS 
SWMU 6/AOC B 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Adult 
On-site Worker 

MediumlPathway 

Surface Soil 

ICR HI 

Incidental Ingestion 1.2 x 1o-5 

Dermal Contact 1.7 x lo4 

Inhalation (‘) 3.3 x 1o-g 

Subtotal 1.8 x lo4 

Standing Water 

Incidental Ingestion 1.1 x 1o-5 

Dermal Contact 8.2 x lOA 

Subtotal 1.9 x 1o-5 

TOTAL 
jis 
. . . .._........._..._. .:..:3 

Notes 
Galation of fugitive dusts. 

0.03 

0.23 

co.0 1 

0.26 

0.35 

0.2 1 

0.56 

0.82 

(‘) Total ICR exceeded USEPA’s target risk range due to dermal 
exposures to benzo(a)pyrene and beryllium (29% and 26% risk 
contributions, respectively) in surface soil. 

Shading indicates exceedence of USEPA acceptable target risk 
criteria by total risk value. 
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SPREADSHEET 1 

ADULT AND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 

INGESTION OF POOLED SURFACE WATER AS DRINKING WATER AT SWMU 6IAOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTLAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mg&g/d)= (Cw*lRTFTD)I(BW’AT) 

ILCR = CDI’CSFo 

HP = CDIIRfDo 

Yamg 
Parameter 

CDI 

ILCR 

CSFo 

HQ 

Pm0 

CW 

IR 

EF 

ED 

BW 

ATc 

ATn 

Description 

Chronic daily intake (mg/kg/d) 

IncrementaI lifetime cancer risk 

Oral cancer dope factor (l/(mgIkg/d)) 

Hazard quotient 

Oral referente dose (mg/kg/d) 

Concentration of chemical in water (mgll) 

Ingestiin Rate (Ud) 

Exposure Frequency (@r) 

Exposure Duration (yrs) 

Body weight (kg) 

Averaging time, carcinogens (d) 

Avereging time, noncarcinogens (d) 

Aduil Child 

cs cs (Chemical Specific) 

24 6 

70 15 

25550 25550 

6760 2190 

NOTES: 

NA - Toxicii criterion no1 available. 

- Nd a~liible. 
\ 

RES6.WBl 



SPREADSHEET 2 

ADULT AND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 

DERMAL CONTACT WITH POOLED SURiACE WATER AT SWhlU 6/AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTLAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mgIkg/d)= (CwZFwSArFrD?ET)I(BWAT) 

ILCR = CDICSFo Adj 

HQ = CDI/RfDo Adj 

CSF Adj = CSFIAD 

RfD Adj = RfD’AD 

YOU"Q 

Parameter 

DAD 

ILCR 

CSFa 

HQ 

Rmo 

SA 

ET 

ED 

ET 

Bw 

ATc 

AT” 

cw 

CF 

Kp 
Al3 

Desaiption 

Dermally absorbed dose (msn<gld) 

IncrementaI Metime cancer risk 

Oral cancer slope factor (l/(mgIkgd)) 

Hazard quotiint 

Oral referenca dose (mg/kgld) 

Skin su-faca area available for contad (cm2) 

Exposm f”wJe”w WY0 
Exposure duration (yrs) 

Exposum time (hrs/day) 

Body weight (kg) 

Averaging time, catinogens (d) 

Averaging time, noncarci”oge”~ (d) 

Concmtratbn of chemical in water (mgA) 

Convenion factor (Ucm3) 

Dennal permeabilii coefficient (cmfiour) 

Adjustment for Absorbed Dose 

Adult Child 

cs cs (Chemical Specific) 

cs cs 
cs cs 
cs cs 
cs cs 

2OOcO 6023 

350 350 

24 6 

0.2 0.2 

70 15 

25550 25550 

6760 2190 

cs cs 

0.001 0.001 

cs cs 

cs cs 

CW 

\ Adutt I Young Child 

Adj Adj Carcinogens 1 Noncarcinogens Carcinogens l Noncarcinogens 

KD CSFo RrnO AD CSFo Rrno DAD 1 t % Contrib. 1 DAD 1 % Contrib. t DAD 1 % Contrib. 1 DAD 1 % Contrib. 

Parameter 

4$-DDE 

Total Arsenic 

(mg/L) (cmhour) ll(mglkgfd) (mgikg/d) (unitle ) ll(mgikgld) (mg/k@d) (mg/l@d) ILCR Total ILCR (mglkgld) HQ HI (mg/kg/d) ILCR Total ILCR (mg/kg/d) HQ HI 

O.COO52 2.40E-01 

O.OQ50 l.OOE-93 1::: 3.Ci&4 ” 3.78E-01 NA 

2.3E-06 6.9E-07 05.7% 6.6E-06 - - l.lE-06 4.1E-07 85.7% 13E-05 - - 

1.56E+M) 2.65E-04 9.4E-06 1.5E-07 14.3% 2.7E-07 9.6E-04 3.5% 4.4E-06 6.9E-06 14.3% 5.1E-07 1.6E-03 3.5% 

Total Mercuy 1 0.0220 ~l.OOE-03~ NA 1 3.OOE-04 1 O..q 1 NA 4.50E-05 4.lE-07 - - 1.2E-06 2.7E02 96.5% 1.9E-07 - 1 2.3Ea 1 5.OE-02 1 96.5% 

1 Total ILCR: 1.OE-M 100.0% 1 HI: 2.6E02 100.0% tfotalILCR: 4.6E-07 100.0% 1 HI: 5.2E-92 1w.O% 

NOTES: 

NA - Toxicity criterion nol available. 

- Not applicable. 

RESG.WBl 



SPREADSHEET 3 

ADULT AND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 

ACCIDENTAL INGESTION OF SURFACE SOIL IN AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTlAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (m@@d)= (Cs*lRCF*FlrFrD)/(BWAT) 

ILCR = CDI-CSFo 

HQ = CDI/RtDo 

Parameter 

CDI 

ILCR 

CSFo 

HQ 

RtDo 

CS 

IR 

CF 

FI 

EF 

ED 

Bw 

ATC 

Eenzo(b)fkmanthene 

Dibenzo(a.h)anthracene 

Total HxCDD (237ETCDD TE 

Total HxCDF (237ETCDD TEI 

Desaiptii 

Chronic daily intake (mg&g/d) 

IncrementaI liietime cancer risk 

Oral cancer olope factor (l/(mgIkgId)) 

Hazard quotiin< 

Oral referente dose (men<g/d) 

Conmtratim of chemical in soil (mcrn<g) 

Ingestion Rato (mg!d) 

Converriion factof (kglmg) 

Fraction of soil ingested from site 

Em=~ Freg-w (W) 
Expcwre Duratioil (yn) 

Body weight (kg) 

Averaging time. carcinogens (d) 

Averaging time. naxarcinogens (d) 

NOTES: 
NA - To&ity titerion not available 

- Notapplicablp. 

Adult 

cs 

cs 

cs 

cs 

cs 

cs 

100 

lE-06 
1 

350 

24 

70 

25550 

8760 

Young 

Child 

cs (Chemical Specific) 

cs 

cs 

cs 

cs 

cs 

200 

lE-08 

1 

350 

6 

15 

25550 

2190 

CDI 

%%2 

ESE-07 

2.OE-06 

8.5E-08 

1 .OE-05 

8.5E-06 

8.6E06 

3.6E-ll 

1.2E-11 

4.7E-C6 

2.8E-07 

‘otal ILCR 

Adult 

ILCR 

8.2E-07 

6.2E-W 

1.5Ed6 

6.2E-07 

3.5E-C6 

2.OE-06 

2.2E-06 

5.4E06 

1.8E-08 

7.OE-06 

l.lE-06 

3.2E-05 

19.2% 2.5E-06 

4.8% 5.9E-D8 

1.9% 2.5E-07 

10.9% 3.OE-D5 

8.3% 2.5E-05 

6.9% 1.9E-05 

16.6% 1 .OE-1 0 

5.7% 3.6E-11 

21.9% 1.4E-05 

3.4% 1 7.5E07 

100.0% 1 Total HI 

oncardn 9 
HQ 

3.8E-02 

4.6E-02 

1.5E-04 

8.4E-02 l 

=%“S 

6 contrit 

HI 

45.6% 

54.3% 

0.2% 

loD.O% 

T b. 

l T 

CDI 

L!E&!El 
2.6E-06 

2.OE-06 

4.7EM 

2.OE-07 

2.4E-05 

2.0E-95 

1.5Ea5 

8.3E-11 

2.8E-11 

l.lEa5 

6.OE-07 

‘otal ILCR 

Cardll 

ILCR 

1.9E-06 

1.4E-05 

3.4E-fJ6 

1.4E.06 

, 

8.2E-08 

4.7E-06 

5.2E-06 

1.2EM 

4.3E.06 

1.6E-05 

2.6E-06 

7.5E-05 

L 
% Contrib. 

Total ILCR 

2.6% 

19.2% 

4.6% 

1.9% 

10.9% 

6.3% 

6.9% 

18.6% 

5.7% 

21.9% 

3.4% 

100.0% 

hild 
Noncarcin 

CDI 1 

2.3E-05 - 

5.5E-05 - 

2.3E06 - 

2.8E-94 - 

2.3E-04 - 

1.8E-04 3.6E-01 

9.7E-10 - 

3.3E-10 - 

1.3E-D4 4.3E-91 

e”S 

C Contrib 

HI 

45.6% 

64.3% 

0.2% 

100.0% 

RESG.WBl 



SPREADSHEET 4 

ADULT ANO YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 

DERMAL CONTACT WlTH SURFACE SOIL IN AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

DAD (mgikg/d)= (Cs*CF*AF*ABS*A~FrD)/(SWAT) 

ILCR = CDI’CSM 

HP = CDIiRfDd 

DAD Denally absorbed dose (rr&g/d) CS /eS (ChemicalSpecific) 
Parameter Description Adutt - 

ILCR 

CSFo 

HQ 
Fmc 

CS 

CF 

AF 

ABS 

A 

EF 

ED 

sw 

ATc 

ATn 

Imremental lifetime cancer riik 

Oral cancer slope factor (ll(mgn<g/d)) 

Hazard quotient 

Oral referente dose (mg&gId) 

Concantration of chemical in soil (mg/kg) 

Convenion factor (kglmg) 

cs 
NJ- cs 

cs 
cs 

lE-03 

1 

cs 

5300 

350 

24 

70 

25550 

6760 

cs 
cs 
cs 
cs 
cs 

lE-06 

1 

cs 

2006 

350 

6 

15 

25550 

2190 

Dibanzo(a.h)anthre 

NOTES: 

NA - Toxicity criterion not 
i 

vailable. 

- Not applicable. 
í 

: f-2 1 

2.3E-01 

6.2E-02 

6.OE-03 

3.2E-tll 

Young Child 

Carcinogens Noncarcinogens 

Contrib. 1 DAD i 1 % Contrib. 1 DAD 1 % Contrib. 

HI 

71.6% 

25.6% 

2.OE-06 

4.7E~J6 

2.OE-07 

2.4E-05 

2.OE-05 

l.SE-05 

2.x-1 1 

6.6E-12 

3.5E-06 

ILCR 

3.9E-06 

2.9E-05 

6.9E-06 

2.9E-06 

9.2E-C6 

5.3E-06 

5.6E-09 

4.2E-06 

1.4E-06 

5.6E-06 
2.5% 1 6.OE-08 1 2.6E-05 1 26.0% 1 7.1E-07 

100.0% [ Total ILCR:] l.OE-04 1 100.0% ( Total HI: 

26.9% 2.3E-05 

6.9% 5.5E-05 

2.9% 2.3E-W 

9.2% 2.6E-04 

5.3% 2.3E-04 

5.6% 1.6E-04 

4.2% 2.9E-10 

1.4% l.OE-10 

5.6% 4.1E-05 

RESG.WBl 



SPREADSHEET 5 

ADULT AND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 

INHAtATION OF FUGITWE DUSTS EMANATING FROM SURFACE SOIL IN AOC B 

REASONABLE hW.KIMUM EXPOSURE 

POTENTML CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSMLT ROADS. PUERTO RICO 

Parameter 

CDI 

ILCR 

CSFi 

HQ 

f?fDi 

ca 

CS 

PEF 

RR 

ET 

EF 

ED 

Bw 

ATc 

ATn 

CDI (mgik@‘d)= (CaRRTmFrD)/(BWAT) 

whem: Ca= Cs’(l/PEF) 

ILCR = CDI.CSFi 

HQ = CDURfDi 

Desaiption Aduk Child 

Chronic dailv intake fmo/kold) cs cs (Chemical Swcific) - - 
IncrementaI lifetime cancer risk 

Inhalation camxr slopa factor (l/(mg!kg/d)) 

Hazard quotient 

Inhalation referanm doaa (mgckgld) 

Concentratiin of chemical in air as fugitiva 

dusts (mglm3) 

Conmntratlln of dremical in soil (mgn<g) 

Partiwlate emission factor (m3lkg) 

Respiration rata (m3M) 

Exposure lime (hnld) 

Ev-~ Fmuency WYO 
Exposura Durati¡ (yrs) 

Body MigM Ne) 
Averaging time. carcinogens (d) 

Averaging time, wncarcinogens (d) 

cs 

cs 

cs 

cs 

cs 

cs 

1.32E+09 

0.83 

24 

350 

24 

cs 

cs 

cs 

cs 

cs 

cs 

1.32E+O9 

0.83 

Parameter 

Benzo(a)anthracene 1 2.4 

1.368-09 

i 

6.1 

3.26E-09 0.61 

1.36E-10 6.1 

1.678.08 NA 

1368.08 NA 

1.06E-08 0.34 

5.76E-14 150,000 

1.97&14 160,000 

AOUk 

arclnogenr I ‘. . 
Rti 

Benzoja)pyrene 1.8 

Banzo(b)fkwanthene 4.3 

Dibenzo(a.h)anthracene 0.18 

4$-DDE 22 

4.4’DDD 18 

4.4’ODT 14 

Total HxCDD (2378-TCDD TEC) O.ooM)76 

Total HxCDF (237ETCDD TEC) 0.0X026 

Arsanii 10.0 

BaIYWll 0.55 

Y -/ Total ILCR 
/ 

ILCR 

l.OE-10 

7.8E-10 

1.9E-10 

7.8E-11 

3.4E-10 

8.1E-10 

2.6E-10 

l.lE-08 

A 
1.3E-08 

NOTES: 
NA - Toxkity criterion not available. 

- Not applicable. 

16 Contrib. 

rotai ILCR 

0.8% 

5.9% 

1.4% 

0.6% 

2.5% 

6.1% 

2.1% 

80.7% 

Nona 

zgz 

3.7E-10 - 

8.9E-10 - 

3.7E-11 - 

4.5E-09 - 
3.7E-09 - 

2.9E-09 -- 

1.6E-14 - 

54E-15 -_ 

2.1E-09 - 

1.5E-10 

3.6E-10 

1.5E-ll 

1.8E-09 

1 SE-09 

l.ZE-Lw 

6.3C15 

Z.lE-15 

8.3E-10 

- 
rcinogm 

ILCR 

l.ZE-10 

9.1E-10 

2.2E-10 

9.1E-11 

3.9E-10 

9.4E-10 

3.2E-10 

1.2E-08 

A 
1.5E-08 

Youn< 

6 Contrib. 

‘otal ILCR 

0.8% 

5.9% 

1.4% 

0.6% 

__ 

2.5% 

6.1% 

2.1% 

80 7% 

A 
lOO.O% 

:hild 
NC . 

CDI 

m ‘- 
2.3E-09 

1.7E-09 

4.1E-09 

1.7E-10 

2 lE-08 

1.7E-08 

1.4E-08 

7.3E-14 

2.5E-14 

9.6E-09 

5 3E-10 

Total HI 

acarcin~ 

__ 

6.3E-11 

6.3E-11 

nr 
6 Contrib. 

HI 

RES6.WBl 
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SPREADSHEET 6 
ADULTAND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 
INGESTION OF GROUNDWATER AS DRINKING WATER AT SWMU 06 I AOC B 
REASONABLE MAXIMUM WPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mg/kg/d)= (Cw’lR*EF*ED)/(BWAT) 

ILCR = CDI’CSFo 
HQ = CDIIRfDo 

CDI Chronic daily intake (mg/kgld) 
ILCR Incrementa1 lifetirne cancer risk 
CSFo Oral cancer slope factor (l/(mg/kgld)) 

HQ Hazard quotient 
RfDo Oral referente dose (rngnCg/d) 
cw Concentraäon of chemical in water (mglL) 
IR Ingestion Rate (Ud) 
EF Exposure Frequency (d/yr) 
ED Exposure Duration (yrs) 
BW Body weight (kg) 
ATc Averaging time, carcinogens (d) 
ATn Averaging time, noncarcinogens (d) 

AdAu 
cs 
cs 
cs 
cs 
cs 
cs 
2 

350 
24 
70 

25550 
6760 

Young 

cbild 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
1 

350 
6 
15 

25550 
2190 

Parameter 
i&&& Barium 

Adult Young Child 
Carcinogens Noncarcinogens Carcincgens Noncarcinogens 

cw CSFo RfDo CDI % Contrib. CDI % Contrib. CDI % Contrib. CDI % Contrib. 

g/d) (mglkgld) (mg/kg/d) ILCR Total ILCR (mg/kg/d) HCl HI (mg/kg/d) ILCR Total ILCR (mg/kgld) HQ HI 
0.07 0.004227 - 0.012329 0.176125 0.987059 0.0024658 -- __ 0.026767 0.410959 0.987059 

7.00E-02 5.542E-05 2.4E-04 100.0% 0.000162 0.002309 0.012941 3.233E-05 1.4E-04 100.0% 0.000377 0.005388 0.012941 

NA 0.0001794 - 0.000523 - - 0.0001047 - _- 0.001221 - - 

Total ILCR: 2.4E-04 100.0% HI: 0.178434 100.0% Total ILCR: 1.4E-04 100.0% HI: 0.416347 100.0% 

l / 
NOTES: 
NA - Toxicity criterion 
- Not applicable. 

Res-06b.xls 

B-GW-lng 



SPREADSHEET 7 
ADULT AND YOUNG CHILD RESIDENTS (AGES 1 TO 6 YEARS) - FUTURE SCENARIO 
DERMAL CONTACT WITH GROUNDWATER DURING BATHING AT SWMU 06 I AOC 6 

REASONABLE MAXIMUM EXPOSURE 
POTENTlAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (men<gld)= (Cw*CF~SA’EFrDrT)/(BVlrAT) 

ILCR = CDI’CSFO Adj 
HQ = CDUf?fDo Adj 

CSF Adj = CSFIAD 
RfD Adj = RfD’AD 

DesaiDtion 
DA0 DMnally absorbed dose (mglkgld) 
ILCR Irmemental lifetiie cancer risk 
CSFo Oral canm sbpe fador (l/(mgik@d)) 

HQ Hazard quotient 
Rmo Oral referance dore (mg@/d) 
SA Skin swface afea available for contad (cm2) 
ET ~PoSU~ muency WV) 
ED Exposure durati! (yrs) 
ET Exposure lime (hrs/day) 
BW Body weight (kg) 
ATc Averaging time. carcinogens (d) 
ATll Averaging time, noncanitwgens (d) 
cw Concantration of chemical in water (mg/L) 
CF Convenion factor (Ucm3) 

w Darmal permeability coefficiant (cmlhour) 
AD Adjustment for Absorbed Dose 

# 

Parameter 

Dissolved Barium 
Dissolvad Seryllium 
Dissolved Laad 

CW w CSFo Rrno AD 
(mgk) (mVhOUr) ll(man<Qld) (man<g/d) lunitlessl 
0.45 0.001 NA 0.07 1 

0.0059 0.001 4.3 7.WE-02 0.01 
0.0191 0.001 NA NA NA 

NOTES: 
NA - Toxkity criterion not avaitable. 
- Not appliibla. 

A!Yu 
cs 
cs 
cs 

cs 
cs 

2wcO 

350 
24 

0.2 
70 

25550 
6760 
cs 

0.001 

cs 
cs 

Young 

w 
cs (Chemical Specfic) 
cs 
cs 

cs 
cs 

6023 
350 

6 

0.2 
15 

25550 
2190 

cs 
o.MH 

cs 
cs 

Adj 
CSFo 

ll(mgikg/d, 
NA 
430 
NA 

Adult Young ChlId 
Adj Carcinogens Noncarcinogens Carcinogens 

RrnO DAD % Contrib. DAD % Contrib. DAD % Contrlb. DAD % Contrib. 
(mgikgld) (man<g/d) ILCR Total ILCR (mg!Xg/d) HD HI (mg/kg/d) ILCR Total ILCR (mg.&g/d) HQ HI 

0.07 6.454E-061 - 1 - 2.47E-05 1 0.@30352 10.432692 3 957E-06 1 - 1 - 4 62E-05 I 0.0X659 1 0 432692 
0.0007 1 1.106E67 1 4.6E05 1 100.0% 1 3.23E-07 1 0.000462 1 0.567306 1 5.167E-06 1 2.2E-05 1 100.0% 1 6.05E-07 1 O.CCO665 1 0 567306 1 

NA 3.566E-071 - 1 - 1 l.OE-06 - - 1 1.7E-07 - 1 2.OE-06 1 - 1 - 
Total ILCR: 4.6E-05 100.0% 1 HI: O.M)0614 100.0% 1 Total ILCR: 2.2E-05 100.0% 1 HI: 0.001524 103.0% 



SPREADSHEET 6 

ADULT OKSITE WORKER 

INGESTION OF POOLED SURFACE WATER AS DRINKING WATER AT SWMU B/AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATlON ROOSEVELT ROADS. PUERTO RICO 

CDI (mg/kg/d)= (CwlR’EFTD)/(BW’AT) 

ILCR = CDI%SFo 

HQ = CDliRtDo 

Parameter 

CDI 

ILCR 

CSFo 

HQ 

RfDO 

CW 

IR 

EF 

ED 

ET 

BW 

ATc 

DWCliPtiO” Adult 

Chfonic daily intake (mgn<gld) cs (Chemical Spedfic) 

IncrementaI lifeüme cancer rtsk cs 

Oral cancer slope fador (l/(mgn<gld)) cs 

Hazard quotient cs 

Oral referenca dose (men<g/d) cs 

Concentration of chemical in water (mgn) cs 

Ingestton Rate (vhour) 0.05 

Exposure Frequency (dIyr) 250 

Expasure Duraöon (yrs) 25 

Exposure Time (hours) 6 

Sody weight (kg) 70 

Averaging time, cardnogens (d) 25550 

Averaging time. noncarcinogens (d) 9125 

CSFo RtDo 

Adult Worker 

Carcinogens Noncarcinogens 

CDI 1 % Conbib. 1 CDI 1 % Contdb. 

l/(mg/kg/d) (mglkgld) (mgn<g/d) ILCR Total ILCR (mgn<gld) HQ HI 

3.40E-01 NA 7.3E-07 2.5G07 2.3% 2.OE-08 - - 

lSOE+OO 3.OOE-04 7.0~~06 1 .OE-05 97.7% 2.OE-05 6.5E-02 16.5% 

NA 3.GOE-04 3.lE-05 - __ 6.6E-05 2.9E-01 01.5% 

Total ILCR: 1 .l E-05 100.0% HI: 3.5E-01 100.0% 

NOTES: 

NA - Toticity criterion not available 

- Not applicable. 

WORKERG.WBl 
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SPREADSHEET 9 

ADULT ON-SITE WORKER 

DERMAL CONTACT WITH POOLED SURFACE WATER AT SWMU 6lAOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mg/kg/d)= (Cw%F’Kp’SA*EF’ED’ET)I(BW^AT) 

ILCR = CDI%SFo Adj CSF Adj = CSFIAD 

HQ = CDIIRtDo Adj RfD Adj = RtD’AD 

Parameter 

DAD 

ILCR 

CSFo 

HQ 

f?IDO 

SA 

ET 

ED 

ET 

BW 

ATc 

ATn 

cw 

CF 

w 
AD 

Desaiption 

Dennally absorbed dose (mglkgld) 

IncrementaI lifetima cancer risk 

Oral cancer slope factor (l/(mg/kgld)) 

Hazard quotient 

Oral referente dora (mgn<gld) 

Skin surface area available for contact (cm2) 

Exposure frequency (dtyr) 

Exposure duration (yrs) 

Exposure time (hrslday) 

Body weight (kg) 

Averaging time. cardnogens (d) 

Averaging time, noncatinogens (d) 

Concentraöon of chemical in water (mg/L) 

Convenion factor (Ucm3) 

Dermal penneability coetT¡cient (cm/hour) 

Adjustment for Absorbed Dose 

T-LS-i- 
(mgA) (Cmmour) l/(mg/kg/d) 

0.00052 2.40E-01 3.40E-01 

0.0050 l.OOE-03 1.5OE+OO 

0.0220 IME-03 NA 

RfDo 

mvWd) 
NA 

3.00E-04 

3.oOE-04 

e 

Adult 

?? (Chemical Specitic) 

cs 

cs 

CS 

cs 

5300 

250 

25 

6 

70 

25550 

9125 

cs 

0.001 

cs 

cs 

Adult Worker 

Adj Adj Carcinogens Noncarclnogens 

AD CSFo RfDo DAD % Contrtb. DAD % Contrib. 

(unitless) l/(mgn<gld) (mgn<g/d) (mgikgld) ILCR Total ILCR (mgn<g/d) HQ HI 

0.90 3.78G01 NA 1.6E-05 7.OE-06 65.7% 5.2E-05 - 

0.95 1 1.56E+OO 1 2.65E-04 1 7.4E-07 1 1.2E-06 1 14.3% 1 2.1E-06 1 7.3G03 1 3.5% 1 

1 0.15 1 NA 1 4.5OE-05 1 3.3G06 1 - 1 - 1 9.1E-06 / 2.OE-01 1 96.5% 

Total ILCR: 8.2E-06 100.0% 1 HI: 2.1E-01 100.0% 

NOTES: 

NA - Toticity aiterion not available. 

- Not applicable. 

WORKERG.WBi 
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SPREADSHEET 10 

ADULT ON-SITE WORKER 

ACCIDENTAL INGESTION OF SURFACE SOIL IN AOC B 

REASONABLE h4AXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mg/kg/d)= (CslR*CF??EF*ED)/(B\nsAT) 

ILCR = CDI’CSFo 

HQ = CDl/RtDo 

Parameter Descripüon Adult 

CDI Chronic daily intake (mgn<gld) cs 

ILCR 

CSFo 

HQ 

RtDo 

CS 

IR 

CF 

FI 

EF 

ED 

BW 

ATc 

ATn 

Parameter 

Benzo(a)anthncene 

Benzo(a)pyrene 

Benzo(b)tluoranthene 

Dibenzo(a.h)anthracene 

4,4,-DDE 

4.4’-DDD 

4.4’-DDT 

Total HxCDD (2378TCDD TECI 

Total HxCDF (237ETCDD TEC) 

Arsenic 

Betyilium 

IncrementaI liietime cancer tisk 

Oral cancer slope factor (l/(mgn<gld)) 

Hazafd quotient 

Oral raferenca dose (mgkgld) 

Concentration of chemical in soil (mglkg) 

Ingestion Rate (mgld) 

Conversion factor (kglmg) 

Fraction of soil ingested from site 

Exposure Frequency (d/yr) 

Exposure Duratlon (yn) 

Body weight (kg) 

Averaging time, carcinogens (d) 

Averaging time, noncarcinogens (d) 

cs 

cs 

cs 

cs 

cs 

100 

1 E-06 

0.5 

250 

25 

70 

25550 

9125 

cs 

(men<sl 
2.4 

1.0 

4.3 

0.18 

22 

10 

14 

O.cQOO78 

0.000026 

10.0 

0.55 

CSFo 

I/(mg/kgld) 

0.73 

7.3 

0.73 

7.3 

0.34 

0.24 

0.34 

150,ooo 

150.000 

1.5 

NA 

NA 

NA 

NA 

NA 

NA 

0.0005 

NA 

NA 

o.ooo3 

3.lE-07 

7.5E-07 

3.1E-08 

3.6E-06 

3.lE-06 

2.4E-06 

1.3E-ll 

4.5E-12 

1.7E-06 

) 4.3 1 0.005 1 9.6E-08 

Total ILCR 

~ 

T I I Adult V 

NOTES: 

NA - Toxicity aiterton not available.1 

- Not applicable. 

arcinogens 

1 % Conbib. 

rker 

Noncarctnogens 

CDI 1 % Contrib. 

:mWdl 
-4 1.2E-06 

8.8E-07 

2.1E-06 

6.6E-00 

l.lE-05 

8.8E-06 

6.6E-06 

3.7E-ll 

1.3E-ll 

4.9E-06 

HQ HI 

- 
1.4E-02 

1.6E-02 54.3% 

45.6% 

2.7E-07 5.4E-05 0.2% 

Total HI:1 3.OE-02 1 100.0% 



SPREADSHEET ll 

ADULT ON-SITE WORKER 

DERMAL CONTACT WlTH SURFACE SOIL IN AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mg/kg/d)= (Cs*CF*AF*ABS*A*EF*ED)/(BWAT) 

ILCR = CDI’CSFd 

HCI = CDI/RfDd 

Parameter 

DAD 

ILCR 

CSFo 

HQ 

RtDo 

CS 

CF 

AF 

ABS 

A 
EF 
ED 

BW 

ATc 

ATn 

Benro(b)tluoranthene 

Dibenz~a.h)anthracene 

Total HxCDD (237BTCDD TEC 

Total HxCDF (237BTCDD TEC 

Description 

Dermally absorbed dose (mgikgfd) 

Incrementa1 lifetime cancer risk 

Oral cancer slope factor (ll(mgn<g/d)) 

Hazarti quotient 

Oral referenca dose (mg/kgld) 

Concentration of chemical in soil (mg/kg) 

Convenion factor (kg/mg) 

Soil to skin adherente factor (mg/cm2event) 

Absorptlon fradion 

Skin surface araa available for contact (cm2) 

Exposura Fraquency (dlyr) 

Exposura Duraäon (yrs) 

Body weight (kg) 

Avemging time. carcinogens (d) ,i) ‘( 

Adult 

cs (Chemical Specific) 

cs 

cs 

cs 

cs 

cs 

1 E-08 

1 

CS 

5300 

Averaging time, noncardnogy ’ / 9125 

cs 

(m9k9) 
2.4 

1.8 

4.3 

0.18 

22 

18 

14 

O.OOW78 

O.WOO28 

10.0 

0.55 

0.1 

0.1 

0.1 

0.03 

0.03 

0.032 

0.01 

/ Adult V 

NA 3.3E-08 

NA 8.OE-08 

NA 3.3E-07 

NA 4.1 E-05 

NA 3.3G05 

0.00045 2.8E-05 

NA 4.2E-ll 

NA 1.4E-11 

3.000285 5.9E-08 

:an 2nogens 

ILCR 

8.5E-08 

4.9E-05 

1.2E-05 

4.9E-08 

1.5E-05 

9.OE-06 

9.9E-08 

7.1E-08 

2.4E-08 

9.4E-08 

4.4E-05 

1.7E-04 

) 0.00005 1 l.OE-07 

Total ILCR 

NOTES: 
NA - Totidty aitadon not available. 

- Not applicable. 

- 
VO 

T 
b Contrib. 

‘otal ILCR 

3.8% 

28.9% 

8.9% 

2.9% 

9.2% 

5.3% 

5.8% 

4.2% 

1.4% 

5.8% 

28.0% 

100.0% 

No 
DAD 

MtkYd) 
1.2E-05 

9.3G08 

2.2E-05 

9.3E-07 

l.lE-04 

9.3E-05 

7.3E-05 

1.2E-10 

4.OE-11 

1.7E-05 

2.9E-07 

Total HI 

arcilogc 

HQ 

b Conbib. 

HI 

1.8E-01 71.8% 

5.8E-02 

5.7E-03 

2.3E-01 

25.8% 

2.5% 

100.0% 

WORKERB.WBl 
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SPREADSHEET 12 

ADULT ON-SITE WORKER 

INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL IN AOC B 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mglkgld)= (Ca’RR’ET’EF’ED)I(BWAT) 

VVhl?G3: Ca = Cs * (WEF) 

ILCR = CDI’CSFi 

HC! = CDlIRtDi 

Adult 

cs 

cs 

cs 

cs 

cs 

Descftptio” 

Chronic daily intake (mglkgld) 

Incrementa1 lifetime cancer rtsk 

Inhalation cancer slope factor (ll(mglkgld)) 

Hazard quotient 

Inhalation referente dose (mglkgld) 

Concentration of chemical in air as fugitive 

Parameter 

CDI 

ILCR 

CSFi 

HQ 

RfDi 

Ca 

dusts (mglm3) 

Concentration ofchemical in sdl (mgikg) 

Partiwlate emission factor (m3/kg) 

Respiration rata (m3mr) 

Exposure time (hn/d) 

Exposure Frequency (dlyr) 

Exposure Duration (yn) 

Body weight (kg) 

cs 

cs 

1.32E+09 

0.63 

6 

Averaging time. carcinogens (d) q) ,\” 25550 / ‘- 3‘ 

cs 

PEF 

RR 

ET 

EF 

ED 

ATc 

AT” Averaging time, noncarcinogens (d) yi ’ 9125 

Ca 

I 
/ AdultW 

Carcinc&s 

CSFi Rrni CDI 1 /. ’ % Contrib. 

rotai ILCR 

0.6% 

5.9% 

1.4% 

0.6% 

- 
.er 

-i 
CDI 

WWd) 

1.2E-10 

8.9E-ll 

2.lE-10 

6.9E-12 
f 

1 .l E-09 

8.9E-10 

6.9E-10 

3.‘E-15 

1.3E-15 

4.9E-10 

P”S 
6 Contrib. 

HI 

J”ol 
9 

T 

2.5% 

6.1% 

2.1% 

60.7% 

cs 
(mgkd 

2.4 

1.6 

4.3 

0.16 

22 

16 

14 

O,oMx)76 

Be”zo(b)fluoranthene 

Dibe”zo(a.h)anthracene 

Total HxCDD (2376-TCDD TEC) 

Total HxCDF (237ETCDD TEC) 

10.0 

0.55 1 4.17E@( m) 1 # 1 9.7E-12 1 - 1 

/ /. Total ILCR:I 3.3E-09 1 lGO.O% 
/ 

/ 
,j NOTES: 

NA - Toxitity criterion not available. 

- Not applicable. 



ATTACHMENT 6 
AOC D REVISED RISK ASSESSMENT 



REVISED HUMAN HEALTH RISK ASSESSMENT 

D AOC 

During the Draft RFI Report for OU 1, 6 and 7 prepared by Baker in July 1996, a risk assessment was 
conducted which evaluated sediments in SWMUs 1,2,3,7, and ll, both individually, and as being inclusive 
of AOC D (Ensenada Honda). Current recreational users (adult and adolescent ages 7 - 15 years oíd), current 
on-site workers and future residents were evaluated for ingestion and dermal exposures to sediments in each 
of these SWMUs. That evaluation indicated that recreational users were most the most sensitive of the 
receptor groups, being that unacceptable carcinogenic risks were estimated for exposures to SWMUs 2 and 
ll. Table 3 presents all pathway and total risks previously estimated for recreational users exposed to 
sediments in each of the SWMUs that were evaluated as being part of AOC D. 

Table 3 shows that the total ICRs estimated for adult and adolescent recreational users in SWMU 2 (2.5 x lOA 
and 1.2 x 1 O-‘, respectively) exceeded USEPA’s target risk range due to dermal exposures to benzo(a)pyrene, 
total HxCDD and total PeCDD (41%, 25% and 10% risk contributions, respectively). In addition, the total 
ICRs estimated for aduit and adolescent recreational users in SWMU ll (1.6 x 1 Os3 and 7.3 x 1 Oa, respectively) 
exceeded USEPA’s target risk range due to dermai exposures to benzo(a)pyrene and dibenzo(a,h)anthracene 
(73% and 13% risk contributions, respectively). 

As a result of the aforementioned risks, the total carcinogenic risks summed over AOC D for the adult and 
adolescent recreational users (1.9 x 105 and 8.9 x lOA, respectively) exceeded USEPA’s target risk range. In 
addition, the total HI value estimated for adolescent recreational users (1.3) slightly exceeded USEPA’s 
acceptable target value of 1 .O. However, it should be noted that since the SWMU ll sampling locations are 
actually not in the Enseneda Honda, but rather, are in an arm of Puerca Bay, SWMU ll should be removed 
from AOC D. In addition, with the presente of elevated risks associated with the SWMU 2 sediments, it has 
been determined that the sediments should be excluded from AOC D to be combined with the rest of the 
SWMU 2 media and addressed as part of that unit. Therefore, as Table 3 shows, removal of SWMUs 2 and 
ll from AOC D, as indicated by the last row of the table, results in all total site risks, both carcinogenic and 
noncarcinogenic, are within the corresponding, acceptable target risk criteria. 



TABLE 3 

INCREMENTAL CANCER RISKS (ICRs) AND HAZARD INDICES (HIs) 
FOR CURRENT ADULT AND ADOLESCENT RECREATIONAL USERS 

AOC D SEDIMENTS 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Pathway 

SWMU 1 

Ingestion 

Dermal Contact 

SWMU 1 Subtotal 

SWMU 2 

Ingestion 

Dermal Contact 

SWMU 2 Subtotal 

SWMU 3 

Ingestion 

Dermal Contact 

SWMU 3 Subtotal 

SWMU 7 

Ingestion 

Dermal Contact 

SWMU 7 Subtotal 

SWMU ll 

Ingestion 

Dermal Contact 

SWMU ll Subtotal 

Recreational Users 

Adult Adolescent 

ICR HI ICR HI 

-- co.0 1 -- co.0 1 

-_ co.01 -- co.01 

-- co.01 -- co.01 

9.1 x 1W6 co.01 5.2 x 1O-6 0.01 

2.4 x lOA 0.60 1.1 x lOA 0.90 

~~~~~:~~~:.~~:.:.:.~:.~:.~:. j .:.:<):,~:.:.:.:.:.:.:.:.~:,~~:.:,:,:.:.:.:.:.:.:.:.:.:.:.:.:.: 
..:.:.:.:.: 0.91 ..+. ..: ~~~::~3~~~~~~~~:~i i: : . . . . . . . . _.......... . . . . . . . . . 0.60 :i::g..::):...:x :.:.:.:.:.. .:.:;.:.pf : : ..: gg$;::.ji@g$ “,: .~ . . . . . . . . :.:.:.:.:.:<:.:.:.:.:.:.:. . . . . . . . . . 

1.4 x 1o-6 co.01 8.0 x lo“ co.01 

5.6 x 10“ co.01 2.5 x lo-’ co.01 

5.7 x 1o-s co.01 2.6 x lo-’ co.0 1 

1.4 x 1o‘6 co.01 7.8 x lO-’ 0.01 

2.5 x lo-’ 0.09 1.1 x 1o-s 0.14 

2.6 x l@’ 0.09 1.2 x 10-S 0.15 

2.2 x 1o-s co.01 1.2 x 10-s 0.02 

1.6 x 10” 0.13 7.2 x 1u4 0.19 

TOTAL (AOC D) 

TOTAL [AOC D - (SWMUs 2 + 1 l)] 5.0 x 1o‘s 0.09 4.0 x lWS 0.18 



TABLE 3 
(Continued) 

INCREMENTAL CANCER RISKS (ICRs) AND HAZARD INDICES (Hls) 
FOR CURRENT ADULT AND ADOLESCENT RECREATIONAL USERS 

AOC D 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Notes. 
<” total ICR exceeded USEPA’s target risk range due to dermal exposures to benzo(a)pyrene, total HxCDD 

and total PeCDD (41%, 25% and 10% risk contributions, respectively). 

(‘) The total ICR exceeded USEPA’s target risk range due to dermal exposures to benzo(a)pyrene and 
dibenzo(a,h)anthracene (73% and 13% risk contributions, respectively). 

-- Not ICRs were estimated since no carcinogenic COPCs were identified for SWMU 1. 

Shading indicates exceedence of USEPA acceptable target risk criteria by subtotal or total risk value. 
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SPREADSHEET 13 

RECREATIONAL USERS - CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SEDIMENT IN SWMU 1 

REASONAELE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mgId)= (Cs’lR’CPFI’EF’ED)/(EWAT) 
ILCR = CDl%SFo 

HQ = CDWRfDo 

Adult Adolescent 
RecreaBona Recreational 

Parameter 

ILCR 

CSFo 

CDI 

HQ 
Rulo 

ca 
IR 

CF 
FI 
EF 

ED 

sw 
ATC 

ATn 

IncrementeI lifetime cancer tisk 

Oral canos slope factor (l/(mgncgld)) 

Detaiption 

Hazati quotient 
Oral mfemnu, dose (mg&g/d) 

Chmic daily inteke (mghgld) 

coocB”bafw, of chemical in eoil (mg) 
Ingeatlon Rete (mgId) 
c0n~enic.n factor (kghng) 

Frectkm of so4 ingested from slte 

Expom Frequency wr) 
Exposwe Omtion (yn) 

-Y wdgh (W 
Avmglng time. catinogens (d) 
Avemglng time. noncatinogens (d) 

User 

cs 
cs 
cs 

cs 
cs 

cs 
100 

lE-C% 
0.5 
104 

30 

70 
25550 

10950 

* 
cs 
cs 

cs 
cs 
cs 

cs 
loo 

1605 
0.5 
104 

9 

37 
25550 

3285 

(Chemical Specitic) 

NOTES: 
NA - Toxiáty uiterion not available. 
- Not applicable. 

RECD WBI 



SPREADSHEET 14 

RECREATIONAL USERS - CURRENT SCENARIO 
DERMAL CONTACT WITH SEDIMENT IN SWMU 1 
REASONABLE MAXIMUM EXPOSURE 

POTENTtAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mg&/d)= (Cs*CF+AF*ABs’A*EF*ED)@WAT) 

ILCR = CDI’CSFd 
HQ = CDI/RfDd 

Adult AdolesCBnl 
Recreational Recreational 

Parameter 

DAD 

ILCR 
CSFo 

HQ 
Rfcm 

CS 

CF 
AF 

ABS 
A 

EF 

ED 
Bw 
ATc 

ATn 

D%Wipti0ll 
Dermally absorbed dose (mgIkg/d) 

lncrememal lifetime cancer risk 
Oral canca slope factor (l/(mg/kg/d)) 

Haza-d quotient 

Oral referente dose (mg/kg/d) 
Concentratton of chemical in soil (mgkg) 

Convsnim factw (kghng) 
Soi1 lo skin adherente factor (mg/mG?went) 

A~SO$YOOI-I fmction 
Skln surfaca area available fwoontact (an2) 

Eqnsure Frequency (Wr) 

Ezqmsure Duratton (yn) 
Bcdy weight (kg) 
Avaraging time. catinogens (d) 
Awiaging Ume. nonca?inOgenS (d) 

User USW 

cs cs (Chemical Specific) 

cs cs 
cs cs 
cs cs 
cs cs 
cs cs 

lE-06 1E-W 

cs 
2oooo 

104 
30 
70 

25550 
10950 

cs 
15700 

104 

9 
37 

25550 

NOTES: 
NA - Toxicity criterion not avallable. 

- Not applicable. 

RECD.WBl 
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SPREADSHEET 15 

RECREATIONAL USERS - CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SEDIMENT IN SWMU 2 

REASONABLE MAXIMUM EXF’OSURE 

WTENTIAL CARCINDGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mglltgld)= (Cs*lR*CF’Fl*EF*ED)/(BWAT) 
ILCR = CDI’CSFo 

HQ = CDb’RfDo 

Adull Adoleswnt 
Reweational 

User 

cs (Chemical Spetific) 
cs 
cs 
cs 
cs 

cs 
100 

IE- 
0.5 
104 

9 

37 
25550 

PWa”Mer 

CDI 
ILCR 

CSFo 
HQ 
MD0 

CS 
IR 

CF 
FI 
EF 

ED 

Bw 
ATc 

AT” 

Desctiption 
Chronic daily intake (mg/kg/d) 
IncrementaI lifetime cancer rtsk 
Oral cancer slope factor (l/(mgn<g/d)) 
Hazard quotient 

Oral referenca dose (mglkgld) 

Concentraöon of chemical in soil (mpkg) 
Ingeshio” Rate (mgld) 

Convefskm factor (kg/mg) 
Fraction of soil ingestad fmm site 

Exposu~ Fw~ncy Wr) 
Expesure Duraöon (Yrs) 

Body weight (kg) 

Awaging time, carctnogens (d) 

Averaging time, noncafclnogens (d) 

cs 
cs 
cs 

cs 
cs 
100 

IE- 
0.5 
104 
30 

70 
25550 

w&ent F 

‘0 Contrit 
otal ILCI 

1.5% 
13.3% 

1.9% 
0.0% 
1.6% 

0.7% 

__ 

0.0% 
16.7% 

47.5% 
14.4% 

2 
100.0% 

mationa 

CDI 
mg/kg/d 

1.2E-07 
6.5E-07 

7.3E-07 

l.OE06 
l.OE-06 
l.OE.07 

1.3E-06 

2.4E-96 
3.9E-07 
7.3E-07 

2.lE-06 
1.3E-06 

S.OE-ll 
1.3E-10 
3.9E-ll 

4.6E-07 

3.2E-04 
1.3E-04 
1 .OE.O6 

1.7E-04 
Total HI: 

ii 
Ñ; 
T 

Adult Recrea1 

l===T 
% Conbib. 

ILCR Total ILCR 

laI User 
Ns O”CWd” 

2. HQ 
2.OE-07 

CDt 

:mgn<gld 
6.lE-06 
4.5E-07 

3.9E-07 

5.5E.07 
5.3E07 
5.3E-06 

7.1 E-07 
1.3E-06 

2.0E-07 
3.9E-07 

l.lE-06 
6.7E09 
2.6E-ll 

6.7E-ll 
2.OE-ll 

2.4E.07 
1.7E-04 
6.9E-05 

5.5E-07 
6.6EM 
Total HI 

1.6E-05 

3.2E-07 

9.7E-06 

3.7E-05 

4.9E-04 

4.2E-03 

1.6E-03 
2.9E-04 

6.9E.03 

4”s 

6 Contrtb 
HI 

0.0% 

__ 
__ 

0.3% 

0.0% 

0.1% 

0.5% 

7.1% 

61.2% 

26.5% 
4.2% 

lW.O% 

A 
arcinoge 

ILCR 
-_ 

6.OE-06 
6.9E-07 

9.6E-08 
9.4E-10 
9 4E-06 

3.6E-06 

5.6E-10 
9.7E-07 

2SE06 
7.4E-07 

A 
5.2E-06 

Iser 

l”carci”ogt 3”s 

/o Contrib. 
HI 

0.0% 

_. 

0.3% 
0 0% 

0.1% 

0.5% 

7.1% 

61.2% 

26.5% 

4.2% 
100.0% 

RfDo 

-J nglkgld 
0.3 
NA 

NA 

NA 
NA 
NA 

0.04 

0.04 
NA 

0.04 

0.03 
NA 

: 0 NA 
: 0 NA 
:) ( NA 

0.0005 
0.04 
NA 

o.ooo3 

0.3 

CS 

msncs) 
0.3 

2.2 
1.9 

2.7 
2.6 

0.26 

3.5 

0.062 
1 

1.9 

5.5 
0.033 

.xul3 

.wo33 
).ooal 

1.2 

630.0 
339 

2.7 

432 

CSFo 

r(mgn<gld 
NA 

0.73 
7.3 

0.73 
0.0073 

7.3 

NA 

NA 
0.73 

NA 
NA 

0.34 

150,ooO 
150,ooO 
150,000 

NA 

NA 
NA 
NA 
NA 

Banzo(a)anthracene 

5-wpym 
Beozojb)tluoranthene 
Chrysene 
Dibenro(a.h)anthracene 
Fluora”me”e 

Flwrene 

I”de”o(l.2.3cd)pyre”e 
Phenanthrene 

pyrsne 
4$-DDE 
Totsi PaCDD (237ETCDD TE< 

Total hbzCDD (2376-TCDD TEC 
Total WDF (237ETCDD TEC 

f2adn-ium 

Lsad 

M-=-Y 
zinc 

NOTES: 
NA - Toxkity criterion not available. 
- Not appliceble. 

CDI 

iE$$ 

1.9E.07 

1.7E-07 

2.4E-07 
2.3E-07 
2.3E-06 

3.1 E-07 

5.4E-09 
6.7E-06 
1.7E-07 

4.6E-07 
2.9E-03 

l.lE-ll 
2.9&ll 
6.7B12 

l.OE-07 

7.2E-05 
3.OE-05 

2.4E-07 
3.6E-05 
.dal 

HQ 
3.9E-07 

_. 
_. 

3.4E-05 

6.OE-07 

1.6E-05 
7.lE-05 

9.2E-04 

6.OE-03 

3.5E-03 

5.5E-04 
1.3E-02 

1.5% 
13.3% 

1.9% 
0.0% 
1.8% 

0.7% 

0.0% 

16.7% 

47.5% 
14.4% 

A 
lW.O% 

CDI 

VwWd) 
1.5E-06 

l.lE-07 
9.4E-06 

1.3E-07 
1.3E-07 
1.3E-06 

1.7E-07 

3.1 E-09 
5.OE-06 

9.4E-06 

2.7E-07 
1.6E-09 

6.4E-12 
1.6E.ll 

5.OE-12 
5.9E-06 

4.1 E-05 
1.7E-05 
1.3E-07 

2.lE-05 
Total ILCR 

1.4E-07 
1.2E-06 

1.7E-07 
1.7E-09 
1.7E-07 

6.4E-08 

9.6E-10 

1.7E-M 
4.3E-a6 

1.3E-06 

A 
9.1E-06 

RECD.WBl 
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SPREADSHEET 16 

RECREATIONAL USERS - CURRENT SCENARIO 
DERMAL CONTACT WTH SEDIMENT IN SWMU2 

REASONABLE MAXIMUM EXWSURE 
F’OTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mgPltgld)= (Cs’CF’A~ABS’A’EPED)/(BWAT) 
ILCR = CDI’CSM 

HQ = CDI/RfDd 

Parameter 

DAD 

ILCR 

CSFo 
HQ 
RfDa 

CS 

CF 
AF 

ABS 
A 

EF 

ED 
Bw 

A-k 
AT” 

Desaiption 
Denally absorbed dose (mgkgld) 

Inuemental lifetime cancer fisk 

Oral cantar slope factor (ll(mg&/d)) 
Hazard quotient 
Oral raference dosa (msn(gld) 

Concentrallon of chemical in soil (mgn<g) 

Conversion factor (kglmg) 
Soil to skin adhafance factor (n-gIan2-avent) 

Absorptio” fraclio” 
Skin surfaca area available for contad (~“2) 

Evsum Freqm”cy (WI 
Exposure Duraöo” (yn) 
Body weight (kg) 

Averaging time. carcinogens (d) 

Averaging time. “oncarcinogens (d) 

Adult Adolescent 
Recreational Recreational 

&r user 
cs cs (Chemical SpeciRc) 

cs cs 
cs cs 
cs cs 

cs cs 

cs cs 
lE-06 lE-06 

1 1 

cs cs 
20000 15700 

104 104 

30 B 
70 37 

25550 25550 
10950 3285 

c 
Bemqa)anthracme 2.2 

Bewa)pyrene 1.9 
B8”ZCjb)flUO~“the”e 2.7 
Chryssm, 2.6 

Dibenzo(a.h)enthracene 0.26 
flwra”the”e 3.5 
Fluorene 0.062 
l”da”ql.2.3-cd)pyra”e 1 
Phananthrwe 19 

pvm 5.5 
*#-DDE 0.033 
Total PeCDD (2376-TCDD TEC o.OcnM3 
Total HxCDD (2376-TCDD TEC o.OQO33 
Total HxCDF (237ETCDD TEC 0.0001 
Cadmium 1.2 

copper 630.0 
Leed 339 

Merarry 2.7 
zinc 432 

ABS 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 

0.01 
0.01 
0.01 
0.01 
0.01 

CSW 

Gg9L 

1.46 

14.6 
1.46 

0.0146 
14.6 

NA 
NA 

1.46 

NA 
NA 

0.38 
167,000 
167.W 
167,CCO 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA 

0.02 
0.02 

NA 
0.02 

0.015 
NA 
NA 
NA 
NA 

O.CCOO125 
0.024 

NA 
D.owx45 

0.075 

DAD 

Ei%? 
7.7E-06 

6.6E-06 
9.4E-06 
9.tE-06 

9 1 E-07 

1.2E-05 
2.2E-07 

3.5E-06 
6.6E-06 
1.9E-05 
1.2E-07 
1.4E-10 
3.5E-10 
l.OE-10 

4.2E-07 
2.9E-04 
1.2E-04 
9.4E-07 
1.5E-04 

otal ILCR 

-G 
T 

ILCR 

% Conbtb. 

Total ILCR 

1 lE-05 4.7% 

9.7E-05 40.6% 
1.4E-05 5.6% 
1.3E-07 0.1% 
1.3E-05 5.6% 

5.lE-06 2.1% 
__ 

4.4E-06 
2.3E-05 
5.6E-05 

1.7E-05 

0.0% 
9.5% 

24.2% 
7.3% 

2.4E-04 
A 

100.0% 

Adut Rema 

rcincgens r 
tional u3 

NI 

DAD 
pgl& 

2.4E-06 
1.6E-05 

1.5E-05 

2.2E.05 
2.1 E-05 

2.lE-06 

2.6E-05 
5.OE-07 
6.lE.W 

1.5E-05 
4.5E-05 
2.7E-07 
3.2E.10 
&lE-10 
2.4E-10 

9.6E-07 
6.6E-04 
2.6E-04 
2.2E-06 
3.5E-04 

Total HI 

- 
;er - 

m 

HP 
4.lE.06 

-. 

1.4E-03 
2.5E-05 

7.7E-04 
3.OE.03 

7.6E-02 
2.6E-02 

4.9E-01 
4.7E-03 

6.OE-01 

s 
1. Contttb 

HI 
0.0% 

0.2% 
0.0% 

0.1% 
0.5% 

12.9% 
4.7% 

60.6% 
0.6% 

100.0% 

l- 

C 

DAD 

%Y 
3.4E-06 

3.OE-M 

4.2E-06 
4.OE-C6 

4.OE.07 
5.4E.03 

9.6E-06 

1.6E-06 
3.OE-06 
6.5E06 
5.lE-06 
6.lE-ll 
1.5E-10 
4.7E-11 

1.9E-07 
1.3E-04 
5.3E-05 
4.2E.07 
6.7E-05 

‘otal ILCR 

A 
m 

ILCR 

5.OE-06 

4.3E-05 
6.lE-06 
5.9E-06 

5.9E-06 

2.3~~06 

1.9E-06 
l.OE05 
2.6E-05 
7 BE-06 

-Ll.- 
l.lE-04 

escent Recreational 

4.7% 2.7E-05 

40.6% 2 3E-05 
5.6% 3.3E-05 
0.1% 3.1E-95 
5.6% 3 lE-96 

- 4.2E-95 

- 7.5E-07 
2.1% 12E.05 

__ 2.3E-05 
- 6.6E.05 

0.0% 4.OE-07 
9.5% 4.7E-10 

24.2% 1.2E-09 
7.3% 3.6E-10 

- 1.5E-06 
- l.OE-Q3 
- 4lE-04 
- 3.3E-96 
- 5.2E-04 

1000% Total HI 

ser 

carcinog 

HQ 
6.OE-06 

__ 
. . 

_. 

2 lE-03 

3 7E-05 
. . 

l.lE-03 
4.4E.03 

. . 

._ 

12E-01 
4 2E-02 

7 3E-01 
7.OE-03 
9.OE-01 

L 
fo Contrib 

HI 

0.0% 

0 2% 
0 0% 

0 1% 
0 5% 

12.9% 
4.7% 

60 6% 
0.6% 

100.0% 

NOTES: 
NA - Toxiáty criterion not availabla. 

- Not applicable. 

RECD.WBl 
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SPREADSHEET 17 

RECREATIONAL USERS - CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SEDIMENT IN SWhW 3 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mgIkg/d)= (Cs’lR’CF*FI’EF’ED)WAT) 

ILCR = CDI’CSFo 
HQ = CDl/RfDo 

Pamm&X 
CDI 
ILCR 

CSFO 
Ha 
Fmo 

cs 
IR 

CF 
FI 
EF 

ED 

sw 
ATc 

ATn 

Desuipöon 
Chronic daily intake (mg/kg/d) 
IncrementaI litetime canear risk 

Oral canw slope factor (l/(msn<g/d)) 
Hazard quotient 

Oral mfef’eM;B dese (MgId) 
Concentratlon cd chemical tn soil (mgn<g) 

Ingestion Rate (mgld) 
Cowwsion factor (kg/mg) 

Fraction of soil ingastad from sita 

Exposum Freq~ncy (WI 
Expostre Duraöon (yn) 

Body weight (kg) 
Avaraging time. cardnogans (d) 

Awaging time. noncardnogens (d) 

Adult 
Recreational 

& 
cs 

cs 
cs 
cs 

cs 
cs 
IW 

lE-06 

0.5 
104 

30 
70 

25550 

Adolescant 

Recreational 
User 
cs (Chemical Speciric) 

cs 
cs 
cs 

cs 

cs 
100 

1EJ.X 
0.5 
104 

9 

37 

CS CSFo RfDo 

Adult Recfeational User I Adolescent Recreational User 
Carclnogens I Noncafchmgens 1 Carchcgens I Noncminogens 

CDI 1 1 %Conblb. 1 CDI 1 196Contdb.I CDI 1 1 %Conttib. i CDI 1 1 % Cont!ib. 

NOTES: 

NA - Toxicity aiterton 
- Not applicatde. 

_ Wwk3) WwWd) OwWJ) WWW) ILCR 
O.WOl 150,GQO NA 8.7E-12 1.3E-06 

0.26 4.3 0.005 2.3E.08 9.8E-08 
3.3.4 NA 0.04 3.3E-06 - 
194 NA NA 1.7E-05 - 

Total ILCR 1.4E-06 

Total ILCR (mgn<g/d) HQ HI VwWd) ILCR Total ILCR (mgn<g/d) HQ HI 

93.1% Z.OE-11 - - 5 OE- 7.4E-07 93.1% 3.9E-11 - - 
6.9% 5.3E-08 l.lE-05 5.1% 1.3E-08 5.5E-08 6.9% 1 .OE-07 2.OE-05 5.1% 

7.8E-06 2.OE-04 94.9% 19E-06 - 1.5E-05 3.7E-04 94.9% 

3.9E-05 - - 9.6E-96 - - 7.5E-05 - - 
lW.O% Total HI: 2.1E-04 100.0% Total ILCR: B.OE.07 100.0% Total HI: 3.9E-04 100.0% 

not available 

RECD wB1 



SPREADSHEET 16 
RECREATIONAL USERS - CURRENT SCENARIO 
DERMAL CONTACT WTH SEDIMENT IN SWMU 3 

REASONABLE h!AXIMUM EXPDSURE 

POTENTtAL CARCINDGENIC AND NONCARCINDGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mgn<g/d)= (Cs’CF*A~ABS’A’EF*ED)/(WAT) 

ILCR = CDI’CSM 
HQ = CDI/RfDd 

Adult Adolascant 

Recreationa Recreational 

Parameter 
DAD 

ILCR 

CSFo 
HQ 
RflX 

CS 
CF 
AF 

ABS 
A 
EF 

ED 
Bw 

ATc 
ATn 

DeStiptiO” 
Dermally absorbed dosa (mgncgld) 

Incramental lifetime cantar risk 

Oral cancer slope factor (ll(mgn<gld)) 
Hazard quotient 
Oral raferenca dose (rnglkgld) 
Concantration of chemlcBI in soil (mgn<g) 
Convenion factor (kg/mg) 
Soil lo skin adharenca factor (mg/crn?event) 

Absorption fraction 
Skin surface araa available for contad (cm2) 

Exposura Fraqwncy (d/yr) 
Expooura Duration (yn) 
Bcdy weight (kg) 

Averaging tima, carc.Mgens (d) 
Avaraging tima. non~rcinogens (d) 

User 
cs 
cs 

9 
cs 
cs 

(Chemical Specifc) 

cs cs 
cs cs 
cs cs 
cs cs 

1E-M lE-06 
1 1 

cs cs 
20000 15700 

104 104 
30 9 

70 37 

25550 25550 
10950 3265 

cs CSM RfCd 

Adult Rewaational User I Adoleswnt Rewaational User 

Canincgens l Noncardnogens Carchgens I Noncarcinogens 

DAD I 1 %Conbtb. t DAD i I%Contib.I DAD 1 1 % Contrib. 1 DAD 1 % Cont!ib. 

Parameter (mg) ABS l/(mpncg/d) (mg/kg/d) (mgn<g/d) ILCR Total ILCR (mglkgld) HQ HI (msn<gld) ILCR Tola1 ILCR (mglkgld) HQ HI 

Total HxCDD (237STCDD TEC 0.0001 0.03 167,000 NA l.OE-10 1.7505 30.9% 2.4E-10 - - 4.7E-ll 7.6E-06 30.9% 3.6E-10 - - 

Beryllillm 0.26 0.01 430 0.00005 9.lE-06 3.9E-05 69.1% 2.lE-07 4.2E-03 76 5% 4.OE-06 1.7E-05 69.1% 3.lE-07 6.3E-03 76.5% 

Cower 38.4 0.01 NA 0.024 1.3E-05 - 3.lE-05 1.3E.03 23.5% 6.OE-06 - 4.6E-05 1.9E-03 23.5% 
Laad 194 1 0.01 1 NA NA 1 6.6E.05 - I1.6~-041 - I - 13.0~-051 -- 1 __ 12.3E-04 ( - ( - 

Total ILCR:j 5.6E-05 1 100.0% 1 Total HI:/ 5.5E03 1 100.0% 1 Total ILCR:I 2.5E-05 1 100 0% 1 Total HI:1 6.2E-03 1 100 0% 

NOTES: 
NA - Toxicity cr¡taW~n not available. 

- No1 applicabla. 
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SPREADSHEET 19 

RECREATIONAL USERS - CURRENT SCENARIO 

ACCIDENTAL INGESTION OF SEDIMENT IN SWMU 7 

REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 

NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CW (mgnCgld)= (Cs.l~CF.Ft’E~ED)/(S~AT) 
ILCR = CDI’CSFo 

HCl = CDI/RiW 

Adult Adolescent 

Recmstional Recmational 

Parameter 

CDI 

ILCR 
CSFo 

HQ 
Fmo 

Ct 
IR 

CF 
FI 

EF 

ED 

sw 
ATc 

ATn 

Desaiption 
Chmnic daily intake (mgngld) 

IncrementaI lifeöme cantar dsk 
Oral canca slope factor (l/(“?gIkgld)) 
Hazati quotient 

Oral mfemnw dose (mg/kg/d) 

Carcentratlon of chemica In soll (mg/kg) 

Ingestlon Rate (mgld) 
ConMKsim fadof (kghng) 
Fractio” of soil ingested fron~ site 

Exposum Fregwncy (dlyr) 

Exposum DwaUon (yn) 

Body weight (kg) 
Averaging time. carcinogens (d) 
Avemging time. noncarcinogens (d) 

USW USW 
cs cs (Chemical SpecMc) 

cs cs 
cs cs 
cs cs 
cs cs 
cs cs 
loo 100 

lE-06 lE-06 

0.5 0.5 
104 104 

30 9 

70 37 
25550 25550 

10950 3295 

NOTES: 
NA - Toxicky criterio” “ot available. 

- Not applicable. 
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SPREADSHEET 20 

RECREATIONAL USERS - CURRENT SCENARIO 
DERMAL CONTACT WTH SEDIMENT IN SWMU 7 

REASONAELE MAXIMUM EXPOSURE 

POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

DAD (msn<g/d)= (Cs’CF’AF’ABS’A’EF^ED)/(SWAT) 

ILCR = CDI’CSM 
HC! = CDIiRfDd 

Adult Adolescent 

Recreationa Recreational 
Parameter 
DAD 

ILCR 
CSFo 

HQ 
Rfcm 

CS 

CF 
AF 

ABS 
A 

EF 

ED 
Bw 

ATC 

Dwmally absorbed dose (mgn<g/d) 

tncrementat lifetime cancer risk 

Oral cancer slope factor (I/(mgIkgld)) 
Hazard quotient 

Oral referenw dose (mOn(g/d) 
CMlcentration of chemical in soil (mgn<g) 

Conversion factor (kghng) 

Soil to skln adhereme factor (mg/cmZ-went) 
Absarpüon fracüon 
Skin surf&ze area available for contact (cm2) 

Exposure Frequency (d/yr) 

E.qmstm Dwaöon (yrs) 

Body weigw (W 
Awaging time. canincgens (d) 
Avemging time, noncatinogens (d) 

USW 
cs 

cs 
cs 
cs 
cs 
cs 

lE-06 

1 

cs 
2cwl 

104 

30 
70 

10950 

USW 
cs (Chcmical Specific) 

cs 
cs 
cs 
cs 
cs 

lE-06 

cs 
15700 

104 

9 
37 

25550 
3285 

ca CSFd RfDd 

Adutt Reaeatkmal User I Adolescent Recreaöonal User 

Caninogens I Noncarcinogens Carcincgens l Noncartincgens 
DAD i 1 %ConMb. 1 DAD 1 1 %Contrib. 1 DAD 1 I%Conbib. 1 DAD 1 1% Contib. 

Psrameter (mwW ABS WWW4 owW4 WaWQ ILCR Total ILCR (mgnCg/d) HQ HI (mg&g/d) ILCR Total ILCR (mglkg/d) HQ HI 

mowpyrem 0.15 0.1 14.8 NA 5.2E.07 7.6E.W 30.6% 1.2E-06 - - 2.3E-07 3.4E-06 30.6% 1.8E-M - - 

cw- 0.47 0.1 0.0146 NA 1.6E-06 2.4E-08 0.1% 3.8EJ.X - - 7.3E-07 l.lE-OB 0.1% 5.7E46 - - 
Al-SB(liC 9.8 0.032 1.58 O.ocO28 l.lE-05 1.7E-05 69.3% 2.6E-05 9.lE-02 100.0% 4.9E-06 7.7E.06 69.3% 3.8E-05 1.4E-01 lW.O% 

Total ILCR: 2.5E-05 1 WOK Total Hl. 9.lE-02 100.0% Total ILCR: l.lE-05 lW.O% Total HI: 1.4E-01 lW.O% 

NOTES: 
NA - Toxicity criterion not available. 
- Nd ap@icable. 
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SPREADSHEET21 

RECREATIONAL USERS -CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SEDIMENT IN SWMU f 1 

REASONABLE MAXIMUM EXPCSURE 

PDTENTIAL CARCINDGENIC AND NONCARCINDGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

CDI (mg&g/d)= (Cs’l~C~Fl.E~ED)/(B\I\PAT) 
ILCR = CDI’CSFo 

HQ = CDI/RfDo 

Parameter 

COI 

ILCR 
CSFO 
HO 
RfDo 

CS 
IR 

CF 
FI 
EF 

ED 

Bw 
ATc 

r 

l--- Parameter 

Acenaphhylene 

Benzqa)anthracene 

Benzo(b)fluoranthane 
Benzo(k)ftuoanthene 

Dibenzo(a.h)anthracene 

Indeno(l.2.3cd)pyrene 

/ 

Descrtpkon 
Chronic daily intake (mg!kg/d) 

IncrementaI lifetlme cancer rtsk 
Oral cancer slope factor (ll(mgfkgl4)) 
Haz& quoöent 

Oral refarence dose (mg&gld) 
Concentration of chemical in soil (mg/kg) 

Ingestion Rate (mgI4) 
Conversion factor (kg/mg) 
Ffackon 01 soil ingested fmm sita 
Expwxe Frequency (dlyr) 

Exposure Duration (yn) 

Bdy weight (kg) 
Averaging time. catinogens (d) 
Avemging time, noncatincgens (4) 

cs CSFo 

(mghg) W-wmW 
1.8 NA 

2.2 NA 
3.7 0.73 

23 7.3 
24 0.73 

21 0.073 
10 0 0073 

4.2 7.3 

0.66 NA 

10 0.73 
6 NA 

13.2 1.5 

194 NA 

T 

RfDo 

mgncglc 
0.04 

0.3 
NA 
NA 
NA 
NA 

NA 

NA 
0.04 

NA 
0.03 

0.0003 
NA 

Adult Adolescent 
Recreatlonal Recreational 

USer USer 
cs cs (Chemical Specific) 

cs cs 
cs cs 
cs cs 

cs cs 
cs cs 
1M) 100 

lE-06 1 E-06 
0.5 0.5 
104 104 
30 9 

70 37 

25550 25560 
10950 3285 

Adult Reweationat User 

CDI 

&+@ 
1.6E-07 

1.9E-07 
3.2E-07 
2.OE-08 
2.1E-06 

1.8E-06 
6.7E-07 

3.7E-07 
5.8E-08 

8.7E-07 
5.2E-07 
1.2E-06 

1.7E-05 
otal ILCR 

archgens 

ILCR 

2.4E-07 
1.5E-05 
1.5E-06 
1.3E-07 

6.4E-09 

2.7E-06 

6.4E-07 

1.7E-06 

A 
2.2E-05 

!ns 
I Contrtb 

HI 

0.1% 
0.0% 

CDI 

VWWd) 
8.9E-08 
l.lE-07 
1.8E-97 

l.lE-06 
1.2E-06 
1 .OE.O6 
5.OE-07 

2.lE-07 

3.3E-08 
5.OE-07 
3.OE-07 
6.5E-07 

9.6E-06 

Total ILCR 

A 
atdnogc 

ILCR 

1.3E-07 
8 3E-06 
8.7E-07 
7.6E-08 

3.6E-09 

1.5E-06 

3.6E-07 

9.8E-07 

A 
1.2E-05 

¿G - escent Rc 

6 Contrib. 
‘otal ILCR 

1.1% 
67.8% 
7.1% 
0.6% 

0.0% 

12.4% 

2.9% 

8.0% 

A 
100.0% 

rational ü 
Ñ; 

CDI T 
mg/kg/d !- 
6.9E-07 
8.5E07 
1.4E-06 

8.9E-06 
9.2E-06 
8.1 E-06 

3.9E-06 

1.6E-06 
2.5E-07 
3.9E-06 

2.3E66 
5.1 E-06 

7.5E-05 

Total HI 

ser 
marcino t 

s 

HQ 
1.7E.05 
2.8E-06 

._ 

I 

6.4E-08 

7.7E-05 
1.7E.02 

A 
1.7E-02 

,“S 

1. Conbib 
HI 

0.1% 

0.0% 

_- 

0.0% 

0.5% 
99.4% 

A 
103.0% 

NOTES: 
NA - Toxictty aitelion not avaitable. 
- Not app4icaMe. 
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SPREADSHEET 22 

RECREATIONAL USERS - CURRENT SCENARIO 
DERMAL CONTACT WlTH SEDIMENT IN SWMU ll 

REASONABLE MAXIMUM EXPOSURE 

POTENTIAL CARCINCGENIC AND NONCARCINOGENIC RISKS 
NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

DAD (mgn<g/d)= (Cs*CF*WABSA*EF*ED)/(BWAT) 

ILCR = CDI’CSM 
HQ = CDIIRfDd 

Adult Adolescant 
Recreational Racreational 

&r 
cs 

Parameter 

DAD 
ILCR 

CSFo 
HO 
RfDU 

C.S 
CF 
AF 

ABS 
A 

Desuiption 
Dermally absorbed dose (mgn<gId) 
IncrementaI tttatime cancer risk 

Oral cancer slope factor (l/(mgn<gld)) 
Hazard quotient 

Oral referenca dose (mglkgld) 

Concentration of chemical in soil (mgncg) 
Convardon factor (kg/mg) 

Soil to skin adherente factor (mg/cm2-event) 

Absorption fraction 
Skin surface area available for wntact (cm2) 

cs cs 
cs cs 
cs cs 
cs cs 
cs cs 

lE-06 lE-06 

1 1 

cs cs 
20000 15700 

EF 

EO 
Bw 

ATc 
ATn 

Exposure Frequency (d/yr) 
Ex.pcmm Duration (yrs) 
Bcdy weight (kg) 

Aiwaging time, carcinogens (d) 
Averaging time. noncarctnogens (d) 

104 
30 

70 
25550 

10950 

104 

9 
37 

25550 
3265 

Adult Recreational User 

ABS 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.032 
0.01 

l- -r lational t 

NC 
DAD 

FE2 

2.7E-05 
4.5EJJ5 

2.6E-04 
2.9E-04 

2.5E-04 

1.2E-04 
5.1 E-05 
6.OE-06 

1.2E-04 
7.3E-05 

5.1E-05 
2.3E-04 
Total HI 

1 er 
zarchg 

HQ 
l.lE-03 
4.4E-05 

-_ 
__ 

__ 

4.0E-04 
__ 

4.6E-03 
1 EE.01 

A 
1.9E-01 

Adolescant Rec 
+ Earcinog 

HQ 
7.3E-04 
3.0E-05 

2.7E-04 

3.3E.03 
1.2E-01 

GE 

1 
I COrltdb 

HI 
0.6% 

0.0% 
__ 

0.2% 

2.6% 

96.6% 

A 
100.0% 

k Contfib. 

r0tai ILCR ILCR 1 

6.4E-X 1.2% 

5 2E.04 72.7% 

5.4E-05 76% 

4.6EJX 0.7% 

2.3E-07 0.0% 
9.5E-05 13.3% 

2.3E-05 3.2% 

1 OE. 

--IL- 
7.2E.04 

1.4% 

& 
100.0% 

L 
b contlit 

HI 
06% 

0.0% 

0 2% 

2.6% 
96.6% 

-z-- 
100.0% 

( 
DAD 

L!!s!mL 
6.3E-06 
7.7E.06 

1.3E-05 
6.OE-05 
6.4E-05 

7.3E-05 

3.5E-05 
1.5E-05 
2.3E-06 

3.5E-05 
2.1 E.05 
1.5E-05 
6.6E-05 

‘otal ILCR 

Ci”oge”S 

ILCR 

1.9E-05 

1.2E.03 
1.2E-04 
l.lE-05 

5.1E-07 

2.1 E-04 

5.lE-05 

2.3E-05 

& 
1.6E-03 

ti; 
DAD 

%iE?- 

3.4E-06 

5.6E-06 
3.6E-05 
3.7E-05 

3.3E-05 

1.6E-05 
6.5E-06 
1 .OE-06 

1.6E-05 
9.3E-06 

6.6E-06 
3.OE-05 

Total ILCR 

cs 
m 

1.6 

2.2 
3.7 

23 
24 

21 
10 

4.2 
0.6-S 

10 
6 

13.2 

194 

RM 

!!&F 
0.02 
0.6 

NA 
NA 
NA 

NA 

NA 
NA 

0.02 
NA 

0.015 
MQO26 

NA 

CSFd 
l(mgfkgld: 

NA 
NA 

1.46 
14.6 

1.46 
0.146 

0.0146 
14.6 

NA 
1.46 
NA 

1.56 
NA 

1. 

Benzqa)anfh-acene 

Ber!zqb)tluoranthene 

Benzo(k)tluoranthene 

Dibenzo(a.h)anthracen 

Indano(l.2.3x.d)pyrene 

1.6E-05 

1.2% 3.OE-05 
72.7% 1.9E-04 

7.6% 2.OE-04 
0.7% 1.7E-04 

0.0% 6.lE-05 
13.3% 3.4E-05 

5.4E-M 
3.2% 6.1E-05 

4.9E-05 
1.4% 3.4E-05 

NOTES: 
NA - Toxtcity crtlarton not available 
- Not appllcable. 
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ATTACHMENT 7 
DIOXIN OCCURRENCE AT NSRR 



U.S.NAVAL STATION ROOSEVELT ROADS 
DIOXIN DETECTIONS IN SOIL 

Site ID 1 Sample Date 1 Depth (ft)] Analyte 1 Conc. 1 Units IQualifier 
I I I I I I 

I 13sso5 I 10124/95 I 0.5 Total HxCDD I 1 O.l8iua/ka IJ 1 

13sso5 1 10/24/95 1 O.SITotal HxCDF 1 0.8(ug/kg IJ I 
13SSOfi I 10/24/95 1 Cl SITotal HxCDF 1 O.OSlua/ka .----- 

13SSO6 
13SS06D 

. -. - . . - - 

10/24/95 I 
_.- -_-. . . . . - - , ----,--a---y J 
O.SITotal PeCDF I 0.22lua/ka J 

J 
-.- - - , - --~- - 

I 
113SS06~ I 

10/24/95 1 OITotal HxCDF 0.15 uglkg , 
10/24/95 I OiTotal PeCDF 0.11 ua/ka IJ 1 

113SSO7D 1 10/24/95 I O.SiTotal HxCDD I O.O07lu$ki IJ 
13SS08D 10124195 
13SSO8D 10/24/95 
IMWOI 10129196 

0 Total HxCDD 0.17 u;/kg J 
0 Total HxCDF 0.41 ug/kg J 
5 Total PeCDF 0.09 ua/ka J I 

1lMW05 1 
I I I I I 

9118197 1 ll ITotal HxCDF 1 0.14luålkå IJ I 
1 SB03 
1 SB03 
1 SD01 
íSD01 

10124196 7 Total HxCDF 0.17 ug/kg J 
10/24/96 7 Total HxCDD 0.3 ug/kg J 
10/22/96 0 Total HxCDF 0.31 ug/kg J 
10/22/96 0 Total HxCDD 0.64 ua/ka J I 

tlSD02 1 10/22/96 1 OITotal HxCDF I 2.2iuã/kå IJ I 
1 SD02 
1 SD02 
lSD02 
1 SSO6 
2SBO3 

10122196 0 Total PeCDF 0.34 uglkg J 
10/22/96 0 Total PeCDF 0.13 uglkg J 
10122196 0 Total HxCDD 2.4 uglkg J 
1 0/10/96 0 Total HxCDF 0.13 uglkg JS 

1018196 0 Total HxCDF 0.17 ua/ka J 
2SBO3 10/8/96 0 Total HxCDD 0.37 u;lk; J 
2SBO4 1 l/l 0/96 5 Total PeCDF 0.28 ualka JS 
2SB04 1 VIO/96 
2SBO5 11/10/96 
2SD03 10/31/95 
2SD03 10/31/95 
31 SSO2 10/31/95 

5 Total HxCDD 0.21 u$kij JS 
4 Total PeCDF 0.07 uglkg JS 

0.5 Total HxCDD 2.5 uglkg 
0.5 Total HxCDF 0.91 ug/kg J 
0.5 Total HxCDF 0.06 ucr/ka J 

31sso4 
31 SSO4 
3lSSO4 
3lSSO4 

10/31/95 0.5 Total HxCDD 12 ug/kg 
1013 Il95 0.5 Total HxCDF 43 uglkg 
10/31/95 0.5 Total PeCDD 0.74 uglkg J 
10/31/95 0.5 Total PeCDF 3.1 ua/ka 

131ss04 I 
I I I 

10/31/951 0.5ITotal TCDF I O.l7lu$kã IJ 1 
31 SSO5 
3lSSO5 

9124197 1 
9124197 I 

O.SITotal HxCDD 
0.5ITotal HxCDF 

1.5 u;/kg IJ 
3.3 ua/ka I I 

13lSSO5 I 
1 I ” ~CI , 

9124197 I O.SITotal PeCDF 1 0.52lua/ka IJ I 
31 SSO6 9124197 
31 SSO6 9124197 
31 SSO6 9124197 
31 SSO6 9124197 
31 SSO7 9124197 1 
3lSSO7 9124197 I 

0.5 Total HxCDD 
0.5 Total HxCDF 
0.5 Total PeCDF 
0.5 Total TCDF 
O.SITotal HxCDD 
O.SITotal HxCDF 

0.58 uglkg J 
1.7 uglkg 

0.69 uglkg J 
0.15 ua/ka 

I 
J 

1.4 u;/k; IJ 
1.8 ua/ka I 

31 SSO7 
31 SSO8 

9124197 0.5 Total PeCDF 1.1 u;/k; 
9124197 0.5 Total HxCDD 0.16 uglkg J 
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U.S.NAVAL STATION ROOSEVELT ROADS 
DIOXIN DETECTIONS IN SOIL 

1 Site ID 1 Samnle Date 1 Denth rft1l Analvte 1 Conc. 1 Units 1Qualifler 1 

31 SSO8 9124197 
31 SSO8 9124197 
3ISSO8 9124197 

3ISSIl 9124197 
3lSSl2 9124197 
3lSSl2D 9124197 

0.5 Total HxCDF 0.4 uglkg J 
0.5 Total PeCDF 0.29 uglkg J 
0.5 Total TCDF 0 04 unlkn .I 

0.5 Total Pt- - ~. a- -1 
0.5 Total HxCDF 0.1 uglk! 
0.5 Total HxCDD 0.3 ualkc 

‘““‘1 
I 

t3ISSl2D 1 
I I I 1-e sil ,- 

9124197 I O.SlTotal HxCDF I 0.67lualka IJ I 
I 

3SDI5 1 10128195 0.5 Total HxCDD 1 1 u;lk; J 
3119196 0.5 Total HxCDD 1 0 75 unlkn .I 

3119196 0 Total H 

16SSOl 
I 3119196 0.5TotalH ~~~ , . ..-... ~ . . . . 
I 3119196 0.5 Total HxCDF I 0.23lualkc 

IGSSOID 1 3119196 1 
I I LI IJ 

O.SITotal HxCDD I 0.74luålka IJ 
L ,vrr , 

6--- SSOID .- 1 3119196 1 0.5 Total HxCDF _.--. 1 n 17llmlkn -. . . -J”‘J 1.1 - 
ACSS02 IOl25l95 1 0.5 Total .-.. H .xCDF 2 uglkg 

ACSS02 10125195 0.5 Total PeCDF 2.4 uglkg 
ACSS02 IOl25l95 0.5 Total TCDF 1 ualka J 
ACSS03 
BGMW03 

lOl25l95 
4112196 

0.5 Total HxCDF 
7 Total HxCDD 

0.14 u;lk; J 
0.31 uglkg J 

Page 2 



U.S.NAVAL STATION ROOSEVELT ROADS 
DIOXIN DETECTIONS IN SEDIMENTS 

2SDO3 10/31/95 0.5 Total HxCDD 2.5 u;lk; 

2SD03 10/31/95 0.5 Total HxCDF 0.91 uglkg J 

3SD15 10128195 0.5 Total HxCDD 1 ua/ka J 
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ATTACHMENT 8 
SOURCE OF DIOXIN REFERENCE 



January 23,1984 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 
(TCDD, “dioxin”) - 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Public Health Service 
Centen for Disease Control 
National Institute for Occupetional Safety and Health . 



DISCLAIMER 

Mention of the name of any company or product 
does not constítute endorsement by the 
Natíonal Instítute for Occupatíonal Safety and 
Health. 

DHHS (NIOSH) Pubiication No. 84-104 



FOREUORD 

Current Intelligence Bulletins are reports issued by the National Institute 
for Occupational Safety and Health (NIOSH), Centers for Disease Control, 
Atlanta, Georgia, for the purpose of disseminating new scientific 
information about occupational hazards. A Current Lntelligence Bulletin may 
draw attention to a hazard previously unrecognized or may report new data 
suggesting that a known hazard is either more or less dangerous than was 
previously thought. 

Current Intelligence Bulletins are prepared by the staff of the Division of 
Standards Development and Technology Transfer, NIOSH, (Robert A. Taft 
Laboratories, 4676 Columbia Parkway, Cincinnati, Ohio, 45226) and are 
distributed to representatives of organized labor, industry, public health 
agencies, academic institutions, and public interest groups as well as to 
those federal agencies, such as the Department of Labor, which have 
responsibilities for protecting the health of workers. It is our intention 
that anyone with the need to know should have ready access to the 
information contained in these documents; we welcome suggestions concerning 
their content, style, and distribution. 

Because of the recent attention given to human exposure to 
2,3,7,8-tetrachlorodibenzo-E-dioxin (TCDD, “dioxin”) contaminated materials 
and published reports on the toxicity of TCDD, NIOSH staff consider it 
necessary to present a review of the pertinent data and a summary of 
findings related to the human hazard potential of TCDD. Because of the 
compression in this bulletin of the voluminous literature on TCDD, it is 
suggested that readers wanting to know more of the details of the reported 
studies consult the appended referentes. 

Kssistant Surgeon General 
Director, National Institute for 

Occupational Safety and Health 
Centers for Disease Control 
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ABSTBACT 

In animals, 2,3,7,8-tetrachlorodíbenzo-p--dioxin (TCDD, "dioxin") causes 
various systemic effects at a wide range of exposure concentrations, 
including tumorigenesis, immunological dysfunction, and teratogenesis. 
Studies of humans exposed to TCDD-contaminated materials suggest that TCDD 
is the cause of observed chloracne, metabolic disorders (porphyria), and 
other systemic problems and are suggestive of TCDD's ability to cause cancer. 

TCDD occurs as a contaminant of materials such as 2,4,5-trichlorophenol 
(TCP), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), and 
2-(2,4,5-trichlorophenoxy)propionic acid (silvex). Occupational exposure 
may occur through contact with these materials during use or from the past 
cantamination of worksites. 

The National Institute for Occupational Safety and Health (NIOSH) recommends 
that TCDD be regarded as a potential occupational carcinogen, that 
occupational exposure to TCDD be controlled to the fullest extent feasible, 
and that decontamination measures be used 'for TCDD-contaminated work 
environments. This recommendation is based on a number of reliable studies 
demonstrating TCDD carcinogenicity in rats and mice. 

BACKGROUND 

Physical and Chemical Properties of 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
(TCDD) 

TCDD is one of a family of isomers known chemically as dibenzo-p--dioxins. 
The chemical and physical properties are summarized ín Table 1. TCDD is a 
colorless crystalline solid at room temperature. It is sparingly soluble in 
most organic solvents and essentially insoluble in water. TCDD is stable to 
heat, acids, and alkali and will decompose when exposed to ultraviolet 
light, including sunlight [ll. 
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TABLE 1 

CHEMICAL AND PHYSICAL PROPERTIES OF TCDD [2,3] 

CAS Registry No.: 1746-01-6 

Empirical formula 

Percent by weight C 44.7 
0 9.95 
H 1.25 
Cl 44.1 

Molecular weight 

Vapor Pressure mm Hg at 25OC 

Melting point, OC 

Decomposition temperatute, OC 

Solubilities, g/liter 
o-Dichlorobenzene 
Chlorobenzene 
Benzene 
Chloroform 
n-Octano1 
Methanol 
Acetone 
Water 

322 

1.7 x 10'6 

305 

>700 

1.4 
0.72 
0.57 
0.37 
0.05 
0.01 
0.11 

2 x 10-7 

Formation and Use of TCDD 

TCDD forms as a stable by-product or contaminant during the production of 
TCP. Run-away reactions at high temperature, ín which excess TCDD was 
produced, have occurred at TCP production sites in the United States and 
elsewhere [4]. Normally, TCDD persista as a contaminant in TCP in 
relatively small, variable amounts (0.07-6.2 mg/kg) [SI. TCP has beca 
utilized primarily as a feedstock for production of the phenoxy herbicides 
2,4,5-T and silvex, resulting in the contamination of these products with 
TCDD. Production of 2,4,5-T and silvex ceased in the United States in 
1979. However, stockpiles of both producta are still being distributed and 
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used. TCP also is used in the production of hexachlorophene, a bactericide 
and fungicide. 

The combustion of 2,4,5-T can result in ita conversion to small amounts 
(0.6 ppt TCDD/l ppm 2,4,5-T burned) of TCDD. Also, the burning or heating 
of commercial and purified chlorophenates and pyrolysis of polychlorinated 
biphenyls (PCBs) contaminated with trichlorobenzenea have resulted in the 
production of TCDD [6,7]. The formation of TCDD from trace chemical 
reactions in fires has been postulated but has not been verified [8,91. 

Existing Regulations and Cuides 

No occupatíonal exposure standard exists for TCDD. The United States 
Environmental Protection Agency (U.S. EPA) temporarily suspended or banned 
most uses of 2,4,5-T and silvex in 1979, although their use was allowed on 
sugarcane, orchards and for miscellaneous non-crep uses (101. On October 
18, 1983 EPA published its intent to cancel registration of pesticide 
products containing 2,4,5-T and silvex and to prohibit the transfer, 
distribution, sale or importation of any unregistered pesticide product 
containing 2,4,5-T or silvex or their derivatives [ll]. 

Na ture of Occupational Exposure ta TCDD 

It ís not possible to estimate accurately the number of U.S. workers 
currently at risk of exposure to TCDD. Occupational exposure to TCDD may 
occur during production of TCP; in decontamination of worksites from prior 
production or use of TCP, 2,4,5-T, or silvex; from waste materials (such as 
reclaimed oíl) contaminated with TCDD; or from cleanup after fires in 
transformers containing polychlorinated aromatics. 

Dust or soil particles contaminated with TCDD can remain airborne or 
accumulate on indoor or outdoor work surfaces and may present a potential 
exposure hazard. Exposure to TCDD as a vapor will normally be negligible 
because of its low vapor pressure. Contact with TCDD-contaminated liquids 
is possible through the handling of drums or tanks containing the liquid or 
through dispersion of the liquid. 
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TOXICITY 

Results of Studies of TCDD ín Animals 

Acute and Chronic Toxicity 

There is wide variation ín the dosage of TCDD required to cause death among 
anima 1 species (oral LD50 0.6-5,000 1.18 TCDD/kg body weight (bu)) 
[12,131. Progressive weight Loss with death severa1 weeks Later ís reported 
to characterize the response ín experimental animals af ter adminis tration of 
a Lethal dosage of TCDD [12,14,15]. Anímals given single or repea ted oral 
dosages of TCDD of 0.1 to 25 pg/kg bu demons trated increased liver weights 
and Lipid accumulation, thymic a trophy, and histopathological changes in 
Liver and thymus [L2,16-181. 

TCDD is reported to be a t Leas t three times more potent than any other known 
compound in stimulating production of aminolevulínic acid synthetase (ALA), 
the ra te- 1 imi ting enzyme in porphyrin and heme synthesis [19,20]. Varied 
ef fec ts on hema tologícal functions have been reported ín ra ts and míce dosed 
with TCDD: increased numbers of erythrocytes and Leucocytes, increased 
hemoglobin concentration, decreased blood platelets in rats [21,221, and 
decreased hemoglobin concentration in mice [23]. 

Ef f ec ts on Reproduc tive Func tion 

TCDD adminís tered a t dosages of 0.125-3.0 vg TCDD/g bu to mice and rats 
induced feto toxíci ty that included cleft palates and kidney anomalíes 
[24-261, intes tina1 hemorrhages and excessive tissuelorgan fluid (edema), 
and prenatal mortality [27,28]. 

Impairment of reproduction has been reported for rats ingesting 0.01 clg 
TCDD/kg bw/day. Significant decreased fertilíty, litter sise, number of 
pups alive at birth, postnatal survival, and postnatal body weight of pups 
were evídent ín two successive generations delivered from male and female 
ra ts tha t inges ted TCDD 90 days prior to first ma tíng, during pregnancies, 
and for the dura tions of time between pregnancies [291. No sígnif icant 
dose-related reproductive effects were observed ín male mice treated wíth up 
to 2.4 vg TCDD/kg bw/day and mated with untreated female mice 130,311. 

ImmunoLogical Effects 

TCDD induced immunological function alterations, expressed by decreased 
thymus- to-body weight ra tíos, ín nursing newborn rats exposed through dosing 
of the Lac ta ting mother (321. 0 ther reports have shown tha t pre- and 
post-natal maternal dosing of ra ts and mice with TCDD caused thymic atrophy 
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and suppression of ceLLuLar immunity in the offspring [331. TCDD 
administered intraperitoneally or 0raLLy to mice induced a strong 
immunosuppressive effect on antibody production and ceLL-acquired immune 
responses (341. 

Mutagenic Effects 

Results of mutagenicity tests are inconclusive. In two studies TCDD was 
mutagenic in Salmonella typhimurium TA 1532 without activation [35,36]. In 
another study, which used a more sensitive mutant strain, SaLmoneLLa 
typhimurium TA 1537, TCDD was not a mutagen [37]. There is weak evidente of 
chromosomal aberrations in bone marrow of rats given dosages of 0.25 to 
4 vg TCDD/kg bw [38,39]. 

Carcinogenic Effects 

Male rats fed dosages of 0.001 ug TCDD/kg bw/week for 78 weeks and 
sacrificed at week 95 of the study showed a variety of neoplastic tumors 
(ear duct carcinoma; lymphocytic leukemia; kidney adenocarcinoma; malignant 
peritoneal histiocytoma; skin angiosarcoma; hard palate, tongue and nasal 
turbinate carcinoma) 1401. FemaLe rats that had ingested TCDD for two years 
at a dosage of 0.1 ng/kg bw/day developed carcinomas of the liver and 
squamous ce11 carcinomas of the Lung, hard palate, nasal turbinates, or 
tongue [411. Male and female rats orally dosed with 0.5 vg TCDD/kg 
bwfweek for two years demonstrated neoplastic nodules of the liver and 
thyroid adenomas [42]. 

MaLe mice fed dosages of TCDD of 0.05 or 0.5 Ng/kg/week for two years 
developed Liver cancer; female mice fed 0.2 or 2.0 ug/kg/week for the same 
duration developed liver cancer and thyroid foLlicuLar ce11 adenomas 1421. 
TCDD applied to the skin of female mice for two years (0.005 vg/kg 
bw/appLication; 3 days/week) resulted in a significantly higher incidence 
(p=O.O07) of skin cancers (fibrosarcomas) when compared to untreated 
controls. An increase in the same tumor type, although not statistically 
significant (p=O.O84), was also observed in the male mice that received a 
maximum dosage of 0.001 wg TCDD per application [43]. 

Human Health Effects 

The only information on the health effects in humans from exposure to TCDD 
is from clinical or epidemiological studies of populations who were 
occupationally and non-occupationally exposed to 2,4,5-T and TCP 
contaminated with TCDD. Because of the coincidental exposure to 2,4,5-T and 
TCP and to other herbicides as well as to TCDD, ít is not possible to 



attribute the observed health effects solely to TCDD exposure. To date, no 
studies of humans include a quantitation of exposure to TCDD. 

Chloracoe and 0 ther Sys temic Effects 

Chloracne is a chronic and sometimes disfiguring skin eruption caused by 
exposure to ha logena ted aroma tic compounds including TCDD. Chloracne i s 
possibly a result of systemic effects of these compounds, although it also 
may occur as a contact dermatitis [44,45]‘. 

There are numerous cases of chloracne reported following accidental exposure 
to chlorina ted aromatic chemicals which were probably contaminated with TCDD 
[46-481. The most notable recent exposure occurred in Seveso, Italy in 1976 
(491. In mos t incidences of chloracne, there are a variety of signs and 
symp toms ( ranging f rom gas trointes tina 1 dis turbances to me tabolic disorders) 
which accompany the appearance of the skin eruptions and persis t for varying 
Lengths of time [ 50-54 ] . 

Reproduc tive Ef fec ts In Humans 

Reproduc tive ef fec ts resul ting f rom possible human exposure to TCDD are 
inconclusive. Data on male workers who applied agricultura1 sprays of 
2,4,5-T. or who produced TCDD-contaminated materials are consistent with the 
anima 1 data which sugges t no reproductive ef fects in males from TCDD 
exposure [55-571. To date, no s tudy of reproductive effects in women or in 
offspring of males or females with defiaed exposure to TCDD has been 
reported. 

Studies of birth defects in popula tions that may have been exposed 
non-occupa tionally to TCDD have been conducted in Australia where a 
correlation was observed between 2,4,5-T use and seasonal variation in the 
rate of spinal cord and spine formation defects; no causal association could 
be drawn [SS]. In a similar study in Hungary, an increased incidence of 
congeni ta L ma lf arma tions including spine formation defects could not be 
correlated with increased use of 2,4,5-l (591. A s tudy based on incomplete 
fetal tissue samples from the Seveso, Italy population found no mutagenic, 
teta togenic, or fetotoxic effects in 30 interrupted pregnancies and four 
spontaneous abortions in women believed to have been exposed to TCDD [60]. 
A U.S. EPA s tudy f ound a positive relationship between spontaneous abortions 
and 2,4,5-T use in the Alsea, Oregon area [61]. The s tudy , however, has 
been severely criticized because of its numerous Limita tions: inaccura te 
comparisons of the study and control areas; inaccuracies in the collec tion 
of data on spontaneous abortions; incomplete and inaccurate data on 2,4,5-T 
usage; and failure to recognize that the rate df spontaneous abortions was 
not grea ter than would be expected [62]. 
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Studies of Mortality and Carcinogenesis ín Humans 

Findings have been inconclusive in many mortality studies of workers with 
occupational exposure to TCDD-contaminated materials because of the small 
size of the study population and concomitant exposures to other substances. 

No excess mortality or tumor incidence was observed among Swedish railroad 
workers exposed to unknown amounts of 2,4-D, 2,4,5-T, and other herbicides 
but believed to have been exposed primarily to phenoxy acid herbicides for 
at least 45 days (631. In a subsequent analysis of mortality in this group 
of workers, 45 deaths (49 expected) were observed in the total population. 
A significant excess of tumors also was observed among those believed to be 
exposed primarily to Amitrol@ (3-amino-1,2,4-triazole), a suspect 
carcinogen, as well as to phenoxy herbicides. Two cases of stomach cancer 
(0.33 expected) were observed among those exposed primarily to phenoxy 
herbicides [64]. 

Among Swedish forestry workers exposed to phenoxy herbicide preparations, 
supervisors, who had more extensive exposure to herbicides than the other 
forest workers, had a nonsignificant excess of deaths from al1 cancers. 
Mortality associatéd with the presente of tumors was, however, lower than 
expected for the total group of exposed workers [65]. 

In a group of 74 workers involved in an accident during TCP production in 
Germany, 21 deaths occurred during the following 27 years. Seven (7) 
malignant neoplasms vs. 4.2 expected and a significant excess of stomach 
cancer (3 observed VS. 0.61 expected) were observed [66]. 

Severa1 case control studies of cancer patients have yielded data on the 
carcinogenicity of phenoxyacetic herbicides. Two studies were conducted in 
Sweden following a clinical observation of patients with soft tissue sarcoma 
who had previous occupational exposure to the herbicides [67]. The first 
study of 52 cases of soft tissue sarcoma concluded that the sarcoma cases 
were 5.3 times more likely than the 206 controls to have had occupational 
exposure to phenoxyacetic acids (primarily 2,4,5-T and 2,4-D) [68]. The 
second study of 110 cases of soft. tissue sarcomas indicated that this 
population was 6.8 times more likely to have had exposure to phenoxyacetic 
acids than the 219 controls (69). In neither study was it possible to 
demonstrate the relative risk related to exposure to TCDD-contaminated 
2,4,5-T because of the presente of impurities such as chlorinated 
dibenzodioxins and dibenzofurans which were part of the phenoxyacetic 
herbicides. 

In other reports from Sweden, ll of 17 patients with malignant lymphoma 
reported occupational exposures to phenoxyacetic acids or chlorophenols 
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[70]; a case control study with 169 malignant lymphoma cases found a 
significantly higher occupational exposure to phenoxyacetic acids (primariLy 
2,4,5-T, and 2,4-D) associated with the sarcoma cases than did the 338 
controls. Analysis by individual herbicide exposure was not possible [71]. 

Two additional studies conducted in Sweden for colon cancer and nasal and 
nasopharyngeal cancer did not demonstrate an elevated rísk for occupational 
exposure to phenoxyacetic acíds [72,731. 

Among four small groups of U.S. production workers exposed to TCP and 
2,4,5-T a total of 105 deaths were observed 174-76). In these, three deaths 
were attributed to soft tissue sarcoma (43 times the number expected for 
this age group of U.S. white males) 1771. Later, four additional cases were 
reported to have soft tissue sarcomas 178-811. However, a detailed review 
of work records and expert review of pathological tissue specimens have 
shown only two of the seven cases with both confirmed exposure to TCP or 
2,4,5-T and diagnosis of soft tissue sarcoma [82]. 

Suatmary of Toxicity in Animals and Humans 

TCDD causes a variety of systemic and immunologícal effects in animals wíth 
wide variation among species ín the dosage required to cause death. Studíes 
using rats and mice have demonstrated that TCDD is an animal teratogen and 
carcinogen. Results of tests for mutagenicity are inconclusive. 

Humans exposed to materials reported to be coataminated with TCDD have 
developed chloracne and other signs of systemic poisoning. Soft tissue 
sarcoma has been observed in excess among workers exposed to phenoxy 
herbicides. These dats are inconclusive regarding TCDD toxicity in humans 
because the populations studied had mixed exposures making causal 
relatíonships between exposure and effect unclear. The data are, however, 
suggestive of an associatíon between exposure to phenoxyacetic herbicides 
contaminated with TCDD and excess Lymphoma and stomach' cancer. Attempts to 
associate reproductíve effects with TCDD exposure are inconclusive because 
of the inadequately defined populations studied and the difficulties of 
defining exposure. 

RECOHHENDATIONS 

There are severa1 classifications for identifying a substance as a 
carcínogen. Such classifications have been developed by the U.S. National 
Institute of Environmental Health Sciences, Na tional Toxicology Program 
1831, the International Agency for Research on Cancer [84], and OSHA [SS]. 
NIOSH considers the OSHA classification the most appropriate for use in 
identifying carcinogens in the workplace. This classífication is outlined 
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ín 29 CFR l.990.103.* Since TCDD has been shown to carcinogenic in 
experimental studies with rats and mice, and studies are suggestive of an 
association between human exposure to TCDD-contaminated materials and 
carcinogenicity, NIOSH recommends that TCDD be consídered as a potential 
occupational carcinogen and exposure to TCDD in al1 occupational settings 
should be controlled to the fullest extent feasible. While observations to 
date do not confirm a causal relationship between TCDD exposure and soft 
tissue sarcoma, they syggest a need for continued investigations. 

Because of the variety of situations likely to be encountered in 
TCDD-contamínated worksites, it ís not possible to offer in this bulletín 
detailed procedures for assessing exposures or decontamination. Based on 
NIOSH hazard evaluations of TCDD-contaminated sites, the following general 
guidelines are recommended until more specific procedures can be 
186,871. 

developed 

Assessment of Exposure 

Workers may be exposed to TCDD derived from a variety of sources: the 
production of TCP, residues from prior production or use of 2,4,5-T or 
silvex, waste materials contaminated by TCDD, or contamination resulting 
from transformer fires. The first step in assessing workplace contamination 
should be environmental sampling to determine the presente of TCDD 
contamination, keeping in mind the possible routes of exposure, with Later 
sampling conducted to define the quantíty of TCDD ín the environment. The 
assessment may include sampling of soil and settled dust for TCDD, aír 
sampling for TCDD-contaminated particles, and wipe sampling of surfaces 
[86,87]. 

*"'Potential occupational carcinogen' means any substance, or combination or 
mixture of substances, which causes an increased incidence of benign andlor 
malignant neoplasms, or a substantíal decrease ín the Latency period between 
exposure and onset of neoplasms in humans or ín one or more experimental 
mammalian specíes as the result of any oral, respiratory or dermal exposure, 
or any other exposure which results in the inductíon of tumors at a site 
other than the site of administration. This definition also includes any 
substance which is metabolized into one or more potential occupational 
carcinogens by mammals." 
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Decontamina tion and Worker Protection Programs 

In genera 1, decontamination procedures must provide an organized process in 
which levels of contamination are reduced. This requires containment, 
collection, and disposal of contamina ted solutions and residues generated 
during the cleanup. Separa te facili ties should be provided for 
decontamination of Large equipment. 

Each s tage of decontamina tion, such as gr.oss decontamination and repetitive 
wash/rinse cycles, should be conduc ted separa tely , either by using different 
Locations or by spacing in time. Personnel decontamina tion Loca tions used 
should be physically separa ted to prevent cross-contact and should be 
arranged in order of decreasing Leve1 of contamination. Separate entrylexi t 
routes and Locations should be provided for workers when it is necessary to 
isola te them f rom dif ferent contamina tion areas containing incompa tibie 
waste. Entry and exit points to these areas should be weLL marked and 
controlled. Access to the decontamination area should be separa te from the 
pa th between the contamina ted and clean areas. Dressing s ta tions for entry 
should be separate from re-dressing areas for exit. 

Protective Clothing and Equipment 

ALL workers who may be exposed to TCDD should be equipped with adequate 
chemical pro tec tive clothing and equipment to ensure their pro tec tion. In 
the selection of protectlve clothing, consideration should be given to the 
utilization of disposable apparel due to the uncertainty of decontamination 
of clothing. 

The protective apparel should consist of both outer and inner garments. The 
outer garments should consist of a zippered coverall with a ttached hood and 
draw string or elastic sleeves, gloves and closure boots. If exposure is to 
particulate or dust, the coveralls should be made of a non-woven fabric such 
as spunbonded polyethylene, Tyvek@. In cases of exposure to Liquids, the 
coveralls, gloves and boots should be made of chemically resistant materials 
such as disposable Lamina tes, e.g., Sarana- coated Tyvek@, or synthetic 
elastomers such as butyl, nitrile or neoprene rubber. The inner garments 
should consist of cotton coveralls, undershirts, undershorts, gloves, and 
socks and should be disposed of after use. The effectiveness of the 
pro tec tive c Lo thing should be evalua ted under simula ted use condi tions, 
regardless of the type of clothing used. AL1 disposable clothing should be 
placed in marked and approved containers and disposed of appropriately. AL1 
reusable clothing and equipment should be thoroughly cleaned and checked for 
residual contamination before reuse or storage. 
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Respiratory Protectíon 

The use of respiratory protection requires that a respiratory protectíon 
program be ins ti tuted according to the requirements of 29 CFR 1910.134 [88) 
and tha t the respirators have been approved by the Mine Safety and Health 
Admínistration (MSHA) and by NIOSH. This program should include training on 
proper f it tes ting and use and procedures for respírator maíntenance, 
inspec tíon, c leaning and evalua tion. 

For situatíons where TCDD contamínation ís low (e.g., exposure to dust 
contamínated with low levels of TCDD) , air purífying respirators should 
províde sufficient protectíon untíl the extent and characterízatíon of the 
exposure can be de termíned. Where quan ti tíes of ma teríals híghly 
contaminated with TCDD have been released and have contamínated an area 
(e-g., productíon accidents), al1 workers who may be exposed to TCDD should 
wear respírators that consist of a self-contaíned breathíng apparatus with a 
ful1 facepiece operated ín pressure-demand or other posítíve pressure mode. 
An alternate method utilizes a combination Type C supplíed air respirator, 
wi th ful1 facepíece, operated in pressure-demand mode and equipped wí th 
auxiliary posítíve pressure self-contaíned aír supply. 

Pos t-Decontamina ti on Tes ting 

The adequacy of the decontamínation effort should be de termíned by 
conductíng follow-up sampling and analysis of the contamínated areas and 
protec tíve equipment. This testing should be conducted as each area ís 
decontaminated and after the entíre facility has been cleaned. 
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