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RESPONSE TO WDNR COMMENTS-REQUEST FOR TECHNICAL ASSISTANCE 
Derivation of Site-Specific Residual Contaminant Levels for the Fonner DuPont Barksdale Works 

Town of Barksdale, Bayfield County, Wisconsin 
WDNR BRRTS Activity #02- 04- 000156 and 02- 04-550402 

Dear Mr. Saari: 

This letter addresses the eight comments provided by WDNR on January 9, 2009 in response to 
E. I. duPont de Nemours and Company's (DuPont's) October 24, 2008 report titled Derivation 
of Site-Specific Soil Residual Contaminant Levels for the Former DuPont Barksdale Works 
Facility (hereafter referred to as the RCL Report). The format of DuPont' s responses to 
WDNR's comments is a restatement of the agency comments in italics followed by each of 
DuPont's responses in nonnal type. 

WDNR Comment No.1: 

As an overall comment, it is still not clear to me what exactly you are looking for with this 
request. My previous understanding was that you would be seeking approval of SSRCLs for that 
portion of the former DuPont property known as the Southern Area, identified by the WDNR 
BRRTS Activity #02- 04- 550402. Your staff then indicated on our November 20 conference call 
that you are seeking WDNR review and concurrence with the proposed SSRCLs for recreational 
use areas across the entire former DuPont property and not just the Southern Area. Based on 
our previous discussio , · derstanding that the contaminants of concern present in 
the Southern Area a lead and arseni · However, the multiple production and waste disposal 
areas north of Boyd Creek, identified by the WDNR BRRTS Activity #02- 04- 000156, are 
impacted by different contaminants than are found in the Southern Area. The additional 
contaminants present north of Boyd Creek lead to a far more complicated evaluation of risk than 
with the Southern Area alone, as you will see discussed further in the specific comments below. 

p--...:. 
DuPont Response to Comment No.1: D.vt.A 

{IA4' 17' 'i .,1..) ) 

As you know, DuPont is taking a prioritized approach to address issues associated with the ft.,ct"f c ;L4"-

Former Barksdale Works. DuPont has prioritized investigations and response actions to address 

E. I. du Pont de Nemours and Comp any 
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adjacent residential sites first, then locations accessible to the general public, then areas used by 
the current site owner, and finally the former production areas which currently are restricted to 
use by only remediation team personnel. To focus investigation efforts, property formerly 
owned by DuPont was divided into multiple Use Areas. Each of these Use Areas within the site 
security fence where historical site operations are known to have occurred has been designated as 
either a recreational land use area or as a restricted area (e.g., former production areas or waste 
management areas). Additionally, there are areas within the security fence that are generally 
devoid of site-related constituents and that were not historically associated with past 
manufacturing, storage, or waste management activities (i.e., the southern half of the Southern 
Area in Figure 1) that have not yet been designated. Areas outside of the security fence, where 
no historical production, product storage, or waste management activity by DuPont is known to 
have occurred, are designated non-industrial (see Figure 1 attached). 

DuPont submitted the RCL Report to WDNR in order to obtain approval of the methods and data 
used to generate the recreational land use site-specific residual contaminant levels (SSRCLs). 
Since large contiguous areas of recreational-use land exist in portions of the Former Barksdale 
Works north of Boyd Creek, as well as portions of the Southern Area (i.e., property south of 
Boyd Creek), the SSRCLs are intended to be used to evaluate data from all of these recreational 
areas. Once the SSRCLs have been approved, DuPont will incorporate these SSRCLs as part of 
a request for closure for the recreational areas of the former Barksdale Works. To reiterate, the 
subject recreational SSRCLs are intended exclusively for the evaluation of data from the portion 
of the site designated as "Recreational Land Use Area- Exposure Frequency of 60 days per 
year". 

As stated in the RCL Report (p. 1, Section 1.2), the proposed SSRCLs will be used to evaluate 
analytical data from areas of the Former Barksdale Works that are used for recreational purposes 
in order to identify: (1) areas where no further investigation is required, (2) areas suitable for 
closure, or (3) constituents of potential concern (COPCs). In other words, if constituent 
concentrations in a recreational area are above their SSRCLs, then those constituents would be 
evaluated on an area and constituent-specific basis to determine if they are adequately 
characterized, and if the resulting cumulative cancer risks or noncancer hazards for the area are 
greater than the cumulative target risks. If the cumulative target risks are exceeded, then further 
evaluation and/or remediation would be undertaken per NR 722 (Standards for Selecting 
Remedial Actions). 

To state the role ofthe SSRCLs another way, they are used in the first part of a two-step process. 
The first step is to identify individual COPCs within the recreational area by comparing detected 
constituent concentrations to the SSRCLs. The subsequent step (which was not explicitly 
identified in the RCL Report) would be to evaluate all COPCs cumulatively to determine if their 
collective concentrations represent an unacceptable cumulative risk. w.. . ) ;. ;._ , :>" IN ' .) -
It is correct that the only COPCs in the Southern Area are lead and arsenic. The list of 
constituents for which SSRCLs were developed was comprehensive, in that it included any and 
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all potential COPCs at the Former Barksdale Works. The list was broadly defined in order to 
ensure that no constituents in the recreational area were potentially overlooked during the initial 
data evaluation step, described above. 

There are other portions of property within the security fence of the Former Barksdale Works 
(i.e., former production and waste management areas) where COPCs other than arsenic and lead 
are present. Additionally, there are areas within the security fence that are generally devoid of 
site-related constituents and that were not historically associated with past manufacturing, 
storage, or waste management activities (i.e., the southern half of the Southern Area in Figure 1). 
In the future, for these areas, DuPont will use SSRCLs that are consistent with the future land 
use to evaluate constituent concentrations in soil. Then, if/when individual constituent 
concentrations exceed their respective SSRCLs, they will be evaluated cumulatively to determine 
if the target risk goals are achieved or if a remedial action is necessary before a request for 
closure of these areas is submitted to WDNR. 

WDNR Comment No. 2: 

Groundwater Pathway RCLs: As I mentioned during the November 20 conference call, there 
appears to be a major disconnect between your interpretation of the requirements of ch. 160, 
Wis. Stats., and ch. NR 140, Wis. Adm. Code, and how the Department of Natural Resources 
enforces these requirements as they relate to the groundwater pathway. In Section 1.4 
Groundwater Pathway, the report states, "As a result of the municipal water supply system, 
DuPont believes that it is not necessary to establish numeric RCLs for soils to be protective of 
the soil-to-groundwater pathway. " While it is correct that DuPont 's action of supplying 
municipal water to the area has mitigated future human exposure through the drinking water 
route, the groundwater resource itself must be accounted for in the evaluation of soil 
contaminants. It is not permissible for contaminants to leach from soil to groundwater at 
concentrations that will cause existing groundwater contamination to increase in degree or 
extent, regardless of whether receptors are currently being affected. Additionally, it is necessary 
for you to determine groundwater-protective RCLs even if you can not clean up to those levels. 
Specifically, s. NR 720.19(4), Wis. Adm. Code, requires their development, and if the RCLs are 
unattainable, you may opt to select a soil performance standard approach followings. NR 
720.19(2), Wis. Adm. Code. These comments are more applicable to the contamination present 
on the property north of Boyd Creek, but they are included here because, as pointed out 
previously, the report provides SSRCL discussions for that contamination in addition to the 
arsenic and lead found on the Southern Area. 

DuPont Response to Comment No. 2: 

DuPont agrees that a long-term goal for the Former Barksdale Works should be that constituents 
will not remain in soil at levels that will cause existing groundwater contamination to increase in 
degree or extent, and it is encouraging to see that the WDNR shares this as a goal. 
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Based on the results of long-term (since 1997) sampling and analysis of groundwater beneath 
and in the vicinity of the Former Barksdale Works, all indications are that the two plume areas in 
groundwater that have been previously reported to WDNR are stable, at steady state, and not 
increasing in size or concentration. The steady state of these plumes indicates that soil 
conditions are no longer contributing to an increase in the degree or extent of groundwater 
contamination. There are likely a number of factors that have resulted in this situation including: 

• There has been no manufacturing at the Former Barksdale Works since 1971. Thus, 
the potential for additional contaminants to be released to soils, and subsequently to 
groundwater, stopped nearly 38 years ago. 

• Since 1997, over 2,700 pounds of trinitrotoluene (TNT) and dinitrotoluene (DNT), 
have been removed from soil. This total does not include the residual product that 
was removed during decommissioning between 1971 and 1985. Furthermore, 
DuPont intends to continue to manage material encountered in future investigations. 

• Pilot-scale biodegradation studies in areas affected with DNTs have resulted in 
significant decreases in the concentration of this class of constituent within these test 
areas. It is anticipated that this program will be expanded to other areas on the 
Former Barksdale Works, thus further reducing constituents available to potentially 
affect groundwater. 

With these points notwithstanding, groundwater underlying a very large portion of the 
recreational area at the Former Barksdale Works is unaffected by site-related constituents. For 
example, groundwater beneath the Southern Area has been shown to be unaffected from past 
manufacturing or product storage activities. Additionally, the majority of soil within the 
recreational area in the northern portion of the property is generally devoid of constituents at 
concentrations that could be expected to affect groundwater. As such, approval of the SSRCLs 
for the recreational portions of the Former Barksdale Works should not hinge on whether 
concentrations of constituents in other areas (i.e., former production areas) may affect 
groundwater. 

WDNR Comment No.3: 

Direct-Contact RCLs: The key component of your direct-contact (D-C) SSRCL calculations 
involves reducing the standard non-industrial exposure frequency (EF) of 3 50 days per year 
(dlyr) to an alternative exposure frequency of60 dlyr. This single factor alone provided a 
multiplicative factor of nearly 6 (~350/60) times for every RCL calculated value relative to 
standard-assumption RCLs. Even though the EF of 60 dlyr is based on information provided by 
the current property owners regarding their estimated use of the property, it is not acceptable as 
is for several reasons: a) The 60-d/yr use scenario would become a continuing obligation on the 
property under s. 292.12, Wis. Stats., and would apply in perpetuity, not just to the current 
property owners but to any future owners of the property. The point needs to be made very 
clearly to the current property owners that, ifWDNR approves the SSRCLs,future use of the 
whole property would be restricted to the 60-day frequency specified in the SSRCLs, and this 
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restriction would need to be maintained as long as the contaminants remain at the site. 
Implementation of this type of restriction could be very difficult for both the property owners and 
the WDNR, and the only way the use frequency could be changed would be if some type of 
remedial action, such as removal or capping, was implemented. This continuing obligation 
would be spelled out in a final closure letter, and the requirements would run with the property 
as required by s. 29 2.12, Wis. Stats.; b) The 60-d/yr assumption may result in levels that are 
much higher than are now present at the site, higher than some of the most highly-contaminated 
sites in the state, or even higher than what may be physically possible. Site-specific RCLs should 
not be higher than what are currently present at the site, or their approval might theoretically 
allow for additional contaminants to be brought in to the site. 

DuPont Response to Comment No. 3: 

DuPont's intention in using the 60 days/year exposure frequency was to develop SSRCLs that 
are protective ofhuman health in the recreational use areas of the Former Barksdale Works. The 
standard non-industrial exposure frequency of 350 days/year represents a residential exposure 
frequency, which would not be appropriate for the development of recreational land use 
SSRCLs. The clarifying note to NR 720.19(5)(c)(2)(b) states that the WDNR can approve 
alternate exposure assumptions based on consultation with the Department of Health and Social 
Services. 

The 60 days/year exposure frequency used in calculating the SSRCLs proposed in the RCL 
Report reflects the current and potential future recreational land use pattern at the Former 
Barksdale Works, as provided by the current landowner. DuPont and the landowner recognize 
that by including this assumption it would effectively preclude portions of the property 
designated for recreational use from being used more frequently than 60 days/year or for other 
purposes. DuPont is confident that this restriction will remain for the following reasons. First, \ 
the current land use, which includes frequency of use, cannot change without DuPont's written 
approval. Second, if the current land owner chooses to sell the property DuPont has the right to 
first refusal. 

In regards to comment b), the RCL Report (p. 1, Section 1.2) states that the purpose ofthe 
screening criteria are to "evaluate analytical data from the recreational portion of the Former 
Barksdale Works in order to identify areas where no further investigation is required, areas 
suitable for closure, and constituents of potential concern (COPCs)." In other words, if 
concentrations are above the RCLs then they would be evaluated on an area and constituent
specific basis. 

It is common, if not routine, for risk-based screening values to be higher than site-related 
constituent concentrations. Residual contaminant levels are based on the toxicity of the material 
in combination with the exposure scenario. In some cases, this approach can result in seemingly 
excessive concentrations. For example, the default WDNR industrial soil ingestion RCL for 
chromium (III) calculated using the USEPA SSL tool is 1,530,000 mg/kg. Because a 
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concentration of 1,000,000 mg/kg represents 100%, it is not physically possible to have more 
than 1,000,000 mg/kg of a substance in soil. Thus, based on the current USEP A toxicity value 
and standard industrial exposure assumptions, chromium III could be present in soil at essentially 
any concentration without posing an unacceptable risk to human health based on an industrial 
exposure scenario. 

The comment suggests that approval ofSSRCLs above the current Former Barksdale Works 
conditions could serve as a basis for using the property for disposal purposes. DuPont strongly 
rejects the notion that the company has any intention of increasing the contamination present at 
the Former Barksdale Works. Since 1997 DuPont has spent considerable resources conducting 
the following actions at the Former Barksdale Works: 

• Supplying drinking water to residents surrounding the Former Barksdale Works by 
constructing nearly 10 miles of municipal pipeline; 

• Undertaking numerous phases of investigation to understand the nature and 
distribution of constituents in soil and groundwater from over 2,200 sampling points; 

• Identifying, removing, and disposing of approximately 2, 700 pounds of solid residual 
TNT and DNT present in soil; 

• Researching and testing remedial technologies, and; 

• Improving wildlife habitat. 

The net effect of these actions has been an improved understanding of conditions at the Former 
Barksdale Works, the implementation of actions directly aimed at the protection of people and 
the environment, and plans to continue the furtherance of both of these activities. DuPont has no 
intention of bringing additional contaminants to the Former Barksdale Works. To do so would 
be counterproductive to our previous efforts and would be in direct opposition to our core values. 
The purpose ofSSRCLs is to evaluate constituent concentrations in soil at the Former Barksdale 
Works. It is this productive purpose for which they will be used. 

WDNR Comment No.4: 

Site-Specific Exposure Factors (Table 3-2, 3-3, & 3-4): Please clearly define acronyms, 
reference sources, supporting documentation, and calculations of all exposure factors used in 
these tables. For example, for the "Skin Surface Area" of 1, 727 cm2

, we were unable to 
reconstruct this value using the US. EPA reference in the footnote. Also, the "soil-to-skin 
adherence factor" of 0. 07 is listed in the draft document as the default residential value from the 
same EPA reference. However, after attempting to locate the specific source table it is implied 
this value is for "residential adult gardeners" on Exhibit 3-3, page 3-15. Please be explicit for 
such sources. It should be noted also that the "fraction from contaminated source" is an 
atypical exposure factor and, while the value appears to be a moot issue in deriving RCLs for 
this document, the value is listed with an improper unit (either afraction of 1.0 or 100 percent). 
And finally, for Table 3-4, please cite the source of the default dermal absorption factor of0.9. 
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DuPont Response to Comment No.4: 

Comment noted. 

NR 720 does not specifically include the dermal exposure pathway in the derivation of RCLs. 
DuPont chose to include this exposure pathway because the nitroaromatic compounds present at 
the Former Barksdale Works are known to absorb across the skin. The inclusion of the dermal 
absorption exposure pathway resulted in lower (i.e. more protective) SSRCLs than if just the 
default exposure pathways of soil ingestion and inhalation were included in the evaluation. 

Dermal exposure factor values were selected in order to evaluate a reasonable maximum 
exposure for a recreational exposure scenario. The dermal exposure parameter values were 
obtained from the USEPA Risk Assessment Guidance for Superfund, PartE, Supplemental 
Guidance for Dermal Risk Assessment. As noted in the footnote to Table 3-4 in the RCL 
Report, the skin surface area was determined for a child based on the assumption that they are 
wearing shorts and a short-sleeved shirt. The value was determined as shown in the following 
table. 

Face 
Hands 
Forearms 
Lower legs 
Total: 

Notes: 

USEP A Supplemental Guidance for Dermal Risk Assessment 
Exhibit C-1, p. C-2 

Body Part-specific Surface Area Calculations (Children) 

Body Part Surface Area ( cm2
) 

326 
358 
393 
@ 

1,727 

United States Environmental Protection Agency. July 2004. Risk Assessment Guidance for Superfund Volume 
I: Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment)- Final. 
EPA/540/RJ99/005; OSWER 9285.7-02EP; PB99-963312. Office of Superfund Remediation and Technology 
Innovation U.S. Environmental Protection Agency, Washington, DC 

Per the USEP A guidance (p. 3-17) there is no default soil-to-skin adherence factor (AF) for a 
recreational exposure scenario. An AF of0.07 was selected because it is within the range of the 
recommended child residential central tendency and RME exposure scenario values of, 0.04 to 
0.2, respectively (seep. 3-20), and it is the recommended value for the adult RME scenario. The 
residential RME soil-to-skin adherence factor value of 0.2 cited in the guidance is based on a 
zero to six year old, and would not be appropriate for a recreational exposure scenario. 

The fraction from contaminated source exposure factor was set at 1 or 1 00%, and thus did not 
modify the RCL. 
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The dermal absorption factor of0.9 or 90% was obtained from the literature for nitroaromatic 
compounds. Bronbaugh, et. al. tested the dermal permeability of five nitroaromatic compounds 
on the skin of humans and monkeys. The highest value observed was 76% in an in-vivo test of 
p-nitroanaline in monkeys. All other values, including those tested on human skin, were less 
than this value. Thus, based on information from the peer-reviewed scientific literature, the 0.9 
(90%) value for absorption factor represents a conservative estimate of this parameter. A copy 
of the paper by Bronbaugh, et. al. is attached for your reference. 

WDNR Comment No.5: 

Site-Specific Hazard Quotients and Risks: The procedure in the report determines "reference" 
D-C SSRCLs based on a target hazard quotient of 1 and a target cancer risk of 1 e-06 and for 
each of the contaminant in Table 3-5. These reference RCLs are NOT the site-specific RCLs yet. 
To get D-C SSRCLs, the reference RCLs must be adjusted downward so that the resulting RCLs 
will have a hazard index (sum of individual hazard quotients) of 1 or less, and the resulting 
cancer-endpoint RCLs will have a cumulative cancer risk (sum of individual cancer risks) of 1 e-
05 or less. Several iterations may be necessary to determine SSRCLs from the reference RCLs. 

With the exception of the EF assumption, the procedure in the report will readily provide site
specific cancer-endpoint RCLs if there are 10 or less carcinogens present at the site. But 
because there are more than 10 carcinogens at the site, downward adjustments are necessary. 
For a carcinogen, its RCL must not exceed a target cancer risk of 1 e-06, and when multiple 
carcinogens are present, their cumulative risk must not exceed 1 e-05. Since there are more than 
10 carcinogens present, the cancer-endpoint RCLs listed under Table 3-5 need downward re
adjustments in order for the RCLs to become site-specific RCLs. 

Likewise, the non-cancer end point RCLs in Table 3-5 need downward adjustment so that the 
hazard index for the site does not exceed 1. The cancer-endpoint RCLs will contribute to the 
hazard index, and must be included in the accounting of hazard quotients. Just an example on 
how to do this: Aniline in Table 3-5 is listed with a cancer-endpoint RCL of 571 ppm and 
noncancer-endpoint RCL of3,331 ppm, so it (RCL of571 ppm) contributes 0.17 (=571/3,331) to 
the hazard index, which means the sum of the hazard quotients assigned to the other 
contaminants must not exceed 0.83 (=1-0.17). 

DuPont Response to Comment No.5: 

As stated in response to WDNR Comment No. 1, the screening values are used in the first step of 
a two-step process to evaluate Former Barksdale Works analytical data. Initially, the screening 
values are used to identify: (1) areas where no further investigation is required, (2) areas suitable 
for closure, or (3) COPCs. Then, for those constituents that exceed their respective screening 
values and are deemed to be COPCs, the cumulative risks will be evaluated. If the resulting 
cumulative cancer risks or noncancer hazards for an area are greater than the cumulative target 
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risks, then further evaluation would be undertaken per NR 722 (Standards for Selecting 
Remedial Actions). 

The overarching cumulative target risk goals identified in NR 720 are a cumulative cancer risk of 
l.OE-05 and a noncancer hazard index of 1. It is also clear that many constituents have cancer 
and noncancer toxicity values, and that both will need to be accounted for when calculating 
cumulative risks. Consistent with the rule, the individual SSRCLs were calculated based on a 
target cancer risk of l.OE-06 and a noncancer hazard index of one. SSRCLs were developed for 
a comprehensive set of constituents; but, that should not be interpreted to mean that all of the 
carcinogenic or all of the noncarcinogenic constituents are present in any one sample or even in 
any one area. 

As noted in your comment, several iterations could be required to derive a "final" SSRCL. In 
fact, SSRCLs could vary by sample location or area as different constituents are present at 
different concentrations. This could result in hundreds of iterations if one were to revise the 
SSRCLs each time the conditions change. The approach of first performing risk-based screening 
of individual constituents and then calculating cumulative risks and hazards for an area of 
uniform use type (as needed) will result in outcomes that are consistent with NR 720. This will 
be much more efficient then trying to continually re-calculate SSRCLs for each sample or study 
area at the Former Barksdale Works. 

WDNR Comment No. 6: 

Use ofConsistent EPA IRIS Units for the Toxicity Values: Table 3-1 ofthe report lists the 
toxicity values used in determining the RCLs. The oral reference dose and the oral slope factors 
are both in units that are the same as those given in EPA IRIS documents. However, neither of 
the inhalation toxicity values is in the same units as provided in the IRIS documents. For ease in 
future review, use the inhalation toxicity values in EPA IRIS that are termed Inhalation 
Reference Concentration (RfC), and Inhalation Unit Risk Factor (fUR), which are in units of 
mg/m3 and [ug/m3T 1

, respectively. 

DuPont Response to Comment No. 6: 

Comment noted. 

The inhalation toxicity values (i.e., RfDis and SFis) that are included in the RCL Report are 
simply inhalation toxicity values expressed as a dose rather than as a concentration in air. These 
standard conversions were made in SmartRISK®, the risk assessment modeling tool that was 
used to calculate the SSRCLs. This algebraic conversion of units does not affect the outcome of 
the calculations. 
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The RfC is converted to an inhalation RID using the following equation: 

[RfC (mg/m3
) x 20 m3 /day] I 70 kg = RIDi (mg/kg*day) 

The IUR is converted to an inhalation slope factor (SFi) using the following equation: 

Unit risk (ug/m3
)"

1 x 70 kg x (20 m3/day)"1 x 1000 ug/mg = SFi (mg/kg*day)"1 

WDNRCommentNo. 7: 

Use ofWDNR Guidance Documents: Several guidance documents from the Department's RR 
program are available to determine site-specific RCLs. For many of the contaminants listed in 
Table 3-5, their RCLs can be determined by following RR guidance documents. RR-682 
(Determining RCLs Using the EPA Soil Screening Level Website) provides a procedure to 
determine RCLs by the use of an online calculator. Specifically, non-cancer endpoint site
specific D-C RCLs can be generated using the online calculator by plugging in site-specific 
hazard quotients. Either RR-682 or RR-523-03 (Use of Leaching Tests for Unsaturated 
Contaminated Soils to Determine Groundwater Contamination Potential) may be used to 
determine groundwater-pathway protective levels. RR-653 (Commonly Asked Questions about 
the Lead Soil Standard) must be used because lead (Pb) cleanup is under its own consideration, 
but any soil lead cleanup level will contribute to a site's hazard index. These guidance 
documents need to befollowedfirst, and if they do not provide RCLs, then the procedure 
outlined in the report may be followed. In particular, the DNX toxicity values in the report are 
"new" information and since they are not in EPA's database to determine screening levels, the 
procedure in the report may be followed to calculate SSRCLs for them. 

DuPont Response to Comment No.7: 

Our interpretation ofWDNR's guidance documents is that they are intended to help users 
understand how to conectly implement the requirements identified in a rule. This interpretation 
was based on made from a statement made on the second page ofRR-682 in the following 
purpose statement, "This guidance is intended for Department of Natural Resources staff and for 
the public, for use in understanding and applying the administrative rules that are applicable to 
the cleanup of soil contamination (NR 720, Wis. Adm. Code). This guidance does not contain 
mandatory requirements except where requirements found in statute or administrative rule are 
referenced." Our interpretation of the voluntary nature of the guidance is further reinforced on 
the first paragraph on page 3 ofRR-682 where it says "One very useful web resource to 
determine soil residual contaminant levels (RCLs) is accessible at 
http://risk.lsd. ornl.gov/epa/ssll. htm." 

Although the web-based calculator was not used to develop the SSRCLs, they were calculated 
using the exact algorithms and exposure factor values (except for the recreational exposure 
frequency) identified in NR 720, Wis. Adm. Code. Dermal contact was included in the SSRCL 
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calculations, even though it is not required by NR 720. Since the USEP A SSL tool does not 
include dermal contact as an exposure pathway, it was not appropriate to use this tool. 

Your review of the toxicity data for the "new" DNX materials is appreciated, and these values 
will be used to evaluate the presence ofDNXs at the Former Barksdale Works, as needed. 

WDNR Comment No. 8: 

Background Soil Sample Data (Section 2.4, page 5): The report described a brief summary of 
background results based on 199 surface soil samples collected to establish background levels 
very impressive for establishing site-specific background levels for inorganics. The background 
soil data table (2-2) in the final report should include a fuller range of descriptive statistics for 
this data, including the mean, median, and 95% upper confidence level (UCL). Unfortunately, 
this dataset was not used in developing SSRCLs. While RR-721 (Determining Soil Contaminant 
Background Levels) was referenced in the report, the upper 95% confidence limit of the mean 
which the guidance document indicated to use as background level- was not included in the 
reported statistics of the background samples. Cleanup to background levels is allowed under 
NR 720, Wis. Adm. Code. When cleanup is done to the background level of a contaminant, then 
it is not included in the calculation of the total risk and hazard index for the site. 

The draft report recommends using a default value for background arsenic levels in surface soils 
of 5 mglkg. This default value is referenced to a March 2008 report from the Wisconsin 
Department of Agriculture, Trade and Consumer Protection (DATCP). However, this DATCP 
report did not issue a default target value for arsenic, but only indicated that background arsenic 
concentrations in Wisconsin surface soils "may be around 5 mg/kg. " Therefore, the use of 5 
mg/kg as a default or site-specific action level for the former DuPont property is not supported 
by this report. While the current Wisconsin DNR default concentration for arsenic in surface 
soils under ch. NR 720, Wis. Adm. Code, is set at 0. 039 mg/kg, this administrative code allows 
the development and use of site-specific background levels. Currently, State of Wisconsin 
agencies are completing a study that will provide background arsenic levels in surface soils 
throughout Wisconsin; however this data is not yet finalized or available. At this time, the final 
report should use the available and extensive background dataset for the DuPont property and 
derive a site-specific background arsenic concentration based on the 95% UCL. 

DuPont Response to Comment No. 8: 

Analytical results for soil samples obtained from the Former Barksdale Works were used to 
determine site-specific background concentrations for all constituents other than arsenic. A 
background arsenic concentration of 5 mglkg was selected because it is consistent with Former 
Barksdale Works background data (i.e., the 99th percentile background arsenic value was 3.4 
mg/kg). In addition, the Wisconsin Department of Agriculture, Trade and Consumer Protection 
state in their Lead and Arsenic in Soil of Old Fruit Orchards Fact Sheet (see attached) that 
"DA TCP considers 5 ppm arsenic and 50 ppm lead to be general background levels for 
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Wisconsin soil. No action is required for concentrations below these levels." DuPont believes 
that an arsenic background concentration of 5 mg/kg is reasonable and represents a level below 
which remediation is not required to protect people and the environment. 

RR -721 does suggest that if a background data set is available that statistics can be used to 
determine background concentrations. Specifically, on page six it states "One such approach 
would be to use the upper 95% confidence limit on the arithmetic mean of the individual sample 
concentrations." In fact, the 95% UCL is not an appropriate statistic for determining a 
representative background concentration because it is an upper bound estimate of the average 
concentration. Once a representative background dataset is determined based on Former 
Barksdale Works history and geology, by definition, any concentration that is within the range 
defined by the dataset would be considered background. For example, for the barium 
background results, the 99th percentile value in the background dataset is 177 mg/kg (see Table 
2-2 ofRCL Report). The maximum barium background concentration was 185 mg/kg, and the 
95% UCL concentration was 92 mg!kg. Clearly, 92 mg/kg is not a representative barium 
background concentration since it is known, based on 193 background samples, that all barium 
concentrations up to 185 mg/kg are reflective of background conditions. 

\ 
I believe that these responses should enable WDNR to approve the prior RCL Report submission NJ 

with limited modifications. I would like to suggest that we meet to discuss your reaction to these 
responses in order to address any remaining issues that you may have. 

Sincerely, 

~~y/&£<-
Bradley S. ~ve 
Senior Site Director 
DuPont Corporate Remediation Group 
(502) 217-1531 

Attachments: Figure 1 -Former Barskdale Works Land Use Designations 
Percutaneous Absorption ofNitroaromatics (Bronbaugh et. al.) 
DATCP Fact Sheet- Lead and Arsenic in Soil of Old Fruit Orchards 

cc: Paul Bretting- C. G. Bretting Manufacturing, Inc. 
Cary Pooler- URS Diamond 
Aristeo Pelayo - WDNR Madison RR/5 
Henry Nehls-Lowe- Wisconsin Department of Health Services 
Millie Lindsey- Bayfield County Health Department 
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1) Soil sample locations depicted were collected from recreational areas and 
undesignated areas within the site security fence, samples collected 
from the restricted areas are not shown as part of this submittal. 

2) Properties formerly owned by DuPont located outside of the site security fence 
were not historically used for product manufacturing, storage, or any waste 
mana ement activities. 
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Percutaneous Absorption of Nitroaromatic Compounds: In Vivo and In 
Vitro Studies in the Human and Monkey 

ROBERT L. BRONAUGH, PH.D. AND HOWARD 1. MAIBACH, M.D. 

Dermal and Ocular To.~icology Branch, Food and Drug Administration, Washington, D.C. and Department of Dermatology, University of 
California Medical School, San Francisco, California, U.S.A. 

The percutane()us a:bs()rpti(ln of 2-nitro-p-phenylene
diamine, 4~amino-2-'nitrophenol, nitrobenzene, p-ni
troaniline, and 2,4~din:itrochlorobenzene was measured 
through human and monkey skin. Human studies were 
performed with excised skin in diffusion cells. Absorp
tion through monkey skin was measured by in vivo and 
in vitro techniques, Results were compared with those 
from previously reported human in vivo studies on 2,4-
din;itrochlorobenzene and nitrobenzene. Rapid penetra
tion was observed with all compounds, with maximum 
absorption occurring in the first few hours. No signifi
cant differences in absorption were found in values ob
tained by the different procedures except for the highly 
volatile (and therefore difficult to compare) compound 
nitrobenzene. A comparison of the human and monkey 
in vitro data showed a trend toward increased absorp
tion through monkey sldn, but the increase was not 
statistically significant. The monkey in vivo and in vitro 
results showed that absorption of all compounds except 
nitrobenzene was slightly less in the in vitro studies; 
however, the values were not significantly different. 
The relative volatility of these nitroaromatic compounds 
was measured by the loss of compound from epidermal 
discs at various time intervals. The greatest loss of 
applied material occurred with nitrobenzene; however, 
substantial amounts of the otller compounds were lost, 
particularly during the first minute after application as 
the acetone vehicle evaporated. Monkey skin was found 
~o be a good model for human skin for the determination 
of the percutaneous absorption of these compounds, and 
in vitro measurements of absorption agreed reasonably 
well with values obtained by in vivo techniques. A good 
correlation was not observed between the absorption of 
these compounds and their solubility properties. 

A number of nitroaromatic compounds are of concern from 
a toxicologic standpoint because of their potential absorption 
through the skin of exposed individuals. Several nitroaromatic 
hair dyes that are carcinogenic in animal feeding studies are 
known to be absorbed through human skin [1}. The skin is a 
principal route of exposure of industrial workers to nitroaro
matic compounds; even with exposure to only the vapor of 
nitrobenzene, about one-third of the absorbed dose in a clothed 
man was the result of skin penetration [2}. Because of dermal 
absorption, air sample analysis alone is insufficient to protect 
workers from the cyanogenic effect of nitroaromatic compounds 
[3}. 

The absorption of only a limited number of nitroaromatic 
compounds has been quantitated. Nitrobenzene penetration 
through human skin was measured from both the liquid {4} and 
vapor [5} states. Feldmann and Maibach [6} determined the 

Manuscript received March 9, 1984; accepted for publication August. 
9, 1984. 

Reprint requests to: Dr. Robert L. Bronaugh, Dermal and Ocular 
Toxicology Branch (HFF-164), Food and Drug Administration, Wash
inJ.:ton, D. C. 20204. 

percentages of the applied dose absorbed in living humans for 
2,4-dinitrochlorobenzene and nitrobenzene. 2,4-Dinitrochloro
benzene penetrated both protective gloves and skin to form 
methemoglobin in a human volunteer [7]. The absorption of 
several nitroaromatic hair dyes through human and animal 
skin has been measured [1,8,9}. 

Five common nitroaromatic compounds were chosen for 
study under similar conditions in human and monkey skin. In 
addition to obtaining information about the permeability of 
these compounds, other primary goals were to compare the 
permeability properties of human and monkey skin and to 
determine whether results obtained by in vivo and in vitro 
procedures were similar. 

Dosing was performed using "finite" amounts of the com
pounds in an acetone vehicle for calculation of the percentage 
of the applied amount absorbed. This method was considered 
more relevant to exposure conditions than application of "in
finite" amounts in solution for calculation of permeability 
constants. It is also the method of choice for comparing in vivo 
and in vitro absorption data, as permeability constants are 
difficult to obtain by in vivo techniques. 

Absorption through human skin was measured by using 
excised skin in diffusion cells, and absorption through monkey 
skin was determined by both in vivo and in vitro techniques. 
The relative volatility of each compound was quantitated in 
separate experiments by measuring the loss of radioactivity 
from waxed paper or epidermal discs, and results were consid
ered in the interpretation of percutaneous absorption data. 

MATERIALS AND METHODS 

"C-Labeled radioisotopes were utilized for both absorption and 
volatility measurements. New England Nuclear (Boston, Massachu
setts) supplied 2-nitro-p-phenylenediamine (sp act, 1.32 mCi/mmol). 
ICN Inc. (Irvine, California) synthesized 4-amino-2-nitrophenol (10 
mCijmmol). Nitrobenzene (6.6 mCi/mmol), p-nitroaniline (15.4 mCi/ 
mmol}, and 2,4-dinitrochlorobenzene (13.3 mCi/mmol) were supplied 
by Pathfinder Laboratories (St. Louis, Missouri). The radiochemical 
purity of each compound was equal to or greater than 97%. 

In vivo monkey skin absorption measurements were performed ac
cording to the procedure of Feldmann and Maibach [10]. Each com· 
pound was applied to a shaved area of abdominal skin in an acetone 
vehicle at a concentration of 4 /Lg/cm2

• Monkeys were restrained in 
metabolic chairs so that the amount of compound excreted in the urine 
in a 5-day period could be determined. Results were corrected for 
excretion by routes other than the urine by determining, in separate 
experiments, the percentage of a parenteral dose that was recovered in 
the urine in the same time period. 

The absorption through excised human and monkey abdominal skin 
was measured by in vitro diffusion cell techniques. In some experi· 
ments, static diffusion cell methodology was used with aliquots removed 
periodically from the receptor of cells with a skin surface area of 1.13 
cm2 lll]. In other experiments, a newly designed flow-through cellll2] 
was used to obtain continuous monitoring for absorption profiles (Fig 
1); normal saline was pumped through the cells (skin surface area, 0.64 
cm2

) at a rate of approximately 5 ml/h and collected in scintillation 
vials for counting. Similar absorption values are obtained with either 
diffusion cell procedure (12]. Monkey skin was lightly shaved with 
electric clippers as in the in vivo experiments, using care to prevent 
damage to the skin 113]. Dermatome sections of human and monkey 
skin were utilized in the permeability studies. The upper 350 pm of 
skin was removed from the skin surface with 11 Padgett Electro Der-

180 
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matome. As in the in vivo mopkey experiment;;, compounds Were 
appliell to skin in an acetone vehicle at [I concentration of 4 p.g/ctn2

• 

Some diffusion cells \v'i:th nitrobenzene were ocdtided with Parafilm to 
measure the increase in absorption when evaporation was prevented. 
The site of application was washed with soap and water at 24 h in all 
experiments. Abso,rbed radioactivity was determined by liquid scintil
lation counting with a Beckman LS-9000 instrument. 

The volatility of the nitroaromatic compounds was determined by 
measuring their evaporation from 2 surfaces, waxed paper and human 

8 10 12 

Time (houro) 

Fu} 1. Absorption profiles of the nitroaromatic compounds. Absorp
tion values from now-through cells only are plotted to show the rapid 
Occurrence of the maximum absorption of each compound. Each point 
represents the mean of the amount of compound determined at each 
2-h sample collection time. 0 = p-Nitroaniline; + = 4-amino-2-nitro
phenol; A= 2,4-dinitrochlorobenzene; <> = 2 nitro-p-phenylenediamine; 
0 = nitrobenzene. 
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epidermis. Epidermal sheets were prepared by submerging full-thick" 
ness s!tin in 6<i"C water for 0.5 min and then peeling off the upper 
layer. Approximately I 11g of each compound in 3 11l of acetone was 
applied to circular discs ( l·cm diameter) punched from the waxed paper 
or epidermis. Each disc was then placed inside a diffusion cell top so 
that the air currents across its surface would be similar to those in the 
in vitro permeability experiments. At various times after application 
ofthe compound, discs were added to scintillation fluid and the amount 
of remaining radioactivity was determined. 

Oct.anolfwater partition coefficients were determined by adding ap
proximately l I'Ci of compound to a mixture containing 5 ml each of 
oct.anol and water. The container was sealed tightly and shaken for 24 
h. After the phases had separated, aliquots were removed from each to 
determine partitioning. 

Results were statistically analyzed by Student's /-test. The signifi
cance of the difference between absorption values was determined by a 
2-tailed probability test, p < 0.05. 

RESULTS 

Physical chemical properties of this homologous series of 
nitroaromatic compounds are given in Table I. In general, the 
molecular weights of these compounds are similar. The water 
ai1d octanol solubility properties vary substantially, with ap
proximately a 25-fold range existing in the respective octanol/ 
water partition coefficients. 

The percutaneous absorption measurements were made by 
following a standard protocol so that the vitro experiments 
performed in the Food and Drug Administration laboratories 
could be compared with the in vivo experiments performed at 
the University of California, both in the current and previous 
studies [ 6]. 

The urinary excretion of a parenteral dose of each compound 
was determined in monkeys as described in Materials and 
Methods to correct for excretion by routes other than the urine. 
These values were: p-nitroaniline, 86.7%; 4-amino-2-nitro
phenol, 68.3%; 2,4-dinitrochlorobenzene, 85.8%; and nitroben
zene, 81.4%. 

The combined absorption data for the human and monkev 
studies by in vivo and in vitro techniques are given in Table Ii. 

TABLE I. Chemical properties of nitroaromatic compounds 

Compound 
Water Mole,·ular 

weh.:ht(' solubility 
(gjliter) 

Structure 

Nitrobenzene 123 2.0" 

p-Nitroaniline 0.8" 

2,4 Dinit.rochlorohenzene 20:.1 0.08" 

2-Nitro-p-phenylenediamine 

0
"", ,0, . 

"'-

!53 l.R" 

A"i-1. 

4-Amino-2-nit.rophenol !58 O.G" 

• The Merck Index, Merck and Co_, 1976. 
•values calculated from the water solubility and octanol/water partition coefficients. 
•Determined as described in Matc:ria/s and Method.•. 
d Determined from solubility in water of a Raturated solution. 

-·-·------··--·---

Oclnnol 
Parti1ion 

Mt•lting l'Ot·f1icient, 
~oluhility 

O<'lllllOI/ 
point 

lg/litcr)• wnt('r" ('C)" 
.. ________________ 

141.6 70.8 () 

19.G 24.5 148 

6.4 80.0 53 

6.1 :!.4 

5.5 9.1 131 



BRONAUGH AND MAJBACH Vol. 84, No. 3 

TABLE 11. Percl{taneous absorption of nitroaro.matic cpmpor,t(!cJS 

Compound 

p-Nitrqani]ine 
4-Amino~2-nitrophenol 
2,4-Dinitroc.hlorobenzene 
2-Nitro-p-phenylenediamine 
Nitrobenzene 

In vivo" 

53.1 ± 6.2 (4} 

1.5 ±0.3 (6) 

Percent applied dose 

Human 

In ._.itro 

48.0 ± 11.0 (9) 
45.1 ± 8.0 (5) 
32.5 ± 8.7 (8} 
21.7 ± 2.6 (7) 
7.8 ± 1.2 (6) 

·-
In vivo 

76.2 ± 8.4 (4} 
64.0 ± 6.2 (6) 
52.5 ± 4.3 (4) 
29.9 ± 6.9 (3)b 

4.2 ± 0.5 (4) 

Monkey 

In vitro 

62.2 ± 6.1 (6) 
48.2 ± 7.8 (5) 
48.4 ± 3.9 (11) 
29.6 ± 4.3 (5} 
6.2 ± 1.0 (6) 

41.1 ± 2.0...:(3_:_)_'· -- ····-----·--------·--··-----
"-Values are the means ± SE of the nu~i;~~ or--det;~mi~tions in parentheses. Only with nitrobenzene were there significant differences 
(Student's 2-t.ailed t-test, p < 0.05) among the values determined for the compounds by the 4 differe~t n:ethods; .the value for the human in vi~o 
l;ltudy was significantly different than the results from the other 3 procedures, and there also was a Slgl1lficant difference between the human m 
vitro and the monkey in vivo values. 

"Values from (6j. 
·1' Value from [9]. 
• Diffusion rell tops were covered with Parafilm. 

TABLE III. Evaporation a{ nilroaromatic compounds 

Percent applied dose remaining at.: 

Compound l min" ah 24 h 

r E p E p E 

p-Nitroaniline 53.4 84.3 49.9 72.8 55.0 77.5 
4-Amino-2-nitrophenol 54.9 80.6 53.6 85.4 54.1 70.2 
2,4-Dinitrochlorohenzenc 98.8 65.0 33.0 68.3 19.1 57.0 
2-Nitro-p-phenylenediamine 75.7 93.3 79.7 90.6 85.6 86.1 
Nitrobenzene 19.8 7~:~-- ~:_~--~~~ _7.8. 21.9 

-Aceton-;;-;;oluti-ons (:3 111) were applied to waxed paper (P) or human 
epidermal (E) discs. The amount remaining on the disc~ was measured 
at. the indicated times. The results are the average of 3 determinations. 

" Acetone evaporates. 

The compounds are listed in the general order of decreasing 
permeability. In only one case was there an exception to this 
similarity in the order of ranking and that occurred in the in 
vitro monkey data; 2,4-diniirochlorobenzene absorption was 
barely (although not significantly) greater than the absorption 
of 4-amino-2-nitrophenol. 

The time course of absorption of these compounds can best 
be seen in the ab;;orption profiles from in vitro data obtained 
with human skin in t.he flow-through diffusion cells (Fig 1). 
The maximum absorption rate for all compounds occurred 
within the first 2 h after application to the sl1in. The absorption 
decreased rapidly in subsequent samples and was essentially 
complete by the end of 24 h. 

Significant amounts of the applied compounds were unac
counted for and did not penetrate the skin. However, when 
diffusion cells were occluded with Parafilm to prevent nitro
benzene evaporation, total absorption was increased more than 
5-fold (Table II). The relative volatility ofthese substances was 
therefore measured as an aid in interpreting the absorption 
data. The amount of radioactivity remaining on circles punched 
from waxed paper or human epidermis was determined at 
Various times after application (Table III). The percentage of 
the applied dose remaining on the epidermis was generally 
greater than that on the paper disc, particularly at the longer 
time intervals. Evaporation of all the compounds occurred 
during the first minute as the acetone also evaporated. Sub
Stantial loss of nitrobenzene from the epidermal discs, however, 
occurred not only along with the acetone, but also during the 
remainder of the 24-h experiment. 

DISCUSSION 

In vivo absorption of the nitroaromatic compounds was de
termined in monkeys by the widely used parenteral dose cor
rection technique of Feldmann and Maibach [10]. In spite of 
the indirect estimate of percutaneous absorption obtained, no 

more relevant technique has been devised for estimating ab
sorption in humans and expensive animals that cannot be 
sacrificed at the end of a study. For compounds excreted 
primarily in the feces (not the compounds in this study), a 
summation of the chemical found in the feces and urine may 
provide a more accurate estimate of absorption [14]. Shah and 
Guthrie [15] have recently obtained a good correlation in pes
ticide absorption measurements by using the parenteral correc
tion technique and a direct method which consisted of the 
summation of compound found in the skin of the application 
site, urine, feces, blood, liver, and carcass. 

The nitroaromatic compounds were rapidly, although not 
completely, absorbed through human and monkey skin. The 
absorption of the 5 compounds through human skin was meas
ured only with excised skin in diffusion cells; the permeation 
of 2,4-dinitrochlorobenzene and nitrobenzene in vivo through 
human skin had previously been determined [6]. Values for the 
in vivo 2,4-dinitrochlorobenzene absorption more closely re
sembled results from the monkey skin experiments, but there 
was no significant difference among any of the values for this 
substance. 

Values for nitrobenzene, the other compound evaluated by 
all procedures, were lower in the human volunteer study than 
with either human or monkey skin in the current study; how
ever, comparison is difficult for several reasons. Nitrobenzene 
is highly volatile and the environment immediately around the 
application site can affect the amount absorbed. For this reason 
in particular, valid conclusions regarding in vivo and in vitro 
comparisons are difficult to make with i.his compound. In 
addition, there is evidence that the abdominal skin of humans 
is more permeable than forearm skin for several pesticides 
(malathion, 1.4 times; parathion, 2.1 times) [16]. Regional 
variability in skin permeation also occurs in the monkey [ 17], 
and we have found that 4-amino-2-nitrophenol is absorbed 1.3 
times more readily through abdominal skin than through fore
arm skin in the monkey (data not shown). In the human 
volunteer studies (Table II), forearm skin was used but abdom
inal skin was used throughout the present. study, so the Jower 
absorption might be at least partially the result of this differ
ence. A comparison of the in vitro data from humans and 
monkeys shows that penetration was greater through monkey 
skin for all compounds except the highly volatile nitrobenzene. 
The differences between the two types of skin, however, were 
not significant (except for nitrobenzene) and results support 
the opinion that monkey skin is a reasonable animal model for 
human skin. Comparisons of the permeability of human and 
monkey skin with other compounds have resulted in similar 
conclusions [13]. Unfortunately, the comparative data base still 
remains limited and additional studies need to be performed. 

In vivo and in vitro results can be more thoroughly compared 
with the monkey skin data. Although the in vitro values were 
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slightly lower (except for nitrobenzene), there was no signifi
cant di(fenmce l),mOrig the vat1,1es determined for the 5 com
pounds. It should be noted that aU the compounds. tested are 
rapidly absorbed and that factors Qf difference between in, vivo 
and in vitro values in humans and monkeys cannot be large 
when high percentage absorption occ11rs. These comparisons 
with additional compounds provide further evidence to support 
the conclusion reached in previous comparisons of in vivo and 
in vitro data [18,19]. Thus, reasonably accm.:ate values for skin 
absorption Of many compounds probably can be obtained by in 
vitro techniques. The permeation of certain types of chemicals 
can be difficult to measure accurately by in vitro procedures; 
for example, hydrophobic compotjnds may not partition freely 
into an aqueous_ diffusiqn cell receptor fll!id. A npnkmic surfac
tant solution has been used in the receptor to facilitate the 
meastrrement of absorption of this type of chemical [20]. 

The maximum rate of absorption of all the compounds, as 
measured in vitro with human skin, occurred within the first 
sev~ral hours (Fig 1), and for nitrobenzene an initial rate of 82 
ng/cm2/h was calculated (105 ng at sample time/2h/0.64 cm2 

skin area). Salmowa and Piotrowski [4] applied 15 mg of 
nitrol,Jenzene/cm~ on skin of human volunteers and measured 
an absorption velocity of 0.25-3.19 mg/cm2/h during a similar 
time period. Therefore, the application of approximately a 
4000-fold higher dose in their experiments resulted in a corre
sponding increase in absorption rate. 

The volatility of at least some of these compounds was 
expected to have an effect on the amount of the applied dose 
that was eventually absorbed. Nitrobenzene was the only liquid 
used (see melting points, Table I) and is known to be a volatile 
compound. Occlusion of some of the diffusion cells in the 
hl:n:han skin studies greatly increased absorption of this com
pound. The amount of the nitroaromatic substances lost after 
application in acetone to two different surfaces was determined 
(Table III). Initially, evaporation was measured from circular 
waxed paper discs that served as a readily available inert 
surface. The loss due to evaporation was subsequently deter
mined after application to circular discs of human epidermis, 
which is a more physiologic surface allowing interactions to 
occur with the applied compound. In general, evaporation was 
less from the epidermal surface and these values were used for 
comparative purposes (Table Ill). Significant evaporation was 
observed with all 5 of the compounds at each of the measure
ment times; for the 4 solid substances, most of the loss due to 
volatility appeared to occur during the first minute as the 
acetone was evaporating. The loss of nitrobenzene, however, 
was also substantial at later intervals and only 22% of the 
applied dose remained on the epidermal disc at the end of 24 
h. 

The loss of these compounds from the surface of skin is an 
important consideration for several reasons. Nitrobenzene ap
peared to be a poorly penetrating compound based on the 
percentage of the applied dose that is absorbed through the 
skin (Table 11). In fact, the nitrobenzene molecule would be 
expected to penetrate readily because of its solubility properties 
(Table I), and its poor penetration is likely due to substantial 
loss from the surface by evaporation. These results with the 
solid nitroaromatic compounds indicate that the possible loss 
of a portion of the compound as the vehicle evaporates should 
be a concern when substances in volatile vehicles are applied 
to skin. The frequency of the occurrence of this effect with 
other chemicals is not known. 
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In general terms, a correlation of lipid/water partition coef
ficients and skirt permeability is known to exist [21]. When the 
octanol/water partition coefficients in Table I are compared 
with the percutaneous absorption values of Table II, a good 
correlation with these compounds does not appear to occur. 
This lack of correlation is partly the result of the volatility of 
these substances, as nitrobenzene should be ranked higher on 
its ability to penetrate skin. However, the comparison also 
indicates the limited usefulness of solubility data when used 
alone in predicting skin absorption. 
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State of Wisconsin 
Jim Doyle, Governor 

Department of Agriculture, Trade and Consumer Protection 
Rod Nilsestuen, Secretary 

Lead and Arsenic in Soil of Old Fruit Orchards 

If you live on, own, or are considering buying property that was formerly a fruit orchard, here is 
some information that you should know. Lead arsenate pesticides were used to control insects in 
orchards from the 1890s to the 1960s. Research shows that the lead and arsenic remain in the soil 
long after the pesticide was used. The common health concerns associated with lead and arsenic 
in former orchard soil are from long-term exposure via inhalation and ingestion. Exposure can be 
minimized by avoiding contact with the soil using the following measures: 

• Keep good grass and vegetative cover on lawns; do not leave bare soil exposed. 
• Wash hands and face after gardening and before eating. 
• Wash garden vegetables well. Uptake oflead and arsenic in the vegetables themselves is less 

of a concern than the actual dirt particles sticking to the vegetables. 
• Keep toys and pacifiers, things that children are likely to put in their mouths, clean. 
• Bring in sand for a sandbox for kids; discourage them from playing in the dirt. 
• A void tracking dirt into the home. 

As you can see, these are all common and appropriate practices anyway. In the following 
sections, we answer some of the questions you may have about how historical lead arsenate use 
affects you and your prope1iy. If you have fmiher questions about health impacts, you can call 
the Depatiment of Health and Family Services at 608-266-5817. If you have questions about soil 
sampling or regulations, see the Department of Agriculture, Trade and Consumer Protection 
(DATCP) lead arsenate web page at http: //datcp.state.wi.us/arm/agriculture/pest
fert/pesticides/accp/lead arsen.htm or call DA TCP at 608-224-4513. 

How do I know if my property was an orchard? 
If you are not sure whether your property was an orchard prior to 1960, you can look at historic 
aerial photographs. Your county Land Conservation Department (called Soil and Water 
Conservation Department in some counties) likely has aerial photos from the early 1940s 
onwards. Orchard trees appear as dots in a regular grid pattern. Maps of orchard locations in 
Door County are available from the Door County Soil and Water Conservation Department at 
920-746-2214. DATCP is currently working on mapping orchard locations in several other 
counties and plans to make those maps available over the Internet. 

Does this mean there is lead and arsenic in the soil on my property? 
There will always be some lead and arsenic in the soil because they are naturally occurring 
elements. How much naturally occurring lead and arsenic there is in the soil will vary from 
region to region, and is called the "background level." However, in areas where lead arsenate 
pesticides were used, we can expect higher lead and arsenic concentrations. The concentration 
will depend on many factors, such as how long the property was an orchard during the 1890s to 
the 1960s, how much and how often lead arsenate pesticide was used (in general, more was used 
on apple orchards), the soil type, and how soil was handled during development of the property. 

Wisconsin Food and Agricultural Product~- $40 Billion for Wisconsin's Economy 
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How can lead and arsenic in the soil affect my health? 
The concentrations of lead and arsenic in soil at former orchards are not high enough to cause 
immediate negative health effects. Childhood exposure to lead can affect brain and nervous 
system development. Exposure to high lead levels can adversely affect the nervous system and 
kidneys of adults and children. Long-term exposure to arsenic can lead to several kinds of 
cancer. Long-tenn contact with the soil can be minimized through the simple measures listed 
above. For more detailed information about health effects, contact the Department of Health and 
Family Services at 608-266-5817. You can obtain their fact sheet at 
http://www.dhfs.state.wi .us/eh/HithHaz/fs/LeadArPest.htm. 

Should I sample my soil for lead and arsenic? 
Soil sampling is optional. A voiding contact with soil using the previously listed measures is most 
important. You can sample your soil if you want to know the concentrations. Target your 
sampling to locations where you have frequent contact with the soil such as vegetable gardens 
and flowerbeds . For each sampling location, remove vegetation and collect a sample from the top 
three inches of soil from several spots, mix it together, and then place about one half cup of the 
mixed sample in a clean plastic container. Write the sample name on the container, for example 
"vegetable garden," as well as your name and the collection date. 

Does this issue affect my drinking water? 
Lead and arsenic from pesticide applications bind tightly to the surface soil and have not been a 
problem in well water in most areas. In some areas of Wisconsin, elevated levels of arsenic occur 
naturally in the groundwater due to geologic conditions. If you receive water from a public water 
supply, your water is tested for lead and arsenic. If you have a private well, you may choose to 
have a sample analyzed. 

Sending Samples 
Send soil samples to a lab in a clean plastic container that is labeled with the sample name, your 
name, and the date sampled. For water samples, contact the lab for special sampling bottles . Ask 
the lab about any special collection and shipping procedures for water. With any samples you 
send to a lab, include the following information: your name, phone number, date sampled, 
sample names, analyses requested, and mailing address for results and billing. Analysis of one 
soil sample for both lead and arsenic will cost between $30 and $60. 

Contact the Wisconsin Department ofNatural Resources (DNR) lab certification program at 608-
267-7633 for a list of certified commercial labs, or obtain the list from 
http://www.dnr.state.wi .us/org/es/science/lc/search/com labs.pdf. Check with the lab before 
shipping samples to make sure that they can do the analyses you want. 

Sampling Results 
Soil 
Your soil results will probably be given in units of milligrams per kilogram (mg/kg), which is the 
same as parts per million (ppm). DA TCP considers 5 ppm arsenic and 50 ppm lead to be general 



background levels for Wisconsin soil. No action is required for concentrations below these 
levels. 

Ifyou have between 5 ppm and 100 ppm arsenic and/or 50 ppm and 400 ppm lead, your soil is 
considered to be contaminated at the "pesticide-use level." You can manage these levels with the 
measures listed at the top ofthis notice. You do not have to report these levels to DATCP, but 
we would appreciate hearing from you at 608-224-4513, so that we can gain a better 
understanding of the distribution of these compounds at old orchard sites. 

If the concentration of arsenic exceeds 100 ppm or the concentration of lead exceeds 400 ppm, it 
is likely the result of a spill or the mixing and loading of pesticide, as opposed to application of 
pesticide. Contact DATCP, Agricultural Chemical Cleanup Program, PO Box 8911, Madison, 
WI 53708-8911 or call608-224-4519 to report the situation. You will receive information about 
how to proceed. 

Water 
Your water results will probably be given in units of micrograms per liter (J-tgiL ), which is the 
same as parts per billion (ppb ). The Drinking Water standard for arsenic is 10 ppb and for lead 
15 ppb. Contact the Drinking Water Specialist at your regional DNR office with questions about 
groundwater quality and to report concentrations that exceed the Drinking Water standards. 

How does this affect my property value? 
The effect of the lead arsenate contamination on property values will likely depend on the level 
of contamination and the availability of uncontaminated properties in your area. Your realtor will 
be the best source to ask about the economic consequences of lead arsenate use in your area. 

Notifying future property owners 
Under Wisconsin Statutes Chapter 709 "Disclosure by owners of residential real estate," you 
must notify the buyer of any property defects, which would include knowledge that the property 
was formerly an orchard during the period of lead arsenate use and may be affected by lead and 
arsenic. The buyer may choose to sample the soil before the purchase. A special disclosure form 
has been developed for properties on former orchards. Ask your realtor about this form. 
Likewise, if you are buying a property on a former orchard, the current owner should inform you 
if their property was a former orchard and should provide you with any sampling results they 
have obtained. 

ARM-PUB-99 (Rev. 01/03) 
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