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ABSTRACT 

Health risks posed by dermal contact with PCB-contaminated porous surfaces have not been directly demonstrated and are 
difficult to estimate indirectly. Surface comamination by organic compounds is commonly assessed by collecting wipe samples 
with hexane as the solvent. However, for porous surfaces, hexane wipe charactcriaation is of limited direct use when atimating 
potential human exposure. Particularly for porous surfaces, the relationship between the amount of organic material collected by 
hexane and the amount actually picked up by, for example, a person’s hand touch is unknown. To better mimic PCB pickup by 
casual hand contact with contaminated concrete surfaces, we used alte.rnate solvents and wipe application methods that more 
closely mimic casual dermal contact. Our sampling results were compared to PCB pickup using hexane-wetted wipes and the 
standard rubbing protocol. Dry and oil-wetted wipe samples, applied without rubbing, picked up less than 1% of the PCBs picked 
up by the standard hexane procedure; with rubbing, they picked up about 2%. Without rubbing, saline-wetted wipes picked up 
2.5%; with rubbing, they picked up about 12%. While the nature of dermal contact with a contaminated surface cannot be 
perfectly reproduced with a wipe sample, our results with alternate wiping solvents and rubbing methods more closely mimic hand 
contact than the star&d hexane wipe protocol. The relative pickup estimates presented in this paper can be used in conjunction 
with site-specific PCB hexane wipe results to estimate. dermal pickup rates at sttes with PCB-eontaminated concrete. 
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INTRODUCTION 

Most studies evaluating surface contamination have focused on identifying the extent of contamination for the purpose of 

remediation. For risk-assessment purposes, published wipe-sampling procedures provide semiquantitative data for non-porous 

surfaces (1.e.. metai), but are considered poor for porous surfaces fi.e., concrete.). It is desirable to know how wipe+unpliug data 

might be used to estimate the potenttal for skin pickup of surface contamination. A surface sampling technique suitable for risk 

assessment purposes has not been developed by an agency or organization (1) 
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Risk assessors are increasingly recogmzing the importancc of characterizing exposures to contammated surfaces and 

uncertainties regardmg wipe samplmg procedures (2-5). However, few investigators have attempted to quantify human exposures 

to surface contarmnation and the associated human health risks Potential exposure routes include dermal absorption of 

contaminants transferred to the skin by contact with surfaces, and incidental ingestion of these same skin contaminants by transfer 

to food or into the mouth A very significant source of uncertaint~ ts cstimating how much of a compound is transferred from a 

contanunated surface to the skin upon casual dermal contact (called "dermal pickup") 

Because of data limitations, most risk assessors have been forced to rely on professional judgment in estimating chemical 

transfer from contaminated surfaces to skin For example, as part of a baseline risk assessment for the Westinghouse Sharon 

Middle Sector Building, the U.S. Environmental Protection Agency (USEPA) evaluated dermal and oral exposures to PCBs and 

dioxins present on interior building surfaces (including concrete) as a result of historical manufacturing activities (6). Based on 

professional judgment, they estimated that 0 1% to 10% of PCBs present on a contaminated surface might be transferred to skin 

upon contact When Michaud et al (7) developed risk-based cleanup levels for PCBs on interior surfaces, they assumed a 

conservative transfer efficiency of 50%, but noted that a value of 10% "may be more realistic." To assess risks associated with 

exposures to surface residues of PCBs tn a contaminated buildmg, Fingleton et al. (8) assumed the fraction removed during dermal 

contact to be 10% (no data or reference was cited) The USEPA has not formally issued general guidance on evaluating surface 

contamination for purposes of risk assessment, and in particular, has no specific recommendations for estmaating chemical transfer 

from porous surfaces to skin. Assessing PCB risks from mdoor surfaces is not addressed either in the USEPA dermal exposure 

guidance (9) or in the recently published reassessment of PCB carcinogenicity (10). 

We designed protocols for measuring sanulated pickup onto hands from contaminated porous surfaces (concrete), and 

applied these protocols to the floor surface at an industrial building Hexane wipes collected at the site in 1996 had indicated the 

presence of PCBs on the concrete floor. However, the hexane wipe results alone could not be used to estimate potential human 

exposure, because the relationship between hexanc wipe samplmg results and the amount of a compound transferred to an 

individual's skin upon contact was unknown. A major problem With the hexane wipe procedure is that the solvent penetrates into 

cavities and pores in the matrix of the concrete, and extracts PCBs that are inaccessiblc to a hand touch 

To better approximate pickup onto human skin followmg casual contact, we used different solvents and rubbmg 

procedures than used in the standard hexane wipe protocol. We selected wipmg solvents (i.e., the fluid used to moisten the wipe) 

that would more closely resemble skin fluids, and we selected two alternate application methods 0.e., the physical way in which 

the wipe was rubbed against the surface) that would mmuc the conditions of casual dermal contact. The results from our modified 

wipe protocols provide a better surrogate than hexane for PCB pickup from dermal contact with contaminated porous surfaces. 

METHODS 

The solvents, application methods, sampling protocols, and data quality control procedures are described below. The 

rationale for using alternate wiping solvents and rubbing methods that would more closely resemble dermal contact is discussed. 
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Wiping Solvents 

Hexane. In their field manual for sampling PCB spills, the USEPA recommends hexane as a wiping solvent (11). Hexanc 

is recommended because it has a strong affinity for extracting PCBs from surfaces, cavities, aad pores within surface materials. 

For the bexan¢ portion of our protocol, the gauze pads (wipes) were prepared in advance by the analytical laboratory (Inchcape 

Environmental). The volume of hexane required to saturate a gauze pad was pre-determined as the difference between an initially 

calibrated volume of hexane, and the volume remaining alter a gauze pad had been dipped into hexane, and the excess had been 

squeezed back into the initial container. Hexanc-wetted wipes were prepared by applying this pre-determined amount &ultra-pure 

hexane by pipette in the laboratory. Each wipe was then scaled separately in a wide-mouth glass sample jar. 

Oil. The natural oils present on human skin consist largely of triacylglycerides; therefore, the triacylglyccrides in 

vegetable oil were used to mimic skin oils. Vegetable oil-wetted gauze pads (wipes) were prepared in advance by the analytical 

laboratory, by saturating each gauze pad with 5 ml of a solution of 0.16 g vegetable oil dissolved in 100 g ethyl ether. The ether 

was allowed to evaporate before the oil-wetted wipes were sealed separately in a wide-mouth glass sample jar. The amount of oil 

chosen was designed to be comparable to the oil loading of the palm of the hand (12). 

Saline. Human sweat is primarily salt water; therefore, physiological saline was chosen to mimic moist hands. Saline- 

wetted gauze pads (wipes) were prepared in advance by the analytical laboratory, by saturating the wipe with saline (0.9 g NaCI 

per 100 ml distilled water). The volume of saline required to saturate a gauze pad was pro-determined by the analytical laboratory 

as the difference between an initially calibrated volume of saline, and the volume remaining atter a gauze pad had been dipped into 

the saline, and the excess had been squeezed off back into the initial container, Saline-wetted wipes were prepared by applying 

this pre-dctermined amount of reagent-grade saline by pipette in the laboratory. Each wipe was then scaled separately in a wide- 

mouth glass sample jar. 

Dry wipes. Dry, clean hands were simulated by dry gauze wipes, not wetted with any solvent. Prior to sample collection, 

dry gauze pads were scaled separately in wide-mouth glass sample jars by the analytical laboratory. 

Rubbing Methods 

"Standard Rubbing Method" (SRM). This method is suggested by USEPA (13) for the purpose of delineating the extent 

of contamination. A stainless steel template with a l0 em by 10 cm opening was placed on the surface to delineate the sampling 

area (100 cm2). Wipe samples were collected using gauze pads; each gauze pad was saturated in advance with a uniform volume 

of solvent (described above). To collect an SRM wipe sample, a gauze pad, held using stainless steel forceps, was wiped across a 

sampling area with four vertical strokes, followM by four horizontal overlapping strokes, followed by four diagonal overlapping 

strokes. Alter wiping in each direction, pads were refolded to expose a clean surface of the pad. The gauze pad was then rescaled 

in its original sample jar, stored on "blue ice," and shipped to the analytical laboratory. 

"'Alternate Rubbing Method" (ARM). This method was designod to standaxdize the amount of pressure applied during 

wiping, and to mimic the broader surface contact of a hand bcmg rubbed against the floor more closely than the forceps used in the 
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SRM For this method, the stanaless steel template ( 10 cm ~ 10 cm) was used in conjunction with a 2 in × 2 in stainless steel puck 

weighing approximately 45  Ibs. Wipe samples were collected using gauze pads; each gauze pad was saturated in advance with a 

uniform volumc of solvent (described above) To collect an ARM wipe sample, the puck was placed on a wipe and wiped three 

times clockwise over the 100 cm ~ aperture area, with no additional pressure besides the weight of  the puck. Then the wipe was 

refoldcd to expose a clean surfacc, the puck was replaced on the wipe, and wiped three times countcr-clockwisc over the template 

aperture area. with no additional pressure ]]ac gauze pad was then resealed in its original sample jar, stored on "blue ice," and 

stupped to the analytical laborator3'. 

"No Rubbing Method*' (NRM). This method was designed to better mimic the conditions of casual dermal contact (for 

example, an individual supporting his body weight with one hand on the floor while picking up a fallen object). For this method, 

the stainless steel template (10 cm × 10 cm) was also used in conjunctmn with the 2 in × 2 in stainless steel puck. As in the other 

methods, wipe samples were collected using pre-preparcd gauze pads  To collect an NRM wipe sample, a gauze pad was placed 

on the sampling area a single time, and without rubbing, the 4-na2 puck was placed on the wipe, using additional pressure of the 

entire hand and the weight of the upper body The gauze pad was then resealcd in its original sample jar, stored on "blue ice," and 

shipped to the analytical laboratory 

Because this method involved no rubbing, the total area sampled was 4 me (the area of the puck), instead of 100 em 2 (the 

area of the template). Therefore, the anab~tieal results for samples collected usmg this method were normalized to a 100 cm 2 

sampling area by multiplymg the laboratoD' analytical results by 3875 (the ratio of 100 cm 2 to 4 in 2) 

Overall Sampling Protocols 

Three separate sampling protocols (Protocol A, Protocol B, and Protocol C) were designed, each spceifytng collection of a 

different series of four types of wape samples (with varynag solvents and wiping methods) at each samplmg location. A total of 18 

separate potentially contaminated areas on the concrete floor at thc site (each 100 cm 2) were selected as sampling locations, six 

areas for each of the three sampling protocols That is, each sampling protocol was repeated six times. 

The steps of each sampling protocol are described below and summarized in Table The point of using sequential 

sampling of each of the 18 areas was to provide data for scaling the results of hexane vapmg to the pickup from a simulated hand 

touch The first step of each protocol was to vacuum the samplmg area without touching the surface, to remove loose dust and 

debris and to assure good contact between the wipe and the floor The purpose of our study was to compare hexane-wipe pickup 

from concrete surfaces to more physiological wiping procedures, and vacuuming also avoided the potential confounding effect of 

loose dust from another location contributing PCBs to the test square 

The second step was to place a stainless steel template on the surface to delineate the samplmg area (100 era2). The 

remanamg steps of each protocol involved a series of four wipe samples, collected in sequence from the same sampling area (going 

from the least "harsh" treatment to the most "'harsh" treatment), without moving the template. Sample 1 was collected using the 

"'no rubbmg method" and a gauze pad wetted with one of the alternate wipmg solvents; Sample 2 was collected using the 

"'alternate rubbing method" and a gauze pad wetted with the same alternate wipmg solvent; Sample 3 was collected using the 
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"alternate robbing method" and a hexane-wetted gauze pad; and Sample 4 was collected using the "standard rubbing method" and 

a hexane-wetted gauze pad. 

TABLE 1 

Summary of Sampling Protocols 

Step Protocol A Protocol B Protocol C 

I Vacuum sampling area Vacuum sampling area. Vacuum sampling area 

2 Place template on sampling area. Place template on sampling area. Place template on sampling area. 

3 Collect Sample 1 - oil/NRM Collect Sample 1 - saline/NRM Collect Sample 1 - &y/NRM 

4 Collect Sample 2 - oiVARM Collect Sample 2 - saline/ARM Collect Sample 2 - dry/ARM 

5 Collect Sample 3 - hexane/ARM Collect Sample 3 - hexane/ARM Collect Sample 3 - hexane/ARM 

6 Collect Sample 4 - hexane/SRM Collect Sample 4 - hexane/SILM Collect Sample 4 - hexane/SRM 

Analytical methods 

Each wipe sample was analyzed for PCBs using EPA Method 8080 (13). 

Inchcape Environmental, located in Colchester, VT. 

The analytical work was performed by 

QA/QC procedures 

Four types of quality control samples were collected. (1) Field blanks were prepared for each type of wipe (dry, oil- 

treated, saline-wetted, and hexane-wetted) by opening a wipe sample jar  and placing the jar  on the floor near a sampling location 

while a pr ima~ sample was being collected. The gauze pad was not removed from the jar, and the jar  was resealed after the 

primary sample was collected. (2) Equipment blank wipe samples for each type of wipe were prepared by wiping a 

decontaminated template and puck surface with the same number of strokes used to collect a sample. (3) Unopened wipe sample 

jars, shipped to the analytical laboratory with the other samples, were used as a trip blanks for each type of wipe. (4) Spiked 

samples were prepared by the analytical laboratory by adding a known amount of PCB to a gauze pad. 

Before use at each sampling location, all of the sampling equipment (the sample templates, forceps, and pucks) was 

decontaminated by washing first with isopropyl alcohol, then with Liqui-Nox detergent solution, followed by two distilled water 

rinses. 

RESULTS 

The PCB levels for each wipe sample, at each sample location, arc tabulated in Tables 2, 3, and 4 below. The results are 

grouped according to the sampling protocol used. PCBs were not detected above the detection limit (0.35 Bg/wipe) for any of the 

types of wipes (dry, oil-treated, saline-weRed, and hexane-wetted) in any of the quality control samples (field blanks, equipment 

blanks, and trip blanks). 
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TABLE 2 
PCB Wipe Sample Results 

Protocol A - Oil Wipe/Hexane Wipe 
Sample Sample Number /  PCB Pickup 
Location Description (P8 PCB/100 cm 2) 
I Sample I oi l /NRM I 3.7 
I Sample 2 - oi l /ARM I 1 
; Sample 3 hexane/ARM 560 
L s~p!e  4 h exan~SRM l~O .... 
2 Sample 1 oi l /NRM I 2 5 
2 Sample 2 oil]ARM 13 
2 Sample 3 hexane/ARM 390 
2 Samp_le 4 -- h e x a n e J S ~  110 

Sample 1 - o i ~  ...... iS0 - -  
3 Sample 2 oil/ARM 3.4 
~. Sample 3 - hexane/ARM 150 
~, S ~ l e  4 -- hexane/S_RM 49 

4 Sample 1 - o i ~  q -  0.~89 . . . .  
4 Samplc 2 oil /ARM 3 6  
4 Samplc 3 - hexane/ARM 130 
4 Simapl c 4 - h e x ~ S R M  30 
5 Sample I oi l /NRM ~ 1 1 
5 Sample 2 - oil /ARM 4 1 
5 Sample 3 - hexane/ARM 140 
"~ San lple 4 - -hg,~ne/SRM 49 
6 Sample 1 oi l /NRM t 0.43 
6 Sample 2 - o i l / A R M  2.7 
!~ Sample 3 hexanedARM 100 
6 Sample 4 -° hexane/SRM 26 

Since Sample 1 covered only the 4 in 2 puck area. the results f rom Sample 1 
have been normalized for  a I00 cm 2 sampling area by multiplying the 
laborato~ analytical results I~v 3 875 (the ratio o f  1 O0 cm 2 to 4 in2). 

T A B L E  3 

PCB Wipe Sample Results 
Protocol B - Saline Wipe/Hexane Wipe 

Sample Sampling PCB Pickup 
l.ocation Step _ _  (~g PCB/100 cm 2) 

7 Sample 1 - sal inetNRM L 7.0 
7 Sample 2 - saline/ARM 42 
7 Sample 3 hexane/A~M 180 

8 Sample I - saline/NRM ~ 12 
8 Sample 2 saline/ARM 44 
8 Sample 3 hexane/ARM 200 

Sam~p!c 4 he~e/S~M 2O0 
9 Sample I saline/NRM I 3 0 

Sample 2 saline/ARM 16 
u Sample 3 hexmae/ARM 52 

~ S ~ P !  e 4 hexan~_e/SRM 38 
1() Sample 1 -. salineJNRM I 3 0 

I() Sample '2 .- saline/ARM 22 
I(I Sample 3 hexane/ARM 49 
10 Sample 4 hexan~SRM 29 
II Sample I sa lme/NRM t 3 3  
I 1 Sample 2 - saline/ARM 9 5  
I I Sample 3 hexane/ARM 88 
I I Sam p!e 4 h e x ~ d S  ~ 72 
12 Sample I sal ine/NRM ~ 4 3 
12 Sample 2 - saline/ARM 1 I 
12 Sample ~ - hexane/ARM 8 I 
12 Sample 4 - hexane/SRM 4 I 

2 S nce Sample I covered only the 4 in puck area. the results f rom Sample 1 
have been normalized for  a 100 cm 2 sampling area by multiplying the 

2 2 laboratory analytical results l~v 3 875 (the ratio o f  lO0 cm to 4 in ). 
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T A B L E  4 
P C B  W i p e  S t a p l e  R e s u l u  

Protocol  C - D r y  W i p e / l l e m m e  W i p e  
sample SampUng PCB 
Location Step (ttB PCS/IO0 c m ~ )  " 

13 Sample I - dw/HR/vI' 2.9 
13 Sample 2 - dr//ARM 17 
13 Sample 3 - hexane/ARM 410 
13 Samp~le 4 - hexaneJSRM 150 
14 Sample ] - dry/NRM t 2.1 
14 Sample 2 - dry/ARM 20 
14 Sample 3 - hexane/ARM 460J 
14 Sample 4 - hexane/SRM 180J 
15 Sample 1 - ¢h-'y/lqR.M I 0.58 
15 Sample 2 - d~/ARM 7.8 
15 Sample 3 - hexane/ARM 200J 
15 Sample 4 - hexaneJSRM 59J 
16 Sample I - dq,/HRM t 0.62 
16 Sample 2 - dry/ARM NA2 
16 Sample 3 - hexane./ARM 190J 
16 Sample 4 - hexane./SRbl 66J 

17 Sample l - dry/NRM I 0.81 
17 Sample 2 - dry/ARM 3.7 
17 Sample 3 - hexaneYARM 130J 
17 Sample 4 - hexane/SRM 390J 
18 Sample I - dry/NRM I 0.50 
18 Sample 2 - dry/ARM 3.2 
I 8 Sample 3 - hexane/ARM 120J 
i 8 Sample 4 - hex~e/SRM 35J 

i Since Sample 1 covered only the 4 in: puck area. the results from Sample 1 
have been normalized for a 100 cm • sampling area by multiplying the 
laboratory analytical results by 3.875 (the ratio o f  100 cm • to 4 in~). 
• Result not available; sample jar broken. 
O indicates an estimated value. 

Based on these results, the removal efficiency of each alternate wiping solvent and rubbing method, relative to standard 

hcxan¢ wipes, was estimated. R was not possible to make a direct comparison to standard hexanc wipes, since such a comparison 

would have required testing each of  the protocols on "spiked" surfaces, contaminated with a uniform quantity of PCBs. The "old" 

PCB spills that were tested had heterogeneous levels of  contamination. Newly "spiked" surfaces would not necessarily be relevant 

to "old" spills. Therefore, relative removal efficiencies could only be estimated by comparing, with each other, the wipe results 

collected in sequeace from each sampling location. 

The sum of the PCBs removed in Samples 1 - 3 was used to represent hexane wipe pickup using the alternate rubbing 

protocol, assuming that each hexane/ARM wipe (Sample 3) also would have picked up the PCBs removed in Samples 1 and 2, 

had they still been present and not removed with previous wipes. Similarly, the sum of the PCBs removed in Samples 1 - 4 was 

used to represent pickup using the standard hexane wipe protocol, assuming that each hexane/SRM wipe (Sample 4) also would 

have picked up all the PCBs removed in Samples 1, 2, and 3, had they still been present and not removed with previous wipes. 

Although this approach (smmning Samples 1 - 4) may slightly overestimate pickup from a standard bexan¢ wipe since two 

successive hexane wipes are included, we feel this is the best estumte available given the limitations of using "old" spills (i.e., the 

inability to spike surfaces with uniform concentrations). Hexane wipe pickup using the altemato rubbing protocol (summing 

Samples I - 3) is likely to underestimate standard bexane wipe pickup since the standard protocol is more aggressive. 
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To calculate the relative removal efficiency, we divided each wipe result obtained using one of  the alternate wiping 

solvents and rubbing methods tested (Samples 1 and 2 - oil/NRM and oil/ARM from Protocol A, saline/NRM and saline/ARM 

from Protocol B, and dry/NRM and dry/ARM from Protocol C) by the hexane wipe pickup using the alternate or standard rubbing 

protocol (the sum of  the PCBs removed m Samples I - 3 or Samples 1 - 4) at  that sampling location. Relative removal effieieneies 

for each o f  the alternate wiping solvents and rubbing methods tested were then averaged; the average results and standard 

deviations are shown in Table 5 

TABLE 5 
Summary of PCB Wipe Sample Results 

AHthmetlc Removal Removal 
Mean Efficiency Efficiency 

Protocol Sampling PCB Pickup SE I Relative to SE I Relative to 
Stop (~g/100 cm 2) Hexone/ARM Hexane/SRM 

A Sample 1 - oil/NRM 2 1.6 0.51 0.62% 0.046 0.49% 
A Sample 2 - oil/ARM 6.3 1.8 2.6% 0.19 2.0% 
A Sample 3 - hexane/ARM 250 76 
A Sample 4 - hexane/SRM 66 18 

13 Sample I - saline/NRM 2 5 4 1.5 4.0% 0.27 
B Sample 2 - saline/ARM 24 6.2 18% 3.0 
B Sample 3 - hexane/ARM 110 27 
B Sample 4 - hexane/SRM 9 ~ 31 

C Sample I - dry/NRM 2 I 3 0.41 0.45% 0.063 
C Sample 2 - dry/ARM 10 3.5 3.4% 0.32 
C Sample 3 - hexane/ARM 250 60 
C Sample 4 - hexane/SRM 150 54 
i SE - SM Dev/(n) ~s 

SE' 

0.034 
0.14 

2.5% 0.23 
12% 2.3 

0.29% 0.049 
2.3°.4 0.44 

2 Unlike the other steps which covered a 100 cm 2 area, Sample 1 was performed with no rubbing and covered 
only the 4 in: puck area. Therefore. results from Sample 1 have been normalized for a 100 cm 2 sampling area 
by multiplying the laboratory analytical results by 3.875 (the ratio o f  100 era 2 to 4 in:). 

Both dry and oil-wetted wipe samples, colleeted without rubbing, picked up less than 1% of  the PCB pickup estimated for 

a standard hexane-wetted wipe. With rubbmg, dry and oil-wetted wipe samples collected about 2%. A greater pickup was 

achieved using saline as a wetting agent. Without rubbing, saline-wetted wipes had a removal efficiency o f  about 2.5% relative to 

the pickup esttmated for standard, hexane-wetted wipes; rubbed saline-wetted wipes had a removal efficiency o f  about 12%. 

Removal effieiencies relative to hexane wipes collected using the alternate rubbing protocol were somewhat higher; however, these 

results are less relevant for risk assessment purposes 

DISCUSSION I C O N C L U S I O N S  

Standard hexane wipe samples have several drawbacks that limit their relevance for quantifying exposures posed by 

dermal contact with PCB-contammated porous surfaces. Orgamc surface contaminants are likely to be picked up m greater 

quantities with a hexane-saturated wipe than by a dry, oily, or sweaty hand surface. This is because hexane is a more aggressive 

solvent, and also because hexane can collect contaminants from below the surface, via wieking action from cavities and pores, that 

would not be accessible during hand contact. In addition, the standard wiping procedure used m collecting hexane wipes (wiping 

three times m each of  three directions) is not representative o f  casual dermal contact. Finally, the quantity o f  fluid that can be 

absorbed into a gauze wipe exceeds that normally present on hand surfaces. 
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The PCB wipe samples that we collected using alternate wiping solvents and application methods provide a better estimate 

of the amount of PCBs that could be transferred to skin upon contact with contaminated camcrete, because they mimic the 

conditions of dermal contact more closely than standard hexane wipe samples. Site-specific PCB hexane wipe sample results can 

be multiplied by one of the relative removal effieiencies (summarized above in Table 5) to estimate dermal pickup under different 

conditions of touching. Because of historical industrial activities, sites with PCB-coutaminated concrete are common in the United 

States. Given the prevalcuce of these types of sites and the general lack of data on pickup rates for porous surfaces, our data on 

simulated dermal pickup address a critical data gap and should help reduce the unenrtainty associated with assessing risks from 

PCB--contaminated surfaces. 

We found that more PCBs were removed with rubbing than without, and that more PCBs were removed using harsher 

solvents than gentler solvents. Therefore, choice of an appropriate relative removal efficiency should involve identifym 8 the 

experimental protocol that best mimics the nature of dermal contact in a given exposure scenario. If dermal contact is likely to be 

infrequent and casual, a relative removal efficiency of <1% (based on average results from dry and vegetable oil-wetted wipes, 

collected without robbing) might be most appropriate. If, however, strenuous activities involving sliding dermal contact with the 

bare concrete floor are expected, a relative removal efficiency of 12% (based on average results from rubbed, saline-wetted wipes) 

might be most appropriate. While the nature of  dermal contact with a contaminated surface can never be perfectly reproduced 

with a wipe sample (e.g., the triacylglycerides in vegetable oils are only a surrogate for natural skin oils, the texture of a gauze pad 

differs from the texture of  skin, eW.), our results with alternate wiping solvents and rubbing methods arc likely to be considerably 

more representative of dermal contact than standard hexane wipes. 

It is important to recognize that many factors related to site or exposure conditions may potentially influence dermal 

pickup rates of  PCBs. These factors include the type of contaminated surface (rough vs. smooth, porous vs. nonporous), the floor 

cleaning or maintenance schedule, the magnitude of the surface contamination, the age of the spill, the type of Aroclor present, and 

the length of dermal contact. The number of  contacts at one location and the length of time between contacts may also affect 

pickup. At one e ~ ¢ ,  the same amount of  PCBs may be transferred with each contact. This might be true, if, for example, 

concrete can be considered an infinite reservoir wberem surface contaminants are constantly renquilibrated to a constant level. 

The other extreme is that a first contact or wipe removes all of  the accessible surface contamination, and nothing is removed with 

each subsequent contact. 

Wipe sample results may also be variable due to differences in sampling methodologies. Potential sources of variability 

include: the size and precision of the sampling area (e.g., whether the size of  the sampling area is estimated or whether a template 

is used), the type of collection media (e.g., gauze pads, filter paper, cotton swabs, glass fibers), individual wipe samplmg 

techniques (e.g., sampling pressure, number of  passes, direction of wiping), and preliminary cleaning methods (e.g., whether or not 

loose dust or other particles are removed from the surface prior to collecting wipe samples). In designing our sampling protocols, 

we attempted to minimize variability within our study by clearly defining our sampling protocols, and using a stainless steel 

template and weighted puck to standardize sampling areas and sawHling pressure. We also vacuumed each sampling area first to 

ensure that we were measuring only PCBs on the concrete surface and not loose dust or particulates. However, since wipe 
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sampling methodologies for risk assessment have not been standardized, it is important to understand the possible impacts of 

different sampling methodologies in interpreting results from a single study and in comparing results across different studies. 

Other Studies 

A few other investigators have also used alternate wipe sampling protocols. Rappe et al. (14) collected wipe samples at 

locations where PCB fires had occurred to identify dioxin and furan contanunated areas. They used a dry wipe, followed by a 

water-wetted wipe, noting that "an orgamc solvent was found to increase the background noise." However, they did not attempt to 

quantify human exposures using their results. 

Investigators at the Midwest Research Institute (MR.I) evaluated PCB transfer from contaminated surfaces to skin (15). 

They measured in vitro transfer of a radio-labeled PCB congener from glass and painted steel onto pieces of pig and human skin, 

using three durations of contact and a controlled pressure. Depending on the length of contact, 22-84% of the applied PCBs were 

transferred from glass to human skin, and 32-48°/0 from painted metal Transfer to pig skin was somewhat less efficient. 

Although their results allow an interesting comparison between different surface types, different skin types, and different contact 

durations, they are not relevant for assessing human exposure to PCBs on porous surfaces. Chemical contaminants are more 

readily available for pickup from smooth, nonporous surfaces (glass and painted metal) than from porous surfaces (concrete). 

Also, transfer from recent contamination (surfaces in the MRI studies were tested 16 hours after spiking with PCBs) is likely to be 

more efficient than transfer from "old spills." 

MRI also conducted studies of dermal exposure to malathion (a pesticide commonly used for control of lice and other 

pests) (16-17). As part of their studies, they measured transfer of malathion from earl~, painted sheetrock, and vinyl flooring, 

followatg tuned contact with controlled pressure. Transfer onto bare skin (human volunteers), and also cotton material was tested. 

In their first series of experiments, transfer to human hands averaged 15% from carpet, 0.18% from vinyl floonog, and 0.03% 

from painted sheetrock; transfer to cotton gloves averaged 2.9%, 0.10%, and 0.02%, respectwely (16). In their second set of 

experiments, transfer to human hands averaged 8.9% from carpet, 0.55% from vinyl floonog, and 0.43% from painted sheetrock 

(17): transfer to a cotton suit material averaged 22.6%, 0.053%, and 0.06%, respectively. Companog the transfer onto skin 

versus cotton material, transfer onto cotton material was greater for carpet, but transfer onto skin was greater for vinyl floonng 

and painted sheetrock. However, given the inherent differences between concrete floor and the types of floor surfaces measured in 

the MRI studies, and the fact that MRI was investigating pickup from newly-spiked surfaces while we tested "aged" 

contamination, the MR] results can not be used to predict whether our results (using gauze wipes) would overestimate or 

underestimate pickup onto human hands. Furthermore, although their approach is an excellent method for determining the 

correlation between pickup onto skin and a surrogate material for situations where the use of human subjects is acceptable, such 

studies are unlikely to be allowed in the case of PCBs. 

In addition to wipe sampling, other methods are available to assess dermal exposure. The mass of a compound deposited 

on an individual's skin can be directly measured, usmg skin swabs or liquid rinses. Alternatively, skin levels can be indirectly 

estimated using measurements of clothing or exposure patches as a surrogate. Dermal exposure can also be assessed using 
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biological monitoring results; if the pharmacokinetics of a contaminant are known, blood or urine concentrations of a contaminant 

can be rellited to chemical exposure. We have been unable to find any such results for PCBs, however. 

Dermal pickup is only one of several factors influencing e ~ r e s  and risks from contaminated surfaces. For example, 

the surface area of the skin that contacts a contaminated surface is another input parameter that is needed to calculate exposures. 

Often, the exposed surface area is estimated as the total skin surface area of the hands up to the wrist, or perhaps half this total 

area. However, due to the three-dimensional nature of the hand, and the numerous creases, folds, and crevices in the skin surface, 

the actual area that may contact a surface is likely to be considerably smaller. MRI addressed this issue by covering the palm of a 

hand with ink, placing the hand on a piece of paper (under controlled pressure), and determining the surface area of the "inked" 

areas of the paper (16). The average contact area from three mdividnals tested was 112 cm 2. Surface areas measured using this 

approach provide a more accurate estimate of the area of the hand that actually contacts a suffaee than estimates originally clerived 

for purposes of hand immersion m fluid. 

Summary 

Hexane wipe data more than likely overestimate substantially the amount of PCBs available to be picked up by touching 

contaminated porous surfaces. The use of alternative solvents and contact procedures that more closely simulate conditions of 

human skin contact yields more realistic estimates for the dermal pickup of PCBs. We developed scaling factors that can be 

applied to site-specific PCB hexane wipe results. Adjusted hexane-wipe data may then be used to esttmate the potential for human 

exposure from PCB-contaminated concrete surfaces. 
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