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Introduction

Emissions from contaminated soil sites represent a potential major ongoing source of PCB to the
environment [1-3]. A Chicago area site which had been the subject of a PCB remediation was alleged to
have resulted in residential exposure due to past and current emissions.

A bench-scale study was conducted where an empirical relationship between PCB levels in two soil types
(Chicago area top soil and clean, washed sand) and flux were measured using the USEPA surface emission
isolation flux chamber (flux chamber)[4, 5]. Soils were tested for background flux using the flux chamber
and the USEPA Method TO-10A/1668A high resolution gas chromatography/ high resolution mass
spectrometry for all 209 congeners and then again after the standard addition of approx. 5 grams of
technical grade Aroclor 1260 resin dissolved in approx. 600 ml acetone added to approximately 45 kg of
the soil matrix. At total of three standard additions were performed resulting in a range of PCB soil
concentrations from near-method detection to approximately 500 ppm. These empirical data were then
used to develop a relationship between PCB soil concentration and surface flux from both soil types. Field
data were also collected from the site during February, 2003.

Exposure potential from soils containing polychlorinated biphenyls (PCBs) was also estimated using
predictive models [6-8]designed to generate a conservative (upper bound) estimate of mass flux from a
given soil source. Estimates of flux using both assessment technologies are provided for comparison.

Methods and Materials

A Quality Assurance Project Plan (QAPP) was prepared prior to undertaking this work. Technical grade
Aroclor 1260 was obtained in 5 g vials from a supplier. Reagent grade acetone was used for the bench
scale testing. Isopropyl alcohol was commercial grade. Air sampling cartridges were prepared in the
laboratory, including spiking with field surrogates. For the bench scale testing soil samples were obtained
from the site, packaged in 20 L pails and shipped to the location of the testing (CA). Clean sand was
obtained from a commercial hardware store. Field sampling was carried out at the remediated site and a
background location in February, 2003.

Flux measurements were made using the USEPA flux chamber and USEPA Method TO-10A utilizing
PUF-XAD-2 cartridges for air sampling. Temperatures and flow rates were monitored on a regular basis
during the sampling. Soil and air samples were shipped in sealed containers inside coolers to the laboratory
for appropriate analysis. PCB analyses were performed by Alta Analytical (El Dorado Hills, CA, USA)
using USEPA 1668A with isotope dilution mass spectrometry quantitation. Physical properties were
measured by Severn Trent Laboratories (Burlington, VT) using ASTM methods.

Predictive emissions modeling was carried out using procedures outlined in Thibodeaux [6] and Woodrow
[7-8]. Equation 1 provides the critical concentration above which the PCB volatilization is essentially
constant and based on the vapor pressure.

PAK;
W= DAt (1)
HP
p% =pure component vapor pressure, k,, = partition coefficient,
H = Henry's Law Constant

The flux value can then be calculated using equations 2 [7] or 3 [6] below.
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Since the site was surrounded on all sides with a 4 m solid corrugated metal fence, which reduces volatile

emissions by an estimated 64% [9] or a multiplier of 0.36 can be applied to the flux.

RESULTS AND DISCUSSION

The results for the physical properties testing for the soil and sand are shown in Table 1. The results for
Organic Carbon are in the range of previous measurements at the site. The results from the bench scale test
flux test measurements for 0, 1, 2 and 3 aliquot additions of technical grade Aroclor 1260 are summarized
in Table 2. The results of the field testing are summarized in Table 3. The range of fluxes measured in the
field tests at low temperatures (0-5° C) correspond quite closely to those measured in the bench scale tests,
which provides a level of comfort regarding the transferability of the results.

Tablel: Physical Property Test Results

Phys Parameters ASTM Method Soil Sand

In-Place Density (g/cm3) (D2937) 1.08/1.19 1.51/1.52
Specific Gravity (D854) 2.51/2.47 2.66/2.64
Organic Content (%) (D854) 10.4/10.7 0.2/0.2
Permeability (cm/sec) (D2434) 6.2E-04/3.7E-04 |3.1E-02/3.7E-2
Porosity (%) (D2937 + D854) |56.9/51.6 43.4/42.6

Table 2: PCB Flux Results-Bench Scale Testing

Std soil conc. [soil flux (ng/ |soil sand sand flux sand
Addition  |(ppm) sqg. m. hr) temperature |conc. (ng/sq. m hr) |temperature
(deg. C) (Ppm) (deg. C)
0| 0.0000684 4.5 18.9| 0.0833 4.6 20.0
1 117 5164.1 13.3 92.3 29435 11.7
2 215 13837.1 12.2 248 6271.6 15.6
3 563 18105.4 144 431 10488.6 17.2

Table 3: PCB Flux Results-Field Testing

Field soil soil flux (ng/ soil

Test conc. sg. m. hr) temperature
(ppm) (deg. C)

S-001 0.035 1.2 2

S-002 0.035 4.3 2

B-001 0.22 1.8 4

The measured flux for the bench scale testing of sand and soil are plotted in Figure 1. As expected, the flux
increased as a function of the amount of PCB present in the soil. The flux vs. concentration fitted linearly
for sand. However a power function was a better fit for the soil case. The power function fit corresponds
with the theory of a critical concentration.

Organohalogen Compounds, Volumes 60-65, Dioxin 2003 Boston, MA

500



Organohalogen Compounds 62, 499-502 (2003)

25000.0

* Soil
- E.and Sand)
inear (San _
— - Linear ESoi_Ig y2 _36.543x

20000.0 — - Power (Soil R —0.7885’ _
= P
= . .
E . 4 - "
C.T P . _ — -
® 15000.0 L -
2 - y = 636.98x*°1%°
x R?=0.995
=)
T 10000.0 _
2 y = 24.816x
m )
O R® = 0.9921
a

5000.0
0.0 ‘ ‘ ‘ | |
0 100 200 300 400 500 600

PCB total (ppm)
Figure 1: Measured PCB (total) Flux vs. PCB Concentration Bench Scale Testing

The equation 1 calculation indicates w,.=1200 mg/kg, at concentrations above this, the PCB volatilization

flux will be independent of concentration. The fluxes predicted by Equations 2 and 3 are shown in Table 4.

The predicted fluxes for soil at 25° C are 3-4 times greater than the observed fluxes (Table 2) at 14° C,

which indicates the conservative nature of the model.

Table 4: Modeled Flux Results

Basis of Calculation Equation 2 Equation 3
(>1200 ppm) |(pure product)

estimated flux (ng/m” hr), 25 deg C, no fence effect, 4.01E+05 3.40E+05

estimated flux (ng/m” hr), 25 deg C, with fence effect 1.44E+05 1.22E+05

estimated flux (ng/m hr), 25 deg C, with fence effect, 6.77E+04 5.74E+04

difference in actual concentration vs. calculated

Ratio Predicted @ 25 deg C vs. Observed @ 14 deg C 3.74 3.2

Conclusion

The feasibility, applicability and the repeatability of the bench scale testing approach and flux chambers are

illustrated by this work. This type of approach should be applicable to other types of chemicals, especially
semi-volatile organic compounds (SVOC). The empirical data provided above adds to the database on air
emissions of gas-phase PCBs from contaminated soils. This offers the possibility of carrying out some
order of magnitude estimates for vapor phase emissions from PCB contaminated soils, provided the site
area is known. In the cases where the concentrations are not known the use of the critical concentration

provides an upper boundary to the flux estimate.
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Additional work is recommended in this area. It is recommended that the additional work address some or
all of the following, empirical verification of the critical concentration value of 1200 ppm for Aroclor 1260
contaminated soils, the effect of moisture, effect of temperature, porosity, depth of diffusion. In the
absence of more precise empirical data the use of predictive emissions modeling is often useful. However
it is important to note that the type of modeling approach followed here provides conservative
overestimates of the actual fluxes.

Finally measured or predicted fluxes can be used as input into air dispersion models which can then be used
to provide exposure estimates.
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