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Introduction

Passive sampling is a new trend in environmental monitoring and analysis. Several Passive samplers are
being developed to overcome the drawbacks of the conventional snapshot sampling approach. The idea relies on
the uptake of contaminants into an appropriate sampling device along a diffusion gradient without using pumps
or bailers. Once the diffusion gradient between the medium and the sampler's interior is steady, the contaminants
can be continuously sampled over an extended period allowing for the calculation of a time-weighted average
(TWA) concentration'.
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Figure 1. Concentration profile in the ceramic toximeter.

Where C,: the concentration of the chemicals in water, M: the mass of adsorbed chemicals on the
receiving material, Ax: the thickness of the diffusion membrane, A: the area of the exposed ceramic surface, t:
the exposure time and D,: the effective diffusion coefficient of the chemicals in porous membrane compared to
water.

In this research, we aim to develop and evaluate the ceramic toximeter as a passive sampler for
monitoring dioxin-contaminated water.

Materials and methods

The purely diffusion-controlled sampling device is based on a porous ceramic membrane in the shape
of a cylinder of alumina (0-AL,O;) internally lined with a 5 pm layer of titania (TiO,). The cylinder has a length
of 5 cm length, a wall thickness of 2 mm, an external diameter of 1 cm, and a porosity of 30%. About 0.62 g of
conditioned X-CARB (XDS,USA) were packed in each cylinder and small plugs of pre-cleaned glass-wool were
inserted in both ends. Two caps of PTFE were used to tightly close both ends of each cylinder. The toximeters
were immersed in deionized Milli-Q water under vacuum to assure a complete saturation of the toximeters with
water. An aqueous saturated solution of 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) was prepared by using a
modified design of generator column. This stock solution is to be used as an in-vitro testing medium for the
ceramic samplers. The CALUX (Chemically Activated LUciferase gene eXpression) bio-assay technique
(HIL7.5¢c1 mouse hepatoma cell line)* was utilized to quantitatively analyze the amounts of dioxin trapped by
the toximeters®.
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Results and discussion:

The concentration of the prepared TCDD saturated solution was 6.70x107 mg/L which is within the
saturation levels previously reported in literature’. After four months, the concentration decreased to 2.5 times of
starting value, probably due to the sorbtion of TCDD on the glass walls of the reservoir. From that point on, the
concentration remained almost constant probably due to reaching an equilibrium state between sorbed and free
TCDD molecules. A working concentration of 0.00135 ng/mL was obtained by diluting this saturated solution.
Ceamic toximeters were immersed in this working solution and extracted at different times (24, 48, 72, 96, 120,
and 168 hours) during several cycles’. A standard dose-response curve was obtained by plotting the CALUX
response (%RLU, Relative Light Units) of 10 standard TCDD solutions (in DMSO) against their concentrations

(Figure 2).
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Figure 2. Example of a 10-point standard TCDD calibration curve

The amounts of dioxin extracted from the dosimeters and testing solutions were obtained by fitting their
measured CALUX response on the calibration curve. A single point estimate is better not to be used since this
can bias the results®. The best way to determine the BEQ-concentration of 2,3,7,8-TCDD trapped in the ceramic
toximeter is by establishing a (full dose) dilution curve of the sample with the CALUX bioassay. Therefore, one
dilution point was measured to determine the amount of trapped material. Depending on the % RLU induction,
choice of further dilutions was decided.
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Figure 3. An overview of the dilution curves for two ceramic dosimeters with exposure times of 96 and 168 h
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Figure 3 gives an overview of the full dose dilution curves for two ceramic dosimeters after an exposure to
the saturated TCDD working solution of respectively 96 and 168 h. For the ceramic tube that was in the TCDD
solution for 168 h, a maximum around 100% induction was found, while at dilution factor (df) of 800, the full
dose curve was leveling off to a minimum level (DMSO). For the dosimeter at time 96 h, the maximum was not
yet reached at df 10, but since the slope of the curve is still steep, it can be expected that the maximum will also
be around the theoretical maximum of 100% RLU induction. The amounts of dioxin trapped by the toximeter
was increasing with time, which is helpful to obtain the time-weighed average concentration required for the
field application of this toximeter in monitoring the dioxin-contaminated waters (Figure 4).
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Figure 4. Amounts of TCDD trapped on the toximeter with time

Assuming that the movement of the TCDD molecules to the inner part of the ceramic dosimeter is based
solely on diffusion, the accumulated mass can be described according to Fick’s first law of diffusion’:
M =D, AC A t/Ax (Equation 1)

Where: . AC: the concentration of the chemicals in water (assuming that the concentration on the internal
linter of the dosimeter = 0), M: the mass of adsorbed chemicals on the receiving material, Ax: the wall thickness
of the cylinder (2 mm), 4: the area of the exposed ceramic surface (1257 mm?), : the exposure time and D,: the
effective diffusion coefficient of the chemicals in porous membrane compared to water. The effective diffusion
coefficient (D,) refers to alteration in diffusion of analytes (TCDD) in the porous ceramic membrane compared
to water according to Archie's law':

D,=D,¢" (Equation 2)

Where D,, is the diffusion coefficient of TCDD in water which has a reported mean value of 5.11 x 107
m’/d at 25 °C. ¢ is the porosity of the ceramic membrane (0.30) and m is Archie's law exponent, which ranges
from 1.5 to about 2.5 in calibration experiments in the laboratory and the value of 2.0 was determined and
applied based on previous calibration experiments of the ceramic dosimeter’. The diffusion coefficient (D,) of
TCDD in the ceramic toximeter was 9.062 x 10°and 9.928 x 10°m%d depending on the trapped masses at 96
and 120 h respectively. The difference in D, might be caused by the decrease of the testing solution
concentration with time due to the continueous traping of TCDD by dosimeter. This changing in concentration is
one major chalenge during the laboratory evaluation and calibration of the ceramic sampler. In the future field
application, temperature would be the only parameter to be determined during the sampling period because of its
impact on diffusivity.

The Blank experiments carried out for ceramic cylinders which were used several times with clean-up
procedures between every two successive uses, showed contamination of the cylinders starting from the third
cycle of use. This means that it is advisable to discard the cylinders at that point.
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