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Introduction

Activities carried out at former Soviet military bases in Latvia have resulted in the
discharge of various toxic substances into the environment (Whittaker, 1994). Since
the abandonment of these bases, local residents have been able to access these lands
for agriculture, forestry and recreation. Consequently, there is a high risk for exposure
to the soil and water which is contaminated with toxic chemicals with the resultant
impacts to human health. Large scale clean-up operations are required in order to
return this land to profitable or safe use. A joint project was set up in Canada and
Latvia to carry out the environmental assessment and remediation of sites at former
military bases at Barta and Tasi, located in the coastal zone near Liepaja (Latvia).

During the site assessment conducted at former military bases at Barta and Tasi, soil
and water samples were found to be contaminated with varying concentrations of the
xylidine-based missile fuel SAMIN and oil products (Ladanowski, 1996). The
estimated level of oil product contamination (by mineral oil and grease analysis)
reaches 6,000-7,000 ppm, while the xylidine contamination reaches a few thousand
ppm (in some places more than 20,000 ppm). Xylidines have been found to be toxic
at concentrations as low as 2 ppm by inhalation and skin contact; however xylidines
are valuable intermediates in many industry processes. Therefore, the main research
objective of this project is to improve the quality of these coastal sites by focussing
on the development of remediation technologies to clean-up the xylidine
contaminated soil and water through the development of a nondestructive xylidine
concentration and recovery process.



Latvian and Canadian researchers began research in the autumn of 1995 to investigate
different treatment technologies with the goal of developing an optimized treatment
process for remediating these sites. Based on this research, a pilot-scale treatment
train is being built and is planned for use during a remediation demonstration project
to be carried out in Latvia in August 1996.

Background

The treatment technologies investigated for the remediation of contaminated soil were
soil washing, solvent extraction, and low temperature thermal desorption. Steam
stripping and advanced oxidation were investigated to remediate the contaminated
ground water.

Soil washing is a physical treatment method in which contaminants are removed from
the soil by solubilizing them, or suspending them in a fluid such as water with or
without surfactants or detergents. The soil is separated from the washing fluid with
the contaminants, fine soil particles and soluble components of the soil staying in the
washing fluid (Intera Kenting, 1990). Ultimately the contaminants are concentrated
in the washing fluid and the “cleaned” soil is tested to ensure the contaminants have
reached target levels and then returned to its original site (Kendall, 1991). In some
cases, soil washing alone can reduce the contaminant concentrations to acceptable
levels and therefore serve as a stand-alone technology (USEPA, 1990). In other
cases, it can be a cost-effective pre-processing step in reducing the quantity of
material to be processed. It is important to note that this process does not destroy but
rather concentrates the contaminants for further processing. Although this treatment
method is suitable for a wide range of contaminant problems, it is most effective on
coarse material (Traver, R.P., 1992, Kendall, 1991, USEPA, 1990 ).

Solvent extraction is differentiated from soil washing because it utilizes organic
solvents or critical fluids to remove hydrophobic contaminants from the soil (Intera
Kenting, 1990). The extracting fluid is then separated from the soil by a physical
method such as filtration. The soil may require additional treatment to remove any
residual extracting fluid (CPPI, 1991). The extracting fluid may then be treated and
recycled back into the process (Kendall, 1991, CPPI, 1991). The effectiveness of this
process is dependent upon the nature of the contaminant, soil type and extracting
agent used. Several methods of enhancing solvent extraction (Punt, 1994) and
proprietary processes (Kenting, 1990, Robbins, 1990) have been developed.

Low temperature desorption is a process by which either direct or indirect heating is
used to raise the temperature of a contaminated soil to volatilize the organic
contaminants and water into an exhaust gas. The contaminants in the exhaust gas are
either destroyed in an afterburner (Ouellette, 1994) or recovered by condensation into
a liquid form (Bogzaran, 1994). The condensate may then be separated into organic
and water fractions. Thermal desorbers generally operate at relatively low soil
discharge temperatures, typically in the range of 150°C to 500°C (Troxler, Goh et al,
1993). This process can be used for the remediation of a wide range of contaminants



such as petroleum products and pesticides (Troxler, Cudahy et al., 1993; Toxler, Goh
etal., 1993)

Steam stripping allows steam to come into contact with the contaminated water
causing the contaminants to volatilize and transfer from the water to the steam.
Although the contact between the two phases may be achieved by a variety of
methods, most traditional units are counter-current packed columns (Sundstrom,
1979, Punt, 1991). The driving force for the contaminant transfer is the concentration
differential between the liquid and vapor phase. The vapor outlet stream is condensed
and the contaminant is recovered in a concentrated water stream. The stripping
temperature is important since Henry's law constant (ratio of the contaminant
concentration in the water and vapor phase) is temperature dependent. Other
important system operating parameters are the steam to feed ratio, and the pH of the
feed stream.

The advanced oxidation process is a technique that may be used to degrade organic
contaminants in ground water and in some cases mineralize them to undetectable
levels. Advanced oxidation processes are applicable for treatment of low
concentration contaminated ground waters and as a post-treatment step. Ultra-violet
light in conjunction with powerful oxidants such as hydrogen peroxide and Fenton’s
reagent treatment generate powerful hydroxyl radicals. The hydroxyl radicals oxidize
the organic contaminants which are kept in an excited state and vulnerable to attack
by the UV/oxidant system. In the absence of ultra-violet light, Fenton reagent (dark
Fenton’s reaction) produces hydroxyl radicals by the interaction of hydrogen peroxide
with ferrous salts (Walling, 1975). The reaction is retarded after complete conversion
of the ferrous ions (Fe?*) to ferric ions (Fe **). The irradiation of this solution (photo-
Fenton’s reaction) includes the photoreduction of Fe *" to Fe *" ions allowing the
generation of hydroxyl radicals to continue (Ruppert, 1993). The irradiation of
hydrogen peroxide solution involves a single step dissociation of the hydrogen
peroxide to form two hydroxyl radicals (Venkatadri, 1993, Paul, 1990).

Materials and methods

This research project used contaminated soil and water samples from the former
Soviet military bases in Latvia in addition to spiked soil and water samples. The
contaminated soil and water samples received were refrigerated until use. The spiked
samples were used to narrow the range of operating parameters for these tests before
the actual soil and water samples were used for parameter optimization.

Spiked water samples were produced by adding specific amounts of 2,4 xylidine or
2.5 xylidine to deionized water. A soil comparable to that at the site in Latvia, was
produced by mixing 70 wt% sand, 10 wt% black earth, 10 wt% peat and 10 wt%
water in a ball mixer. This soil was then spiked by adding a xylidine/methanol
solution. The methanol was then evaporated by air drying at room temperature.



The analyses of the xylidine and oil products were performed by gas chromatography
/FID. A rapid analytical method for spiked sample determination using a UV-VIS
spectrometry was also developed. This method is based on the reaction of xylidine
with a reagent to shift the absorbance signal from the UV region towards the visible
zone of the spectrum. The colouring agents used were para-dimethyl-
aminobenzaldehyde (DMBA) and trisodium pentacianoamino ferroate (TPF).

Results and discussion

The technologies investigated for the decontamination of the soil were soil washing,
solvent extraction, and low temperature desorption (LTD).

As mentioned previously, in soil washing an aqueous solution is used to solubilize
and separate contaminants from soil. Although soil washing is technically easy to
conduct and comparably cost effective, its application is limited. Table 1 shows the
low solubility of xylidine in water and its slow dissolution rate. As a result, it is
necessary to use large volumes of water and to repeat the washing process several
times to reach acceptable target levels of xylidine in the processed soil. In addition,
Barta’s soil contains a large amount of fine dispersion silt, whose presence renders
the outlet stream very difficult to filter and causes interference with the subsequent

Table 1

Final concentrations and efficiency of removal of xylidines from soil

Water/soil| Conc. of xyl. in the soil(ppm) Efficiency of removal

ratio at the washing time of xylidines, %

Lk 30min | 120min | _24h 30min | 120min | 24 h
3 5512 3624 1958 11.5 41.8 68.6
4 4354 2832 1710 30.1 5§4.5 726
5 3870 2544 1295 37.9 59.2 79.2
6 3642 2068 866 415 66.8 86.1
7 2768 1831 847 55.6 70.6 86.4
8 2685 1565 710 56.9 74.9 88.6

concentration process. For these reasons, the use of soil in Latvia will be soil matrix
dependent.

Solvent extraction from the soil matrix using methanol permits a greater than 90%
recovery of the xylidine, but solvent recovery from the soil is costly and the
processed soil often requires further treatment such as LTD to remove the solvent.
For these reasons, solvent extraction was therefore not pursued further.

Although xylidine’s boiling point is between 213°C and 228°C, our research
indicates, as shown in table 2, that effective and relatively fast xylidine removal may
be possible by heating the soil to temperatures which are lower than the boiling point.
For these temperatures, bioremediation may be necessary as a polishing step. For the



xylidine recovery optimization of this low temperature desorption (LTD) process, it is
necessary to have have at least 10% water in the soil. Steam acts as a carrier gas
which serves to enhance the xylidine desorption and also lessens its
destruction/oxidation by reducing the oxygen concentration in the desorption unit.
The gaseous emissions from the LTD process can be condensed to obtain a relatively

Table 2
Removal of xylidine from soil using LTD

time of | conc. of xylidines(ppm) in the soil at different temperatures
exposure,
min. 140C 160 C 180C 200 C 220 C 240C
0 4806 4808 4806 4806 4806 4806
5 3456 2503 2147 1018 479 87
10 1531 717 428 222 63 7
15 834 441 93 20 13 2
30 332 103 22 6 2 0

concentrated xylidine-water solution/emulsion without the carry-over of the finely
dispersed silt from the soil. By applying a partial vacuum, it is possible to desorb the
oil contamination in addition to the xylidine.

For ground water remediation, research was done utilizing steam-stripping. Good
results have been obtained by this process for concentrating xylidine. More complete
xylidine recovery and higher xylidine concentrations, as shown in Table 3, are
achieved with higher initial concentrations and higher feed/steam ratio values. A pH
adjustment step is required before the steam-stripping process in order to maximize
the recovery of the xylidine in the column tops stream. Also, enhanced recovery of

Table 3
Concentration of xylidine using steam-stripping

Feed/steam Final xylidine concentrations at the top

ratio, of column at different initial conc.

L/kg 1098 ppm 692 ppm 239 ppm 133 ppm

1.9 2434 1252 599 305

36 4200 1916 1062 507

53 5158 2341 1285 617

8.5 6044 3611 1537 1055

the xylidine is possible by preheating the feed stream. A full description of this
research is available elsewhere (Avotins, 1996). The residual xylidine in the column
bottoms stream may be destroyed using AOP.

Advanced oxidation research was conducted on spiked 2,4 xylidine and 2.5 xylidine
solutions utilizing UV photolysis, UV/hydrogen peroxide, photo Fenton’s reaction
and Fenton’s reaction. The results of the photolysis research indicate that the



oxidation of 2,4 and 2,5 xylidine requires a similarly prohibitively long residence
time to obtain non-detect levels. The results of the hydrogen peroxide-UV
experiments indicate a trend of decreasing exposure time required to achieve non-
detect levels of xylidine with increasing hydrogen peroxide concentrations. The
Fenton’s reagent research indicates the enhancement of Fenton’s reagent with UV
light and faster oxidation of both 2,4 and 2,5 xylidine with increasing Fe*" ion

Table 4

Advanced oxidation of 2,5xylidine water solutions

Time of Options of treatment

exposure,| UV* uv uv uv uv uv
min HP**-100 HP-200 HP-500 HP-1000 HP-1000 HP-1000

FR***-50 FR-50

0 94 123 123 131 156 90 90
2 88 84 103 85 81 77 58
4 80 55 62 45 46 76 48
6 74 42 44 0 0 70 0
8 Al 36 36 0 0 67 0
10 67 30 29 0 0 63 0
15 58 24 0 0 0 0 0

* UV - ultraviolet light; **HP - hydrogen peroxide, ppm; ***FR - Fenton reagent, ppm

concentration. The best results, as shown in Table 4, have been achieved with
UV/hydrogen peroxide and photo-Fenton’s reaction.

The remediation process of xylidine-contaminated soil and ground water will be
based on the flow diagram shown in figure 1:

Figure 1
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The diagram illustrates the processing of the solids from the ground water filtration in
the LTD unit and the processing of the condensate from the soil treated by LTD using
the steam-stripper. The product stream from LTD and steam stripping processes is a
concentrated xylidine and oil product solution. The oil products are removed in the
chemical treatment process by solvent extraction and xylidine is recovered in the
form of xylidine salts. An advanced oxidation process is used as a destructive
technology to eliminate residual xylidine and oil products from both the column
bottoms flow stream and in the post chemical treatment water. As the xylidine
concentration in the soil will be significantly lower after low temperature thermal
desorption, bioremediation can be used as a polishing step for the contaminated soil.

A method has been developed for recovery of the xylidines in concentrated form from
the process water which accumulates after the soil has been treated by low
temperature desorption or after the ground water has been treated by steam stripping.
The method is based on the ability of the xylidine to form salts with various organic
dicarboxylic acids. These salts have variable solubilities in water and other polar
solvents depending on the xylidine isomer. The best results have been obtained by
using phthalic acid. The solubility of 2,5-xylidine phthalic acid salt in water has more
than 10 times the solubility 2,4-xylidine phthalic acid salt, and this allows the two
isomers to be separated.

Conclusion

The research conducted under this joint Latvian-Canadian project has led to the
development of a novel multi-stage treatment process for xylidine-contaminated soil
and water. The outputs for this process are xylidine salts, cleaned water and cleaned
soil.

The developed method, producing xylidine phthalic acid salts, allows the recovery of
xylidine in a concentrated form and their separation into isomers after treatment of
the xylidine-contaminated soil and water.
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RECOVERY OF SELENIUM FROM WATER USING A MEMBRANE PROCESS

Anne Legault, Martin Canuel
Environment Canada - Environmental Technology Centre

Emergencies Engineering Division
3439 River Road, Ottawa, Ontario
K1A OH3 (613)997-2904

Selenium recovery from water has been investigated using a binding process followed
by a membrane separation. In this process, binding first occurred between the
selenium contaminant and the binding agent, forming a macromolecule which is then
retained by an ultrafiltration membrane. The presence of salts, the solution’s pH, und
the use of different binding agents were factors affecting the retention of selenium.
Although additional studies are necessary to determine more suitable binding agents in
the presence of a high salts concentration, the data obtained to date seem promising.
The use of the polymeric/membrane technique results in a significant reduction of the
total selenium present in water, and is a promising method to produce water that meets
the selenium Canadian discharge limits for drinking water

INTRODUCTION

Environmental effects resulting from water contaminated by selenium species represent
an environmental concern in todays society. In the human body. selenium has been
found to act as an anti-oxidant and seemed to prevent cancer through several
interactions; however, a high concentration of selenium is toxic to humans and animals
[Glenn, 1991]. These high concentrations create important health hazards that lead to
severe sicknesses [IPCS, 1987]. Diseases arising from selenium intoxication include
alkali disease, which is responsible for lameness, loss of hair and hoof in animals,
"blind staggers" that attacks the central nervous system, and "white muscle disease”
which causes a degeneration of muscle tissue [NAS, 1976; Krehl, 1970; Underwood,
1977).

Environmental water remediation limits set by the Canadian Council of the Ministers
of the Environment (CCME) were reported to be among the most severe criteria in the
world [Canuel, 1996], and were set for different types of water as reported in Table 1.
The drinking water guideline established a maximum acceptable level of 10 ppb. which
represents the target selenium concentration for this study.
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Table 1 Selenium Remediation Criteria for Different Water

[CCME, 1991]
Type of Water Concentration (ng/L)
Freshwater - Aquatic Life 1
Irrigation 20-50
Livestock Watering 50
Drinking Water 10

Through an extensive literature review, several treatment methods were found to
reduce selenium concentration in water [Perdniemi et al., 1994; Ramana gt al., 1992;
Nurdogan et al., 1994; Koren et al., 1992; Saisho and Fujimura, 1990; Nurdogan et al.,
1994; Itoh et al., 1989;]. The broad range of methods developed is a direct result of the
efforts taken to date to deal with the selenium toxic waste problem. Each of these
methods contain major drawbacks which could include high complexity, high cost, and
non-selectivity that limit their industrial application.

In the early 1990s, scientists from Environment Canada investigated the used of a
polymeric binding/membrane separation technique to effectively remove heavy metals
from contaminated water. This technique was effective in treating metals
contamination, such as arsenic and chromium, reaching retention levels as high as 99%
at the bench-scale [Legault and Tremblay, 1994; Legault, 1995]. Results obtained
during previous research demonstrated that the removal of arsenic from contaminated
groundwater was affected by various factors: salinity, initial arsenic concentration, pH
of the solution, type of polymer and concentration of polymer used [Legault, 1994].

Considering these results and the numerous chemical similarities between selenium and
arsenic, this process was selected for a study to remove selenium at the laboratory
scale. This publication reports the results obtained using this technique and three
binding agents, namely poly(ethylenimine), chitosan, and copper oxide.

ANALYSIS

The analysis of selenium solution was achieved using an atomic absorption
spectrometer, combined with a hydride generator. Additional analysis were carried-out
using a polarograph. This method, developed by Environment Canada, determines the
validity of the results obtained with the hydride generator. Both methods had a
detection limit below 1 ppb.

EXPERIMENTAL

Synthetic groundwater was produced for all the experiments by preparing solutions
containing 1.5 ppm of selenium (IV) and 1.5 ppm of selenium (VI). All tests were
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performed at room temperature and a working pressure of 40 psi(g). Three binding
agent were used at a concentration of 1,000 ppm: poly(ethylenimine) [PEI], chitosan,
and copper oxide (CuQ). The system was allowed to reach steady state for a period of
ten minutes, after which the permeate collected was remixed with the feed solution. An
initial feed sample of 2.5 ml was taken at the beginning of the experiment, and after 3,
10, 15 minutes of operation. All samples were refrigerated until they were analyzed.
Each test was performed using three 50 ml magnetically stirred batch cells run in
parallel. Each stirred-cell contained the polymeric solution composed of 3.0 ppm of
the selenivm species, 1,000 ppm of polymer and either 0 or 1,000 of mixed salts (NaCl,
Na,S0,, MgSO,, Ca(NO,);, Na,CO,) at a pH of 3.0 or 7.5. A polyethersulphone
ultrafiltration membrane, with a molecular cut-off of 10,000 Daltons (FPI-Separations
and Systems, Inc.) was used for the study. The membrane sample was replaced every
time a polymer being tested was changed. The initial and concentrate solutions were
sampled once per test while the permeate was sampled at regular time intervals (5, 10
and 15 minutes). The time of collection and weight of each sample was recorded.

The selenium retention on the high pressure side (feed side) of the membrane (RSe)
was used to characterize the efficiency of the metals removal [Volchek et al, 1992]
using the equation (1):

Rse = 1- Cp/Cf ()

where Cp and Cf are the concentration of selenium in the permeate and the feed
respectively.

RESULTS

As stated earlier, three binding agent were used for the retention of selenium from
contaminated water. Problems were encountered using the last binding agent, copper
oxide (CuO). The used of this specific chemical created a slurry which caused
plugging of the membranes under normal experimental conditions. Difficulties also
arose during the chemical analysis due to interference from CuO which altered the
selenium characteristic which in turn affected the selenium hydride produced. For
these reasons the CuQ results were determined not to be indicative of actual
performance and are not reported in this paper.

Furthermore, due to budget constraints, analyses were performed only for Se(IV). The
authors are aware that the measured concentrations of Se(IV) could be higher than the
actual experimental concentrations due to the possible oxidation of Se(IV) to Se(VI)
caused by the addition of HCI during analysis. Based on the problems encounter
during these trials, the results reported in this publication must be considered as
preliminary in nature. The results obtained using PEI and Chitosan as binding agents
are reported in Table 2 and Table 3 respectively.






