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REMEDIATION AND SECURING ACTIVITIES AT A FORMER HCH AND 2,4,5-T
PRODUCTION SITE IN GERMANY

Hans Gerhard Varbelowl, Roland Weber?

'Chemical Expert Office, Gernsbach, Germany
2POPs Environmental Consulting, Goppingen, Germany

Introduction

During the production of chlorinated organics, waste is generated in considerable amounts
often contaminated with PCDD/PCDF and other unintentionally produced POPs (Weber et al
2008). The production of Lindane (gamma-HCH) is a prime example. Approximately 85%
waste isomers are formed during the production of Lindane (Vijgen 2006). It was common
practice to separate the active gamma-isomer and then to dump the remaining 85 to 90%
waste material, consisting mainly of alpha-HCH and some beta/delta/epsilon-HCH. In some
factories the waste HCH isomers were recycled to produce other products such as
chlorobenzenes (Jiirgen and Roth 1989, Weber et al 2006). This recycling approach was
invented at a HCH production in Hamburg in the 1950", which commenced Lindane
production in 1951 and stored the waste isomers on site for the first three years. The recycling
activities started in 1953 with the production of trichlorobenzene and tetrachlorobenzene
which in further reaction steps were used to synthesize 2,4,5-trichlorophenoxyacetic acid ester
(2,4,5-T) and 2,5-dichloro-4-bromophenol (Bromophos) as marketable pesticides. The
production of 2,4,5-T and the decomposition of HCH resulted in the generation of highly
PCDD/PCDF contaminated waste (Degler and Uetzelmann 1984, Jiirgens and Roth 1989,
Sievers et al 1989, Weber et al 2006, 2008). While 2,3,7,8-TCDD were discovered in this
2,4,5-T production already in 1956 by Sorge (Holmstedt 1981), the high PCDD/PCDF
contamination of the HCH decomposer residue were only discovered in 1984 (Jiirgens and
Roth 1989). The PCDD/PCDF content in the residue of the HCH decomposition finally
resulted in the closure of the factory (Jiirgens and Roth 1989). Most of the PCDD/PCDF
ended up in the waste streams and were deposited on landfills (University Bayreuth 1996,
Sievers et al 1989), or were destroyed on an incinerator ship in the open sea.

In addition to products and waste streams, the production halls (in particular walls and
reactors) from chemical factories synthesizing dioxin precursors (e.g. 2,4,5-T, 2,4-D or
Pentachlorophenol), but also from incinerators or secondary metal plants, can be highly
contaminated with PCDD/Fs (Weber et al 2008). This can result in considerable exposure of
personnel involved in the demolition and remediation at such sites (Weidenbach et al 1984,
Degler & Uentzelmann 1983, Kitamura et al 2000, Takata 2003). This has occurred following
accidents in 2,4,5-T and 2,4,5-TCP producing factories. Exposures resulted in chloracne
occurring in not only the remediation staff but also in their family members due to PCDD/F
transfer via work clothes (Weidenbach et al 1984, Degler & Uentzelmann 1983). Similarly,
workers demolishing a highly contaminated incinerator in Nose/Japan showed highly elevated
PCDD/F concentration in their blood (up to 806 pg I-TEQ/g fat), although no acute impacts
on health were observed (Kitamura et al 2000, Takata 2003). These cases highlight that the
demolition of contaminated facilities presents risks to the health and safety of associated
workers.

This paper discusses the contamination in soil and groundwater and remediation activities at
the former HCH and 2,4,5-T production site in Hamburg including demolition
activities/strategies of the contaminated buildings. The case demonstrates that high loads of
products and wastes can leak into the soil and ground water at pesticide production sites, and
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that assessment of contamination in subsurface soil, groundwater and building materials is of
key importance.

Results and discussion

Exploration, remediation and containment activities at the production site started at the end of
1984 and were conducted until 1998. Additionally, landfill sites where waste from the
production are stored were investigated and were (partly) secured (Goetz 1984, 1985, 1986,
University Bayreuth 1995, Sievers and Friesel 1989). The main contamination load was found
as deposits on the landfills where production wastes (including at least 378 kg TEQ
PCDD/PCDF) were stored from more than three decades operation. The deposition sites are
not addressed further in this paper but were partly described in other studies (Goetz 1984,
1985, 1986, University Bayreuth, Sievers et al 1989, Schnittger 2001). In addition to the
contaminated waste on the landfills, high contamination loads were in the soil and sub-strata
of the production site.

Evaluation of underground of the production site

The production plant was constructed on top of a approximately 6 meter man-made fill of
relatively inhomogeneous material (sand, gravel, rubble), above a partly porous impervious
clay layer of 0.4 to 4 m. The aquifer is between the impervious clay layer and the micaceous
clay layer at a depth between 24 to 30 meter.

In total, 196 drillings were performed on and around the production site with approximately
21,000 single measurements. Details on the measurement strategy applied and some results on
single parameters were described by Schlesing (1989). From these drillings 78 were deep
drillings of 30 to 60 m, some to the micaceous clay layer,whereas the other drillings reached a
depth of approximately 8 meters into the impervious clay layer. 73 drilling were extended to
permanent wells including 32 wells outside the production area. The detailed screening
revealed high contamination levels of the underground, including in particular HCH,
chlorobenzenes, chlorophenols but also PCDD/PCDF.

The total amount of organochlorine chemicals in the underground below the production site
was estimated from the measurement program and is listed in table 1. In total approximately
830 t of organohalogens (mainly chlorobenzenes, HCH isomers and chlorophenols - were
main products and intermediates) were included in a soil volume of 559000 m’ on the site.
Total PCDD/PCDF contamination in the soil was estimated to 6 kg TEQ (table 1). Some
details on contamination levels and distribution in the underground were described by Jiirgens
and Roth (1989). The highest contamination levels was found in the top three meters, but at
some areas high contamination levels were found at the impervious clay layer at 7 m.
Furthermore, the chlorinated organics have migrated at some locations down to the micaceous
clay layer to a depth of nearly 50 m and formed a Dense Non-Aqueous Phase Liquid
(DNAPL). The DNAPL phase contained PCDD/PCDF at a concentration of 1,000,000 ng
TEQ/L

The contamination levels markedly decreased outside the production area (Jiirgens and Roth
1989). But the contamination also impacted the aquifer/groundwater with chlorobenzenes
(with relatively higher concentrations of the more water solulable monochlorobenzene and
dichlorobenzene), chlorophenols and HCHs. This aquifer was utilized by the nearby (1500 m)
waterwork Kaltehofe (Jiirgen and Roth 1989) and a contamination plume was moving
towards the water work by the flow gradient. The water work was closed in 1990
(Umweltgruppe Physik-Geowissenschften 1998).

Table 1: Chlorinated organohalogen compounds in the soil of the production area (total
volume 559000 m?)
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Contaminant Amount of organohalogen in
the underground of the
production site

Extractable organohalogen | 663 tons

(EOX) (calculated to CI)

Trichlorobenzenes 402 tons
Tetrachlorobenzenes 104 tons
Total Chlorobenzenes 551 tons
HCH isomers 262 tons
Chlorophenols 18 tons
2,3,7,8 TCDD 4.8 kg

Total PCDD/PCDF TEQ 6 kg

The contamination on the production site was not the result of specific deposition activities
but mainly stem from the spillage of daily routine operation including spills from the
production processes, leaks from transportation pipes, storage, loading and de-loading of the
chemicals and the interim storage of the HCH waste isomers.

This was concluded from the correlation of contaminants in the soil and the respective
locations of the productions. If deposition activities on the site would have mainly resulted in
the underground contamination then it could be assumed that rather specific deposition areas
on the site would have been used. This was only the case for one hot spot where residues from
HCH decomposition process, and associated high PCDD/PCDF levels (with the specific HCH
decomposition pattern), were deposited (Schlesing 1989).

Remediation and securing measures

At the start of the remediation planning (1984) and within the first phase (untill 1994) the aim
was a thorough clean-up of the highly contaminated soil by excavation and onsite incineration
of 25,000 m® soil and 10,000 m’ of the contaminated buildings. Further an in-situ
bioremediation in combination with an adsorption approach was planned to degrade and
remove target contaminants in the contaminated ground water and deeper soil layers not
targeted by the excavation. For the latter approach groundwater was pumped, cleaned over
activated carbon and pumped back to the ground water enhanced with oxygen and nutrients to
increase the biodegradation of contaminants by microorganisms already present in the
groundwater.

However, the onsite incineration approach failed due to corrosion problems and other
technical difficulties and was stopped after several months total operation time. Also, the in-
situ bioremediation which had shown good degradation performance in laboratory did not
show the expected effect in the field and was thus discontinued. In this first remediation phase
,approximately 75 million Euro were spent without significant remediation effect.

Therefore, in a second phase (from 1994 onwards) a new remediation concept for the
production site had to be developed. The revised concept consisted mainly of a securing
strategy of the site. This included the construction of a cut-off wall (1500 m long, 0.8 m thick,
44000 m®) during the final phase, which covered the entire production area down to a depth of
approx. 46 m, reaching 2 m into the water and solvent/DNAPL proof micaceous clay layer.
The containment concept also included an asphalt concrete covering of the entire area after
removal of the buildings and remediation of the plume outside the area. To assure that the
approx. 830 t of organochlorine contaminants (table 1) do not penetrate through the pores of
the securing wall into the groundwater outside the contained area, a pump and treat concept
was developed for establishing a pressure gradient for water flow towards the site. Also
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Objective

The objective of this project is to identify cost-efficient remediation technologies for POP
pesticides polluted areas and prepare guidelines for the remediation of POP polluted sites in
Moldova /2/. Remediation techniques need to be tailored to best fit local characteristics like
soil type, hydrogeology, contamination degree, and pesticide category. This paper concerns
in-situ bioremediation in progress at one demonstration site.

Method

Site investigation

During the preliminary (2007) and supplementary site investigations (2008), soil
contamination with DDT (mainly DDE isomer), HCH (mainly B-HCH isomer) and
Heptachlor was found at the site close to a former pesticide storage warehouse. The highest
concentrations were 366 mg/kg DW for sum of DDT and 25 mg/kg DW for sum of HCH.
Contaminated building rubble from the former warehouse and a sharp pesticide smell were
also present at the site, see figure 1.

Figure 1 Demonstration site for bioremediation

Remediation activities

The contaminated building waste and contaminated soil adjacent to the warehouse have been
isolated in an on-site waste deposit with bottom and top protective liners (membrane), and
secured by a surrounding protective bank and a top layer of clean soil. The waste is fenced
and warning signs are posted.

The remaining contaminated soil is treated by an in-situ bioremediation by land farming with
addition of amendments (nutrients, organic material as a microbiological carbon source, and
reduced iron - The DARAMEND® process by ADVENTUS) /1/.

The site is divided into 5 treatment areas and a control area, see figure 2. Area 1 - 4 (total area
of 335 m?) and control area (total area of 25 m?) is expected to have a low level pollution.
Area 5 (total area of 25 m?) is expected to have a higher level of pollution. Sequential cycles
of anaerobic (no oxygen, strongly reducing conditions) and aerobic (oxygen present)
conditions enhance the degradation of chlorinated organics and are generated by mechanical
tillage and application of DARAMEND® granulate followed by irrigation to regulate of
oxygen availability and moisture content /1/. Degradation of up to 30% - 60% of the organics
is expected for each treatment cycle. Between 5 and 10 cycles of treatment are expected to be
necessary to treat the top soil at the demonstration site. The treatment can easily be applied by
local staff after training.
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The vegetation is removed and the soil tilled to break up the soil structure in all five test areas.
The soil is also tilled in the control area. Soil samples to establish the baseline level of
pollution are taken as described in the statistical design below. The Daramend granulate is
distributed at load of about 0.5% wt/wt for each treatment cycle in each of the five test areas
amounting to about 930 kg /cycle. The soil is then tilled to mix the granulate to a depth of
about 30 cm’s in the soil and the soil is thoroughly irrigated to increase the water content to
more than 85% in treatment depth of at least 30 cm.

The anaerobic (reductive) phase: The soil is allowed to rest for at least 5 whole days during
the anaerobic (reductive) phase. Reducing conditions need to be maintained during this period
to induce reductive dechlorination of DDT and HCH. This can be achieved by ensuring that
the moisture content is high by covering the wet soil with black plastic sheeting.

The aerobic (oxidative) phase: The soil is tilled again to provide oxygen and then allowed to
rest without any covering or addition of water for at least two days during the aerobic phase.

These two phases are repeated for each treatment cycle. Soil sampling is repeated after 5 and
7 cycles of treatment. After five treatment cycles, the analytical results are evaluated. If an
area is still polluted, the treatment is continued up to a total of 10 treatment cycles.

Statistical design for sampling

The sampling program is based on the Duplicate Method as described in /3, 4/ and is
illustrated in figure 2. Two composite soil samples; a and b (each composed of 5 random soil
samples comprising 0.5 - 1 kg from 10-20 cm’s depth), are taken from each area and the
control area. For example, figure 2 shows that A2a is a composite sample from Area 2 made
from the 5 random samples as shown in red. A2b is also a composite sample from Area 2
made from the 5 random samples as shown in blue. The soil in the composite sample is mixed
thoroughly and two samples from each composite sample are analysed for Heptachlor, a-
HCH, B-HCH, y-HCH, 4,4-DDE, 4,4-DDD and 4,4-DDT by GC-MS.

Results

The results of the baseline sampling of composite soil samples after the area was cleared of
vegetation and tilled to mix the soil demonstrated different levels of contamination and
composition in the five test areas and the control area compared to the results in the original
site investigation in 2007 and 2008 as illustrated in table 1. This illustrates the problem of
interpreting soil concentrations based on a few soil samples in the initial site investigations.
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Area 3
> HCH 50.9 mg/kg
> DDT 12.9 mg/kg Area 4
® Area 2 ® > HCH 0.25 mg/kg|
® 5 DDT 0.6 mg/kg
®
3 HCH 11.6 mg/kg
> DDT 10.5 mg/kg ®
®
®
®
®
®
Area 1 Area 5
> HCH 8.7 mg/kg > HCH 11.9 mg/kg
> DDT 35.0 mg/kg > DDT 22.8 mg/kg

Control
area

> HCH 56.1 mg/kg|
> DDT 1.5 mg/kg

Duplicate method

‘ Sampling area 2

PN

A2a
Composite sample]
of 5 random
samples

A2b
Composite sample|
of 5 random
samples

®
| A2a-t || A2a-2 | | A2b-1 | A2b-2

Figure 2 Sampling design to compare baseline concentration with results after treatment

Table I ~ Mean concentration in treatment and control area before and after treatment with
5 cycles of Daramend and compared to previous site investigation data.
Area 1 Area2 |Area3 Area4 |Areal Control
area
sum of HCH mg/kg dw (mean values)
Site investigation 2007- 0.03-
2008 0.1 0.1-0.2 0.2-04 0.2-7.9 19.4 1.8
Baseline before Daramend
treatment 8.7 11.6 50.9 0.25 11.9 56.1
5 cycles Daramend 5.1 8.4 26 0.53 9.4 65.3
% reduction after 5 cycles
of Daramend 41% 28% 49% - 21% -
sum of DDT mg/kg dw (mean values)
Site investigation 2007-
2008 1.8 1.8-9.6 0.1-1.3 1.2-9.6 43.6-365 0.03
Baseline before Daramend
treatment 359 10.5 12.9 0.57 22.8 1.5
5 cycles Daramend 12.7 2.2 5.5 1.3 13.5 0.99
% reduction after 5 cycles
of Daramend 65% 79% 57% - 41% 34%
Heptachlor mg/kg dw (mean values)
Baseline before Daramend
treatment 3.9 0.50 24.7 0.07 2.2 0.06
5 cycles Daramend 0.49 0.49 4.6 0.35 2.73 0.60
% reduction after 5 cycles
of Daramend 87% 2% 81% - - -
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As can be seen in table 1, the pesticide distributions are not correlated as the highest
concentrations of HCH are seen in the control area and area 3, while the highest
concentrations of DDT are seen in area 1 and 5. Heptachlor is found in area 3. However, there
is excellent correlation between concentration of p,p-DDE and sum of DDT (r*=0.9779),
where DDE is about 45% of the total sum of DDT. Likewise, there is excellent correlation
between -HCH and sum of HCH (1>=0.9167), where B-HCH is about 78% of the total sum of
HCH. Two samples from area 3 did however have an appreciable content of a-HCH. After 5
cycles of treatment, appreciable reduction of the content of HCH and DDT are seen in areas 1,
2, 3 and 5, and for Heptachlor in area 3. Areas 4 and the control area showed no overall
reduction. In both areas, we assess that the overall contamination level is low, but that the
results in the composite samples are easily affected by small quantities of soil with a higher
contaminant level.

The statistical analysis demonstrated that the sampling uncertainty due to contaminant
heterogeneity in the soil is much greater than the uncertainty due to analytical sampling and

analysis as illustrated in table 2.

Table 2 Measurement uncertainty and contribution from field sampling and analysis.

Mean Measurement Field Analytical
concentration | uncertainty sampling sampling
for area 1-5 % uncertainty uncertainty
mg/kg dw % %
HCH before treatment 16.7 93 86 36
HCH after 5 cycles of 9.9 70 67 18
treatment
DDT before treatment 16.3 95 94 12
DDT after 5 cycles of 7.0 79 76 20
treatment
Heptachlor before treatment 6.3 196 166 94
Heptachlor after 5 cycles of 1.7 109 103 36
treatment
Conclusions

The in-situ bioremediation by land farming is in progress and the results after 5 cycles of
treatment demonstrate appreciable reduction of up to 57% for sum of DDT, 41% for sum of
HCH and 73% of Heptachlor. The use of composite samples and the Duplicate Method /3, 4/
has demonstrated a relatively large degree of heterogeneity for the sampling and analytical
results for the test and control areas. Using the same sampling design after 5 and 10 cycles of
treatment will allow an evaluation of the remediation treatment. The Moldovian soil criterion
for pesticides on agricultural land is 0.1 mg/kg for most pesticides (DDT, Lindane, HCH), and
therefore the treatment needs to achieve residual soil concentrations around 0.1 mg/kg.
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ENVIRONMENTAL (IN)JUSTICE IN BRAZIL: HCH AND OTHER POP
CONTAMINATED SITES IN A SOCIAL-ECOLOGICAL POINT OF VIEW

Joao Paulo Machado Torres
Instituto de Biofisica, Universidade Federal do Rio de Janeiro

Abstract

This paper intention is not to be a comprehensive inventory, my aim here is only to describe the
tolerance of the whole Brazilian society and especially environmental and health authorities, and
how they tried to solve old problems of contamination in my country. Cubatido, Recanto dos
Péssaros, Sao Caetano, Cidade dos Meninos. Examples of Environmental injustice, is a way to
look to the problem; it affected the workers, the poor and its children by affecting its
environment.

Key-words: Brazil, Industrialization, Environmental Pollution, Chlorinated Pesticides, Persistent
Organic Pollutants

Introduction

According to the legend, in 1972, during the closure of the First United Nations Conference on
Development and the Environment, the Brazilian representative made an “off the records”
statement inviting the industrialized countries to invest their money in Brazil. At that time, the
Government was ruled by a strong right-wing Military Regime that was promoting a fast
economical growth, so called the ‘economical miracle’ and different efforts to boost the industrial
production was under course. The environmental accountability of this progress is still to be
completed.

Sao Paulo: S3o Paulo is the locomotive of the country. In Cubatdo during the 1980’s, Rhodia
was producing different chlorinated products with minimum care to people and the environment.
Thousands of acres of mangroves were affected by illegal dumping of chlorinated waste
materials. Until today, more than 15 years after the closure of this factory, workers still suffer
with chloracne and different fisheries resources are still contaminated in the most affected areas,
like the Samaritd area. Indeed, that time, Cubatdo was said to be the most polluted town of the
world. The poor people live near the mangroves; they collect crabs in their struggle to survive.
What happens to the crabs of the mangrove if there is a non-controlled chemical dumpsite
nearby? Cubatdo, Samarita, Sdo Vicente. The former is one of the oldest cities of Brazil. The
modern Brazil forgot its past by creating a huge industrial area at one of the most beautiful
estuaries of the country. Chemicals were produced, today there are hundreds of people still
waiting to for its human rights, some of them still have chloracne, they lost their jobs, and they
lost their families (1).

Sao Caetano do Sul: Sao Caetano do Sul is one of the oldest industrial sites of the Sao Paulo
ABC area. The insecticide BHC (the old term for HCH) and Benzene are two of the 44 dangerous
substances that were found in the area. S3o Caetano do Sul is the cradle of the first Industrial
Company of Brazil, the Industrias Reunidas Matarazzo. The organochlorinated insecticide was
one of the main products of the Matarazzo factory that was the owner of this land. From the late
1930 until the end of 1960, different chlorinated pesticides and several other chemical products
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were formulated in this site that included an oil refinery and a metal smelter. The factory does not
exist anymore but some of the old buildings remain as a huge scar in the middle of the town,
being crossed nowadays by a suspended road. In spite of the fact that this whole land is still to be
cleaned-up, a branch of the University of Sao Paulo was constructed inside the area.

Campinas: More recently, near Campinas, another very important industrial area very close to
the Paulinea Oil Refinery, an old industrial area belonging to a pesticide factory of Shell Co. was
badly affected by a chronic pesticide spill (Aldrin). The factory was closed in the 1990’s. Most of
the farmers and settlers living near this area, called “Recanto dos Pédssaros”, meaning something
like “a place for the resting songbirds” had to be out of their lands after the ground water was
found highly contaminated by this pesticide. They were partially being reimbursed by the
company after a very complicated legal struggle.

DDT in Bahia, Askarel in Rio de Janeiro: At Feira de Santana, an important commercial town
Bahia, an old storage site for DDT to be used in Malaria, Leishmaniasis and Chagas disease
control was let to rest for more than 10 years inside a very unsafe place, but in this case there was
at least a roof over it. However, this was not the case in other places, like the CENTRES, a kind
of centre for the treatment of industrial wastes near the main water source of Rio de Janeiro
metropolitan area, were Askarel rusted metallic drums were let standing in the rain. This are just
few examples, they illustrate quite well the size of problem and the way they have been treated
by the authorities from the political sector.

Cidade dos Meninos: Between 1950 and 1962 at a place near Rio de Janeiro called “Cidade dos
Meninos”, a factory of HCH and DDT for use on vector control operated at the vicinity of an
internal school for poor children. In 1955, this school for poor children shared the same area with
a factory of HCH. The factory stopped operation letting in place huge amounts of highly
chlorinated residues. Thirty years had passed until the police realized that people were selling this
residue as a pesticide in at the local street markets. Several testimonies said that blocks of HCH
raw material were used to ‘pave’ the road that crosses this area. Scientists from different
Universities had worked in this area; they found contamination of milk, human blood and
probably some cases of cancer. Since the closure of the facility, several tones of highly
chlorinated residues of this production was let standing at this site without any protection. During
more than 30 years, cows and subsistence agriculture flourished in the vicinity of this area. No,
its not a joke, creation animals and small agricultural parcels where also part of this
neighborhood for THREE DECADES until the authorities rediscovery of the contaminated site in
the end of the year 1989. In 1995 after removing up to 40 tones of residues from the site, a
secondary attempt to clean the site has augmented the problem: more chlorinated by-products
were supposed to be produced “in-situ” after the mixture of the contaminated soil with hydrated
lime. It’s impressive, that the only answer of the health authorities, the owner of the factory and
also partially responsible for the poor children school was to accept that the most contaminated
area to be mixed with lime. Engineers from Nortox, a Brazilian Company that proposed the
action, said it could solve the problem and would neutralize the pesticide. However, the reactions
produced a more widespread contamination (2).

Legal actions: This ‘remediation’ action occurred in 1995. In 1997, after 7 years of diffuse legal

actions the Federal Government was suited and ordered to remove all of the 1.346 person that
still live in this area. Since most of the people are very poor, only two families has suited the
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government on their own and wined the process. In 2004, as a result of this legal measures, the
Federal Government send to the Legislative a Project of Law (PL) stating that R$10.000 (US$
4.500) will be given to each person that agreed to get out of the area (up to R$ 50.000 / family).
This amount of money, however, is less than 20% that what is given in average, for those who
lost a job or was put in jail during the military governments in Brazil (1964-1985). In time: the
PL is still under discussion at the Congress. There are other court decisions in one of this case,
one of the oldest social-environmental conflicts of the country, aiming to raise this amount of
money up to US 50.000 per affected person. Why, after more than 45 years, the Government has
now decided that these people have to move out of that land? This year, 2009, a new Federal
Commission was formed to deal with the ‘Cidade dos Meninos’ case. The Government has
recognized its responsibility over the 19 km? where different contaminated areas are located. But
there are families that do not want to go out from that area; they refused to be removed in spite of
all of the calculated risks (3).

Refineries, Steelworks, Smelters and Coal Power Plants: Meanwhile, Brazil is investing in
two new oil refineries; the one located at Rio de Janeiro State will be the hearth of a new
Petrochemical Complex that will use the heavy oil from the mature oilfields of the so called
‘Bacia de Campos’, a whole enterprise network devoted to plastics. Also, a new Thyssen
Steelworks, in a joint venture with China, is being built at the Eastern Portion of Rio de Janeiro
Metropolitan Area. Coal will be burnt nearby to generate locally huge amounts of electricity,
probably the main power for this new industrial area.
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TWO EFFORTS TO DEVELOP VISUAL AND OTHER TRAINING SUPPORT FOR
INTERNATIONAL PESTICIDE CONTAINER MANAGEMENT

Robert L. Denny
Arrowchase Environmental Project Management, Vilnius, Lithuania

Abstract

A few years ago, the FAO saw the need to develop more uniform guidance on pesticide container
stewardship, correctly recognizing container handling challenges to human health but also the
creation of a “model” for container stewardship around the globe. This predominantly text 2008
Guidelines on Management Options for Empty Pesticide Containers normalizes the FAO ideals
for empty pesticide container stewardship. Implementing this Code of Conduct is now a task
before the world community. In some instances, this is not difficult; in other regions of the world
it is not as easy. If a significant number of pesticide handlers cannot adequately read the FAO
Code or any textural training materials then environmental health remains a challenge. For
example, of approximately 195 nations, 9 of 10 countries with the highest levels of illiteracy are
disproportionately located in Equatorial or Central Africa and most of these nations have
pesticide stewardship issues.

Understanding any written language (“literacy”) is not the only impediment to pesticide safety.
In fact, the worldwide ability to read is quite high. One has to look below the ranking of 150 out
of 195 nations to reach less than 66.6% literacy levels. Ethnologue lists 6,809 living world
languages. This suggests that the largest impediment to communication is often availability of
training in a given language more than illiteracy. The 6 FAO languages are a good start, but
only a start.

In 2008, The Pesticide Stewardship Alliance recognized the contribution of the FAO Code of
Conduct for pesticide container stewardship and sought solutions: (Phase 1) to better implement
the Code through use of visual and train-the-trainer aids, and (Phase 2) address situations where
resources for pesticide management are lacking. This effort may depart from strict adherence to
the FAO guidance, but not its intent. Progress on both programs will be presented.

Presentation

When organized pesticide container stewardship programs appeared in developed nations more
than 25 years ago, pesticide handler training became a necessary companion for improved
environmental health and safety.  Training materials evolved, usually fitting the resources
available to the target audience: their language and their level of sophistication. In relatively rare
instances, training was supported by quantities of visual aids, yet the predominant media was
textural. Worldwide or even within nations, the instructions were sometimes slightly different or
inconsistent. Training based on custom and tradition was as likely as best practice education
based on verifiable scientific research.

The FAO saw the need to develop more uniform guidance on pesticide container stewardship,
correctly recognizing that regularized Code of Conduct would not only serve to protect human
and environmental health, but would also create an improved model or direction for pesticide
container stewardship programs around the globe. The output from an international panel of
experts was published May, 2008 as Guidelines on Management Options for Empty Pesticide
Containers.[1] This Code of Conduct normalizes the FAO ideals for empty pesticide container
management and provides instructions for emptying and handling smaller containers that can be
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held in hands, larger containers too heavy to be held in hands (drums), pressure rinsing of smaller
containers and larger drums. This document is published in the 6 accepted FAO languages.
Implementing this Code of Conduct is now a task before the world community. In some
instances, this is not difficult; in other regions of the world it is perhaps not as easy. Literacy, or
inability of anyone handling pesticides to read not only the FAO Code of Conduct but also the
product label and any textural training materials remains a challenge in all pesticide stewardship
and safety efforts. Political debates vary any listing, but there are approximately 195 recognized
nations on the planet.[2] There is, however, less debate on the nations or regions with the highest
levels of illiteracy: Afghanistan and some nations in Equatorial, West and Central Africa
comprise the states with the lowest levels of /iteracy. [2]

The ability to read and understand any written language is not the only impediment to pesticide
safety and container stewardship. In fact the ability to read one or more languages worldwide is
quite high. In ordinal ranking, one has to look below the 150 out of 195 listing of nations (lower
23%) to reach the less than 2/3rds level (66.6%) literacy.[2]  Statistically then, the larger
impediment to effective communication is often more the choice of language, as opposed to the
inability to read and understand any language. The international organization, Ethnologue,
estimates that there are 6,809 living world languages.[3] The challenge for disseminating
textural knowledge, including any pesticide management knowledge, sometimes comes down to
finding a way to communicate directly to the target audience in way that they can first acquire,
then retain as memory. The 6 FAO languages are a good start, but only a start. And yet, no one
would suggest that the FAO or any central organization print training materials into thousands of
languages.

Finally, there is the limitation of words themselves. Arguably, all of us learn in slightly different
ways, depending on our culture and experience. Yet, there are only a handful of types of learning
and some categories of mental processing predominate. In the world of agricultural and
environmental safety training, information transfer, and presumably the transfer of the FAO Code
of Conduct, is most frequently attempted through verbal and written instructions. Malcolm
Caldwell, author of Blink: The Power of Thinking without Thinking; said, “We learn by example
and by direct experience because there are real limits to the adequacy of verbal instructions.” [4]
This may be true, especially the assertion that verbal instructions are inadequate, but it also
impractical, and possibly dangerous, to learn pesticide safety from experience alone.
Visualization, demonstration by a competent expert, and finally, hands-on, adequately supervised
practice are shortcuts to “try and fail” life experience and are possibly the most effective pesticide
education tools. To achieve this end, the first step toward increased memory cognition, or
desirable conduct for handlers of pesticides containers, could be visual images to better imprint
any best management practices. According to a recent article in Memory and Cognition: “The
picture superiority effect has been well documented in tests of item recognition and recall.”[5]
Images, better than text, or in addition to text, give our minds a mental experience that is far more
indelible.

In 2008, The Pesticide Stewardship Alliance recognized the contribution of the FAO Code of
Conduct for pesticide container stewardship and sought solutions to 1) better implement the Code
and 2) address, if possible, situations where even the most basic resources for pesticide
management and communications were stressed or lacking, and yet dramatically improve the
acquisition and retention of fundamental pesticide stewardship principles. The organization,
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TPSA, is an alliance of regulatory or public sector interests, academia, and private sector-
industry concerns. [6] It was founded in North America, although it has grown to encompass
stewardship issues and solutions in South America, Asia and Africa. A core group of TPSA
active participants have developed pesticide training programs throughout the US and Canada, a
relatively well resourced agricultural community. But certain TPSA members are also
experienced in more stressed environments, specifically in West Africa. Using their combined
backgrounds; The Pesticide Stewardship Alliance chose to simultaneously explore ways to better
deliver the pesticide stewardship message. The first project, or Phase I, aims to strengthen the
delivery of the FAO Code of Conduct content through visual media that illustrate and make
memorable specific residue removal instructions. A second project or, Phase 2, is targeting truly
developing countries where resources for both container management and user training are
stressed. Here, the project developers are drafting not only the pesticide container stewardship
“message,” but an adaptive train-the-trainer delivery system. The TPSA International Committee
intends to field test this Phase 2 program in an appropriate location: Senegal or Mali.

Phase 1: Visual Supplements to “Guidelines on Management Options for Empty

Pesticide Containers”
The FAO Code of Conduct is an improvement on most regional, public and private training
efforts around the globe. Therefore, this project is not attempting to change the message of this
document in any way, but strives to provide a visual supplement to a few small, but important
sections on residue removal and important points regarding final container disposition.
Specifically, the project targets Section 1.5.5 Triple Rinsing for containers small enough to shake
and for containers that are too large to shake; Section 1.5.6 Pressure Rinsing and select,
important messages from following sections on rendering containers unusable and a brief
messages regarding final disposition.
The Pesticide Stewardship Alliance’s - International Committee has several ideals or goals in
mind as they complete this task: 1) the emphasis of the image is on the process, not the artwork
or any other aspect of the image, 2) the image should ideally convey and make memorable each
step of the process, 3) the settlng of the images are universal and convey
no geographical context, 4) in so far as possible, any representation of
figures are without prejudice or identification to
any religion, race or other ethnic
identifications, 5) images work in either
color or black-white formats in any media
including grouped in a logical sequence on a
poster. A train-the-trainer manual will demonstrate how these
images may be used in classroom or field training applications.
The inspiration for this sequence owes a debt of gratitude to many prior efforts, especially a
number of CropLife efforts around the globe, [7, 8] the ACRC training programs in the US [9,
10] that were also incorporated into the ASABE Container Rinsing Standards [11] and a number
of University training programs,[12, 13] especially the illustrations accompanying the Purdue
University training on Pesticide Container Management[14]. The design, preparation and critique
of this sequence was presented to an audience of experts in Albuquerque, NM; 2009-02-24 and
changes were suggested for almost every image[15]. A grant was received in July 2009 to
complete this draft “storyboard” and updates are posted: www.tpsalliance.org/
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Phase 2: Development of a Training Program for Triple Rinse and Disposal of Pesticide
Containers in Developing Countries

Where the Phase 1 project is designed as a training aid to fit into the most universally acceptable,
generic setting to assist in implementing a narrow portion of the FAO Code globally; the Phase 2
project is intended as a model of a program that can be used to assist a truly developing region, in
this case West Africa. This project targets pesticide container residue removal, but more as a part
of a broad spectrum of pesticide safety education and the preparation of not only the message, but
also the tools and system for delivering that message. In this effort, development of the total
training or content takes into account the availability of basics: gloves, masks, facilities, water
sources, ability to manage the volume and fate of rinsate, practical means of preventing exposure
in this particular setting, how and where to interact with the intended audience, and preventing
environmental contamination in preparation and proper disposal of not only containers, but all
related materials. A major emphasis of this project will center on ensuring adequate residue
removal from containers, where the small sizes and configurations are almost unique to this
region. Another aspect is portraying adequate rinsing and proper container disposal in areas
where water resources are an issue and solid waste infrastructure and recycling options usually do
not exist. Finally, a major educational effort will attempt to steer the population away from any
reuse of pesticide containers, through better understanding of the risks and potential for harm.
[16, 17]

Members of TPSA’s team have experience in how to put together
the tools that provide the best retention of ag. safety training.[18]
Shown here, amid various tools in a trainer’s kit, are large flip charts
containing culturally appropriate images of what to do and what not
do for safe handling of pesticides. These are used in field training
exercises often held in the middle of the day between work sessions.
Also seen in the trainer’s tool kit are bottles of dyes or other non-
toxic agents that can be used for -
triple rinse  demonstrations
practiced on clean unused, but
appropriately  sized  plastic
containers. This combination of
flip chart visual images as
memory cues, then
demonstration and  finally
hands-on  student practical
experience, will hopefully demonstrate the efficacy of this Phase 2
TPSA project in West Africa and serve as a model for development
in other world regions.

Conclusion: The Pesticide Stewardship Alliance welcomes any HCH — Pesticide Forum
participant that is interested in reviewing and contributing to either of these projects. For more
information contact: rdenny@arrowchase.com and review drafts on TPSA’s website.
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INFORMATION AND AWARENESS CAMPAIGN ON POPs IN MOLDOVA
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Abstract

The Awareness, Information and Education Campaign in the field of POPs in the
Republic of Moldova is implemented within the GEF/WB Project “Persistent Organic Pollutants
Stockpiles Management and Destruction Project” in the period June 2006 — March 2010 at the
national and local levels. It is implemented by five teams (organizations) with experience in the
field of information, awareness and education, selected through a tender procedure: Association
INQUA-Moldova, the Regional Environmental Centre for Moldova (REC Moldova), Moldovan
Ecological Movement (MEM), Garamond Studio SRL and Casa Imago SRL. The Objectives of
the Campaign are oriented towards:

— conducting an information, awareness and education campaign in the field of POPs in
Moldova and organization of conferences and workshops at the international, national and local
level;

— developing and carrying out an educational process for the target groups with higher
exposure for POPs impact (women, children, farmers, employees of the energy sector etc);

— providing assistance to the Ministry of Ecology and Natural Resources (MENR) in the
strengthening of the Environmental Information Centre (CIM) in the field of POPs information.

In the period of 2006-2009 the following major results of the campaign could be
mentioned: organized more than 12 information and training workshops, with more than 1 000
participants, representatives of the local public administration (localities of project
implementation), environmental protection institutions, health care organizations, plant protection
inspectorate, emergency situations and fire inspections, NGOs, representatives of the
beneficiaries and mass-media; conducted two national, one local public opinion survey and target
groups surveys in order to evaluate the level of knowledge in the field of POPs; developed
posters, leaflets, brochures, calendars; organized TV and Radio programs, press-conferences;
organized and carried out the works of the 9" International HCH and Pesticides Forum, for
information exchange, presentation of the results of implementation of the Stockholm
Convention in the region and in Moldova, facilitation of the dialogue with the potential partners
and donors in the region (20-22 September 2007, Chisinau). At the same time there is a national
web page www.modlovapops.md where all POPs activities are shown and updated monthly. In
order to assist other interested people from Moldova a hotline were established within the
Sustainable POPs Management Office.

Key words: Persistent Organic Pollutants (POPs), awareness, information and education
campaign, target groups, POPs impact, Environmental Information Centre (CIM).
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The Awareness Campaign on POPs in Moldova

The Awareness Campaign on POPs in
Moldova was launched in June 2007 at the
national and local levels ant it is implemented
by five teams (organizations) with experience
in the field of information, awareness and
education, selected through a tender
procedure: Association INQUA-Moldova, the
Regional Environmental Centre for Moldova
(REC Moldova), Moldovan Ecological
Movement (MEM), Garamond Studio SRL
and Casa Imago SRL.

In the period of 24 month of imple-
mentation (June 2007 — June 2009) within
this project component were implemented the
following major activities:

Conferences, workshops and trainings:

e Organized 3 Launching Workshops (by zones, Cahul, Balti and Chisinau — June-July
2007) with a total number of 180 participants, representatives of the local public administration
(localities of project implementation), environmental protection institutions, health care
organizations, plant protection inspectorate, emergency situations and fire inspections, NGOs,
representatives of the beneficiaries and mass-media;

e Organized and carried out the 9" International HCH and Pesticides Forum, for
information exchange, presentation of the results of implementation of the Stockholm
Convention in the region and Moldova, facilitation of the dialogue with the potential donors in
the region (20-22 September 2007, Chisinau);

e Established Initiative Groups, composed from representatives of the rayon councils,
mayors, NGOs, environmental authorities, plant protection, health care, emergency situations
representatives from the rayons, were the project activities took place or were planned. Working
meetings were organized and took place in the following 10 rayons: Stefan-Voda, Hincesti,
Cimislia, Orhei (Pelivan), Riscani, Floreati, Soldanesti, Briceni, Comrat (Vulcnesti) and Dubasari
(Cosnita);

e Organized 6 zonal training workshops for the target groups — separately for women
and farmers, in partnership with the National Farmers Federation and the Association of Women
for sustainable development and environmental protection (June 2008, Balti, Chisinau, Cahul)
and one of the replication workshops (October 2008, Ciobalaccia, Cantemir);

e Organized the Informational workshop for public servants (ministries, departments,
agencies) and NGOs on the implementation of the Stockholm Convention and related
conventions in the field of chemicals and pesticides (Implementation Guides, reporting
obligations — July 2008);

e Organized the National Informational Workshop, December 2, 20008, during which
the results of the year were presented and introduced all ongoing or planned projects in the field
of chemicals and pesticides in Moldova. Up to 100 participants attended: governmental and non-
governmental institutions, main stakeholders, media, representatives of the local public
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administration (localities of project implementation), environmental protection institutions, health
care organizations, plant protection inspectorate, emergency situations and fire inspections,
NGOs, representatives of the beneficiaries and mass-media;

e Organized the meeting of the NGOs Network on POPs, with 50 NGO representatives,
leaders of key environmental organizations, involved or interested in POPs activities (December
2008);

e Organized the Informational workshop for representatives of the ministries,
departments, agencies and NGOs, members of Working Groups of the implementation of the
Stockholm Convention and related conventions (Rotterdam, Basel and SAICM) in the field of
chemicals and pesticides, to present the draft updated POPs NIP Priorities and activities for 2010-
2015 and part of the POPs activities within the SAICM Program and Action Plan, needs for the
implementation of the Rotterdam Convention in synergy with the Stockholm Convention
requirements and preparation for the COP 4 of the Convention in Geneva (May, 2009).

Public opinion monitoring:

e First national public awareness survey carried out in order to evaluate the level of
knowledge in the field of POPs and data proceeded;

e Carried out surveys at the local level and target groups surveys, to evaluate the level
of knowledge and understanding of POPs problems at the local level and selected stakeholders;

e Second (repeated) national public awareness survey carried out in order to evaluate
the level of knowledge in the field of POPs after 2 years of awareness activities and data
proceeded.

Capacity building:

e Evaluated the capacities and needs of the Centre of Environmental Information (CIM)
of the Ministry of Ecology and Natural Resources, the level of knowledge of the problem by the
center’s officers, the level of their involvement in the information and awareness in the field of
POPs, identification of the technical level, of the publications in the field, present in the center’s
library. The CIM was supplied with all publications in the field of POPs, available or published
by the moment in Moldova and region, including within the publication sub-component of this
campaign.

Publications and information materials:

e Developed and published 2 posters: ,,Stockholm Convention: a chance for a cleaner
environment in Moldova”, ,,Chemical warehouses — danger for health and environment” (1000
and 4000 copies each), distributed broadly in all rayons, to NGOs, schools etc;

e Developed and published 2 leaflets: ,,POPs Management in Moldova” (English) and
the ,,Chemical warehouses — danger for health and environment” (1000 and 4000 copies each).
These publications in the field of storehouses were broadly distributed around the country to
main beneficiaries;

e Developed and printed the 2008 and 2009 Calendar with the slogan: “Stockholm
Convention: a chance for a cleaner environment in Moldova” (2000 copies);
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e Developed and printed the brochures ,,Women and their toxic world” and
,»Management of the phytosanitary products: personal security and environmental protection — for
the target groups workshops (1000 copies each) and distributed to national libraries, Academy of
Science, NGOs etc.;

e Developed and printed the set of information and awareness stickers: ,,Did not pollute
the environment with chemicals!” and ,,Attention! Persistent Organic Pollutants” (1000 copies) in
order to label the contaminated sites and serve as awareness tool;

e Prepared and published articles on POPs and project implementation, impact and
awareness in each number of ,Natura” magazine (monthly, 6500 copies), in the Information
Bulletin of the MERN and in each number of the Information Bulletin of REC Moldova (1000
copies quarterly);

e Developed the concepts and contents for the remained printed materials: brochure and
monograph on POPs in Moldova, poster and leaflet on the results of the project implementation
to be elaborated and printed in the second part of 2009.

Work with mass-media and project activities promotion:

e Developed and places 4 TV and radio spots, produced 6 radio programs with an
informational character on POPs issues (radio ,,Sanatatea”, ,,Antena C” and National Radio),
developed the scenario and finalized the works for the development of the documentary film
about the process of project implementation, packaging and evacuation of the POPs from
Moldova;

e More than 30 interviews at radio and 4 TV Programs, including at the programs
,,Buna dimineata!”, ,,Buna seara!” and ,,Bastina” (TV Moldova 1).

e Presentation and promotion of the project activities by an informational stand at the
MoldEco International Exhibition 2007 and 2008 (end of October, each year).

e Developed and launched the home page of the project: www.moldovapops.md,
established the concept, data base. The training of the project unit on the administration and
maintenance of the web site took place. The promotion campaign of the project’s web site took
place.

e Organized 5 Press Conferences (launching of the evacuation works, April 2007,
launching of the information and awareness campaign, July 2007, pesticides forum, September
2007, results of the year, December 2007 and the launching of the second stage of shipment of
POPs pesticides, February 2008. For two press conferences field trips were organized (Ratus,
Telenesti and Tudora, Stefan-Voda);

e Developed and promoted the placement of the link to the project web site on the home
page of the Ministry of Ecology and Natural Resources
(http://www.mediu.gov.md/md/of proiecte/) providing the link to the home page of the project:
www.moldovapops.md;

e Prepared and sent to the Secretariat of the Convention copies of all information and
awareness materials, developed within the Project awareness campaign.

In addition, in 2009 one poster, one leaflet and one calendar (for 2010) was developed and
printed (to present the project outcomes and to be distributed at national and international level).
Was finalized the English version of the film about the project implementation. For the POPs
polluted sites clean-up activities, was developed the web site www.cleanup.vox.md.

234



TO SCHOOLCHILDREN ABOUT PESTICIDES
Chumakova D., Matskevich M., Pashukevich N., Shevtsov V., Zhovner M.
Green Cross Belarus, Minsk, Belarus

Abstract

The XX™ century was the age of rapid developments in chemistry and industry. Thanks to them
we are using convenient materials and tools. The growth of human population on the Earth and
urbanization owe much to the intensive agricultural technologies based on strong chemicalization
of farming.

However any invention has two sides of the coin. The Media striving for shocking news or
revenue from advertising often delude the public. What is the way out? First of all, a modern
person should be knowledgeable and intelligent, able to understand the benefits of the new agent
and its threats. After thorough analysis of the situation a group of young ecologists from Green
Cross Belarus has developed a workbook. Its aim is to give the children up-to-date knowledge
about pesticides and their utilization, their useful and dangerous properties. It also stimulates the
children for thoughtful attitude to any “miraculous” invention that awaits them in future.

The workbook is developed for 7 lessons with senior pupils and is oriented on Ecology, Biology,
Chemistry and Geography teachers. It includes 7 PowerPoint presentations, a book with
applications, tests and questionnaires. The material is divided into 4 sections. Pesticides — allies
and enemies: a historical overview of chemical means usage alongside with the definition of
POPs and important normative documents and modern standards for pesticide production and
storage. Pesticide classification: a flow chart of the most widespread types of pesticide
classifications on the basis of their purpose, dates, action mechanisms, etc. Pesticides in the
environment: different ways of pesticide penetration into the environment, migration schemes
and pesticide influence on the organic world, alternatives to pesticide usage. The influence of
pesticides on human health.

Key-words
Pesticides, obsolete pesticides, POP, DDT, education, school, children, teacher, public awareness,
population, health, safety, storage, utilization.

Introduction

In the haste of the XX™ century the majority of the population didn’t notice the rapid
technological revolution in the chemical science and industry. However that is thanks to them
that we are using convenient materials and tools for everyday and production purposes. The
growth of human population on the Earth and urbanization owe much to the intensive agricultural
technologies based on strong chemicalization of farming. In other words the innovations of the
past and present centuries are greatly based on the developments in the chemical science.
However any invention has two sides of the coin. Acquiring something we, either consciously or
not, pay for it. What is the price for the progress in chemistry? In this article we will focus on a
wide range of problems brought to life by the intrusion of chemistry in all the areas of modern
production and everyday life, but persistent organic pollutants (POPs) or more concrete pesticides
will be in the centre of our attention.

Pesticides (from lat. pestis — infection and caedo — to kill) are chemical substances used to kill
weeds (herbicides), pests (insecticides, acaricides, zoocides, etc.), and illnesses of cultivated
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plants (fungicides, bactericides, etc.). Defoliants, desiccants, phytohormones as well belong to the
group of pesticides. The majority of pesticides are synthetic organic substances. When applying
persistent highly toxic pesticides systematically, especially in inflated doses, they pollute the
environment that leads to the extinction of useful insects, birds, fish and animals as well as to the
poisoning of human beings by pesticides themselves or by products in which pesticides
accumulate. The usage of pesticides is regulated by law in all the countries.

The book “Silent Spring” by Rachel Carson unexpectedly evoked broad public interest. What
was so stirring for the readers? Carson emotionally and convincingly told about the fatal
consequences of DDT for the health of living beings. She talked about the birds extinguishing in
a whole region as their reproductive capacity was destroyed by high content of DDT. They
accumulated in tissues of living beings, the higher in the pyramid of numbers the more the
amount of it in the body. This scared people a lot and soon DDT was banned.

It should be mentioned that since 1940s DDT was widely and successfully used for protection
from malaria in tropical and subtropical regions. Before its usage malaria used to claim 2-3
million people’s lives a year and the number of those suffering from this serious illness was a
hundred times higher. Due to decennial usage of DDT in a number of countries malaria subsided.
In India the number of diseased descended from 75 million people in 1952 to 100 thousand in
1964, in USSR from 35 million in 1956 to 13 thousand in 1966. World Health Organization
(WHO) and the UN attribute 50 million lives saved from malaria to this substance. For the
discovery of the miraculous qualities of DDT Dr. Paul Muller was awarded Nobel Prize in
medicine in 1948. However in the in the mid-60's DDT was forbidden. What was the result? In
Sri Lanka due to the usage of DDT the number of diseased decreased from 2,8 million people in
1948 to 17 in 1964. In five years from the ban of DDT this number quickly reached 2,5 million
(1969). It’s important to note that in such not tropical countries like Azerbaijan in the late 90’s an
outbreak of malaria was detected (up to 1000 cases) that was extinguished thanks to the efficient
cooperation with WHO.

It is no secret that random usage of pesticides leads to the pollution of huge territories not only in
the areas of application but in far beyond their boundaries as well. E.g. it was found out recently
that the main ecological threat for the Lake Baikal nowadays is not the pulp and paper plant
situated on its bank but the usage of DDT in distant Mongolia that is carried to the lake through
thousands of kilometres.

Nowadays the usage of POPs is strictly regulated on international level. From the beginning of
the 90’s the Protocol of the UN Economic Commission for Europe on POPs and widely-known
Stockholm, Basel and Rotterdam Conventions were adopted.

Methodical kit

That is clear that all the results of influence of new chemical substances on people are hardly
predicted especially in the long term. Numerous researches disclose only separate mechanisms of
impact and often display opposite results.

Though the tropics are far away pesticides in our countries like Belarus as well as other POPs are
still widely used partially in agriculture, landscape gardening, flower growing, etc. Something is
done under control, something without it. E.g. in rural areas the methods of “chemical weeding”
are widely used by individuals to achieve “good” harvest for sale.
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What is the way out? First of all we were guided by the concept that every person should be
educated and knowledgeable nowadays. He should at least understand the benefits of the new
miraculous substance and its threats. Modern mass media striving for shocking news or revenue
from advertising often delude the public. In the majority of cases the answer to the question
concerning benefits or harm is either definitely negative or definitely positive. In the result a
usual person simply doesn’t understand the realms of using chemical substances.

Having analyzed the situation a group of students-ecologists actively engaged in the programs of
Green Cross Belarus developed a workbook “To children about pesticides”. Its aim is to give the
children up-to-date knowledge about pesticides and their utilization, their useful and dangerous
properties. It also stimulates the children for thoughtful attitude to any “miraculous” invention
that awaits them in future.

The workbook is developed for 7 lessons with senior pupils and is oriented on Ecology, Biology,
Chemistry and Geography teachers. It includes 7 PowerPoint presentations, a book with
applications, tests and questionnaires. For better understanding the material is divided into 4
sections.

1. In chapter «Pesticides — allies and enemies»
a. Several definitions to the term “pesticide” are provided;
b. A historical overview of chemical means usage is given;
c. The distinctions between pesticides of first, second, third and fourth generations

are examined;
d. A definition to POPs is given;

e. Most important international standard acts on pesticides and POPs are enumerated;
f. Modern requirements for production and storage of pesticides are provided.
2. «Pesticide classification». Nowadays pesticides are used in the majority of spheres of

human economic activity ranging from agriculture to aerospace industry. A great number of
pesticides are known nowadays. This is because people need pesticides with specific qualities. As
the number of pests is large and their species and classes are rather diverse the number of
pesticides should be commensurable. And to achieve the necessary result in each specific case
pesticides should be classified. Pesticides are qualified on different criteria depending on the
necessary quality of the pesticide. In this chapter there is a flow chart of the most widespread
types of pesticide classifications on the basis of their:

a way of penetration into the body;
b action mechanisms;

c purpose;

d. chemical composition;

e toxicity;

f. rate of decomposition in soil.

3. «Pesticides in the environment». Among all the chemical products produced by people
pesticides occupy a special place due to their importance in the life of the society as well as to the
dangers of being present in the environment. They are consciously brought into the environment
by people. It is a necessity as otherwise up to half of the harvest would be lost because of weeds,
pests and illnesses, and millions of people in the XX™ century would die from malaria and
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typhus. It is the pesticides that save thousands of human lives from famine and illnesses. It would

be impossible to feed 6,5 billion of people without pesticides and fertilizers as only 11% of land

on our planet are suitable for farming. Besides pesticides allow to get cheap agricultural products

affordable to all. In this chapter

different ways of pesticides getting into the environment are shown;

the behaviour of pesticides in air, water and soil is examined;

the schemes of pesticide migration are provided;

the influence of pesticides on animals and plants is analyzed;

alternatives to the usage of pesticides are provided;

modern requirements to the pesticides are provided;

particularities of pesticide usage in Belarus are examined;

information about pesticide market in Belarus is provided;

the situation with inapplicable pesticides is shown and the ways of its resolution

are provided;

J- the data about the situation with inapplicable pesticides in Belarus is provided with
types and places of storage indicated.

S ER e AL o

4. «The influence of pesticides on human health» After the detection of useful qualities of
pesticides it was soon also discovered that beside these undoubtedly important qualities they also
poses a number of qualities rather dangerous for people and the environment. It was stated that
besides insects, coarse fish and undesirable vegetation pesticides strike equally all living beings
in the environment — useful insects, planktonic organisms, birds and mammals including human
beings. A significant number of alarming facts started accumulating with the onset of DDT
usage. When in human body in large numbers pesticides strike almost all organs, causing
dystrophic changes in the tissues of varying severity, disturbing metabolism, depressing the
function of central and peripheral nervous systems. All the population of the Earth is exposed to
chronic influence of minor pesticide doses and its amount depends on the diet, geographical
position and the level of industrial development in the area. It was considered before that “dose
determines the poison”. It meant that small quantities of poison don’t lead to any consequences
and big doses are lethal. However modern researches state that continuous contacts with small
doses are even more dangerous than a single large dose. This concerns pesticides as well. Every
day each of us is exposed to micro doses of pesticides that together with other unfavourable
anthropogenic factors influence our bodies. In this chapter attention is given to

a. Bioaccumulation of pesticides in human body
b. The influence of pesticides on human beings (direct and indirect), its
symptomatology:
1. acute poisoning by pesticides
il. chronic poisoning by pesticides
c. The study of pesticide substances
d. Probable major factors of pathologic changes under the influence of minor
pesticide doses.
1. Pesticide carriage
ii. Toxicity for organs
1il. Mutagenicity
v. Cancerogenity
v. Immunotropicity
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Vi. Reproductive toxicity

vii. Embryo-, fetotoxicity, teratogenicity
e. Preventive measures and reduction of pesticide negative influence on health
1. Measures on governmental level
1i. Measures taken by any of us

At the end of the workbook there is a glossary, poll list for comparison of children knowledge
before and after the course, and various applications for more detailed presentation of
information: the data on inapplicable pesticide storages, the table of action of major pesticide
classes, acute poisoning symptoms and first aid in acute poisoning.

Application

The workbook has modular structure. The major modules contain basic information topical for
any region. At the same time in this workbook there is concrete data on peculiarities of pesticide
use in Belarus. This way teachers from other countries and regions can successfully implement
this material in their educational activity, supplementing it with concrete data on their region. The
complete set of materials of the workbook is available on CD ROM. The language is Russian.
Translation into English is planned in the future.

E-mail: scbh@greencross.by
Internet: www.greencross.by
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PESTICIDES REGULATION IN GEORGIA
M. Ghvinepadze', A. Chanqseliani2

'Deputy Head of the Plant Protection department of Food Safety, Veterinary and Plant
Protection National Service, Ministry of Agriculture

*Chief of Controlling Wastes and Chemical Agents Management, Ministry of Environment
Protection and Natural Resources

General condition

During the last ten years, by the result of conducting active environmental policy, the
legislation base of directing chemical agents had been developing. A large variety of laws
and regulating sub-normative acts are adopted, where particular attention is given to prevent
polluting the environment with harmful substances and to safety of health

1. Viena Convention for the protection of ozone layer

2. The Montreal Protocol on substances that deplete the ozone layer
3. Basel Convention on the Control of trans boundary Movements of hazardous wastes and
their disposal
4. The Paris convention on the prohibition of Chemical weapons of 1993 placed a total and
definitive ban on these weapons
5. Rotterdam Convention
6. Stockholm convention on Persistent Organic Pollutants
7. International code of Conduct on the Distribution and use of pesticide (FAO 2002)

For Georgia, as for an agrarian country, problem of plant protection ecology is very
urgent. The phyto sanitary situation becoming worse and by influencing of harmful organism
the lost of harvest had reached t030-50 %. Following from the created heavy economic
condition, inculcation of integrated security system in farms, safe and effective usage of
chemical agents accounts for as guarantee of food safety of country .

There is rather developed legislation of pesticides, where questions about registration,
licensing, import, conservation, realization, usage and information spreading, limitations,
sanitary and ecological safety general rules.

Usage of pesticides and their circulation are regulated in agriculture by legislation of
Georgia about “plant protection from harmful organisms” and “pesticides and
Agrochemicals”, also according normative acts. It is permitted to import, movement and

usage only these pesticides, which had underwent biological , hygiene-toxically and
ecological examination and demonstrative field exams, are registered and added to
“pesticides permitted to use in Georgia , State catalogue “, that is kept by Ministry of
Agriculture. The Ministry of Environment Protection and Natural Resources, Ministry of
Health, Labor, Social Protection of Georgia are actively involved in the process of evaluating
and choosing of pesticides. At the present time about 150 substances in force and about 300
extensively operating preparative form. These chemicals are added to the list registered Euro
Union- in first enclosure of 91/414/ECC directive or in USEPA registered list of active
substance.

These pesticides, which are regulated by Rotterdam Convention and by Stockholm
Convention, are added to the list of “prohibited and strictly limited substances” in Georgian
territory. Till 2005 importing and trading of pesticides had been regulated by permission and
license, which would be issued by the Ministry of Agriculture. At the present time issuing of
permission on importing, producing and turnover by the Ministry of Environment Protection
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and Natural Resources are defined only for limited turned over materials (where prohibited
and strictly limited pesticides were included) by the Georgian Law about “licenses and
permissions .

Using of pesticides in Georgian agriculture sensibly reduced comparatively with Soviet
period. According to the data of Statistic Department of Georgia, in 2006 the area of 1 year
plantations treated with pesticides, were consisted totally 52,3 thousand h., and treated
perennial plantations area were consisted with -84.7 thousand h., in our country there are
totally about 700000 h. arable land and 150000 h. perennial plantations. About 40 % have
been treated.

Pesticides are not produced in Georgia. Pesticides are imported in the country from
leading firms of Europe, USA, India and Turkey (Singenta , Bayer, Basf, Dupon, New farm,
Izagro, Dau agroscience, FMS-Europe, Detia Degish, Parijat, Safa tarim, Hectashi an etc.)

Comparing with Soviet period , when 37000 tones of pesticides had been importing in
Georgia in an year for planned treatment of agricultural plants and Georgia was on it’s 8
position with usage of pesticides among the Soviet republics, during the last tenth years
1000-3000 tones of pesticides have been importing in the country in an year. It is caused as
from the consumers low demand in the country following from the existing heavy economic
conditions, so that new generation environmentally relatively safe pesticides could be used
plenty low spending standards. In result stocking of pesticides are sharply reduced on
economic area. Is not used chlorine organic, mercuric pesticides, Herbicides of Triazine
group, using of phosphorus organic insecticides is sharply reduced.

Importing of pesticides (in tones) in Georgia by years:

1998 11999 |2000 |2001 |2002 |2003 |2004 |2005 |2006 |2007 2008

1660 | 1890 | 940 450 1726,5 | 2083 | 1794,5 | 3756 | 1008,2 | 802,025 | 1050

Fungicides are about 50% from imported quantities of chemical pesticides. Using of
Fungicides keeps 58 % in the country, insectoacaricides 35% , herbicides 5%, seeds
treatment preparations 2%. Import of biological agents is stopped. Plant protection service
uses biological agents in measures to liquidate hazardous depredators (fall webworm)

Exporting and re exporting plant protection agents from Georgia implements in
unimportant quantities.

As for pesticides residues, market this sphere. Importers and traders , which are private
persons , purchase by their means such number of chemicals, for which they have real buyers
and practically there are no residues .

Priority problems regarding to chemicals in Georgia
Food pollution- hexachlorocyclohexane, metabolites, nitrate, nitrosamines, benzene,
aflatoxins, desoxynivalenol, hydroxymethyl furfurol, penicidins designate in foods;
Water pollution — pesticides total amount designate in the water.

Pesticides Uncontrollable and illegal import and realization were a big problem in 90-es
after fail of the Soviet Union when supply of pesticides centralized way were disordered and
unregistered and obsolete pesticides had been imported in the country. State registration and
control system was established in the country after 1998 when the law of Georgia about
“pesticides and agrochemicals “enacted. Ministry of Agriculture and Ministry of Environment
Protection and Natural Resources are actually involved in this system.
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As for pesticides import, at the present time Ministry of Agriculture carries out quarterly
monitoring and is acting with customs service, they execute according with “State catalogue
of pesticides and agrochemicals® when goods crosses the border. Also carries out annual
monitoring of officially existed trading lines (151 pesticides and agrochemicals stores).

Besides, pesticides and agrochemicals importers/exporter, distributors, keepers and
manufacturers registry is created by the National Service of Food Safety, Veterinary and Plant
Protection of the Ministry of Agriculture which is responsible on control of use and trade with
pesticides.

Ministry of Agriculture in 2005-2008 had issued 12 normative acts to regulate pesticides
and agrochemicals effective use and safe consumption sphere, among them: “about rules on
use, storage, transportation and realization of pesticides and agrochemicals®, “rules of

[T

pesticides and agrochemicals labeling “, “rules on small packing of pesticides” and etc.

Accumulation of unfitted pesticides — this problem has been formed in Soviet period,
when planned treatment of agricultural areas took place. At the same time by the result of
active working of health protection state bodies, permitted pesticides lists had been
overviewed annually and hazardous preparations for humans and environment had been
prohibited, withdrawn and put into secure landfills or kept in store houses.

After this period more then 3000 tones of obsolete, unfitted pesticides had been gathered
among which are POPs, mainly representatives of Chlororganic group,
hexachlorocyclohexanes and others. Especially complicated condition is related to Ialghuji
landfill, because inactivation and rehabilitation requires much funds and decision of this
condition is possible only within international projects or State planned programs.

Part of pesticides were placed as in central so in former collective farm little store houses,
most of which are destroyed. Pesticides in most cases are under open-sky, packing is
damaged, analyzing and identification is often impossible, cleaning of mentioned territory
requires planning a number of measures and implementation.

As we mentioned, at the present time the problem of accumulation of pesticides does not
exist in Georgia, because this topic is regulated by presented market and consumers low
demand, because of this importing of pesticides in over normative quantities in the country by
private enterpriser does not happen. This kind of problems could be exist, when by the results
of strict control of any useless chemicals would be discovered, or hazardous preparations
would be withdrawn from the registration or importing, realization and use of them would be
limited in the point of environment and humans health protection. In this case it is very
important to be existed storehouses (having of two storehouses- one in West another in East
of Georgia is recommended) where the withdrawn pesticides would be safely disposed, until
the way of their destruction would not be found.

Facts of health damage among the agricultural workers really exist; chemical intoxication
/ suicides single accidents had been discovered in various regions of Georgia. As a pesticides
registration agency, National Service of Food safety, Veterinary and Plant Protection has
information about all registered and permitted pesticides suited for use, among them: NSDS,
where is defined the safety measures of pesticides storage, transporting, usage and during the
fire and emergency occurrence. This information, also a determining method of pesticides
operating substance is accessible for everyone.

Researching and nongovernmental organizations are acting in agricultural field for
chemicals management. They traditionally conduct research of pesticides and agrochemicals,
and recently created NGOs which have pesticides small data base are involved in this process.
At the present time a private laboratory is accredited by the accreditation centre of Georgia,
which has all means (material-technical and trained personnel, methods of proper
determination) to determine agrochemicals sort and quantity in products, vegetables, soil and
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water. There are also laboratories in research Institutes, equipped with older technique but
with trained and experienced personnel.

Examinations of chemicals are performed during the process of their State recording on the
basis of law about “pesticides and agrochemicals” and “regulation of pesticides and
agrochemicals testing, examination and recording”. 5 kinds of examinations are conducted by
the high ranged experts of research institutes: biological, hygiene-toxiferous, ecological,
ichthyo toxiferous, veterinary-sanitary (documental, laboratorial and field examination).
Pesticides could be recorded only in case of experts’ positive conclusion and by the
coordinated decision of three Ministries: Ministry of Agriculture, Ministry of Environmental
Protection and Natural Resources and Ministry of Ministry of Labor, Health, and Social
Affairs. Chemicals research at the present time is conducted by Agronomical profiled
institutes and joint-stock company- Medically Profiled Institute, existing in the system of
Ministry of Education and Science. This Institutes and some nongovernmental organizations
have possibility (have highly qualified personnel) to conduct trainings relating to chemicals.

Accumulation, packing and placement in safe temporary places of obsolete and unfitted
pesticides

One of the problems of environment protection are delayed and useless pesticides and
persistent organic pollutions (POPSs), as in Georgia so in many other countries. Georgia
joined the “Stockholm convention on Persistent Organic Pollutants” at April 11, 2006.

In the frames of the convention in Georgia was implemented a program “on Persistent
Organic Pollutants to prepare national operating plan in aim to implement Stockholm
convention”. The projects main aim was to create and develop persistent abilities to
implement Stockholm convention’s requirements. The project included inventory the POPS,
society information about plural problems of POPS, and preparing POPS operating plan in
Georgia.

Under the project in hole country had been taken stock on 3057 tones of pesticides, and
2700 tones among it supposedly is placed in laghluji pesticides landfill, and the rest 357 tones
are distributed to chemicals storehouses on whole territory of country.

By tacking stock of polychlorinated biphenyls 216 transformers were displayed, where in
623 tones of polychlorinated zeds are placed, which contains biphenyls, and whole weight of
implements is about 2000 tones. 200 tones of oil containing PD are also supposedly placed in
condenser.

By stock-tacking was discovered that about 80% of dioxin-furan spray is uncontrolled burn
process (burning remains on the trash places and forest fires), other 20% is production
process.

The project of national plan about persistent organic pollutants is ready, which is widely
considered along with interested parties and is introduced in The Government of Georgia for
affirmation.

In 2007-2008 two programs were implemented in the frames of the convention:

”Gathering, packing and sending to safe temporary place of delayed and useless
pesticides”, funded by state budget.

Within the project highly ventured facilities which were polluted with toxic chemical were
cleaned. 50 tones of delayed and useless pesticides were gathered, packed and sent to
specially prepared place. 130 tones of polluted ground also were removed from facilities,
which were placed in lalghuji toxic chemical testing ground, according to the environmental
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rules. Mentioned program had been proceed at the present year and supposedly 60 tones of
delayed and useless pesticides and polluted ground would be placed safely.

“Reducing venture of delayed pesticides in Kakheti region”. The project was sponsored by
Dutch government and was implemented by Dutch international organization “Milieukontakt
International”. Within the project a store house was repaired for placing delayed and useless
pesticides. Were cleaned 7 highly ventured facilities, were removed 117 tones of delayed
pesticides and 105 tones of polluted ground and were placed safely.

By the financial support of the Global Environmental Fund and on UNODC

environmental programs and health care world organization initiative, are being conducting
preparatory works in Georgia according to the project, “DDT demonstration of alternatives,
evaluating and introduction against the carriers of malaria and other diseases”. Mentioned
project is regional and covers some countries of Central Asia and North Caucasus. The project
is encouraged by the Ministry of Environment Protection and Natural Resources and the
Ministry of Ministry of Labor, Health, and Social Affairs.
The Ministry papered draft project “Safe placement of Persistent Organic Pollutants in
Georgia”, which is submitted to the Global Environmental Fund. Mentioned designing offer
basically contains proper collaboration of regulator documents and subject of reduction of
delayed Persisting Organic Polluting pesticides, which means gathering of existing POPS
pesticides, placing in secure place and finally destroy of these pesticides.
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ANAEROBIC BIOREMEDIATION OF SOIL CONTAMINATED WITH
CHLORINATED PESTICIDES: LABORATORY EXPERIENCE

Tomasz Baczynski

Institute of Water Supply and Environmental Protection, Cracow University of Technology,
ul. Warszawska 24, 31-155 Krakow, Poland; tomaszb@vistula.wis.pk.edu.pl

Abstract

Results of lab-scale tests on anaerobic bioremediation of polluted soil from pesticides
“tombs” area, using methanogenic granular sludge as inoculum are presented. Experiments
with soils contaminated with organochlorine pesticides: y-HCH, DDT and methoxychlor,
collected at three “tombs” in central Poland, demonstrated that it is possible to effectively
remove these compounds. In case of DDT removal accumulation of DDD was significantly
smaller than resulting from stoichiometry, suggesting further degradation of this metabolite.
To provide more insight into bioremediation process, next experiments using selected soil
sample were performed. Prolonged incubation showed that removal proceeded rapidly during
first 2-4 weeks. Afterwards, residual concentrations of pesticides remained unchanged until
the end of 16-week experiment. Solid-phase extraction using Tenax TA suggested that
persistency of these residues was caused by their resistance to desorption, perhaps resulted
from pollution aging process. DDD transformation was confirmed by appearance of
dichlorobenzophenone (DBP), final product of DDT anaerobic biodegradation. Additional
studies indicated that residual concentrations of pesticides and intensity of DDD conversion,
which in turn affected accumulation of this metabolite, strongly depend of process
temperature. Use of nonionic surfactant Tween 80 could also decrease residual levels of some
compounds and stimulate DDD transformation. Dose of surfactant should be optimized
however, as higher concentration was found to negatively affect this DDD conversion.

Keywords: DDT, y-HCH, methoxychlor, soil bioremediation.

Introduction

Clean-up of obsolete pesticide dumping sites (such as “tombs”) is mostly aimed at removal
and disposal of chemical waste. Less attention is paid to surrounding areas of polluted land
and groundwater. Although the most contaminated soil is mostly excavated and transported to
hazardous waste landfills, such procedure is not completely satisfying from the environment
conservation point of view. Moreover, less polluted areas are usually (due to cost problem)
left undisturbed, still posing an ecotoxicological risk.

In Polish conditions, typical main contaminants of “tombs” areas are chlorinated pesticides:
HCH isomers, DDT and methoxychlor. Persistence of these pollutants makes soil remediation
difficult. However, it was demonstrated that they can be anaerobically dechlorinated to
simpler compounds, more prone to subsequent aerobic biodegradation [1-3]. The presented
research was focused on use of methanogenic granular sludge (biomass from anaerobic
reactors treating wastewater, already shown as effective biocatalyst of dechlorination — e.g.
[4]) as inoculum in the first, anaerobic phase of bioremediation of such soil.

Materials and methods

Soil samples were collected at three pesticide “tombs” in central Poland: Bogomilow and
Sepno-Radonia (Lodz voivodship): BOG4, BOGS5, SEP2 and SEPS5; Mlynow (Wielkopolskie
voivodship): MLY2. Sampling points were located at or below concrete tanks forming the
“tombs” structure. BOG and MLY samples were classified as sand, with little organic matter
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(SOM); SEP soils were sandy clay loam/clay loam with 2-2.7% SOM. Samples were air dried
and sieved, then refrigerated until used. Granular sludge came from anaerobic reactor treating
wastewater from a soft drink factory. Prior to use, it was thoroughly rinsed with tap water on
a 0.25 mm sieve to remove fine particles and decay products.

Bioremediation tests were prepared in 120 ml serum bottles, using 3 g of soil and 1 g of
sludge (wet mass), diluted with 30 ml of mineral medium (after [5], without yeast extract). 20
mM lactate was added as electron donor. The bottles were tightly capped and headspace was
exchanged to 80% N»/20% CO, with overpressure. The bottles were then incubated in the
dark statically (shaken by hand once a week only). All tests were done in triplicate.

For extraction, soil and sludge slurry was filtered through paper filter, and the solids were left
to dry. The filtrate was extracted by 15-minute shaking with 16-ml volume of hexane,
previously used for rinsing the sample bottle. Solids and the filter were extracted with 16 ml
of hexane/acetone in tightly closed 40-ml amber vial by heating to 70°C for 4 h. The extract
was then centrifuged with small amount of anhydrous sodium sulfate. For all extracts,
decachlorobiphenyl was used as surrogate standard. Pesticides measurements were performed
after dilution of extracts, using GC-ECD.

Samples for Tenax solid phase extraction (SPE) were prepared as above, using only 1 g of
soil and 0.33 g of sludge. The SPE procedure was based on [6]. Soil slurry was transferred
into a separatory funnel, spiked with 0.15 ml of 10% sodium azide (microbial inhibitor) and
then shaken with 0.5 g of Tenax TA beads. At set times the slurry was drained into a new
separatory funnel and shaken again with fresh Tenax. After 72 h SPE, the slurry was analyzed
for residual pesticides. The desorbed pesticides were measured by extracting the Tenax grains
remaining in the used funnel by shaking them with 16 ml hexane.

Results and discussion
First series of experiments involved bioremediation tests with different soils, incubated for 3
weeks at 30°C. Results are given in Tab. 1.

Table 1. Results of 3-week anaerobic bioremediation at 30°C (average and standard deviation
given in parenthesis, all data as umol/kg dry soil; upper before, lower after incubation).

sample y-HCH p.p’-DDE p,p’-DDD p,p’-DDT methoxychlor
BOG4 0.99 (0.12) 0.13 (0.02) 0.09 (0.02) 0.98 (0.14) 0.96 (0.18)
0.04 (0.00) 0.06 (0.01) 0.21 (0.03) 0.20 (0.05) 0.17 (0.03)
BOGS5 1.35(0.07) 0.18 (0.03) 0.42 (0.11) 3.82 (0.45) 1.71 (0.14)
0.11 (0.06) 0.51 (0.40) 1.06 (0.19) 1.73 (0.15) 0.61 (0.04)
SEP2 19.6 (0.68) 0.69 (0.07) 3.53 (0.79) 97.2 (7.15) 17.4 (0.81)
0.34 (0.01) 0.43 (0.17) 19.2 (1.71) 12.1 (1.15) 0.58 (0.18)
SEP5 2.20 (0.05) BDL BDL 8.21 (0.95) 3.31(0.33)
0.17 (0.12) BDL 2.15(0.15) 1.03 (0.38) 0.18 (0.13)
MLY?2 0.32 (0.00) 0.13 (0.03) 4.52 (0.31) 11.11 (2.20) 1.59 (0.17)
0.06 (0.00) 0.03 (0.00) 3.13 (0.36) 0.49 (0.05) 0.49 (0.03)

BDL — below detection limit
There was a significant loss of pesticides y-HCH and methoxychlor occurring in all soil

samples. p,p’-DDT was also greatly removed, and its removal was accompanied by formation
of p,p’-DDD, with p,p’-DDE level little changed. It should be stressed that amount of newly
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formed p,p’-DDD was in all cases considerably lower than that corresponding removed p,p’-
DDT, which suggests further degradation of this metabolite. This is important as DDD is also
toxic and persistent, and standards of soil quality usually refer to collective sum of DDT and
its primary degradation products DDD and DDE.

To elucidate the course of the process next tests was done on SEP2 sample, with long 16-
week incubation at 22°C with periodical sampling. This lower temperature was chosen as
approximately corresponding upper range of soil temperature in Polish conditions. Results of
this test are presented in Fig. 1.
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Figure 1. Concentration of pesticide (metabolite) during 16-week bioremediation of SEP2 soil
(error bars represent standard deviation, may be covered by symbols).

It was shown that removal of y-HCH, methoxychlor and o,p’- and p,p’-DDT proceeded quite
rapidly during the very first period of incubation, and it was practically completed within 4,
maximally 6 weeks. Afterwards residual pesticide concentrations remained practically
unchanged until the end of experiment. Degradation of p,p’-DDD metabolite was confirmed
by appearance of p,p’-dichlorobenzophenone (DBP), the terminal product of anaerobic
degradation of DDT [2]. However, this transformation seemed also to occur mainly in the first
two weeks. After that time, concentrations of both metabolites did not vary much.

Additional bioremediation tests (data not shown) with repeated addition of sludge, electron
donor or alternative electron acceptor (sulfate) excluded metabolic limitations as possible
causes of pesticides (metabolites) residuals persistence. Therefore, it was hypothesized that
this phenomenon was linked to availability limitations. To verify that, in the next experiment
bioremediated SEP2 soil was sequentially extracted using Tenax TA sorbent, after 0, 2, 4 and
6 weeks of incubation at 22°C. Tenax SPE is often applied to determine desorbability and
extent of sequestration of hydrophobic organic contaminants (HOCs) in soil [6]. The results
of this test are given in Fig. 2.

The results confirmed this supposition. At the start of the test the originally present pollutants
(y-HCH, methoxychlor, p,p’-DDT) were in major part easy desorbable, with only minimal
fractions resistant to desorption. After bioremediation, the unremoved pesticides were mostly
hardly desorbing fractions, and this tendency was even more distinct with the progress of
incubation. This finding is consistent with reports on bioremediation of other HOCs, like
PAHs, where stalling of their removal was ascribed to slow desorption of their fractions
bound to the soil matrix (e.g. [7]).
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Figure 2. Pesticide remaining in soil after 0, 3, 10, 24, 48 and 72 h of Tenax solid phase
extraction: A) y-HCH, B) methoxychlor, C) p,p’-DDT, D) p,p’-DDD.

However, newly formed p,p’-DDD product was quite easily desorbable throughout the whole
experiment, and despite that it was effectively degraded only in the first period of incubation
(see Fig. 1). As additional test, mentioned above, excluded some metabolic constraints as
possible reasons, the mechanism of its persistence is still unclear.

In a search for enhancing the performance of the process, next experiments aimed at the effect
of surfactant addition (Tween 80) and influence of temperature. These tests involved 8-week
incubation with sampling every two weeks. Only the final data are given for brevity (Fig. 3).
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Figure 3. Concentration of pesticide after 8-week bioremediation (ppDMDT - methoxychlor).
Left — test at 22°C with Tween 80 (G — samples with sludge only, G+0.5 — sludge + 0,5 mM
surfactant, G+1.25 — sludge + 1.25 mM surfactant). Right — test at different temperatures.

Addition of 0.5 mM Tween 80 (concentration in the liquid phase) resulted in decrease of
residual concentrations of originally present pesticides as well as in intensification of DDD
transformation, producing lesser accumulation of this metabolite and higher formation of
DBP. Reduction of residual concentrations was probably the effect of partial release of bound
fraction due to surfactant interaction with soil matrix [8]. As for lower DDD accumulation,
such findings were already reported [9, 10]. However, higher concentration of surfactant (1.25
mM) resulted in adverse effect, which stresses the necessity of surfactant dose optimization.

Temperature rise also considerably diminished residual concentrations and DDD
accumulation. The former effect was supposedly caused by increase in desorption rates.

254



Cornelissen et al. [11] have demonstrated that temperature strongly influenced desorption of
slowly and very slowly desorbing (bound) fractions of HOCs.

Conclusions

Inoculation with granular sludge proved to be effective method of anaerobic primary
bioremediation of chlorinated pesticide contaminated soil, allowing for high removal of vy-
HCH, DDT and methoxychlor. Their removal efficiency is limited by persistence of residuals,
being desorption resistant fractions of these pollutants, probably resulting from ‘“aging”
process. DDT metabolite DDD is partly removed; however its accumulation is still high
enough to make removal of DDT/DDD/DDE moderate. The effectiveness of the process
could be improved considerably by increasing temperature, although such treatment could be
problematic in field conditions. The more suitable method of performance enhancement
seems to be addition of optimized surfactant dose.

As anaerobic transformation of chlorinated pesticides is not complete and results in
intermendiates (for example DBP), the aerobic post-treatment is necessary.
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Baltic herring (Clupea harengus membras L.) is the most important fish species in the Baltic
and for the Estonian fish processing industry. Consequently, the presence of toxicants in this
species and in fish in general is of concern from the point of view of human health. The
morphological parameters (length, gender, weight, maturity of the gonads) and fat content in
herring muscle tissue, used on the shorting, should be considered as a basic for statistical
classification according to the catching time and place. The time and place of catch, i.e. the
population location, play an important role when different regions are compared.

Keywords: principal component analysis (PCA); persistent organic pollutants (POPs); Baltic
herring; Baltic sea; Estonia.

1. Introduction

Persistent organic pollutants (POPs) are a group of toxic and persistent chemicals whose
effect on human health and on the environment include dermal toxicity, immunotoxicity,
reproductive effects and teratogenicity, endocrine disrupting effects and carcinogenicity.
Since Baltic Sea fish generally contain higher levels of persistent organic pollutants, then any
other food category, diets containing higher amounts of fish may be expected to lead to higher
POPs intakes. In Estonia the content of persistent organic pollutants (POPs) [1-3] and heavy
metals [4] in ecological system of the Baltic Sea have been studied since 1974. Since 1994,
the analyses of hazardous substances originated from Baltic fish are part of the Estonian
National Environmental Monitoring Programme [5—6] When designing research programs for
studying environmental pollutants, it is important to consider the need of both chemical and
biological precision.

2. Materials and methods

The fish for determining the level of POPs were collected during the period from September,
October 2003 to September-October 2005 from three regions of Estonia’s coastal sea — the
western and eastern parts of the Gulf of Finland and from the Gulf of Riga. The fish for
testing was caught using industrial trawlers. The amount of material, necessary for chemical
testing, was relatively large — 200 g. therefore, each samples contains from three/four to a
score specimens, the exact number depends on the size of the fish. The fish samples were
frozen promptly following examination and selection. The length, gender, weight, maturity of
the gonads of the fish was determined. Otoliths were removed to determine the age of the fish.
The head, tail fin and viscera were removed from the analyzed fish.

' Corresponding author. Email: lucky@tlu.ee
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The general method for analyses of the fish samples is described by [7-9]. 10g of herring
muscle samples were homogenised with Ultra-Turrax homogenizer in the mixture of
acetone — n-hexane solution (30 ml) and extracted in ultrasound bath. The samples were
filtered on glass filters, washed with n-hexane and acetone was washed out by adding two
times 20 ml of distilled water. After removing the acetone-water phase n-hexane extracts
were dried with Na,SO4, the solvent evaporated and lipids weight determined.
2,3,37,4,4°,5,5’-heptachlorobiphenyl was added to fat as the internal standard. Lipids
were hydrogenolysed with concentrated H,SO; and the last remaining lipid portion
removed on a small silica/H,SO4 column in a Pasteur pipette. n-Hexane was replaced
with isooctane, 7 PCB isomers (CB28, CB 52, CB101, CB118, CB153, CB 138, CB180) and
a-HCH, HCB, y-HCH, 4,4’-DDE, 4,4’-DDD and 4,4’-DDT were analysed using capillary gas
chromatography (Varian 3380 with a 100 m DB-5 column) with ECD. LOQ of the method
was lug/kg fresh weight and expanded uncertainty near the detection limit — 24 — 56%. All
fish samples were analysed in a laboratory of the Estonian Environmental Research Centre,
accredited by the German Accreditation Bureau (DAP-PL-31.31.00 - 2008-11-22) for
organochlorines analyses in environmental samples.

3. Results and discussion

Authors selected the Baltic herring (Clupea harengus membras L.), because they can be
caught in all parts of the Baltic Sea and are an important commercial species. The results
obtained provide a basis for the hypothesis about the uniqueness of herring populations, there
are 14 herring populations around the Baltic Sea [10]. Four spring spawning herring
populations are distinguishable in Estonian waters: populations of the Gulf of Finland, Gulf of
Riga, northern sea herring (in the island Hiiumaa area) and eastern sea herring (in the Irben
Strait — island Saaremaa area). The two last units are rather closely interrelated [8,10,11]

The authors quickly acknowledged the fact that the content of organochlorine compounds in
herring of different regions, years and fat content may vary on very large scale. Therefore,
aside from the chemical parameters, the biological parameters should also be determined.
Aside from fish age, other characteristics — its length, sex, weight, fat content, maturity, etc.,
are to be taken into account in studies of the POPs in the Baltic fish organism [1-3,12,13].
Basic differences between populations (in morphological features, maturation cycle [14,15],
spawning time and place [8,12,13], year-class [15-19], growth rate) are related with
differences in the main environmental factors, i.e. temperature, salinity, ecosystem structure
etc. prevailing these areas [8,11,20].

The herring parameters determine the coordinates in the formal high-dimensional space. As
the database is too large, there is extremely difficult to detect any simple interpretable
interrelations in it. The principal component analysis (PCA), mathematical method created by
Karl Pearson, can help us to solve our problems. The main goal of PCA is to reduce a number
of substantial parameters describing the nature phenomena under survey and find out at least
some rules of simplified dynamics. In that way PCA is a transformation of a set of n
correlated variables into linear combinations of a set of »n pair-wise uncorrelated variables
called principal components (PC = eigenvectors of correlation matrix). PCA rotates the cloud
of data points such, that the maximum variability is visible. The hierarchy of components is
constructed so that the first PC explains the largest amount of total variance in the data and
will be correlated with at least some of the observed variables. The second component will
also be correlated with some of the observed variables, mainly with these that did not display
strong correlations with the first component. The relative significance of each component is
indicated by its eigenvalue. The eigenvalue of correlation matrix associated with each PC
vector is the variance in that direction. The first component is the eigenvector of correlation
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matrix, which corresponds to the highest eigenvalue. As usual, the first two or three
components have an eigenvalue larger than one, which is a commonly used criterion for
inclusion. The total variance (and the sum of eigenvalues) in that correlation matrix is equal to
the number of variables. The proportion of each PC (Tables 1-2) can be calculated as
eigenvalue divided with the number of variables.

KyPlot 2.0 15[ ] software was used to perform PCA at first for all chemical data set and then
separately for its groups. In tables 1 and 2 we can notice the first component prevailing. For
all new first component sets we have positive correlations (Principal Component Loadings
from Correlation Matrix) with initial (measured) data and so the first component represents
them all. The second PC separates from POPs list CB 28, HCB, a-HCH ja y-HCH and the
third component CB 28 and CB 52 [21,22].

Figure 1 and Figure 2 represent intercorrelations between the first standardized principal
component scores and lipids content. The clusters by years and regions become detached.
Calculating means in groups of years and locations the strong interconnection is clearly
visible (Figure 3).

4. Conclusions

An important role is played by the time and place of the catch, i.e. the population location,
when different regions are compared. The content of POPs in herring, of different fat content
and from different regions may vary on very large scale. Therefore, aside from the chemical
parameters, the biological parameters should also be analysed. Aside from fish age, other
characteristics, length, sex, weight, fat content, maturity, etc., are to be taken into account in
studies of the POPs in the Baltic fish. The results do not eliminate the need to monitor the
toxicants in fish also in the future, because the use of hazardous chemicals in the Baltic Sea
region will probably continue.
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Table 1. Eigenvalues, proportions and principal component loadings from correlation matrix
for components 14 for all years and regions.

Comp. 1 | Comp. 2 | Comp. 3 | Comp. 4
Eigenvalue 8,97 1,29 1,06 0,47
Proportion 0,69 0,1 0,08 0,04
Principal Component Loadings from Correlation Matrix
CB28 0,39 0,21 0,86 0,17
HCB 0,71 0,42 -0,32 0,16
a aHCH 0,64 0,7 -0,13 -0,09
'%ﬁ gHCH 0,78 0,51 0,05 -0,19
5| CBISO 077  -008 012 0,56
2 CB101 0,93 -0,24 0,04 -0,16
§ CB118 0,91 -0,27 -0,03 -0,13
<:g CB138 0,93 -0,26 -0,02 -0,09
CB153 0,9 -0,31 -0,02 -0,01
CB52 0,84 -0,04 0,39 -0,06
pp’DDE 0,95 -0,11 -0,05 -0,01
pp’DDD 0,95 -0,02 -0,11 -0,01
pp’DDT 0,91 -0,04 -0,13 0,03

Table 2. Eigenvalues, proportions and principal component loadings from correlation matrix
for components 1-4 for years and regions.

S, S, g, g, =9 g, g, g,
Eigen 768 1,85 128 0,78 Eigen | -so 18 141 092
Value Value
Proportion | 0,59 0,14 0,1 0,06 Proportion | 0,58 0,14 0,11 0,07
Principal Component Loadings from Principal Component Loadings from
Correlation Matrix Correlation Matrix
CB28 0,45 -0,3 0,77 0,19 CB28 0,11 0,54 0,71 0,33
HCB 0,4 0,75 -0,29  -0,12 HCB 0,56 0,39 0,05 -0,58
n aHCH 0,43 0,83 0,23 0,18 aHCH 0,22 0,84 -041 -0,07 | &
S| gHCH | 067 051 045 0,12 gHCH | 058 072 -028 011 | &
§ CB180 046  -0,11 -0,41 0,77 CB180 0,92 -0,09 0,08 -0,05 é
> | CBIl101 0,93 -0,19 0 -0,14 CB101 0,79 -0,07 -0,17 0,32 8
CB118 0,92 -0,14  -0,13  -0,09 CBI118 0,97 -0,08 0,01 0,02
CB138 0,95 -0,15  -0,11  -0,05 CB138 0,96 -0,19 0,05 -0,16
CB153 0,88 -0,25 -0,2 0,05 CB153 0,95 -0,18 0,08 -0,19
CB52 0,82 -0,3 0,29  -0,03 CB52 0,59 0,17 0,7 0,09
44°DDE | 0,94 0 -0,08  -0,04 44°DDE | 093 -0,19 0,06 -0,21
44°DDD | 0,93 0,12 -0,1 -0,18 44°DDD | 091 -0,17 -0,2 0,17
44°DDT | 0,82 -0,02 -0,14  -0,15 44°DDT | 0,77 -0,1 -0,28 0,45
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Eigen | 69 235 158 083 Eigen 1507 24 101 om
Value Value
Proportion | 0,53 0,18 0,12 0,06 Proportion | 0,6 0,18 0,08 0,06
Principal Component Loadings from Principal Component Loadings from
Correlation Matrix Correlation Matrix e
CB28 0,62 0,11 0,35 0,66 CB28 0,49 -047 -0,02 0,71 8
HCB 0,53 0,64 -042 0,22 HCB 0,59 0,76 0,1 -0,01 g
<+ aHCH 0,41 0,75 0,47  -0,13 aHCH 0,77 0,51 0,16 0,14 | 3
§ gHCH 0,05 0,78 0,48 -0,34 gHCH 0,8 049 -0,11 0,18 _E
§ CB180 0,83 -0,04 0,38 0,17 CB180 0,45 0,2 0,74 0,111 | §
> | CBI101 0,94 -0,21 0,06  -0,04 CB101 0,87 -0,45 -0,03 -0,03 E
CB118 0,77  -0,49 0,08 -0,13 CB118 0,84 -043 0,02 -025 | %
CB138 0,87 -0,39 0,25 -0,06 CB138 0,78 -0,57 0,14 -0,07 E
CB153 0,9 -0,34 0,2 -0,11 CB153 0,85  -0,43 0,2 0,1 | ©
CB52 0,58 0,4 -0,41 0,21 CB52 0,72 0,02 -0,54 0,1
44DDE | 0,88 0,09 -0,37 -0,11 44’DDE | 094 -0,04 -0,07 -0,12
44’DDD | 0,75 0,1 -0,51  -0,18 44DDD | 0,91 0,22 -0,04 -0,22
44DDT | 0,79 0,14 -0,11 -0,24 44’DDT | 0,85 035 -0,23 -0,02
Eigen | 565 288 125 1,09 Eigen 1 085 041 029
Value Value
Proportion | 0,43 0,22 0,1 0,08 Proportion | 0,85 0,07 0,03 0,02
Principal Component Loadings from Principal Component Loadings from
Correlation Matrix Correlation Matrix
CB28 0,19 0,72 0,53 0,03 CB28 0,87 0,11 0,47  -0,01 g
HCB 0,42 0,64 -0,4 -0,01 HCB 0,91 0,2 -0,09 0,3 =
<+ aHCH 0,5 0,55  -0,41 -0,3 aHCH 0,78 0,58 -0,16 -0,11 %
§ gHCH 0,8 044  -0,11 -0,25 gHCH 0,85 047 -0,02 -0,19 | 2
§ CB180 0,59 0,24  -0,05 0,57 CB180 093 -026 -0,1 -0,19 | §
> | CBI101 0,8 -0,11 0,16  -0,21 CB101 098 -0,13 0,12 0,07 E
CB118 0,75 -0,48 0,13 -0,32 CB118 0,94 -0,14 -0,02 0,07 |5
CB138 0,87  -0,44 0,1 0,1 CB138 0,98 -0,09 -0,11 0,07 %
CB153 0,82 -0,5 0,06 0,1 CB153 092 -0,29 -0,07 -0,2 ©
CB52 0,35 0,65 0,58 -0,22 CB52 095 -0,01 0,28 -0,03
44DDE | 0,79 -0,14 0,23 0,42 44DDE | 0,97 -0,04 -0,06 0,12
44’DDD | 0,64 0,33 -0,36 0,33 44DDD | 097 -0,04 -0,11 0,17
44’DDT | 0,63 -0,41  -0,21  -0,33 4,4’DDT | 0,96 -0,2 -0,11 -0,11

Figure captions
Figure 1. Correlation between first standardized principal component scores (SPC) and

content of lipids in the muscle tissue of Baltic herring (2003-2005).

Figure 2. Correlation between first standardized principal component scores (SPC) and

content of lipids in the muscle tissue of Baltic herring caught in a) 2003, b) 2004, c( 2005, d)
Gulf of Riga, e) Gulf of Finland West, f) Gulf of Finland East.
Legend of charts is identical with Figure 1.
Figure 3. Correlation between means of first standardized principal component scores (SPC)
and means of content of lipids in the muscle tissue of Baltic herring.
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Abstract:

Bioaccumulation of pollutants in earthworms must be seriously considered in ecological risk
assessment, because it may result to toxic effects for earthworms and to biomagnification of
food chains. Therefore, OECD bioaccumulation test guideline was prepared. However, we
think that there are still some issues which are worth to consider when measuring the
bioaccumulation of POPs in earthworms. Using the results gathered (let’s say by the way)
throughout our bioaccumulation experiments with spiked soils, Eisenia fetida and GC/MS
analysis, we have compiled few recommendations. Firstly, it is necessary to control the soil
spiking: (1) analyze spiking solution, (2) check real soil concentrations after spiking and
contamination homogeneity, and (3) adjust moisture loss during spiking. We suggest here a
procedure how to do these. Using described approach the variability of POPs distribution in
the experimental soil was kept below 10%. When analyzing POPs in exposed Eisenia fetida it
is necessary to know (1) variability and (2) background concentrations in worms. We
performed 10 independent replicates of the bioaccumulation test and we found RSD 21%,
26%, 19%, 12%, and 30% for the accumulated concentrations of phenanthrene, pyrene, PCB
153, lindane, and DDT respectively. This is relatively high and it suggests that more than 3
replicates (as recommended in the new OECD guideline) should be used definitely. In worms
from the control soil, we found some POPs which never exceeded 0.8 pg/gqw. And finally, all
necessary controls of recovery must run in analysis of both worms and soil. Cca 1/3 total loss
of analytes during worms extraction and clean-up was mainly (70-90%) caused by nitrogen
blow-down steps. It is also recommended to check the matrix effect on the analytical
response.

Key-words: persistent organic pollutants, soils, artificial soils, bioavailability,
bioaccumulation, Eisenia fetida, aging

Introduction:

Bioavailability is the key factor in soil ecotoxicology. A lot of chemical and biological
methods have been developed for its assessment (Reid et al., 2000; Lanno et al., 2004).
Although biological methods have some limitations, they are necessary because only they
provide us the information about bioavailability itself without need of extrapolations and
correlations which are required by chemical methods. Bioaccumulation in earthworms is
a good example of the direct biological methods. It may result to toxic effects for earthworms
and to biomagnification of food chain and it must be considered seriously in the ecological
risk assessment. Therefore this task is frequently discussed (Jager et al., 2005) and an OECD
bioaccumulation test guideline is finishing these days (OECD, 2005).
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However, we think that there are still some issues which are worth to consider when
measuring the bioaccumulation of persistent organic pollutants (POPs) in earthworms: 1) the
question of the right method of the soil spiking with POPs and how to control it (analysis of
the spiking solution, moisture loss replenishment, real soil concentration check after spiking,
assurance contamination homogeneity); i) POPs in exposed FEisenia fetida from the
viewpoint of the background concentrations in worms and variability of the internal body
concentration of POPs; iii) the loss of contaminants during extraction and clean-up. At this
paper, these issues are discussed using the results gathered throughout our bioaccumulation
experiments with spiked soils, Eisenia fetida and GC/MS analysis.

Materials and Methods:

The spiking solution was prepared to contaminate 2 kg of soils. The target concentration
was 10 mg/kg dry soil for phenanthrene and pyrene and 1 mg/kg dry soil for lindane, p,p’-
DDT and PCB 153. Chemicals were dissolved in acetone and the spiking solution was
analyzed with GC/MS after 200 x dillution and addition of internal standards (terphenyl and
PCB 121).

Grassland soil with TOC of 5.6% was spiked using the ,bowl method“ described by
Doick et al. (2003). Briefly, soil (2 kg) was divided to four parts, spiking solution was added
to the first one and mixed well with stainless-steel spoon for 5 min in stainless-steel bowl.
There was control bowl with the same amount of soil to check the water loss. After the
evaporation of acetone, lost water was added to the both bowls and these two portions of soil
were well mixed together for 5 min. Then, the third and fourth parts were mixed the same way
with the contaminated soil.

Concentration of added contaminants and homogeneity of contamination were checked by
taking 5 independent samples from the soil. They were extracted in boiling DCM by Randall
extraction on Velp Scientifica extractor SER 148 after addition of recovery standards (D-
phenanthrene, D-pyrene, PCB 30, and PCB 180). Extracts were cleaned on silica-gel columns
and measured with GC/MS after addition of internal standards (terphenyl and PCB 121).

Ten groups of ten earthworms Eisenia fetida from culture were extracted and analyzed to
assess background concentrations. Extraction and analysis were performed the same way as
for soil, but gel permeation chromatography (GPC) was included before celan-up on silica gel
columns to remove lipids from extracts.

Bioaccumulation test with the spiked soil was performed. Ten groups of ten earthworms
were exposed in 200 g soil (moistened to 50% WHC) in glass jars for 10 days. After the
exposure time the groups of earthworms were analyzed the same way as the groups of
earthworms assessed for background concentrations.

Loss of analytes during extraction and clean-up steps was monitored with series of control
extracts with recovery standards (D-phenanthrene and PCB-30), which were added before
each step of analysis - extraction, evaporation and chloroform addition, GPC, clean-up on
silica-gel columns, and blow-down under nitrogen. The samples were analyzed again with
GC/MS.

Results and Discussion:
The real concentrations in the spiking solution were higher than the targeted

concentrations (Table 1, the first and second row). This could be caused by combined effects
of inaccurate weighting of low amounts, evaporation of solvent during manipulation and
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measuring towards calibration from bought mixed standards. Only for p,p’-DDT the
concentration was lower, probably caused by wrong calibration of this analyte. Anyway,
measured concentrations must be considered for all next calculation instead of theoretical
(targeted) concentrations.

Table 1. Spiking of grassland soil (TOC 5.6%) considering the target and measured
concentrations of spiking solution and soil, recovery and loss of contaminants during spiking

PHE PYR | LIN | p,p’-DDT | PCB 153
Target concentration in the spiking solution (ug/ml) 500 500 50 50 50
Measured concentration in the spiking solution (pg/ml) 1,320 1,241 90 35 66
Target concentration in the soil (ng/g) 10 10 1 1 1
Concentrat.ion .in the so.il.expecteq from the measured 26.4 24.8 1.8 07 13
concentration in the spiking solution (ug/g)
Measured concentration in the soil (ug/g) 10.6 7.9 0.6 04 0.8
Coefficients of variance (n = 5) 4% 3% 11% 12% 8%
Recovery 55% 77%
Concentration in the soil — recovery adjusted (ug/g) 19.2 14.3 0.8 0.5 1.1
Contaminants loss during spiking — recovery adjusted 27% 42% 56% 27% 20%

The water loss during spiking was significant. Using checks by weighting, 4 hours were
needed to evaporate acetone in the fume-hood. During this period, 15 — 30 ml of water was
lost from 1 kg wet soil. This amount must be added to the soil before its use in the
bioaccumulation test.

The real concentrations in soil after spiking were also different than expected from the
measured concentrations of the spiking solution (Table 1, rows 3 - 9). The difference between
these concentrations was influenced by recovery, which was 55% for PAHs and 77% for
chlorinated POPs. After recalculation for recovery, the concentrations were still lower than
expected from spiking solutions. This was probably caused by loss of contaminants during
spiking. Some authors showed lower losses (12 - 23%) but they spiked 20 or 200 g while we
did 2 kg, which might be the reason (Doick et al., 2003; Sverdrup et al., 2002).

The homogeneity of contamination was satisfactory in our study - coefficients of
variance of repeated sampling from the 2 kg soil were 3 - 12%. This confirms spiking method
of Doick et al. (2003) as appropriate to provide homogenously contaminated larger amount of
soil for bioaccumulation studies with earthworms.

Background concentrations in earthworms from the culture were low. Many
contaminants were below detection limits (Table 2). The most important chlorinated
contaminant was PCB 153 (0.03 pg/g4w), non-chlorinated contaminants were naphtalene
(0.37 ng/g4w), phenantrene (0.47 ng/gqw) and pyrene (0.72 pg/gqw). However, the knowledge
of background concentrations is necessary especially if the study aim is to measure
bioaccumulation in soil with concentrations close to enviromental levels.
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Table 2. Backround concentrations in Table 3. Concentrations of tested

E. fetida from the culture used in the contaminants in E. fetida (1g/gqw) exposed
experiment (Lg/Zaw) in spiked grassland soil
Naphtalene 0.37 Phenantrene 40.39 + 8.38
Acenaphtylene 0.01 Pyrene 56.74 + 14.49
Acenaphtene 0.03 y-HCH - Lindane 2.80+0.32
Fluorene 0.06 p,p'-DDE 0.22 £0.05
Phenantrene 0.47 p,p'-DDD 0.44 +0.09
Fluorantene 0.10 p,p-DDT 1.29£0.38
Pyrene 0.72 PCB 153 5.96 +1.12
Chrysene 0.01
Suma 16 PAHs 1.77
PCB 153 0.03
PeCB 0.01
alfa-HCH 0.01

Exposed earthworms Eisenia fetida in contaminated soil showed significantly higher
concentrations than earthworms from the culture (Table 3). Although 10 replicates were
performed, measured concentrations in earthworms revealed high coefficients of variance
(21%, 26%, 19%, 12%, and 30% for phenanthrene, pyrene, PCB 153, lindane, and DDT,
respectively). This might indicate that more than 3 replicates (OECD, 2005) are needed in
POPs bioaccumulation tests with earthworms.

The loss of analytes during extraction and clean-up steps is illustrated in the Figure 1.
Totally, recovery was only 65% for PAHs (measured as D-phenanthrene) and 77% for
chlorinated POPs (measured as PCB 30). The major loss was observed in two steps where
samples were blown-down under nitrogen stream in the fume-hood.

Figure 1. The loss of analytes during extraction and clean-up. The total recovery for PAHs
was 65%, for chlorinated POPs 77%.

Chlorinated POPs

Extraction
[y Evaporation before GPC

GPC

] Silagel columns, evaporation

N
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Conclusions:

The measured concentrations in the spiking solution and the measured concentrations in the
soil differed from the targeted concentrations. Question remains, what could be the reason.
Spiking method according to Doick et al. (2003) provided homogenous contamination of soil
although relatively large amount of soil was spiked (2 kg). In bioaccumulation studies,
earthworms from the culture should be checked time to time to prevent the background
contamination. However, POPs in our culture never exceeded negligible 0.8 pg/gq4y in E.
fetida. Variability of POPs concentrations in the exposed earthworms seems to be high.
Relatively high number of replicates (10) still revealed variability from 12 to 30%. We
suggest five replicates as a compromise between practicability and accuracy of the test.
Recovery must be carefully controlled in the bioaccumulation tests with POPs, especially
blow-down under nitrogen in the fume-hood.
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