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Sammanfattning

Larsson och Thurén (1987), studerade paverkan pé kldckning av grodégg frén akergroda
(Rana arvalis) som exponerats for DEHP (dietylhexylftalat) via sediment. Resultatet
frén denna studie tyder p4 att DEHP kan paverka klickningen av grodiigg. Av dggen
klicktes ca 50 % vid koncentrationen 150 pig DEHP/g sediment (vatvikt). I denna studie
tillsattes DEHP sedimentet genom att forst 16sa dmnet i etanol. Det finns tveksamheter i
detta forfaringssitt, eftersom nirvaro av etanol, eller andra 16sningsmedel, kan foridndra
biotillgingligheten och ddrmed toxiciteten hos det testade dmnet. Metoden kan ocksé
medfora att DEHP inte ér jimnt fordelad i sedimentet utan att lokala héga
koncentrationer kan orsaka fysikaliska effekter p& dggen.

Malet med den studie som nu ér gjord ir att (i) upprepa Larsson och Thuréns studie med
en limpligare metod for att preparera sedimentet med ftalat, i syfte att klarligga
tveksamheterna i denna tidigare studie och (ii) undersdka om innehallet av organiskt
material i sedimentet paverkar DEHPs toxicitet hos grodégg.

Under varen 1996 upprepades Larsson och Thuréns studie med f6ljande fordndringar:
experimenttemperaturen valdes till 10 °C och ftalatinblandningen i sedimentet skedde
enligt en metod utarbetad av Brown et al. (1996). Forutom DEHP testades dven DIDP
(diisodecylftalat). Koncentrationer mellan O till 600 pg ftalat/g sediment (ts) testades.

Ingen paverkan av DEHP eller DIDP pa kléckning av grodigg eller 6verlevnad av
grodyngel kunde iakttagas. Enligt detta forsok bor ett NOEC virde vara > 600 pg
DEHP/g sediment (torrsubstans) eller omrdknat >150 pg DEHP/g sediment (vatvikt).
Det samma géller for DIDP.

Ftalaterna paverkade inte heller tillvéxten hos grodynglen. De skillnader i tillvixt (e
statistiskt signifikant) som noterades vid olika ftalatkoncentrationer, orsakades troligen
av temperaturskillnader i experimentlokalen.

Bioackumulationen av DEHP i grodynglen var proportionell mot halten i sedimenten,
upp till ett platdvirde av ca 300 pg/g fett i grodorna. Okad organisk halt i sedimenten
innebar minskad ackumulation i grodorna. Frhdllandet DEHP i groda/DEHP i sediment
var betydligt ligre (mer 4n en tiopotens) &n i Larsson och Thuréns studie. DIDP kunde
ej detekteras i grodorna.



Summary

Larsson and Thurén (1987), studied the influence of DEHP on hatching of the moorfrog
(Rana arvalis). Eggs from the moorfrog were exposed to sediment contaminated with
DEHP in a laboratory model systems. Hatching success was decreased when the eggs
were exposed to DEHP contaminated sediments. Approximately 50 % of the eggs
hatched when exposed to sediments that contained 150 pg DEHP/ g fresh weight. The
sediment was fortified with DEHP dissolved in ethanol. Doubts have been raised as to
whether this spiking method may have caused localised high concentrations of DEHP
giving the possibility of physical effects. Furthermore, the presence of ethanol, or other
organic solvents, may alter the bioavailability and hence the toxicity of the compound.
Concerns have also been raised regarding the statistical validity of the work.

The aims of the project were to (i) repeat the frog-study by Larsson and Thurén (1987),
using a more appropriate method to fortify the sediments and possibilities to use
improved statistical analysis of results and (ii) investigate if the organic matter content
of the sediment alters the toxicity of DEHP. This is important for translating the results
from this study to other environments (or; in a hazard assessment).

Contamination of DEHP and DIDP in sediment did not cause any observed effects on
hatching and survival of frog eggs and tadpoles. Results indicated no statistically
significant effects on hatching at a sediment concentration of 600 pg/g dw . Based on
the results a NOEC value would be >600 pg DEHP/g dw (150 pg DEHP/g fresh weight)
and >600 png DIDP/g dw (150 pg DIDP/g fresh weight).

The phthalates did not effect growth of the tadpoles. Some differences in growth (not
statistically significant) were noticed but were probably caused by spatial differences in
the exposure system.

The bioaccumulation of DEHP in the tadpoles was proportional to the concentrations in
the sediments, up to a ‘plateau’-concentration of 300 pg DEHP/g lipid contents in the
frogs. Increased organic contents in the sediments decreased the bioaccumulation. The
biota to sediment accumulation factor defined as the quotient of DEHP in the tadpoles /
DEHP in sediment was much lower (more than tenfold) than in the study of Larsson and
Thurén. DIDP was not detected in the tadpoles.



Introduction

The Ecocycle Commission (Kretsloppsdelegationen) in Sweden proposed that the
plasticized PVCs of today should be phased out in the near future. The plasticizers used
in PVC consist predominantly of phthalates, and di-(ethylnexyl)-phthalate (DEHP) is
one of the most used forms. Large amounts of these substances are used in Swedish
production, 10 900 tonnes of DEHP was used in plastic production in Sweden 1992.

Phthalate esters “plasticizers” such as DEHP and DIDP (di-isodecyl-phthalate) have low
water solubility and are therefore expected to predominantly be bound to organic
particles. The "true” water solubility of DEHP is expected to be less than 1 pg/l whereas
the water solubility of DIDP is even lower. In aquatic ecosystems, sediment serve as a
sink for phthalates. In a study by Parkman and Remberger (1995), sediments were
sampled from different types of aquatic environments in Sweden and analysed for seven
phthalates and two mixtures of phthalates, including DEHP and DIDP.

All nine substances and mixtures were detected in Swedish sediment. The amounts of
phthalates increased with increasing anthropogenic influence. DEHP-concentrations at
two point sources were 33 and 47 ng/g dw respectively, and at one of the point sources
the concentration of DIDP was 20 ng/g dw. DIDP was not detected in any other
sediment sample. DEHP varied between 0.01 and 0.4 pug/g dw in remote lakes, while
other phthalates were mostly undetectable.

The transport of DEHP in the aquatic environment is mainly dependent on the transport
of particles and colloids. Short-chain phthalates with lower K, will be less adsorbed to
sediment and particulate organic matter. Hydrolysis is considered to be of less
importance for the fate of DEHP. Biotic degradation is the major fate process for long
chained phthalates in the aquatic environment (Keml, 1995). Degradation half-lives of
DEHP range from about one week to a couple of months. The degradation is slower at
low temperature (<10 C) and much slower under anaerobic conditions. Branched and
long chained phthalates adsorb very strongly to organic material and may become less
available for biodegradation, which results in accumulation in sediments (KemlI, 1995).

The phthalate esters with alkyl chain lengths of more than four carbon atoms are not
regarded as acutely toxic to pelagic organisms, due to the low water solubility (Adams
et al., 1995). In chronic toxicity tests, on the other hand, it was found that the number of
immobilised daphnia increased as water solubility decreased. (Rhodes et al., 1995). This
effect is probably caused by physical entrapment. The effects of phthalates to benthic
organisms have only been investigated in a few studies.

At the Brixham Environmental Laboratory a study of phthalate effects on midges was
performed (Brown et al., 1996). Larvae of the midge Chironomus riparius, were



exposed for 28 days to sediment spiked with DEHP or DIDP at nominal concentrations
of 100, 1000, and 10000 mg/kg dw. The number of animals developing successfully and
emerging as adult insects was recorded. There was no effect at all at any of the
concentrations tested for either of the test substances. Therefore, no observed effect
concentration (NOEC) was 10 000 mg DEHP/kg dw and 10 000 mg DIDP/kg dw. These
results confirm that chironomide larvae are not sensitive to phthalates, which was
suggested by Streufert et al. (1980), who found that chironomide larvae could
accumulate phthalates from the water (about 300 times the concentration in the water)
without being affected.

Larsson and Thurén (1987), studied the influence of DEHP on hatching of the moorfrog
(Rana arvalis). Eggs from the mootfrog were exposed to sediment contaminated with
DEHP in laboratory model systems. Hatching success decreased when the eggs were
exposed to DEHP contaminated sediments. Approximately 50 % of the eggs hatched
when exposed to sediments that contained 150 pg DEHP/g fresh weight. The sediment
was fortified with DEHP dissolved in ethanol. Doubts have been raised as to whether
this spiking method may have caused Jocalised high concentrations of the DEHP giving
the possibility of physical effects. This hypothesis may possibly be supported by the fact
that the only effect attributable to the DEHP was on the number of eggs hatching with
no effect on the times of hatching and no recorded abnormalities of the hatched
tadpoles. The study also showed an apparent plateau of effect on hatching success with
increasing DEHP concentration although the DEHP body burden of the tadpoles
increased with increasing exposure to DEHP. Thus, the effect seen may not be due to a
direct toxic mechanism. The presence of ethanol, or other organic solvents, may also
alter the bioavailability of the compound and by that, the toxicity of the compound.
Some concerns have been raised regarding the statistical validity of the effects noted in
the paper.

The aims of the project were to (i) repeat the frog-study by Larsson and Thurén (1987),
using a more appropriate method to fortify the sediments and an improved statistical
analysis of results and (ii) investigate if the organic matter content of the sediments alter
the toxicity of DEHP. This is important for the translating of the results from this study
to other environments (or; in a hazard assessment).

Materials and Methods

Three test approaches were conducted: 1) frog-eggs exposed to a natural sediment
fortified with different concentrations of DEHP, 2) frog-eggs exposed to DEHP-
contaminated sediments with different organic contents and 3) frog-eggs exposed to a
natural sediment fortified with different concentrations of DIDP.



Test species

The test species, the moorfrog (Rana arvalis) is a common species of frog in northern
Europe and most of Sweden, except at high altitudes, while it is considered as a
endangered species in southern Europe. The moorfrog is a generalist and has been
observed in oligotrophic as well as eutrophic environments. It lays its eggs in the
beginning of April in small lakes and ponds. The eggs are laid in water, but after 2-3
days the egg clump sinks to the bottom and continue to develop there. Normally, more
than 90 % of the eggs hatch (Sven-Ake Berglind, pers. comm.). After hatching the
tadpoles swim and burrow at the surface of the sediment. Therefore, exposure to
contaminated sediment can have a greater influence on the hatching of frog eggs and in
tadpole development than does water exposure alone.

Experimental sediments

Original sediments

The sediment was collected in lake Stensjon in Hilsingland (in the middle of Sweden).
Sediment from lake Stensjon, was analysed by Parkman and Remberger (1995). The
contents of phthalate and other substances such as mercury are low, and the organic
content is 22.5 % of dw which is similar to the sediment used by Larsson and Thurén
(1987), which had an organic content between 21-33 % dw. Dry weight were
determinated from the loss during 24 h at 105°C.,

Four sediments (including Stensjon), with different organic contents measured as ”1oss
of ignition” (LOI) for 2 h at 550°C (2,9 - 76,6 %) were selected. Those were Lake
Grindalssjon (south of Stockholm, 42 % LOI) river Gota Alv (close to Trollhittan, 2,9
% LOI), River Svartan (close to Ormaryd, 76,6 % LOI).

Fortifying sediment prior to experiment

In the study of Larsson and Thurén (1987), the sediment was fortified with DEHP
dissolved in ethanol. This method, using water miscible solvents, is commonly
employed when lipophilic compounds, with low water solubility, are
dissolved/emulsified in water and sediment. However, the presence of ethanol, or other
organic solvents, may alter the bioavailability of the compound and by that the toxicity.
The presence of an readily degradable compound, for instance ethanol, may also
enhance the oxygen demand of the sediment. To avoid uncertainty and problems in
using organic solvents, the following method was adopted (Brown et al., 1996): (i) the
phthalate ester was dissolved in acetone and carefully mixed with air-dried
uncontaminated sediment (ii) the solvent was carefully evaporated under reduced
pressure in an evaporator (Rotovap) (iii) this artificially contaminated sediment



(’spiking sediment”) was added to the fresh uncontaminated test sediment (in 4 litre
glass jars) at eight concentrations; 0 (acetone blank), 15, 30, 50, 100, 150, 300 and 600
pg DEHP/g dw and DIDP respectively, and was thoroughly blended. A control without
phthalates and acetone was included.

Another series of bottles were arranged in the same way, contained the three additional
sediments with different organic contents, (300 pg DEHP/g dw). Thereafter, were the
sediment samples agitated on a shaking board at ambient temperature for one week in
order to facilitate homogeneity and equilibrium. The pore water was analysed after 3, 6
and 8 days (by centrifugation; 1000 G, 30 min) in order to establish if equilibrium was
achieved. The spiking sediments” were analysed in order to calculate the expected
concentrations in the experimental sediments (cf. Analyses).

One batch of the sediment (2200 g fw) was fortified according to the ethanol-spiking
method used by Larsson and Thurén (1987). It was not possible to completely follow the
experimental protocol of Larsson and Thurén (1987), since the spiking volume of
ethanol was not reported. In the present study, the sediment was spiked with 300 ug
DEHP/g dw, with DEHP dissolved in ethanol (2.75 ml). The sediment was carefully
blended (1 hour) but not equilibrated after the addition of the test compound.

Experimental set-up

After the equilibration period, sediment from the different concentration series were
divided in five replicates (400 g) and added to beakers (3 litres) and subsequently
synthetic lake water (approximately 2 litres) was added. The series spiked with DEHP
dissolved in ethanol was immediately (without equilibration) divided in five replicates
and transferred to beakers. The beakers were left for approximately four days, in order
to let the sediment settle properly, before the eggs were added.

The water was not changed during the study. The systems were continuously and gently
aerated during the experimental period. The air was cleaned by activated charcoal.

Each beaker received approximately 50 eggs, randomly chosen from egg clumps,
collected in the field. In figure 1 the experimental beaker is shown. The study took place
in a controlled environmental chamber at approximately 10°C, on a 12 h light: 12 h dark
photoperiod. The experimental period was 29 days and started when the eggs were
placed in the beaker. Oxygen and pH were measured daily in 20 different beakers. After
the eggs had hatched, also the temperature was measured daily in 20 beakers. Ammonia
and nitrite-nitrate were measured in beakers when the frog larva seemed “unhealthy” as
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evidenced by decreased tadpole motility and traces of flocks in the water, probably
caused by fungi/bacteria infection,

Figure 1. Experimental beaker with frog eggs.

The response variables (endpoints) were embryo hatching, and tadpole survival and
growth, These variables were monitored once a week. The amount of DEHP in
overlaying water, sediment and tadpoles was measured at the end of the experiment.

The toxicity for aquatic organisms of many compounds is dependent only on the
cumulative body burden (Verhaar et al., 1995; Veith et al., 1983). The effect is
controlled by the bioavailability of the compound which, in turn depends on the
organism / water or sediment partitioning properties of the compound (Abernethy and
MacKay, 1988). Therefore, the bioaccumulation of the phthalate esters were
determinated in the tadpoles.

Analyses

General considerations

Contamination of samples from the air is a common problem for many volatile and semi
volatile compounds and has been studied carefully for PCB and phthalate esters
(Wallace et al., 1996; Alcock et al., 1994; Furtmann, 1993).

Many articles of laboratory equipment consist of plastic that may contain phthalate
esters, generally DBP and DEHP, which slowly evaporates and consequently indoor air
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contains elevated levels of phthalate esters compared to outdoor air (Furtmann 1993)
This means that phthalate esters are frequently artefacts in chemicals, solvents and
equipment. This causes contamination in sample preparations as well as artefacts in
sample collection.

It has recently been shown that the most important sources for contamination of
phthalate esters (DBP, DEHP) were solvents, glassware, Pasteure pipette filler and
Teflon®-faced screw caps made of melamine plastics (Parkman and Remberger, 1995).

In order to minimise the likelihood for contamination of the sample, the following
preparations are recommended: (i) effective cleaning procedures of the equipment, (ii)
protect the cleaned equipment from recontamination from the air by means of
aluminium foil and (iii) avoid, if possibly, all material made of rubber as well as plastic
(iv) use high quality solvents and chemicals (v) use a minimum of equipment and a
minimum of steps in sample collection and analysis. Safe material are glass, metal and

Teflon®.

The phthalate ester di-(propyl)-phthalate (DPP) was purchased from Tokyo Kasei
Organic Chemicals (Tokyo, Japan) while di-allyl-phthalate (DAIP) was obtained from
Aldrich (Steinheim, Germany). The commercial product di-(etylhexyl)-phthalate
(DEHP, 99.6%) was kindly donated by Neste Oxo (Stenungsund, Sweden). The di-
isodecyl-phthalate (DIDP) was obtained from Fluka (Buchs, Switzerland). The DIDP is
not a pure compound but rather a mixture of isomeric compounds.

The certified standard mixture, used to calibrate the analytical instrument, was
purchased from Ultra Scientific (North Kingstown, USA).

Water was produced with a Milli-Q water cleaning equipment.

Chemicals, solvents, and equipment were selected and treated as previously described
(Parkman and Remberger 1995).

All solvents used, hexane (Riedel-deHaén, Hannover, Germany), acetonitrile (J. T.
Baker, Gross-Gerau, Germany) and tert-buthyl-methyl ether (TBME; Rathburn
Chemical Ltd., Peeblesshire, Scotland), were of the highest quality available with
established low content of phthalate esters. Hexane and TBME were cleaned before
used, by filtration on an acidic alumina column (Merck, Darmstadt, Germany). All
solvents were checked before used by means of GC.

The cleaning procedure for all equipment of glass and metal was carried out as follows:
(i) detergent washed, rinsed with tap water and distilled water in a dish washing
machine and (ii) all glassware were wrapped in aluminium foil, in order to prevent
recontamination, and cleaned in a oven overnight at 400°C. This procedure was reliable
in order to eliminate and keep the equipment free from phthalate esters.
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In order to prevent contamination from the Pasteur pipette filler, a plug of glasswool
was added onto the upper part off the pipette before incinerated at 400°C. Immediately
before use, activated charcoal (Merck 35-50 mesh) was added onto the top of the
glasswool plug.

Equipment made of Teflon® was carefully detergent cleaned, rinsed with distilled water
and soaked for one hour in methanol or 2-propanol (J. T. Baker). Finally, after drying,
the equipment were rinsed with hexane and wrapped in clean (incinerated) aluminium
foil.

The problem with screw caps, containing phthalate esters, was solved by covering the
Teflon-lining and screw-thread with clean aluminium foil (Parkman and Remberger,
1995).

Alumina (neutral) and sodiumsulfate were extracted repeatedly with TBME and finally
muffled at 400°C overnight.

Extraction

The following compartments of the test system were analysed: (i) sediments (ii) water
and (iii) tadpoles.

Method blanks were included at every analyse occasion, to monitor contamination
during the extraction and clean-up procedure. These blanks followed the same working-
up protocol as the samples.

Water

Water samples were analysed as follows: the samples were fortified with surrogate
standard (di-allyl-phthalate ester) and extracted twice with hexane. The combined
extract were, without further clean-up, concentrated by means of a gentle stream of
nitrogen. Finally a solution of pentachlorobensene was added as internal standard before
injected on the gaschromatograph.

Sediment

Sediment samples were analysed, with minor modifications, according to Parkman and
Remberger (1995, 1996).

Briefly, the sediment sample (c. 1-1.5 g fw) was weighed into test tubes and centrifuged
(1000 g, 30 min). The water phase was discarded. Surrogate standard (di-allyl-phthalate)
and acetonitrile was added and carefully mixed with the sample. The extraction was first
performed in an ultrasonic cleaning bath for ten minutes. The sample was then allowed
to stand in refrigerator overnight.
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Next day, the acetonitrile phase was withdrawn after centrifugation and the extraction
was repeated with hexane / acetonitrile. The combined extract was washed two times
with water in order to remove the acetonitrile. The hexane phase was saved and
chromatographed on a alumina column (see below).

Tadpoles

The tadpoles (c. 4-11 g, fw) were thawed, mixed with acetonitrile / hexane, spiked with
surrogate standard (di-allyl-phthalate and di-propyle-phthalate) and thoroughly
homogenised with a Polytron. The samples were extracted over night and were then
centrifuged (1000g, 10 min) and the organic phase sacrificed. The extraction was
repeated with acetonitrile / hexane but the extraction time was 60 min. The combined
extracts were diluted with Milli-Q water and the acetonitrile was removed by extraction.
The extracts were subjected to clean-up on a alumina column.

Clean up on alumina column

The raw extract of sediment, and tadpoles may contain many interfering compounds.
Therefore the phthalates were separated from these with the aid of a open-column of
alumina.

The extract (in hexane) was transferred onto the top of the column. The column was
drained to the head of the gel and then eluted with hexane (discarded). The phthalates
were eluted with hexane/TBME.

Finally a solution of pentachlorobensene was added as internal standard before the GC-
analyses.

Instrument

The analyses were carried out with a HP 5890A Model gas chromatograph equipped
with a electron capture detector (ECD) and a model HP 7673 auto sampler. A fused
silica capillary column DB-5 (30 m), with an ID of 0.25 mm and a film thickness of
0.25 pm was used.

The detector signal from the gas chromatograph was acquired and integrated with a
personal computer with the chromatography data program Turbochrom TM,

Quantification
Certified standard mixture of phthalate esters was used to calibrate the GC-instrument.

The phthalates were quantified by comparison of their retention time and peak areas to
authentic reference compounds. The isomeric mixture of compounds in the DIDP could
not be resolved on the analytical column used but was detected in the diagram as a
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“hump” of unresolved peaks. Therefore, it was not possible to evaluate the
concentration by normal quantification procedure as when the analyte is eluated as
single peak. The technique to semi-quantify DIDP implies comparison of the total
integration of the hump from the sample to the commercial product. The major problem
is the difficulty to establish a correct baseline and exclude interfering peaks in the rather
broad retention window for the analytes.

Method detection limit (MDL) was defined as the minimum concentration of the analyte
that can be measured with 99% confidence to be greater than zero and corresponds to 36
above the blank. The determination of MDL was based on the result from the method
blanks.

Results

During the experimental period the temperature in the air was 10.2 °C £ 0.34. The pH-
value varied between 4.7 and 7.7 (see appendix I). pH was measured every day in 20
different beakers, if the pH-value decreased below 5.5, NaOH was added to increase the
pH to 5.5. A pH-value below 5.5 was observed at 79 times (total number of
observations 464) (see appendix I).

Oxygen saturation and temperature were measured daily in 20 different beakers (see
appendix I). The oxygen saturation varied between 45 % and 108 %, with a mean value
of 86 % and the water temperature between 7.1 and 11.8 °C. During the run of the
experiment, it was found that there were weak temperature gradients in the room
resulting in different mean temperatures in the beakers for different treatments. The
range was typically 9.8 - 11.2 °C. The average temperatures, for each treatment in the
DEHP-concentration series is shown in figure 2 (Note! The temperature was not
measured equally many times in every beaker, in some beakers the temperature was only
measured once). Ammonium and nitrite were measured if the tadpoles looked
unhealthy. Nitrite was never detected. Ammonium was detected, but did never reach
concentrations that is considered toxic at the actual pH.
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Figure 2. Average temperature measured for each treatment in the DEHP-concentration series. (Note!

The averages are based on unequally many measurements.)

Hatching success

Hatching success was monitored carefully one and two weeks after the eggs were placed
in the beaker, and at the end of the test (after 28-29 days). (After three weeks it was not
possible to count the hatched tadpoles exactly, in several beakers, without taking them
out. Since such handling could severely disturb the animals, we excluded that count).
No hatching of tadpoles had occurred after one week of exposure. The result after two

- weeks of exposure are illustrated in figure 3 and 4.

At the end of the experimental period all tadpoles and the remaining of eggs and
embryos were counted. Unfortunately most of the remaining eggs and embryos had
started to decay and could not be recovered.
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14 days of exposure o undeveloped eggs
unhatched eggs

pmotile hatched tadpole
munmotile hatched tadpole

eggllarva
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DEHP 15

DEHP 30 [
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Figure 3. Hatching success in beakers with DEHP spiked sediment. The bars represent mean values
of five replicates. The nominal DEHP-concentrations were 15, 30, 50, 100, 150, 300 and
600 pg DEHP/g dw (Standard Error= high-low lines).

14 days of exposure mundeveloped eggs
50 unhatched eggs
45 omotile hatched tadpole
gunmotile hatched tadpole
40 |

egg/larva

Control
Control
+aceton
DIDP 15
DIDP 30
DIDP 50
DIDP 100
DIDP 150
DIDP 300
DIDP 600

Figure 4. Hatching success in beakers with DIDP spiked sediment. The bars represent mean values
of five replicates. The nominal DIDP-concentrations were 15, 30, 50, 100, 150, 300 and
600 pg DIDP/g dw (Standard Error= high-low lines).

Survival of tadpoles

Larva mortality in the experiment were low, except in a few beakers with a fungi or
bacterial infection, Fungi or bacterial infection are common problems when using
natural sediments in test system. In figure 5, 6 and 7 results of survival are expressed as
living frog larva at the end of the experiment (we could not count the dead, because
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decomposed very fast). In some beakers with DEHP-spiked sediment (DEHP 30C and
30D and DEHP 50A and 50C) we found fungi, which may cause some of the frog larva
death. If the fungi/bacteria caused death in a beaker during the experiment, we excluded
the beaker from the results, but if we found fungi/bacteria in a beaker when the
experiment was terminated, it was included in the result. Therefore, beakers DEHP 30C
and 30D as well as DEHP 50 were included while DEHP 50C was excluded in the
results. The fungi/bacteria effect could explain the large spread in mean values for
concentration DEHP 30 and DEHP 50.

Living tadpoles at the end of the experiment

Control Control+ DEHP 15 DEHP30 DEHP50 DEHP100 DEHP 150 DEHP 300 DEHP 600
acetone

Figure 5. Living tadpoles at the end of the experiment. Each bar represent the mean value of five
beakers (Standard Error= high-low lines).

In some of the beakers with sediment spiked with DIDP we observed mortality probably
caused by fungi or bacteria. The same procedure with including and excluding beakers
were made as with the DEHP-series. In beaker DIDP 15C (excluded), DIDP 30B and
30C (both included); DIDP 100A (included) and 100E (excluded), DIDP 150A
(excluded) and DIDP 300 C(excluded) we found fungi. The fungi/bacteria affect could
explain the large spread in mean values in the DIDP-series.
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Living tadpoles at the end of the experiment

10 -
5
o] = : : i . .
Control Control DIDP 15 DIDP DIDP DIDP DIDP DIDP DIDP
+ 30 50 100 150 300 600
acelone
Figure 6. Living tadpoles at the end of the experiment. Bach bar represents the mean value of five

beakers (Standard Error = high-low lines).

Figure 7 illustrates the result from DEHP-spiked sediment with different organic carbon.
Sediment from Trollhittan has the lowest content of organic carbon (approximately 3
%) and Ormaryd has the highest content (aprox. 77 %). The figure also include results
from sediment with DEHP spiked with Ethanol (according to Thuren and Larsson,
1987).

Living tadpoles at the end of the experiment

Control Control + Ethanol Trollhattan Gréandal Ormaryd
aceton
Figure 7. Living tadpoles at the end of the experiment. Each bar represent the mean value of five

beakers (Standard error = high-low lines). The DEHP-content in the last four treatments
were 300 pg/g dw. The bar named “Ethanol” represent the spiking-method used by Thurén
and Larsson, 1987. Griindalsjon, Ormaryd and Trollhéittan represent sediment with different

content of organic carbon.
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Analyses

Recovery

The recovery data reported below concern absolute recovery (%) for the whole
analytical protocol. The analytical results reported in the experiments were adjusted
according to the surrogate standard (DAIP). The recovery rate for DEHP in water
samples were 82 %, in sediments 85 % and tadpoles 78 %. Recovery data of DIDP
could only be evaluated for sediment samples and was 78 %.

Method detection limit

Due to the restricted amount of water samples and tadpoles available for analysis, the
MDL for DEHP was higher in this study than reported previously (7 ng/l; Parkman and
Remberger 1996). In this study the MDL for DEHP in the water samples were 0.1 pg/l
and tadpoles 1 mg/kg fat assuming 15 mg fat/sample or equivalent with ¢. 7 g fw tissue.

It was not possible to detect and quantify DIDP in the water samples and tadpoles. There
are three reasons for this. First, the sample amounts available were restricted, second,
the concentrations of DIDP in tadpoles and water samples were low (¢f. DEHP).The
third reason is that the DIDP-product is, as mentioned above, an isomeric mixture with
branched C10 alkyl chains all with more or less different retention times on the GC-
column. Consequently, the mixture was eluting from the analytical column in a time
interval as a “hump” of unresolved peaks and not as a distinct single peak as e.g. DEHP.
This also means that the amount of DIDP injected into the GC-instrument is divided or
»diluted” into a great number of peaks, which obviously cause a corresponding high
MLD.

Thus, the MDL fore DIDP in the water samples (50 ml) was calculated to be about 10
g/l which is far above the most likely solubility value for DIDP (1 pg/l, Staples et al.,
1997). DIDP could indeed be detected in the tadpoles but only from the sediments
fortified with the highest concentrations (300 and 600 pg/kg dw) but serious interferes,
probably from natural biogenic compounds, made it impossible to reliably quantify
DIDP. The MDL fore DIDP in tadpoles was calculated to be 100 mg/kg fat or 0.2 mg/kg
fw (6.5 g fw, 0.2% fat, table 7).

Water samples were taken at the end of the experiment. No DIDP could be detected in
any of the water samples, while DEHP was found even in the beakers with DIDP-
contaminated sediments (table 1).

The low concentrations of DEHP in the water phase is consistent with its high affinity to
the sediment (Williams ef al., 1995) and the expected true aqueous solubility of the
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compound (3 pg/l, Staples et al., 1997). But in this study, the concentrations in the
water did not correlate well to the sediment concentrations. According to Williams et
al., (1995) the expected concentrations in our experiments should be 0.2-8 pg/l.
Furthermore, the difference in the concentrations of DEHP in the water phase from the
DEHP and DIDP experiments was not statistically significant at the 0.05 level.
Therefore, it was concluded that the concentration of DEHP found in the water phase
was probably a result of contamination from the laboratory environment.

Table 1. DEHP concentrations in water samples at the end of the experiment.

Sample Name DEHP (pg/l) Sample Name DEHP (pg/l)

Control 0.80

Controll Aceton 1.5

DEHP 15 0.14 DIDP 15 1.2
DEHP 30 0.26 DIDP 30 1.2
DEHP 50 0.30 DIDP 50 1.7
DEHP 100 0.25 DIDP 100 1.2
DEHP 150 0.47 DIDP 150 0.7
DEHP 300 1.00 DIDP 300 1.7
DEHP 600 1.3 DIDP 600 1.6

In table 2 the DEHP concentrations in water are presented when having different content
of organic carbon in the sediment, or another solvent (ethanol instead of acetone) when
spiking the sediment with phthalates.

Table 2. DEHP concentrations in water samples at the end of the experiment.

Sample Name DEHP pg/l
Trollh&ttan 1.5
Grandalsjon 2.0
Ormaryd 2.3 \
DEHP Ethanol 1.3 | |

Sediment samples

The analyses of the artificially contaminated sediments, »spiking sediments”, showed
that the concentrations agreed with the intended concentrations. The average
concentration were 91% of the expected (calculated) concentrations.

The sediment and water partition of the added phthalate esters (DEHP) did not reach an
apparent equilibrium during the week of agitation e.g. the concentration in the pore
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water, in the Ormaryd sediment, increased between day 3 and 8 from 28 pg/l to 65 pg/l
This observation could be an effect of slow leaching of dissolved organic carbon from
the sediment (Williams ef al., 1995), increasing DEHP s apparent water solubility.
However, the amount of DEHP in the pore water phase was insignificant and
correspond to less then 0.02 % of DEHP in the sediment.

The calculated partition coefficient, logK,, (oc=organic carbon), fore the sediment/water
system was c. 5.4, based on the analysed concentration in pore water (52 pg/l) and
sediment (14600 mg/kg oc.) after 3 days of agitation of the Trollhéttan sediment (2.9
organic materials or 1.7% oc.; ¢f. Experimental sediment). This calculation was only
made for the Trollhittan sediment since only this sediment fits OECD sediment/soil
recommended for adsorption/desorption experiments. OECD is recommending a
organic carbon content in the sediment of 0.5-1.5% (dw). The other sediments used in
this study contained between 22.5-76.6% organic materials.

Table 3. DEHP content in sediment at the end of the experiment

Sample name DEHP (ug/g dw) % of spike DEHP (ng/g LOI)
Control 25 11.1
Control + acetone 24 10.7
DEHP 15 13 97.8 57.8
DEHP 30 28 93.5 124
DEHP 50 41 90.2 182
DEHP 100 77 85.4 342
DEHP 150 137 91.3 609
DEHP 300 223 82.4 991
DEHP 600 433 80.0 1924

Table 4. DIDP content in sediment at the end of the experiment

Sample name DIDP ngl/g dw % of spike DIDP (pg/g LOI)
DIDP 15 20 133 88.9
DIDP 30 29 99 129
DIDP 50 46 93 204
DIDP 100 91 91 404
DIDP 150 123 81 547
DIDP 300 339 113 1057
DIDP 600 657 110 2920
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Samples from the sediment were taken at the end of he experimental period. In table 3, 4
and 5 the results from the sampling are listed. The concentrations measured for DEHP
agree very well with the concentrations we aimed at reaching (78-102 %) except in one
case, the sediment from Grindalssjon (244 %). (This is a very unlikely value and could
be due to contamination or that the sediment was accidentally spiked twice). The
concentrations of DIDP agree with the concentrations we aimed at (81-133 %) with the
spiking.

Table 5. DEHP content, at the end of the experiment, in the sediments with different
content of organic carbon .

Sample name DEHP % of spiked DEHP

ugl/g dw (ng/g LOI)
Trollhattan 205 78 7069
Grandalsjon 699 244 1664
Ormaryd : 255 97 333
DEHP Ethanol 305 102 1356
Tadpoles

Tadpoles were sampled at the end of the experimental period and analysed for DEHP or
DIDP. The results are shown in tables 6-8. The relation between DEHP in tadpole and
DEHP in sediment is shown in figure 8 and the relation between tadpole concentrations
and organic content in the sediments is shown in figure 9 and 10. We were not able to
quantify any detected DIDP in the tadpoles (¢ Analyses).

Table 6. DEHP content in tadpoles at the end of the experiment.

Sample Name DEHP Lipids Fresh weight
(ng/g lipid content) (% of freshw.) (9)
DEHP O 0 0.233 7.283
DEHP 15 18 0.22 10.18
DEHP 30 29 0.244 6.213
DEHP 50 51 0.35 3.915
DEHP 100 112 0.249 8.31
DEHP 150 152 0.173 10.09
DEHP 300 329 0.191 7.098
DEHP 600 291 0.162 9.032
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Table 7. DIDP content in tadpoles at the end of the experiment.

Sample Name DIDP Lipids Fresh weight
(1g/g lipid content). (% of fresh w.) (9)
DIDP 15 <100 0.274 4.632
DIDP 30 <100 0.135 5714
DIDP 50 <100 0.151 5.298
DIDP 100 ‘ <100 0.235 3.822
DIDP 150 <100 0.142 8.564
DIDP 300 nd. * 0.217 5.355
DIDP 600 nd. * 0.201 9.095

(*) DIDP was detected but serious interference, probably from natural biogenic compounds, made it

impossible to reliably quantify DIDP.

Table 8. DEHP content in tadpoles at the end of the experiment.

Sample Name DEHP (pg/g lipid Lipids Fresh weight
content) (% of fresh w) (9)
Trollhattan 460 0.193 9.322
Grandalsjon 232 0.083 11.14
Ormaryd 298 0.521 4.614
DEHP Ethanol 280 0.298 5.231
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Figure 8: DEHP concentrations in tadpoles (pg/g lipid contents) in relation to sediment

concentrations (ug/g dw) at the termination of the experiment. (4 =the DEHP-

concentrations serics, ® =control, X= ethanol as solvent, ®= sediments with different

organic contents,
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DEHP (pg/g lipid contents)
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Figure 9: The relation between DEHP in tadpoles and organic contents (loss on ignition) in the
sediments. All sediments were spiked with DEHP to 300 pg/g dw.

DEHP in tadpole (pg/g lipid)
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0 2000 4000 6000 8000
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Figure 10.  DEHP in tadpoles, per lipid contents, in relation to DEHP in sediment, per organic contents
(LOD).
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Discussion

The addition of DEHP and DIDP to sediment did not cause any proved effects on
hatching and survival of frog eggs and tadpoles. In the study by Larsson and Thurén
(1987) DEHP contaminated sediment caused decreased hatching success of frog eggs.
Successful hatching appeared to decrease with increasing levels of DEHP up to an
apparent plateau at a DEHP concentration of 200 pg/g f.w. At this concentration
approximately 30 % of the eggs hatched. Above this concentration level no further
decrease in hatching occurred. Approximately 50 % of the eggs hatched when exposed
to sediments that contained 150 ug DEHP/g fresh weight. This could be compared to
our study with no statistically proved effects on hatching at a comparable concentration
(600 pg/g dw).

There are two important differences between the earlier and the present study. The first
difference is the spiking method. Larsson and Thurén used a method where DEHP was
dissolved in ethanol and then mixtured with fresh sediment. In present study we spiked
the sediment according to Brown et al., (1996). The presence of ethanol, or other
organic solvents, may alter the bioavailability of the compound and by that, the toxicity
of the compound. The spiking method used by Larsson and Thurén may have caused
localised high concentrations of the DEHP giving the possibility of physical effects.

The second difference between the two studies is the experimental temperature. In the
Larsson and Thurén study the temperature was 5 °C. This temperature is not relevant for
hatching of frog eggs. In the natural environment of the moor frog, egg laying,
development and hatching takes place when the temperature is approximately 10-15 °C,
and in the egg clump the temperature could even be higher. However, in order to
resemble ecological conditions we chose 10 °C as experimental temperature.

Another hypothesis to explain the differences between hatching success in the two
studies could therefore be the difference in temperature. If the temperature is "normal”
during the experimental period hatching is not affected by a stress caused by phthalates
(as in our study), but when the temperature is lower than ”normal”, this extra stress from
contaminants (phthalates, DEHP) could cause negative effects on hatching success, as in
the Larsson and Thurén study. The fact that the controls (with and without ethanol) in
the Larsson and Thurén study showed no notable mortality among the tadpoles, support
the theory that low temperature alone is not a stress factor that could explain mortality.

The phthalates did not affect growth of the tadpoles. Some differences in growth (not
statistically proved) could be noticed and was probably caused by differences in
temperature in different parts of the experimental location (see appendix 1). These
temperature variations is probably also the reason for differences that can be noticed for
development stage for the tadpoles after two weeks (compare figures 2 and 3).
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In some of the test beakers we noticed bacterial and/or fungi infestation which caused
mortality among the tadpoles. Infestation of bacteria or fungi is a common problem in
tests where natural sediments are used. We have removed those beakers where all
tadpoles were dead (DEHP 50C and DIDP 15C, 150A, 300C) from the reported result.
The beakers with only a few dead tadpoles and/or visible amount of bacteria/fungi were
not excluded from the result. ) because of the theory that some organic substances may
cause effects on the immuno system. However, there was no clear concentration-
response between infestation of bacteria/fungi and test material concentration.

The DEHP concentrations in sediment and water measured in the present study are very
high compared to concentrations measured in the Swedish environment. In the studies
of Parkman and Remberger (1995, 1996) DEHP concentrations between 0.008 and 40
ug/g dw were measured in surface sediments, and the highest values were recorded
close to point sources. In recipients in connection with major cities in Sweden the
concentrations were 0.3 - 2.5 pug/g dw. Also concentrations measured in Rhine River
(1.8 - 18.3 pg/g dw), Germany (Furtmann, 1993), are comparatively low. DEHP
concentrations in water between 0.007 and 3.1 pg/L have been measured en Swedish
environments (Larsson and Thurén 1986; Parkman and Remberger 1996), while
concentrations between 0.08 and 10.3 where measured in Rhine River (Furtmann,
1993).

The DEHP accumulation in the tadpoles correlated with DEHP in the sediments (figure
8), up to 300 pg/g lipid (at a sediment concentration of 300 pg/g dw) where the
accumulation seem to level off. This levelling off might be explained by a threshold
value where the excretion of DEHP from the animals increases. In Larsson and Thuréns
(1986) study the accumulation in the tadpoles seemed to correlate both with
concentrations in the water and in the sediments, and no levelling off was found
(although much higher concentrations were used). However, the correlation between
DEHP in tadpoles and water might be a false relationship since the concentrations in
sediments and water also covaried. The water concentrations reported in the present
study did not correlate at all with sediment concentrations and were probably highly
dependent on the occurrence of particles in the water. Neither in a field study of
phthalates in Swedish aquatic environments was any correlation found between water
and sediment concentrations (Parkman and Remberger, 1996). The low concentrations
of phthalate esters in the water phase are consistent with the results of Williams et al.,
(1995). According to their theoretical calculations the expected concentration of DEHP
in water above a sediment containing 300 pg DEHP/g dw, should be about 4 pg/l.

If the water solubility data (Staples ef al., 1997) and the high sediment-water partition
coefficient (Williams et al., 1995) are recognised, the reported concentrations by
Larsson and Thurén (1987), of DEHP in the water phase seems to be extremely high. It
is not possible to evaluate the reason for this unexpected result, due to the incomplete
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description of experimental set-up. Larsson and Thurén (1987), further stated that there
was a liner relationship between the concentration of DEHP in the sediment and the
water phase. From these data a organic carbon normalised partition coefficient (Koc)
may be calculated since the dry weight and organic content were reported. The outcome
of this calculation was a K, of about 97 000 L/kg. This is a low value according to
Williams et al. (1995) who reported a partition coefficient of 482 000 L/kg. In the
present investigation a partition coefficient of 284 000 L/kg was determinated (logKoc
5.4). Thus, according to Williams et al. (1995),the calculated concentration in the water
phase in the Larsson and Thurén study, with a sediment concentration of 600 ng
DEHP/g dw, should be < 20 pg DEHP/L.

The conclusion of this might be that the sorption capacity of the sediments in Larsson
and Thurén study was altered plausibly as an effect of the added ethanol.

The bioaccumulation of DEHP seemed to correlate inversely with the organic contents
in the sediments (figure 9), as was presupposed by Larsson and Thurén (1986). A higher
organic contents probably reduce the uptake of DEHP in the tadpoles. The DEHP is
probably bound to the organic material in the sediments, why a higher contents of
organic material results in a higher degree of dilution of the compound. This can also be
expressed as: the bioaccumulation in the tadpoles is determined by DEHP per organic
contents in the sediments (illustrated in figure 10).

The concentrations in tadpoles measured in this study are reported per lipid contents.
This is common for organic compounds, since they accumulate mainly in the fat tissue
of organisms. If the tadpole concentrations from our study are recalculated per fresh
weight, the values from the concentration series range between 0 and 0.63 pg per gram
fresh weight and the highest concentration is found in the tadpoles that have been
exposed to Ormaryd sediment (1.55 pg/g fw). These concentrations in the tadpoles are
much lower than the concentrations measured by Larsson and Thurén (1986), (up to 250
pg/g fw), also when we spiked the sediment with their method at corresponding DEHP
concentration. This might indicate that DEHP was biotransformed in the tadpolest o a
higher degree in our study (due to the higher temperature?) or that the bioavailability of
DEHP was lower in the present study, compared to Larsson and Thurén (1987), due to
different spiking methodologies

Anyway, it was not possible, with the present experimental set-up, to evaluate if the
apparent low accumulation of the phthalate esters in the tadpoles were caused by an
effective biotransformation or a low bioavailability of the DEHP. This can only be
reliably evaluated by means of chemical analysis of both the mother compound and the
expected transformation products or by using labelled test compounds (Albro and
Lavenhar 1989; Barron et al., 1995).
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Appendix 1

Waler temperature {Notice nu'r‘nal?e’r’ of | Alrtempesature | NH4-N,
Date Beaker pH 02 degree Celclus droplets degree Celcius mgh NO2N
1996-05-08  |Control+acelone C M 9
;996»0508 DEHPS0D 6,79 94
1996-05-08 |DIDPISE 6,49 93
1996-05-08  |DIDP15D 8,49 91
1966-05-08  [DIDPIOA 646 | 90
1996-05-08 |{DEHP30E 6,44 90 R
1996-05-08 {DEHP30D 6,39 50
1996-05-08  |DEHP30C 6,58 86
1996-05-08 {DIDP100E 6,54 80
19960508 |DIDP100D 657 | 84
1995-05-09  [Control+acetone C 6,27 103 6.2
1996-05-09  {DEHPSOD 6,29 105
1996-05-09  |DIDPISE 6,33 107
1996-05-08  |DIDP15D 63 105
1996-05-09  |DEHP30C 6,36 103
1996-05-00  {DEHP30D 6,29 103
1896-05-09  |DIDP100A 5,44 101
1996-05-09  {DIDP100E 653 100
1996-05-09  [DIDP100D 6,41 10t
1996-05-10  [DIDP100C 593 104 9,2
;996-05-10 DiDP1008, 59 104
1996-05-10  |DEHP300B 6,06 105
1896-05-10  {DEHPSOC 58 103
1996-05-10  {DEHP50B 585 103
1996-05-10  {DEHPS0A 572 104
1996-05-10  [DEHP300E 6,04 104
1996-05-10  |DEHPG0OB 611 103
;9_98-05-10 Control+acetone A 6,19 103
i996‘05~10 DEHPSOE 5,96 103
1996-05-10  {DIDPSOE 583
1996-05-10  |DEHP300A 589
1996-05-10  [Controlsacetons E 8
@5'05-10 Contiof+acetone D 583
1996.05-10 | DIDP30B 5,61
1996-05-10  |Control+acetene 8 5,92
1996-05-10  {KontrollC 6,16
1996-05-10  [DEHP300C 5,85
1896-05-10 DEHP308 5,88
1996-05-10  |DIDP50D 58
1996-05-11  (DIDP30B 5,71 9,2
1996-05-11  |DIDP5OC 58 106
1896-05-11  |DIDP50B 5,72 108
1996-05-11  {DIDP3OD 58 105
1996.05-1 [DIOPIC 563 | 105 dD;i‘Z:e;;T;kp:?g
1896-05-11  |DIDP150D 6,02 105
1996-05-11 |DIDP30A 573 105
1996-05-11  [DIDPS0A 583 105
1996-05-11  |DIDP150B 6,02 104
7‘99605‘11 DIDP150A 6,02 105
1996.05.1§ |PIDPICE 537 | 106 :«igm?;: g,':gM 12
;99605~12 DIDP30E 5,55 98 95
1996-05-12  {DEHP300D 817 99
1996-05-12  |DEHP600A 6,06 99
1996-05-12  [DIDP1SOE 6,04 99
1996-05-12  |[DEHP30A 6,12 99
19!&0542 Gran A 6,83 9%
19950512 |DEHPGOOE 614 | 100
1996-05-12  |DEHP80OD 6,11 10t
1996-05-12  |DEHPGOOC 6,1 101
1996-05-12  |DIDP150C 6,03 100
1996-05-12  |Controll B 6,41 100
1960513 [3rnC 649 | 88 Ch,ange D“ 10,2
;996-0543 Gran B 6,55 89
1996-05-13  [Troll D 718 92
1996-05-13  {Orm B 711 94
1996-05-13  [DIDP15A 5,88 96
1996-05-13  |DEHP150E 6,14 85
1806-05-13  [TrollE 7,15 98
1996-05-13  {OmD 7.1 96
1956-05-13  |DEHP1508 5,83 97
;&0543 DEHP150A 5,97 w7
;99605-13 DIDP3OE 5,52 98 lremeasured
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Appendix 1

Water temperature |Hotice nu:‘nal?e}:ol Alrtemperature | NH4-H,
Date Beaker pH 02 degree Celcius droplets degree Celclus mgl NO2-N
1906.05-14 | PIDP30E 538 ;ﬁ‘l’,%i'”s NaoK 12 907
1996-05-14  [DEHP100A 572 101
1996-05-14  [DEHP100D 5,68 101
1996-05-14  {DEHP100C 5,67 101
1996-05-14  [DEHP100B 58 93
1996-05-14  {Troll A 7,18 85
1996-05-14 |EIOHA 5,08 93 24
1996-05-14  |DEHP15D 564 100
1996-05-14  |DEHP15C 57 100
1996-05-14  [DEHP1SB 667 100
1996-05-14  {DEHP15A 592 100
1996-05-14 EIOHB 5,02 50
1996-05-14 JEIOHC 4,92 50
1996-05-14 {EIOHD 513 %
1996-05-14  |EIOHE 4,93 55
1996-05-15  |DIDPEOOD 6,67 95 94
19960515 [DIDP6OOE 63 85
1996-05-15  |Gran D 6,53 90
1996-05-15  |DEHP150C 597 9t
1996-05-15  {DIDP15C 575 91
1996-05-15  [DIDP30OE 557 82
1996-05-15 [GranE 6,39 i)
1996-05-15  {DIDP300C 801 80
1996-05-15  |DIDP300B 581 7
1996-05-15  |DIDP300A 556 91
1996-05-16  |DIOP158 586 91 88
1996-05-16  {EIOHC 545 90 5 dip NaOH 5
1996-05-16 [EIOHB 65 9
1996-05-16 |EIOHD 585 89
1896-05-16  |DIDP600A 6,1 93
1996-05-16 {EtOHE 6,53 90
1996-05-16 |Troll B 743 92
1996-05-16  |Troll C 745 95
1996-05-16  [DIDP300D 612 94
1996-05-16  |DIDP60OB 8,16 95
19960517 |OmE 752 | 97 Just over the eggs
19960517  |OnmC 749 | o8 Just over the aggs
1996.05-17 {DEHP150D 612 | 78 Just over the eggs
19960617 |DIDPGOOC 63 87 Just over the eggs
1896-05-17  [OmA 753 | Just over the eggs
1;;«;5;;77 E«TnlrnllE 597 71 Just over the eggs
19960517 |DEHPISE 6 | et
1996-05-17  [DEHP100E 6,33 61
1996-05-17  {Conlrol B 581 87
1996-05-17  [Control A 586 73
Orange sediment
DIDP50A surface. Aration
1996-05-17 53 97 stopped. + NaOH 2
Sliongly orange
DIDP50B coloured waler. Fe +
1996-05-17 4.7 NaOH 30
1996-05-17  [DIDP5OC 52 +NaOH 20
1986-05-17  [DIDPSOD 4,92 +NaOH a0
1986-05-17  |DIDPSOE 48 +NaOH 30
1996-05-17  [DIDP30D §2 +NaOH 20
1986-05-17  [DIDP15C 543 +NaOH 2
1086-05-17  |DIDP1508 5,28 + NaOR 20
jwos0s.17 {obP1soA | sim | |+ vaon e |
1996.05-17 |DIDPIOE saz | " |Added 150 mi waler w |
1996-05-17  {DIDP3OD 6,2
1996-05-17  |DIDP30C 512 .+ NaOH 30
lQ;G_Eﬂ— DIDP150D 501 +NaOH 30 .
1996-05-17  |DIDP30A 5,25 + NaOH 20
1996-05-17  [DIDP30B 534 + NaOH L ] -
196057 [DIOPSOD | s&s | ) ]
19060517 |DIOPSOC | 535 + NaOH 10
1996-05-17  [DIDP50B 5,35 +NaOH 10
19960517 |DIDP30B 521 + NaOH 20
1996-05-17  |DEHPOAB 54 + NaOH 10
1996-05-17  [Conliat G 5,44 + NaOH 5
1996-05-17  |DEHP30GC 5,26 + NaOH 20
1996-05-17  [DIDP50B 544 +NaOH 10
1996-05-17  |DIDP160C 5 53 +NaOH 40
1996-05-17  [Control D 539 67 + NaOH 25
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Appendix

NaOH
Water lemperalure {Nolice number of | Alr temperature | NH4-N,
Date Beaker pH 02 degres Celclus droplels degree Celcius mgh HO2-N
1996-05-17 |GranC 6,04 83
1996-05-17 [Gran B 6,09 70
1996-05-17  {Gran A 8,13 62
1496.05-17  |DEHPEOOE 535 67 + NaOH 15
1996-05-17°  |DEHPB0OD 544 63 +NaOH 0
Orange
DEHPG0OC sedimentsuriace +
1996-05-17 §35 &7 NaOH 25
1996-05-17  |DEHP300D 532 71 +NaOH 30
1996-05-17  |DEHPGOOA 528 68 + NaOH 30
1996-05-17  [DIDP150E 522 58 +NaCH 40
1996-05-17  [DEHP30A 58 58 + NaOH 5
1996-05-17  [DIDPS0A 54 53 + NaOH 20
Orangs sediment +
1906.05.47 |DIDP150B 546 | 55 NaOH 5
1996-05-17  [DIDP150A 53 +NaOH 15
Decreased arfation.
DIDP3OE Orange sediment.+
1996-05-17 58 75 NaOH
Orange
1ou5.05.17 _|PIOPAOD 534 | 66 sechment sNaOH 15
Orange sediment,
DIDP30C Decreased ariation.
1986-05-17 5,56 79 NaOH
Stightly orange
tegg.05.17 |PIDP150D 548 | 61 dment. +NaOH
Sliglhty orange
DIDP30A sedimen! surface+
1996-05-17 536 I NaOH 15
Sligihly orange
jogg.05.17 {DEHPI0B 545 | 57 diment 1NaOH 10
Sligthly orange
DIDPSOD sedunent surface+
1996-05-17 5,36 70 NaOH 20
Orange sediment
19950517 |PIDPSOC 534 | 6 NaOH 17
Deep orangecoloured
DIDP50B sedimentswatert
19960517 544 | 60 NaOH 10
1996-05-17  [DIDP30B 5.4 56 13
Sligthly orange
1996-05-17 Controt+acetone B 543 6 e 10
1996-05-17  [Control C 539 76 15
Orangecoloured
DEHPI0OC sedimen!. Slightly
1996-05-17 543 60 orange water 10
1996-05-18  |DIDPSOE 58
1996-05-18  |DEHP300A 562
1996-05-18  |Controlsacetone E 5,76
1996-05-18  [Contro}sacetone D 563
10,8 C in water close
1o the door, 11,8 Cin
water in the back of
chamber, 10,0 C front
1996-05-18  [Control+acetone G 598 68 wall 128
1996-05-18  |DEHPSOD 5,75 70
1996-05-18  [DIDP15E 577 65
DIDP15D 584 65
1996-05-18  |DIDP100A 564 64
1996-05-18  |DEHP30E 5,86 70
1996-05-18  [DEHP30D 5,86 66
1996-05-18  |DEHP30C 582 64
1996-05-18  |DIDP10OE 5.85 62
1996-05-18  {DIDP10OD 6,92 66
1996-05-18  |DIDP10GC 593 69
1496-05-18  |DIDP100B 585 80
1996-05-18  [DEHP300B 6 86
1996-05-18  {DEHPSOC 572 67
1996-05-18  |DEHP50B 871 &7
1996-05-18  |DEHP50A 5,68 68
1996-05-18  |DEHP300E 569 66
1996-05-18 | DEHPGOOE 5,79 67 orange water
1996-05-18  {Control+acetone A 5,83 €8
orange sediment
1936054 | DEHPSOE 53 | 63 suface 15
1696-05-19  {TROLLD 703 62 1.8 14
1996-05-19 |ORMB 741 68 118 ariation stopped
1996-05-19  |DIDP15A 565 64 17
1996-05-19  [DEHP150E 6,32 62 18
1996-05-19  |TROLLE 7,07 59 5
1996-05-18 743 69 "7
slightly orange
DEHP1508 colotred sediment
1996-05-19 578 58 1"y surface
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Appendix 1

Water temperature jHollce nu,rﬁaoe'r{ot Alr temperalure | NH4-N,
Date Beaker pH 02 degree Celelus droplets | degree Celcius mgh NO2N
slightly orange
DERP150A coloured sediment
1996-05-19 6,96 &6 " surface
1996-05-19  |DEHP100A 676 53 115 ariation stopped
slightly orange
DEHP100D coloured sediment
1996-05-18 5,75 60 1,5 surface
slightly orange
DEHP100C coloured sediment
1996-05-19 571 59 11,6 surface
1996.05-10 |[DEHPI00B 566 | w0 "8
1996-05-19  [TROLLA 7.02 56 1.5 anation stopped
1996-05-18  |ETOHA 57 61 [r atiation slopped
1996-05-18  [DEHP15D 5,51 59 1.6 ariation stopped 13
1996-05-18  [DEHP15C 548 54 116 arialion slopped 3
1996.05-19  [DEHP15B 571 85 i
1996-05-19  [DEHP{5A 6§99 &5 11,4
1996.05-19  [DIDP80OD 6,01 57 114
1995-05-19  [DIDPEOOE 6,13 56 11,2
1996-05-19  [DIDP30B 566
1996-05-19  [DIDPSOC 867
1996-05-20 |GRAND 6,45 52 1,4 1,8
1996-05-20 {DEHP150C 587 54 11,4
1996-05-20  |DIDP15C 564 54 14
1996-05-20  [DIDPA0OE 561 52 15
1996-05-20 [GRANE 6,45 50 11,1
1996-05-20  [DIDP300C 594 50 1.2
1996-05-20  {DIDP300B 517 49 11
1996-05-20  [DIDP300A 5,56 50 1.2
1996-05-20 |DIDP15B 573 49 114
1996-05-20 {ETOHC 6,59 49 109
1896-05-20 |ETOHB 571 50 i1
1996-05-20 |ETOHD 8 49 1.3
1996-05-20 ‘ [;DPBOOA 5,_94 50 i
19946(‘)5;0 ETOHE 5,86 49 10,9
1996-05-20 {TROLLB 723 80 n
1996-05-20 :l'h(;[LC 7.24 50 1
1996-05-20  {DIDP300D 591 54 10,8
1996-05-20  |DIDP60OB 6,14 54 10,6
1996-05-20 |ORME 7,55 53 108
1996-05-20 |ORMC 754 53 [} g1
1996.05:22 | DEHP150D 57 | 8 1 ?:;;:;"e‘y " 81132
1996-05-22  DIDP60OC 68 o H
1996-05-22  |ORMA 7.26 91 i1
19960522 |Control E 567 | 94 113 decreased aaiation
1996.05-22 [DEHPISE 585 92 10,7
1996-05-22  [DEHPIODE 6,07 94 i
1996-05-22  [Control B 538 90 10,9 15
1996-05-22  |Conlral A 541 91 i 12
1986-05-22  [Control+acetone C 551 92 10,1
1996-05-22 |DEHP50D 546 93 i0 §
1996.05-22  [DIDPISE 535 | 95 10,8 decreased aralion 15
19960522 |{DIDP1SD 53 | @ 10,5 decreased arialion 15
1996-05-22  |DIDP1C0A 541 92 10,6 10
;;ﬁos»zz DEHP30E 5,29 87 10,3 increased ariation 15
1996-05-22  [DEHP300D 549 ) 93 10,4
1996-05-22  [DEHP30C 559 94 10,6
1996-05-22 ‘ thPlGﬂE 5,16 68 108 Ariation slopped 30
1996-05-22  |DIDP10GD 524 74 105 Ariation stopped 20
1996-05-22 |DIDP100C 523 67 10,4 Atiation stopped 20
1996-05-22  |DIDP100B 5,i6 74 10,5 Ariation stopped 30
1996-05-23 |DEHP30B 587 98 10,5 92
1996-05-23  {DEHP50C 55 93 104 5
1996-05-23 |DEHP50B 566 99 103
1996-05-23 {DEHP50A 539 99 10,4 15
1998-05-23  |DEHPI0OE §43 99 10,7 10
1996-05-23  [DEHPGOOB 548 89 106 §
1996-05-23  {Controf+acetone A 5,67 98 104
1996-05-23  |DEHPSOE 5,52 98 106 §
1996-05-23  [DIDPSOE 5,26 98 10,9 30
1996-05-23  [DEHP300A 5,26 97 10,7 30
i996~05423 Conlrol+acetone E 548 92 99 5
1996-05-23  |Contiolsacetone O 54 90 98 15
1996-05-23  |DIDP30B 6,54 95 10,7
1996-05-23  [Controlsacetone B 553 98 106
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Appendix 1

Water temparature [Notice nuﬁ\al?:r‘ol Air temperature | HH4-N,
Date Beaker pH 02 degree Celclus droplets | degree Celclus mgh NO2.N
1996-05-23  |Conlrol C 5,69 99 105
1996-05-23  |DEHPI0OC 57 102 10,7
1896-05-23  |DEHP3OB 554 | 102 11,4
1996.05-23  |DIDP50D 552 | 102 10,9
1996-05-23  {DIDPSOC 543 | 102 106 10
1996-05-23 {DIDP5OB 5,61 102 106
1998-05-23 |Control B 5,66 11,7
1996-05-23  |Control A §68
1996-05-23  [DEHP50D 55 5
1996-05-23  IDIDPISE 5,57
1896-05-23  |DIDPISD 554
1996-05-23  {DIDP100A 5,66
1996-05-23  [DEHP3OE 561
1996-05-23  |DIDP1GOE 57
Oranga coloured
DIDP100D water, decreased
1996-05-23 561 arjalion
1996-05-23  {DIDP10OC 575
1996.05-23  |DIDP100B 58
1996-05-24  |DIDP30D 573 97 "3 12,8 0 )
1995-05-24  |DIDP30C 5,69 97 i1l 0 0
1996-05-24  {DIDP150D 559 99 108 0 0
1996-05-24  {DIDP30A 572 102 105 0 0
1996-05-24  {DIDPSOA 546 101 114 0 0
1996-05-24  {DIDP150B 5,61 101 11,1 [ 0
1996-05-24  [DIDP150A 575 | 102 11 0 [
1996-05-24 |DIDPIOE 568 101 108 0 0
1996-05-24 |DEHP300D 5724 | 101 114 0 [
1996-05-24  |DEHPE00A 565 | 100 1.2 0 [}
1996-05-24 {DIDP150E 5,54 101 1 0 [}
1996-05-24 |DEHP30A 58 104 10,9 0 [}
1996-05-24 |Grén A 644 104 114 [ 9
1896-05-24  [DEHPBOOE 554 | 104 112 [} 0
1996-05-24  |DEHPE0OD 56 104 1" [ 0
1996-05-24 |DEHP60OG 6,569 105 11 0 4]
1996-05-24 | DIDP150C 5,56 105 114 0 0
1996-05-24  [Control D 5,62 103 13 0 0
1996-05-24 |GranC 6,14 104 1 <05 0
1996-05-24 |Gran B 6,24 102 11 <05 0
1996-05-24  |JORME sdH
1996-05-24  [TROLLA 3dH
1996-05-25 [TROLLD 127 85 1" 127 <05
1996-05-25 [ORMB 7,65 87 t 1 1]
1996-05-25  [DIDP15A 594 87 1.2 0
1996-05-25 [DEHP150E 87 88 18 1
1996-05-25 |TROLLE 7,91 94 11.2 1 0
1996-05-25 |ORMD 71 96 13 brownish water 1
1996-05-25 |DEHP1608 8,14 96 116 ']
1096-05-25  |DEHP150A 6,21 97 15 0
1996-05-25 {DEHP100A 5,79 93 114 [\
1996.05.25 |DEHP100D 579 | 92 114 0
1996-05-25  |DEHP100C 573 95 17 0
1996-05-25 {DEHP100B 569 97 118 0
1996-05-25 |{TROLLA 7.24 98 14 1
1996-05-25 |ETOHA 8,34 63 14 arialion stopped 1
1996-05-25 {DEHP15D 582 89 11,6 <05
1996-05-25 [DEHPISC 576 93 1,8 [\
1996.05:05 |DEHP1SB 565 | 103 114 0
1996-05-25 |DEHP15A 584 97 14 [
1996-05-25  [DIDP600D 634 98 14 0
1996-05-25  [DIDP60OE 647 97 11,7 o
19960526 |GRAND 6,4 105 9,9 78 i 0
19060526 |DEHP150C 65 | 104 98 0
10060526 | DIOP1SC 588 | 103 o8 0
1996.05-26 | DIDP30OE 5,91 104 95 0
1996-05-26 |GRANE 6,35 78 98 1 ]
1996.05-26  {DIDP300C 6,09 78 9,5 0
1996:05-26 {DIDP300B 596 8 97 0
1996-05-26  [DIDP300A 5,77 45 10 increased ariation 0
i996-05~2ﬁ DiDP15B 523 51 98 increased ariation a0 1]
1996-05-26 |ETOHC 6,59 56 96 ariation slopped 1 0
1996-05-26  [ETOHB 6,84 77 9.4 1 0
1996-05-26 {ETOHD 6,93 79 98 1 0
1996-05-26  |DIDP600A 6,26 55 87 <05
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Appendix 1

Water temperalure {Nollce nu:‘nat?e)r‘ of { Alrtemperature | NH4-N,
Date Beaker pH 0z degres Celclus droplels degree Celcius mgh NO2-N
1996-05-26 {ETOHE 6,84 74 95 1 [}
1996-05-26  {TROLLB 732 75 96 0
1996-05-26  |TROLLG 727 74 98 05
19060526 |DIDP30OD 595 | 98 92 0
1696-05-26  {DIDP60O0B 6,26 7 93 0
1996.05-26 |ORME 7.06 &5 84 ariation slopped
1996-05-26 [ORMC 757 97 83
1996-05-27  |DEHP150D 8 92 84 97 <05
1996-05-27  |DIDPGOOC 6,51 98 83 05
;996~05~27 Om A 748 97 92 0
1996-05-27  |Conlrof £ 5,58 94 96 [}
1996-05-27  [DEHPSE 5,56 92 9,1 0
19960527 | DEHPI0OE 638 | 9 s 0
1996-05-27  {Control B 549 94 82 5
1996-05-27  |Contiol A 5,56 95 92
1996-05-27  [Conliolsacetone C 563 97 81
1996-05-27  {DEHPSOD 5,57 93 78
1996-05-27  {DIDPISE 576 80 786
1986-05-27  |DIDP1SD 5,65 89 7
1996-05-27  [DIDP100A 875 82 83
1996-05-27  |DEHP30E 57 81 82
1986-05-27  [DEHPaoD 564 84 82
1996-05-27  |DEHP30C 57 85 82
1996-05-27 | DIDP100E 585 1] 82
1996-05-27  {DIDP100D 5,83 78 87
1996-05-27  |DIDP100C 578 80 85
i996-05-27 DIBP100B, 584 79 88
1996-05-29  {DEHP300B 603 94 9
1996-05-28  |DEHP50C 566 94 81
1996-05-28  {DEHPS08 657 95 0,1
1996-05-29 |DEHP50A 5,65 97 9
1996-05-29  |DEHP600B 5,68 100 94
1996-05-20  |Control+acetone A 5173 100 94
1996-05-29  [DEEHP300A 5,82 101 95
1996-05-29  [Conliol+acetone D 5,62 101 94
1996-05-20  {DIDP30B 586 100 9.8
1996-05-20  [Conirol+acetone B 579 101 95
1986-05-29  [Control G 5,65 101 85
1996-05-29  [DEHP300C 587 101 10,4
1896-05-29  [DEHP30B 5,66 101 99
1896-05-28  {DIDPSOD 592 103 8,9
1896-05-29  {DIDPSOC 598 102 9,8
1996-05-28  |DIDP50B 5,86 82 95 atiation stopped
1996-05-28  |DIDP30D 579 101 102
1996-05-28  |DIDP30C 577 95 10,1
1996-05-20  [DIDP150D 6,14 94 99
1996-05-29  |DIDP30A 577 100 9.5
1996-05-30  |DIDPSOA 623 74 1t 1.4
1996-05-30  |DIDP150B 64 98 1
1996-05-30  [DIDP150A 853 97 109
1996-05-30  |DIDP30E 596 97 108
1996-05-30  {DEHPA0OD 801 95 "t
1996-05-30  |DEHPE0OA 55 46 10,8 arialion stopped 5
1996-05-30  [DIDP150E 6,31 95 10,9
1996-05-30  |DEHP30A 6 90 10,8
1996-05-30  |Gran A 855 7 11
i996-05~30 DEHPGOOE 6,04 98 10,9
1996-05-30  |DEHP600D 5,95 98 10,8
1996-05-306  |DEHP60OC 588 100 1
1996-05-30 | DIDP1SOC 5,97 " Al
1996-05-30  {Contrl D 584 Bt "
1996-05-30 |GranC 8,31 79 1
1996-05-30 |Gran B 6,49 85 |l
1996-05-30  |TROLLD 741 8 1t
1996-05-30 |ORMB 764 77 10,9
1996-05-30  [DIDPI5A 6,42 80 it
1996-05-30  |DIDP10OE 6,03 60 15 ariation stopped
1996-05-31  |TROLLE 735 94 14,1 10
1996-05-31  {ORMD 7 95 H"a
1996-05-31  |DEHP1508 6,66 94 13
19960531 |DEHP150A 6,20 87 11,7 ariation stopped
1996-05-31  |DEHP100A 8,01 93 13
1996-06-31  {DEHP100D 6,12 92 114
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Appendix 1

Viater temperature [Nolice nu,r‘na:e)r‘ of | Alrtemperalure | NH4-N,

Date Beaker ph 02 | degree Celclus droplels degree Celcius mgl NO2N

|‘996~05-31 DEHP100C 6,01 94 115

1896-05-31  {DEHP100B 8,01 9t 11,6

1996-05.31  |TROLLA 7.21 94 K]

1996-05-31  |ETOHA 716 94 11,4

1996-05-31 DEHP}SD 6,15 91 s

1996-05-31  [DEHP15C 6,08 92 11,7

1996-05-31  {DEHP158 6,05 96 1K)

1996-05-31  |DEHP15A 6,32 95 114

1996-05-3t  {DIDP60CD 654 98 K]

1996-05-31  |DIDPBOOE 6,51 97 11,5

1996-05-31  |{GRAND 6,2 83 7 ariation stopped

1996-05-31  |DEHP150C 6,38 96 11,2

1996-05-31  {DIDP15C 6,17 95 11,2

1996-05-31  [DIDP30OE 5,89 98 10,9

1996-06-01  |GRANE 8,27 97 11,1 97

1996-06-01  |DIDP300C 6,48 95 111

1896-06-01  |DIDP300B 6,4 85 10,9

1996-06-01  jDIDPI0OA 64 96 11

1996.06.01 |DIDP15B 608 | 94 12

1996-06-01  |ETOHC 713 95 ni

1996-06-01  [ETOHB 7,09 94 1

1996-06-01 {ETOHD 72 95 11

1996-06-01  {DIDPEOOA 6,84 92 106

1996-06-01  |[ETOHE 713 76 109

;996~06~02 TROLLB 7,52 95 i 10,1

1996-06.02 |TROLLC YA 92 e

1896-06-02  {DIDP300D 6,71 96 108

1896-06-02 |DIDP&0OB 8,73 93 10,8

1996-06-02 |ORME 7.62 96 108

1996-08-02 {ORMC 754 98 1038

1996-06-02 [DEHP150D 6,55 85 105

1996-06-02  [DIDPSOOC 6,86 97 106

i;96~06~02 OmA 787 97 106

joo6-06.02 |PIDPSOE 638 | 107 ::i'grt?;(a):aslgsad' 0

1896-06-02  |Control B 5,96 78 10,6

1996-06-02  [Control A 666 83 10,6

1996-06-03  {Conliclracetons C 6,17 94 10,2 14

1996-06-03 |DEHPSCD 6,18 96 10

1996-06-03 | DIDP15D 5,97 100 10,1

1996-06-03  {DIDP100A 5,92 88 103

1996-06-03 [DEHP30D 562 58 10,2

1996-06-03  [DEHP30C 6,14 100 103

1996-06-03  {DIDP100D 8,11 68 103

1996-06-03  |DIOP100C 6,34 102 98

1996-06-03  {DIDP100B, 6,23 80 10

1996-06-03  [DEHP300B 6,33 102 10,2

1996-06-03  {DEHP50C 8.2 9% 10,1

1996-06-03  |DEHP50B 6 99 10,1

19060603 | DEHPSOA 602 | 100 10

;996-05-03 DEHPG0OB 6,02 93 10,5

1996-06-03  |Conlrol+acetone A 6,12 10 10,2

1996-06-03  |DEHP300A 6,11 100 10,3

1996-06-03  [Conlrol+acetone D 5,98 102 103
mean 5,99 85,86 10,60 8 10,21
min 47 45 Al 62
max N 108 18 12,9
number 464 408 259 79 23 58
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