Polish Journal of Environmental Studies Vol. 14, No 6 (2005), 739-742

The Protective Effect of Aluminosilicates in Laying
Hens Chronically Intoxicated with Thallium

T. Grudnik*, R. Kolacz, Z. Dobrzanski

Department of Animal Hygiene and Environment, The Agricultural University of Wroctaw,
ul. Chelmonskiego 38, 51-630 Wroctaw, Poland

Received: June 25, 2004
Accepted: March 4, 2005

Abstract

The purpose of this investigation was to study the effects of aluminosilicates (vermiculite and bentonite),
added to feed on thallium bioaccumulation in laying hens. The experiment was conducted on 48 layers kept
in cages under vivarium conditions. The hens were divided into 4 groups: Group 1- control, Group 2 — thal-
lium-intoxicated, Group 3 — thallium-intoxicated fed on feed containing vermiculite and Group 4 — thalli-
um-intoxicated fed on feed containing bentonite. Thallium was added in the form of sulphate (T1,SO,) at
a daily dose of 0.74 mg/kg body weight. Thallium content was determined in blood and eggs on days 1, 14,
28, 42, 56 of the experiment and also in thigh and breast muscles, kidney, liver and thigh bone after the ex-
periment was accomplished. Thallium content of the tissues and organs was determined using plasma spec-
trometry ICP-MS. The highest thallium concentration was found in bones 8.849 mg/kg, next in kidneys
7.596 mg/kg. Lower thallium content was found in muscles, liver and blood. The addition of bentonite re-
duce thallium accumulation most effective in muscles by 34.75-36.94% and blood 39.07%. The addition of
vermiculite to the feed had reducing impact on thallium accumulation in the all tested tissues and organs of

birds chronically intoxicated with this element (by 18.2% in kidneys — 55.71% in breast muscles).
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Introduction

Thallium is a metal belonging to Group III A (boron
family), which occurs in trace amounts in the natural envi-
ronment. The environment can be contaminated with thal-
lium in the regions of coal mines, cement plants and non-
ferrous metal industry, especially copper and zinc [13, 14].
Thallium is a major component of industrial dusts and can
be transported over long distances, and with precipitation
it can fall to waters, soil and other links of the trophic
chain, causing danger to human health [2, 7, 10].

Chronic intoxication with thallium in humans and an-
imals causes dysfunction of the nervous, cardiac, vascu-
lar, and reproduction systems as well as skin (alopecia)
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[5]. Dmowski et al. [4] claim that there is a real danger
of thallium contamination of the environment, which
may result in accumulation of this element in animals.
Thallium contamination in farm animals may cause the
hazard of animal origin food safety. The purpose of the
present study was to examine the distribution and accu-
mulation of thallium in hens chronically intoxicated with
feed containing this element and the reducing effects of
aluminosilicates (vermiculite and bentonite) on bioaccu-
mulation of thallium in laying hens.

Experimental Procedures

The experiment was conducted on 48 ISA Brown lay-
ing hens, aged 56 weeks. The hens were kept in cages (2
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hens per cage) under vivarium conditions. The experi-

ment was carried out for 8 weeks, preceded by a two-

week adaptive period. The hens were divided into 4

Groups, each containing 12 birds:

— Group 1 — control fed standard feed mixture DJ.

— Group 2 — fed standard feed mixture DJ + 16 mg Tl/kg
of feed.

— Group 3 — fed standard feed mixture DJ +16 mg Tl/kg
of feed + 3% of vermiculite.

— Group 4 — fed standard feed mixture DJ +16 mg Tl/kg
of feed + 3% of bentonite.

Thallium was added to the feed in the form of sulphate
(TLSO,). Eggs and blood samples were collected for the
measurements of thallium concentration on days 1, 14, 28
and 56 during the experimental period. The experiment
was accomplished on day 56, on which the hens were eu-
thanized. The following tissues and organs were then col-
lected for the measurements of thallium content: breast m.,
thigh m., liver, kidney, and thigh bone. Mineralization of
samples for thallium measurements was performed in
a high-pressure rotation microwave oven CEM (USA)
with spectrally pure nitric acid. Thallium content was de-
termined using plasma spectrometry ICP-MS (Varian Ul-
tramas 700) [8]. All data were analyzed using Statgraphics
5.0 software [16] by analyses of variance (ANOVA) to test
for the effects of treatments. When a significant treatment
effect was observed, a Duncan’s multiple range test was
used to compare means. Treatment effects were considered
with the significant level at p<0.05 and p<0.01.

Results

Table 1 shows the mean values of thallium concentra-
tion in blood throughout the experimental period. The
highest level was found in Group 2 for the entire period of
study. The mean thallium content during intoxication peri-
od was 214.96 pg/l and it was 358-fold higher than in the
control group. Thallium concentration in blood in Group 3
(fed bentonite) averaged 128.22 pg/l and it was 40.4%

Table 1. Thallium concentration in hens’ blood [p/1].

lower (p<0.01) than that in Group 2. Thallium content of
blood in Group 4 (fed vermiculite) averaged 135.53 ug/I
and it was 37% lower (p<0.01) than that in Group 2.

Thallium content of blood in Groups 3 and 4 re-
mained at a significantly higher level (p<0.01) than the
control group.

Table 2 shows mean levels of thallium in tissues
under investigation. When thallium was added to the
feed, a significant increase in thallium content of the tis-
sues was observed in all experimental Groups (2, 3 and
4). The highest Tl accumulation was found in thigh bones
and kidneys. The highest Tl accumulation (8.849 mg/kg
of fresh matter) in thigh bone was found in Group 2 and
it was 227 times as high as in the control group. Also in
Group 2 the highest mean concentration (7.596 mg/kg of
fresh matter) of thallium was in kidneys and it was 227
times as high as that in the control group. The organ that
accumulated the lowest T1 quantity was liver. In Group
2, the mean TI concentration in hen’s liver was 1.439
mg/kg of fresh matter, which was 50 times as high as that
of the control group (Group 1).

The addition of bentonite to the feed (Group 3) did not
significantly decrease Tl concentration in kidney, thigh
bone or liver, as compared to Group 2. In contrast, vermi-
culite addition to the feed reduced T1 concentration in kid-
ney, thigh bone and liver of hens. These values were lower
than those noted in Group 2 by 17.6%, 21.8% and 33.5%,
respectively. However, despite the reducing effect of ver-
miculite, the concentration of Tl remained higher than that
in the control group. T1 concentration in breast muscles in
the control group (Group 1) averaged 0.014 mg/kg of
fresh matter and was 0.001 mg/kg of fresh matter. higher
than that in thigh muscles. The highest mean levels of Tl
in muscles were found in Group 2 —2.648 mg/kg of fresh
matter (breast muscle) and 2.818 mg/kg of fresh matter
(thigh muscle). The addition of bentonite to the feed
(Group 3) reduced T1 concentration in breast muscle by
38.1% and 34.8% in thigh muscle as compared to Group
2. In Group 4, fed feed containing vermiculite, these val-
ues were lower by 56.5% (breast m.) and 47.5% (thigh

Group 1 Group 2 Group 3 Group 4

Day of experiment — — — — —

X SD X SD X SD X X
1 0.53 0.08 0.55 0.06 0.51 0.15 0.54 0.04
14 0.7648¢ 0.44 173.23APa 1.79 112.178P 9.75 129.01¢= 30.73
28 0.5148¢ 0.07 226.48APE 5.07 113.808P 16.13 129.12¢¢ 22.14
42 0.5748C 0.23 225.06APE 30.99 119.618PF 3.38 139.82CFF 9.65
56 0.5748¢ 0.08 235.094PE 17.03 167.29 80 37.96 144.19 ¢ 7.72
X 0.6048¢ 0.11 214.96APE 28.17 128.2280 26.24 135.53 ¢ 7.68

Days 14-56

AA, BB, CC, DD, EE, FF — significant differences between groups (p<0.01), aa — significant differences between groups (p<0.05)




The Protective Effect of Aluminosilicates ...

741

m.). Although T1 accumulation in Groups 3 and 4 was sig-
nificantly reduced, its concentration still remained at a
high level as compared to the control group.

The highest concentrations of T1 in whole eggs were
found in Group 2 (p<0.01) and averaged 3.812 mg/kg of
fresh matter, which was 228-fold higher than in the con-
trol group.

The addition of bentonite to the feed (Group 3) sig-
nificantly reduced Tl concentration in whole eggs (by
14.3% on average) as compared to Group 2 (p<0.01).
Also vermiculite (Group 4) decreased Tl concentration
in whole eggs (by 19.8% on average) as compared to
Group 2 (p<0.01). TI concentration in whole eggs in the
vermiculite Group was lower than that found in the ben-
tonite Group, but a significant difference between the two
Groups occurred on day 56 of the experiment. Despite
a significant reducing effect of aluminosilicates on TI
concentration in whole eggs, the level of Tl remained 192
times as high in Group 3 and 179 times as high in Group
4 as compared to the control.

Discussion

In our own studies T concentration in blood depend-
ed on the time of exposure and was markedly lower as

compared to other tissues. Distribution of thallium from
blood to other tissues is very fast. The biological half-life
of Tl in blood of rats is below 5 minutes [18, 19]. The re-
sults obtained in our studies on the distribution of thalli-
um in hen tissues show that the highest concentration of
this element occurs in bones, and next in kidney, muscles
and liver. Ueberschir et al. [19] studied Tl accumulation
in tissues of hens intoxicated with thallium (at doses 2 to
40 mg Tl/kg of feed) and found the highest Tl concentra-
tions in kidneys, next in bones, muscles and liver. The
highest concentration of Tl in kidneys is due to kidney
filtration and intracellular accumulation of thallium [3].
The results of our studies show that chronic Tl intoxica-
tion results in high Tl accumulation in whole eggs. The
data in literature show that Tl accumulation in birds’ eggs
has not been studied extensively. Kemper and Bertram
[9] are the only authors who reports that in the region
close to a cement plant in Lengerich (Germany), T con-
centration in whole eggs was 1.26 mg/kg fresh matter,
0.394 mg/kg of fresh matter in egg white and yolk and
4.94 mg/kg of fresh matter in eggshells.

Vermiculite and bentonite (aluminosilicates) are com-
pounds of mineral origin, with complex-forming, sorp-
tion and ion-exchange properties. There are many reports
in literature showing that aluminosilicates are used for
decontamination of organisms after radioactive exposure

Table 2. Thallium concentration in hens’ tissues [mg/kg of fresh matter].

Group 1 Group 2 Group 3 Group 4
Tissues — — — —
X SD X SD X SD X SD
Breast m. 0.01448¢ 0.004 2.6494PE 0.228 1.6398PF 0.150 1.15]1CEF 0.039
Thigh m. 0.01348¢ 0.004 2.818APE 0.010 1.83880F 0.011 1.474CEF 0.094
Liver 0.02918¢ 0.002 1.4394P 0.341 1.3708¢ 0.271 0.957¢PE 0.025
Kidneys 0.04248¢ 0.009 7.596AP 0.405 7.3788E 0.469 6.259CPE 0.683
Bones 0.03948¢ 0.013 8.8494P 0.775 8.2678E 0.282 6.921CPE 0.660
AA, BB, CC, DD, EE, FF —significant differences between groups (p<0.01).
Table 3. Thallium concentration in eggs [mg/kg of fresh matter].
Group 1 Group 2 Group 3 Group 4
Day of experiment — — — —
X SD X SD X SD X SD
1 0.020 0.003 0.018 0.003 0.018 0.002 0.017 0.001
14 0.016"8B¢ 0.003 3.5094Pa 0.413 3.0188 0.273 2.880<P 0.102
28 0.01148¢ 0.003 3.759A0E 0.069 3.1718¢ 0.153 2.981¢P 0.332
42 0.02148¢ 0.005 3.8304PE 0.235 3.2708E 0.310 3.157¢P 0.233
56 0.01948¢ 0.001 4.1514PE 0.162 3.609BEF 0.087 3.216PF 0.319
X 0.01748¢ 0.003 3.8124P 0.264 32678 0.251 3.058CPE 0.115
Days14-56

AA, BB, CC, DD, EE, FF — significant differences between groups (p<0.01), aa — significant differences between groups (p<0.05).
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and detoxication after poisoning with mycotoxins. How-
ever, there are very few publications on the use of these
compounds for reducing the accumulative effects of
heavy metals, inclusive of thallium, in animals.
Kuzniecow and Muchina [11] observed lower concentra-
tions of copper, lead, cadmium, chromium, and nickel in
meat of broilers fed on feed containing vermiculite. The
efficiency of aluminosilicates in reducing cadmium ac-
cumulation has been reported by Pond and Yen [15],
Anke et al. [1] and Kramer et al. [12]. Feldhofer [6] found
that bentonite reduced the accumulation of cadmium,
chromium and lead in calves, broilers and fattening pigs.
The results of the studies show that aluminosilicates, es-
pecially vermiculite, added to the feed of hens chronical-
ly intoxicated with thallium, are able to reduce accumu-
lation of this element in tissues and organs.

Acknowledgments

The work was granted by State Committee for Scien-
tific Research (Project No. 4T09B06122)

References

1. ANKE M., MILLER M., KRAMER K., GLEI M. Men-
gen—und Spurenelemente: 12. Arbeitstagung. Friderich-
Schiller Univ. Jena Germany 427, 1992.

2. ATSDR: Agency for Toxic Substances and Disease Reg-
istry. Toxicological profile for thallium. U. S. Dept. of
Health and Human Services, Public Health Service. 1992.

3. BORGERS T. Toxicity summary for thallium, Oak Ridge
Reservation Environmental Restoration Program, USA, 1994.

4. DMOWSKI K., KOZAKIEWICZ A., KOZAKIEWICZ L.,
Small mammal populations and community under condi-
tions of extremely high thallium contamination in the envi-
ronment, Ecotoxicol. Environ. Safety. 41 (1), 2, 1998.

5. ENVIRONMENTAL HEALTH CRITERIA 182 Thallium
International Program on Chemical Safety (IPCS), WHO
Geneva, 1996.

6. FELDHOFER S. Characteristic of “Fosfonal” as a phos-
phoro-mineral feed additive. Krmiva (Yugoslavia), 30,
(5/6), 83, 1988.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. HSDB: Hazardous Substances Data Bank. Thallium. Mi-

cromedex, Inc., 36, Expires, April 30, 1998.

. GORECKA H., GORECKI J., DOBRZANSKI Z. An appli-

cation of plasma spectrometry ICP-OES and ICP-MS for
metal content analysis in biological and enviromental sam-
ples, Chemistry for Agriculture 2, 359, 2001.

. KEMPER F. H. BERTRAM H. P. Thallium, in: E. Merian

(Ed.). Metals and Their Components in The Environment:
Occerence, Analysis and Biological Relevance. VCH,
Weinheim. pp. 1221-1241, 1991.

. KOLACZ R., KROLICZEWSKA B., GRUDNIK T. Thalli-

um ecotoxicology. Proceedings Symposium “Poultry pul-
monary diseases — etiology, diagnostic, therapy” and “Pre-
vention of young animal diseases and raising hygiene”
Polanica Zdroj, pp. 151-154, 2002. (in Polish)
KUZNIECOW A., MUCHINA M. Postilka iz vermiculita
dla brojlerow. Pticevodstwo 5, 36, 1997.

KRAMER K., ANKE M., GLEI M., MULLER M. Trace el-
ements in Man and Animals TEMA 8, Proc. 8th Int Symp.
On Trace Elemants in Man and Animals Gersord Germany,
pp. 466, 1993

LEUNG K. M., OOI V. E. Studies on thallium toxicity, its
tissue distribution and histopatological effect in rats.
Chemosphere 41, 155, 2000.

LEONARD A., GERBER G. B. Mutagenicity, carcino-
genicity and teratogenicity of thallium compounds. Muta-
tion Research 387, 47, 1997.

POND W. G., YEN J. T. Protection by clinoptilolite or zeolite
NaA against cadmium-induced anemia in growing swine.
Proc Soc Exp Biol Med. 173, (3), 332, 1983.

Statistical Graphics System STATGRAPHICS ver. 5.0
Manugistics, Inc. (USA).

TALAS A., PRETSCHNER D. P., WELLHONER H. H.
Pharmacokinetic parameters for thallium (I)-ions in man.
Arch. Toxicol. 53 (1), 1, 1983.

TALAS A., WELLHOENER H. H., Dose-dependency of
thallium (1+) kinetics as studied in rabbits. Arch. Toxicol.
53 (1), 9, 1983.

UEBERSCHAR K-H, MATTHES S., VOGT H. Influence
of addition of thallium to food of broiler and laying hens.
In: Anke M, Baumann W, Brdunlich H, Briickner C, &
Groppel B. Ed. Proceedings of the 5th Symposium of Trace
Elements, Jena, 14-17 July 1986. University of Jena. pp.
1233-1240 (in German).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


