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ABSTRACT

Human occupational exposure to n-hexane has been associated with neurobehavioral symptoms such as depression,
irritablity, acute irritation symptom, concentration disturbance and fatigue. Effects of monoamine oxidase (MAO) B and
serotonin transporter receptor (5-HTTR) polymorphisms on the neurobehavioral symptoms were investigated in 70 male
workers from TV and computer monitor manufacturing plants exposed to n-hexane. Neurobehavioral symptoms were
assessed through a self-reported questionnaire and ambient level of n-hexane was measured by NIOSH method. Blood
and urine were collected from each workers to determine the MAO(B), 5S-HTTR and urinary 2,5-hexanedione(2,5-HD).
The mean concentration of volatile n-hexane was 18.8+28.8ppm and that of urinary 2,5-HD was 1.07+1.47 mg/g
creatinine. Statistically significant associations with sexual disturbance were age and smoking. The frequencies of
MAO(B) AA, AG and GG were 18.6%, 45.7% and 35.7%, respectively, and the frequencies of S-HTTR 1, Is and ss
genotype were 82.9%, 15.7% and 1.4%, respectively. MAO (B) gene polymorphisms had susceptibility to the
neurobehavioral symptoms such as fatigue, concentration disturbance, irritability and acute irritation symptom and
5-HTTR gene polymorphism had susceptibility to the sleep disturbance and acute irritation symptom. On multiple
logistic regression analysis for the neurobehavioral symptoms, memory disturbance was significantly associated with
smoking(OR=6.752, 95% CI=37.46) and drinking(OR=4.033, 95% CI=1.252-12.98), emotional lability was MAO(B)
genotype(OR=0.412, 95% CI=0.170-0.996), fatigue (OR=1.011, 95% CI=1.000-1.021) and acute irritation(OR=0.990,
95% CI=0.981-1.000) were working duration and sexual disturbance were significantly associated with age(OR=1.208,
95% CI=1.042-1.399), ambient n-hexane(OR=1.077, 95% CI=1.005-1.154) and 2,5-HD(OR=0.186, 95% CI=0.041-
0.841). This finding implies that the MAO (B) and 5-HTTR polymorphisms may affect susceptibility for specific
neurobehavioral symptoms associated with n-hexane exposure in workers
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Table 1. Contents of questionnaire related with neurobehavioral
symptoms

Symptoms No. of questions

Memory disturbance 3
Depression
Headache
Emotional lability
Fatigue
Concentration disturbance
Sleep disturbance
Irritability
Understanding disturbance
Acute irritation symptom

Peripheral neuropathy

—_— W A W W NN W A W= W

Sexual disturbance

(95
W

Total

3. N-hexane?] =& 5= L 8 F JAIALE 2] uj d=F

7] ¥ n-hexane®] A|ZAFef &4 ml== A
Qb B 74 A 5 A~ (National Institute for Occupational Safety
and Health, NIOSH)o|| 4] A 3l= 34 Al S H(NIOSH,
1996)0f wal 2 z}e] 5 7] ¢ x| o TAETS T2
E2 23 A& EZF] 7] (Personal air sampler, Gillian,
USA)E & sto] A Hsta . 232 0.2mL/minS
2 oh AR TahE wal] §lakol 241 7huteh A
S-S ASIUA 8A17E 5o EUT T HATRE
He AR YA 2ustgith N-hexaneo] 412 n-
hexane©] &2 4 ghol 2mLe] o] et A(CS)E @
T A7 &, shAZRobE 78 9)(CP-3800 GC/FID,
Varian Ltd., USA)E ©]-83}o] 243} ¢t}

N-hexaneof| tgt Q=312 RUE S AAISH7] 1%t
AHEe 2220 ZEF Ao ZetAE EL o]l&
sfol AFe ¥, W AR Lukslch EARRE
W2 F AL 7 Holz ;}E 2w 2 g280H mL,
g AAHBT%) S0ulS 412 F 100C o) A 3087 7H4

palshn 4reolxl At o] golo] rEEELS
7}st =% £9(0.2ppm cyclohexanone in chloroform) 1

mLE 7}k 3,500rpmol| A 1087 YA E2] AJ7] &,
%%(—’F% = Al AsHA S FAUEF 0.5gS Hof
Skl 3,500 rpmof| A 1027 YAEE 3 3, 22X
E= s A 72T 2 uE 18 1) (CP-3800 GC/ FID,

Varian Ltd., USA)E ©0]&3}o] 2,5-HDS 43511, 1 2
tE 4o F AdotEd & HAsto] ujdRS A
Zo AN Y B A A+, 2010).

4. REACIEE A

o] AL genomic DNAE - AR Z 2 E]
3ot A d(whole blood)& QAlamp Blood Kit(Qiagen,
Germany)< ©]-83}o] &3ttt &% DNAE= 274
3l primers & 0]-&-5}o] & 4 < 2 ¥H-S-(polymerase chain
reaction; PCR) B} of] u}z} -4 AjchoFAd-& HA 519 ot
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oA PCR ®¥ o o]3}e] 43} c) =& % genomic
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5 X 22N

A LA o o3t A E L version 10.01 SPSS EA Z 2
12(SPSS Inc., USA)S o] &3to] BAslgch A w2
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St A2 Pearson's F T4 3 thF 2AAE 32
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AZEE 9.8425X13k0] ALk, AR B FAALL A
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o] =25 n-hexane® H4tE =X 18.8+28.8ppmo] %l
Ik E G ARAFEQ] 2,5-HDO] Hj AL 1.07+1.47mg/g
creatinine ©. 2 =7 | ¢ t}.
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Table 2. General characteristics of study subjects

Variables Mean+SD(n=70)

Age (yrs) 35.3+11.3
20-29, n(%) 25(35.7)
30-39, n(%) 14(20.0)
40-49, n(%) 25(35.7)

50-59, n(%) 6(8.6)

Smokers, n(%) 40(57.1)

Drinkers, n(%) 58(82.9)

Duration of n-hexane exposure (months) 58.9+75.2
Working hours 9.8+£2.5

Ambient n-hexane (ppm) 18.8+£28.8

Urinary 2,5-hexanedione (mg/g creatinine) 1.07+1.47

n-Hexane TWA, 50 ppm; 2,5-hexanedione BEI, 5mg/g creatinine.

Table 3. Genotype and allele frequencies at the MAO(B) and 5-HTTR
locus in study subjects

Genes Total (n=70)

MAO(B), n(%)

AA 13(18.6)

AG 32(45.7)

GG 25(35.7)

Allele frequency(A/G) 0.41/0.59
S-HTTR, n(%)

1 58(82.9)

Is 11(15.7)

ss 1(1.4)
Allele frequency(L/S) 0.91/0.09

Genotype frequencies are in approximate

Hardy-Weinberg equilibrium. MAO(B), monoamine oxidase B;
S-HTTR, serotonin transportor receptor; I, eleven repeats; is, nine and
eleven repeats; ss, nine repeats.
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MAO(B) genotypes 5-HTTR genotypes
WA FAG MGG Ll
4 3
3.5 25 »=0043
3 U U I
2=0.040 2 i

Acute irritation
disturbance symptom

Fatigue Concentration Irritability Acute Sleep
disturbance irritation
symptom

Fig 1. Comparisons of neurobehavioral symptom scores by genotypes
of MAO(B) and 5-HTTR
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Table 4. Interrelationship between neurobehavioral symptoms, environmental and genetic factors using multiple logistic regression analysis

Dependent variables(n=70)

Independent - - — - — -
variables Memory disturbance Emotional lability Fatigue Acute irritation Sexual disturbance
OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)
Age 1.007(0.931-1.090) 0.975(0.925-1.029) 0.940(0.886-0.998)* 1.029(0.975-1.085) 1.208(1.042-1.399)*
Smoking 6.752(1.217-37.46)* 1.911(0.514-7.112) 1.531(0.385-6.080) 1.998(0.575-6.945) 1.921(0.269-13.71)
Drinking 4.033(1.252-12.98)* 2.114(0.304-14.69) 0.261(0.047-1.449) 0.375(0.075-1.865) 0.838(0.072-9.817)

1.001(0.993-1.010)
1.006(0.971-1.043)
0.804(0.416-1.555)
0.412(0.170-0.996)*
0.723(0.206-2.535)

Working duration ~ 1.001(0.990-1.011)
0.971(0.925-1.019)
1.118(0.503-2.483)
0.557(0.197-1.570)

0.329(0.022-4.926)

Ambient n-hexane
Urinary 2,5-HD
MAO (B)
5-HTTR

1.011(1.000-1.021)*
1.017(0.979-1.056)
0.686(0.341-1.381)
0.788(0.346-1.795)
0.763(0.207-2.816)

0.990(0.981-1.000)*
0.999(0.965-1.033)
1.045(0.553-1.975)
0.828(0.380-1.804)
1.236(0.355-4.299)

1.010(0.999-1.021)
1.077(1.005-1.154)*
0.186(0.041-0.841)*
1.836(0.489-6.899)
0.111(0.006-1.971)

*p<0.05. MAO(B), monoamine oxidase B; 5-HTTR, serotonin transporter receptor; OR, odds ratio; 95% CI, 95% confidence interval.
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Aol F== nicotines ZFe W FIfELS
dopamine, serotonin, norepinephrine®} 72 monoamine 7|
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ARG A) A H 2] a0 ) olel 3} st
Aol ¥&F= FrhBuhot 5, 2000). E3F, W2 {325}
E£3 9] =22 A|AFSHE (hypothalamus), k] 3}4=A|(anterior
pituitary) @ A8 A1 7] 3% 5o %432 F°] monoamine A Al
ARG, WelAA U s2Eol 44T wulo] J
= Feul(Yilmaz 5, 2006), ol 5 &89 424 s= ¥

N EERE LR EEE UL B

Aoz &4 A Adti(Nicolosi 5, 2004; van Anders 5,
2007); Schwenkhagen®} Studd, 2009).

0.

2 A5+l A monoamineZ] A AL EH I} 4 2 =22
=5 A FA5HA Hotol ddT = AN n-
hexane®] =& o] ARG EE I} A S =0 JFS 50

71998 Foll, FAA £, g2 W J75Hf 59
ApzkFgol MskE Kol Ao AYzrEt wehi
Aol M At FES Rt AFHGED L
4 522 5ol digh AurAl A4E S5k Rl stet

Ap2h5 o) A 71 A

Ao F
= MAO(B)2} 5-HTTRO| o & ATk ob 4 & 541 5}of
n-hexane % 22A10] AR WEA Sabo] o] 41
o] oba o uhet of Wk WS Holk
A vhgat e e A9

1. h A& 0] k=& == n-hexane ] FEoF AW 5 o
AHAFER] 2,5-HD O] | A 22 18.84+28.8ppmT} 1.07+
1.47mg/g creatinine ©. 2 =74 & 3]t}

2 ezl G2 BAH fo4e Ao 9
20} WA 4] T B A(TLY oAl thas
=& Aoz YERH

3. MAO(B)&} 5-HTTR GA&}thofkAlof wheh A7 3%
A ZAFS v w3l Ayt o2, AAAE Aofj, TH
2 FAAZE S-S MAOB) A A ohF 4 o, =
oot FA4A7ZE FAFS 5-HTTR 5 Aok 4 2t

Al

4. thx 2R A I AEAS AAG A3, 7199 A4
off = B (I AH]=6.752, 95% CI=1.217-37.46)3} =
(I A}H]=4.033, 95% CI=1.252-12.98), A A 2 B4
o MAO(B)(_TJli}HIZOAIZ, 95% CI= 1.170-0.996), 7 =
o 7 (L2} H]=0.940, 95% CI= 0.886-0.998)1} L5

a(ﬂi} 1=1.011, 95% CI= 1.001-1.021), 4 A2}

AF X7 (2FH]=0.990, 95% CI=0.981-1.000),

7)1 52 ol o (I AkH]=1.208, 95% CI=1.042-1.399),

n-hexane( 2}H]=1.077, 95% CI=1.005-1.154) 9 2,5-

HD(3 x}H]=0.186, 95% CI=0.041-0.841) % =9} 3-9

oI ES B

O:

o oN oﬁ F

http://www ksoeh.org/



2

n-Hexane =Z&ol 9t 2178582 ZF/dol monoamine oxidase(B)$} serotonin transporter receptor A ATHEFAE el FF 121

olFel A-ZA oA n-hexane k=Eof T AAHF
oA A4S k&Y 717 MAOB)F S-HTTR
TR ol whet GFE W AeE Uehgen,
] 2 9} FAAZE ZAFS n-hexane?] =% 7] 7HETE of
Y} MAO(B)9} 5-HTTR A AFthafAlof ma ajo]m=
w it} o] 23k 23 n-hexane =% L2 A0 A A HE
LA AzpFAre] B4 A a(AH g5, n-hexaned] =
S 7Ih3 A e E) 22kl tiek 4
FRT= F a9 Joa-gol ot Ao r YzhETh

lo

TEEFH. AFbARAHEZ. 2009
HT 1FFH n-hexane TFHOZE Q13 oA AA

4 } =B
=+ o] 78t 1974;6: 423-429

AFIARAATY. AAFE(LCD FRAME) A ZAMY
Ao =ddL HFAA A d2AAE. 9

StZALR LA 2005

AAGARAATE. A =2H7 71 2 24
W A0, 2010

ANHITERE, BRHAE, SR, 488d A28 374 A
Ak BT WL S50 HE AGAASHEA
2004;44:99-100

278, 24R%, 454, d83d, d3dE. WARIEA
Z2o] o AUNAEH o] FLAe] ARG
WOl A AT gl shE] A 1993; 26:147-163

Barregard L, Sallisten G, Nordbog C, Gieth W. Poly-
neuropathy possibly caused by 30 years of low
exposure to n-hexane. Scand J work Environ Health
1991;17:2050207

Boegner F, Gruning W, Stoltenburg-Didinger G, Marx P,
Altenkirch H. 2,5-Hexanedione is a potent gliatoxin in
in-vitro cell cultures of the nervous system. Neuro-
toxicology 1992;13:151-154

Buhot M-C, Martin S, Segu L. Role of serotonin in
memory impairment. Ann Med 2000;32:210-221

Chang CM, Yu CW, Fong KY, Leung SY, Tsin TW, Yu
YL, Cheung TF, Chan SY. N-hexane neuropathy in
offset printers. J Neurol Neurosurg Psych 1993;56:
538-542

Cools R, Roberts AC, Robbins TW. Serotoninergic regu-
lation of emotional and behavioral control processes.
Trends in Cognitive Science 2008;12:31-40

Danzer SC. Postnatal and adult neurogenesis in the deve-
lopment of human disease. Neuroscientist 2008;
14:446-458

Farr CH, Aldous CN, Sharma RP. Influence of 2,5- hexa-
nedione on rat brain amine synthesis and meta-
bolism. J Environ Pathol Toxicol Oncol 1986:;6: 361-
368

Fowler JB, MacGregor RR, Wolf AP, Arnett CD, Dewey
SL, Schlyer D, Christman D, Logan J, Smith M,
Sachs H, et al. Mapping human brain monoamine
oxidase A and B with 11C-labelled suicide inacti-
vators and PET. Science 1987;235:481-485

Gluszcz-Zielinska A. Occupational n-hexane neuropathy:
clinical and neurophysiological investigation. Med Pr
(in polish) 1999;50:31-36

Goktan B, Akbag M. An investigation on Turkish military
school students: Are there associations among big
five personality factors, perceived family environ-
ment and hopelessness. Procedia Social Behavioral

http://www ksoeh.org/

Science 2010;2: 5458-5462

Ho SL, Kapadi AL, Ramsden DB, Williams AC. An
allelic association study of monoamine oxidase B in
Parkinson's disease. Ann Neurol 1995;37:403-405

Honma T, Changes in acetylcholine metabolism in rat
brain after a short-term exposure to toluene and
n-hexane. Toxicol Lett 1983;16:17-22

Hrro J, Merenakk L, Nordquist N, Konstabel K, Comasco E,
Oreland L. Personality and the serotonin transporter
gene: Associations in a longitudinal population-based
study. Biological Psychology 2009;81:9-13

Kaukiainen A, Hyvarinen HK, Akila R, Sainio M.
Symptoms of chronic solvent encephalopathy: Euro-
quest questionnaire study. NeuroToxicology 2009;30:
1187-1194

Khanna VK, Husain R, Seth PK. Effect of protein
malnutrition on the neurobehavioural toxicity of
styrene in young rats. J Appl Toxicol 1994;14:351-356

Kiive E, Fischer K, Harro M, Harro J. Platelet monoa-
mine oxidase activity in association with adolescent
inattentive and hyperactive behaviour: A prospective
longitudinal study. Personality Individual Differences
2007;43: 155-166

Kurth JH, Kruth MC, Poduslo SE, Schwankhaus JD.
Association of a monoamine oxidase B allele with
Parkinson's disease. Ann Neurol 1993;33:368-372

Kutlu G, Gomceli YB, Sonmez T, Inan LE. Peripheral
neuropathy and visual evoked potential changes in
workers exposed to n-hexane. J Clinical Neuroscience
2009;16:1296-1299

Levola J, Holopainen A, Aalto M. Depression and heavy
drinking occasions: A cross-sectional general popu-
lations study. Addictive Behaviors 2011;36: 375-380

Lewis A, Miller JH, Lea RA. Monoamine oxidase and
tabacco dependence. Neurotoxicology 2007;28:182-195

Luk JW, Tsoh JY. Moderation of gender on smoking and
depression in Chinese Americans. Addictive Beha-
viors 2010;35:1040-1043

Mendrek A, Monterosso J, Simon SL, Jarvik M, Brody
A, Olmstead R, Momier CP, Cohen MS, Ernst M,
London ED. Working memory in cigarette smokers: Com-
parison to non-smokers and effects of abstinence.
Addictive Behaviors 2006;31:833-844

Mirone V, Imbimbo C, Bortolotti A, Cintio ED, Colli E,
Landoni M, Lavezzari M, Parazzini F. Cigarette
smoking as risk factor for erectile dysfunction: Results
from an Italian epidemiological study. European Urology
2002;41:294-297

Mutti A, Cavatorta A, Lucertini S, Arfini G, Falzoi M,
Franchini 1. Neurophysiological changes in workers
exposed to organic solvents in a shoe factory. Scand
J Work Environ Health 1982;8:136-141

Nicolosi A, Moreira Jr ED, Villa M, Glasser DB. A
population study of the association between sexual
function, sexual satisfaction and depressive symptoms
in men. J Affective Disorders 2004;82:235-243

NIOSH. NIOSH manual of analytical methods, 4th ed.,
Method 1051, U.S. Department of Health and Human

Services, Cincinnati, 1996 o
NIOSH. Organic solvent neurotoxicity. DHHS Publication

No. 87-104, U.S. Department of Health and Human
Service, Cicinnatti, 1987

Ogilvie AD, Bettersby S, Bubb VJ, Fink G, Harmar AlJ,
Goodwin GM, Dale Smith. Polymorphism in serotonin
transporter gene associated with susceptibility to major
depression. Lancet 1996; 347: 731-733

Pastore C, Marhuenda D, Marti J, Cardona A. Early
dignosis of n-hexane caused neuropathy. Muscle and
Nerve 1994;17:981-986

Rief JS, Burch JB, Nuckols JR, Metzger L, Ellington D,

J Korean Soc Occup Environ Hyg, 2011: 21(2): 116-122



122 A<

Kent Anger W. Neurobehavioral effects of exposure
to trichloroethylene through a municipal water
supply. Environ Res 2003;93:248-258

Saddik B, Williamson A, Black D, Nuwayhid L
Neurobehavioral impairment in childen occupationally
exposed to mixed organic solvents. NeuroToxicology
2009;30:1166-1171

Scelsi R, Poggi P, Fera L, Gonella G. Industrial
neuropathy due to n-hexane. Clinical Toxicology
1981;18:1387-1393

Schwenkhagen A, Studd J. Role of testosterone in the
treatment of hypoactive sexual desire disorder.
Maturitas 2009;63:152-159

Serretti A, Cristina S, Lilli R, Cusin C, Lattuada E,
Lorenzi C, Corradi B, Grieco G, Costa A, Santorelli F,
Barale F, Nappi G, Smeraldi E. Family-based
association study of 5-HTTLPR, TPH, MAO-A, and
DRD4 polymorphisms in mood disorders. Am J Med
Genetics 2002;114:361-369

Spencer P, Schaumburg H. Organic solvent neurotoxicity:
Facts and research needs. Scand J Work Environ
Health 1985;11(Supplement):53-60

Thorpe LW, Westlund KN, Kochersperger LM, Abell CW,
Denney RM. Immunocytochemical localization of
monoamine oxidase A and B in human peripheral
tissues and brain. J Histochem Cytochem 1987;35:
217-236

J Korean Soc Occup Environ Hyg, 2011: 21(2): 116-122

van Anders SM, Hamilton LD, Watson NV. Multiple
partners are associated with higher testosterone in
North American men and women. Hormones and
Behavior 2007;51:454-459

Wang JD, Chang YC, Kao KP, Huang CC, Lin CC, Yeh
WY. An outbreak of n-hexane induced polyneu-
ropathy among press proofing workers in Taipei. Am
J Ind Med 1986;10:111-118

White RF, Proctor SP. Solvents and neurotoxicity. Lancet
1997;349:1239-1243

Williams RB, Marchuk DA, Gadde KM, Barefoot JC,
Grichnik K, Helms MJ, Kuhn CM, Lewis JG,
Schanberg SM, Stafford-Smith M, Suarez EC, Clary
GL, Svenson IK, Siegler IC. Serotonin-related gene
polymorphisms and central nervous system serotonin
function. Neuropsychopharmacology 2003;28:533-541

Yamamura Y. n-hexane polyneuropathy. Folia Psychiatrica
Neurologica Japan 1969;23:45-57

Yilmaz B, Canpolat S, Sandal S, Akpolat N, Kutlu S, Ilhan
N, Kelestimur H. Paint thinner exposure inhibits
testosterone synthesis and secretion in a reversible
manner in the rat. Reproductive Toxicology 2006;
22:791-796

http://www ksoeh.org/




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


