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Abstract
The purpose of this study was to investigate the effects of Chahuangjing, a novel traditional Chinese medicinal compound, on
decorporation and radiation protection against tritiated water (HTO). Sixty male specific-pathogen-free-grade C57BL/6J mice
were randomly divided into 12 groups: mice in 4 control groups were intraperitoneally injected with sterile water; mice in 4 HTO
groups were intraperitoneally injected with 11.1� 105 Bq/g of HTO; and mice in the other 4 groups were administered with HTO
and a Chahuangjing compound (0.2 mL, once daily). After 1, 7, 14, and 21 days, the mice were killed and samples were collected.
A liquid scintillation counting method was used for tritium measurement. A fully automated hematology analyzer was used to
assess blood samples. The superoxide dismutase (SOD) and malondialdehyde (MDA) content was analyzed using commercial kits.
Chahuangjing significantly increased decorporation and shortened the effective half-life of tritium. To a certain extent,
Chahuangjing alleviated the HTO-induced reduction in white blood cells and elevated red blood cells after HTO exposure.
Moreover, Chahuangjing alleviated the HTO-induced reduction in SOD activity and reduced MDA. Our study demonstrated
that Chahuangjing can enhance the elimination of tritium and reduce free radicals to alleviate HTO-induced radiation injury.
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Introduction

Tritium is a radioactive isotope of hydrogen that decays to

helium through b emission. The average and maximum ener-

gies of the b-ray of tritium are 5.68 keV and 18.6 keV, respec-

tively. The maximum range for the b-ray of tritium is 5 mm in

air and 0.56 mm in water. Thus, the radiobiological effect of

tritium is induced by internal irradiation after entry into the

human body, rather than by external irradiation. As one of the

most critical radionuclides in the environment produced by

nuclear power plants, tritium is transformed and recycled with

hydrogen in different environmental media. Tritium is intro-

duced into organisms through inhalation, skin penetration, and

diet as tritium gas, tritiated water (HTO), and organic bound

tritium (OBT).

As early as the 1960s, many researchers have investigated

the biological effects of HTO on organisms. These studies have

shown that chronic exposure to a low dose of HTO induces

leukemia and other malignancies, repeated exposure to HTO

increases the incidence of several cancers, and the incidence of

leukemia is closely related to the radiation dose of HTO. A low

dose of intrauterine radiation reduces body weight, induces

developmental retardation, and damages the reflexes and sen-

sory function.1-3 These findings provide evidence for the
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internal radiation effect of HTO from different perspectives.

The reviews published by Little et al. summarized experimen-

tal and epidemiological studies on the relative biological effec-

tiveness (RBE) of tritium.4,5 These studies revealed that the

RBE of HTO was greater than 1, despite its low energy.

A recent study published in The International Journal of

Radiation Biology reported improvements in the accuracy of

absorbed dose calculations for the in vitro measurements of the

RBE of HTO in a clonogenic cell survival assay: the COmpu-

tation Of Local Electron Release program was applied to cal-

culate the cell geometry and the tritium full b-decay spectrum

impact on the S-values, and subsequently for the measurement

of the RBE of HTO for clonogenic cell survival at high dose

rates. For adherent cells, an RBE of 1.6 was found when HTO

cell survival curves were compared with acute g-ray exposure;

irrespective of the geometrical configuration, the RBE was 2.0

when compared to similar dose rates.6 These findings revealed

that RBE values of 1.6 to 2.0 for HTO were evenly distributed

in cells, even with the exclusion of the long-term effect of

direct tritium incorporation in the DNA, which might be attri-

butable to end-of-track low-energy electrons.

The aforementioned studies suggest that the methods and

techniques for the decorporation and radiation protection of

HTO warrant further attention. Therefore, this study was con-

ducted to observe the effect of Chahuangjing, a traditional

Chinese medicine compound, on tritium decorporation and free

radical scavenging in mice exposed to HTO.

Materials and Methods

Components of Chahuangjing

Chahuangjing is composed of tea polyphenol extracts and

astragalus extracts (astragalus root extract ratio, 20:1). The

conventional astragalus extraction process includes water

extraction and alcohol precipitation, 70% to 95% alcohol

extraction, and refluxing. Although the contents of astragalus

polysaccharides and astragaloside obtained using these meth-

ods differ slightly, all astragalus extracts can be used for study.

The astragalus extracts used in this experiment were obtained

from astragalus roots through water extraction and alcohol pre-

cipitation. Tea polyphenols are extracted from the buds of var-

ious types of tea, such as Chinese red tea and green tea. The tea

polyphenols used in this experiment were extracted from the

buds of Longjing green tea produced in Hangzhou, Zhejiang

Province, China, which has high levels of catechins.

The compounds obtained from astragalus and tea polyphe-

nol extracts (2:1) were dissolved to final concentrations of 50

and 25 mg/mL for astragalus and tea polyphenols, respectively,

which were administered by gavage to mice.

Reagents

Tritiated water was purchased from HTA Co., Ltd (Beijing,

China). Protein, superoxide dismutase (SOD) activity, and

malondialdehyde (MDA) assay kits were purchased from

Jiancheng Bioengineering Institute (Nanjing, China).

Animals

Sixty male specific-pathogen-free-grade C57BL/6J mice

weighing 20 + 2 g were provided by the Experimental Animal

Center of Soochow University. The mice were randomly

divided into 12 groups, with 5 in each group. Four groups of

control mice were injected intraperitoneally with sterile water

(0.2 mL). Four HTO groups, the mice were intraperitoneally

injected with 11.1 � 105 Bq/g of HTO. In the other 4 groups,

the mice were administered with a single injection of 11.1�105

Bq/g of HTO and once daily with 0.2 mL of Chahuangjing by

gavage thereafter. After 1, 7, 14, and 21 days, the mice in each

group were killed after collecting blood by cardiac puncture

and organ samples were obtained.

Liquid Scintillation Counting of Tritium in Liver Tissue

Liver tissue (100 mg) was placed at the center of the bottom of

liquid scintillation cups. Perchloric acid (0.2 mL) and 30%
H2O2 (0.4 mL) were then added. The cups were heated in a

water bath at 80�C for 1 hour and then cooled to room tem-

perature and mixed with the scintillation solution for measure-

ment of tritium levels.

Effective Half-Life Calculation

The hepatic tritium data were collected based on the assump-

tion that HTO was evenly distributed in body fluids and organs,

such as the liver. Water metabolism was determined using a

one-compartment model:

A ¼ A0e
�lt ¼ A0e

�0:693t=T1=2 ð1Þ

ln A ¼ ln A0 � lt ¼ ln A0 � 0:693t=T1=2 ð2Þ

where A is the specific activity of hepatic tritium; A0 is the

initial hepatic specific activity; l is the discharge rate of hepa-

tic tritium; and T1/2 is the effective half-life of hepatic tritium.

For measurement of the specific activity of hepatic tritium,

A0, l, and T1/2 were calculated using Equation 2 after the back-

ground subtraction based on the control group data. The devia-

tion of the estimated value of l was the standard deviation

(SD). The deviation of the estimation value of T1/2 was asym-

metric and indicated by the interval.

Peripheral Blood Cell Detection

Blood samples were collected by cardiac puncture and placed

in an anticoagulant tube. A fully automated hematology analy-

zer was used to assess white blood cells, red blood cells, lym-

phocytes, neutrophils, and platelets.
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Hepatic SOD and MDA Measurement

The liver tissues were homogenized, and the supernatants were

collected after centrifugation at 4�C for 20 minutes. The pro-

tein concentration was then measured using the Bradford

method with a commercial kit (Jiancheng Bioengineering Insti-

tute, Nanjing, China) in accordance with the manufacturer’s

protocol. The SOD levels in the supernatants were detected

using the xanthine oxidation method with a commercial kit

(Jiancheng Bioengineering Institute) in accordance with the

manufacturer’s protocol. The MDA content was measured

using the thiobarbituric acid method with a commercial kit

(Jiancheng Bioengineering Institute) in accordance with the

manufacturer’s protocol; specifically, the samples were placed

in a water bath (95�C) for 40 minutes and centrifuged for 10

minutes. The supernatants were collected, and the MDA con-

tent was determined based on the measured absorbance at 532

nm.

Statistical Analysis

These data are presented as mean+SD. The peripheral blood

measurements were assessed using an analysis of variance

(ANOVA) and the differences between the groups were

assessed using a one-way ANOVA. A P value of <.05 was

considered to be statistically significant.

Results

Tritium Quantity in the Liver Tissue of Mice

The hepatic tritium levels after exposure to HTO are shown in

Table 1. We found that HTO exposure significantly increased

hepatic tritium levels at different time points. However, after

7 days, the mice administered with Chahuangjing exhibited a

clear decrease in tritium quantity, suggesting that Chahuangj-

ing significantly promoted tritium clean up after mice exposed

to HTO.

Chahuangjing Increased Tritium Removal After
Exposure to HTO

The measured value and the deviation between the fitting value

and measured value were shown in Table 2. The parameters,

including A0, l, and T1/2, were shown in Table 3. The deviation

of the estimated value of l was the SD. The deviation of the

estimated value of T1/2 was asymmetric and is indicated as the

interval.

Table 1. Tritium Quantity in the Liver Tissue of Mice.

Time (Days) Number Control Group HTO Group Chahuangjing Group

1 5 3711.72 + 304.26a 10 400 991.7 + 4 650 760.88b 9 727 025.91 + 2 116 559.25b

7 5 4421.27 + 1243.38a 3 477 780.16 + 2 081 339.71b 2 367 244.94 + 1 446 494.70b

14 5 4395.85 + 1083.18a 913 025.74 + 494 369.11b 386 329.03 + 93539.04b,a

21 5 3960.68 + 354.73 117 721.27 + 59858.83 51351.03 + 12 699.68b,a

Abbreviation: HTO, tritiated water.
aCompared to HTO group at the same time point, P < .05.
bCompared to control group at the same time point, P < .05.

Table 2. Data Before HTO Exposure, Fitting Value Deviation, and Actual Measured Value Deviation.

Time (Days)
HTO
Group

Standard
Deviation

Fitting Value
Deviation
(21 Days)

Fitting Value
Deviation
(14 Days)

Chahuangjing
Group

Standard
Deviation

Fitting Value
Deviation
(21 Days)

Fitting Value
Deviation
(14 Days)

1 1.04E þ 07 4.65E þ 06 12.77% 0.60% 9.73E þ 06 2.12E þ 06 5.09% 0.50%
7 3.48E þ 06 2.08E þ 06 �10.45% �2.27% 2.37E þ 06 1.45E þ 06 �11.42% �7.30%
14 9.13E þ 05 4.94E þ 05 �27.38% 0.27% 3.86E þ 05 9.35E þ 04 �14.48% �0.60%
21 1.18E þ 05 5.99E þ 04 19.90% 5.14E þ 04 1.27E þ 04 1.37%

Abbreviation: HTO, tritiated water.

Table 3. Estimated Parameter Values.

14 Days 21 Days

Fitting parameters l T1/2 A0 l T1/2 A0

HTO group 0.1874 + 0.054 3.699 (2.87, 5.19) 1.262E þ 07 0.2214 + 0.032 3.130 (2.73, 3.67) 1.463E þ 07
Chahuangjing group 0.2490 + 0.025 2.783 (2.53, 3.09) 1.254E þ 07 0.2637 + 0.016 2.6285 (2.48, 2.80) 1.331E þ 07

Abbreviation: HTO, tritiated water.
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The sample size was slightly insufficient for the estimation

of linear parameters, and the relative SD of single data points

was large. However, parameter estimation was effective for the

data from day 21 and day 14. The deviation of the fitting value

(Table 2) was the relative deviation of the specific activity of

the liver calculated from the fitting parameters and the actual

measurement. Although the data on day 14 exhibited a good fit

with the exponential function, it should be analyzed with cau-

tion because of the relatively small quantity of data. Given the

large individual differences in mice, tracking the measurement

with a single mouse may mitigate the individual metabolic

differences and allow for more accurate data on the effect of

experimental drugs on HTO metabolism. Collectively, the

administration of Chahuangjing significantly accelerated the

discharge rate of tritium and shortened its effective half-life.

Effect of Chahuangjing on Blood Cells After
HTO Radiation

The effects of Chahuangjing on blood cells exposed to HTO

radiation were shown in Tables 4 to 8. As shown in Table 4, the

white blood cell count clearly decreased after HTO exposure

for 7 or 14 days, whereas Chahuangjing increased the white

blood cell count. As shown in Table 5, no significant changes

were observed in lymphocytes, except for an increase on day 7.

No significant changes in neutrophils were observed (Table 6).

As shown in Table 7, red blood cells decreased only on day 14

in the HTO group. No changes were found in platelets (Table 8).

These results suggested that, to a certain extent, Chahuangjing

alleviated the HTO-induced reduction of white blood cells and

elevated red blood cells in the HTO-treated mice.

Hepatic SOD and MDA Measurement

The detection of SOD activity was summarized in Table 9.

Hepatic SOD activity began to decrease 7 days after HTO

exposure and remained lower than that in the control group

despite an increase on day 21. On days 7 and 21, the adminis-

tration of Chahuangjing promoted the activity of SOD in the

liver. These results suggest that Chahuangjing alleviated the

HTO-induced reduction of SOD activity in the liver tissue.

As shown in Table 10, the MDA content in the liver tissue

was significantly increased 21 days after HTO exposure. On

days 14 and 21, the hepatic MDA content in the Chahuangjing

group was reduced, suggesting that it eliminated free radicals

after HTO exposure.

Table 4. Peripheral White Blood Cell Counting (�109/L).

Time (Days) Control Group HTO Group Chahuangjing Group

1 3.72 + 2.12 4.09 + 1.43 2.77 + 2.10
7 4.38 + 1.60 3.23 + 1.03a 6.18 + 1.56b

14 3.55 + 0.68 2.40 + 0.37a 4.74 + 1.47b

21 6.73 + 0.70 6.83 + 0.88 8.76 + 3.17

Abbreviation: HTO, tritiated water.
aCompared to control group at the same time point, P < .05.
bCompared to HTO group at the same time point, P < .05.

Table 5. Peripheral Lymphocyte Number Counting (�109/L).

Time (Days) Control Group HTO Group Chahuangjing Group

1 2.94 + 2.18 3.29 + 1.29 1.88 + 2.08
7 1.85 + 1.53 5.31 + 1.03a 5.17 + 1.61a

14 2.74 + 0.40 1.70 + 0.49 1.61 + 1.43
21 5.75 + 0.64 5.88 + 0.68 7.18 + 2.53

Abbreviation: HTO, tritiated water.
aCompared to control group at the same time point, P < .05.

Table 6. Peripheral Neutrophil Counting (�109/L).

Time (Days) Control Group HTO Group Chahuangjing Group

1 0.52 + 0.15 0.62 + 0.21 0.74 + 0.36
7 1.45 + 0.45 0.89 + 1.72 0.90 + 0.15
14 0.63 + 0.05 0.64 + 0.03 0.78 + 0.08
21 0.82 + 0.11 0.79 + 0.17 1.36 + 0.69

Abbreviation: HTO, tritiated water.

Table 7. Peripheral Red Blood Cell Counting (�1012/L).

Time (Days) Control Group HTO Group Chahuangjing Group

1 9.57 + 0.44 9.30 + 0.41 10.32 + 0.25
7 9.64 + 0.25 9.48 + 0.35 10.20 + 0.10
14 9.98 + 0.19a 9.03 + 0.05b 10.31 + 0.12a

21 9.66 + 0.56 10.06 + 0.46 10.60 + 0.42

Abbreviation: HTO, tritiated water.
aCompared to HTO group at the same time point, P < .05.
bCompared to control group at the same time point, P < .05.

Table 8. Peripheral Platelet Count (�109/L).

Time
(Days) Control Group HTO Group

Chahuangjing
Group

1 959.60 + 154.78 1035.60 + 293.13 1113.60 + 217.91
7 850.00 + 48.01 814.33 + 23.18 744.33 + 118.81
14 969.17 + 99.55 856.17 + 62.71 883.17 + 78.94
21 765.50 + 95.47 621.20 + 156.09 754.00 + 149.90

Abbreviation: HTO, tritiated water.

Table 9. Hepatic SOD Activity (U/mg protein).

Time
(Days) Control Group HTO Group

Chahuangjing
Group

1 225.27 + 30.38 189.36 + 43.84 253.95 + 95.53
7 129.54 + 63.34 56.72 + 9.36a 121.16 + 54.97b

14 167.17 + 91.49 107.82 + 31.26a 132.61 + 83.75
21 159.08 + 48.73 104.99 + 27.59a 163.47 + 52.89b

Abbreviations: HTO, tritiated water; SOD, superoxide dismutase.
aCompared to control group at the same time point, P < .05.
bCompared to HTO group at the same time point, P < .05.
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Discussion

Tritiated water can be absorbed through the gastrointestinal

tract, respiratory tract, and skin. Tritiated water in the body is

systemic and relatively uniform in distribution and drowning

HTO is removed through urination, exhalation, or sweating.

Tritium can be incorporated into the organic molecules of

plants and animals to form OBT. Organic bound tritium that

is combined with the carbon in organic molecules is relatively

stable because it is bound by an enzymatic reaction and is not

easily exchanged. Organic bound tritium plays a role in sto-

chastic effects.

Tritium is a radionuclide contaminant, and effective meth-

ods should be adopted to prevent it from damaging organisms.

When internal HTO contamination occurs, the most widely

used strategy is to apply diuretics and drink plenty of water

(initially 1-2 L/day and 5-10 L/day thereafter) for 1 to 2 weeks,

which is the most natural and healthy method. However, this

method is not feasible in patients with diseases that render them

unable to drink much water. Diuretics can effectively clean

HTO and are classified as carbonic anhydrase inhibitors, loop

diuretics, thiazide diuretics, potassium-sparing diuretics, and

osmotic diuretics based on their mechanism of action and clin-

ical efficacy. Carbonic anhydrase inhibitors are rarely used in

clinical practice because of the weak diuretic effect, loss of

bases, and metabolic acidosis. Loop diuretics, such as furose-

mide, inhibit sodium reabsorption in the medullary loop. The

most common potassium-sparing diuretic is spironolactone,

and mannitol is the most common osmotic diuretic used in

clinical practice. In addition, thiazides, such as dihydrothia-

zide, are the most common diuretics that act primarily on the

distal tubules of the kidney and inhibit the reabsorption of

sodium and water. The adverse reaction and side effects of

diuretics should not be ignored: furosemide induces low

sodium/potassium, hypotension, blood suppression, and oto-

toxicity; spironolactone causes hyperkalemia and blood sup-

pression; hydrochlorothiazide induces kidney injury and is

not used for patients with kidney disease. Because of these side

effects of diuretics, the search for efficient, nontoxic radiopro-

tective agents for HTO is critical.

This study evaluated Chahuangjing, a traditional Chinese

medicinal compound composed of tea polyphenols and astra-

galus extracts. Tea polyphenols are a mixture of more than 30

phenolic compounds isolated from tea, which account for

approximately 30% of the dry weight of tea. Based on the

chemical structure, tea polyphenols are divided into flava-

nones, anthocyanidins, flavonols, anthocyanins, phenolic acids,

and phenolic acids. Catechins consist of epigallocatechin gal-

late, epigallocatechin, epicatechin gallate, and epicatechin.

Studies have shown that tea polyphenols have diverse biologi-

cal activities, such as anticancer, free radical scavenging, antia-

ging, antihypertensive, and antiviral activity, which are widely

used in the food and pharmaceutical industries.7,8 Astragalus

membranaceus is the most widely used herb for tonic drugs in

traditional Chinese medicine and is the main component in

many traditional Chinese medicine compounds. Chinese med-

icine practice over thousands of years has confirmed that

A. membranaceus functions to replenish qi, which strengthens

body resistance, promotes diuretic detoxification, heals sores,

and prompts muscles.9-12 It contains many chemical compo-

nents, such as polysaccharides, saponins, flavonoids, amino

acids, and certain trace elements. Our study found that Cha-

huangjing exhibits diuretic, tritium-removing, and free-radical-

scavenging effects, which reduce internal HTO radiation

injury.

In summary, Chahuangjing predominantly contains plant

extracts such as tea polyphenols and astragalus polysacchar-

ides, which can be applied for tritium cleaning and radiation

protection because of its nontoxicity and the absence of side

effects.

Authors’ Note

Xueyong Zuo and Qiu Chen contributed equally to this work. Fengmei

Cui and Qiu Chen conceived and designed the experiment. Xueyong

Zuo, Ke Zhang, Mingjiang Hu, Fengmei Cui, and Kongzhao Wang

performed the experiments. Yu Tu, Yulong Liu, and Houwen Li ana-

lyzed the data. Fengmei Cui and Qiu Chen wrote the article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by ITER (2014GB112006) and the National Natural

Science Foundation of China (grant numbers 30800922 and

81172706) and the Priority Academic Program Development of

Jiangsu Higher Education Institutions.

References

1. Johnson JR, Myers DK, Jackson JS, et al. Relative biological

effectiveness of tritium for induction of myeloid leukemia in

CBA/H mice. Radiat Res. 1995;144(1):82-89.

2. Balonov MI, Muksinova KN, Mushkacheva GS. Tritium radio-

biological effects in mammals: review of the last decade in Rus-

sia. Health Phys. 1993;65(6):713-726.

3. Tanaka K, Sawada S, Kamada N. Relative biological effective-

ness and dose rate effect of tritiated water on chromosomes in

human lymphocytes and bone marrow cells. Mutat Res. 1994;

323(1-2):53-61.

Table 10. Hepatic MDA Content (nmol/mg protein).

Time (Days) Control Group HTO Group Chahuangjing Group

1 4.71 + 1.75 7.19 + 2.51 5.95 + 1.30
7 2.56 + 1.77 2.14 + 1.17 2.45 + 1.24
14 3.46 + 2.09 4.65 + 1.06 2.37 + 0.39a

21 4.62 + 1.46 9.61 + 6.89b 7.69 + 3.55a

Abbreviations: HTO, tritiated water; MDA, malondialdehyde.
aCompared to HTO group at the same time point, P < .05.
bCompared to control group at the same time point, P < .05.

Zuo et al 5



4. Little MP, Lambert BE. Systematic review of experimental stud-

ies on the relative biological effectiveness of tritium. Radiat

Environ Biophys. 2008;47(1):71-93.

5. Little MP, Wakeford R. Systematic review of epidemiologi-

cal studies of exposure to tritium. J Radiol Prot. 2008;28(1):

9-32.

6. Siragusa M, Fredericia PM, Jensen M, Groesser T. Radiobio-

logical effects of tritiated water short-term exposure on V79

clonogenic cell survival. Int J Radiat Biol. 2018;94(2):

157-165.

7. Khan N, Mukhtar H. Tea polyphenols for health promotion. Life

Sci. 2007;81(7):519-533.

8. Richi B, Kale RK, Tiku AB. Radio-modulatory effects of Green

Tea Catechin EGCG on pBR322 plasmid DNA and murine sple-

nocytes against gamma-radiation induced damage. Mutat Res.

2012;747(1):62-70.

9. Lu S, Chen KJ, Yang QY, Sun HR. Progress in the research of

Radix Astragali in treating chronic heart failure: effective ingre-

dients, dose-effect relationship and adverse reaction. Chin J

Integr Med. 2011;17(6):473-477.

10. Zhao WX, Cui N, Jiang HQ, et al. Effects of radix astragali and its

split components on gene expression profiles related to water

metabolism in rats with the dampness stagnancy due to spleen

deficiency syndrome. Evid Based Complement Alternat Med.

2017;2017:4946031.

11. Xu T, Feng G, Zhao B, et al. A non-target urinary and serum

metabolomics strategy reveals therapeutical mechanism of Radix

Astragali on adjuvant-induced arthritis rats. J Chromatogr B Ana-

lyt Technol Biomed Life Sci. 2017;1048:94-101.

12. Su G, Chen X, Liu Z, et al. Oral Astragalus (Huang qi) for pre-

venting frequent episodes of acute respiratory tract infection in

children. Cochrane Database Syst Rev. 2016;12:CD011958.

6 Dose-Response: An International Journal



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


