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Abstract A study was conducted to determine the
response of the rooted submersed macrophyte, Vallisneria
spiralis to phenanthrene in freshwater sediments with ini-
tial phenanthrene concentrations from 0 to 80 mg kg™ ' dry
sediment. The sensitivity of various morphological end-
points was evaluated after 90 days of exposure. The most
sensitive toxicity test endpoints were those that reflected
root growth. Toxicological sensitivity of the endpoints
changed with the effect level selected. The toxicity
threshold from a plot of the EC,, values was 1-2 orders of
magnitude lower than those calculated for the threshold
from plots of the EC,5 or ECs, values. In addition, stim-
ulatory responses (hormesis) on root growth were observed
at subtoxic concentrations of phenanthrene, and a hormetic
model should thus be incorporated for ecological risk
assessment.

Keywords Endpoint sensitivity - Hormesis -
Phenanthrene - Sediment - Submersed macrophyte -
Vallisneria spiralis

In the freshwater sediment ecological risk assessment
procedure for organic contaminants, such as polycyclic
aromatic hydrocarbons (PAHs), most standard test methods
designed to determine sediment toxicity recommend ani-
mal species (Volpi Ghirardini et al. 2005; Weston et al.
2010) and a relatively small number of species of aquatic
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plants (Lewis et al. 2001; Turgut and Fomin 2002). The
most commonly used aquatic plants in toxicity tests are
algae and Lemnaceae (Lewis 1995). However, these spe-
cies are not representative of all plants, and they may be
less sensitive than rooted macrophytes to certain organic
contaminants (Belgers et al. 2007). Even though the use of
rooted submersed macrophytes has been limited in sedi-
ment toxicity studies compared to the use of algae and free-
floating plants (Biernacki et al. 1997; Cedergreen et al.
2004), the macrophytes do possess some attributes that are
lacking in free-floating plants. They are exposed to con-
taminants in both the sediment and overlying water, and
allow for several morphological endpoints to be tested,
such as root length and number, stolon length and leaf
length (Biernacki et al. 1997; Arts et al. 2008). Vallisneria
spiralis is a perennial rooted submersed macrophyte with a
high adaptive capability and a wide geographical range
(Wang and Yu 2007). It has been found to be useful for the
biomonitoring of toxic metals (Vajpayee et al. 2001) and
organochlorine contaminants (Biernacki et al. 1997). We
evaluated its use for phytoremediation of contaminated
sediments, and found that it was capable of significantly
decreasing the concentration of phenanthrene in sediments
(Yan et al. 2011). However, limited information is
available on the toxicity of phenanthrene to V. spiralis.
A growth stimulatory response at toxicant concentrations
lower than those that cause growth inhibition (i.e., hor-
mesis) has been reported in some toxicological studies with
plants (McCann et al. 2000; Belgers et al. 2007). For
example, shoot length of Myriophyllum spicatum showed
significant stimulation at PAHs concentrations below
13 mg L' (McCann et al. 2000).

In this study, the sensitivities of various endpoints for
V. spiralis were evaluated following its exposure to phen-
anthrene in sediment. Further, the phenomenon of hormesis
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was investigated in terms of its possible role in risk
assessment.

Materials and Methods

The rooted submersed macrophyte Vallisneria spiralis and
bulk sample of surface sediment were collected about
1 week prior to the start of the experiments from East
Taihu Lake (31°10'N, 120°24’E) in China. The macrophyte
was placed in vessels in a greenhouse for acclimation.
Sediment samples were sieved through a 0.5 cm sieve,
and then stored at 4°C until use. The background concen-
tration of phenanthrene in the sediment samples was
0.0086 mg kg~'. The phenanthrene-spiked sediments with
five different initial phenanthrene concentrations (8, 24, 40,
56, and 80 mg kg~ dry sediment) were artificially pre-
pared using methanol as a carrier, as described previously
(Yan et al. 2011). A control group without spiked phen-
anthrene was also set up. Each treatment had three
replicates.

Sediment (110 g wet weight per vessel) was placed at
the bottom of plastic vessels (diameter 16 cm, and height
25 cm) in a greenhouse. Three seedlings of V. spiralis of
similar size (3—4 leaves, <1 cm root, 4.90 £ 0.35 g fresh
weight) were transplanted into each test vessel. Vessels
were filled with 5.0 L of tap water at a depth of 22.5 cm.
Nutrients were added from a stock solution to obtain
nutrient concentrations in the overlying water as described
previously (Cleuvers and Ratte 2002). These amounts of
nutrients and trace elements were added to each vessel
once a week for plant growth. In addition, filtered water
was also added once a week to compensate for evaporation
loss. All test vessels were illuminated by 4 daylight lamps
(36 W lamps) producing 2655 Lux illumination at vessel
surface in a light regime of 12 h light and 12 h darkness.
To ensure that all test vessels received the same amount of
light, they were randomly moved around at regular time
intervals. The experiment lasted for 90 days. At the end of
the experiments, plants in test vessels were harvested,
rinsed with distilled water, and separated into leaf, stolon
and root components. Twelve endpoints of plant growth
and morphology covering leaf, stolon and root develop-
ment were measured (Table 1).

Data for the various endpoints were evaluated using
non-linear regression techniques with Origin software
(OriginPro 7.5, OriginLab Corporation, USA). The testing
models were Logistic and Hormetic according to a previ-
ous report (Hanson and Solomon 2004). To evaluate the
significance of hormesis, the effective concentrations (EC,)
of a number of endpoints from V. spiralis were calculated
using models excluding and including hormesis. Effect
measures were calculated at three levels, EC;o, EC,5 and
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EC5q for each endpoint when possible. The threshold of
toxicity for phenanthrene was calculated according to
documented methods (Hanson and Solomon 2002). Briefly,
effect measures at each of the three calculated levels (EC,
EC,s and ECsy) were plotted as a cumulative frequency
distribution using a probability scale on the y-axis as a
function of the log concentration. Plotting positions were
expressed as percentages and calculated from the Weibull
formula:

100 x i/(n+1) (1)

where i is the rank of the datum and n is the total number of
data points in the data set. Data were plotted and linear
regressions on the transformed data were calculated using
the Origin software. A low centile (1%) from a distribution
of EC ps was deemed as the threshold of toxicity.

Phenanthrene in sediment samples was extracted with
dichloromethane and analyzed by a high-performance
liquid chromatograph (HPLC) (Agilent 1200, USA)
according to a procedure described elsewhere (Yan et al.
2011). Chromatography was performed at 30°C with
phenanthrene detected at 254 nm. The reproducibility and
recovery of the extraction method for the spiked samples
were satisfactory, with 89.7 £ 3.6% recovery for sediment.

All data were subject to strict quality control procedures.
Statistical analyses were done using the OriginPro software
with one-way ANOVA and Fisher LSD for comparison of
treatment means with p < 0.05. A p < 0.05 was considered
significant.

Results and Discussion

Relatively small differences were observed in the measured
water quality conditions with water temperature at
22 £ 2°C, pH at 7.83 £ 0.92, and dissolved oxygen at
7.42 + 0.56 mg L™" during the experiment.

The EC;y, EC,5 and ECsq values, the equation used to
model the relationship, and the corrected * values are
shown in Table 1. As shown in Table 1, sensitivities of
toxicological endpoints changed with the effect level
chosen for comparison. At the EC;, root total length was
the most sensitive endpoint, while root dry weight was the
most sensitive endpoint at the ECs,. Since no single mor-
phological endpoint was consistently the most sensitive in
this study, sediment toxicity tests using rooted macrophytes
should include various endpoints. In fact, morphology-
related variations in endpoint sensitivities to toxicants are
common in aquatic macrophytes (Biernacki et al. 1997). In
this study, a comparison of the twelve morphological
endpoints showed that the submersed macrophyte was
generally more tolerant in terms of growth/biomass and
shoot endpoints, but less tolerant in terms of root endpoints



Bull Environ Contam Toxicol (2011) 87:129-133

131

Table 1 The laboratory-derived EC, values (mg kg™") calculations for endpoints, including 95% confidence intervals (parentheses) and

regression variable values

Endpoint ECo ECys ECso Model Variables Corrected
2
r
Dry weight of root 0.049 (0, 0.127) 2.32 (0, 3.62) 4.69 (0, 15.77) Logistic a = 0.40; b = 0.94; x = 4.69 0.71
in sediment (g)
Wet weight of root 0.24 (0, 0.54) 2.8 (0.86,4.74)  7.47 (3.39, Logistic a=199;b=1.27;x =747 0.99
in sediment (g) 11.55)
Average length of root 0.03 (0, 0.08) 1.85(0.51,3.19) 6.09 (0, 21.23) Logistic a = 8.66; b = 0.51; x = 6.09 0.99
in sediment (cm)
Total length of root 0.017 (0, 0.046) 0.36 (0, 0.73) 8.75 (0, 22.12)  Logistic a = 2784; b = 0.38; x = 8.75 0.99
in sediment (cm)
Average length of root 11.42 (0,22.42) 16.23 (0,34.21) 26.67 Hormetic t = 0.18; h = —2.98¢*; 0.99
outside sediment (cm) (-23.03,76.38) b =095 x = 26.67
No fit No fit No fit Logistic - -
Dry weight of total 34.50 (21.96, 47.54 (33.43, 61.89 (47.22, Hormetic t = 0.39; h = 0.03; b = 2.44; 0.92
root (g) 47.04) 61.65) 76.56) x = 61.89
78.4 (x—X) 80.3 (x—x) 82.49 (x—x) Logistic a=0.51; b =42.2; x = 82.49 0.27
Number of total root 9.08 (7.49, 14.00 21.21 (16.90, Hormetic t = 182.28; h =0.09; b = 1.31; 0.99
10.67) (11.23,16.77) 25.53) x = 21.21
No fit No fit No fit Logistic - -
Dry weight of stolon (g) 37.09 41.19 46.52 (37.52, Hormetic t=0.27; h =0.22; b = 3.17; 0.92
(28.80,45.38) (33.02,49.36) 55.45) x = 46.52
79.58 (x—x) 79.68 (x—x) 79.94 (x—x) Logistic a = 1.03; b = 82.9; x = 79.94 0.17
Total length of 36.05 37.53 39.88 (28.68, Hormetic t = 10.87; h = 0.60; b = 2.26; 0.92
stolon (cm) (16.15,55.95) (22.1,52.97) 51.10) x = 39.88
No fit No fit No fit Logistic - -
Dry weight of the total 57.15 70.2 >80 Logistic a = 2.49;b =4.30; x > 80 0.81
biomass (g) (42.87,71.43) (62.2,78.37)
Relative growth rate (%) 79.12 (x—X) >80 >80 Logistic a = 0.02; b = 40.61; x > 80 0.79
>80 >80 >80 Hormetic t = 0.02; h = 0.004; b = 32.6; 0.89
x > 80
Leaf length (cm) 79.10 (x—x) 79.64 (x—x) >80 Logistic  a = 40.90; b = 29.36; x > 80 0.48

> means ECs higher than the highest test concentration. a, b, t, h are constants of regression models. x—x indicates that it is not possible to

calculate a confidence interval. — indicates that no data are available. No fit means that no convergence is obtained in the model

(Table 1). Growth or biomass and shoot endpoints were
several orders of magnitude less sensitive than the root
endpoints. This implied that even at high phenanthrene
concentrations where root endpoints were affected, the
plant was still viable and would be able to grow again once
concentrations of the toxicant decreased.

With a reduction of phenanthrene concentration, the
sensitivity of morphological endpoints changed. This vari-
ation was also observed in other studies (McCann et al. 2000;
Hanson and Solomon 2004). Organic contaminants like
phenanthrene are first absorbed by the roots of V. spiralis,
and then translocated to other parts (Schnoor et al. 1995).
Thus, growth limitations induced by phenanthrene might
have their first effects on roots. Root endpoints, reflecting
root growth in sediments, were most sensitive.

Five endpoints (number and dry weight of total root,
average length of root outside sediment, and total length
and dry weight of stolon of V. spiralis) were found to
exhibit a concentration—response pattern that clearly
showed the phenomenon of hormesis. In these cases, curve-
fitting with a hormesis model to calculate EC, values was
more appropriate than fitting achieved using a logistic
model that did not allow for hormesis. The concentration—
response relationship generated from data in Table 1
allowed for plotting cumulative frequency distributions of
effect measures for V. spiralis according to the Weibull
equation. The distributions were found to fit a log-normal
curve quite well, with r* values generally above 0.85
(Fig. 1; Table 2). Root in sediment endpoints were located
in the lower end of the curves, whereas growth/biomass
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Fig. 1 Measurement distributions about effect of phenanthrene in
sediments using the Weibull equation for V. spiralis using 90 EC,o,
EC,s and ECs, values. The dashed line the threshold of toxicity for
that distribution

and shoot endpoints were situated in the upper part. In
addition, the endpoint distribution curves like EC ;o showed
that concentrations for growth/biomass/shoot endpoints
and root in sediment endpoints differed by a factor of
100-1,000.

The distributions were used to estimate a threshold of
toxicity, which was defined as a low centile (1%) of the
distribution. The threshold was interpreted as the concen-
tration below which no adverse impact should be observed
for any endpoint, based on the specific effect level selected.
A toxicity threshold (0.0065 mg kg™") was found to be a
more conservative measure of toxicity for risk estimation
than the lowest calculated EC;o (Table 1). The ratios
between the lowest EC;y and the corresponding toxicity
threshold were equal to 2.63. The toxicity threshold from
EC,( distribution plotted was 1-2 orders of magnitude
lower than those calculated for EC,5 and ECsy. According
to these distributions, the toxicological risk that a con-
taminant might cause in the field to an aquatic macrophyte
could be accurately and effectively estimated with labo-
ratory data.
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Fig. 2 A representative example of hormetic model used to describe
the effect of phenanthrene-contaminated sediments on the total root
number of plant. The asterisks statistically significant data

Stimulatory responses of phenanthrene on root growth
were observed during the experiment (Table 1; Fig. 2).
A representative example of responses consistent with the
hormetic phenomenon is provided in Fig. 2. A stimulatory
response in total root number occurred at the phenanthrene
concentrations of 8, 24 and 40 mg kg_l. However, the total
root number in the highest treatment of 80 mg kg™' was
less than that in the control. This inverted U-shaped curve
as shown in Fig. 2 is the most common form of the
hormetic concentration-response curve depicting low-
concentration stimulatory and high-concentration inhibi-
tory responses (Calabrese and Blain 2009). Interestingly,
the number of roots growing above the sediment in the
treatments with spiked phenanthrene was greater than the
number in the control, which indicated that V. spiralis may
change its root growth morphology in order to decrease the
toxicity on plant growth when exposed to phenanthrene in
sediment. In fact, many plants may develop adaptive
response mechanisms to toxicants in sediment (Calabrese
and Blain 2009). When plants are exposed to toxic

Table 2 Regression coefficients and intercepts for phenanthrene toxicity distributions for V. spiralis as calculated using the Weibull equation

Distributions y = ax + b* Regression intercepts (mg kg™")° n®
a b r Toxicity threshold

ECo 39.68 17.67 0.85 0.0065 12

ECss 12.08 33.67 0.90 0.47 12

ECsg —22.30 49.46 0.98 2.96 12

? These values are transformed into units of log and probit for the purposes of regression, and backtransforms were used to calculate the

intercepts. The distribution units were in mg kg™

" The toxicity threshold is the 1 centile of the toxicity distribution
¢ Number of data points used in the ranking
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compounds, they can respond to unfavorable growing
conditions by producing more seeds or stolons, giving the
next generation a greater opportunity to germinate under
more favorable conditions. Therefore, hormetic responses
such as low levels of site contamination have been reported
to be associated with enhanced growth and enhanced
uptake of contaminants from the sediment by plants
(McCann et al. 2000; Nwaichi et al. 2010).

Hormesis has usually been ignored in ecological risk
assessment (Calabrese and Baldwin 2003). Since hormesis
is an unpredictable phenomenon, test models with and
without hormesis should be considered in all cases. In this
study, EC, values were calculations based on both the
logistic and hormetic models. When endpoints showed
significant hormesis, the EC, values predicted with the
hormesis model provided improved estimates of an EC,
value than the logistic model. In addition, several other
studies have shown that the hormesis model is superior to
other concentration-response models in its ability to pre-
dict stimulatory responses and calculate EC, values,
regardless of whether the effects are stimulatory or inhib-
itory (Calabrese and Baldwin 2003; Calabrese and Blain
2009). Our study has confirmed that the hormetic model
should be considered for ecological risk assessment.

Acknowledgments This work was supported financially by the
National Natural Science foundation of China (Grant No.40971279
and 51079139), Innovation Program of the Chinese Academy of
Sciences(KZCX2-EW-314), and the Major State Basic Research
Development Program of China (973 Program, No.2008CB418005).

References

Arts GHP, Belgers JDM, Hoekzema CH, Thissen JTNM (2008)
Sensitivity of submersed freshwater macrophytes and endpoints
in laboratory toxicity tests. Environ Pollut 153:199-206

Belgers JDM, Van Lieverloo RJ, Van der Pas LJT, Van den Brink PJ
(2007) Effects of the herbicide 2, 4-D on the growth of nine
aquatic macrophytes. Aquat Bot 86:260-268

Biernacki M, Lovett-Doust J, Lovett-Doust L (1997) Laboratory
assay of sediment phytotoxicity using the macrophyte Vallisne-
ria Americana. Environ Toxicol Chem 16:472-478

Calabrese EJ, Baldwin LA (2003) Toxicology rethinks its central
belief. Nature 421:691-692

Calabrese EJ, Blain RB (2009) Hormesis and plant biology. Environ
Pollut 157:42-48

Cedergreen N, Streibig JC, Spliid NH (2004) Sensitivity of aquatic
plants to the herbicide metsulfuron-methyl. Ecotoxicol Environ
Saf 57:153-161

Cleuvers M, Ratte HT (2002) Phytotoxicity of coloured substances: is
Lemna duckweed an alternative to the algal growth inhibition
test? Chemosphere 49:9-15

Hanson ML, Solomon KR (2002) New technique for estimating
thresholds of toxicity in ecological risk assessment. Environ Sci
Technol 36:3257-3264

Hanson ML, Solomon KR (2004) Haloacetic acids in the aquatic
environment. Part I: macrophyte toxicity. Environ Pollut
130:371-383

Lewis M (1995) Use of freshwater plants for phytotoxicity testing: a
review. Environ Pollut 87:319-336

Lewis MA, Weber DE, Stanley RS, Moore JC (2001) The relevance
of rooted vascular plants as indicators of estuarine sediment
quality. Arch Environ Contam Toxicol 40:25-34

McCann JH, Greenberg BM, Solomon KR (2000) The effect of
creosote on the growth of an axenic culture of Myriophyllum
spicatum L. Aquat Toxicol 50:265-274

Nwaichi EO, Onyeike EN, Wegwu MO (2010) Characterization and
safety evaluation of the impact of hydrocarbon contaminants on
ecological receptors. Bull Environ Contam Toxicol 185:199-204

Schnoor JL, Licht LA, McCutcheon SC, Wolfe NL, Carreira LH
(1995) Phytoremediation of organic and nutrient contaminants.
Environ Sci Technol 29:318A-323A

Turgut C, Fomin A (2002) Sensitivity of the rooted macrophyte
Mpyriophyllum aquaticum (Vell.) verdcourt to seventeen pesti-
cides determined on the basis of EC(50). Bull Environ Contam
Toxicol 69:601-608

Vajpayee P, Rai UN, Ali MB, Tripathi RD, Yadav V, Sinha S (2001)
Chromium-induced physiologic changes in Vallisneria spiralis
L. and its role in phytoremediation of tannery effluent. Bull
Environ Contam Toxicol 67:246-256

Volpi Ghirardini A, Arizzi Novelli A, Tagliapietra D (2005) Sediment
toxicity assessment in the Lagoon of Venice (Italy) using
Paracentrotus lividus (Echinodermata: Echinoidea) fertilization
and embryo bioassays. Environ Int 31:1065-1077

Wang JW, Yu D (2007) Influence of sediment fertility on morpho-
logical variability of Vallisneria spiralis L. Aquat Bot
87:127-133

Weston J, Warren C, Chaudhary A, Emerson B, Argote K, Khan S
(2010) Use of bioassays and sediment polycyclic aromatic
hydrocarbon concentrations to assess toxicity at coastal sites
impacted by Hurricane Katrina. Environ Toxicol Chem
29:1409-1418

Yan ZS, Guo HY, Song TS, Hu Y, Jiang HL (2011) Tolerance and
remedial function of rooted submersed macrophyte Vallisneria
spiralis to phenanthrene in freshwater sediments. Ecol Eng
37:123-127

@ Springer



	Toxicity of Phenanthrene in Freshwater Sediments to the Rooted Submersed Macrophyte, Vallisneria spiralis
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 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 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


