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Abstract In this paper the level of selenium and mercury is

analyzed in edible part and liver of Psettodes erumei and

Otolithes ruber two commercial fish in Persian Gulf. The

average concentration of Hg and Se in edible parts of

P. erumei was 0.077 ± 0.062 and 0.044 ± 0.018 (lg g-1ww),

and in liver was 0.127 ± 0.122 and 0.132 ± 0.610

(lg g-1ww) respectively. In O. ruber, the average concen-

tration of Hg and Se in edible parts was 0.348–0.27 and

0.06 ± 0.021 (lg g-1ww) and in liver was 0.176 ± 0.174

and 0.093 ± 0.022 (lg g-1ww), respectively. P. erumei has

higher mean molar ratio Se/Hg (1.98) compared to O. ruber

(0.88).
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Fish are used as good indicators of heavy metals in aquatic

systems. Likewise, fish is the main source of trace elements

like mercury and selenium in human diet. Approximately

90% of human health risk related to fish consumption is

associated to mercury-contaminated fish (Burger and

Gochfeld 2005; Ruelas-Inzunza et al. 2008; Berry and

Ralston 2008). According to neurotoxic effect of mercury,

it is listed as one of the six, most dangerous chemical

substances by International Program of Chemical Safety

(IPSC) (Bhattacharyya et al. 2010; Raymond and Ralston

2004). The intake of Se could be a nutritional factor that

modifies the toxicity of MeHg and evaluations of health

risk posed by Hg exposure requires coincident consider-

ation of the Se and Hg content in particular species (Ray-

mond and Ralston 2004).

Persian Gulf is the main source of fishery in south of Iran.

There is no evidence regarding natural resources of mercury

in site, while most of mercury pollution is related to oil

industry. The aim of this study was to determine the mer-

cury and selenium content of selected fish to investigate the

correlation between these two elements and determine the

accurate Hg exposure in local population through fish intake

and to assess whether or not selenium is adequate to mer-

cury detoxification. Population of this region has fish–based

diets and this study is the first report of mercury and sele-

nium concentration simultaneously in Persian Gulf.

Materials and Methods

According to USEPA recommendation to examine a pred-

ator species and a bottom species for contamination moni-

toring study (Mcclain et al. 2006), we chose two species that

have more consumption rate in south of Iran, i.e., Otolithes

ruber as predator and Psettodes erumei as the bottom fee-

der. The details of species characteristics are summarized in

Table 1. O. ruber (22) and P. erumei (40) were caught in

shore of Khuzestan province in Iran. Samples were placed

on ice and moved to laboratory then weighed, and their

standard and total lengths were measured. Liver and edible

parts were removed and placed in polyethylene bags, which

were then labeled and stored at -20�C.
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Homogenous mass was obtained and wet weight of each

sample was recorded. Samples were freeze-dried (OPER-

FDU-7012) for 24 h to get at stable weight then dry

weights of samples were measured. Afterwards, specimens

were powdered and kept in polyethylene bottles to be

analyzed. All containers and laboratory tools were washed

with detergent, pure water and put in nitric acid (20%) for

24 h. They were finally rinsed with double distilled water

and dried. Nitric acid (65%) was of regent grade (Sharlau).

H2O2 30% was extra-pure (Merck), and deionized water

used for all dilution was (0.05 lmc).

Total mercury was determined by Atomic Absorption

Spectrometry Leco AMA-254. Accuracy of total Hg anal-

ysis was checked by running three samples of Standard

Reference Materials (SRM) (National Institute of Stan-

dards and Technology (NIST)): SRM 1633b, SRM 2709,

and SRM 2711. Recovery varied between 94.8% and

105%. The detection limit of the method used was

0.001 mg/kg in dry weight. For AAS measurement,

approximately 1.0 g of each homogenized dry sample was

digested with 9 mL HNO3 (65%) and 3 mL H2O2 (30%) in

closed digestion vessels and digestion procedure was based

on EPA3052 update method by using Microwave digester

(Milestone START D).

After cooling the vessels, digested content was diluted

to 25 mL with ultra-pure water and Se concentration was

assayed by using Graphic Furnace Atomic Absorption

Spectrophotometer (Perkin Elmer 3030) with background

correction and detection limit of 0.20 lg/g wet weights. All

specimens were run in batches which included blanks,

spiked specimens and standard calibration curve. The

average accepted recovery for spike was 96%. Also 20% of

samples were analyzed twice. Statistical analysis was car-

ried out by using Excel and SPSS software. After normality

test (Kolmogrov-Smirnov), we chose non-parametric cor-

relation due to the obtained results.

Results and Discussion

Table 2 lists the concentration of mercury and selenium in

all samples. High concentration of Hg was found in edible

part of O. ruber (1.41 lg g-1ww) whose diet was com-

pletely dependent on zoobenthos. Furthermore, the average

size and weight in O. ruber were higher than those in P.

erumei (p \ 0.05). Then, higher mercury content in O.

ruber is due to longer time of exposure to mercury in this

species. Mercury concentration in edible part of P. erumei

was significantly lower than that in liver (p \ 0.05). The

difference of mercury content in species can reflect dif-

ferences in tropic level, habitat condition, and feeding

behavior (Chen et al. 2002; Burger et al. 2001). The dif-

ference in studied species was certainly caused by habitat

condition and size dissimilarity.

According to uniform size of O. ruber, significant cor-

relation (p \ 0.05) was found between mercury concen-

tration and weight and length only in P. erumei.

Correlation between weight and length with mercury has

been discussed in numerous studies (Jewett and Duffy

2007; Chen et al. 2002; Burger et al. 2001). Also, such

correlation may not exist when growth of species stops and

fish are mature, although mercury accumulation continues

(Burger et al. 2001).

Compared to EPA standard (0.2 ppm critical value for

human consumption and 0.3 ppm) Hg concentration in

edible part of O. ruber showed significantly higher mercury

content. In P. erumei, no significant difference was

observed between Hg concentration and standards, and all

data were below the standard level.

Selenium is a micronutrient element, but in high con-

centration causes adverse effects. International standard for

selenium range is from 0.3 to 2 ppm (Burger and Gochfeld

2005). Concentration of selenium in this study (both spe-

cies) is significantly lower than adverse level for species

themselves and human consumption. Selenium content in

liver of both species was higher than that in edible part.

Due to the role of the liver as storage organ for glutathione

(Parkman and Hultberg 2002), it is expectable to find more

selenium in liver than edible parts, and similar results have

been reported by Hamilton (2004).

There are significant differences in levels of selenium in

the two species. Higher selenium level in P. erumei can

refer to habitat condition as a sedimentary fish because

sediment accumulated more selenium and benthic organ-

ism linked to selenium exposure (Hamilton 2004). Like-

wise, we did not find significant correlation between

selenium level with size and weight in both species.

Significant correlation between selenium and mercury

concentration reflect beginning the detoxification process

and proceeding of Hg–Se complex, detoxification process

is under the influence of species type, tissue properties,

chemical form of selenium and mercury, and the exact

Table 1 Feeding habit and biometry of selected species

Species Diet favorable Ecology Mean ave

(weight, g)

Mean ave

(length, cm)

Psettodes erumei Nekton (bony fish) Intertidal 735.5 36.1

Otolithes ruber Zoobenthos (shrimps/prawns) Intertidal 1,138.59 48.4
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mechanism are not apparent (Lourdes et al. 1991; Chen

et al. 2002). Positive correlation was found between the

two elements in both species and highest correlation was in

edible part of O. ruber. But this correlation was not sta-

tistically significant in both species.

More than 90% of total Hg concentration in fish is

formed as methyl mercury (Ruelas-Inzunza et al. 2008);

then we can estimate the monthly consumption rate by

using EPA calculation as follows:

R (meals mo�1Þ ¼ ½ðRFDÞ � BW

� ð30:44Þ dmol�1�=½CF (IR)�

RFD stands for reference dose that was set about

0.0001 mg kg-1, BW represents body weight which is

expected to be 70 kg in adults and 14.5 kg in children, CF

denotes methyl mercury in specimen (mg kg-1) and IR

stands for consumption rate which is assumed to be

227 g week-1.

Allowable fish consumption rate for adult was achieved

to be 2.6 meals for O. ruber and 13.4 meals for P. erumei.

Also, the allowable consumption level for children was

calculated to be 2.7 and 0.5 meals respectively, for P. er-

umei and O. ruber. Since 2003, several investigations have

been performed by Faculty of Natural Resource and Mar-

ine Science, Tarbiat Modares University (TMU) in Persian

Gulf; the results are summarized in Table 3.

All data are represented as dry weight. We assume dw/

ww ratio to be approximately 0.3 for all species and data

was converted to wet weight for comparison of Hg con-

centration with EPA standard (0.2 ppm). All of fish species

studied except P. erumei had mean concentration above

EPA value. Mercury average in edible part of fishes from

Persian Gulf is 2.09 ppm with maximum average of

5.61 ppm.

To obtain molar ratio in studied species, all data are

converted to wet weight and then calculated as mole con-

centurion by using the following formula:

1000

� ppm ww=atomic weight (atomic weigh of selenium

: 78:96 g mol�1; mercury : 200 g mol�1Þ:

The avearege mole concentration of elements and Se/Hg

ratio are summerized in Table 4. Se/Hg molar ratio in both

species except edible part of O. ruber is more than 1.0, but

P. erumei has higher mean molar ratio (1.98) compared to

O. ruber (0.88). This is due to a combination of high

mercury and low selenium content in edible part of

O. ruber.

After classification of P. erumei into three class sizes

based on EPA method reported by Mcclain et al. (2006),

mercury and selenium concentrations were set in each

class. The results show through smaller size, amont of

Table 2 Mercury and Selenium concentration in Otolithes ruber and Psettodes erumei (lg g-1 ww)

Mean Se (ppm) ± SD Max Se Min Se Mean Hg (ppm) ± SD Max Hg Min Hg Tissue Species

0.132 ± 0.061 0.341 0.043 0.127 ± 0.122 0.510 0.007 Liver Psettodes erumei

0.44 ± 0.018 0.117 0.006 0.077 ± 0.062 0.248 0.005 Edible part

0.093 ± 0.022 0.125 0.039 0.176 ± 0.174 0.942 0.003 Liver Otolithes ruber

0.060 ± 0.021 0.118 0.028 0.348 ± 0.27 1.414 0.106 Edible part

Table 3 Total Mercury level in fishes and shrimp from Persian Gulf

(2003-2006)

Hg (lg/g ww)

edible part

Sampling area Species

1.34 Khuzestan Otolithes ruber

0.35 Khuzestan Psettodes erumei

1.00 Boosheher Carcharhinus dussumieri

1.5 Boosheher (Dayir) Carcharhinus dussumieri

1.45 Boosheher(Gonaveh) Carcharhinus dussumieri

5.61 Hormozgan Euryglossa orientalis

3.38 Khuzestan (Mahshar) Boleophthalmus dussumieri

0.3 Persian Gulf Penaeus semisulcatuse

0.08 Persian Gulf Penaeuse merguiensis

1.1 Persian Gulf Metapenaeus stabbbingi

0.21 Persian Gulf Metapenaeus affinis

0.08 Persian Gulf Parapenaeupsis stylifera

Table 4 Mol concentration and molar ratio of selected species in Persian Gulf

Species Mean Hg nmol (g-1) Mean Se nmol (g-1) Se/Hg Hg/Se

Liver Edible part Liver Edible part Liver Edible part Liver Edible part

Psettodes erumei 0.64 0.38 1.63 0.56 2.5 1.47 0.39 0.67

Otolithes ruber 0.88 1.73 1.18 0.76 1.34 0.43 0.74 2.2
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Mercury decrease and Selenium concentration increase

(Table 5) regarding the hypothesis that species with the

lowest mercury content had the highest level of selenium

(Campbell et al. 2010; Burger et al. 2001). This investi-

gation suggests that inside the species, smaller species have

higher selenium content.

Acknowledgments We would like to appreciate the helps of the

followings, had it not been for their contribution it was impossible to

carry out such comprehensive research. This study was supported by

Faculty of Natural Resource and Marine Science, Tarbiat Modares

University (TMU) and Environmental Research Center through sup-

port of the staff and executive members of Khuorasan Environmental

Research Center.

References

Berry MJ, Ralston NVC (2008) Mercury toxicity and the mitigating

role of selenium. Ecol health 5:456–459

Bhattacharyya S, Chaudhuri P, Dutta S, Chandra Santra S (2010)

Assessment of total mercury level in fish collected from East

Calcutta Wetlands and Titagarh sewage fed aquaculture in West

Bengal, India. Bull Environ Contam Toxicol 84:618–622

Burger J, Gochfeld M (2005) Heavy metals in commercial fish in

New Jersey. Environ Res 99:403–412

Burger J, Gaines KF, Boring CS, Stephens WL, Snodgrass J,

Gochfeld M (2001) Mercury and selenium in fish from the

Savannah River, species, trophic level and locational difference.

Environ Res 87:108–118

Campbell JW, Waters MN, Tarter A, Jackson J (2010) Heavy metal

and selenium concentrations in liver tissue from wild American

alligator (Alligator mississippiensis) livers near Charleston,

South Carolina. J Wildl Dis 46:1234–1241

Chen MH, Shih CC, Chou CL, Chou LS (2002) Mercury organic-

mercury and selenium in small cetaceans in Taiwanese waters.

Mar Pollut Bull 45:237–245

Hamilton SJ (2004) Review of selenium toxicity in the aquatic food

chain. Sci Total Environ 326:1–31

Jewett SC, Duffy LK (2007) Mercury in fishes of Alaska with

emphasis on subsistence species. Sci Total Environ 387:3–27

Lourdes MA, Cuvin-Aralar A, Furness RW (1991) Mercury and

Selenium interaction: a review. Ecotoxicol Environ Saf 21:

348–364

Mcclain WC, Chumchal MM, Drenner RW, Newland LW (2006)

Mercury concentration in fish from Lake Meredith, Texas,

implication for the issuance of fish consumption advisors.

Environ Monit Assess 123:249–258

Parkman H, Hultberg BH (2002) Occurrence and effect of Selenium

in the environment (a literature review). IVl Swedish Environ-

mental Research Institute. Goteborg, Sweden

Raymond LJ, Ralston NVC (2004) Mercury: Selenium interactions

and health implications. Seychelles Med Dent J 7(1):72–77

Ruelas-Inzunza J, Meza-Lopez G, Paez-Osuna F (2008) Mercury in

fish that are of dietary importance from the coasts of Sinaloa (SE

Gulf of California). J Food Compost Anal 21(3):211–218

Table 5 Selenium mercury molar ratio in Pesstodes erumei for 3 class size

Number Class size (cm) Weight Length (cm) Mean Hg nmol(g–1) Se/Hg

9 41.6–55.3 1,585.5 47.5 158.5 0.57

15 31–41.6 621.8 35.9 65.6 1.83

13 \31 284.5 27.9 40.9 2.7

514 Bull Environ Contam Toxicol (2011) 86:511–514

123


	Mercury and Selenium Content in Otolithes ruber and Psettodes erumei from Khuzestan Shore, Iran
	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


