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120°37'561"E) (1]
2 mm
1.2 <1
4 5 [15]
3
25 cm THQ:EFXEDXFIRXC )
4 kg 2012 7 17 RIDx BW x AT
2 4 10
31 <
TTHQ = THQ @)
i=1
EF (365 d/a) ED
(702) F 1 (g/d)
1.3 3892 ¢g 1984¢ C
(mg/kg) BW (kg) 559kg
5 pH Eh 32.7kg AT (25550 d)
RD (ug/(kg:|d)) Cd Cr Cu Ni Pb
Zn 1 1500 40 20 3.5
300 pg/(kg-d)!'
NaHCO, L ng/(kg-d)
HF-HCIO, ) _
Microsoft Excel 2007
HF-HCIO,
SPSS 13.0
H,S0,4-H,0,
(Cu Pb Zn Cd Ni Cr) 2
HF-HCI104-HNO; HNO; ’1
DTPA | 1fedt
1.4
(bioconcentration factor BCF)
1 000 mg/kg
= [13]
(mg/kg)/ (mg/kg)
[14]
1.5 2" )
(the target hazard quotient THQ) 2%
(USEPA ) 2000
1 KRS LIBERBUMER
Table 1 Basic physical and chemical properties of sediments and soils
pH
(mg/kg)  (mg/kg)  (mgkg)  (mghkg)  (g/kg) (gkg)  (gkg)  (gkg)  (gkg) (gkg) (gkyg)
6.8 80 158 22.6 142 1.71 0.79 19.8 26.8 289 437 274
¥ 6.9 241 56 32.6 195 0.99 0.91 19.2 18.5 315 452 233
2" 7.0 262 92 117.0 95 1.39 3.29 18.7 22.9 304 443 253
3" 6.5 155 152 29.9 280 2.21 0.83 18.1 38.1 336 447 217

4" 6.3 165 134 27.0 212 1.54 0.72 18.4 26.1 308 409 283
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F2 KEMTIEMELES = (mg/ke)
Table 2 Contents of heavy metals in sediments and soils
Cd Cu Cr Ni Pb Zn
0.3 40.8 104.2 48.9 38.1 104.7
¥ 0.1 31.2 89.1 43.0 31.0 86.2
2* 1.5 51.0 138.1 149.6 36.5 115.5
3* 0.2 41.7 101.3 433 45.1 117.9
4 0.1 38.8 98.5 45.2 39.1 100.7
0.3 100 300 50 300 250
2 [17-18]
2" Cd Ni
pH
Eh
2.2 Eh
4
Eh
( 3 Eh
(D
Eh
Mn* Fe** H,S
Eh
#3 KBEKE-EIEE
Table 3 Indicators of rice growth and yield
(cm) 7)) /7)) g ) (g ) (g )
80.7 a 153a 1388.7 a 8.0a 71.2a 36.9a
1# 743 b 40e 288.7d 23¢c 182 ¢ 7.6
2* 75.0b 5.7d 4223 ¢ 35¢ 24.9d 11.4d
3* 74.0 b 10.7 ¢ 701.7b 63b 38.5¢ 17.7 ¢
4 733D 12.7b 821 b 56b 44.1b 209b
P<0.05
FT4 KBEEK FEEEREKEFSEE. pH R ENBXER
Table 4 Correlations among indicators of rice growth, yield, quality and nutrient contents, soluble salts of sediments
pH Eh
0.055 -0.083 0.586" 0.202 -0.095 —0.544" -0.436 0.313 0.321
0.477 -0.430 0.390 0.585" ~0.490 -0.481 -0.914™ -0.067 0.887"
0.616" -0.515" 0.200 0.671" ~0.600" -0.315 -0.946" -0.298 0.973 ™
0.440 —0.406 0.425 0.556" —0.461 -0.509 -0.897" -0.030 0.857 "
0.730" -0.424 0.100 0.785" -0.530" -0.251 -0.896" -0.432 0.927 "
0.464 —0.431 0.414 0.574" -0.493 —0.483 -0.910™ -0.052 0.865"
* P 0.05 o P 0.01
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x5 FRWEEER. FAMEK EhWKBEYE. FFEREREBEXMEEEX
Table 5 Direct and indirect effects of alkali-hydrolyzable nitrogen, soluble salts and Eh of sediments on yield and biomass of rice
Eh Eh
0.585* —-0.085 0.449 0.221 0.556* -0.101 0.512* 0.145
—0.914** 0.056 —0.667** -0.294 —0.897** 0.067 —0.771%* -0.193
Eh 0.887** —-0.059 0.634* 0.314 0.857** —-0.071 0.722%* 0.206
30 o KRR e PR 80
o0 40 = 2 oD
Dt B »=0.050x" - 4.856x + 138.3 - 60 22
Eﬂ?[ 30 .. R = 0‘925(5—;%&) 40 m:_] ( 0.085 0.101) Eh
220 — &
S 10 1 y=0.0314 - 2.897x + 76Nﬁ&ﬁ? 20 #
= 0 R =0.919(" %) 0 (
15 65 115 165 215 265 Eh 0.449 0.221)
R (mg/ke)
(~0.085)
50 KA Oi%%&. 80 ( Eh
0 40 y=-0.007x" +1.851x — 72.19 60 5
i 30 R =0.517(E i) " 0.512  0.145)
) 40 =
= 20 N |
Z 1 #0003 + 1.030x 4258 20 T (=0.10D)
% R =0.492(" & Eh
0 0
25 75 125 175
ifi A (mg/kg) Eh
50 KFPRE o2 riy 80 o)
2040 3,=0.0124° - 0.857x + 36.31 60 30
% 30 R*=0.857(4:=¥w) 401 [12]
= 20 ]
s 18 : R°Z‘@?fj“’f§ 19.15 ?)Oi'%—l Diaz  Darmody!" 50%
12
15 35 55 75 95 115 (2]
Eh (mV)
1 KFEF2. £EMESKEHEMBRE. FAMEER Eh
BEYIFEXRRE
Fig. 1 Estimation models of yield, biomass of rice and alkali-
hydrolyzable nitrogen, soluble salts and Eh of sedimens
Eh
23
(5 2.3.1
1 2 6 1"
Eh
0.667  0.314 @ 3" 4
0.771  0.206
k6 ESEELIEBAKRTIHNEERTF
Table 6 Mean bioconcentration factors of heavy metals on the basis of soil total metals from soil to rice
Cd Cr Cu Ni Pb Zn
0.06 b 0.006 ab 0.10b 0.003 ab 0.002 b 0.22 be
1" 0.20 a 0.004 ¢ 0.13a 0.004 a 0.002 a 0.30 a
2" 0.08b 0.004 be 0.08 ¢ 0.002 ¢ 0.002 a 0.23b
3" 0.05b 0.006 a 0.07 ¢ 0.003 ab 0.001 b 0.17 ¢
4" 0.06 b 0.004 ¢ 0.07 ¢ 0.002 be 0.002 b 0.21 be
0.09 0.005 0.09 0.002 5 0.001 7 0.23
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Zn(0.23) Cu

(0.09)=Cd(0.09) Cr(0.005) Ni(0.0025) Pb(0.0017)
[23]

2.3.2 7
Cd Cu
Ni Pb Zn
Cd Cr Ni
Cu Ni Zn pH
Ctr Cu Zn
(OM)

Cu Ni

Cr

/n

Pb)
Cr
Ni

[20]

OM

OM

pH OM

(cd

pH
Cd Cr
pH

x7 ETRAELIR-FBAEBHNESREASMRERERESE SHEXTIRSHMBEI LS

Table 7 Stepwise regression models for evaluation of heavy metal transfer in soil-vegetable system and single linear correlation coefficients

between metal concentrations in rice and related soil parameters

R’ oM
cd Cd =0.032+0.017 6DTPA — Cd — 0.0010M 0.985 0.983" 0.980" 0.447  -0.334
Cr Cr= —5.34+0.001 3Total — Cr + 0.0190M + 0.078 9pH  0.808 0.433 0.602" -0.083 0.567"
Cu Cu=0.979 + 0.511DTPA-Cu 0.787 0.887" -0.003 0.846™  —0.689"
Ni Ni= —1.011 + 0.040DTPA — Ni + 0.179pH 0.848 0.895™ 0.845™ 0.610°  —0.458
Pb Pb= 0.015+ 0.017DTPA — Pb 0.513 0.709™ —0.085 0.147  —0.087
Zn Zn =36.54 — 0.3860M 0.401 0.625" —-0.241 0.597"  -0.633"
* P 0.05 ok P 0.01
2.4
8
1# 3# 4* Cu
1 Cu Zn Cd Pb Ni Zn (
Cr [15,21] o
1 1 Cd
#=8 HWAESEBERAKRAK
Table 8 Target hazard quotients of heavy metals in rice
THO TTHQ
cd Cr Cu Ni Pb Zn
0.12 0.002 0.75 0.04 0.10 0.57 1.59
1* 0.16 0.001 0.72 0.05 0.11 0.62 1.66
2* 0.75 0.003 0.72 0.07 0.15 0.63 233
3" 0.06 0.003 0.53 0.04 0.11 0.47 1.22
4" 0.06 0.002 0.54 0.03 0.11 0.51 1.25
0.11 0.002 0.70 0.04 0.10 0.54 1.49
1* 0.15 0.001 0.67 0.05 0.10 0.58 1.55
2* 0.71 0.002 0.67 0.07 0.14 0.59 2.18
3* 0.07 0.003 0.57 0.04 0.12 0.50 131
4* 0.05 0.002 0.50 0.03 0.10 0.48 1.17
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Effects of Agricultural Use of Dredged Sediment from Rural Rivers
on Rice Growth, Yield and Quality in Southern Jiangsu Province

BO Lu-ji" %>, WANG De-jian'", RAN Jing'? ZHENG Ji-cheng'?

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With widespread attention to rural environmental pollution and the increase of rural river sediment dredging
project, the disposal of dredged sediment has become an increasingly serious problem. Pot experiment in greenhouse was carried
out and multivariate statistical analysis was used to explore the effects of agricultural useof dredged sediment from rural river on
rice growing, yield and quality. The results indicated that the height, spike numbers, biomassand grain yield of rice growing in
sediments were lower than those growing in soil. Significant positive correlations were obtained between alkali-hydrolyzable
nitrogen and plant biomass (0.585%), and alkali-hydrolyzable nitrogen and grain production (0.556"). In addition, both biomass
and grain yield of rice showed extremely significant negative correlation with soluble salts (—0.914™" and —0.897"" respectively)
and extremely significantly positive correlation with Eh (0.887 " and 0.857"" respectively). Path analysis showed that soluble salts
and Eh were the key limiting factors in sediment agricultural use. The bioconcentration factors of heavy metals in rice followed
the order of Zn(0.23) Cu(0.09)=Cd(0.09) Cr(0.005) Ni(0.002 5) Pb(0.001 7). Stepwise regression analysis showed that the
accumulations of heavy metals in rice were related to soil available heavy metals, pH and organic matter. The target hazard
quotient (THQ) value of the single heavy metal was lower than 1 and the order was Cu Zn Cd Pb Ni Cr. However, the
total target hazard quotient (77HQ) value of heavy metals was higher than 1 and the 7THQ value through consumption of rice for
adults was higher than that for children. This indicated that adultsand children may experience adverse health effects and the risk
of non-carcinogenic effects foradults is slightly higher than that for children.

Key words: Sediment, Rice, Heavy metal, Risk assessment




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


