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ARREBRITY oy — A MBS B ERSW-EH) CEMLZ. RBIL, (GIRIEE O B3 55 15
(VB IR X) &t B 23 72 138 (FEHEX) 2 s R L, 2 SBRX 2 KB L L7z, MifRORIEEL T,
V5 VR A DX 16 45 K OY 18 ARG TEAE B (LR TG TR AR & OV F K TG TR AEE}) Z i FH L T, ZDks
DOIGIRIEEE RO BRI AAR RN, RBRX (4 m®) 4720 100 mg Tho7-. HEOREHE, ik, K ORIME
BiHio> pH, EC, 0.1 mol /L ¥iFEF[¥AH IV A (LLF, 0.1 mol /L HCI-Cd) % Table 1 (Z/RL7z.
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fii FH 9575 TR R EH & oy A 2 O T K L= LR TB IR Z LR L, ERESNIZ T RO LR IB IR E
R, fEEEE L TR RRIEOREET Ty A, Vo —T B AR OV 2 AR LT, 75
TRARAEL B O IE AR 45 B 5 D W T AR 3B A Y (2 Ko 72, 7eds, VBTRAERFFH @ 0.1 mol /L HCI-Cd I,
TGIRAEEL 1 g % 0.1 mol/L #f% 50 mL T 1 BEfIREH LTI L 7= AR A% R WO R EEIRIZ I RIE L=,
1GIRNEEED 53 4#E el % Table 2 12, fHIEALEIO RSy #IT Table 3 [Z/RLT-.
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Table 1 Characteristics of soil used in this study
Unit Year AP V-1 APV -2 SP?-1 SP?-2
pH (F0) ¥ 2009 6.1 6.1 6.2 6.2
2011” 6.2 6.4 6.4 6.3
EC? mS/m 2009 10.0 10.3 14.0 11.6
2011 12.9 12.4 14.3 13.8
Acid-solubility-cadmium ” mg/kg 2009 0.18 0.19 0.18 0.21
2011 0.18 0.18 0.16 0.19
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot

2) Standard plot

3) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode

4) The year when the study was designed to evaluate the effects of sluge fertilizer aplications on soil

intended for long-term use

5) The year when this study was conducted

6) Soil electrical conductivity determined on 1 : 5 (soil : water) susensions with an electrical

conductivity meter.

7) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil

Table 2 Properties of sluge fertilizer

Properties Unit  Content Property Unit Content
Total nitrogen % 3.31 Total copper mg /kg 546
Total phosphorus " % 5.22 Total zinc mg /kg 1,760
Total potassium’’ % 0.36 Total cadmium mg kg 3.64
Total calcium™ % 2.14 Acid-solubility-cadmium ™ mg /kg 3.24
Moisture % 26.09

1) Content as P20s
2) Content as KO
3) Content as CaO

4) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

Table 3 Properties of the reagent

Property Unit Urea Potasium hydrophosphate Potassium chloride
Total nitrogen % 46.1 -
Total phosphorus" % - 52.0 -
Total potassiumz) % - 34.5 63.1

1) Content as P20s
2) Content as KO

(3) RBRX DR
1B IRREAEHE B X e OEAEX T, 1

REBXOEREE 4m” ({2 mX B2 m) 2L, KHRBRIX 2 KEOH 4 3Bk
X% Fig. 1 OEBVELEL:. MREIZH EROKRTL iR HED DRk FH L7, 5 TRAEEEH XK, 2
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104 g, INE 72 g LUT-. BEEXIZOWTIE, ERITIRFEIZED 80 g LU, EHR K OV AT EAEZ AT
VB TRHERHIE F X & RIAE O RSy BT 72 DL FHHE L= (Table 4 7).
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Fig.1 Plot plan of the test field
AP: Sludge-fertilizer-application plot
SP: Standard plot
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Table 4 The design of the test plots
Amont of The applied components
application N p" K’ Cd
(g) (g) (g) (g) (mg)

<Sludge-fertilizer-application plot (AP)>

Sluge fertilizer 1934 64.0 101.0 7.0 7.04
Ammonium sulfate 87 40.0 - - -
Ammonium dihydrogenphosphate 6 - 3.0 2.0 -
Potassium chloride 100 - - 63.0 -
Total 104.0 104.0 72.0 7.04

<Standard plot (SP)>
Sluge fertilizer - - - - -

Ammonium sulfate 174 80.0 - - -
Ammonium dihydrogenphosphate 200 - 104.0 69.0 -
Potassium chloride 5 - - 3.0 -
Total 80.0 104.0 72.0 0.00

1) Content as P20s
2) Content as KoO
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= —NRIAIA B L7z, MR P PRITFREICIVE R I ML 7. IHEIX 2012 4F 1 A 17 BIZITW, H#iIFgE
THIBrL Tl B D A A IHEL 72
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INHEL 7o ARy L o Y IE B ISR KIS R E &4 E L. i NI X R e 3 @y el, H
TAETHRIRUI R IR T 65 CTIRRWREL.. EEZHEL%, BBE 1| mm O550\\%
IR T 5 E T (SM2000 : Retsch) THyFEL T FEEL L7z, IR AER &IX, oHrakel 0.5 g I
5 mL K ONEEELKEE 2 mL 2002~ A7 2 45 iR E (Multiwave 3000 Perkin Elmar) ©® THOfELT-H DA 4
B TANBLiIAAL, ERLAPHAKRE L. MIET ICP & &1k (ICPM-8500: B EERUERT) I2XD1T-
7-.

(6) Wit T-HED T

IS FEDS D HHEIE, b MR D ISV AR R ORI IR R 2 7 ) 7 U iBR X e 1 m?® o DU
KO GDEE 5 T, B2 (R 50 mm X £X 250 mm) 2 AV TEREDH 15 em £TEHEL, MELHE
2 mm D55V EEEL7ch O o el e LTz, R L7 I OWT, Kol e K5 (HGS3 : AR
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F—MRICEDBIEL, 138 pH KOV EC (XEEZ -8 1 12X LTk 5 201 30 sr[EiREHS B AIEL, pH X
7 AERE (F-23 :HORIBA) (2XV, EC XX ImE G (F-54: HORIBA) ICEVHEIELZ. H8EF D 0.1
mol/L HCI-Cd 1% 0.1 mol /L Y52 TH) 30 “CITiRH | BRSO L CTHItH L= RIS 48 % ICP B & HTikIc X
DHRIELT-.

2) 2012 £ EEDERAHER (20126 B 15 H~2012% 10 B 9 H)

(1) FRBRIE S K& Ot 58

FRIR 5 M OV R LU C 2.1) OFRBRO TG TR ARG F X & OFEEX DA 5 | Eige i L 7-.
TR, L, K ORIESiD pH, EC, 2% 5% (REER) , 2 RBEE) , VBRI (N RED
TFUBEE)T, BNREY R (MVA—2YE) D, BiA A AZ S B (23371 Schollenberger #) 7, 0.1 mol/L
HCI-Cd % Table 5 |Z/RL7z.
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Table 6 |[Z/RL7z.

Table 5 Characteristics of soil used in this study

Unit year  AP"-1 AP"-2 sp?-1 spP2
pH (H:0)” 2009”0 6.1 6.1 6.2 6.2
2012% 6.3 6.2 6.3 6.3
EC Y mS/m 2009 10.0 10.3 14.0 11.6
2012 14.5 16.1 15.5 15.0
Total nitrogen % © 2012 0.39 0.40 0.37 0.39
Total carbon % ) 2012 5.5 5.7 5.6 5.6
Phosphate absorption coefficient?’ mg/100g dry soil 2012 2370 2380 2360 2420
Available phosphate 3 mg/100g dry soil 2009 5.8 6.1 7.7 6.9
2012 4.8 4.5 6.1 5.9
CEC Y ¢ mole/kg 2012 37.8 38.8 37.7 38.4
0.1 mol /L HCl-Cd ¥ mg/kg 2009 0.18 0.19 0.18 0.21
2012 0.19 0.20 0.16 0.18
Kind of soil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot

2) Standard plot

3) pH 1:5 (soil : water), n=1

4) Soil electrical conductivity determined on 1:5 (soil:water) susensions
with an electricalconductivity meter, n=1

5) Content in the dry matter, average (n=2)

6) Mass fraction

7) The year when the study was designed to evaluate the effects of sluge fertilizer aplications
on soil intended for long-term use

8) The year when this study was conducted.
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Table 6 Properties of the reagent

Property Unit Ammonium . Ammonium Potas si.um
sulfate dihydrogenphosphate chloride
Total nitrogen o 21.1 12.0 -
Total phosphorusz) % " - 61.5 -
Total potassium3) %" - - 63.1

1) Mass fraction
2) Content as P20s
3) Content as K2O

(3) HBRXORERL

RERIX OMERLIE 2.1) 3) LAEEICRLE L7-. MilE &3 ERO= VU RiE L YED 2 o EL, 1 3RBRIX
WIVEHRLE 8 g, VAMEE 104, MEEE S0 gLz, (BIRINEIONE AL, <0 BIRRTHELEL T
WD RS2 DR AERR EE & T D 500 kg/10 a(Bid) , EHRNEZNEHRA 50 %LU TRIEL, NE3E M EREC
SR LTz, OARE R OINERIZ DWW TH AR R 0 3 BB -V TR L7z, BREXIC OV, fEAREE
WS TRAREH A X L [FIER DR 3 Bl 72 5 XD FRFE UM L7 (Table 7 2 HR) .

F7z, 2011 FAVEOHH LA ST LT 25, KRBRX OA ZhHED ABEIE 4.5~6.1 mg/100 g #21-THY,
Hh ) BE s FL AR TR EHO IS 1T DA N IEY AUBE OB E B (10 mg/100g #21) IZH_TIRVMECTh -T2, 27w,
PRS0 AUME (STEMED AT 20 Yo i A1) %2 1 #RBRIX 24720 200 g fi AL 7=

Table 7 The design of the test plots

Amont of The applied components
application N p" K ad
(g) (g) (g) (g) (mg)
<Sludge-fertilizer-application plot (AP)>
Sluge fertilizer 2000 66.0 104.0 7.0 7.28
Ammonium sulfate 260 55.0 - - -
Ammonium dihydrogenphosphate - - - - -
Potassium chloride 115 - - 73.0 -
Fused magnesium phosphate 200 - 40.0 - -
Total 121.0 144.0 80.0 7.28
<Standard plot (SP)>
Sluge fertilizer - - - - -
Ammonium sulfate 321 68.0 - - -
Ammonium dihydrogenphosphate 170 20.0 104.0 - -
Potassium chloride 127 - - 80.0 -
Fused magnesium phosphate 200 - 40.0 - -
Total 88.0 144.0 80.0 0.00

1) Content as P20s
2) Content as K2O
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(4) FkgH7ik

HERIEW T =0V (L  _X—F—UyTF) LT FRBXOELEIIIT — R 77 LU TG EY
ZRIE U2, MR IIRERE 12 B AT 2012 45 6 A 15 B To70. BRBRXORE 50 12 kg Z4IHWY, BB
Z NNRE L, FlBRIXRIB ISR L. Pt CIRSAY 15 em ETHHEL . BUBRIXNIE 9 4 (5:1H
%120 cm) &L, #EFEIZ 6 A 27 B —F —T7—7fF2 AT To7. M5IEIX7H 19 HED8 A1 HIZ
1TV, IHERF ORI 5 em E7255912 072, I 10 H 9 BIcAT-72. BB IZI T LY, T 7%
REOERFEFROT-D, MR R N7 H 25 BIZ2—A Y7 BE L —4—AF VIV L —6— VT LT A7k
A7 z—MiAl, 7 A 11 BIZT |7 =—h-raF 7 =2 b Fl a8 Uiz, MEEPHBRIT TEREI L0 B FEhE L
7o, ISR B E IR TEIRAD R THo72720, KIEKICEDNAKEBEEIT-7-. IV 2012 4F 10
H 9 BITATV, BEEREARM A INEL T2,

(5) 1EIRDIRIY L5347

ILHEL 72 =2 P ANTE B ISR KA C R E B2 IE L. O ARE L CGRBRK R0 1 m* 2T
R L BEEIZEID 4301T, AGEAKTEE R SEA AN EE&ZRE L. FEILERERLRWIDIZRT, R
TS CHARELRLTZ. T 0%, WEEEICIY 65 CT 24 BieRE4T O EABIE L%, B
BAZX 500 um D55\ A @il 325 F TH % (ZM 100: Retsch) THMFEL7-.

HRIT LNER BT, HrEtE 0.5 glhlfE 5 mL K ONBERL/KE 2 mL Z2INx~A 7ol o fgdsE
(Multiwave 3000: Perkin Elmar)® CofiEL7-t D& 2B 7 IAIBLiAL, ERLRENARELE. JIEIX
ICP & &35 (ICPM-8500 : | BT 12k T~ 7=

(6) B +-EED /34T

IURE O 3L, AR IR IC K0S RB X OEY IRREZ 7V 7 U BRIX S 1 m® OIS
O RDFE S ETD, B2 (AR 50 mm X £X 250 mm) 2 W CTEBOLH 15 em £CEHERL, MELH
2 mm D5SLWVEBBLZHOESHTAREIE L. BEZL 72 2DV, K oriEa s vk arEt (HGS3: A
N7 —hCR)ICEDBIEL, 128 pH X OY BC I JRFL T3 1 123U TR 5 2z 30 rfEiRES % AiEL, pH
(34T X EARE (F-23: HORIBA) 128V, EC (XESUZE G (F-54: HORIBA) (ZXWHIEL7Z. T3 0.1
mol/L HCI-Cd I% 0.1 mol /L ¥&EETHI 30 CIZRD 1 BERIHRES L TR L7= I RIT 28 % ICP B B/ Hrikic R
DHIELT=.

3. & B

1) 2011 S ERAAR(Z:2011 E£10 A 7H~20124%1 A 17 H)

(1) ek

R DINHEE CORETHAMITN 3 » A THY, ZTOMOEB ICRFIERSE BRI o7,

RUL YT DI E, FIRID LR E K O &% Table 8 (/R U7z. {5TRAEEHGE A X % OEHEX DI &1,
AERE B TEEI8.13 kg &£ 10.33 kg THY, 1HIEALEHE FH XITHEEX L g LT 2 kg FREERD 72,
JIRIY BPREEICOUVNTIE, {5TEAREHI A X3 4ME T 0.53 mg/kg, BEHEXIE 0.36 mg/kg THY, G IRAEEHiE
ARG REIZE o7z, ARV LRI ES OV T, THTRAEREHEF X2 EEIET 0.68 mg (XL T, FEHEX
1% 0.58 mg THY, {GIEIREHH X OWI &N H BICE -7,
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Table 8 Cadmium uptake and yield of spinach in the test

Part Unit Test plot-1 Test plot-2 Average t-test
<Sludge-fertilizer-application plot (AP)>
Fresh weight edible portion kg 8.15 8.10 8.13  sienificance 3
Dry weight edible portion kg 1.30 1.26 1.28  significance
Cadmium concentration' edible portion mg/kg 0.54 0.55 0.54 0.52 0.53 significance
Quantity of cadmium uptakez) edible portion mg/plot 0.70 0.71 0.68 0.66 0.68  significance
<Standard plot (SP)>
Fresh weight edible portion kg 10.70 9.95 10.33
Dry weight edible portion kg 1.67 1.59 1.63
Cadmium conc entrati()nl edible pOI'tiOIl mg/kg 0.35 0.39 0.34 0.35 0.36
Quantity of cadmium uptakez) edible portion mg/plot 0.58 0.65 0.54 0.56 0.58

1) Content in the drying soil
2) Quantity of cadmium uptake = Harvest (dry weight) x Cadmium concentration (dry matter)

3) It is no significantly different for standard plot (t-test, 5 % of both sides levels of significance,
the harvest is n= 2, cadmium concentration and quantity of cadmium uptake are n = 4
(2 repetition x nunber of samples(2)))

(2) Bkt

Wit +380> 0.1 mol/L HCI-Cd, pH K O} EC % Table 9 {Z7/~xL7. 0.1 mol/L HCI-Cd 1%, {5IRAEEHiE A X1X
0.19 mg/kg & T 0.20 mg/kg, HEHEX (X 0.16 mg/kg & Y 0.18 mg/kg C, VHIRAREHE X3 A B @\ EE T
HoT~.

Table 9 Characteristics of soil used in this study

Unit Test plot-1 Test plot-2  Average t-test
< Sludge-fertilizer-application plot (AP) >
0.1 mol /L HCl-Cd " mgkg 0.19 020 020 021 020  sjgnificance =
pH (H:0)” 6.3 6.2
EC’ mS/m 14.5 16.1

< Standard plot (SP) >

0.1 mol /L HCl-Cd " mgkg 0.16 0.16 0.18 0.18  0.17

pH (H:0)” 6.3 6.3

EC’ mS/m 15.5 15.0

1) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil

2) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode
3) Soil electrical conductivity determined on 1 : 5 ( soil : water ) susensions
with an electrical conductivity meter.

4) It is no significantly different for standard plot (t-test, 5 % of both sides levels of significance,
the harvest is n= 2, cadmium concentration and quantity of cadmium uptake are
n =4 (2 repetition X nunber of samples(2)))

2) 2012 FEERAFER(E:2012F 6 A 15 8~2012% 10 A9 H)
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(1) 1Emik

B DUNHEE TORIEHIMITN 4 7~ H THY, ZORIE, B~ TEiRD FTE CRICIE % IR
T DEENLBO LN, £, B AT, —SOIEIZ)EAMIFEERDONDIERDBO LN, &
NLSMIRFE RERE I BIE S g o,

=2V DR, IRIT LR N QWL &% Table 10 (RL7Z. £ TCOHEH CUHEERICBITHHE B 21T
DO ST, BIRREEHE X % OEHEX O T, A REEHE CRENSZINE I 12.25 kg & 12.13 kg,
TR ZNE I 10.00 kg & 9.70 kg Th-o7-. (HIRAEEHH X & OREEX. OB RIY AREEIZOW T, HRE
MEIEI 0.24 mg/kg & 0.23 mg/kg, HEFZIZ 4 0.31 mg/kg & 0.29 mg/kg Th-o7=. (HIENEEHEH X K&
OMEHEX OFRER X G 720 DA R AR EIZ OV, EIIECIREAZ 21 0.32 mg & 0.30 mg, FEERAHS
ZAEN 041 mg & 0.38 mg Tho7o. (EMIRERORERIX Y720 DRI AR & O EIL5 Te REHiE
FHIX T 0.73 mg, EHEX T 0.68 mg Th o7z,

Table 10 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2  average  t-test
< Sludge-fertilizer-application plot (AP) >
Fresh weight Root kg 11.90 12.60 1225 ps”
Leaf kg 10.40 9.60 10.00 n.s.
Total kg 22.30 22.20 22.25 n.s.
Dry weight Root kg 1.27 1.33 1.30 n.s.
Leaf kg 1.35 1.30 1.33 n.s.
Total kg 2.62 2.63 2.63 n.s.
Cadmium concentration’ Root  mg/kg 023 0.24 025 025 0.24 n.s.
Leaf mg/kg 0.30 0.31 0.31 0.32 0.31 n.s.
Quantity of cadmium uptake”” ~ Root ~ mg/plot ~ 0.30 031 033 033  0.32 n.s.
Leaf mg/plot 0.41 0.42 0.41 0.42 0.41 n.s.
Total mg/plot 0.70 0.72 0.73 0.74 0.73 n.s.
< Standard plot (SP) >
Fresh weight Root kg 11.95 12.30 12.13
Leaf kg 10.25 9.15 9.70
Total kg 22.20 21.45 21.83
Dry weight Root kg 1.29 1.30 1.29
Leaf kg 1.39 1.26 1.33
Total kg 2.69 2.56 2.62
Cadmium concentration”’ Root mg/kg 0.23 0.24 0.21 0.22 0.23

Leaf  mgkg 030 031 027 027 029
Quantity of cadmium uptake” ~ Root ~ mg/plot 030 0.31 028 029  0.30
Leaf mg/plt 042 043 034 035 0.38
Total  mg/plot 0.72 0.74 0.62 0.64 0.68

1) Content in the drying soil
2) Quantity of cadmium uptake = Harvest (dry weight) x Cadmium concentration (dry matter)
3) It is no significantly different for standard plot (t-test, 5% of both sides levels of significance,
the harvest is n= 2, cadmium concentration and quantity of cadmium uptake are n = 4
(2 repetition x 2 nunber of samples (2)))
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(2) Bkt
Bt +380> 0.1 mol/L HCI-Cd, pH & TNEC % Table 11 (Z7RL7=. 0.1 mol/L HCI-Cd %, {5IRAEEHiE A X 1%
0.18 K& TX 0.19mg/kg, EHEX X 0.14 K TF 0.16mg/kg T, IGIRIEEHT X 3E B IS E W IRE Tho 7.

Table 11 Characteristics of soil used in this study
Unit Test plot-1 Test plot-2 average t-test

< Sludge-fertilizer-application plot (AP) >

0.1 mol /L HCL-Cd”  mgkg 0.18  0.18 0.19 0.19  0.19  sjgnificance’
pH (H:0)” 6.2 6.3

EC” mS/m 16.6 16.9

< Standard plot (SP) >

0.1 mol /L HCL-Cd”  mgkg 0.14 0.14 0.16 0.15 0.15

pH (H:0)” 6.2 6.3

EC” mS/m 15.6 13.4

1) Content in the drying soil

)

2) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n= 1

3) Soil electrical conductivity determined on 1 : 5 (soil : water) susensions
with an electrical conductivity meter, n= 1

4) It is significantly different for Standard plot (t-test, 5 % of both sides levels of significance,
n =4 (2 repetition x 2 nunber of samples (2)))

4. £ =

1) 2011 ERXERILUVYIRY 2012 BV OV DREBRERICDINT

Bt 158> 0.1 mol /L HCI-Cd I, 2011 4K U 2012 B AEIZI T, (G IEREHiE A X ME X b
NTHBICEWVEEZRLUE. ZROOMBROBEREL T, MR TIIIEEIHE RO RIT DA TR0,
HAEIZED 13 0.1 mol /L HCI-Cd MBS UL, —75, 15TEREEHE A XI5\ T, 15T IERkH 3k
DRIV LA AP IRIHEIZ LD DRI AOFFH LA ®HLDS, BURO I RIY AARW & T, HEOEMEE
[ FH L O R CASHRATREZR I R I A ' 13 KL Tz, 88D 0.1 mol /L HCI-Cd J RS —7E T
BL QD2 ENEZLND.

VERRD H R AR EE J ORI BT 2011 FANERY LYy T, 15 TRAEEHEF X AMEHE X2~ T
BIZEWIREZRLUZD, ZOBIZEmLIZ 2012 FEE=0 V0 TIETRBRIXHE THEEITFED N7,
RUL YT TEROZMAED IIRIY L& ERICIINL, A BIRIY LM RED I RIT A
WL LD E, £, ZOWIEI ST MELCI/EM I L > TRALZENEE SN TWD V. BB X
LEHEX TIL, RUL YU RILRTREZRFERE D AR I L =0 VL ISR R REZS L RE D HI R I LD FE 73
RBI0, ROV Iy b= VU TR DRER LIRS T- AT REMED B 2 L.

ZORERD L O THLINIL, Fl & ARBRE L OO0, O REMRTIOILERSHD.

2) 2009 FEFEREAIREENSDHEFRIZDINT
2009 FEORERBALAIEND, 2 E T4 E[M, 2 1EOF 7 1E (2012 FEAMEIXBEE ) OREREIT 72,
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BRERE RO IZOWTL TRLO LB Th o7,

(1) 1EMIRDIN &

TEMIR DI E (R E) OHERIL Table 12 LN THS. ZNFETORBOIEIL, 2FIZL-BIREKROE
EFEVE | BERES QD BRI &L RS ETHY, —EDOINEZFER TETWDHEE LN, EHEX %)
T UG VEREEHE F X O AR EIEHE D8, FICHEMIEMIZIBWT, IGIRIEEHEFH X O &N 8 FIfefE L
STV, ZAUZ, THIRIEEHE X OREIEEREHZ BT, IBIRIERIOE R L5554 D2 & B LT, EHIED)
FA 100 %ELUTHEL QA @A 3 4 H D 2011 FLAERTL Y 7IZBW T, [EIRIBEIOZENIERE
BRI oT=, 2T, 2012 BRI, 15IRIEEIO 2RI R 2 B AE 50 %, L1E 30 %L Tl iRk it
FHEL TS, ZORER, 2012 FEAEO=2 0 Tl mstBRXE CINEIXIZIZFRE L7, Lo, B3
FHIZOWTE, 2009 FEAFE=U P KON 2011 FFEAEATIZOWTE, Wl XHE CIRIZFRREDINE TH
STZEND, INEDZEDIRREL THIRALE O E R RSN DR BB TODL ARG HD. §I&fkiE
BHRBRE EMi T D720, TOFMERLED TE RO EHERL, RS2 52L015.

Table 12 The yield of each crop body of 2009 to 2012 (fresh weight)

AP” SPZ) ) . 113 Fresh weight
Year  Season Test crops Part Fresh weight Fresh weight Aim yield . resh Wi 4
(ke/plot) (kefplot)  (kefplot) "9 OTAP

2009 Summer Carrot Root 18.0 (0.1)) 179 (1.0) - 101
Leaf 10.5  (0.4) 9.6 (0.9) - 109
Total 28.5  (0.4) 27.6  (1.8) 16 104
2009  winter Spinach ~ Edible portion 13.7  (0.8) 18.6 (1.0) 8 74
2010  Summer Spinach ~ Edible portion 4.5 (0.1) 5.8 (0.6) 4 77
2010  winter  Qing geng cai Edible portion 22.4  (0.7) 26.9  (0.8) 12 83
2011  Summer Turnip Root 8.9 (0.6) 9.4 (0.9) - 95
Leaf 8.7 (1.0) 10.0  (1.3) - 88
Total 17.6  (1.5) 193  (2.2) 16 91
2011  winter Spinach ~ Edible portion 8.1 (0.0) 10.3  (0.5) 8 79
2012 Summer Carrot Root 12.3  (0.5) 12.1  (0.2) - 101
Leaf 10.0  (0.6) 9.7 (0.8) - 103
Total 22.3  (0.1) 21.8  (0.5) 16 102

1) Sludge-fertilizer-application plot
2) Standard plot
3) This value is shown in the recommending rate of fertilizer application (local government)

exchanging aim yield (kg/10 a) to 4 m’.
4) Fresh weight index of sludge-fertilizer-application plot when standard plot assume 100.
5) Standard deviation (n = 2 (2 repetition))

(2) Bk t3ED pH

Bt 3 pH OHERS T Fig. 2 DEBVTHD. pH 6.0~6.6 LITIE —E THERBL TRV, 1GIRAEHi F X 4=
X TIRIFFFRE THRBL Q0D N ER 7+ Tho L0, By TR 2 A L7- URTE TRIRE
GRS L QD72 EAKE LD pH OEENI D720 b DERS>TNDHEE 2 HILD. THEpH D2 H)
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1%, BEEH DRIV AOIEIEA~D ATFATEIC R L RIF T 205D, i 30 pH 23 b (K0 -
72 2010 E%’Enﬁﬁlx‘/y?EP0)7JF‘ivbzﬁr;&(ﬁ%éui%zi:hifmﬁ?ﬁElﬂ%%é:&@}:&oﬂ\f: (Fig. 2,
Table 8 % UF Table 9). —J5C, {GURNEEHE A X EAREX OB 58 pH 13, AR T, IJITFRRRE THER
LTWAZEND, KRB CTOHRIT LABREORER X 221213 3 pH 138 ’i.“l,m\focu\%mk%x%né

T
5.0
- ‘ Carrot ‘ Spinach ‘ Spinach ‘ Qing geng cai Turnip ‘ Spinach ‘ Carrot |
Examination | Aftersummer| Afterwinter | Aftersummer| Afterwinter | Aftersummer| Afterwinter | Aftersummer
start cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 ‘ 2009 ‘ 2009 ‘ 2010 ‘ 2010 ‘ 2011 ‘ 2011 ‘ 2012

Fig. 2 Changes in the soil pH used in this study

(3) Bttt 0.1 mol/L HCI-Cd 2

Bl 13D 0.1 mol/L HCI-Cd Ji# FE DHEREL (X Table 13 J2 N Fig.3 DLV THS.

V5 VEREREHiE A X B OMEHEX D 0.1 mol/L HCI-Cd & EE DHERAZ DUV THH A ZAEIR 5720, T2l
P25, RERBA LR DO A (KRB OMIRIL 6 7 H &L72) 1235 0.1 mol/L HCI-Cd #E DR
TEHENR BT AAT -7, 2012 FFE AR E COGTRAEEHE FH X OB XA & T (BB RYRDHO 5585
Hr oo pEICKOFEAM, WA EAKEES %), —E THBL QO DMHAI CThorz. XTI, 2011 A VERRHILL
e, [FR A B L7220 (BB EIFE DO 53 8 O p EICKOFEAE, WA EKLES %), TREMIROOI,
HERER X [ D 2 IR EL R DA Th o7, F7z2, 2009 FEOFRERBALEE #)6D T, 2011 FELAAEITIBWT, (GIER
B X MEAERZ R CTHRICE VIR L o7z, ZOH O, 2012 F BRI W THRIEE CTho7. 2
FEHE I AREE R SR DO I RIT AA RT3 22, BRI B W THEB RO IUHE| _owii%tlﬂm:?A@I%
Fh~DOFFHH U ES N DZ L2 XD, B30 0.1 mol/L HCI-Cd [Z2OW ThiBi 2\ E/a>Tund e
E2HN5.

F7o, W E 3 EIFEMELI-FATL YT RBR OB 11 0.1 mol /L HCI-Cd 23Ri/EMR I b~ Tl 3~ {7
BV, FEAEX T 3 B TORERE TR LD, TEIRIEEHEH K T, BEIEo 2011 FA4ERRHCIX
BIME R Chodo. Ziuk, AUL Y, oOMEEMIZ R T RIY 2RI &3 Z 035722k (Table 14)
R0, WYL YT OHRIT LRILE 0.1 mol /L HCI-Cd ¥R (CHIBI AN H D1 Z LB 2 5N 5.



HRIY LD HHEERE % OVEY BRI 331 HI5 TR AL EHE A O 8228 (e ekt) 55
Table 13 Change of the 0.1 mol/L HCI-Cd density]) of ruins soil
- -value of single
AP 2) sp 3) ‘t test p ) g' Y
(difference regression analysis
Year  Season Test crops
between the 5 3
(mg/kg) (mg/kg) processing) AP” SP
2009  Start — 0.19 (0.01)> 0.20 (0.02) n.s.” — —
2009  Summer Carrot 0.21  (0.01) 0.21  (0.02) n.s. — —
2009  winter Spinach 0.20 (0.003) 0.18 (0.01) n.s. — —
2010  Summer Spinach 0.19 (0.01) 0.17  (0.02) n.s. — —
2010  winter Qing gengcai 0.18 (0.02) 0.18 (0.01) n.s. 0.55 0.20
2011  Summer Turnip 0.19 (0.004) 0.18 (0.01) n.s. 0.41 0.11
2011  winter Spinach ~ 0.20 (0.01)  0.17 (0.01)  sionificance 0.63 0.03 ¥
2012 Summer Carrot 0.19 (0.005)  0.15 (0.01) significance 0.41 0.01 Y

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) The p-value which calculated from dispersion analysis for linear regression by examination start
of each examination plot.

5) Standard deviation (n = 4 (2 repetition x 2 nunber of samples (2))

6) It is no significantly different for Processing examination section (t-test, 5 % of both sides levels
of significance, n = 4 (2 repetition x 2 nunber of samples (2)))

7) It is significantly different for Processing examination section (t-test, 5% of both sides levels
of significance, n = 4 (2 repetition x 2 nunber of samples (2)))

8) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance).

[ T ettt
"en 0.20
~
o0
g
- 0.15
<
@)
T
—
= 0.10
; Standard plot (SP )
=
0.05
- ‘ Carrot ‘ Spinach ‘ Spinach | Qing geng cai ‘ Turnip ‘ Spinach ‘ Carrot
Examination | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | After summer
start cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 ‘ 2009 ‘ 2009 ‘ 2010 | 2010 ‘ 2011 ‘ 2011 ‘ 2012

Fig. 3 Change of 0.1 mol /L HCI-Cd density in the ruins soil

(The error bar indicating the standard deviation)
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Table 14 Absorption and the amount of cadmium concentration of each crops in 2009~2012

Cadmium Concentration"’ Quantity of cadmium uptake
Year Season Test crops Part AP? sp? t-test AP sp? t-test
(mg/kg) (mg/kg) (mg/plot) (mg/plot)
2009 Summer  Carrot Root 0.12 0.11 n.s,s) 0.21 0.20 n.s.
(0.01) Y (0.02) (0.02)  (0.03)
Leaf 0.24 0.22 n.s. 0.32 0.31 n.s.
(0.02)  (0.02) (0.02)  (0.01)
Total - - - 0.54 0.50 n.s.
(0.03)  (0.04)
2009 winter  Spinach Edible portion  0.62 0.61 n.s. 1.18 1.34 signifi-
(0.01)  (0.02) (0.004) (0.02)  cance
2010 Summer Spinach Edible portion 1.40 1.56 n.s. 0.72 0.96 signifi-
(0.10)  (0.07) (0.04)  (0.01)  cance
2010 winter Qing geng Edible portion  0.20 0.17 signifi- 0.21 0.21 n.s.
cai (0.01)  (0.01) cance”  (0.01)  (0.01)
2011 Summer  Turnip Root 0.08 0.08 n.s. 0.04 0.04 n.s.
(0.01)  (0.002) (0.003)  (0.00)
Leaf 0.16 0.17 n.s. 0.10 0.11 n.s.
(0.01)  (0.01) (0.01)  (0.01)
Total - - - 0.15 0.16 n.s.

(0.01)  (0.01)
2011 Winter  Spinach Edible portion  0.53 0.36 signifi- 0.68 0.58 signifi-
(0.01) ~ (0.02)  cance (0.02)  (0.05)  cance

2012 Summer  Carrot Root 0.24 0.23 n.s. 0.32 0.30 n.s.
(0.01) (0.01) (0.01) (0.02)

Leaf 0.31 0.29 n.s. 0.41 0.38 n.s.
(0.01) (0.02) (0.005)  (0.04)

Total - - - 0.73 0.68 n.s.
(0.02) (0.06)

The sum total - - - 4.21 4.44 signifi-

(0.06)  (0.08)  cance

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) Standard deviation (n = 4 (2 repetition x nunber of samples(2)))

5) It is no significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, n = 4 (2 repetition x 2 nunber of samples (2)))

6) It is significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, n =4 (2 repetition x 2 nunber of samples (2)))

(4) VEPIRD IR L BE K ORI &

KB COEMIRD I RID LR R QW EDOHERS X Table 14 DEFBVTHDH. =2 VA OWTTE L2
[, RTL YT HONWTLEE 3 BRBREEKL CTODE03, REREIT T2 ECFEHIC L TEMRO IR IY
PR IIEEL Qe ZhU, IR T OB K BRRIBEOR R DEEL QDHEB LD,



FIRI7 LD HHEERE K OWEMR IV 35T A5 IR BEBRE F DB 28 () 57

2009 FAERK N 2010 FEAERTL YT THE, HRIDV AU EIT IS THERE X 2375 TR AEAEHiE FH X2 b~
THBEIZZWRE R Eeo70, Zhud, 15TRIEEE H KIZ R TR DI &N S oo B2 bz, —
75T, (B EFR OARIT AR ECIEEREBR X CEITGEEOONT, FUL Y UOEF &EAIRIV AREIZE
FRIFRD HIRNEVHRED L— BT DR Th o7z,

2010 FLNEF LT AT, IRIVAREICE O TEIEIREHE A X MEEX IR CHRICEVEE
IRLTZM, IR AWV B 3 i 5Bk X [ CRIFRE CTh-o7z. Ziud, ETEIREHE X I R CTREEX DI &
NEMoT-T-bEEZ BT

Fiz, WBRBRAALYID T 2011 AFELAERTL YR T, THIRIEEHE A X 2 MEHER R THRIT A
TR J ORI B D 5 IZB W TCHBICEVMEA R LT, ZhU, B30 0.1 mol/L HCI-Cd 2DV T
bR L7257 (Table 7). RTL Y TIZOWTUE, TEMIEDOARIT AR E 5D 0.1 mol/L HCI-Cd
BEIHBERDLEVHME Y RBY, Zhe—BT DR Tholz. TORICFEMLIZ 2012 FH =20 T
(3B 580D 0.1 mol/L HCI-Cd ¥ FE VTG TR AR A X3 E EAZ @723, 1EMIRD 1 RID LR EE K O
IV S 3B X CEITRBD DN o7, = P OARIY LRI, 150 0.1 mol/L HCI-Cd EEED
FBDFRO LN EVIRE Y NHY, ZOZENFHHED—2LLTEZLND.

SBBRRDORER LD, HEBZ S| EhiE iR T 52887 5.

(5) 1EMRDOARIDV LA &, FFHHL &R OEEE

FRBPCOMEBIHEEOIRIV LAAN &, (EMRICEAIRIVARHLE, TE~OWRIVAEHERL D)
BARIREOHERIL Table 15 OLBVTHS. fAEEIOHIRIV LAGHRICHHELZ L T, THE~OVR
LEFEEL. WRIVAEFHUEIL, INVELT-AEMIEDO BRI 2RI EE L. i A IEEHIZ DRIV A8
T EEEMIRICED I RIY LR L&D EL NIy AEREREL. DRIV LAEEEZRBRIX Y7200 HiEE
(TEL DS 15 cm, HHEEORILE 0.67 LU, REBRIX Y4700 +HEE% 400 kg EL72) TEBRLC, HEA~DHRI
ULEERE L.

HRITLFFHLEIZOWTE, ZNETEML 7 EOREBEOGFHE, 1GIRIREHEH X T 4.21 mg, FEHEX
T 4.44 mg THUEERXORHLENA BICEEZ R (BB ZREML R, Table 14 IRV AN EOKR
A . S, SRR A HIEL TODIEME X O &SGR IEEHE A X L0 b <otz e
(Table 12) NERELEZ HID.

THURAEEH FH X CTlE, FRBRICBNT, IRIV LA RIS TR HLUEN DN END HEO I RIY
AN T T AL DT80, IFIRAERI OB I LD RIY LA EOR AN > CHEZERE T2 IRIV A0S
FELFH M THHZENZEZ DI, — T, Wk 7 EORBRIZEB I HETREENEH X ORIy AEFEIREDOE
FH% 0.071 mg/kg £72~7- (Table 15). LA, Table 13 & U Fig. 3 O&EY, ERAEHEH XD HHEF D 0.1
mol /L HCI-Cd &I OIFIE—E THRL T\, Z0ZEnn, HEPIZAMINIZIRIT AL
KR T HBENCIVELICE ESRNEONRHDILT 190, HECIHRIEEIF O ELEATH2L
191231 0.1 mol /L HCI-Cd YA DFEREL L THE L HICEREL TV A2 ENE LN,
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Table 15 Change of the 2009~2012 year of the quantity of cadmium load by fertilizer", quantity of peculating due to
the crops body", and quantity of cadmium accumulation to the soil"

Sludge-fertilizer-application plot (AP) Standard plot (SP)
Quantity of cadmium Concentration Quantity of cadmium Concentration
Year Season Test crops accumu- of cadmium accumu- of cadmium
load removal lation accumulation load removal lation accumulation
(mg/plot) (mg/plot) (mg/plot)  (mg/kg) (mg/plot) (mg/plot) (mg/plot)  (mg/kg)
2009 Summer Carrot 4.84 0.54 4.30 0.011 0 0.50 -0.50 -0.001
2009  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2010 Summer  Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2010 Winter Qinggengcai  2.64 0.21 2.43 0.006 0 0.21 -0.21 -0.001
2011  Summer Turnip 3.30 0.15 3.15 0.008 0 0.16 -0.16 0.000
2011  Winter Spinach 7.04 0.68 6.35 0.016 0 0.58 -0.58 -0.001
2012 Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
Total 32.80 4.21 28.59 0.071 0.00 4.44 -4.44 -0.011
1) It show every test plot.
5. £&BH

DA M B OV B D REIRA L BRI B T~ 2R A FE L U C, 15 TR ARk A fit FH 38R 4 2009 4F
EVBIEHMEAT-THEY, HIRIEEHEH X & OVETeREHE G H OFEHEX O 2 3ERIXIZ, 2011 FA41EL
LTHRU LY U, 202FEFEL LT=0 D0 280, TR0l I U AREOEKOEREK
~OH RI 7 LRI EZ R LT, TOMKE, Bt 150 0.1 mol/L HCI-Cd (X5 ARt F X 73 e X
ICHARTHEBICERE Ch o2, AEMEOT R U LRERORINEIL 2011 FEA{ER T LY TUICE
WL, TGTRIEEHE A X EEXIC X CTHREICEMBEZ R L2, 202 FEF= Y Tk, mR
BXICEZTRO LN oTo. FT2, 2009 FE0 6 OFREROHERBRICOWTHLER LI L2 A, SEO
REBE (2011 FEAEA Y L2 Y ) TEID TYBRAEEH A X CHi i +580> 0.1 mol/L HCI-Cd A HEX
ICHA_THEBICERE /2o 7=, B+ 0.1 mol/L HCI-Cd OHER X, HEHEX TiE, TR
R LD, THRIEEHEH XIE— & CHERB L TR Y, JHRIEEOER R IC X 5 BRI T T RERE
FHERE O BV o 7.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)

Toshiaki HIROI', Masahiro ECHI', Masayuki YAMANISHI* and Fumihiro ABE'

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
? Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Kobe Regional Center

This research is monitoring the change of the cadmium which was dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) from the soil. We are investigating the cadmium absorption by the crop since 2009. Test field
is the upland fields derived from Andosol, and the used fertilizer is sludge fertilizer and chemical fertilizer. In
2012, we were cultivated the carrot in summer, and the spinach in winter. Those crops were cultivated in the
standard plot (SP) and the sludge-fertilizer-application plot (AP). The SP used only reagents. The AP used the
sludge fertilizer of 500 kg/10a (fresh weight). It calculated available nitrogen include 50%. Other ingredients
used a reagent. The amount of nitrogen, phosphorus and potassium applied to each plot was designed on the
basis of fertilization standard showed by MAFF web site. Total cadmium amount in the turnip and
acid-solubility-Cd in soil after harvest were measured by a inductively coupled plasma mass spectrometry

(ICP-MS). As a result, the cadmium content in the soil of AP was similar to that in SP.
Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 6, 43~60, 2013)



