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ARBRTY B2 —E A (B BRSO =Em) TEBLZ. BEBRIT, IEIRIEEO N B RE B S 1
(V5 VR REAHiE FH X)) & it P R 0372 A8 (R IX) 2k e U, 2 BRBRIX 2 IR E LT, FaiRORiEE L C
THUR BB A XIT AL 16 4F ) OF 18 AEITVG VAR (LIRGTEAEEL S OV F ARG IEAER)) Zht H L 7=, ZOKedD
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TG IRARE B O IEAERF D45 1% 53 D3 T I AEAR R BRIEY 12 Lo 7. 7ok, TBIRIERFF @ 0.1 mol/L HCI-Cd
TRFEE, V5 URAERE 1 g & 0.1 mol/L #if% 50 mL C 1 FEFIHRED L T L7 A RID A% 1 WL YL R IZ D
HELTZ. WGUEAREF D 1 molVL HEET =0 LfEHE (pH7.0) FITEHI NIV A (LLF, 1 mol/L HEZ (pH7.0) -
Cd) IR, 1GUEAEEF 1 g % 1 mol /L FERET =7 APAHK (pH7.0) 50 mL T 1 FEEIRES L T L7 7R
¥ L% ICPE & HTEIC K VRIE LTz, THIRIEEID 73 Hrfs R Table 2 (2, #EALEFD A5y £ i3 Table 3 12”1
7-.

Table 1 Characteristics of soil used in this study

Unit year AP "-1 AP"-2 sP?-1 SpP¥-2
pH (H.0)” 2009”7 6.1 6.1 6.2 6.2
2012 6.2 6.3 6.2 6.3
EC ¥ mS/m 2009 10.0 10.3 14.0 11.6
2012 16.6 16.9 15.6 13.4
Total nitrogen %) % ©) 2012 0.42 0.43 0.38 0.38
Total carbon 0 © 2012 5.8 5.8 5.4 5.5
Phosphate absorption coefficient 3) mg/100g dry soil 2012 2370 2380 2360 2420
Available phosphate > mg/100g dry soil 2009 5.8 6.1 7.7 6.9
2012 4.9 5.1 6.2 6.0
CEC Y ¢ molc/kg 2012 35.8 36.3 36.9 37.3
0.1 mol /L HCl-Cd mg/kg 2009 0.18 0.19 0.18 0.21
2012 0.18 0.19 0.14 0.15
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, n= 1
4) Soil electrical conductivity determined on 1:5 (soil:water) suspensions
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 sludge fertilizer aplications
on soil intended for long-term use

8) The year when this study was conducted.
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Table 2 Properties of sludge fertilizer

Properties Unit  Content Property Unit Content
Total nitrogen o, 3.3 Total copper mg /kg 546
Total phosphorus” 0" 5.2 Total zinc mg /kg 1,760
Total potassium3) %1) 0.4 Carbon to nitrogen ratio - 71
Total calc ium4) % D 2.1 Total cadmium mg /kg 3.6
Organic carbon o,V 23.6 Acid-solubility-c admium” mg /kg 3.2
Moisture %" 26.1 Exchangeable-c admium®’ mg /kg 0.32

1) Mass fraction

2) Content as P20s

3) Content as KO

4) Content as CaO

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

6) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution

Table 3 Properties of the reagent

Propert Unit Ammonium Ammonium Potassium
perty sulfate dihydrogenphosphate chloride
Total nitrogen o " 21.1 12.0 -
Total phosphorusz) %" - 61.5 -
Total potassium” %" - - 63.1

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

(3) FBRIX OHERL
TEVRHEEi A X R OFEYEKIE, 1 BRI O HifEE 4 m® (1t 2 m X 2 m) LU, KRB 2 KEOF 4 55k
X% Fig.1 DEBVEE L. fEfR R ERORTL DR UEY & LI h AR L 7=
IGURNERIORE M B1%, BMOKPER D7 7 —NREAR R TIE 1 AES720 2 v10a BREMAL TODEEBIF
TET 20, feb—fRA0725E B, 500 kg/10a FEEECTH-o72. BIRIRIZE T, {GIRIER T OEA RO
Hi~OFEFEEIHI T A= i EIREO B 22 /~RLTED, M 500~1,000 kg/10a L TWAEHERIRHH.
F7, m T HREER A UG IR ARE A # L= 454, B pH MR T 32510283 b Ty, 3 i
(LD HHEEY LA E A~ DR B ZEEL, 1 /EX4 720l i 500 kg/10a (Bidy) ELT-. EHRAERNRITAIE
FTOFMEXLEDEFROZEND 30 %LU THEL, NEpE MM EE T L. VAKX OINERIZOWT
%ﬁ%/\ I EARENE IV CRREE L7, EHEX I DV T, Al EREENE O CYB TR ARG F (X & [FIEE O Bk 4y
(275X 50 L= (Table 4 Z) . 7ed5, RITEOMHL L-EEA ST LT-L A, KRBRX O ZREY U RIL 4.9
~6.2 mg/100g . 1-THY, MIAHEHEFAFREH VIC BT DA eV e ek A AZ (10 mg/100g 2 1) L Ebig L
TIRME T o7z, 20728, JERRD ARE (STEMED AVEE 20 % & A) 2 1 B IX 24720 200 g fiti FH L 7=.



46

JEEHIFZE RS Vol. 7 (2014)

I m

2m

Fig.1 Plot plan of the test field

AP: Sludge-fertilizer-application plot
SP: Standard plot

Table 4 The design of the test plots

Amont of The applied components
application N p" & cd
(2) (2) (2) (2) (mg)

<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3
Ammonium sulfate 285 60 - - —
Ammonium dihydrogenphosphate — — - - -
Potassium chloride 103 — - 65 —
Fused magnesium phosphate 200 — 40 — —
Total 126 144 72 7
<Standard plot (SP)>
Studge fertilizer — — — — —
Ammonium sulfate 283 60 - — —
Ammonium dihydrogenphosphate 170 20 104 - —
Potassium chloride 114 — - 72 —
Fused magnesium phosphate 200 — 40 - —
Total 80 144 72 0.0

1) Content as P20s
2) Content as K2O
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(4) Feb5 71k

HERMEITART Ly (L A —TA) LU, B EROREFEAEA TS 2 I L7, &R BRIX D)8

WERIZIEH —R 7T E U CTHGERE 24k LT

FEARIE 2012 45 10 H 22 BIZ, KilBRX OFEE 15 12 kg Z8IHWY, EEE ANIBAL, £RBRIXEEIC
VBTG LTz, B CIRSHK 15 eom £THHRL7Z.

FRBR X PYIT 9 4% (S:RE59 20 cm) &L, #EFEIL 10 H 26 B —& —F — 72X 0IT-7-.

MSIEIE 1T A 13 BEO 11 H 29 BIZATV, BRI MY A 50 E BEBROT- ORI 22— 1Y
TaE N —4— AF NEVID )N —6) — VT NNF A TRAT = — NRIA WA LT, MEE AR TR RIS L0 H
T L7z,

IHEIT 2013 43 H 6 HITATVY, HUERZ P TUIRL THlt B3O B2 IUEL 72

(5) TEMIRDHRID LI HT

IHEL =T L o R HICHRBR KB C SR E B2 IE L. o ARE L TRBRK o 1 m® 54
Th, KK, AF AWK DNEIZHEE L, 77 AT H IR L 714 (Sl BRI 12T 65 °CC 24 IRFfA]RZIG:
L7z, ERAELZ%, HBHE 500 pm D550 Al 5 E T (ZM200:Retsch = —#[H]#554 6,000
rpm) TIHIHEL AT R LT,

ARIV LG &L, oHralkEl 0.5 g ICiEER 5 mL K ONEEE(LKFEK 2 mL 22~ A7 ail /o fifddE
(Multiwave 3000:Perkin Elmar) '? T/ i L7t D% 50 mL IZE R LREHARE L=, HIE X ICPE Bt iE
(ICPM-8500 : & S T) 12 k01T~ 7.

(6) B+ HT

I HERS D 31T, *FARRER HIE ISV BRIR U 72, &5 BR K O VEM IR O S i R IUREL 72 35 P &
FICRRBRX AR 1 m® OVURH R O R OFH 5 20780, £ 485 (A% 50 mm X E& 250 mm) 2 W THREDS
15 em FCEREL, @RFEHIZLD 35 CT—Bizk, HEEX2 mm D550 EliRLizbozoir R
BT,

JRFZ LT HEED K3 IE, Nl K Sy (HGS3: AN — « R R) IZXDIE L 7Z.

188 pH KON BC (FJEFZ 1258 1 123 LTtk 5 20N 1| RE#REH 4, pH 1347 AEMRTE (F-23:HORIBA)
128D, EC IXELRIBEHG (F-54:HORIBA) ([ZXWHlELT-.

TR DRI LD TERE (TR BIFHRIEIC SOV TS, B OIS LD HE B L/ EW R ORI & D AH
B72 ENZxHR T 272 DRk & 22 FIER RSN TODH DD, TREEMERZ FFIENRVIRILIZSH S . 2 THE
IR RELLT, Bea W CEDHIZ0.1 mol/L HCI-Cd K OSHME G A A ORE AV HITERY, 0.1
mol/L HCI-Cd &Hb#e L CEN L DOEFRIEMIRD S RIT LIREELFBINH D EHA SN TS 1 mol/L
{573 (pH 70) -Cd IRz, F7o, 23 LU TG IRIEEFIC A RIT AL IR L T &EITH D8 KL Y
TEN D HIEE R AR 5720, 1 mol/L HFEE T F =17 LRI (pH 7.0) A ¥R M OdE$n (LR, 1 mol/L
1573 (pH 7.0) -Cu KOV Zn) IZ DWW THHIELT-.

15410 0.1 mol/L HCI-Cd 1%, 125 10 g [Z%fL 0.1 mol/L ¥ 50 mL Z /125 30 CIZfrH 1 KEERED
LTI L2 IR Y A% ICP B &0 I KB E L.

158D 1 mol/L FEZ (pH 7.0) -Cd, Cu X ¥ Zn (%, 1:582.5 g IZ%FL 1 mol/L FEfE T & =" AEHR (pH 7.0)
50 mL ZANZ 49 20~30 CIZfRH 1 REEIREO L TR L7 W RID A, 8 J N2 ICP B &3 BTk K0l
ELT-.
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2) 2013 FEED:ERARER (20134 7 A 17 H~2013 4 10 A 22 AH)

(1) BRI S K& O 8

BRI G K OV L LT 2.1) OFRBROTG VR ALENIE H X X O X OBz 5| Sfe i HL7-.
O, £, L ORIERRO pH, EC, ANV fE (MLA—2715) 19, 2%, 2% K 0N0.1 mol/L
HCI-Cd #2 % Table 5 1Z/RT.

Table 5 Characteristics of soil used in this study

Unit year  AP"-1 AP"-2 Sp?-1 Sp?2
pH (H0)” 2009”7 6.1 6.1 6.2 6.2
2013% 6.8 6.7 6.5 6.5
EC? mS/m 2009 10.0 10.3 14.0 11.6
2013 19.4 19.6 17.5 18.7
Total nitrogen > 0 © 2013 0.42 0.43 0.40 0.42
Total carbon ) % 2013 5.6 5.6 5.4 5.5
Available phosphate 2 mg/100g dry soil 2009 5.8 6.1 7.7 6.9
2013 5.4 5.4 8.2 7.3
0.1 mol /L HCl-Cd ¥ mg/kg 2009 0.18 0.19 0.18 0.21
2013 0.20 0.21 0.16 0.18
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, n= 1

4) Soil electrical conductivity determined on 1:5 (soil:water) suspensions
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.

(2) fEmklss
HESRIEE 2 O EREEHT 2.1) (2) EFEEEDOE D% V-,

(3) R OAERL

RERX OMERIT 2.1) B) LIABEICEAE L7, MR &35 ERO= P MR YD 2 SR E L. 151
Bl H &I, AifEREE 500 kg/10 a(Bi4n), ZEHRIENHEE 30 %LU CEHREL, R oamiERE Tl i L7-.
0 AR K O BAZ DWW TH AR 3 1 3R E BN W CRFE L 7. FEHEXIZ DV T, M EARERZ VTG TR
e A X & [RIER D R4y Bl 272 B KO FR B Ulits F L 72 (Table 6 Z:1) .
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F72, BITE (2012 4FAAE) O 135 A LT-L 25, & ilBRIX DO FLNRE) FRIE 5.4~8.2 mg/100 g #2+
Thb, M )EHEFEARIEE VBT 2 A 2B IO SE BAE (10 mg/100g 7 1) IZ A~ TR ME Th o 7=
ZDTD, IR ARE (STEMED AVEE 20 %3 A1) 2 1 FRBRIX 24720 200 g S FH L7=.

Table 6 The design of the test plots

Amont of The applied components
application N p" K cd
(g) (g) (2) (2) (mg)

<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3
Ammonium sulfate 323 68 — — —
Ammonium dihydrogenphosphate — — — — —
Potassium chloride 115 — — 73 —
Fused magnesium phosphate 200 — 40 - —
Total 134 144 80 7.3
<Standard plot (SP)>
Sludge fertilizer — — — — —
Ammonium sulfate 321 68 — — —
Ammonium dihydrogenphosphate 170 20 104 — —
Potassium chloride 127 — — 80 —
Fused magnesium phosphate 200 — 40 - —
Total 88 144 80 0.0

1) Content as P20s
2) Content as KoO

(4) #5571k

HERIEMIT =0V (W4 _R—2 =y TF) ELT2. BB O I — R 77 LU THEGAEY)
BRI LIZ.

MEAEI 2013 A2 6 H 24 HIZATo7c. FlBRXOERE T/ 12 kg ZERITHY, IEEZ ATURAL, &ilBrX
FF T AT LT, B TIRSHKY 15 em £ THHREL -

FRBRIXNIE 9 25 (5K 20 ecm) LU, #EFRIZ 7 A 17 By —F —FT—7f 12 HV o7,

MSIZIL8 H 1 HEOU8 A 16 HIZATV, IHERF ORI 5 em £725 151 L7z,

SRS IXI Y AV OERBIROTD, MIERIZ (2Q—AY 7 BE /L —4—AF LEYIV L —6) — VT F
VT AIRAT = — NRIAIZHAG U Te. HER B BRIEF IR B R0 B I M L 7. B IR IS e~ Tl
DIRTHoT28, M EAKIBEKICEDDAKETTST.

INHEI 2013 4E 10 H 22 HIZATV, SEE AR 2 UNHEL 7-.

(5) 1EMRDIRIT L5HT
INHELT- =0 D 3AKE K B  1%, BRBR XA B E B LAHIE L. AR EIE L TRBX o 1 m?
SR TCHRAREREBEEIZYIN 430, AN B EAE Lz, AREBIIA A 2K T4 4E, HREHRL THEL
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G103 F7=4%, BRFLEEREIZED 65 CT 24 REFRRAITOEHEEZHE L. BEMIXENERLRWIIITA
F, BRI, ZO%, BEELEEICEY 65 CT 24 FEMRRZITOE BN E L. SRR M O3
X, ZNENHBE 1 mm X ON500 pm D550 Al 95 F O O % (ZM200:Retsch  =—#[a]ii5
%5 6,000 rpm) THIELT-.

HARIVLEFBEDOGHTIL, 2.1).60)EREkICIT T2,

(6) Wit t+IED T
IR D THEOEREU VAT, 2.D.(6)E[FRIERIZ T 7.

3. # B

1) 2012 SERRER (ZEHRIL2 Y2012 £ 10 B 26 H~2013 43 A 6 H)

(1) VEMIRONLE: S ORI LRI &

BRIV E TOREE TR 4 » A THY, ZOMOEF TR IERS BRI -7,

RV O, IR LR K OWE I B4 Table 7 (SR U7z, (G TRAEEHE A X & OMEAE X OIL &I,
AEEREETENZI11.28 kg &£ 13.33 kg THY, AR ZEITFRDO DI -T2(p>0.05). ARIVAREIZD
UWNCHE, VA TRAEERI A XXM C 0.56 mg/kg, FEHERXIE 0.47 mg/kg THY, 1HIEAREHEH X031 B @)
272(p<0.05). FIRIT LI ENZ DV TR, WRRER XSG 1T FAE T 0.75 mg/alER X L[ E Tho 7.

Table 7 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 10.95 11.60 11.28 ns.”
Dry weight edible portion kg 1.30 1.41 1.36 n.s.
Cadmium concentration” edible portion mg/kg  0.57 0.58  0.53 0.54  0.56  significance *
Quantity of cadmium uptake” edible portion mg/plot  0.74  0.75 075 0.77  0.75 n.s.
<Standard plot (SP)>
Fresh weight edible portion kg 13.75 12.90 13.33
Dry weight edible portion kg 1.67 1.53 1.60
Cadmium concentration'’ edible portion mg/kg 0.49 049 046 0.43 0.47

Quantity of cadmium uptakez) edible portion mg/plot 0.83 0.81 0.70 0.66 0.75

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, the cadmium quantity of cadmium uptake is n =4 (2X2)
(repetition x number of samples))

4) It is significantly different for Standard plot (t-test, 5 % of both sides levels of significance,
the cadmium concentration is N =4 (2x2) (repetition X number of samples))



AIRIT LD BT K CVEM IS 361 D75 Ve AL RRE ] oD 2238 (Tt ) 51

(2) B HHED DRI LGRS

B 158> 0.1 mol/L HCI-Cd ¥, 1 mol/L FE% (pH 7.0)-Cd ¥, pH & Y EC % Table 8 (Z/RL7=. 0.1
mol/L HCI-Cd #& 1%, ST TRIEEH i A X1% 0.21 mg/kg, HEHEX T 0.17mg/kg THY, 15 IRIEEHH X
A B E - 72(p<0.05). 1 mol/L 72 (pH 7.0)-Cd 2L X, EIME CYETRAREHGE FH X 13 0.038 mg/kg, 1
X1 0.032 mg/kg THY, 1HIEAEEHEH X3 E im0 > 72(p<0.05).

Table 8 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 HCI-Cd mg/kg 020 020 021 021 021 significance
Exchangeable-Cd” 0.037 0.038  0.039 0.037 0.038 significance
pH (1:0)” 6.8 6.7
EC? mS/m 19.4 19.6
< Standard plot (SP) >
0.1 mol /L HCI-Cd " mg/kg 0.16  0.16 0.18 0.18  0.17
Exchangeable-Cd” 0.030 0.031  0.036 0.032  0.032
pH (1:0)” 6.5 6.5
EC? mS/m 17.5 18.7

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

2) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution
in the drying soil
3) Soil pH determined on 1 : 5 ( soil : water ) suspensions with a glass electrode, n= 2

4) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions
with an electrical conductivity meter, n= 2

5) It is significantly different for standard plot (t-test, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

2) 2013 SEERARR(FEFE=TV:20134F 7 A 17 B~2013 410 A 22 H)

(1) 1EPRDOILE & BRI LRI &

TR SILHEE TOREMRITA 3 # A THY, ZOMIE, BIFEICH T EiEd R TR R ITh
FET AR ZGRO LI, £, WHEERTNIZIE, —HOEITEAKRERDNLREL BIZLOBEO RS
INFROHIIZDY, ENLSMI R E IR F B EE STz,

= VU DI, BRI LR K O % Table 9 (RU7Z. IGURAEEHGE F IX & OEHEX DI &, 4
RE I TR AN Z N E 4L 12.15 kg £ 10.33 kg, HEFBRENL N 5.43 kg L 4.58 kg THY, AEEITZEDH
N72h»-71=(p>0.05).

TGV IEE i X K OMEHE X D BRI AR FEICOW T, EHETREAZNEH 0.18 mgkg & 0.15
mg/kg, FEHNEIZ 41 0.33 mg/kg & 0.28 mg/kg THY, FEHIZOW TG TEAREHEH X3 B ISR >7(p
<0.05). {GIRAREHiE X & OEHEX OFRER X 24720 D BRI LRI EIZ OV T, EHE TR AT
10.22mg & 0.17 mg, FEHAZTNZEH0.24 mg & 0.18 mg THY, HRE M OZEEBEG TG TRIEEH i X083 A &
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(2B 72(p<0.05). TEMIREIROFRERX Y720 DA RIT LRI E O SEYIME I IE TR AEAEHE FH X C 0.46 mg,
FEHEX T 0.34 mg THY, {GIefkHiE H X3 G Bl mh -7z (p<0.05).

Table 9 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 11.50 12.80 12.15 ns.?
Leaf kg 5.20 5.65 5.43 n.s.
Total kg 16.70 18.45 17.58 ns.
Dry weight Root kg 1.23 1.26 1.25 n.s.
Leaf kg 0.71 0.72 0.71 n.s.
Total kg 1.94 1.98 1.96 ns.
Cadmium concentration” Root  mglkg 0.17 020  0.16 0.19 0.18 ns.
Leaf  mglkg 034 035 032 032 033 significance
Quantity of cadmium uptakez) Root  mg/plot 0.21 0.25 0.20 0.23 0.22 significance
Leaf  mg/plot 0.24 0.25 0.23 0.23 0.24 significance
Total  mg/plot 0.46 0.50 0.43 0.46 0.46 significance
< Standard plot (SP) >
Fresh weight Root kg 9.35 11.30 10.33
Leaf kg 4.15 5.00 4.58
Total kg 13.50 16.30 14.90
Dry weight Root kg 1.00 1.21 1.10
Leaf kg 0.56 0.71 0.63
Total kg 1.56 1.91 1.74
Cadmium concentration” Root  mg/kg 0.16 0.17  0.14 0.14 0.15

Leaf  mglkg 031 030 026 026 0.8
Quantity of cadmium uptake” ~ Root ~ mg/plot ~ 0.16 0.17  0.17 0.16  0.17
Leaf mg/plot  0.17 0.7  0.19 0.8 0.18
Total mg/plot 034 034 036 034 034

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 is N = 4 (2x2) (repetition x number of samples))

4) It is significantly different for Standard plot (t-test, 5 % of both sides levels of significance,
the cadmium concentration and cadmium quantity of cadmium uptake are
n =4 (2x2) (repetition * number of samples))

(2) B O DRI LR

Bt 158> 0.1 mol/L HCI-Cd %, 1 mol/L EEZ (pH 7.0) -Cd #£ %, pH M O} EC % Table 10 [Z7RL7=. 0.1
mol/L HCI-Cd Ji2 EE 1, 1HIe BB 1% 0.20 mg/kg, HEHEXIE 0.16 mg/kg T, {HIENEEHH K23 B IZ5
72> 72(p<0.05). 1 mol/L FF% (pH 7.0) -Cd 21X, VHIRREEHIE A X 1% 0.038 mg/kg, FEHEXIE0.031 mg/kg T,
THIRNERHH X253 B A =732 72(p<0.05).
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Table 10 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 HCI-Cd " mgkg 020  0.19 0.20 020  0.20 significance
Exchangeable-Cdz) 0.038 0.036 0.039 0.038 0.038 significance
pH (H:0)” 6.1 6.2
EC mS/m 15.1 16.8
< Standard plot (SP) >
0.1 mol /L HCI-Cd " mg/kg 0.15  0.16 0.17 017  0.16
Exchangeable-Cd” 0.030 0.029  0.032 0.031 0.031
pH (H:0)” 6.0 6.1
EC mS/m 16.3 16.7

1) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
2) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution

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

4) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions
with an electrical conductivity meter, n= 2

5) It is significantly different for standard plot (t-test, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

4, 2 =

1) 2009 FEARAAERFRRBFENSDHEBIZDOINT
2009 FOFERBAIARF)D, ZAVET 5 4, 4 2 1, & 9 1E Q013 FAAEIX ) ORERE1T 7.
FERE R OHEEIZOWTUT FREDEBY TH-T-.

(1) 1EEDI &

TEMR DI E (ERE) ORERIL Table 11 OEBVTHDH. ZNETORBROILEX, 5L A IGEER
EEIZRHHSINTWD HIENELFEL ETHY, —EDOWNEEZHEMR TETNDHEEZLND. XIS
DIGIEAREHE F X O AR EFR A RHe, FICHEFFITR T, (HIRIEEHE A X OULEN 8 BIFRE L/~ T
el 2, THTRREARHE X O R AERR FHZ W C, TG TRIEROEIC LA Y 2B L C, BRIEE
%100 %ELTEHAEL TR, I 6 fEH O 2011 FEAMERTL Y TIZB W THINEDMEAEX IR LT 8 H
FRECTh ol ZOJRKEL T, ERERBEO )/ DIN=000(2009 B AE) CTIEm R X [ COUL &
MEIFRE ThHhoTeZ b, HIRIEEIOE R HRAMEE X ORIEIVBENZENB 2 HND. 22T, 2012
X, THIRIEEIO ZEF AR E BAE 50 %, LAE 30 %LU CTHIELZ. ZOFER, 2012 F&ERYL YT T
1%, FEHEX A 100 EL7-VBIRAREHE I X O AR E RS 85 £720, 1HIEIREIO 2R AN 30 %l Ui il &
TIEFRIFEOIL E LTG0 -T2,

D THEER R Cd D LR TG TRNEAR D 28 35 Mt L S8 2 R iR 357200, ML (TEIRAE 30 “CT240 A [
BEAR) e FEMELT-E 2 A, KM 90 H LARR I MR LR 30 % CHERE L=, ZORE R0, 2013 FEE=0 v
TG TRAEB D ZE TN HE 30 %l L THaARL 72&25, G URAERHEH X O AR EIEEIE 118 Llao7z. ZhUT,
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HIE CHALNEDIENHHZEMNEZ NS, ZOZEnh, PRI L TWALURIBIRIEEHZ W TS, %
FENREZEE= 0TI 50 %, ZAERTL YT TIE 10 %l U THEERETZHETAZENm Y EE XD
D, ZD7=, 2013 FFELAERTL Y ERBRICB WL, HEIBIRIEEIOZEZ IR ERE 10 %L ThitL <
W5,

Table 11 The yield of each crop body of 2009 to 2013 (fresh weight)

AP" sp” .. ) Fresh weight
Year  Season Test crops Part Fresh weight Fresh weight Aim yield . reshweis 4
(kg/plot) (kg/plot) (kg/plot) index of AP
2009 Summer Carrot Root 180 (0.1)) 17.9 (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) 19.3  (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) 14 102
2012  Winter Spinach Edible portion  11.3  (0.5) 13.3  (0.6) 8 85
2013  Summer Carrot Root 12.2  (0.9) 103 (1.4) - 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6  (1.2) 149 (2.0 14 118

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) Bt 50 pH

B 348 pH OHERS 1 Fig2 DEBVTHD. pH 6.0~6.7 DEiFHN CULEE 2L /WNS<HEBE L Q0D HIRE
BORWE D FEEEHIRE A A L2581 135 pH 2ME T 2288 M T8, AR ER Tl pH
6.0% FEIDZRNED, HH, AIKEMIZLD pH DMIEEZTT->TRY, T TR ERY T ThHrZeRe, M1
EEEE A2 T U7 LIRVB VAR B OO Ji FH B3 i (2 22 <Zpu oD, i FHIZ &2 pH OB LR D720
DEIeoTNDEB 2 DILD. THEpH OZEENX, TR ARIT AOVEMIE~DO PG E RIE e m
BIVTND 20 REERCIL, {5TRAEEHIGE A X SAEHE X OBRH 38 pH 13, 1RIZFREE THEBEL WD 2 M
B, FREBRTOARIY 2ENREDO IR 2212 138 pH 1 TIZEAEFEEL THenbDEE 2 LA,
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pH
7.5

=4 Sludge-fertilizer-application plot (AP)
7.0

Standard plot (SP)

6.5 /’\ /A
4 \\,‘ — v ¥ \

6.0 A4 L
5.5
5.0
— Carrot Spinach Spinach | Qinggengcai Turnip Spinach Carrot Spinach Carrot
Examination [After summer| After winter [After summer| After winter |After summer| After winter |After summer| After winter |After summer|
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

Fig. 2 Changes of the pH of cultivated soil

(3) B+ 0.1 mol/L HCI-Cd 2

B 580D 0.1 mol/L HCI-Cd 2 £ DHERE (X Table 12 2 N Fig.3 DLV THS.

TGUENEEHiE A X K% OFEHEX. 0 0.1 mol/L HCI-Cd IR FE DHERIZ DWW T Z4EHR T~ 5720, T EidaL
HXIZITD, FBRBRLERE OO H (BB OMIRIL 6 7 A LL72)12x3% 0.1 mol/L HCI-Cd i FE DR
FEHER T AT o7 CRENRRO B HTR O p MEICEZOFEMN, milE E K% S %) (Table 12). 2013 &
VEWRH T OIBPRAENIE F KOG E A E T2< (p=0.89) — & THERE L CODE[A ThoT-. — 7, FEYEX
TIE, 2011 FFAAEBRHILARE, Bl ANA B L0 TR 23580 Hiu(p<0.05), sk X M D 21T R EL2HMH
[ Cdhorz. F£72, 2011 FLVELURE, JGIR ARG A X AVERER T EICELRY, [FREORE R T
WA TS, EAERIIAOELFH DI RIT DA RN, BERIZIB W TYEIRDOINE LY R AR
LV LDEIGH~OFH H Uk S D 2SI XD, Wik +380 0.1 mol/L HCI-Cd 2>V Thigi 975
L2 o> TNDEE X BID.

0.25
€ ]
% 020 ~ 1
g | T
= L T i e T
S 1 : * i : 5
o 0.15 o &
jan)
—
~
g 0.10 === Sludge-fertilizer-application plot(AP)
S Standard plot (SP)
0.05
- Carrot Spinach Spinach | Qinggengcai Turnip Spinach Carrot Spinach Carrot
Examination |After summer| After winter |After summer| After winter |After summer| After winter |After summer| After winter |After summer
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

Fig. 3 Changes of the 0.1 mol/L HCI-Cd density of cultivated soil

(The error bar indicating the standard deviation)
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Table 12 Change of the 0.1 mol/L HCI-Cd densityl) of ruins soil

Ap? sp? .t—test p'Vahlle of singl.e4)
Year  Season Test crops (difference regression analysis
between the

(mg/kg) (mg/kg) processing) AP” sp”
2009  Start — 0.19 (0.01)” 020 (0.02) ns.? — —
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 geng cai 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)  significance 0.63 0.03 ¥
2012 Summer Carrot 0.19 (0.005) 0.15 (0.01) significance 0.41 0.01 Y
2012  Winter Spinach ~ 0.21 (0.01) 0.17 (0.01)  significance 0.98 0.01 %
2013  Summer Carrot 0.20 (0.004) 0.16 (0.01)  significance 0.89 0.002 ¥

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 X2) (repetition X number of samples))
6) It is no significantly different for Processing examination section (t-test, 5 % of both sides levels
of significance, N = 4 (2x2) (repetition x number of samples))

7) It is significantly different for Processing examination section (t-test, 5% of both sides levels
of significance, n =4 (2x2) (repetition x number of samples))
8) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance).

(4) B+ 1 mol/L WEZZ (pH 7.0)-Cd 2 JE

B+ 1 mol/L HEZE (pH 7.0) -Cd ¥R DHER (2009 44 1E~2013 4 H/EET) 1L Table 13 & OF Fig.4
DEBVTHD.

TG UEREEH X & OMEHEIX 0D 1 mol/L FEZE (pH 7.0) -Cd IREDHER IO\ M AR 35720, T
ZIOLFLRXIZET D, 2010 FELAENLORGEH (£ RBROMBEIL 6 » A EL72) 12595 | mol/L FEZ (pH
7.0)-Cd 2 EE OB ENR DT 21T 72 CLEIF RO BT ED p EICLVEE, WA EKE 5 %)
(Table 13). 2013 4FEAEBRHE TOHIRALEE H X OENFHEA E Te<(p>0.05), — & THERERL T4 Em)
Thotz. —J5, AKX TIE, 2012 FEEBHLIRE, YRS E LD (p<0.05) FREMAZED LI, Mk
BRIX W DT R EL IR DE I TH-T-. ZOMFANE 0.1 mol/L HCI-Cd ¥ L[RAEE T 7= (Table 12 K
Fig.3).
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Table 13 Change of the exchangeable-Cd densityl) of cultivated soil
Ap 2 sp ¥ t-test p-value of single
(difference regression analysis4)
Year  Season Test crops
between the 2 N
(mg/kg) (mg/kg) processing) AP SP
2009  Winter Spinach ~ 0.036 (0.002)”  0.037 (0.002) ns. — —
2010 Summer Spinach ~ 0.038 (0.002) 0.036 (0.003) n.s. — —
2010  Winter Qing geng cai 0.041 (0.001) 0.037 (0.001)  significance " — -
2011  Summer Turnip 0.036 (0.0004) 0.035 (0.003) n.s. — —
2011  Winter Spinach ~ 0.039 (0.001) 0.035 (0.002) significance 0.58 0.13
2012 Summer Carrot 0.037 (0.001) 0.032  (0.001) significance 0.93 0.03 %
2012 Winter Spinach ~ 0.038 (0.001) 0.032  (0.003) significance 0.93 0.004 %
2013 Summer Carrot 0.038 (0.001) 0.031 (0.001) significance 0.91 0.0005 >
1) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution 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 (2X?2) (repetition X number of samples))
6) It is no significantly different for Processing examination section (t-test, 5 % of both sides levels
of significance, N =4 (2x2) (repetition X number of samples))
7) It is significantly different for Processing examination section (t-test, 5% of both sides levels
of significance, N = 4 (2x2) (repetition x number of samples))
8) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance) .
0.05
o
E
£ 004 e
2 1 | I ; ]
& N | i
g 0.03 =+ 1
'§ =3¢=Sludge-fertilizer-application plot (AP)
|28}
Standard plot (SP)
0.02
Spinach | Spinach | Qing gengcai | Turnip | Spinach | Carrot | Spinach | Carrot |
After winter After summer After winter After summer After winter After summer After winter After summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2010 | 2011 | 2011 | 2012 | 2012 2013

Fig. 4 Changes of the exchangeable-Cd density of cultivated soil (The error bar indicating the standard deviation)

(5) Bt 138D 1 mol/L HEZZ (pH 7.0) -Cu Je N Zn JRJE

B +-580> 1 mol/L HEZZ (pH 7.0) -Cu M 8 Zn JEE DOHERS (2009 44 AE~2013 FEE/EET) I Table 14 &
W Fig.5 OLBVTHLS. HIRIEEHFICARIY AL L TL&ITE L8 KL NHERITOWT, BRIV LD

HHEEREOSE LT A OB AR LT,
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15 VR REARHE X % OEHEX. D | mol/L FEZE (pH 7.0) -Cu K& N Zn i FE DHERS I DWW T [A) 4B 35729,
TNENDLFIXIZIIT D, 2009 FAENLORE H (£ BROMMREIL 6 7 A LL72) 1% % 1 mol/L FE%
(pH 7.0)-Cu J O Zn i FE DFFFEHLIENF /3 M1 24T o 72 (RIENF RO 3 U Hr & 0 p EIC K0, miilA =K
#5 %) . 1 mol/L EEZ (pH 7.0)-Cu (22T, 2013 4 B AR E T OIG TEAREHiE H X K& OEHEX D[]
TAE TR (p>0.05), —E THRL CWDHIA CTHh-72. 1 mol/L FEZZ (pH 7.0) -Zn 2OV T, 15TEARE
B FH XTI, 2011 AFRAERRHICARE, BlR A E L7220 (p<0.05) LA R AGRD L. —J7, EEXIT—E
THEB L THY (p>0.05), FiskBRIX MO TRELARDME I THT-.

BT T2 iem oy R ER A L7275 IR O ARy MRBRIZIS W T, (GIROEHIZE > THiEd O
ATEMED AIRIY I, §i Je OV BEER O INDFRD B, SR ENZVNEEEEEILEL, $ ORIV LRED
BB AN X S EE B TR T2 ENHESNTRYY, ZOWELA RO RITF BLRNHDOTH
7.

T TR AW CE A RIS SN ERT D, O OMSITEHIYL KUK T O SRR % F
UWZIIE T pH 5 DA TH > digh > WRIT ) E7e>TA22 . 1 mol/L FEZ (pH 7.0) -Cu 78— & THERS L
TWHHEHEL T, HEAEY S ~OWAE N TR0, BURO AR & CIE s b 32803 L T
RNZENRE ZBND. —77, 1 mol/L FEZ (pH 7.0)-Zn 285 EARAERITHLELH X, S5 TR AEAEH o dhghiR
FEDY 1,760 mg/kg (Table 2) EHiCHRIT AL IR LTI IZHEL, Hil&0E TEEH TEIZCT UV ZDITIGTEE
BoM A E XY EFBEE SR> TOBEEZ DR D, HRITAITOWTIE, e K O8RS e Gk
HEAMEITDRNEOO, HiEHIE HERCEXCT VI LMD, (GBI K 8E A L7540 K &
IRV A &R UG, HEh S RARITAEM IR ATRBZ2 U R AR EEAS B AR &7 2 IR E AN
ZH6N5.

F7o, WENRE OBV EIRIEE A E A L3RI W T, ARMESZVRBRX (1 /E24720 2 ¢v10a LT 6
t/102) D 7 {EH (2=>F) KO ER (2 7)IZB W CTHED pH 6.0 K& ) 5 Cligh o REER (7
Ty AR OB H]) BNROLNIZEWI RGN HH2Y . ARk BR Tl 1 pH % 6.0 UL BT TV B2 54
NI, IHIRIEEE 2 BRI A 55 4120%, 13 pH OB L ICHEH OBRIEIRICOWVTHIE
ETOULERDLEE Z DI,

2.5

=@ Zn(Sludge-fertilizer-application plot (AP))

% 20 Zn(Standard plot (SP)) -
g === Cu(Sludge-fertilizer-application plot (AP))
=
_[g 15 == Cu(Standard plot (SP))
§ i ! 5
3 L —— | T i T
Q 1 : l H 1
2 10 t " I it
E
)
=
<
S 0.5
><
ks W
0.0
Spinach | Spinach ‘ Qing gengcai | Turnip | Spinach | Carrot | Spinach | Carrot |
After winter After summer After winter After summer After winter After summer After winter After summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 ‘ 2010 | 2011 | 2011 | 2012 | 2012 | 2013

Fig. 5 Changes of the exchangeable-Cu and Zn density of cultivated soil

(The error bar indicating the standard deviation)
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Table 14 Change of the exchangeable-Cu and Zn densityl) of cultivated soil

Cu Zn
Year  Season Test crops AP sp AP sp
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

2009  Winter Spinach 0.40 (0_()7)4) 0.40 (0.03) 1.3 (0.1) 1.2 0.2)
2010  Summer Spinach 0.37 (0.02) 0.36 (0.04) 1.3 (0.04) 1.2 0.2)
2010  Winter Qing geng cai 0.35 (0.004) 0.33 (0.004) 1.3 (0.1) 1.1 0.1)
2011  Summer Turnip 0.29 (0.002) 0.28 (0.01) 1.5 (0.1) 1.3 0.3)
2011  Winter Spinach 0.46 (0.01) 0.39 (0.02) 1.6 (0.2) 1.3 0.3)
2012 Summer Carrot 0.40 (0.04) 0.37 (0.02) 1.6 (0.1) 1.1 0.1)
2012 Winter Spinach 0.35 (0.02) 0.33 (0.03) 1.7 (0.1) 1.3 0.1)
2013 Summer Carrot 0.33 (0.02) 0.31 (0.01) 1.9 (0.2) 1.2 0.1)

1) Content of copper and zinc dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
2) Sludge-fertilizer-application plot

3) Standard plot

4) Standard deviation (n =4 (2X2) (repetition X number of samples))

(6) VEWIRD IR L FE K ORI &

KB COVEMIRD IR IR FE K ORI & DOHERS 1T Table 15 X (N Fig.6 DLV THSH. =T AZD0
TIE, WE3E], FYL Y TIZOWTI, 84 BEREBREERL TOD03, 1HIEilBo b &S0 40 BE
o, BREITSTESEEHICL > THHEMIRO A RIY AR EITATHL T, 2L, S 5 ook &
RRIREDORREMENEEL QDB LN,

FRBRBHAARF (2009 4 EAF) 725 2013 FEEAEETOEMIROIRIT AR, 72 Codex FEHEMHZY D 1/4
PLFRREECTHERB L T4, LnL, 2010 AEEERTL YT ORI APEEEIX, 75 TEAREHiE F X & OVE %X &
12 Codex HIEfE (BE% BIMIRE 0.2 mg/kg) D 8 FIFRE LB @V R E Th o7, Bt H5E 0 pH K Y
0.1 mol/L HCI-Cd & FEITIZ R EREEIFRO LI TVRNIEDND, KRFMZE > UIEMIEF O I RIY
NI YAYN i iéi]%/\b%é_é:#%zghé.

2009 FFEAAEK TN 2010 FFBARRTL VT DHRIT LRI R, ZEHEX DG IR IR T XIZ X THEIS
%027 (p<0.05) . ZAUZE, 1HIRAEEHE A XIZH AR TEEEX O ED 2 FIFREE L) 7 (Table 11)72H &%
OIS, — 5T, AEIRF O BRIy AR E CIEm R X CH BEZITFRO LT (p>0.05), ZHIAvL Y
U DOAE BEAIRIY AREIZBERITGERD BNV HREY LT AR Tho T,

2010 FEAANETF U P AD T RIY LNRFER, G TR H X AMEAE X Z A~ TR EIZ )72 (p<0.05)
23, IR AN B Il R X ] CRIFRE CTh 7= (p>0.05) . T, GIRIEEHE H X _RTEHERX O
BN 2 BIREEE L 72 (Table 11) 720 LB 2 HiLD.

2011 AELAERTL I NZBNT, RBRBIAAD SO TIHVRAEHE ] K AVEAE K\~ THR I LR K

ORI E D THBEIZE -T2 (p<0.05) . ZOZEE, Wi +HE0 0.1 mol/L HCI-Cd 2 IZH WV THRRDHH
ALTHEY (Table 12), RUL YT HEEF ORZWEEDO DRIV 2% FRICEINT 503, B S IRIT A
IREMIZRED A RIT LE WAL, 1EARD I RIT LRI E 13800 0.1 mol/L HCI-Cd IR EEICH BN B D0
W BT HER ThH o7

FOBIZERELTZ 2012 FHAE=02 0 Th, Bt 1580 0.1 mol/L HCI-Cd i BE 1% 5 | & foe 7% U AEAH i H X



60 NEEHFFE R Vol. 7 (2014)

WA BEIZED -T2 (p<0.05) 23, TEMIRD AR 2B K ORI & Z3BR X [ T B AT bk oTe
(p>0.05). ZAUE, =P OHRITVARINEFHED 0.1 mol/L HCI-Cd & EDFHRIITFRD SR EWHH
2L — B F DGR CTh oz, THIRIEEHE A X SAREX TIX, AUV YU BSIRIATREREEED A RIY AL =
OV PR ATREAR G RED IR I ADPREE N B2 DT, RUL LY b= D TR DRE R L e ST A RENE
NEZHND.

2012 FEAAERTL YT OTIRIT LPREEE, 1HIEAREHE ] X AMEE X TR EIZE) -T2 (p<0.05) .
ZAUE, 2011 FEAAERTL YD LRI R THY, HIEAREHEH X ClERT L Y 7 3R ATREZR T RED
TR I FE A AE X L i LTy R EEAS 2011 AEEAELIERE N TODZENFIKEE 2 505,

2009 4F K N 2012 FEEAE=0 D0 TIIARER M OSEEEH I RIT AR E DA B 21372772 (p>0.05) 23,
2013 FEBAE= DU BEERIZIB T, THTRIEEHE X AMEAE X~ CH RIS E D72 (p<0.05) . 2013 £ 5
VEDOIBIRREEE A X OVERF AT M O 580> 1 mol/L EEZ2 (pH 7.0) -Cd I DUV THEEHEX L bris L C
HEIZED 7= (p<0.05) (Table 8 X TN10). ZAUFZ=0 D0 DHRITLAWINIZIE, 150 0.1 mol/L HCI-Cd
BELOMBITRDOLNRNT S, £ O 1 mol/L FEZE (pH 7.0)-Cd JEELDFHBENH L0 L\t —
BT DR TH-oT-. B £ 1 mol/L fEZZ (pH 7.0) -Cd IR\ TE TR AEEHE F X SAEHEX D73 K
LR DAE THEE L QDI EDD (Figd) , TEMIRO AR MRFEEL RO A 72> TNDEB 2 HA.

VEMIRD TR IR HE e ORI B SN T, 2011 FEAAELAMRI 75 TR I BHE FH 1X.00 75 23 12 i M )
725 TD (p<0.05) . ZOfE ANTHRH3E0D 0.1 mol/L HCI-Cd }2 OY 1 mol/L FEZZ (pH 7.0) -Cd # &1 — %K
L7z (Table 12 KO8 13) . Wi £3ED pH OB L AVEICTRE 72 20RO BN L5 (Table 1 L OVS), 12
YEX T I TITE B O 2320 R BB TEEL TOBZ LB ANEM R DN FTREZRTERE D A R I e
MO LTNDESZ 2 DD, — 5T, {GIEIREH A X CrxiB T AEsk o i 12 Lo THE IR IR E NS
ARIVLDHIG, THERRKE HROHRIY AL L TE TR AL RO A RIT AOEIE I3 D A &
o TNBIEREZLND.
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Fig. 6 Absorption and the amount of cadmium concentration of each crops in 2009~2013

(The error bar indicating the standard deviation)
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Table 15 Absorption and the amount of cadmium concentration of each crops in 2009~2013

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) D (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)

2012  Winter  Spinach  Edible portion  0.56 0.47 signifi- 0.75 0.75 n.s
(0.02)  (0.03) cance (0.01)  (0.08)

2013 Summer  Carrot Root 0.18 0.15 n.s. 0.22 0.17 signifi-

(0.02)  (0.02) (0.02) (0.004)  cance

Leaf 0.33 0.28 signifi- 0.24 0.18 signifi-

(0.02)  (0.03) cance (0.01)  (0.01) cance

Total - - 0.46 0.34 signifi-

(0.03)  (0.01) cance

The sum total - - 5.42 5.53 n.s.
(0.07)  (0.13)

1) Content in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) Standard deviation (n = 4 (2x2) (repetition x number of samples))

5) It is no significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, N = 4 (2x2) (repetition X number of samples))

6) It is significantly different for processing examination section (t-test, 5 % of both sides levels
of significance, N =4 (2x2) (repetition X number of samples))
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(7) HRIVLANTE, FFHLELNEEE

FZRBRTONEEIE RO DRIV AR R, IEMIRICEIDIRIV AN LE, HE~OIRIVLAERHEL
HHERE OHERIL Table 16 OBV THS. fiAIEEIOAIRIY AEH &I H &2 E LT, THE~OHRIY
LERTEELT. ARIY ARFHU B, IWHELIEMIRO I RIV AN EE L. i A IEEHZ XD R A
T EEAEMIRIZED I RIY AR L&D A I RIY AEFERELTZ. IRIY LEREEZRBRX Y7200 HHE &
(fEHDTEE 15 cm, HHEOELE 0.67 L1, REBRIX 4 ni 47200+ &% 400 kg £L7-) THRLT, H#E~0D
ARIV LEREREELT.

HRIVAFFHLEIZOWTIE, ZRETEBLZ IMEOREBRO G T, 1HIRIEEHE H X T 5.42 mg/slBk X,
FEHEX T 5.53 mg/ARER X LRIFLEECTHY, A REZITBDOLN2D -7 (p>0.05) (B EZEMRERFIE, Table 15
TR LRI B DR A S ) .

IHUENERH X TlE, FBRIZINT, IRIV LA REIERL TRHHL &2V D7R2NZEND HHEO IR
7 LN INT T ALTL DT80, (BIEEEIOHE I LA I RIT AAM &N > THEERE T HIRIT L0
FELEAN THLIENZE ZDN5. BE ITEOFBRICIB T HEIEEEH X OB RIY LA N &I 47 mg/mU8R
[X (118 g/ha), BRIV LAEFEIEE (DRIVLALEEBELRABRK HEEODFE UG Eo HER DRIy L0
SR IEE) X 0.105 mg/kg L72>7- (Table 16) .

THVRAEEHE A X D BRI 2B fuf e fe QNSRS B & 38 0.1 mol/L HCI-Cd 2 FE O HERE X Fig.7 DLBVTH
%. T3 0.1 mol/L HCI-Cd J2FE 137 BR BH A6 HF D 2009 4= E /ES 2013 FEEAEE T, 1ZIE —E THERBL T
BV, HIEEEr o e I8 A B2 57 UL T RERITERObNRD -7 (p>0.05). LrL, IRV
LAMED 1 EHT2D 5 mg/alBRX (12 g/ha) LL T Téh-o72 2009 FFEZAEND 2011 £ ZAEE T (Table 16) DHER
ZRIEIER AT LIZEZ A, FURBAAE LD (p<0.05), FREEM2FRD I (Fig.7) . 2011 FELVELIRRICH
R LA fTEE 1 EYS720 7 mg/iRBRIX (18 g/ha) LA EEUTZ35E0E, #E BV ST (WA B K HE 5 %) Tl
AETIHRL, FREMITRRO LR (p>0.05) —E THEBL T\, 48, T —2BE L TR %
R THDMERDHHES Z DI,

DO FRBR T E oy T B A A U725 IR BRI 5 48 (5 18) LU o> Bk 27 +- [l 45 C oo JH ik B 4 52
MEL, 1B pH % 6.0~6.7 I[ZHEFRF L7 R HEC 1589 0.1 mol/L HCI-Cd & DOHER 2 a8 L7 i i 1 L 24 7=
B, FRIORERE L TRARZ R A TER O D72 B AR 10 Bl 2350 TR EE R BEZEY i Sk HEAE
Z VN 5 R S VR HRRER A FE 0 L 72 # 5R CURID AR AT RIS 91.1 g/ha, B T30 pH 13 6.0~6.7 O
MCTHERBL TEBY, RRBRIZIEWSEFLRSTWD), Bl 580 0.1 mol/L HCI-Cd 21X 0.15 mg/kg 726
0.17 mg/kg (DT ITHEMU 7= ZENHAES TS,

LA EDZENS, AR TR 38, URIGIRIEE R OYE 2310 2 AT A IRV TiE, 1 7ES72D
7 mg/FRER X ([ 14 mg/iRBRIX (36 g/ha) ) KO A RIV AT A L UIZGAE, 4%, B350 0.1
mol/L HCI-Cd I FE A BENME R &7 5 AT REEL B D T O HERS A B T DM BN BHHEE 2 HID. — 77, HEEHH
KD IIRIT DA D72V VEHERX K OGRS D BRI AAMED 1 1EXH720 5 mg/tlBRX LT DA
(2, 3891 0.1 mol/L HCI-Cd #2 B 28] (p<0.05) L7 5B L LI, TEMINEIC LD FR L oofth, 13
HUZARSNIZ I RIY AIKOER T HBENCIVERICE 520 0RH L0300 105 IR IR
HOGHEIELAES T HIEPEIZEDY 0.1mol /L HFEIIIRIERREL L CHE R HICEREL QL DZENE 2
bivd.
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Table 16 Change of the 2009~2013 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 load " accumu-  of cadmium load " accumu-  of cadmium
0 remov lation  accumulation 0 remov 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 Qinggengca  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
2012  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
2013 Summer Carrot 7.28 0.46 6.82 0.017 0 0.34 -0.34 -0.001
Tota 47.36 5.42 41.93 0.105 0.00 5.53 -5.53 -0.014
1) It show every test plot.
the quantity of cadmium load
0.25 s the quantity of cadmium accumulation 10
2 1S
% =¢=the 0.1 mol/L HCI-Cd density of cultivated soil (Sudge-fertilizer- appllcatlon plot (AP) ) E
< 0.20 e | 8 T
o ® g_
0.15 6 =
S $B
g 010 ¥
— ' 4 % 5
o] S g
= 3
0.05 2 5 §
3
0.00 0=
Carrot Spinach Spinach ngger‘gca Tumip Spinech Carrot Spinach g
Examination Summer Winter Summer Winter Summer Winter Summer Winter Summer .
start
2009 2009 2009 2010 2010 2011 2011 2012 2012 2013

NERFD A 2 Ko OV A= DFEPRIZ

Fig. 7 Changes of the 2009~2013 year of the quantity of cadmium load by fertilizer,

quantity of cadmium accumulation to the soil, and the 0.1 mol/L HCI-Cd density

5. £&&H

VBRI

ZEATIRENTZEE L C, I IRARE o E it H 5Bk A 2009 4

KO &EREEAT > TR, THIRNERHE ] XK OG5 TR AR K ] OAFHEX D 2508k X1, 2012 &L L THRY

LY, 2013 HEAELL T=0 D B L, TR OIRIT AR EOEAL K OVEMIER~D T RIT LI
BAMER L. TOREE, Wi 130 0.1 mol/L HCI-Cd ¥ K OY 1 mol/L #E%2 (pH 7.0) -Cd 2B 1375 TR ARk

Jiti X SR HE A L~ TR E

ZEoT- (p<0.05) . TEMIIRD AR I AJEFE 1T 2012 FE & AEFR T LY KX

2013 FFEEAF =0 P UBEERIT I TIE, 1HVEAEHE H X 2R HE XA e N CTH EIZE 22272 (p<0.05) 73,
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2013 FEHAE=V VU T, MR KICA B2 ITRO LN -7 (p>0.05) . TEBIED I RIT AR
F|IX 2012 FEAAERTL VT TILm R XA B 21T O bR -7 (p>0.05) 23, 2013 FEE=2
NTIBUNTIEHERS S OB &6 1275 e IE B X AMEHE XA e~ TH B2 M ->72 (p<0.05) .

FRBERBAARIF D 2009 4FE EZAEDH OB 3D 0.1 mol/L HCI-Cd IJEDHEB I OWTERIELIZLZA, 15
Te B R F X SAE U X TR IRIEA TR, 2011 FELAERTL YT LIRS B ORBRICE
WTh, THTEAEEBHIE A X 2 HE XA L R CH B IS E 2272 (p<0.05) . Bkt 580> 0.1 mol/L HCI-Cd & O}
1 mol/L EEZ (pH 7.0)-Cd #EE OHER X, X CTIEA B2 T REAEM 25580 5172 (p<0.05) 23575 JE AR
it F KR EE — B THEB L T80 (p>0.05), {5 IEEN O F G I X5 A B e B5 0T TR
bivinoto. LinL, GIRIERHEA X OARIT LA &N 1 /E4720 5 mg/aBRIX LT (12 g/ha) Th-o7z
2011 FEEEETIIBIM 50 0.1 mol/L HCI-Cd & DA B /e TR 235380 5T = (p<0.05) 23, R
U LA R 1 EYS720 7 mg/iBRIX (18 g/ha) FREEE LT 2011 AEAAELIRRE, FRME2F8D B> T
WAHZEND, T —HHEC LS B OWRB AR T HILENHLEEZLND. o, GIRIEEHF OB EE 2
B EL, HRIY LD FRIRITCHE THHHEMNT OV TIE, (HIRIEHEH I\ T 2011 FELMELIKE, Bl 1
520> 1 mol/L FE%Z (pH 7.0) -Zn O _EFE M 2358572 (p<0.05) .

BIRIBEIO DRIV AEBFFRMEAE (K 5 mgkg) OURIGIRIEEE, —%0072 1 /E47-0 ol &
500 kg/10 a (Bi#) LA &2 HE L, 4F 2 /E CFERTfE A & 1t/10 a) ORERZ 9 {EfT 7=, ZhETOLZA, IR
BRI L QR MEYE X O fE B E D Ll D, (GIRIEEHE DB RIY AIEL IR L, 1EMIZRINE
NCTODHEEVENRE 250508, 1HEF ™ 0.1 mol/L HCI-Cd 2 £ 11FIE — E THB L TRY, EHTF bR
IV LPREEIZ OV T Codex FEEEIZ L AN TRWVRE THEB L T D KBRS ICIB W THRIT LA R
HEEMK 14 mg/ABRIX (36 g/ha) TOD 5 FMBEEDOHIENLERE A TH X, 7 FI U L0 HEER
ESCVEM IR ~ DU E N KT 5 AT REMEIZIR W EE 205, UL, BICREICE 2k L8545
TG VR IREHiE F EA2 B INS W86 L EAR Y TP OFEEO TR OGA BT HIGTREEFR RO AR
T LD HIEF O ZFE K OCVEW IR ~DOWIUZ O W TIH REERB TV ERHHEE ZHND.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absor ption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)

Toshiaki HIROI*, Souichi IGARASHI?, Masahiro ECHI®, Yoshimi HASHIMOTO! and Fumihiro ABE*

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

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed I nspection Department
(Now) Fukuoka Regional Center

% Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Kobe Regional Center

* Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Sendai Regional Center

This research is monitoring the change of the cadmium which was dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) from the soil. We have
investigated the cadmium absorption by the crop since 2009. Test field is the upland fields derived from Andosol,
and the used fertilizer is dudge fertilizer and chemical fertilizer. We cultivated the carrot in summer (2013), and
the spinach in winter (2012). Those crops were cultivated in the standard plot (SP) and the
sludge-fertilizer-application plot (AP). The SP was used reagents and fused magnesium phosphate. The AP was
used the dudge fertilizer of 500 kg/10a (fresh weight). Other ingredients were used reagents and fused
magnesium phosphate. The amount of nitrogen, phosphorus and potassium applied to each plot was designed on
the basis of fertilization standard showed by Saitama prefecture Web-site. Total cadmium amount in the crop,
acid-solubility-Cd and exchangeable-Cd in cultivated soil were measured by an inductively coupled plasma mass
spectrometry (ICP-MS). As a result, acid-solubility-Cd and exchangeable-Cd in the AP were indicated
significantly highly content for the SP. This result has been obtained from the 2011 winter-crop spinach. Although
acid-solubility-Cd and exchangeable-Cd content in the SP soil from 2009 summer to 2013 summer showed
significantly decreasing trend in the SP, the Cd content in the AP soil did not show significantly increasing or
decreasing trend in the AP by the continuous application of sludge fertilizer.

Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 7, 43~67, 2014)



