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9 ARFSHLOLEZBERUCEMRINZETSHFRBHERADEE (HR)
—2013 H4AE-2014 4FZA{E—

BOERIBTY, T —2, SnRIpth®, AR LS, MPRRER®, BIERSGE, s —2
F—T—F  GURAEL, EARER, IRV

1. [XC®IZ

MR D A TERURS ) CILTBIRIERH R D& A 2R SND DRIV AORKIR LT, [EHFAMEILND. ) 1%
0.0005 %EEDLIVTEY, HIRIEEHIZOFAMNIZ W TR, fEHII 0D, —2F, {HIRIEEIOfiE 1
FOEEICAR SN ESRAEREL, LRI HEORF HhaEx TRIEM~BAITL, N&IZ
HERBEYNEEINDZENER I TNA. 2009 4 3 ICEMKEENBIRFIN-TIEIRIEEIOHLH
DB BT HBHEEWEEI2ITBOT, 13 1PREET 5 LA BERTADIAE LU T, DRI LG
A EOB AR RAERE T 2720, THIRIEEIO B I L@ 5 IS RIT LD EFEINEA TS T
SR IL, BT LRI LRV IR & Bt L, R~ I OAT 8, FRHE 2 5 0 B 582 LT
WS, ZOZEDD, RO A IER O ORI B2 T AR JE L LT, I5IRIEE o
FRE B A L, R L0 H-HE~ DR S O RO B iR 5.

2009 4R EAEDD 2013 4R EARICHNT T, TGIRIEEMZ R L7 X R O L Cu VR W XD 2 BRERIX A 3% T,
SUVL, IRV, RV, FU AL, BT, RV, =Dy, RV, = DV DIET
BAEL, HHF 0T R0 LB DI OVERIRD A R BRI A RERRLT=. O R BE I IR 5
W 6 52 KOV T BV Tl Lz, 2013 FAER O 2014 B ARICB W UIENEIETL LYY, =0
Z WA L 7-D TEORE RA2 ST 5.

2. MHERUAE

1) 2013 EX{EDERAFER (2013 %F 11 A5H~20144% 3 A 11 H)

(1) FRBRIE M OV 15

AR Y By — AW (55 ERSW-EH) CEELZ. 3B, GBI O 8 R’ 5 115
(BUERERE H X) &t B R 70w 58 (BEVELX) Z-fital Ll L, 2 SR IX 2 KB L L. B ofE, M,
AIYEBR IO pH, EC, AZIMEVAEE, £ZE R, 2RFE KON 0.1 mol/L g rlvAH NIV A (LT, 0.1 mol/L HCI-
Cd) KLY, B35\ 2012 FEEAEDOVERHT AT L3OV BN UUR IR, A4 2525 8% Table 1 (257

(2) MRS
D75 IR AT UIRIGIEIEE 2 A L7z, URTGTRAEEHZ, LR & QTR MEDEK 2 LR B K UMk

UOMNEATEOE NEMOKPEE B2 SR 2 — IR SRER BDlet'r2—
2 PSTATERE NEMWOKEE B R 22— AR SRR (B (&2 —
S IRNAATBOE N EMOKEETN B it 7 — AR 2 i A
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EoRa AT AUTIV PR LTI A LTIGIR & & 50 - BER A2 IV TR, BNz L 72 R,
KA 3 mm DT ARIEENCo . LIRTGIENEEI DR 73 53 AT o Table 2 (2R L7z, IR AR FEIT 3.6 mg/kg
(Bi#) THY (Table 2), EDORMIEFEIIIEEHATE RO EHTFAMEAHL (K 5 mgkg) Tho. ER4E (B
WIE) BBy 3R 3.3 % M OVE H LR 30 % (30 °C, 28 HFEEE) THY, BHELE L OEMCRIT K
172 UIRTGIEREEID I CIIARD Th D728, R E oK & FH L7235 G b 1EW ~ D A B A IR BLLAC
<L, IRIY LA A S LIRS D DR E HER D PR ik B 2 His.

HEJERIE U TR IR DORER T o E=0 A, Vi KFET =0 DR O 2R L. 15
AECE K OVl E AR D45 5553 D 43 T KRR R BRIED 12 Ko 72 (R E AR % 43 B2l d Table 3 1R LTZ).

7235, GIRIERH D 0.1 mol/L HCI-Cd #2 1%, {5IEAERL 1 g% 0.1 mol/L 3% 50 mL T 1 IRefE#REH L THh
HUTZARIT 2% 7L — AR -6 T i 8 (2-2310: H SiNAT 27 /ay—X) TRIELT-. GIRIEEH O 1
mol/L FERET > =7 LIRHE (pH 7.0) AI¥E ARV A (LUF, 1 mol/L HEZZ (pH 7.0) -Cd) #EE 1%, V5IRAEEH ¢
% 1 mol /L FEEET > &= VAR (pH 7.0)50 mL T 1 FEFIREO U CHIH L= IR A% ICP B B/ iriEE
(ICPM-8500: & BU/ER) THIEL7-.

Table 1 Characteristics of soil for using in winter 2013 crop

Unit Year  AP"-1  AP"”-2  sp?-1  spP2
pH (H0)” 2009” 6.1 6.1 6.2 6.2
2013Y 6.1 6.2 6.0 6.1
Ec? mS/m 2009 10.0 10.3 14.0 11.6
2013 15.1 16.8 16.3 16.7
Phosphate absorption coefficient” mg/100 g 2012”2370 2380 2360 2420
CEC” cmol/kg  2012”  37.8 38.8 37.7 38.4
Available phosphate >’ mg/100 g 2009 5.8 6.1 7.7 6.9
2013 5.4 5.5 8.1 7.8
Total nitrogen % © 2013 0.44 0.43 0.42 0.41
Total carbon % © 2013 5.8 5.7 5.5 5.6
0.1 mol/L HCl-Cd ”/ mg/kg 2009 0.18 0.19 0.18 0.21
2013 0.20 0.20 0.15 0.17
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) 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 sludge fertilizer aplications
on soil intended for long-term use

8) The year when this study was conducted
9) The year when the study was conducted in summer 2012 crop
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Table 2 Properties of sludge fertilizer

Item Unit  Content Item Unit Content
Total nitrogen 0" 3.3 Total copper mg /kg 546
Total phosphorusz) %1) 5.2 Total zinc mg /kg 1760
Total potassium3) o,V 0.4 Carbon to nitrogen ratio - 7.1
Total calcium”’ %" 2.1 Total cadmium”’ mg /kg 3.6"
Organic carbon %" 23.6 Ac id-solubi]ity-cadmium” mg /kg 3.2
Moisture %" 26.1 Exchangeable-cadmium”’ mg /kg 032

1) Mass fraction

2) Content as P20s

3) Content as KO

4) Content as CaO

5) Content of cadmium dissolved with aqua regia

6) 4.9 mg/kg in the dry matter

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

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

Table 3 Properties of the reagent

ltem Unit Ammonium 5) Ammonium Potassium
sulfate” Urea dihydrogenphosphate chloride
Total nitrogen o, ! 21.1 46.2 12.0 -
Total phosphorusz) %" - - 61.5 -

3)

Total potassium %" - - - 63.1

1) Mass fraction

2) Content as P20s

3) Content as K2O

4) Ammonium sulfate was used in winter 2013 crop

5) Urea was used in summer 2014 crop

(3) HBRX O

THVENEEHIE A X M OEHER S, 1 3 BRIX O mifEE 4 m? (2 mX A2 m) LU, KiBRIX 2 IKIE DR 4 38R
X% Fig.] DERBVECE L. MR35 EROFRTL 0l iR EEHES 2 F i IEs% a7

IHIENEBOE A &I, BMKEEL DT 7 —rgiaR R TIE LES720 2 110 a FRE S L WD REBAF
T2, i, 500 kg/10 a FREENEL R TH-72" . BIBIEICE> T, 1BIRIEE T OELZO
H~OERZ T D720 (i H LR D H 222~ CTERY, 4/ 500 kg/10 a~1000 kg/10 a LTV D FH4]
NHDEI0 . F i By T REER A UIIEIRAER 2 L2354, 13 pH MK T 3751 ZEp3 ST
%, @RI E D B A~ O BELZEL, 22T, 1 EYS 7200 &1% 500 kg/10 a (Bi9) L L
7-.

EFRIEDRITAMEE TOEERLDOEFTREDZENDS 10 %L THEL, RENZMEIEEClefLzZ. VA
i S ORI Z DUV TH AR BT IENE R O CTHfio 7o, BEEXIZ DUV T, fiEIRERE W CETEIREHiE
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FXERBEO RS 82725590 A L7- (Table 4). 735, RI{EECOBM LA SHTLI-L2A, HBRXKOH
ZHREV /U 5.4 mg/100 g 2 +~8.1 mg/100 g ¥ +CThY, MAHMEILATEE 2 2B AV AR DK
FHFE (10 mg/100 g #2 1) S ELE L TIRUMIE Tdho 72, 20728, MR ANE (KIEPED A 20 % & A) & 1 3R
X 24720 500 g fiti L 7= (Table 4) .

/|

Fig.1 Plot plan of the test field
AP: Sludge-fertilizer-application plot
SP: Standard plot

Table 4 The fertilization design of the test plots where spinach was cultivated in winter 2013

Amount of  The applied components  Amount of The applied components
application per 4 m application per 10 a
perdm’ N P K’ cd perl0a N ph & cd
(2) @ @ (@ m (kg) (g) (2) (2) (g)
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3 500 16550 26100 1800 1.8
Ammonium sulfate 348 73 - - - 87 18345 - - -
Ammonium dihydrogenphosphate - - - - - - - - - -
Potassium chloride 103 - - 65 - 26 - — 16200 —
Fused magnesium phosphate 500 — 100 - - 250 — 25000 — -
Total 140 204 72 73 34895 51100 18000 1.8
<Standard plot (SP)>
Sludge fertilizer — — — — — — — — — —
Ammonium sulfate 283 60 - - - 71 14907 - - -
Ammonium dihydrogenphosphate 170 20 104 - - 42 5093 26100 — -
Potassium chloride 114 - - 72 - 29 - — 18000 —
Fused magnesium phosphate 500 — 100 - - 250 — 25000 — -
Total 80 204 72 0.0 20000 51100 18000 0.0

1) Content as P20s
2) Content as K2O
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(4) FehiI7ik

HERIEMITA TV YD (T4 B A—T4) &L, B ER OIS LI L. &K o E51
ERIZIIAT —R 7T LU TR E & 3R L.

FEAEIE 2013 4 11 A 1 BIZ, FRBRXOFEE 1/ 12 kg Z248I2HY, EEZ ATIRASL, KFilBXEEIC
PR\ THAT L, FHEM CHESH 15 em £ CHHELT-.

ARBRIXNIE 9 £5 (5189 20 cm) &L, #EFEIL 11 A 5 BHICY—F —T —7f 12k fTo7-.

FSIEIX 11 A 20 H XDV A 29 BIZATW, BEIEEARIEI N A O E BMFBRO IO FERERH A AT )
RLANZ AT LTz, HEELREBRIT FEREUC L B I ML 7.

UNHEI 2013 42 3 H 11 BIZATV, HIBRZ NI COIMTL CTH B2 I REL 7.

(5) VEMRDAIRIDT DT

INHEL 72T L YOI E GICRBR KSR E A HE L. A AR L TR 1 m? 534
Tk, KIEK, A4 ZHKONEIZHEE L, T A% T ARG %ISR EIC T 65 CTIRKE
L. EEAHEL%, HHE 500 um O 550\ & i@ 3 2% E T (ZM200: Retsch = —Z [EHiEE 6000
rpm) TRl o3 it FECkEEE L7z,

ARIVLEGH BT, oHalEE 0.5 g ICHER 5 mL K ONEBEE(EAKSEAK 2 mL &Nz ~A 2/ il &
(Multiwave 3000: Perkin Elmar) '® THfEL7-H D% 50 mL I ERLREHAIRE L=, HIEIT ICP B &4k
& (ICPM-8500: B HE S ERT) (L0172,

(6) Bk L-HEDyHT

I HERS DRI 381, cHARER TR IS I BRI L 72, & 3BR X O VER IR D ST F 3k 2 IUHE L 7= 35 &
[ CRBR X RS 1 m2 O PURE K O et 5 23T kD, £ 48 (AR 50 mm X £& 250 mm) & W TR ED D
#715 cm FCEREL, IRA L. B EEEREEICIY 35 CT Bz, HEE 2 mm OS5\ @il LIzbo &
UHEIZAESHTHELTHBZ 500 um D55\ & ilil 35 E T (ZM200:Retsch =—# A% 6000
rpm) TEIEL 72 D& T FFEHE LT=.

R LT HEO KGN, KGR (HGS3 : AR — R R)IZEDBIlEL7Z.

138 pH } OV EC [ 3Rz 138 112 LTtk 5 200z 1 BERIREH 1%, pH 13247 AR (F-23 : HORIBA)
\2&Y, EC (X AImE 5] (F-54 : HORIBA) I[Z XV HIEL7=.

TR DI RIVLGHTIZONTIE, TBEERIAIRIV L% 5T LT, LR AR ADORZEE (FIIRME) Bl FEAL
FEZOWTIE, BEOREHIC XD HE I/ ER ROV & OFBE 72 8 W26 T DT Ok 2 72 05 3 et
ENTWDLDOD, TREEIERD FIENRVIRIUCSH D, ZZ TR0 RELLT, Bia® TEdbLRE 0.1
mol/L HCI-Cd, K O ZHAMERGA A OREIZHV S TEY, 0.1 mol/L HCI-Cd & hig L Tl ZL D45 FEfE
WIHRD I R LR LFHBE D D LA S TS T IO R HRE I R A (1 mol/L HEZE (pH 7.0) -Cd) 23R L
7. Fo, 23 LU THEATGIRIEE I R IV AL L T BICE £N58 K O HLEh O HHEEE BRI Ak
D72, 1 mol/L HElET &= LEIR (pH 7.0) w8 K OVaign (LLF, 1 mol/L FF4 (pH 7.0) -Cu & T Zn)
[ZHOWTHRIEL.

+HEH ™ 0.1 mol/L HCI-Cd 1%, £3% 10 g (2L 0.1 mol/L ¥if2 50 mL Z Nz %9 30 ‘CITED 1 BEIEES
L CHIH L 721 RID 2% ICP & &5y HrdkiE (ICPM-8500 : B BERT) 12Xl E L 7=

15899 1 mol/L % (pH 7.0) -Cd, Cu & OV Zn %, 1582.5 glZ%fL 1 mol/L Fifig 7 > &= LYK (pH 7.0)
50 mL 2004 25 C~30 CIZfrbH 1 KR EO U THIMH L7e W Ry 2% ICP B & /0247 (ICPM-8500: 55
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FERERT ICKOE LT

2) 2014 EEEDERFRER (20146 A 19 B~2014E 9 A 19 8)

(1) FRBRES K& OV 15

AR 5 M OV E R L C 2.1) OFRBR OB IR AR EHiE FH X OMEYE X D 1% 5 | g i FH L 7=
TEoOME, 1, ROEIES O pH, EC, AV AEE (M A —71k) W, 2% F#H, 2REKRD 0.1
mol/L HCI-Cd £ % Table 5 (27”7

Table 5 Characteristics of soil for using in summer 2014 crop

Unit Year  AP"-1  APY2 spPP1 SpY-2
pH (H:0)” 2009” 6.1 6.1 6.2 6.2
2014 6.3 6.4 6.2 6.2
EC ¥ mS/m 2009 10.0 10.3 14.0 11.6
2014 19.3 19.8 17.3 17.3
Total nitrogen >’ % © 2014 0.42 0.41 0.39 0.39
Total carbon % 0 2014 5.8 5.8 5.6 5.6
Available phosphate mg/100 g 2009 5.8 6.1 7.7 6.9
2014 6.7 6.2 10.2 9.0
0.1 mol /L HCI-Cd ” mg/kg 2009 0.18 0.19 0.18 0.21
2014 0.22 0.21 0.16 0.16
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) 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

(2) HERRAE Bk
HEER AR B O IEAREHT 2.1) Q) LREROBDE W=, 72721, fEEEIDY S, EHEIDEHIEE T o E
SO LTI RFBEAFE AL, ZiUuT H3ED EC EHG 1 K O AIREME D BB 3572 Th 5.

(3) FERXOHERL

RERX ORERIT 2.1) (3) LRERICALE L. Ml 8138 ERO =0 DU il UES) 2 JE T3 3L 7=, 75T
BEoofi &1L, AifERIEE 500 kg/10 a (Bid), EHEILNHEE 50 %LU TRHAEL, RESE M EREChi L7,
0 AR ONNEBIZ DWW TH AR R A EAEERE W Tl o 7. BEHERKIZ DWW T, fiERERE W CETEIR



FIRIT LD HHEEFE K OVEW R I3 1 DIGTEARERE H O (i) — 20134 AE- 20142 /E— 85

Bt H X L [k Doy Bl 272 D80 L7 (Table 6) .

E£77, BIVE (2013 4EAAME) ETOBMM LA 5T LIZE 25, 23R BRIX DA LNHED A BRI I5 TEAEEHiE FH X 6.2
mg/100 g .1, FEHEX 10.2 mg/100 g o 1-THY, HiF B EEATES 2 2B DA MEV AV O S E HEZ (10
mg/100g #7 ) (2R TR UL Rl Tdho T2, 207280, EDHNREY AFRDOHERE 22, A2 Db
AERELT, IO ANE (KESMED AL 20 % A) Z G IR IE R X3 1162 g, FEHEXIE 133 g fa L 7-.

Table 6 The fertilization design of the test plots where carrot was cultivated in summer 2014

Amount of  The applied components ~ Amount of ~ The applied components
application per 4 m’ application per 10 a
perdm’ ~ N p) g2 cd Pperlda Ty P & d
(2) @ ® (@ m (kg) (g) (2) (2) (8)
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 7.3 500 16550 26100 1800 1.8
Urea 93 43 — — — 23 10725  — — —
Ammonium dihydrogenphosphate - - - - - - - - - -
Potassium chloride 90 - - 57 - 23 - — 14200 —
Fused magnesium phosphate 1162 — 232 - - 291 — 58100 — -
Total 109 337 64 73 27275 84200 16000 1.8
<Standard plot (SP)>
Sludge fertilizer - - - - - - - - - -
Urea 120 56 — — — 30 13907  — — —
Ammonium dihydrogenphosphate 170 20 104 - - 42 5093 26100 — -
Potassium chloride 101 - - 64 - 25 - — 16000 —
Fused magnesium phosphate 133 - 27 - - 33 — 6640 - -
Total 76 131 64 0.0 19000 32740 16000 0.0

1) Content as P20s
2) Content as K2O

(4) FeH5J7ik

HEREMIE =0 P (4 AT 2A) &L, HBRX O JEINTIHT — N7 T LU TR E 2 Bk
L7-.

FEARIX 2014 4F 6 A 16 BT To7z. KRB OFEE 15 12 kg Z4THY, EEE ATURAL, &ilBrX
RGP FITHAGL , B CIRSAY 15 em £ THHELT-.

ARBR XL 9 55 (SRR 20 cm) &L, #&FEIZ 6 A 19 HICY—F —F7 —T7Fi & W fTo7z.

MolEIE7 A 22 LD 7 A 30 BIZATV, INERFORRMI A 8 em 725912 T-.

SEREAR 13T Y DD E BBABROT, FiERHZ L AT RiEE B U=, MERE RSB TR LD
S HE L7 B AGEAKIZE DA K ETTST.

INFEIE 2014 42 9 H 19 BITATV, BEEREARERAINFEL T2,

(5) TEMRD A RID LG5 HT
INHELTe =2 P ATKE AR R, BRI RIS R E R HEL. o R GRBR K oD 1 m?
S ETERELIETBIZGI 3, AN EBEZRE L7, REBIA AL AZHK T IE, B RGLHRL T
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G103 T 7 4%, @EFZIREIZ Y 65 CT 24 RFMERAITOEHEEZIE L. BEEITENERORWIDITIA
F, BHAREZIERL, 2%, BEGEREICIY 65 CCT 24 FRHIEATITV, ERAZME L. R LARE KO
HEIIE, ZRENHBEE 1| mm KO 500 pm D550 E@IE S5 ETH 4 (ZM200: Retsch 71— 4 [A]#5 %
6000 rpm) THILTZ.

TR LNERBEOIHNIL, 2.1).5) R T 7.

(6) it DT

IR O T, 2.1).0)EFRICEREBUL ORI L=, F7o, IRV LOEBE M EHET D20, RENDH
15 em FTHRILZBEORIT DD, B 125 (N 30 mm X £X 100 cm) 2 FHVWTHI 15 cm 225 25 em T
D AU FERICHRRL-.

TEEOAHTIE, 2.1.(6) DHEBITMA TEARIVA (S Cd) 5 HT L.

TEEFR D4 Cd i, HrElEr 0.5 g 12, fEEEKY 10 mL, @ER{L/KFEAK 3 mL, KO ALKFEEK 5 mL %
Mz, ~A27af sy fiEdEE (Multiwave 3000: Perkin Elmar) (25053 i LA E L=, JIEL ICP & & 54T
218 (ICPM-8500 : 5 U ERT) IC LT -7z

3. # B

1) 2013 EX{EEAHER (ZEHRILUY:20134 11 A5 B~201443 A 11 H)

(1) 1EMIEROILE K ORI AR &

FEFE DI FE L TORETHIMNITA 5 7 H THY, ZORIZ R F e RE T EI -7,

RV YOI E, TIRIT LR K ORI &4 Table 7 (2R U=, JGVRAEAEHE A X M OMEHE X DI Bl
AERESEEETEILEI 16.65 kg & 17.90 kg THY, FEHEX OILEZ 100 &L75TEAEEHE H X O U 54
% 93 Thotz. IRIVARE (F2) IZOW T, GTEIREHEH KILFMET 0.45 mg/ke, XX 0.30
mg/kg THY, IBIRIEEHH XA B IZE -7 (p<0.05) 28, ZOHMYHE L Codex FEUEME (0.2 mg/kg) D
14 il Coho7o. IRIV AL EIZOUW T, BTRAREHE FH KIZ FEHIEC 0.73 me/alBRIX, MEYEX I 0.53
mg/FER X CTHY, (GIEILEHEH X 23 A B m) 72 (p<0.05) .

(2) BRI LPRE

Bt 18 0.1 mol/L HCI-Cd ##%, 1 mol/L FE%Z (pH 7.0)-Cd #2%, pH & Y EC % Table 8 (Z/RL7=. 0.1
mol/L HCI-Cd #2113, M T TRAEEHE A IX1% 0.22 mg/kg, FEHEX T 0.16 mg/kg THY, 1HIEAEEHGE H X
N B E 172 (p<0.05) . 1 mol/L fEZZ (pH 7.0) -Cd &2 FE1E, EIME TG TR AERHIE X1 0.041 mg/kg, 12
HEIX 1T 0.029 mg/kg ToHY, {HIRALEHEH XA B m ) -7 (p<0.05)
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Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Yield  Significance

Unit Test plot-1 Test plot-2 Average ndex” test
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 17.50 15.80 16.65 93 -
Dry weight kg 1.66 1.54 1.60 90 -
Cadmium concentration"’ mgkg 046 047 042 0.46 0.45 - significance
Cadmium concentration’ mg/kg 0.044 0.045 0.041 0.045  0.044 - -
Quantity of cadmium uptake3) mg/plot  0.77 0.78 0.65 0.71 0.73 - significance
<Standard plot (SP)>
Fresh weight kg 18.45 17.35 17.90 100 -
Dry weight kg 1.85 1.72 1.78 100 -
Cadmium concentration"’ mgkg 032 032 028 027  0.30 - -
Cadmium concentration”’ mg/kg 0.032 0.032 0.028 0.027  0.030 - -

Quantity of cadmium uptake’’ mg/plot  0.59  0.59 048 047  0.53 - -

1) Content in the dry matter

2) Content in the fresh matter

3) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
4) Yield of Standard plot was indexed as 100

5) It is significantly different for Standard plot (two-way ANOVA, 5 % of both sides levels of significance,
n =4 (2x2) (repetition x number of samples))

Table 8 Characteristics of cultivated soil in winter 2013

Unit Test plot-1 Test plot-2  Average significance test
< Sludge-fertilizer-application plot (AP) >
0.1 mol /L HCl-Cd " mgkg 022 022 022 021 0.22 significance
Exchangeable-Cd”’ mg/kg 0.038  0.039 0.046 0.040  0.041 significance
pH (120)” 6.3 6.4
Ec? mS/m 19.3 19.8
< Standard plot (SP) >
0.1 mol /L HCI-Cd mg/kg 0.16 0.16 0.17 0.16  0.16
Exchangeable-Cd”’ mg/kg  0.028 0.027 0.031 0.031  0.029
pH (H:0)” 6.2 6.2
BC? mS/m 17.3 17.3

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 (two-way factorial ANOVA, 5 % of both sides
levels of significance, N =4 (2x2) (repetition X number of samples))
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Table 9 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2  Average Yield Signi&z:mce
< Sludge-fertilizer-application plot (AP) >
Fresh weight Root kg 9.15 8.65 8.90 100 -
Leaf kg 6.45 5.65 6.05 98 -
Total kg 15.60 14.30 14.95 99 -
Dry weight Root kg 1.01 0.94 0.97 98 -
Leaf kg 0.88 0.88 0.88 101 -
Total kg 1.89 1.82 1.85 99 -
Cadmium concentration'’ Root mgkg 0.17 0.17 0.15 0.17 0.17 - Significanc e
Leaf mgkg 025 025 026 025 025 - Pending”’
Cadmium concentration” Root mgkg 0.019 0.019 0.017 0.018 0.018 - -
Leaf mgkg 0.034 0.034 0.040 0.039 0.037 - -
Quantity of cadmium uptake’ Root mg/plot 0.17 0.18 0.14 0.16  0.16 - Significance
Leaf mg/plot 0.22 0.22 0.23 0.22 0.22 - Pending
Total mg/plot 0.39 040 0.37 0.38 0.38 - Pending
< Standard plot (SP) >
Fresh weight Root kg 9.00 8.85 8.93
Leaf kg 6.80 5.60 6.20
Total kg 15.80 14.45 15.13
Dry weight Root kg 0.98 1.01 0.99
Leaf kg 0.96 0.79 0.87
Total kg 1.94 1.79 1.87
Cadmium concentration Root mgkg 0.13 0.14 0.12 0.12  0.13
Leaf mgkg 020 0.20 0.17 0.17 0.18
Cadmium concentration” Root mgkg 0.015 0.015 0.013 0.013 0.014
Leaf mgkg 0.029 0.028 0.024 0.023  0.026
Quantity of cadmium uptake’  Root mg/plot 0.13  0.14 0.12 0.12  0.13
Leaf mg/plot 0.19 0.19 0.13 0.13 0.16
Total mg/plot 0.33 033 0.25 0.25 0.29

1) Content in the dry matter
2) Content in the fresh matter

3) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)

4) Yield of Standard plot was indexed as 100

5) It is significantly different for Standard plot (two-way ANOVA, 5 % of both sides levels of significance,
n =4 (2x2) (repetition X number of samples))

6) It was pending decision to be significantly different for Standard plot and for interaction

(two-way ANOVA, 5 % of both sides levels of significance, n =4 (2x2) (repetition x number of samples))
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2) 2014 EERERRR (B2 201456 A 19 H~2014 59 A 19 A)

(1) 1EMIERDOIE K ORI AR &

FERL)DINHE ETOREEHIMITA 3 7 A THY, IEERTTIE, —EOZEIT EAKRE DL h
WCEAEDORENRDLN. o, IEORBAER LU TRIICTEN KL THER R ZIERD RO
NI EBIRL 227228, F LD Bg 2R T 8RS e Tz,

=2V DI, TIRIT LR N ORI E% Table 9 (SR U7z, VHIRIEEHE X M OEHEX DI &I, 4
RHEIIETIRER S 4L 8.90 kg & 8.93 kg, FEEINTNLH 6.05 kg & 6.20 kg THY, FEHEX DILEZ
100 EL7={5 TR AEREHIE FH X O S FEEUTAREAY 100, FELR 98 TIZIEFRICINE ThH -7z,

TG VRREAEE F X K OEHEX D AR KR (F2) (DWW, SEBMETREAZEH 0.18 mg/kg &
0.15 mg/kg, ZEHAZNLH 0.33 mg/kg & 0.28 mg/kg THY, HREBIZOWTITIHTRAEEHE FH X3 H B E
72 (p<0.01) 723, ZDOHWPEEIL Codex FEYEMED 1/4 LL R ThH-o72. 15 IEEEHiE X K& OEHEX D akBR X
BI-DDHRIT LR ENZDOWTHE, EE TIREZ 240 0.17 mg & 0.13 mg, FERRZNZE1 0.25 mg
& 0.18 mg THY, REBIZHOWTIIH IR AR H X23G B2 m -7z (p<0.01) . A EIR SR ORERIX Y720
DI LR E D F-LEETIHIENEEHE H X T 0.38 mg, FEHEX T 0.29 mg Tho7z.

(2) BRI AR LPRE

Bt D4 Cd I (E 8 (D5 0 em -15 cm) L OO FJE (15 cm -25 cm) ), 0.1 mol/L HCI-Cd
TR, 1 mol/L fEZ (pH 7.0)-Cd #2JE, pH & N EC % Table 10 (Z/RL7z. fEHEO4 Cd AL, 5 TE00E i
AL 0.57 mg/kg, EYHEXIL 0.47 mgkg C, GIRAEEHIEH XA BICE -7 (p<0.01) . T8 (FEHoH
15-25 cm) D4 Cd JE I, 15VRIEEHH X1% 0.46 mg/ke, FEYEX [T 0.44 mg/kg C, shBR X CH B 230
P CEZRD 72, 0.1 mol/L HCI-CA i EE 1, 15U AEEH A X1% 0.20 mg/kg, ARYEXIZ0.15 mg/kg T, HIEAE
it F X 23 BT (p<0.01) . 1 mol/L FEZ2 (pH 7.0) -Cd 2 FE 1%, 75 IRAEEHE I X1% 0.038 mg/kg, 11
X1 0.026 mg/kg T, GIEAEHEH X3 B2 Eh -7 (p<0.01).
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Table 10 Characteristics of ¢

ultivated soil in summer 2014

Unit Test plot-1 Test plot-2  Average Significance test
< Sludge-fertilizer-application plot (AP) >
Total-Cd U,upper layer soil”’ mg/kg 0.54  0.54 0.61  0.59 0.57 Significance ®
Total-Cd U,lower layer soil” mg/kg  0.48  0.48 0.44 043 0.46 Pendingg)
0.1 mol /L HCl-Cd” mg/kg 0.19  0.20 021 0.21  0.20 Significance
Exchangeable-Cd”’ 0.038 0.038  0.038 0.039 0.038 Significance
pH (F20)* 6.9 6.8
EC” mS/m 16.9 17.7
< Standard plot (SP) >
Total-Cd ",upper layer soil’ ~ mg/kg 043  0.47 0.48 0.50  0.47
Total-Cd " lower layer soil’ ~ mg/kg  0.44  0.45 0.43 043 044
0.1 mol /L HCl-Cd " mg/kg 0.14  0.15 0.15 0.16 0.15
Exchangeable-Cd”’ 0.025 0.024  0.026 0.027 0.026
pH (F20)* 6.8 6.8
EC” mS/m 15.4 16.9

1) Content in the dry matter
2) 0 cm - 15 cm depth
3) 15 cm - 25 cm depth

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

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

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

7) Soil electrical conductivity determined on 1 : 5 ( soil : water ) suspensions with an electrical

conductivity meter, n=2

8) It is significantly different for standard plot (two-

way factorial ANOVA, 5 % of both sides levels

of significance, N =4 (2x2) (repetition X number of samples))

9) It was pending decision to be significantly differe
ANOVA, 5 % of both sides levels of significance,

4, &

1) 2009 &EAREREAIBFE NS DHERIZDINT
2009 FFEDOFRERBALRID, ZHVET 6 41, 4 2 1E,
T FRHRDOLBVTHT-.

(1) Jfe g g
ZNFETORERIZI T Dl CE % Table 11 (ZRL7=.

nt for Standard plot and for interaction (two-way
n =4 (2x2) (repetition x number of samples))

=®

At 1L EORBRZAT o7, S BRiAE R FEOHER T oW
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Table 11 The fertilizer application log of the test plots

Year

<Sludge-fertilizer-application plot (AP)>

<Standard plot (SP)>

Amount of

The applied components

Amount of

The applied components

Fertilizers anplicati per 10 a licati per 10 a
Season pplication == p" k) cd apphieation =g p" K cd
Test crops (kg/10 a) (kg/10 a) (@108  (kg/10 a) (kg/10 a) (g/10 a)
2009 Sludge fertilizer 332 11 17 1 1.2 —
Summer Ammonium sulfate 52 11 104 22
Carrot  Potassium dihydrogen phosphate 3 2 1 36 19 12
Potassium chloride 28 18 12 8
Total 22 19 20 1.2 22 19 20 0
2009 Sludge fertilizer 302 10 16 1 1.1 —
Winter ~ Ammonium sulfate 47 10 95 20
Spinach  Potassium dihydrogen phosphate — 30 16 10
Potassium chloride 27 17 12 8
Total 20 16 18 1.1 20 16 18 0
2010 Sludge fertilizer 227 8 12 1 0.8 —
Summer Ammonium sulfate 36 8 71 15
Carrot  Potassium dihydrogen phosphate — 23 12 8
Potassium chloride 15 9 3 2
Total 15 12 10 0.8 15 12 10 0
2010 Sludge fertilizer 181 6 9 1 07 —
Winter ~ Ammonium sulfate 28 6 0 0 57 12
Qing geng Potassium dihydrogen phosphate 5 3 2 23 12 8
cai Potassium chloride 15 0 0 10 6 4
Total 12 12 12 0.7 12 12 12 0
2011 Sludge fertilizer 227 8 12 1 0.8 —
Summer Ammonium sulfate 33 7 57 12
Turnip  Ammonium dihydrogenphosphate 6 1 3 24 3 15
Potassium chloride 22 14 24 15
Total 15 15 15 0.8 15 15 15 0
2011 Sludge fertilizer 483 16 25 2 1.8 — — — — —
Winter  Urea 22 10 — — — 43 20 — — —
Spinach  Potassium dihydrogen phosphate 1 — 1 1 — 50 — 26 17 —
Potassium chloride 25 — — 16 — 1 — — 1 —
Total 26 26 18 1.8 20 26 18 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 65 14 — — — 80 17 — — —
Carrot ~ Ammoniumdihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 1.8 22 36 20 0
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter ~ Ammonium sulfate 71 15 — — — 71 15 — — —
Spinach ~ Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 32 36 18 1.8 20 36 18 0
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot ~ Ammoniumdihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 34 36 20 1.8 22 36 20 0
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter ~ Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach  Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
Total 35 51 18 1.8 20 51 18 0
2014 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot ~ Ammoniumdihydrogenphosphate - — — — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Fused magnesium phosphate 2901 — 58 — — 33 — 7 — —
Total 27 84 16 1.8 19 33 16 0

1) Content as P20s
2) Content as K2O
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(2) 1E RO &

TEM RO & (ERE) OHEREIL Table 12 DEFVTHS. ZNETORBROIET, 2572 A IR HEE
Y FEH I QD BN E L RS ETHY, —EOIWEE R TETNWDEZ XN, FEHEX IR
BIGVEAREHE F X A R B ME B L, SRBRBALA) S FICESEIZ BT, GIRAEEHE A X OIS 8 H
FREECHER L=, ZAUZ, 15 TRIEEHE FH X O MR EH I T, TBIRIRE O L 55 V2 ZE LT, %
FIEN=E 100 % U THEL TR, HA 6 fEH D 2011 AELAERTL YT B TH I EAMEAE X x5t
LC8EIRE CThH-oT-. ZORKREL T, FRERBEOLA DI =000 (2009 4B AE) TIEm sl X[ T
DN EDBFIFREE Th 72280, HIRIEEOEZ N RIFIFEEX ORIEIVH RN ENZE R bND. £ZT,
B0b THERAE KL T2 LIRTG TR IR0 %8 3R M L= A R 35720, MEHLABR (TEIRAE 30 “CT 240 HIH
BEgR) A EME L2 A, R I 90 B ETITMMEEE 30 %l7eh, TORITIE—E THER LT-. 2O RS,
2012 FAAERTL Y XGIRIEEI O E TN E 30 %LU THEL/-EZA, R OAEREEL 100 £L7-
T VBRI X O AR EFEEIT 85 L7no7z. KITHIEIME =0, MELARBROIEE 30 CL bl L TRk
ERIMEL A2 TNDBEEZBND. 2013 FEEAE= D ANTTBIRIEEI O HE B % 30 %l L THiiEL7-E 25,
FEHEX DR EZ 100 EUT-THTRAEEHIG X O AR EFREUX 118 leoTz. Zhud, RifETHLLMED KM
HHZEMEZLND. L EDOZEND, HERIEEIEL COLURIGIRIEEHZ DWW T, ERIERE EE=0
YT 50 %, ZAERTVLUYTTIE 10 %E U TR G ZFE T2 @S LB 2 b5, ERIEFEE
10 %&UTHifE L7z 2013 4EAAEART L VT T, BEHEXZ 100 E L7215 IR IR H X O AR EfR UL 93 &
720, IGIRIEEHE X O AR BRI LIZb 00, A OINE LT b -7, BIERBR T D 2014 -4
TEFRT L 73 8RBT, EIGIRIERI DO R BN HEE 0 %L L THEAEL T\ 5.

F72, 2014 HAE=U DA RB W TR EOREBRFE R L T FEN LT HER R ZAER DS FHIRD
BV ELK o7, Zhud, MEIERRFHIRBW TS B L U B IR AE L EDS AR F 1 ST S (2 3
i (BGETHT) 22 kg/10a (BETH4) 19 kg/10a) , #hE L7 D AR S HELES L T Db 00720, GETE T
iR FEAEIZ e R B OFRBR L Il U CRE R &5 D 7eH LI ENRBLI-EE LN, @, =0
AT EREEAREEYE TITHEIRIZ LD 25<0EIT W, IROIERZ(EE T D726 FAL TR IR L, N
ZTCBIEZITHZEESNTNDY . LovL, ARRBR CIXHERIZ LD +-3<0, SEWEIER O F J ONB REAS A
727D IO HOREIE ST HEEL TS, FERD A T—E DU EZ IR T D723 2 F i &I, MRy
D19 kg/10a LVH <L 2013 4FBAELLRTE[F & (22 kg/10a) FREEL T AN E N HHEE 2 HILD.

(3) Bt OB LM EOHER

(3.1) Brit4Eo pH

i 145 pH OHERE 1T Fig.2 DEEBVTHS. pH 6.0~pH 6.9 DFFAN TRER XML /NS<HEB L Ta.
FIK GBI E FEHEIB TR 28 i L7235 A 18 pH ME T 22803 F5TWA N 2, AskER
TIX pH 6.0 % FRISZRNED, WH, AIKEMICED pH OHIEEIT>TCD. £, A HHENERRS £ ThD
ZER0, Er UREAE A L7 LRTG TR IERO M B3B3 2 < vicd, R XD pH OZH)
IXHERH DN b D 7R s TNBEE ZBNS. 138 pH OEENE, HETARIY LADIEMIE~D A A1
B RAFE T ZENMBILTND20 2V AR ER T, VHIRARENE A XX O P+ pH IXIZIFRIFLE T
HRBL TN D, HRBTOHRITV LABREDMMBRFE 221 T3 pH (FEAEHEL TWRNEDEE XD
n5.
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Table 12 The yield of each crop body of 2009 to 2014 (fresh weight)

AP" gp? Aim Fresh
Year Season Test Crops Part Fresh weight  Fresh weight yield” weight index
(kg/plot) (kg/plot)  (kg/plot)  of AP”
2009  Summer Carrot Root 18.0 (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) 10.3 (1.4) - 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6 (1.2) 14.9 (2.0) 14 118
2013  Winter Spinach Edible portion  16.7 (1.2) 17.9 (0.8) 8 93
2014  Summer Carrot Root 8.9 (0.4) 8.9 (0.1) - 100
Leaf 6.1 (0.6) 6.2 (0.8) - 98
Total 15.0 (0.9) 15.1 (1.0) 14 99

pH
7.5

7.0
6.5
6.0
55

5.0

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))

=& Sludge-fertilizer-application plot(AP)

0O Standard plot (SP)

v/lﬁ\\m W/QW/G

— | Carrot ‘ Spinach | Spinach binggengcai| Turnip ‘ Spinach | Carrot ‘ Spinach | Carrot ‘ Spinach ‘ Carrot ‘

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

After winter
cultivation

After summer|
cultivation

Examination|
start

2009 | 2010 | 2011 | 2012 | 2013 ‘ 2014

Fig. 2 Changes in the pH of soil after harvest
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EC(mS/m)
30
—&— Sludge-fertilizer-application plot (AP)
25
O Standard plot (SP)
20
15 T
O O
10 &
5
— Carrot Spinach Spinach |Qinggengcai| Turnip Spinach Carrot Spinach Carrot Spinach Carrot
Examination |After summer After winter |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 | cultivation | cultivation
2009 2010 2011 2012 2013 2014
Fig. 3 Changes in the EC of soil after harvest
TN(Mass fraction %) TC (Mass fraction %)
0.60 6.0
—o—TN-Sludge-fertilizer-application plot (AP) TN-Standard plot (SP)
0.50 5.0
—=TC-Sludge-fertilizer-application plot (AP) =3¥=TC-Standard plot (SP)
0.45 4.5
0.40 4.0
1
0.35 3.5
Carrot Spinach Spinach | Qing geng Turmip Spinach Carrot Spinach Carrot Spinach Carrot
cai
After After winter After After winter After After winter After After winter After After winter After
summer | cultivation | summer | cultivation | summer | cultivation | summer | cultivation | summer | cultivation | summer
cultivation cultivation cultivation cultivation cultivation cultivation
2009 2010 2011 2012 2013 2014

Fig. 4 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)
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mg/100g
12
10 ——Sludge-fertilizer-application plot (AP) ~[-Standard plot (SP) T
8 & @ 574—
i i S
—-
4
2
0
- ‘ Carrot | Spinach | Spinach | Qing geng cai | Turnip | Spinach | Carrot ‘ Spinach | Carrot | Spinach | Carrot |
Examination | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer | Afterwinter | Aftersummer
start cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2011 | 2012 2013 | 2014 |

Fig. 5 Changes in the available phosphate of soil after harvest (The error bar indicating the standard deviation)

(3.2) Bt EC

Bt 158 EC OHEREIL Fig.3 OLB0THD. RBRBIIALINE, 4F 4 ERMEN SR> TS, Ziud, JREHE K
DD TEPISERHL TOD0 B 2 65, A HEIZ3) T EC 23 AT mAHY, 2
BEXOL AR BN DN EN—RHELTEZLNS. AR 2128105 EC(BRMEEE) Dk
e HIET A7 4G 30 mS/m L FESI TV, 1EMORREIC KV EC 15725703, 5%, EC 28 524t
TG, (EAER I EE RE T REEL D70, HBZHRTO2LENDHD. 2014 FHIE= T i B
TlX, EC LFBG IR OB RRIMED IR e 95720, TN ETHEAL O H A MEE T T =7 A
MBRFBICET L7225, EC O _EF T D727,

(3.3) Bt HEEDREE SR (TN) L OVE R (TC)

B 300 222 35 (TN) K OV 3 (TC) OHERSIL Figd DLV THS. RBRBIME S IEL TN KON TC 125
WTERBRIX R CIRIFRIZE TH-T228, 2011 FERAERTL LUK, BTG IRIEEHE X 0 5 3 i@ < #HEB L C
WD ZAUE, THTRAREE F X315 TR AR Sk O A7 B4 AN BT FH AU TND 28, FEYE XA B8 o Ji FH 23
PRUIREETEAIEL T D72, TR OEHEMIRE D T5BMICHHEE 2 DD, P ROARIT A
X HEEP O ERES LA THRB(E T 22803 mB TRV, GHWIREOEN TR O I RIT AOH)
RECVEM ~D ARG TR BT D ATREME NS D 720, HEB 2 MR T DN DD,

(3.4) Bt HEEO A ZNEED Ak

Bt HEOF hIED ABEOHER I Fig.s D&Y THD. ARERBAME Y W DIHIEALEHE FH X & ik Ui vE
EKNELSHERL L TWD. B HENBEARY 07O BB G Y W0 DA ZhIED AN LGRS, 202k
DMEW AT DRIREIRDATREVEN E 2 HND. Z DT, 2012 4B VERBR) S H /e FEAFG 11 otk B
EECTH% 10 mg/100g % HEEIZFRBRE(CIARD A MBI L7 5L, 2014 4F E /BRI 5812 30\ v CREE XX
10 mg/100g LA B&7p o728, 1GIEAERHE A IFHEHE X L el U TR RV AR D | F7- B3R o7, 2
TGUEAEE R R DV A EE N EREAEEL B R DY o F b LLEG L CIEZh R MENZ &, £, GIEIEEHI & £ HkEE
KIFELFE S LVABED AR AHRIEEL TODZENZ ZHNAH. 1O pH S MEIZT5<E, THEOBIRIV AT
DABEA T LA L TKICIEIFIZUVMBRIZEEDO S DM T 5 ZE RN HHNTNA2Y | 5 3%1%, WARED Jifi
MEF% 2 REL, mRBRIX DA ZNEEY AMEE 10 mg/100g F2E IR D, DRIV LD EHEABIELT AN HD
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EEZBND.

(3.5) Wil EEDOAZHMEIE I O, 35 4, £)K)

Bk HEO A B L N, 5 1, A JK) OHEREIX Fig.6 DLV THS.

AV PR R OV BRI EIE — B THERB L QU 7z,

MM 0T, BBRBAAAIES 2011 ARAAEBR M A Ll 3 2 LS00 L CnTe. 20 2012 FEEAED
VERHT B, 2R BR X OF BHED A BRZ B IS5 2 8% HIE L TR AIED Nt A A BAG L7-. 2013 454
TEETIEATORBRIKIC R EOWERDANEERE AL T, EE0(3.4) LY, IGIRIEE X 3 e X
&L TR D AN Bl et 3 2 SN RB D AUBR D FE N AR 20, 2014 A A TIIAEHEX IV IE Y
AN BeA 2 <ME LT, D728, FEYERX L g U CYB IR R X oo ik b 438 o D 22 e 35 - 2 o
WHELZR > TCNDEE R DIND. AZHMEIEIEDIE DS, (M AEE R ORIV AOEBREIZ BN D54 HhOHE
Bae T o nERHHEEZ LS.

Ex-potassium mmm Exchangeable-potassium-Sludge-fertilizer-application plot(AP)

Ex-magnesium Ex-calcium
mg/100g Exchangeable-potassium-Standard plot (SP) mg/100g
100 Exchangeable-magnesium-Slud ge-fertilizer-applieati - 1000
90 [ r 900
80 - —@~FExchangeable-calcium-Sludge-fertilizer-application—plot (AP) /( 300
70 % 700
60 — @ 600
50 O+ 500
40 A - 400
30 — = i B 300
20 200
- Carrot Spinach Spinach ing geng cai|  Turnij Spinach Carrot Spinach Carrot Spinach Carrot
| | P | P |Q g geng | p | p | P | | P |

Examination |Aftersummer| Afterwinter Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer| Afterwinter |Aftersummer
start cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 | 2010 | 2011 | 2012 | 2013 | 2014

Fig. 6 Changes in the exchangeable base of soil after harvest

(4) Wit HIEOARIT ZEREOHER

(4.1) B +$E0 0.1 mol/L HCI-Cd 2 &

Bt 580D 0.1 mol/L HCI-Cd #i2 E DHEFRL I Table 13 N Fig.7 DBV THD.

THIENEBHE H X M OFEHEX 0 0.1 mol/L HCI-Cd I DHERLZ DWW THM AR T-5720, £ E DL
PIXIZ317%, HERBAIER OO A (& BRO ML 6 7 A LL72) 1295 0.1 mol/L HCI-Cd i £ DR
TG T 24T o7 (REYR D 55 H R O plEICZVEHE, MR EKAES %) (Table 13). 2014 2
VEWRH ECOIBIRAEEHIE F KO EUF T A B T2< (p=0.30) — & THERE L QWD ThoT-. — 5, HEUEX
TUX, 2011 FAVERRHICIRE, [BlR3F B 720 FRE 28D 5 (p<0.05), MR X MO 2T KREL/D
R CThoTe. £z, 2011 FLAELLRE, 15 IEAEEHEH X 0.1 mol/L HCI-Cd 2 FE A HE X Z b THEICE
<70, LI [RRRORE BN CD. 2, EEHER ITARE Sk DA R AEA G228, 3 BRIZR
THEMIRDOIHEZ LD LR T RIT LD GIN~OFFH H UK S NS Z LT, Bt 13800 0.1 mol/L
HCI-Cd &L IOV THIED T 5[ Ll > TVDHEZE R B,
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Table 13 Changes in the 0.1 mol/L HCI-Cd concentration'’ of soil after harvest

2)

3)

Significance test

p-value of single

AP SP (difference  regression analysis4)
Year Season  Test Crops between the

(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) Pending’ - -
2010  Summer Spinach 0.19 (0.01) 0.17 (0.02) Pending — —
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  <0.05"
2012 Summer Carrot 0.19 (0.005) 0.15 (0.01) Significance 0.41 <0.01
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 <0.01
2013  Winter Spinach 0.22 (0.01) 0.16 (0.00) Significance 0.34 <0.01
2014  Summer Carrot 0.20 (0.006) 0.15 (0.00) Significance 0.30 <0.01

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 (2X2) (repetition X number of samples))

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

7) It was pending decision to be significantly different for Standard plot and for interaction (two-way
ANOVA, 5 % of both sides levels of significance, n =4 (2x2) (repetition x number of samples))

8) It is significantly different for processing examination section (two-way ANOVA, 5 % of both sides
levels of significance, N = 4 (2x2) (repetition X number of samples))

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

(4.2) B+ 1 mol/L FEZZ (pH 7.0) -Cd T2

Bt 580> 1 mol/L FEZE (pH 7.0) -Cd ¥ £ DOHERS (2009 FF41E~2014 - EAEET) 1T Table 14 & T Fig.8
DEBVTHS.

TG IRAREHE X % OMEYEX D 1 mol/L HEZ (pH 7.0)-Cd i OHERIZ SV T ZE T 5720, Zh
TNDIBXIZI1T 5, 2009 FLAENLOFKE A (KaBROMIRIL 6 7+ HEL7) x5 1 mol/L EEZ (pH
7.0)-Cd YR DBIE RT3 24T > 72 (REVR RO BT RO p EIZKOFEHAME, mifl
(Table 14). 2014 4 EAEBIH ETOHIRALEE H X DEYFEA E Te< (p>0.05), — & THEEL TWDfETm
Thole. —J, BEHEXTIE, 2012 FEEBHILIRE, BR2AEL20 (p<0.05) FREEMFEO B, Mk
BRIX W D 2T KR ELRDMEIA TH-T=. ZOMEANIE 0.1 mol/L HCI-Cd 2 L[AIkE CTH 7= (Table 13 KO

Fig.7).

EKUE 5 %)
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Fig. 7 Changes in the 0.1 mol/L HCI-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

Table 14 Changes in the exchangeable-Cd concentration’ of soil after harvest

2) 3 Significance test ~ P-value of single
AP SP (difference i Iysis”
Year Season  Test Crops fegression analysis
between the . 5
(mg/kg) (mg/kg) processing) AP SP
2009  Winter Spinach ~ 0.036 (0.002) 0.037 (0.002) N.S.Y - -
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) Sienificance’’ — —

2011 Summer Turnip 0.036 (0.0004) 0.035 (0.003) Pending”’ - -
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 <0.05"
2012  Winter Spinach 0.038 (0.001) 0.032 (0.003) Significance 0.93 <0.01

2013  Summer Carrot 0.038 (0.001) 0.031 (0.001) Significance 0.91 <0.01
2013  Winter Spinach 0.041 (0.003) 0.029 (0.002) Significance 0.34 <0.01

2014 Summer Carrot 0.038 (0.0005) 0.026 (0.001)  Significance 0.38 <0.01

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 (2X2) (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 was pending decision to be significantly different for Standard plot and for interaction (two-way
ANOVA, 5 % of both sides levels of significance, the cadmium concentration is N =4 (2x2)
(repetition x number of samples))

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

N T
! | 1 - I

Exchangeable-Cd (mg/kg)

- T
0.03 : i 5
=3¢= Sludge-fertilizer-application plot (AP) 1 T
i
Standard plot (SP)
0.02
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After winter }After summer| After winter }After summer| After winter }After summer| After winter }After summer| After winter }After summer|
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Fig. 8 Changes in the exchangeable-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(4.3) Bt +580 1 mol/L FEZ (pH 7.0)-Cu M OF Zn i

Bt 580> 1 mol/L HEZ (pH 7.0) -Cu K OF Zn I DOHERE (2009 4F4AE~2014 F-EAEET) 1% Table 15 K&
O Fig9 0L THD. (FIRIEEIHIZ I RIT AL L TL B E D8I K OHERNZ OV T, IRIT LD
THERBOS B LT 0HB LR L.

15 TR NIEAHE FH X K OFEHEX D 1 mol/L FEZE (pH 7.0) -Cu & OY Zn i FE DHERE I Z DWW Z R 5720,
TNENOLBLXIZIIT D, 2009 FA4ENLORE A (FBROBIREIL 6 - H L) IZ2x3 5 1 mol/L HF%
(pH 7.0) -Cu K& O Zn i OFIE H B /047 21T 72 (FIENF RO 53 3T R O p IS LR, mifilA &K
%5 9%). 1 mol/L EEZZ (pH 7.0)-Cu (22 Tid, 2014 4= B VEBR = COETRAEEHiE FH X K OFEUEX o a7
ITAEE TR (p>0.05), —ETHERL QDA TH-o7-. 1 mol/L EEZE (pH 7.0)-Zn (2O T, 15TRAE
Bt XU, 2011 AEAVER LIRS, BEURAA B L7720 (p<0.05) EFHAmAROLNTZ. — 5, MEHERIT—E
THRBLTIY (p>0.05), MiakER X O 2T K& D m Tho7-.

BART LER, @5y TEEAE F UTiB e E AR > MRBRIZ B8 W T, TBIEOEH IZ > ChgEH oAl
EPEDTIRIT A, 8 K HEER DI FRO B, ML ENZWNEEEEREILEL, #i ORI AREE O
DB A X BN E E B Tl o 7o ZE DN SN TRYYY, ZOMELA BIOERITF ELRWLD Tho
7-.

TR LAY ICE SR ITIWAE SNETE T 5. T OWAE OMSITIEIEE KUK T RERs %
WZIE TIE pH 5 DA T8 > High > TRIT L | &7 > TA2Y | 1 mol/L FEZE (pH 7.0) -Cu 3 — & THERS L
TWAHHEEH LT, A S ~OW 5 ) LELFIBR =50, BUIR O AT & Tl Al b 3282388 <
RWZENEZBND. — 77, 1 mol/L FEZ (pH 7.0)-Zn 75 LS8 THHBH L, HEE7G Ve IR oo § e
FE73 1760 mg/kg (Table 2) LHICH NI AL HEE L CIEFITES, SRS HEEP TEE T W oDITIGVEALE}
OMEREACEY RS> TCNDEEBZ DR D, HRIVAIOWTE, i L OSSRl GERIZED
AR EITDRNEOO, HEL0E HEF TEELTWVIEND, (HIRIEEZ R #2540 K& 1
KA &R U561, HEnE R EMICRI AT REZR I R AR EAS B SE M &72 5 PR E 2
bib.
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F7-, HENEEE D & EIRIEEE HEH L7 T, ARTENZWVERBRIX (1 /470 2 t/10a KT 6
t/10a) D 71ER (m~YF) K9 VEH (2h 7)) I2BW T HEED pH 6.0 Aifi &) S TR OB RIELR (71
By AR OB BSOSO MENH D2 . ARBRCIE 13 pH % 6.0 LLEICR> TV DT 8
TN EB 2 HNLD, HiEha Z<ETIHIEIRE A 2 & ICRME N 3 256120%, 18 pH O£ #E L EH(1THE
FROMMEPERIZAONWTHIERE T ANERHLEBZ DR,

Table 15 Changes in the exchangeable-Cu and Zn concentration'’ of soil after harvest

Cu Zn

Year Season  Test Crops AP sp AP sp

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
2009  Winter Spinach 0.40 (0_07)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)
2013  Winter Spinach 0.36 (0.13) 0.25 (0.05) 1.9 (0.1) 1.1 (0.1)
2014 Summer Carrot 0.41 (0.04) 0.34 (0.06) 2.2 (0.1) 1.0 (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 (2 X2) (repetition X number of samples))

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

Zn(Standard plot (SP)) /§

20 == Cu(Sludge-fertilizer-application plot (AP)) L

== Cu(Standard plot (SP))

15 T
" — | I : : i

Exchangeable-Cu and Zn (mg/kg)

1.0 I I i f i - it i
0.5 7 F i
0.0
Spinach | Spinach |Qinggengcai| Turnip | Spinach | Carrot | Spinach | Carrot | Spinach | Carrot |

After summe
cultivation

After winter
cultivation

After summer| After winter |After summer
cultivation | cultivation | cultivation

After winter

cultivation | cultivation | cultivation | cultivation | cultivation

After summer‘ After winter

After summer‘ After winter

2009 2010 | 2011 2012 | 2013 | 2014

Fig .9 Changes in the exchangeable-Cu and Zn density of soil after harvest

(The error bar indicating the standard deviation)
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(4.4) Bith+HEDOA CdIRE

B 3004 Cd I OHERE I Table 16 & Y Fig.10 DLV THS.

T VR EBHAE FF X R OV HE X 0D 4 Cd 2 B DHERB I Z SO W TR &R 5720, TN ENOFLXIZIB1T 5,
2009 EEAENLORGE A EVENSAANEETORIMEL 6 # H LU Ik 54 Cd I ORI IR 54
117z (BREYFRO BT RO p EICLVFHE, Ml E KR S %) (Table 16) . 2014 4 ZAEHHE TOVE
Je AEAERAE A X% b B (p<0.05) 23FR O B AL, FEHEX OREIFIL—E THBL TV D Th o7 (p>
0.05).

T VR AEHAE ] X R QR HEX 0O 4 Cd B % el LT= &2 %, FH4EL7Z 2009 4F =2 VR SHIGIEAEEHiE F X 25
EX IV EICELR-TERY, 07T 2012 FZELIRE, BEERL O L0 DI FIFEORE RO TND. 2
AU, TG TR I3V VEAREL RO AR I LART &S, (EMIROINHEIC LD TR AR L0 BS54
~OFFL LRIV SN, IRIVANERTTHMHMICH DAY, FEAERITAEEH RO A RIT DA 720
T EBZBNA.

(4.5) Wit 4 Cd OB 34T

HHFERBALEG 6 4 H 11 fEH ThD 2014 FFEEAF=0 T OBl HEIZ-DOUW T, 4 Cd IR E DT E /A
AT D70, fELE (EEND 0 cm -15 cm) KOO FJE (15 em -25 cm) D4 Cd L E W LI R4
Table 16 K Of Fig.10 (2o~ U7z, G IRAEEHE H XAE g D4 Cd IR EE X, 15IRIREHE X T g, B XAE )=
T OEHE X T |8 S U CH IS @272 (p<0.05) . G IR AEEHIE A X T 8 & OREHEX fE -8, Figon4Cd
REICHE 22D 272 (p>0.05) . ZOFERNG, Bk, 4 Cd &L TOFA TIXMRBRX ES I RIT LD T E
SNOBATIRZEALERNEB Z DD, AT LOYE, IERHHSRO DRIV MIFEAEBMELIEIZE XD, T
JBITIXFEAETEH LN ZENRESNTEY?Y, ZHEFBLRWER ThHo72. R (4.1) RN (4.2) IZB W
THEHEX D +-3H 0.1 mol/L HCI-Cd #2 } 08 1 mol/L FE%2 (pH 7.0) -Cd #2 5 238 E 18] (p<0.05) £72~>C
WHERERIE, TEA~OBITLVL, (EWIHEICEDRF LR OISR O G ELE A T528221280
0.1 mol /L Y& X% 1 mol/L EEZ (pH 7.0) IZIFNARIEREL L THE L FRICETEL TV D2 ENE X bS.
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Table 16 Changes in the total-Cd concentration” of soil after harvest
Upper layer soil of 0 cm - 15 cm depth Lower layer soil of 15 cm - 25 cm depth
Year Season Test AP sp” Significance re];;::::ni;;‘lyiliz‘t) AP” sp? Significance
Crops test 5 5 test
(mg/kg) (mg/kg) AP” sp” (mg/kg) (mg/kg)
2009 Summer Carrot 0.51 (0.02)” 0.48 (0.03) Significance”  — - — — _
2010 Summer Spinach 0.52 (0.01) 0.49 (0.03) Significance — — — — —
2011 Summer Turnip 0.51 (0.02) 0.48 (0.02) Significance — — — — —
2012 Summer Carrot 0.52 (0.02) 0.46 (0.03) Significance — — — — —
2013 Summer Carrot 0.53 (0.01) 0.46 (0.03) Significance — — — — —
2014 Summer Carrot 0.57 (0.03) 0.47 (0.03) Significance (3" 0.16 0.46 (0.03) 0.44 (0.01) Pendingg)

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 (2X2) (repetition X number of samples))

6) It is significantly different for processing examination section (two-way ANOVA, 5% of both sides levels of significance,
n =4 (2x2) (repetition X number of samples))

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

8) It was pending decision to be significantly different for Standard plot and for interaction (two-way ANOVA, 5 % of both sides levels of

significance, n = 4 (2x2) (repetition x number of samples))

0.65
mmm Sludge-fertilizer-application plot(AP) ,Lower layer soil mmm Standard plot (SP),Lower layer soil
0.60
== Sludge-fertilizer-application plot(AP) ,Upper layer soil 8- Standard plot (SP),Upper layersoil A
%" 0.55 T
S ‘V
E —k——
< 0.50
U *
E L
0.40
0.35
Carrot | Spinach | Turnip | Carrot | Carrot | Carrot
Aftersummer Aftersummer Aftersummer Aftersummer Aftersummer Aftersummer
cultivation cultivation cultivation cultivation cultivation cultivation
2009 | 2010 | 2011 | 2012 | 2013 2014 |

Fig. 10 Changes in the total-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(5) TEMED AR LR K ORI &

2009 FEHAE~2014 FHAEETOERER COEWIED I RIT LR FE K O EOHERE % Table 17 KO
Fig 11 {ZRLTz. =0 DU ROVRTL Y DIZOWTE, 2 huask 4 fERONRE 5 fEO SRR OHER %

Fig.11 TEIZRLT-.

2010 FEEAETF 7 o ADIRIY LB, TG TRIEEHEH XAMEHE X~ TH EIZ )72 (p<0.01)
P, FRIT AT L AR X CRRE CTho72 (p>0.05) . ZAuUE, {GTRIEEHG A XIZ b~ CHEHEX 0D

U &8 2 BIFREE 7~ 7= (Table 12) 720 B 2 BN,
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2011 AEAANERTL YR T, RER B AE DA B TEALEHE FH X 0MERE X T RIT AR FE &
ORI ED ] 5 THBEIZE D72 (p<0.01) . ZOZEE, Bt 150> 0.1 mol/L HCI-Cd J& E 2BV THRH S
ATV (Table 13), AUV YIIE LEPOLZHAED HRIY L& FARIZWIN L, BEEFE S REDRI Y Ll
IZRED I RIT LEWINL, RTL YT DHRILRINLE 580 0.1 mol/L HCI-Cd i IZFHRA HH LD
WL —H T HER ThoT-.

ZDORIZERMLTZ 2012 FZE=02 0 Th, Bt 1580 0.1 mol/L HCI-Cd ¥ B2 135 | e & 75 YR LA A X
WAEBIZE2T2 (p<0.01) 23, 1EMIRD T NI LR FE K OWIN B3R X[ TR EEIT IR E Lo
STz, ZHUE, =P DRI LN E H35E0 0.1 mol/L HCI-Cd 2 L DA BAIZFRO BN G 28 b
— T DHERTHT-.

2011 FFLARE, ZAERTL YDA RIY APREETE, HTRAEERE FH X AEER I AR TR EICE -T2 (p<
0.05) . ZiuZ, HIRNERHEH X TIEaR T L oY O D3RI ATREZR T RE OO T X7 A FE SR YE X S ER L Ty
RAEDS 2011 AR LARLIBEREN TV D ZENRR EB 2 HLD. LU, (EBETF O BRIT AR EE T Codex e
I TIRWRE THERR L TV 2.

(6) = U ROFRTL YO FERT RIT LR EOHER,

WE 4 BO= P BB K ONEE 5 [BOFRTL Y TERERIZONWT, ZOMFERNEMIR A RIT ARED
HER%% Table 18 (Z/RL7= (Fig.11 F Fig B MR) . =0 VU fiifliiZ_—&—VvF % 2009 4, 2012 45 K% T 2013 4
HAED 3EABRLT2L24, 1GTRIEEO S &0m I B 5T, BBRAAT ST R I s TEM IR I RID
DPRFEITZEE L Tz, 3 AEORE R TIE, Rl H B RVNEE, IRV NREDN S ELME M BT, 2014 4
BAETIE, =2V il R A NCE B LR ZITo7-. ZOMMIE, X—%—UyF 0L HRIT AN
BEVRLTNESNTREYY, EORIEICHEABMOERESL TRELZ. LvL, IRIVAREIL 2012 K&
V2013 FFHAEDR—H =V F LOBIRNFE R L7, MFEO BT HIIRE Lieh o7z,

RV YT R ITY T AN 2009 FEAAE, 2010 4EEAE KON 2011 AEAAED 3 /ERBRLIZEZA, THIRIEE
O B H B DOL T, RBRAIT ST ERCTHIC LS TEMRO I RIY AR ITEEL Tz, 2
U, FEEHIRE R ORBK BERRIRSEO KRS DEBL TNHEBZ DL, 2012 FLIETIE, AyLry
U fEA [ A —T A NZEB LR A T o7, ZiUE, oAb RIV ARENE EVLTVESITEDY
S A DOIRIRICHE A RO SRS L GRELZ. LL, IRITAREIL 2009 FELIEOH L FARINHIRL,
s FED B IFRO BT,

FRERBH A (2009 4= EAE) 255 2014 AFEAEETOMEMIROIRIT AR IL, 72 Codex FEUEME? > 1/4
LIFTHER L TS, LL, 2010 AEEANERTL YT DOHRIY LPERELE, THIRIEEHE X K OVE HE X L4 (2
Codex FEVEMED 2/3 FEEELBHZ IR WRIE Thoto. ZAMERTL YL CTRAIERTL VYT OAIRIT A
BEXEEICTWIERALNTEY, EOEIREOKGEMENEEL TWDHEEZ LN,
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Fig. 11 Absorption and the amount of cadmium concentration of each crops in 2009~2014
(The upper graph shows the all crops. The left lower graph shows the carrot. And the right lower graph shows the

spinach. These error bars indicate the standard deviation.)
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Table 17 Absorption and the amount of cadmium concentration of each crops in 2009~2014

ion. Quantity of cadmium uptake

Year Season Test Crops Part AP? gp?  Significance AP? gp?  Significance
(mg/kg) (mg/kg) test (mg/plot) (mg/plot) test
2009 Summer Carrot Root 0.12 0.11 N.S.” 0.21 0.20 N.S.
0.0 (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 N.S.
(0.01) (0.02) (0.004)  (0.02)
2010 Summer Spinach Edible portion 1.40 1.56 N.S. 0.72 0.96 N.S.
(0.10) (0.07) (0.04) (0.01)
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)  (0.003)
Leaf 0.16 0.17 N.S. 0.10 0.11 Pending”
(0.01) (0.01) (0.01) (0.01)
Total - - - 0.15 0.16 Pending
(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 Pending 0.32 0.30 Pending
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 0.41 0.38 Pending
(0.01) (0.02) (0.005)  (0.04)
Total - - - 0.73 0.68 Pending
(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 Pending
(0.02) (0.03) cance (0.01) (0.01)
Total - - - 0.46 0.34 Signifi-
(0.03) (0.01) cance
2013 Winter Spinach Edible portion  0.45 0.30 Signifi- 0.73 0.53 Signifi-
(0.02) (0.03) cance (0.06) (0.07) cance
2014 Summer Carrot Root 0.17 0.13 Signifi- 0.16 0.13 Signifi-
(0.01) (0.01) cance (0.01) (0.01) cance
Leaf 0.25 0.18 Pending 0.22 0.16 Pending
(0.003)  (0.02) (0.003)  (0.03)
Total - - - 0.38 0.29 Pending
(0.01) (0.04)
The sum total - - - 6.54 6.35 Signifi-

(0.13) (0.20) cance

1) Content in the dry matter

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 (two-way ANOVA, 5 % of both sides
levels of significance, N = 4 (2x2) (repetition X number of samples))

7) It was pending decision to be significantly different for Standard plot and for interaction (two-way
ANOVA, 5 % of both sides levels of significance, n =4 (2x2) (repetition x number of samples))
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Table 18 The cadmium concentration of carrot and spinach in 2009~2014

Cadmium Concentration" CODEX
svati 2) 3) Cadmium
Test Variety  Year Season Cultivation Part 4)AP ) 4)SP 5 5)
Crops Days Dry”  Fresh Dry”  Fresh Standard
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Root 0.12 0.01 0.11 0.01 0.1
2009 Summer 90
Leaf 0.24 0.03 0.22 0.03 0.2
. Root 0.24 0.03 0.23 0.02 0.1
Bétaricch 2012 Summer 105
Leaf 0.31 0.04 0.29 0.04 0.2
Carrot
Root 0.18 0.02 0.15 0.02 0.1
2013 Summer 97
Leaf 0.33 0.04 0.28 0.04 0.2
Root 0.17 0.02 0.13 0.01 0.1

koigokoro 2014 Summer 92
Leaf 0.25 0.04 0.18 0.03 0.2

2009 Winter 156 Edible portion 0.62  0.09 0.61 0.07

Sanraito 2010 Summer 38 Edible portion 1.40  0.16 .56 0.17
2011 Winter 99 Edible portion 0.53  0.08 0.36  0.05

Orai 2012 Winter 131 Edible portion 0.56  0.07 0.47  0.06

Kyouryoku
Orai
1) n =4 (2x2) (repetition X number of samples)

Spinach 0.2

2013 Winter 126 Edible portion 0.45  0.04 0.30  0.03

2) Sludge-fertilizer-application plot
3) Standard plot

4) Content in the dry matter

5) Content in the fresh matter

(7) ARIVLARTE, FFHLER VSR E

BB COEEE RO RIV LA &, (EMIRICED NIV AR LE, THEAODRIVLAEFEL D
LHREOHERIT Table 19 OLBVTHS. MHIEEOIRIVLAEGH RICHHEZFL T, THE~OIRIY
LEMEELTC. IRIVLFFHUEIL, ELTAEMIRD I Ry 2RI &L LT, e HIREHCE AT RIT LA
P EEEMRICE DRIV AR H L ED EEZ I RIV LAEFEEE L. IRV LS ELHABR X Y7o T E
(MBS 15 em, HHEOHLE 1.0 LU, RERX 4 m? 47200 +H58% 600 kg L L7-) THRL T, HEE~DD
NIV LAERREEL L. Ziud, TEOELORS K ORILEDNFIC—E T, 22 OIEEHH RO I RIT A534
TERICEB U E LA L.

ARIVLFHHLEITOWTE, ZRETEMLZ 1 AEOREROAFHE, 1GIEIEEHEH X T 6.54 mg/alER X,
FEYEX T 6.35 mg/ikBR X L[RIFEECTHY, HREZITFBD DI -7 (p>0.05) (B E ZEMREM 1L, Table 17
FRIT LRI B OFEHE B IR) .

HIRNEEH A X T, £ BRICEBNT, IRIVLARTELIIRL TRIHLEDNDRNZEND HHRD IR
U LN SN T T ALIL DT80, {HIENEEOH LD A IV AT & O > CHEERE T 5 IRIV LN
BELH M THHIENEZ LS. RRNEIZB W ChE 304 Cd B EOIMME M 23RO LTS (k-
R0 (4.4)). B E 11 EORBRIZE T DIGIRALENE I XD A Ry A A 8lT 62 me/ikBRIX (155 g/ha), HRIV
LEFHRE (IRIV LE R ELHBRX LI E ORI U285 Lo HEFARIV L0 EFIRE) 13 0.092
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mg/kg L7827 (Table 19) .

Bl HI DR H IV LPREEIZOUVNT, 2009 4F B AR D O ERE L BLEREOHERL Z Table 20 K Y
Fig. 12 (TR LTz, THVRAEARHIE A X OEHE X D 4 R 208 FE O BRERMEIE, 2009 45 5 VR Hh 380> S fif
ZHRELT, Table 19 THRIULZA NI LSRR E L RREUR MU, EEERIISERAE S BRI AN 2 IE — K
L CHERSL U2, — 7, (G TR BRI A X 13 32 B S BRRR ES B S8 CTHHZLIZRIC THHS, BFRiEs
PEE U CEEHME D 5 DMK ME R THERE LTV e, 2, BFE A5 1B W T FEA~OBITIXIZEEAE NG
EZONDLTEND, HHFEEICLDACEBINCIVE RICRE EHRW I RIT AR L0 B 2 HND2Y.

Table 19 Changes of the 2009~2014 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 " 5, Accumu- of cadmium " 5, Accumu- of cadmium
Load™ Removal lation” accumulation® Load” Removal lation™ accunulation”’
(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 0.007 0 0.50 -0.50 -0.001
2009 Winter  Spinach 4.40 1.18 3.22 0.005 0 1.34 -1.34 -0.002
2010 Summer Spinach 3.30 0.72 2.58 0.004 0 0.96 -0.96 -0.002
2010 Winter Qing gengcai 2.64 0.21 2.43 0.004 0 0.21 -0.21 0.000
2011 Summer  Turnip 3.30 0.15 3.15 0.005 0 0.16 -0.16 0.000
2011 Winter  Spinach 7.04 0.68 6.35 0.011 0 0.58 -0.58 -0.001
2012 Summer  Carrot 7.28 0.73 6.55 0.011 0 0.68 -0.68 -0.001
2012 Winter ~ Spinach 7.28 0.75 6.53 0.011 0 0.75 -0.75 -0.001
2013 Summer  Carrot 7.28 0.46 6.82 0.011 0 0.34 -0.34 -0.001
2013 Winter  Spinach 7.28 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer  Carrot 7.28 0.38 6.90 0.011 0 0.29 -0.29 -0.0005
Total 61.92 6.54 55.38 0.092 0.00 6.35 -6.35 -0.011

1) It show every test plot 4 m’

2) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer
3) Quantity of peculating due to the crops body = Yield (dry weight) x Cadmium concentration (dry matter)

4) Quantity of cadmium accumulation to the soil=2) — 3)

5) Concentration of cadmium accumulation to the soil = 4) ,/ Amount of test plot soil (600 kg)
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Table 20 Changes in the actual total-Cd concentration and the theoretical total-Cd conc entration’
of soil after harvest

Actual measurement Theoretical value’
Year Season Test AP sp AP sp*”
Crops (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2009  Summer Carrot 0.51 (0.02)” 0.48 (0.03) 0.51 0.48
2010  Summer Spinach 0.52 (0.01) 0.49 (0.03) 0.52 0.47
2011  Summer Turnip 0.51 (0.02) 0.48 (0.02) 0.53 0.47
2012  Summer Carrot 0.52 (0.02) 0.46 (0.03) 0.55 0.47
2013  Summer Carrot 0.53 (0.01) 0.46 (0.03) 0.58 0.47
2014  Summer Carrot 0.57 (0.03) 0.47 (0.03) 0.60 0.47

1) Total-Cd concentration in the drying soil

2) Sludge-fertilizer-application plot

3) Standard plot

4) This value is the theoretical total-cadmium concentration of soil when assuming that there was
acumulation of the whole quantity cadmium derived from fertilizer to the surface soil of the test plots
in a starting point in summer 2009

5) This value is the theoretical total-cadmium concentration of soil when assuming that there was not
accumulation of cadmium derived from fertilizer to the surface soil of the test plots in a starting point
in summer 2009

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

==3¢= Sludge-fertilizer-application plot (AP),Actual measurement 8 Standard plot (SP),Actual measurement

== %= Sludge-fertilizer-application plot (AP),Theoretical value O~ Standard plot (SP),Theoretical value
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Fig. 12 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest

{HIENEBHE X O RID LA fif & o OF RS HH T 0.1 mol/L HCI-Cd #iREDHER 4 Fig.13 [TRLTC.
T3 0.1 mol/L HCI-Cd i B 1 X 3RBR B 4a FRE 0D 2009 4F B 1EA 5 2014 FEEAEE T, 12T —E THERL THY,
THIENEEL O E 2 L5 B B UL FREREMIEERO e 72 (p>0.05). LocL, ARIV LA
BN EY72Y 5 mg/aRBRIX (12 g/ha) LA T Tdh-72 2009 45 E ENS 2011 4E E {EE T (Table 13) DHER & HRIE
[ERSHTLIZE 2D, [ERBSAE LD (p<0.05), TRAREAGBO S (Fig.7). 2011 FEXAVELIEICARIY
LA EZ 1EYS720 7 mg/alBR X (18 g/ha) UL EEL7-#1E, #RIEIENG T (M EOKHE S %) CIXAETIE
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72, FREBIMITRO bR (p>0.05) —E THBL Q. 4%, 7 —2BE L THEB AR TS
MENDHHEZZ HIND.

ARG R LI C @ oy 1R A A L7 B e IR O 5 4R (5 0E) BL o BR 7 L3 coi lakBR %
FEhiL, L8O pH % 6.0~7.0 [IZHERFLIIRIETTIEM 2 IEF 124 B S, L3HEH 0.1 mol/L HCI-Cd Ji# £ D #E
BafesS LS I RS 70700, OB E L TRR Y LI X TEMO D72 B B Lo B5IcE
UNTIKPE R BEIEY) B SR HEAEZ FV 5 4R 5 MR a2 S0 L 720G 3 (I R A A 213 91.1 g/ha, B
B pH 1T 6.0~6.7 O THER L CTEY, KRBRITIEWEMER->TD), Wit 50 0.1 mol/L
HCI-Cd 1% 0.15 mg/kg 7°5 0.17 mg/kg (2O TN U2 LR EIESH TN

F7-, B TEIRAREN O H A IE FHFRBRIC BT, 5 AU 10 PR oM 2 Z0i5 TR ARG A X D/
WA R R FE SRR XAZ KT U TR BAZ @V ME A 2R LI S (MR TER0 . ARRBR T B 2D i
ITWDERELT, fEGIRIERI O I RIT AREN G AR BT EFmWSDOEM L, xHRELTARREX
VAR F S R AR NI Z L L CWOD 72 2EE BT WEFTHHIE, 1 RBRIX 4 m? Ll
FO/NSWTHFE CHDH T Y — It - BB E BN ATRE CThHI L, HHelEE I ML O L2 LT
\ZH—RTZ Y REFRIT TNDTENLRRER XA D 1L DR SHYL N DI e, fEMROY TV 7%
RERXOF I 1 m? 53 B2 CTEMPHES LT HEUEIEL 2 ST TOTL QB2 7V 712k 5135
NI SN L, RBRER G N BN LA > TV D ATREMEL B 2 HLD.

UL EDZEDD, RFERTHWE T8, LRIGTRIEE K OEM B D A2V, 1 1E4720
7 mg/mlR X (-] 14 mg/5lBR X (36 g/ha) ) KO RIV LA M 2 < LTc A1, B R4 Cd O INE
MARHHTIY, 4%, Bt 150 0.1 mol/L HCI-Cd Ji& 3 IE M &7 5 RTREME b D728, HEB & e
THOMENRDDHEEZBND. —J7, IEEHHR R DI RIT DA 3720 EERX K OYG IR IEE RO AR A8
TN 1 VE4720 5 mg/akBR X LA FOEAIZ, 130 0.1 mol/L HCI-Cd 72 238 M) (p<0.05) &7 HFE F
LT, EDIHEIZ L DR L O, B3PI ARSI RIY MK P ENCEVERICE 520 H 00
BHHIEITIIL, LEOIGIRIEE R O G R ELAE AT D2 E2IZED 0.1 mol /L HERIZIZRIAR T REE LT
EEHICERL TWDIENEZLND.

025 the quantity of cadmium load 10

mmm the quantity of cadmium accumulation g

==the 0.1 mol/L HCI-Cd density ofruins soil (Sludge-fertilizer-application plot (AP)) g
i~ 0.20 8 Sa&
= g 2
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Fig. 13 Changes of the 2009~2014 year of the quantity of cadmium load by fertilizer, quantity of cadmium
accumulation to the soil, and the 0.1 mol/L HCI-Cd concentration of soil after harvest in sludge fertilizer

application plot (AP)
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5. F&oH

NEED A 20 Je OVEE A D REAR I LT3R B 3~ B AR 22 L U C, VB IRNEEr o fitg I 5RBR 2 2009 47
FOBI &R EAT> TR, IGIRAEEE FH X K% OVE Je LRI i FH OFEHEX 00 2 3R X2, 2013 FEAAELL TRy
LV %, 2014 EEFLL T=0 P 2835 L, TR ORIV NREOZEAL K OVEIHE~D I RIT LRI
BAMERLZ. TORE, B HE D4 Cd RE, EMIROWIREMEEAH LB LSO HIED 0.1
mol/L HCI-Cd £ &% O 1 mol/L FEZE (pH 7.0) -Cd i FE 1375 YR AEVEHii F X 2SR HE X I e~ O S i o 72
(p<0.05). {EMIRD AR PR EE Je ORI BT 2013 EZAERT L YT RN 2014 AE B E=0 V2B 0
T, {GIRAEEHIE F K AMEAE X Z L R TH B E D72 (p<0.05) . {EMIIAD A RIT AR EIL Codex & YEE
D 1/4 LLFCTHHoT-.

FRERBALARED 2009 FEAEDD 52 11 EO B HEE D Cd R K OEMIR Cd IR EE, W EDOHERIZ
DOWTHEEPL 7=, Bt 04 Cd BEVE, 1GIRIEEHGE A X T LS gBobi, BEEXClT— & T
BLTWAZEND, {BIRIEEIOIEAICLV I RIV AR LEEEL Wb EEZILND. — 5T, it LB
Cd I BEV TG VR AR FH X R HE X CAEAN 2RV VR BB ASEV N T3, 2011 AEAPE ST 2012 4R ZAELLRE
1%, V5 VR ARG F X AR HE X LR TR I @720 72 (p<0.05) . ARTL VDO Cd IREEICOUVWTS, 2011
FAAELARRIGVRNLERE H X 23 IS @< > TR, 11 Cd JREZLRBROB L > TS, B 5o
0.1 mol/L HCI-Cd &% U} 1 mol/L BE%< (pH 7.0) -Cd i £ DHERS 1, FRHERC CTIIA T7e TR A 25580 Btz
(p<0.05) 2375 VR AL F PIZIZIE —3E THER L TRV (p>0.05), {HIRALEOE A i IZ & D4 & b
A XL TR IERO bR ot UL, (GIRIEEHEH X OARIV LA R & 1 /F4S720 5 mg/aERX
VLR Cdhorz 2011 A ECIIBR L 380D 0.1 mol/L HCI-Cd #E 1 O A 7 TR 238 HAL Tz (p<
0.05) 73, HRIT AR EE 1 1E4720 7 mg/ikBRIX (18 g/ha) FEHEE LT 2011 AEAANELARRIE, T FRAETE A37860
BIRLI2 o TNDIEMD, T — A BEHCL AR OMB AR T OLENDLHEE 2 HIVD. F, 1GIEiRE
HDOPFEDHHLA R, IRITV LD [ERICHE THDOMERIT OV T, HIRILEEH KIZIWT 2011 FAAE
LIKE, B +-580> 1 mol/L fEZZ (pH 7.0) -Zn @ _EFMH[7 235388 537~ (p<0.05) .

HHFEBRBHLED 5 FEH 1 1EH Th2 2014 FFEAF=0 P OBt HI IO T, HEFRARIV ADTEE
AT TRA T 2780, 1E 1 (RKEHDH 0 cm-15 cm) X O O FJE (15 cm -25 cm) D4 Cd REEZ AT LTAS
R, DRIV LD T E~OBATITRRO BN TZ.

BIRIEEI OB RIY MGG ARMEMT (T EEE 4.9 mg/kg, BLWIEE 3.6 mg/kg) OURIGIREEE,
2009 FHEAE~2011 FFEAAEETD 6 EIL 1 TEYT-VONEH & 181 kg/10 a (i) ~483 kg/10 a (Biy) A fiiH,
2012 FEEAE~2014 FEEAEETO 5 713 500 kg/10a (BiWn) ZHi AL, 4 2 fEORERZ 5434, 111 To7. 2
WETDEZA, FHIEEHE L CUVRUWMEEX OFE R ED EL G, (GIRIEEHH RO AR IT AIELHIC
HHEL, IS TS EEZ BN, TEMIREFAB N D EEND THEF O 0.1 mol/L HCI-Cd
FER Y 1 mol/L EFZ (pH 7.0)-Cd JRFEEIZIFIE —E CTHBL TRY, IEMERTOIRITAREIZONTS
Codex HEYEEIZEE R TIRWVRE THERB L TV D RRBRERIICB W THRIV LA EFRH 6 mg/4 m*~
10 mg/4 m? (15 g/ha~26 g/ha) TD 344 K ORIV LA G &K 15 mg/4 m? (36 g/ha) TD 3 D5
JeEkRE M CThiuiX, I R I U LAOEDIE~OWRIERIE KT D REMETIRVWEE LS. LL,
FICEMICHE A Z2 kR L7560, GIRIEEHE H &4 MINSE 786 XTI EBR 7 Lk CH#EY &
BEO VIR HEOG AT DIETRIEE H RO A RIV LD L~ ZEFE K OVED KD R ITIZ D0
TITHRZERE T AV ENDLHEE LS.
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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)
- Winter 2013 and Summer 2014 -

Toshiaki HIROI!, Souichi IGARASHI?, Tokiya SUZUKI?, Yoshimi HASHIMOTO?, Yudai TANAKA?,
Fumihiro ABE? and Shinichi KASHIMA?

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

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

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

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 are
investigating the cadmium absorption by the crop since 2009. The test field is the upland fields derived from
Andosol. And the used fertilizer is sludge fertilizer and chemical reagent. We cultivated the spinach in winter 2013
and carrot in summer 2014. 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). Other ingredients used reagents. 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 concentration of the crop, acid-solubility-Cd and exchangeable-Cd of soil after harvest were measured
by the inductively coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after harvest was
indicated a significant high acid-solubility-Cd and exchangeable-Cd concentration compared with the soil in the
SP after the winter 2011. Total-Cd concentration of soil from summer 2009 to summer 2014 showed significant
increasing trend in the AP. Although acid-solubility-Cd and exchangeable-Cd concentration of soil from summer
2009 to summer 2014 showed significant decreasing trend in the SP, those Cd concentration of soil did not show
significant fluctuations in the AP by the continuous application of sludge fertilizer. The cadmium concentration of
crops harvested from summer 2009 to summer 2014 in the SP and AP was less than the CODEX standard. It is

considered that it is necessary to check future transition.

Key words sludge fertilizer, continuous application, cadmium
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