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8 HAFEIVLOLTEBBERCEPRIN-ETSFRIEHEROEE ()
—2014 F4AE-2015 FE{E—

TSR 1, SRRt 2, R 2, TSI 2, WAL 2, BEERIDT |, AN (5
F—0—F  I5IRIEE, WRER, AR

1. [XC®HIZ

AEEL D A EHFEY TIXBRIEE T OEFZFFSNOIRIVLAORKE (LT, TEHEFFARMEIEN). )X
0.0005 %EEDHLILTEY, BIRIEHIZO&FHNICB W TR, i HIh T\, —2F, {EIRIEEOjEH 12
Y HEEICAam SN B RAERML, BICEMIER 5L HEOREHEZB X TRIEM~BITL, A&BIC
BERBIEMPEFESNAZENREII TS, 2009 4F 3 HIZEMKEL NBI TSI TG TRAREO ]
DHYIFIZBETHBHEAWEE VIR, 13 fERFEMTHI NN ERFIENIRE I LL T, IRIVLE
B RMEORZI I RAEET 5720, ERIEEIOEICLDEF AR IRIV AOERE A EA THEH L
BATERL, R LRI W EEMZIE L, Y ~OWIL O, BRELZR D VLERHD LA
iz, ZoZenn, PEIOR IR VLR ORIV E TR I B T2 A M 7R L L C, 15T iREto
MRBRZERL, TRIV LD HIEA~OER K VMR DOV EA R T 5.

2009 FFEAEDD 2014 FFEEAEISHNT T, THURAEEFE S FH L 72X & UMt FH L TV XD 2 BRBR X 2 3% 1
=PV IROVIT RIVIY, FUTUYA, AT ROV, =V RV IY, 2D, KT
Loy, =0V DIETHEESL, TEHROARIT LRE DAL K OEMRO IR AR I EZ R L.
ZOFERITBRIIERHFZE A 5 6 52, 7 54 KON 8 52 T Liz. 2014 F4AE L N 2015 FEEAEIZHBNT
%, ZTNENATL Yy, =V EROC TR E EMLI-OTEORRERE T 5.

2. MHEHBRUAZE

1) 2014 FEXEDERFABR (2014 E 11 A 7B~20154£3 A 12 H)

(1) BRI M OV 3

AR Y o — A WE S (B ERIWCE) TFEmLZ. 3URIE, 1GIEEE Ot B RED 25 11
(VGRS FH X)) &t B R 3 7y 88 (BRVE ) A el R L, 2 SR IX 2 iR e L7e. R, 1,
AYEBRHO pH, EC (BEXURER), HoEVARE, £2EFR, 2IRFE KL 0.1 mol/L HFEFIEIRIT A LLT,
0.1 mol/L HCI-Cd) % Table 1 {Z/~L7=.

(2) MR
Jit 4 DGV NERHI I URTGIRILE 2 I L7z, URTGIRALENT, UK M OATEMEDE K 2 TSy B Je OV

VORSTATEUE N EMOK BTN B 2 i i o 2 — JRER 2 i A () Ak 2 —
? MSIATBUE NEMOKEEN e 22 i o 7 — NEEEL 2 SR AT
S OSTATEOE N EAROKBETH B 22 i 2 — AR R 22 i AT () Rl 2 & —
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fi | X > KA G2 AT IOHEARRIRL TRAELTIGIEE @ 0 T B A2 VTR, INEARZ IR 7o B,
KPR 3 mm O RALEF T2 . URIGIEIEEID 3 53 Mt 4 Table 2 (TR L7z, IRV APREEIE 3.6 mg/kg
(BiW) THY, Z ORI FEIIIEEHAE A O S A TFAAES I (K 5 mg/kg) Tho. EHR 4w (BiiE) E&
533 3.3 %K OVE R R EEK) 30 % (30 °C, 28 H[HlE#) ThHY, EREE K CERLRIT KA URTE
JENEEIOHTIHED THHTH, BRHHEHASCSKEA LG A IEM ~DOEBEESE RIS, IR
U LA B LR DO ORI R ATREZR TR B 2 DD,

IEIERIE L CRIGRIED IR, VAR —T B =0 AR O LIV Y 2 LTz, 15 TR IERE & OV AR
BRSO ST I NEEHE R BRVES 12 Ko 72 (T IENER O A5y 81 Table 3 1TRLTZ).

7235, 5URAEEEF D 0.1 mol/L HCI-Cd 2 EEIE, 15UEAEEL 1 g & 0.1 mol/L HEfE 50 mL T 1 Kfff#iRES L CThh
HULTEARIT 257 L — AR BTk (2-2310: B oA 77 /vy —X) CRIE L. EIRIEEFR O 1
mol/L FEfET > =0 LEHR (pH7.0) FI¥EIRIT A (LA, 1 mol/L FEZZ (pH7.0) -Cd ) &V)) IR EEIE, {5 TEAR
Bl 1 g % 1 mol /L FElET L E=17 5K (pH7.0) 50 mL T 1 BERIHRES LT L 7= I R A% ICP & 4547
4E1E (ICPM-8500: S SR CTHIE L.

Table 1  Characteristics of soil for using in winter 2014 crop

Unit Year APY-1 APV SP”-1  SP”-2

pH (H,0)® 20099 6.1 6.1 6.2 6.2

2014" 6.9 6.8 6.8 6.8
EC? mS/m 2009 10.0 10.3 14.0 11.6

2014 16.9 17.7 15.4 16.9
Phosphate absorption mg/100 g 2009 5.8 6.1 7.7 6.9
coefficient® 2014 8.4 7.9 11.4 10.8
Total nitrogen® A 2014 0.42 0.42 0.38 0.38
Total carbon® o) 2014 5.7 5.8 5.4 5.5
0.1 mol/L HC-Cd® mg/kg 2009 0.18 0.19 0.18 0.21

2014 0.20 0.21 0.15 0.15
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-application plot
b) Standard plot
¢) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=1

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

e) Content in the dry matter, average (n=2)
f) Mass fraction

g) The year when the study was designed to evaluate the effects of sludge fertilizer applications
on soil intended for long-term use

h) The year when the study was conducted



ﬁ

HRIT LD EHEEFE N OVER RIS T D75 TEAEERE FH O 28 (i) — 201444 1E- 20154 E1/E— 79

Table 2 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen A 3.3 Total copper mg /kg 546
Total phosphrus” 0 5.2 Total Zinc mg /kg 1760
Total potassium®’ A 0.4 Carbon to nitrogen ratio - 7.1
Total calcium® %" 2.1 Total cadmium® mg /kg 3.6
Organic carbon A 23.6 Acid-solubility-cadmium® ~ mg /kg 3.2
Moisture %" 26.1 Excangeable-cadmium" mg /kg 0.32

a) Mass fraction

b) Content as P,Os

¢) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

f) 4.9 mg /kg in the dry matter

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

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

Table 3 Properties of reagent

Ttem Unit Urea Ammonium Potassium
dihydrogen phosphate chloride
Total nitrogen 0, 46.2 12.0 —
Total phosphorus® %" - 61.5 —
Total potassium®’ %" — - 63.1

a) Mass fraction
b) Content as P,Os
c¢) Content as K,O

(3) FBRXDOHERL

TG VR R X R OEHER I, 1 BRI Oz 4 m? (i 2 m X A5 2 m) L, FakBRIX 2 K ORF 4 58k
X% Fig.1 DLBVEE L. FEiREIIEH EROKRTL DR HED 2 JL SRR FH L 7=

1GIRNERO NI 81X, BMOKFER DT 7 — MBI TIE T ES720 2 V10 a BES AL TODEFEHAF
E3 5%, Hii BT, 500 kg/10 a FLE D b, — I TH 728 . BIRIRICE-> T, IBIRIERIH OREA RO &
HA~OFBREEINHIT D701 LR ED B 2 Z2RLTEY, 4 500 kg/10 a~1000 kg/10 a L T H44
WD F i, @y REERIE G LG TR # L5, T8 pH MK F 97212 288 mbi T
Z. 8 i 2 LD HEEEY L~ O S A Z B L, 22T, 1 RS 7200 fE A& 500 kg/10 a (Bid) &L
7-.

TGIEIEEI O Z BN RITRMEE TCOMEUEX EDOEFEDENS 0% ELTEHHAEL, R0 & EAREClit
FLT=. AR OVINBAZ DUV TH AR 3 34 EAERERE W TR o 72 AEHEXIZ DWW T, fliEEERE AT
T VBRI FH X & R D 45 BT/ D L it L 7= (Table 4) . VAN FHICOWNTIE 2012 4FEVELIBEAARLY
ANBZAE L Q3 TBTEIEEHEH X O A N HED A BE OB BHINN =8, 2014 FHAE= VU AERHTRE
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IR RATHE RO A IEE 2 & (FEYEIX 0D 10 {5 8) ICHi I L7 LA, AR AVBRIZHIMUT-23, FEHEX & bis L
TIHVRREEE FH X O A Btk 385 £33 KIE IS B F/- L7272, 28T efipk ABEOHE A 1T H 1k L, 2014 4 4E
DOITVARE— T =0 LB AL, 70k, RITEOHM LEEZ ST LT 2A, R OAZNIEY AT,

11.1 mg/100 g #z =70 i HEHE FEAFR S B 1T DA N HED AFE O S B A (10 mg/100g iz 1) IZEL 7= 7=
b, FifEIEHEDY A B B R L 7=, 5 TRANEHEH X1 8.2 mg/100 g izt Thoi=7-, HINREV A RO E
FARICEET D IO MEENER R D &0V AW %17 >72 (Table 4) .

I'm
H N
Cim
H N
Cim

1m| 2m IlmI 2m Ilm

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 2014
Amount of The applied components  Amount of The applied components

application per 4 m* application per 10 a
per 4 m’ N pY K» «Cd per 10 a N P? K Cd

(2 (@ @ (@ (mg (kg (kg (kg) (kg) (2
<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 73 500 16.6 26.1 1.8 1.8
Urea 99 46  — - - 25 114 — — —
Ammonium dihydrogen phosphate 285 34 174 — — 71 8.6 43.5 —
Potassium chloride 103 — - 65 — 26 — - 162 —
Total 146 278 72 173 36.6 69.6 18.0 1.8
<Standard plot (SP)>

Urea 136 63 — - - 34 15.7 — - -
Ammonium dihydrogen phosphate 144 17 88 — - 36 43 220 — -
Potassium chloride 114 — - 72 = 29 — — 180 —
Total 80 88 72— 20.0 22.0 18.0 —

a) Content as P,0;
b) Content as K,O
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(4) #EEHE

WEIEMITRT LYy (WL =2 —T ) R4) LU, B EROFEINEEAEL BT L. KB X O JE

WEBIZIIH —R 7T LU CHRAEW 24 L=

FEARIE 2014 45 10 A 30 HIZ, KilBRXOFEE 15 12 kg Z48I2H0, JEEHZ ATVRAL, K ikBRX E£E i1
BIR\THAG L, B CURSH 15 em £ CHHELT-.

AR X NIT 9 S5 (SRR 20 cm) LU, &R 11 H 7 BICy—X —T7 — 712 X0fT-o7-.

SIEIT 11 A 21 HEXOV 12 A 5 BIZATW, BIEBATIII N A EOE B ROT-OERERF L AT/
RLA A U, HEEBH BRI TR A L5 B L 7=

INFEIL 2015 4F 3 A 12 BITATV, HIERZ N CHIBr L CH A IREL 7.

(5) 1EMRDTIRNID B34

INHEL 7o ART L YD TE D ISR K S AR E AN E L. /o B e L GRERK oD 1 m? 534
T, KIEK, A ZHKDNAIZBEF L, T AZE T H IR LTI B R EZEEER I T 65 CTIRE IS
L7z, EEAAEL%, HBZ 500 um D55\ & i@ 925 F T (ZM200:Retsch 72— & —[A 5%
6000 rpm) THML 04T BN LT=.

HARIT LEGRIL, SRR 0.5 g (SRR 5 mL R ONMBEE(L/KFEK 2 mL ZIMZ~A7 il oy fiiis
(Multiwave 3000:Perkin Elmar) ' Gy L7t D% 50 mLIZE AR LR EHAR E L. IS I3 ICP B &/
(ICPM-8500 : eyt B/ ERT) IZ K0 T o 7.

&
&

(6) Bt -HED 53 Hr

I FERS D 3381, A RRER TIE OIS KV ERER L 72, & ikBR X OB IR O S5 B IR L 7= 35 P &
FICEEBRX RS 1 m? OPURE & O D FE 5 2 Frdkh, £ (WA 50 mm X £& 250 mm) & WV TERED D
15 cm ETECEL, TRA LI, BEEL IR LY 35 CT—Bhszitg, HEEX 2 mm D550 AmiELzb 0 K&
U2 HEL THBE 500 pm D 550 &l 372 E TR (ZM200:Retsch  =—4 —[R[#535 6000
pm) TEIFELT=6 D& # B S LZ.

JRRL LTz HEEOAKGNE, s K53 (HGS3: AR — - U R) IZEDHIEL7-.

158 pH M O EC (FEGZ 38 1 1)L Tk 5 20Nz 1 REIEE S 1%, pH 1377 A% R (F-23:HORIBA)
(2, EC IXERAZEHE (F-54:HORIBA) (LI E L=,

TP DOHRIY LG ONTIE, BRI NIV L% . TP RIT ADTERE (AT EEE) B FFAM
EIZHOWTE, HEEOFHIC I8 HE AL/ EM AR OW IR E DFABZ2 15t i T D720 Dfk 2 72 05 15D e+t
ENTWDLDOD, TREERERD FIENRNRIUCSHD. T THR—IRRELL T, A9 TEDL 0.1
mol/L HCI-Cd, }¢ O HANERG A A DORIEIZHVHILTEY, 0.1 mol/L HCI-Cd & iz L T Z< DK FilE
PHRD AR L FE LA BIAN G & ST 1819 R BE T R A (1 mol/L EZE (pH 7.0) -Cd) Z38 R L
7-.

+5E4 > 0.1 mol/L HCI-Cd 1%, +:3 10 g {Z%FL 0.1 mol/L ¥ 50 mL Z 12 #9 30 “CIiZfib 1 BEf#RED
L THIH L7= R L% ICP H &/ & i (ICPM-8500: S5 Et AR AT) (2 KD HIE L 7=

THEHF D 1 mol/L FEZ (pH 7.0)-Cd, Cu X TN Zn %, +582.5 glZxfL 1 mol/L FFfE 7 =7 AV (pH 7.0)
50 mL #1259 30 CIZfRD 1 BRERHEES LTI L7- I RIY A% ICP & &/ AT (ICPM-8500: )5 H LA ERT)
WZEDRELTZ.
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2) 2015 EEEDERFER (20154 6 A 17 B~201549 A 30 A)

(1) FRBR[E T, K OVILER -8

BRI 5 R OVIG EHEE L C 2.1) OFRBRO B TR AR ] X K& OMEHEX DBl A 5 | g &4 L 7=
O, B, RORIER#O pH, EC, ARIEVARE (MLA—271k) 19, 2EEk, 2m#E K 0N0.1 mol/L
HCI-Cd #2 £ % Table 5 |27~ T.

Table 5 Characteristics of soil for using in summer 2015 crop

Unit Year APY-1 APV SP”-1  SP”-2
pH (H,0)® 20092 6.1 6.1 6.2 6.2
2015" 6.1 6.3 6.4 6.5
EC? mS/m 2009 10.0 10.3 14.0 11.6
2015 11.4 10.8 10.2 10.7
Available phosphate® mg/100g 2009 5.8 6.1 7.7 6.9
2015 12.8 10.6 11.4 8.4
Total nitrogen® %) 2015 0.40 0.38 0.32 0.35
Total carbon® A 2015 5.3 5.1 45 5.0
0.1 mol/L HC-Cd® mg/kg 2009 0.18 0.19 0.18 0.21
2015 0.22 0.20 0.15 0.16
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-application plot
b) Standard plot
¢) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=1

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

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

f) Mass fraction
g) The year when the study was designed to evaluate the effects of sludge fertilizer applications
on soil intended for long-term use

h) The year when the study was conducted

(2) fEkpmspag
HEER B B OV ERREHE 2.1) (2) LRBEDS D% -,

(3) FRBRXDOHERL

BRI ORI 2.1) 3) LRBEICE E L=, Ml &3 RO =0 P M B B HED 2 L S5k EH L=, VB TRIE
ol FA &1L, 500 kg/10 a(Bi) , EHEIELHEE 50 %LU THEAEL, REDEMIEECHH L=, WA K
OIMEIZ DWW TH AR EAREHE Tl o 72, A YERKIZ DU, Ml E AR VTS TR AR X
ERIBED RS B2 D XM I L7= (Table 6) . RI{EETOBM HIEE ST LIZE25, FBRIXDANEED AR
VB TRAEEE F X 11.7 mg/100 g 52+, FEHEX 9.9 mg/100 g ¥z TV, M AT ICITHH e
AEOYGE BEE (10 mg/100 g #2 1) 1T~ TEWULFERE Th o7z, ZD720, MR AEDY AR &2 it
fEL7-.
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it

Table 6  The fertilization design of the test plots where carrot was cultivated in summer 2015

Amount of The applied components A ount of The applied components
application per 4 m® application per 10 a

per 4 n’l2 N Pa) Kb) cd per 10 a N Pa) Kb) cd

(€9) (@ (@ (@ @mg (kg (kg (kg) (kg) (g
<Sludge-fertilizer-application plot (AP)>

Studge fertilizer 2000 66 104 7 73 500 16.6 26.1 1.8 1.8
Urea 93 43 — - - 23 10.7 — - —
Ammonium dihydrogen phosphate — - — - - - — — - —
Potassium chloride 90 — - 57 - 23 — — 142 -
Total 109 104 64 73 27.3 26.1 16.0 1.8
<Standard plot (SP)>

Urea 120 56 — — — 30 139 — — —
Ammonium dihydrogen phosphate 170 20 104 — - 42 5.1 261 — —
Potassium chloride 101 - — 64 - 25 — — 16.0 —
Total 76 104 64 — 19.0 26.1 16.0 —

a) Content as P,0s
b) Content as K,O

(4) Feb5 71k

HEERIEMIE=0 Vv (A BT 2A) LT, BRI OEBIZIEN — R 7Ty LU TR E A Hiks
L7z,

FEAEIE 2015 4F 6 H 15 BT To7-. FlBRXORE 149 12 kg 2421200, IEEEZ ATIRAL, £alBRX
KB THAL, BHEHECIRSH 15 em ETHHRLZ.

FRBRIXNIE 9 25 (LM 20 cm) LU, #EFEIZ 6 H 17 Bicy—4 —FT—7 &AW T{T-o7z.

ME1ZIE7 A 21 25 8 H 3 BIZATW, IHERFORRE 23K 8 cm &£725 X912 LTz,

FEIREATI I Y DO E BEFROT, RRRHIE AT ) RiAI a8 Uiz, HEE D RRIETFBRELICLY
W H IR L7 i H KB AKIZ DDA K EI T T,

INFE1T 2015 459 H 30 HIZATV, FEHBEAR 2L FEL 7=

(5) TEMMEDAIRID o3 HT

INHE LTz =0 VA 3KE K e %, SRR X IR E BRI E L7z, oA B L TR e 1 m?
AR TCEARTBEFEIRIZEIO 30T, AN EELRE L. IREISAA KT, BREZEREL TE<
BI0G3 T4, WREERERIZEY 65 CT 24 R HREATWEEZNIE L. FEERITIENERDRWIDITA
O, HARELEL, 20, BEFLEREICED 65 CT 24 WA ITV, EEANIE L. 8RR LD
HEAY, 2NV EBIE 1 mm KO 500 um D500\ E @i 35 £ T4 (ZM200:Retsch 17— — [R[#5%L
6000 rpm) THyfL 7.

BRIV LEFEDOSIHIL, 2.1) G)EFRIAToT-.

(6) W HIEDHT
INFERE O 131X, 2.1) (6) & [RARICERE L OVFRRIL 7=,
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DI, 2.1) (6)DIEH (0.1 mol/L HCI-Cd &R \TMZ TERARIVLE ST LT,

TEEPOEHIRIT AL, Hbrakkl 0.5 g 12, MEEK 10 mL, M@ER{L/KFE AR 3 mL, KO AbKFEREK 5
mL 2Nz, <A 74 fEdEE (Multivave 3000:Perkin Elmar) (2 X0 fRLaBHARRE L=, HIEIT ICP B &
Sy AT 4 iE (ICPM-8500 : S EE LV ERT) (12 X0 T o7z,

3. & B

1) 2014 FRXVEEARER (ZERILIYD 20144 11 A TH~201543 A 12 )

(1) 1EIROIE: R ORI AW &

FEARE) DU HE ECOHETIIMITH 4 7 H THY, TORNZERFERERIFBEI N2 o7z,

RUL T DOILE, FIRIT LR & WY &% Table 7 (2~ U7z. {5IRAREHIE H X & OFEAEX O £,
ARENEETENZEI 14.75 kg & 13.55 kg THY, FEHEX DI EZ 100 & U725 IEAERHEH X DI EHE5
1% 109 Th-o7o. DRIV LR (H) [ZOW TR, THIRiERHE H XIZEEMET 0.43 me/kg, FEHEXIT 0.28
mg/kg THY, FHIRIEEHE A X2 BT Eh -T2 (p <0.05) 23, ZOHMIEE 1T Codex HEHEAE (0.2 mg/kg) 2
D 1/4 FKiifiTooTz. ARIY LRI DOV T, HIEALEEH KIZ AT 0.65 mg/aRER X, HEAEXIX
0.42 mg/FBRX THY, VHIEAEEHIE A X 23 @y ME A2 -7z

Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Yield  Sienifi
Unit Test plot-1 Test plot-2  Average o ignificance
index test

<Sludge-fertilizer-application plot (AP)>

Fresh weight kg 14.75 14.75 14.75 109 -

Dry weight kg 1.49 1.55 1.52 102 -
Cadmium concentration® mgkg 045 044 042 040 043 - Significance®
Cadmium concentration® mg/kg  0.045 0.044 0.044 0.043 0.044 - -
Quantity of cadmium uptake® mg/plot  0.67  0.65 0.65 0.63  0.65 - Pending”
<Standard plot(SP)>

Fresh weight kg 14.00 13.10 13.55 100 -

Dry weight ke 1.53 1.46 1.49 100 ;
Cadmium concentration” mg/kg 0.30 0.32 0.26 0.25 0.28 - -
Cadmium concentration® mg/kg  0.033 0.034 0.029 0.028 0.031 - -

Quantity of cadmium uptake® mg/plot  0.46  0.48 037 037 042 - -
a) Content in the dry matter

b) Content in the fresh matter

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

d) Yield of Standard plot was indexed as 100

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

f) It was pending decision to be significantly different 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) BRSO DRIV LGRS

Bt 180> 0.1 mol/L HCI-Cd J# /%, 1 mol/L FE% (pH 7.0)-Cd 2%, pH K Y EC % Table 8 [Z/RL7=. 0.1
mol/L HCI-Cd J#2 £ 1%, “FHME CYATRALEHE H X 13 0.21 mg/kg, FEHEX]T 0.15 mg/kg THY, {HIRALE FH X
DIEVMEMIZH 72, 1 mol/L FEZE (pH 7.0)-Cd #REELE, “EXE CTYHTRAEAEE A X1% 0.039 mg/kg, fEAEX T
0.026 mg/kg THY, THIENEEHEH X A3A B mn -7z (p <0.05) .

Table 8  Characteristics of cultivated soil in winter 2014

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HC-Cd® mgkg 022 022 020 0.20 0.21 Pending®
Exchangeable-Cd"” mg/kg  0.039 0.038 0.040 0.039  0.039 Significance”
pH (H,0)? 6.1 6.3
ECY mS/m 11.4 10.8
<Standard plot(SP)>
0.1 mol /L HCI-Cd® mg/kg 0.15 0.15 0.15 0.16 0.15
Exchangeable-Cd"” mg/kg  0.027 0.025 0.028 0.027  0.026
pH (H,0)° 6.4 6.5
EC? mS/m 10.2 10.7

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
b) Content of cadmium dissolved with pH 7.0, 1 mol/L ammonium acetate solution in the drying soil
¢) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=2

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

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

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

2) 2015 EEFERRBR(EE=2T20:20155% 6 A 17 H~201549 A 30 A)

(1) TEIRDIL & S O R LI &

FEFEDDUNHE E COFEFHIMITN 3 7 A2 ThY, 2O EEIMERIIMERES N7,

=2V DI E, IRIY LNREE R O % Table 9 (ZoRU7z. TGTEAREHE A X K OFEHEX DI &L, A4
REEEE TR E S E T4 7.28 kg & 6.38 kg, TEHAEZ L 8.80 kg & 7.20 kg THY, IEHEX DI E4A
100 EL7=iH R Ak I X DU B FREUTARER S 114, FEEHDY 122 Tho7z.

TR AEBH ) X M OMEHE R D AR I AR JE (RE) 12OV T, EETREATNER 0.19 mygkg &
0.15 mg/kg, HEFMNZNZI 0.23 mg/kg & 0.19 mg/kg THY, FEEIZOWTIIGFIRARENE H X203 E B
72 (p <0.05) 23, TDOBMIE LT Codex FEYEME (0.2 mg/kg) D 1/4 LL T Tlh-o7-. 1GTRAEEHiE A X K& OVE #E
XOFERX Y 720D A RIT DRI EZ DUV T, SEIETIREAZ A 4L 0.14 mg/mlBR X & 0.10 mg/allR X,
FEERENE I 0.22 mg/iERIXE 0.15 mg/iERIX THY, FEEIZ OV TIIHGIRAREHEH X23E ZIS -7z
(p <0.05) . TEMARRAROFER X M7=V T Ry LI SO FEEITIGIEALEHEH X T 0.36 mg/mBRIX, 1
HEXT 0.26 mg/BRIX. THY, {HIEABHEH XA B IS mh 72 (p <0.05) .



86 NEBHFFEHE Vol 9 (2016)

Table 9 Cadmium uptake and yield of carrot in the test

Yield  Sionifi
Part Unit Test plot-1 Test plot-2  Average . 0 Significance
index test

<Sludge-fertilizer-application plot (AP)>

Fresh weight Root kg 7.25 7.30 7.28 114 -
Leaf kg 7.50 10.1 8.80 122 -
Total kg 14.75 17.40 16.08 118 -
Dry weight Root kg 0.75 0.75 0.75 108 -
Leaf kg 0.86 1.06 096 117 -
Total kg 1.61 1.80 1.71 113 -
Cadmium concentration® Root mgkg 022 0.22 0.17 0.17 0.19 Pending®
Leaf mgkg 0.26 0.26 020 0.20 0.23 Significance”

Cadmium concentrationb) Root mg/kg 0.023 0.022 0.017 0.017 0.020 -
Leaf mg/kg 0.030 0.030 0.021 0.021 0.025 -

Quantity of cadmium uptake 9 Root mg/plot 0.16 0.16 0.13 0.13 0.14 Pending
Leaf mg/plot 0.22 0.22 022 0.21 0.22 Significance
Total mg/plot 0.39  0.38 0.34 034 0.36 Significance
<Standard plot(SP)>
Fresh weight Root kg 5.90 6.85 6.38
Leaf kg 6.60 7.80 7.20
Total kg 12.50 14.65 13.58
Dry weight Root kg 0.64 0.74 0.69
Leaf kg 0.79 0.85 0.82
Total kg 1.43 1.59 1.51

Cadmium concentration® Root mgkg 0.17 0.17 0.14 0.13 0.15
Leaf mgkg 0.20 0.21 0.18 0.16 0.19
Cadmium concentration” Root mg/kg 0.018 0.018 0.015 0.014 0.016
Leaf mg/kg 0.023 0.025 0.019 0.017 0.021
Quantity of cadmiumuptake® Root mg/plot 0.11  0.11 0.10 0.10 0.10
Leaf mg/plot 0.15 0.16 0.15 0.14 0.15
Total mg/plot 0.26 0.27 0.25 024 0.26

a) Content in the dry matter

b) Content in the fresh matter

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

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

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

(2) B HEED IR I LT
B 504 Cd IREE, 1 mol/L FEZ (pH 7.0)-Cd #2 £, pH 2 Y EC % Table 10 [Z/RL72. 42 Cd IR,
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THIRAEEHIE X1 0.57 mg/kg, FEHEX L 0.46 mg/kg T, VGIBIEEHE H KA A EIZE -7 (p<0.05). 1
mol/L |22 (pH 7.0) -Cd #2EE1, {5 TRNEEH I IX1% 0.034 mg/kg, FEHEX T 0.024 mg/kg T, {5 IEMREHE X
DHBEIZE-T (p<0.05).

Table 10  Characteristics of cultivated soil in summer 2015

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd¥ mg/kg  0.55 0.56 0.57 0.58 0.57 Significance®
Exchangeable-Cd" mg/kg 0.034  0.032 0.037 0.033  0.034 Significance
pH (H,0)® 6.8 6.9
ECY mS/m 11.9 10.8
<Standard plot(SP)>
Total-Cd” mg/kg  0.45 0.45 0.47 0.47 0.46
Exchangeable-Cd" mg/kg 0.024  0.023 0.025 0.024 0.024
pH (H,0)° 6.9 6.8
EC? mS/m 9.6 10.4

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

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

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

4. E =

1) 2009 & FARBRBRRNODHERBHDHS 2014 FZERY 2015 FEEDREIZDUNT
2009 HEORERBALAREDD, ZIVET 7 M, 4 2 1E, 51 13 EORBREIT 7. Kl REOHER ) DH
25D 2014 HEAAE KT 2015 FEEAVEOMHBNCHOW T TRt LB TH -7,

(1) HE e e

ZNETOREBRICEB T HALEES Table 11 (IRU7z. BEBRBALE Y 9), TG IEIEEHE H X DM FHI I W
T, {GIRIEEIOME I L D507V 2B L C, EHRMENHFEEZ 100 % LU THEL TR, 15 TRIEEHE F X
DU EDSEHE KA R TRV ME AN D 22035, HEERIENCH D LR TG TR IEAE D 22 58 ML 12D\ T
2012 D THERSLRUBR (THIRAY 30 °CC 240 AR 2 FML7-L25, H5E IR 90 A Tl L
30 % L0, ZFOBITE ETHR LIZZEND, 2012 FEXVELIEE, 15IRICEIOZEFZIERhHRE 30 % LL
THIELT=. Z D%, RER XM TOEZE K OVKIRICE D B L ROiE W E B B LIGTRIEE O ZERIEsh R4
AR THEAEZAT > Tz, 2014 FAAERTL Y 7R BRIZEB W TR, BIEERIOZEFIEL % 0 %. 2015 4F
BAE=0 2280 T, THIRIEEIOZ R IENFE 50 % &L ThuftaiT-7,
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Table 11  The fertilizer application log of the test plots
Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a
Test per 10 a N P K» Cd vperlla N P? K» «ad
crops kg)  (kg) (kg) (kg) (g kg)  (kg) (kg) (kg) (g
2009  Sludge fertilizer 332 11 17 1 1.2 — - - — -
Summer Ammonium sulfate 52 11 — — - 104 22 — — —
Potassium dihydrogen phosphate 3 — 2 1 - 36 19 12 -
Carrot  Potassium chloride 28 — — 18 — 12 8 —
Total 2219 20 1.2 2219 20 0
2009  Sludge fertilizer 302 10 16 1 1.1 — — — — -
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Potassium dihydrogen phosphate — — — — — 30 — 16 10 -
Spinach 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 — — -
Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Spinach  Potassium chloride 15 — — 9 — 3 — — 2 —
Total 15 12 10 0.8 15 12 10 0
2010  Sludge fertilizer 181 6 9 1 0.7 — — — — -
Winter Ammonium sulfate 28 6 - — — 57 12 — — -
Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 -
Qing Potassium chloride 15 — — 10 — 6 — — 4 —
geng cai Total 12 12 12 0.7 12 12 12 0
2011  Sludge fertilizer 227 12 1 038 - - - - -
Summer Ammonium sulfate 33 - — - 57 12 - — -
Potassium dihydrogen phosphate 6 3 — — 24 3 15 — —
Turnip  Potassium chloride 22 — — 14 - 24 - — 15 -
Magnesia lime® - - - - = 35 - - - -
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 — — —
Potassium dihydrogen phosphate 1 — 1 1 - 50 - 26 17 -
Spinach  Potassium chloride 25 — — 16 - 1 - - 1 -
Slaked lime® 176 - - - = 26 — — - -
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 — — -
Ammonium dihydorogen phosphate — — - — — 42 5 26 — -
Carrot  Potassium chloride 29 — — 18 — 32 — — 20 -
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 1.8 22 36 20 0

a) Content as P,0Os
b) Content as K,O
¢) It was used for pH adjustment

d) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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Table 11  Continue

Year <Sludge-fertilizer-application plot (AP)> <Standard plot(SP)>
Season Amount of The applied components Amount of The applied components
Fertilizer application per 10 a application per 10 a

Test per 10 a N P k¥ Cd perl0a N P? k¥ «d

crops kg)  (kg) (kg) (kg) (g kg)  (kg) (kg) (kg) (g
2012 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Winter Ammonium sulfate 71 15 - — - 71 15 - — -
Ammonium dihydorogen phosphate - - - - - 42 5 26 — —
Spinach 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 — — —
Ammonium dihydorogen phosphate — — - — - 42 5 26 — -
Carrot  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 — — —
Ammonium dihydorogen phosphate — — - — — 42 5 26 — -
Spinach  Potassium chloride 26 — — 16 — 29 — — 18 -
Fused magnesium phosphate 250 — 25 — — 250 — 25 — -
Slaked lime*®! 196 - - - - 218" - - - -

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 — — —
Ammonium dihydorogen phosphate — — — — — 42 5 26 — —
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 -
Fused magnesium phosphate 291 — 58 — — 33 — 7 - -
Slaked lime® - - - = = 9% - — — -

Total 27 84 16 1.8 19 33 16 0
2014  Sludge fertilizer 500 17 26 2 1.8 — - - — -
Winter  Urea 25 11 - — - 34 16 - — -
Ammonium dihydorogen phosphate 71 9 43 - - 36 4 22 - -
Spinach Potassium chloride 26 — — 16 — 29 — — 18 —
Total 37 70 18 1.8 20 22 18 0
2015  Sludge fertilizer 500 17 26 2 1.8 - - - - -
Summer Urea 23 11 - - - 30 14 - - -
Ammonium dihydorogen phosphate — — — — - 42 5 26 — —
Carrot  Potassium chloride 23 — — 14 - 25 - — 16 —
Slaked lime* 9% - - - - - - = = =

Total 27 26 16 1.8 19 26 16 0

(2) 1RO &

TEMR DI & (EARE) OHEREIE Table 12 DLV THL.

ZHNETOUET, ALY TICBELTUESZIC L B IR AR SRR ST D BRI R L [R5 L
ETHY, —EDNEZHERTETNDEEZILND.

=AU T 2012 R AEXY BIAMHEARFEHEIZFegk S Q0D BRI &% FlEl>Cd. Ziud, i
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W, SV VIR DIE R AR HE TS0 FE AR ITAE S EIEE 2 L, X CBIEZITHIZEESNTWHD T,
ARBR Tl b, SR EIEEI O B ONBIE M TR AN ZEN—RE B Z5N5. £z, 2015 EE1E
T, =V VUREOIEE L TUERBRBA L RIS e o7, ZhUd, 8 A FRILIBEOERE B AR ENK
EFBEUAREBD LR D o122 8 L O ABRD Jits H SIS T e o T ZED RN &5 2 BT,
F7z, BRI TERAEEE A X O ENR 7D, 2014 FELVERTL YT CIHRIEEIO % iR
NHRZE 0 %ELTEY, AIEOFRNZIV AN AU AIEEEDN B 2 55,

Table 12 The yield of each crop body of 2009 to 2015 (fresh weight)
AP? Sp” .. Freshweight
Year  Season Test Crops Part Fresh weight Fresh weight Aim yield index
(kg/plot) (kg/plot)  (kg/plot) of APY
2009 Summer Carrot Root 18.0 (0.1 17.9 (1.0 14 101
Leaf 10.5 (0.4) 9.6 (0.9) - 109
Total 28.5 (0.4) 27.6 (1.8) - 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) 16 95
Leaf 8.7 (1.0) 10.0 (1.3) - 88
Total 17.6 (1.5) 19.3 (2.2) - 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) 14 101
Leaf 10.0 (0.6) 9.7 (0.8) - 103
Total 22.3 (0.1) 21.8 (0.5) - 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) 14 118
Leaf 5.4 (0.3) 4.6 (0.6) - 119
Total 17.6 (1.2) 14.9 (2.0) - 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) 14 100
Leaf 6.1 (0.6) 6.2 (0.8) - 98
Total 15.0 (0.9) 15.1 (1.0) - 99
2014  Winter Spinach Edible portion  14.8 (0.0) 13.6 (0.6) 8 109
2015 Summer Carrot Root 7.3 (0.0) 6.4 (0.7) 14 114
Leaf 8.8 (1.8) 7.3 (0.9) - 121
Total 16.1 (1.9) 13.6 (1.6) - 118

a) Sludge-fertilizer-application plot

b) Standard plot
¢) This value is shown in the recommending rate of fertilizer application (local government) exchanging

aim yield (kg/10 a) to 4 m®
d) Fresh weight index of sludge-fertilizer-application plot when standard plot assume 100

e) Standard deviation (n =2 (2 repetition))
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(3) Bt OB LA EOHER

(3.1) Bt 13D pH

Bt -8 pH OHERS 13 Fig.2 DBV THD. pH 6.0~6.9 OFiPHPN THlBR X 7=/ NS<KHEB L TD. ARk
BRClIpH 6.0 % FEIST, HORMBRXE TENHRNED, @E, AKEMIZED pH OIEEZTToTD. AR
REBRTIL, THTRIERE ] X SAEHE X OB -5 pH X RIF RIFEE THEB L CULDZEND, KB conRIy
LENRED MR 7 15 pH (KT EAEREL QWD EE X HIS.

8.0
75 —&— Sludge-fertilizer-application plot (AP)
Standard plot (SP)
7.0 N N
'/ f ve———v
6.0 =~
5.5
5.0
— | Carrot Spinach | Spinach |Qing geng| Tumip | Spinach | Carrot Spinach | Carrot Spinach | Carrot Spinach Carrot
cai
Examination after after after after after after after after after after after after after
start summer | winter summer | winter summer | winter summer | winter summer | winter summer | winter summer
cultivation | cultivation | cultivation | cultivation | cultivation| cultivation | cultivation| cultivation| cultivation| cultivation| cultivation| cultivation| cultivation
2009 2010 2011 2012 2013 2014 2015

Fig.2 Changes in the pH of soil after harvest

(3.2) Wit 1-HED EC (BEXnEF)

Bt 152 EC OHER T Fig3 DL THL. ABRBIARLIKE, 2013 A /EBIM £ TITFE 4~ LA E2->T
W23, 2014 4E B AEBRHE LR T BRI 28 LS4 72. ZhuE, EC BRI R QMRS ORI LE 1305720,
2014 FHEAENOEFIEEZ ZNE T L CORBET E=Y IDDIRFBICEL L2 LEZOLND.

25 - —
—&— Sludge-fertilizer-application plot (AP)
Standard plot (SP)
20 —
£ /A\ A
n "
E15 i
~ \
10 A g -
5
— | Carrot Spinach | Spinach | Qing geng| Tumip | Spinach | Carrot | Spinach | Carrot Spinach | Carrot Spinach | Carrot
cai
Examination after after after after after after after after after after after after after
start summer | winter summer | winter summer | winter summer | winter summer | winter summer | winter summer
cultivation| cultivation | cultivation| cultivation | cultivation| cultivation| cultivation| cultivation | cultivation| cultivation| cultivation| cultivation| cultivation:
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Fig.3 Changes in the EC of soil after harvest

(3.3) B -HEO 2% FR (TN) kUK (TC)
it HHED 2% F (TN) K OVR R (TC) DHER X Figd DEBYTHL. BB Y AT TN K N TC T3
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BRIXECIEEA L 2D BBV o72 03, 2011 AFRAVEBRMILARE, TN & ONTC HISIG IR ARG [X 0D 5 3 vE
KA HATEVME MBS 072, ZhUE, TEIRIREHEF XIZ I35 TR AR Sk DG M 23 it F S AL Tna 78, 1
YEXAZBWTIE AP O fits 2372 KRB CHEEN TOI TN D720, X OB IR E BB Li=Z&1s
JoEEZLND.

2014 FEAAE KON 2015 AF AR B H-58IZ DWW TH [RIEROE A 23 b7z,

JEEHE DA RIY AT P OF D EAEA LR AR T 22 e MBI TR, HHEWIRE DN
TIEFOIIRIY LOEREAEY) ~D AT YEIC BT D ATREMED D D72, HEB A MRS T DML E D DD,

0.7 7
=—&— TN-Sludge-fertilizer-application plot (AP) TN-Standard plot (SP)
== TC-Sludge-fertilizer-application plot (AP)  =%=TC-Standard plot (SP)

0.6 6
—~ —~
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= =
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< [
<0.5 5 &
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g g
2 O :
04 =T —4 - - 4
L
£
0.3 3
Carrot Spinach Spinach | Qing geng | Tumip Spinach ‘ Carrot Spinach Carrot Spinach ‘ Carrot Spinach Carrot
cai
after after after after after after after after after after after after after
summer winter summer winter summer winter summer winter summer winter summer winter summer
cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation
2009 ‘ 2010 2011 ‘ 2012 2013 ‘ 2014 2015

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

(The error bar indicating the standard deviation)

(3.4) B -EEDOHZhEED AR

Wi 3RO H HRED AFRDOHERS 1T Fig.5 DLV THS. sBRBILA Y 917 515 TR AR X & bl L ChE v
XA E<HERE L QU ed, 2014 FEAVERHECIRIGIRIEEHX O A Zh 8D AVEE N BTN L 7=, 24U, 2014
FEEAERFI TG TEIREHE F KAZ KR EITHEIE L7 S O VB D B L D0 O LHELZ ST, RITEICHEAR L 72 1&
B0 ARBIZ VA ERED A’ BR-3 DM mIE, AREXIZIBW TS 2014 42 AR TR TV5.

F7z, 2015 FEAEPR I OV T, A2hEED VBRI B FEARFR$ O U E HAE CTH D 10 mg/100 g 2 F
[Elo7-. 2, 2014 FEAAECIREE RO ANED i A 1 U722 SIS KOFEIME D AURE R 53 D3 LT 28
OHITEOBR A OUWNTIE, BZRIHEVAEEDS 10 mg/100 g ERIFRED LUTZNLL EOMETH 72728 T R
SELUTHEAEL TWZO AR — 7 B =0 LDIBNN% 2015 FEAFRHIA TR0 -T2 LB 2 HiLD.
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b —4— Sludge-fertilizer-application plot (AP)
Standard plot (SP) i
V4

4
2
— Carrot Spinach ‘ Spinach | Qing geng | Tumip ‘ Spinach ‘ Carrot Spinach ‘ Carrot Spinach ‘ Carrot Spinach ‘ Carrot
cai

Examination after after after after after after after after after after after after after
start summer winter summer winter summer winter summer winter summer winter summer winter summer
cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation | cultivation

2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 2014 2015

Fig.5 Changes in the available phosphate of soil after harvest

(The error bar indicating the standard deviation)

(3.5) Bfikh HEEDOAZHAMES L O, 35+, 1K)

&r)ﬁimi%®s*cTﬁ&‘$i’ﬁ%(bui A, AR OHERS T Fig.6-1~6-3 DLV TH 5.

RHAPENN L, 1ZIFE—ETHERE L Q.

A 1 aﬁ%ﬁﬁﬂ%ﬁ“ﬂ% 2011 FAEBI A LI 2 0000 L e, 20, 2012 EEVE#%
FRBR X DA IR AR Z NS5 2% HIEL TRV AIEDSE A ZBRIAL, 2013 EAMEETIEA
AR XA R O FA R ARBA Jit L TNy, TG YR AEEHiE A DX IR E X & e U TR B A BB fiE FH &1 iﬁ*
5ﬁxﬁ ED /R DB DMED T 728, 2014 4 EAETIIEREX ISR AR H &4 2 <EH Lz, Zo

D, FEHEX i U O VAR A X O Bt 38 Hh O AZ AR A3 EV IRAE L 72 > TVDEE Z b,

x#ﬁwﬁﬁ 1%, REREENIRL, £, BBRXE CRERZENRDST-HOD 2014 BAEHRHCIIAEHEX
IZIBWTHIME M 23 ST, ZauiE 2014 B AERHTEEEXIZO ZH A K E T A LI2Z LIk ob D EE 2 5
5. Fiz, 2014 FAVERHCIERRER X B O 24 MR L7 F, 15 TR IERHiF XK OMZEHE X -C a0 7 7S e
RSN, THUT 2014 AFAAERFICTHA K ORE A 21T/ > Z8Ic Db DB 2 Hivs. 2015 FEEICE
W TIRTBTRAEE i KAZ D 2 145 K 2 i L 72 730 3Bk X [ CO IR SN & 2 Db,

ML DIE DS, 1EWAEE R O RIY AO BRI BN D LS h DM MR T DN ERHLH LS
ZBiD.
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Fig.6-1 Changes in the exchangeable-potassium of soil after harvest
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Fig.6-2 Changes in the exchangeable-magnesium of soil after harvest
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Fig.6-3 Changes in the exchangeable-calcium of soil after harvest
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Table 13 Changes in the 0.1 mol/LL HCI-Cd concentration® of soil after harvest

AP spY Significance p-value of single d
test regression analysis”
Year  Season Test Crops (difference
(mg/kg) (mg/kg) between the AP” SpY
processing)
2009 Start — 0.19 (0.01)? 0.20 (0.02) N.S.D — —
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) Pending 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 (0.004) Significance 0.34 <0.01
2014  Summer Carrot 0.20 (0.01) 0.15 (0.005)  Significance 0.30 <0.01
2014  Winter Spinach 0.21 (0.01) 0.15 (0.003) Pending 0.17 <0.01

a) Content in drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

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

f) It was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))

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

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

(4) WithEERD B RIY LEJRE OHER

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

Bt 580> 0.1 mol/L HCI-Cd & £ DHERE I Table 13 X TN Fig.7 DEBDTHS.

TG UEREEHE X K% OMFEHEX O 0.1 mol/L HCI-Cd JRFEEDHER I DOW T A AR T 572, A E DAL
FXICH1TD, ABRBAGR OO E H (S HBROMIFREIL 6 7 H LL72) 1535 0.1 mol/L HCI-Cd JiEE D
FEHBUR T 54T o 72 (REYR O3 BT RO p EICKVFEAM, WifllA E K% S %) (Table 13). 2014 F4
VEWR ECOIETRAEEHEH K OB A B T2 (p=0.17) —E THB L TOAHA Thotz. — 7, EREX
TIE, 2011 FAEBMLIRE, BIRAE LD TR 2F2D 50 (p<0.05) , WiFlBRIX M D 2T RELRD
fHmCThoTe. £z, 2011 FLAELURE, 5 TEREHE X 0.1 mol/L HCI-Cd i DM YE X Z bR TH EICH
<720, LI [REEDRE R DM Tz, 2014 FEXAEB I CII R EAEADSHERRS =, 5l& 5 TR IEE i



96

REEHFZEEHR S Vol. 9 (2016)

XS EME 72, 20, FEAER IR RO BRI DA RN, £ 3BRICB W THEMIED
ULHEIZ LD R ARSI 2D BIGIN~DOFEFH H UG S HZ S XD, B 150> 0.1 mol/L HCI-Cd 2
FEIZOWTHIRAD T L7 > TNDEE X HILD.
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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)

(4.2) Wridit5ED 1 mol/L HEZZ (pH 7.0)-Cd J2JE

B 13D 1 mol/L EEZ (pH 7.0) -Cd 2 FE DOHER 1T Table 14 & O Fig.8 DEBVTHS.

THVRNEEHiE A X M OFEHEX D 1 mol/L FEZ (pH 7.0) -Cd J2E DOHERBIZ W T AR 5720, 21
FHOMFRXIZIT D, 2009 FAIENLORRM A (K BROMIIRIL 6 7 A L L7)I1Zx3 % 1 mol/L EiZ (pH
7.0)-Cd 2 FE DL AR AT 24T o 7= CREIRRO DS ED p HEICKVEEME, WG ZKYE 5 %)
(Table 14). 2015 4 E AL E TOIGTRAEEHEH X OENFHIAE T (p>0.05), — & THER L TV DE M
Thoto. —7, XTI, 2012 FEAEBHLRE, EUFA EL72D (p<0.05) FREEMA3FRDOHIL, Wik
BRIX [ DI K EL IR DMHEA TH-oT-. ZOMEANIE 0.1 mol/L HCI-Cd ¥ L[FIER Tdh -7z (Table 13 ¥

Fig.7).
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Table 14 Changes in the exchangeable-Cd concentration” of soil after harvest

oni p-value of single
APY Sp Significance . »

test regression analysis
Year  Season Test Crops (difference

(mg/kg) (mg/kg) between the APY SpY
processing)

L2009 Winter  Spinach 0036 (0.002)7 0.037 (0.002) NS S
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) Signiﬁcanceg) — -

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 093  <0.05
(2012 Winter  Spinach  0.038 (0.001) ~0.032 (0.003) Significance 093 <001

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 034 <001

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

2014  Winter Spinach 0.039 (0.001) 0.026 (0.001) Significance 0.31 <0.01

2015  Summer Carrot 0.034 (0.002) 0.024 (0.001) Significance 0.38 <0.01

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

b) Sludge-fertilizer-application plot
c¢) Standard plot

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

e) Standard deviation (rn=4 (2%2) (repetition X number of samples))

f) It was not significantly different for processing examination section

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

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

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
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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) Wi HEEO DRIV LR

Bk D 2RI KR OHERS T Table 15 & O Fig.9 D&V THS.

GV B X M OREHE X DR R AR EOHER I DWW T 28R 35720, £ E OB X2
BIF5, 2009 FEEENLOREH (EAENDAVEETOMBIL 6 »H L) kT DRI LR ORI
B[R AT 24T o7z (RENF RO 38T £ O p EIZEVFHM, MR EKYE S %) (Table 15). 2015 4FEAE
B CoIETRARENE A X I1E _E R (p<0.05) BERD LI, MEEX O EFIE—E THRB L TODAEATH
7= (p>0.05).

TGUEREEHE X OREEX DRIy MREZ L LT-E 24, FRAEL. 2009 FEAEDLIGTEAEH
XAMEAEX LA BICFE <o TRY, 2021 2012 FEAELIKE, BEE/2D O L7 DI RIFRO#E R 35T
W5, ZAUE, TGIRAEEHE F RKIVE IR IR D ARy AA GRS, (EMIROINEIZLD LB IR A0
B ~OFFHLHL &LV 22w, DRIV LARER T D AICH 503, BEHEX IS DA RIT AH
REDIRNTEHEE Z DI,
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Table 15 Changes in the total-Cd concentration® of soil after harvest

Significance p-value of single
AP” Sp? test regression analysisd)
Year  Season Test Crops (difference
(mg/kg) (mg/kg)  betweenthe — Apv sp?
processing)
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  (0.030% 0.16
2015  Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance 0.005 0.06

a) Content in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

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

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

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

Total-Cd (mg/kg)

0.7
=&—Sludge-fertilizer-application plot (AP) - Standard plot (SP)

) W
0.5 ; § ? + +
0.4
0.3

Carrot ‘ Spinach ‘ Turnip ‘ Carrot ‘ Carrot ‘ Carrot ‘ Carrot ‘

After summer After summer After summer After summer After summer After summer After summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘

Fig.9 Changes in the total-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(5) VEMRD NI L EE K O &
2009 £ ZAEDD 2015 £ EAEETOHRER TO/EMIRD I RID L JE K ORI EDOHER % Table 16 M O
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Fig.10 (Z/RL7z.

2011 AELARE, ZAERTL YT ORI LR, HIRIEEH X AMELE XA TR EIZE o7z (p<
0.05) . ZAUE, TBTEIEEHE FH X ClIRw L oY 7 AR AT REZR TG HE D 1 Ty A BE S FE E X & brilgs L C U
RAEAS 2011 FEAAELLBERENTWDZENRK LB 2 HID. LnL, 1EMIEF OBIRIY AR Codex FLHE
EIZEE R TRWDIREE THERB L T 2.

Table 16  Continue

Table 16  Absorption and the amount of cadmium concentration of each crops in 2009~2015

Cadmium Concentration” Quantity of cadmium uptake

Test
Year Season Crops Part  Ap® SP?  Significance Rate” AP SP?  Significance Rate”

(mg/kg) (mg/kg) test (%)  (mg/plot) (mg/plot) test (%)

2009 Summer Carrot - 0.12 0.1 N.S.” 1033 021  0.20 N.S. 1088
(0.01)° (0.02) (0.02)  (0.03)

Lot 024 022 N.S. 1092 032 031 N.S. 1053
(0.02)  (0.02) (0.02)  (0.01)

Toul - 0.54  0.50 N.S.  106.7
(0.03)  (0.04)

2009 Winter Spinach Edible 0.62  0.61 N.S. 1022 118  1.34 N.S. 881
portion (0.01)  (0.02) (0.004)  (0.02)

2010 Summer Spinach Edible 1.40  1.56 N.S. 897 072 096 N.S. 749
portion  (0.10) (0.07) (0.04)  (0.01)

2010 Winter Qing Edible 0.20  0.17  Signifi- 113.1 021  0.21 N.S. 1015
gengcai portion (0.01) (0.01) cance® (0.01)  (0.01)

2011 Summer Turnip  ~ 0.08  0.08 N.S. 1004  0.04  0.04 N.S. 993
(0.01) (0.002) (0.003)  (0.00)

Lot 016 017 N.S. 966 010 0.1  Pending” 89.8
(0.01)  (0.01) (0.01)  (0.01)

- - 0.15 0.16  Pending 92.4

Total

(0.01) (0.01)
2011 Winter Spinach Edible 0.53 0.36 Signifi-  150.0 0.68 0.58 Signifi-  117.7
portion (0.01) (0.02)  cance (0.02)  (0.05) cance

a) Content in the dry matter

b) Sludge-fertilizer-application plot
¢) Standard plot
d) AP/ SP
e) Standard deviation (n=4 (2x2) (repetition X number of samples))
f) It was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of samples))
g) It was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of samples))
h) It was pending decision to be significantly different 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 16  Continue

Cadmium Concentration” Quantity of cadmium uptake
Test b) o) .. d) b) <) P 4
Year Season Crops Part AP SP Significance Rate AP SP Significance Rate
(mg/kg) (mg/kg) test (%)  (mg/plot) (mg/plot) test (%)
2012 Summer Carrot Root 0.24 0.23 Pending 106.3 0.32 0.30 Pending 106.5
00
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 107.5 0.41 0.38 Pending 107.3
ea
(0.01) (0.02) (0.005) (0.04)
- - 0.73 0.68 Pending 106.9
Total
(0.02)  (0.06)
2012 Winter Spinach Edible 0.56 0.47 Signifi- 119.2 0.75 0.75 N.S. 100.6
portion (0.02) (0.03) cance (0.01)  (0.08)
2013 Summer Carrot Root 0.18 0.15 N.S. 117.4 0.22 0.17 Signifi- 134.3
00
(0.02) (0.02) (0.02) (0.004) cance
0.33 0.28 ionifi- 117.4 0.24 0.18 133.3
Leaf Signifi Pending
(0.02) (0.03) cance (0.01) (0.01)
- - 0.46 0.34 ionifi- 133.8
Total Signifi

(0.03) (0.01) cance
2013 Winter Spinach Edible 0.45  0.30 Signifi-  152.1 0.73 0.53 Signifi- 136.4

portion (0.02) (0.03)  cance (0.06)  (0.07) cance
2014 Summer Carrot Root 0.17  0.13 Signifi- 129.6 0.16 0.13 Signifi- 127.4
(0.01) (0.01)  cance (0.01) (0.010)  cance
Leaf 0.25 0.18  Pending 137.3 0.22 0.16 Pending 137.3
(0.00) (0.02) (0.00)  (0.03)

- - 0.38 0.9  Pending 132.9
(0.01)  (0.04)
2014 Winter Spinach Edible 0.43  0.28  Signifi 151.2  0.65  0.42  Pending 153.8

Total

portion  (0.02) (0.03) cance (0.02) (0.006)
2015 Summer Carrot Root 0.19 0.15 Pending 128.0 0.14 0.10 Pending 139.5
(0.03) (0.02) (0.02) (0.004)
Leaf 0.23 0.19 Signifi- 124.0 0.22 0.15 Signifi- 143.9
(0.03) (0.02) cance (0.01) (0.01) cance

- - 036  0.26  Signifi- 142.1
(0.03) (0.02)  cance

Total

- 755  7.03  Pending 107.4
(0.17)  (0.31)

The sum total




102 B FEE#R S Vol. 9 (2016)

1.8 1.8
B Quantity of cadmium uptake(Sludge-fertilizer-application plot (AP) )
16 1 Quantity of cadmium uptake(Standard plot (SP)) 16
’ —©—Cadmium Concentration(Sludge-fertilizer-application plot (AP) ) ’
—8— Cadmium Concentration(Standard plot (SP))

14 14
: 3
? 1.2 1.2 %
= E
1.0 10 =
= S
S k=
z £
=038 08 §
£ £
g Q
« 0.6 06 g
£ E
;E‘ 0.4 0.4 %
= o
=4

0.2 r 0.2

0.0

Carrot Spinach | Spinach |Qing geng| Tumip

cai

Edible
portion

Spinach Carrot Spinach Carrot Spinach Carrot

Spinach Carrot

Root and
leaf

Edible
portion

Edible
portion

Root and
leaf

Edible
portion

Edible
portion

Root and
leaf

Root and
leaf

Edible
portion

Root and
leaf

Edible
portion

Root and
leaf

Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter | Summer

2015

Fig.10 Cadmium concentration and absorption amount of each crops in 2009~2015

(The error bar indicating the standard deviation)

(6) =r U ROKRTL YO TR RIV LR EOHER

W S EO=P B &K O E 6 BIORTL Y 7EEBRIZOWNT, 2O MTEBIVEMIR T IRIT LR EED
#efp % Table 17 (R U7z, BRERBHAARED NS 2015 FEAEETOMEMIRD FIRIY LR EEIE, 42 Codex K YE(E
D 14 LT THEREL CTD. 2010 FEAFRTL YT ORI LAMREEE, 1GTEAREHE H X M OREAHEX 612
Codex JFEMEED 2/3 FRELBHE T EWIRE Tholo, ZAERYL YD LR L TEAERYL YT DHRIT A
REIZESEVRTWIENOINTERY, EOEIREFEDOKRRERMENEEL TNDHEEZ LD,

UV OSERY, 2014 FERAENDIBRIZANIER L. 2o T, X—%—VyF J0LIRIT LREE
DEEVRLTNESNTEYZY, O @RI iR RS L CREL.

RV R 2012 SEAAETIR, T —F A NIER LA T 7. ZhUE, o IAMObIRIV AR
FEREEORLTNESN TRV, LOMRIRIZ AR O IFEE L TRELZ. D1k, 2013 FEL/ETIEIA4—
TA XD ERFIER W TR IIA—F 11, 2014 FEAVEDRDIZIVIRIV AR ENEEVRLT WVEIND M
FEYChbH [ =a—T ) R4 EALFRE AR LT

ZHETORBAE RO LDWI RO ZITHIRE Leh o Te. AR TIEF — S CEko M
ERIEL TR, SFEO B LOWICRO 22 T 20 1 XKL W S 54153, 4%1%, W
DEFEEATHO T AIFELRIRY [F— i CRBR § 2 Z LI KRR B R 20 - e MBI R B H EE 2 DD,
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Table 17 Changes of the cadmium concentration of carrot and spinach in 2009~2015

Cadmium Concentration” CODEX
. b) ©) Cadmium
Test Variety Year Season CultDwatlon Part AP SP Standard®
Crops ays Dryd) Fresh® Dryd) Fresh® Standar
(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
Root 0.18 0.02 0.15 0.02 0.1
Carrot 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
2014 Summer 92
. Leaf 0.25 0.04 0.18 0.03 0.2
Koigokoro
Root 0.19 0.02 0.15 0.02 0.1
2015 Summer 105
Leaf 0.23  0.03 0.19 0.02 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 1.56 0.17
. 2011 Winter 99 Edible portion (0.53  0.08 0.36 0.05
Spinach - 0.2

Orai 2012 Winter 131 Edible portion 0.56  0.07 0.47 0.06
Kyouryoku Orai 2013 Winter 126 Edible portion 0.45  0.04 0.30 0.03
New Anna R4 2014 Winter 124 Edible portion 0.43  0.04 0.28 0.03

a) n=4 (2x2) (repetition X number of samples)

b) Sludge-fertilizer-application plot
c¢) Standard plot
d) Content in the dry matter

e) Content in the fresh matter

(7) ARIVLEARE, FFHLER O EE

FREBRCONBHR RO BRIV AAN &, EMIRICEIDIRIV AR HLE, LEA~ODIRIVAEEEK )
*ﬁ/%f“@?%@inble 18 DEBVTHL. B ORIy L EF &I &2 T, HEA~OHRIY

AL LTz, IRIV ARFHL &L, WHELTEMIRO AR A EE LT, HiAIEEHZ LD I RIY A8
ﬁrgkf’ﬁ%w CEAHIRIVLFFH L EDZZIRIVAERMEL L. IRV AEEEZABRX Y700 T E
(fELOWES 15 ecm, HEORILE 1.0 LU, HBRX 4 ni 470D +HEE% 600 kg b L7-) TBRL T, L~
RIVLAEFEREL L. 2, HEOELOWRS E ORENE I ET, OB RO ARIT AH3 4
THELICERB LS EL TR,

ARIVLFFHLEICOWTE, ZHETHEMLE 13 /EORBROGFHE, 15TRIEEHEF X T 7.55 mg/aBR (X,
FEAEX T 7.03 mg/BRIX Th-7-.

THURAERHIE A XTI, SRRV T, ARIV LA B LU TR L&D 72N END DO AR
U LN SN T T AL DT, HIRIEEIOHE LD DRI LA R EO NN > THEERE T LRIV L0
BEELEM THLIENE ZHL. FERNEIZIBWTHEM HHED 2 I RID AR O HGAME R 2358 BT
% (EFL(4.3)) . 8 13 fEORERIZIS T AIGIEAEEFH XD A R A 7 8l E 76.48 mg/mlERIX (191 g/ha),
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IR LERERE (DRI LB R X HEE SR H U8 Lo BEFRIRI7 A0 EFERE) 1T
0.115 mg/kg L72>7- (Table 18) .

Bl HEE DRIV LRIEIZOWT, 2009 4B AER DO SN E S B E O HERE A Table 19 KUY
Fig 11 {Z/R U7, 5 TRAREHiE A X & OMEHEX D4 AR MY FE O BEGIEIL, 2009 4F =2 /EBRH 500 FLHI1E
R EL T, Table 18 TR UIZ NIV AR A BRU R H U7, FEYE KX S BRI AN FE — 5L
L CHERBE L QU e, — 7, THIRAEARHIE A X1, BRAR A L Hi U CSEHIME D J5 AMEY ME A CHERB L Uz, 20
HERELT, BEROARIY LR EE S B EI LT FTRENMEDNE 2 HivI=7=8 2014 4F EE I IV CTfE -
J& D T (15-25 cm) DAEHRIV AYRFER/3HT Uiz, ZORER, 15IRAEEH I X (0.46 mg/kg) M OMEHEX
(0.44 mg/kg) DAEARIV AREITHEEIT -7 (p>0.05)° . 20780, BARIV LRE OB R {E L TR
EIZZENELDDIFHHEE LD 5D ARIT AP ACEBENAE R 500V RICEDEE 2 BN,

Table 18  Changes of the 2009~2015 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)
Test Quantity of cadmium”  Concentration  Quantity of cadmium®  Concentration
Year Season Accumu- ©f cadmium Accumu- ©f cadmium

CTOPS  15ad® Removal® ) Load” Removal” )

lation® accumulation®
(mgplot) (mgplot) (mgplot)  (mg/kg) (mg/plot) (mgplot) (mgplot)  (mg/kg)

lation® accumulation®

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 Qinggengcai 2.64 0.21 2.43 0.004 0 0.21 -0.21 -0.0003
2011 Summer Turnip 3.30 0.15 3.15 0.005 0 0.16 -0.16 -0.0003
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
2014 Winter Spinach 7.28 0.65 6.63 0.011 0 0.42 -0.42 -0.001
2015 Summer Carrot  7.28 0.36 6.92 0.012 0 0.26 -0.26 -0.0004

Total 76.48  7.55 68.93 0.115 0.00 7.03 -7.03 -0.0117

a) It show every test plot 4 m
b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the
fertirizer application

¢) Quantity of peculating due to the crops body = Yield (dry weight) x Cadmium concentration (dry matter)
d) Quantity of cadmium accumulation to the soil = 2) — 3)

e) Concentration of cadmium accumulation to the soil = 4) / Amount of test plot soil (600 kg)
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Table 19 Changes in the actual total-Cd concentration and the theoretical total-Cd

concentration” of soil after harvest

Actual measurement Theoretical value
Year  Season Test APY SpY APD D gpo®
Crops

(mg/kg) (mg/kg) (mg/kg) (mg/kg)

2009 Summer Carrot 0.51 (()‘()2)*) 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
2015 Summer Carrot 0.57 (0.01) 0.46 (0.01) 0.62 0.47

a) Total-Cd concentration in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

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

e) 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

f) Standard deviation (n = 4 (2x2) (repetition X number of samples))
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Fig.11 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest (The error bar indicating the standard deviation)
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MEL, 130 pH % 6.0~7.0 IZHERF LIIRIE TIEW 2 IEH 124 E S, 13EH 0.1 mol/L HCI-Cd 2 £ D HER
ERER LIS 1T S 725720, R ORBRE L TERARZ B R TUSHO D 72 W B R O B2 80
C/KPE SR BEHEN) F I HERR A FIV N 5 4R 5 VRO A 3R FEfi L 7oA 5 (DRI AR A AT &1 91.1 g/ha, Bt
THED pH 1L 6.0~6.7 DRI THERL L TRV, ARBRIZITW R E2>T0D), B 3D 0.1 mol/L HCI-Cd
FEEIX 0.15 mg/kg 705 0.17 mg/kg (2T MITEIIILIZZ LA E S 529,

F7-, MR TEIRALEN O E i BRI BT, 5 T 10 FEREEE s A I L0 V5 TR AR F X O 1
YR R SR FE A FRIXATSe U TR B sV MBI 2 R L7 RS IR T2, ARBR O B A0 R
IWCWHEREL T, HGIRIEEI O I RIT MREN S AR EMEEEVSOZE L, SREUTEEX
WHEAR SR RID A3 72 VNI TREE A FE N L QA7 25 BT WEREFThHTE, 1 3RBRIX 4 m? Ll
FO/NEWHFE T DT B — 7 fi I - FETE BN RIRE CThHHI L, BHEFEIIZ TR OBHEMA A LT
=R T TV K ERRT TNDZENBRER XA D T HEE DI XIHGER DI &, 1EMR D7V 7%
RERX O R 1 m2 & TEMPHES Lo AL 2 SO T TONTL QD 7V 72 i DiEh D
ENHIAY SN L, BRI E R L2 TOD ATREMED Z 2 Db,

YL EDZENS, AR CHZ H88, URIGTEIEE R OEM SR 361 2 F i R IZ 3V T, Bkl 14
D4 Cd OEEIME A AFRD S TEY, 5%, Wit £330 0.1 mol/L HCI-Cd ¥ FE A IME R &7e D Al REMEL 5
720, AR T HUNERHDHEE X DD,

— 5, IEEHE SR D BRI DA F 2V MEHEX 2R T, 589 0.1 mol/L HCI-Cd 2 FE A3 M) (p<
0.05) L72 5 Z LIFEMINHE I LD RN LICE D DB 2 bD. FTo, DRIV LAM IS HIGTEIEHH X
+48r0 0.1 mol/L HCI-Cd JEFEN, 1ZE— & THERE (p>0.05) L TWDI L, TEMIFEIZ L DR L O, +
B ARSI RID NI EEENCLVE LI 520 ORHHIET8 0, LEOTHRIEE O
AW LREATHZE22128D 0.1 mol /L HEERIZIZRIAERIIEE L CTE L HPICERL QWA ZENRB LI
%.

0.25 the quantity of cadmium load

10
mm the quantity of cadmium accumulation
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Fig.12  Changes of the 2009~2014 year of the quantity of cadmium load by fertilizer, the quantity
of cadmium accumulation to soil, and the 0.1 mol/L HCI-Cd concentration of soil after harvest

in sludge fertilizer application plot (AP) (The error bar indicating the standard deviation)
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5. £&oH

NEALD A ZNME e OV22 D RE PR\ BRI B 2R AT 78 £ L C, 1B IR IR O FHEERZ 2009 4E10
FIEREEAT - TIRY, HIEIERHE H X & OVG e ERHE i H OFFEHEX o 2 RERIXIZ, 2014 F4ELL TR L
VD%, 2015 FEEAELL =0 P aHEEL, BEROARIT AREDOEAL L OEMIRA~D I RIT LAY
EAHERLT-. TORESE, 2015 FEE= T O HEEO 4RIy AR EE TG IR AREHE F K MR HE X
_THEICED 2T (p <0.05) . 1EMIED I RIV LJREEIL 2014 FAAERTL V0 KO 2015 FFE A=
DU OBER TG TE LR X AMEAE IR TH EISE 272 (p <0.05) . EIRD T RIT ZRIEIZ D
W, 2015 AEHEAFE= U OREE K VR (FEHR) C, 1GIR IRBHEH X 2MEE X~ TH BEICEm N
72 (p <0.05) . F7o, 1EMIERD ARIV LYREEIL Codex FHE[ED 1/4 LLF Th o7z,

RERBIAARED 2009 4 HZAEND 6 42 13 VEOBIHL IO B RIY LR EE K OVER IR R LR, WRIYL
BEOHEBIZOWTEIE L. Wi HIEO R NIY AR, 15TRIEEHEH X C EFMHA 23580 B, F3E
X CIE—E THRBL CWAZEND, {GIRIEEIO ALV ARIT AN EEEREL TCWAHEB BN,

IBIRIEEI O DRIV LGB FFRMAE (R HRE 4.9 mg/kg, BRI 3.6 mg/kg) OURIGIEIEEE,
2009 AEEAE~2011 AELAEETO 6 1EIX 1 FE47-0 0l & 181 kg/10 a~483 kg/10 a (Bl#) Z i, 2012 4=
HAE~2015 FFEAFEETO 7 113 500 kg/10 a (Bi) ZHa L, 4F 2 fEORERE 6 4, 13 {F{To72. ZNET
DEZS, IHIRAEEHE N F LTV eV EHE X O L0 Bl s, (5 IRAEEHE RO AR I MTE LIS EFEL,
TENZRI S CONDEEBZBIDD, TEMIRF O BRIV ARBEIZOWTE Codex FEYEH T LR TIRWR
JETHER L TS, AR W TARIY A A &4 6 mg/4 m>~10 mg/4 m?(15 g/ha~26 g/ha)
TO 2K A RIY LA R 15 mg/4 m? (36 g/ha) TO 4 4 OB TRINERE HfEH TH X, B
R 2 T LAOEM IR~ B K T2 A REMEITIR VNGB 2 HND. LinL, BICEHISE Ak Lo
AR, IGIRNEEHE F B2 IS8 A TR LIVEY A BOV RN EEOEAICBITS
TGRSR DI RIY LD TR ~DFERE L OCVEM IR DRI DWW TOI RAERETHMERH DL
EZHND.
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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 2014 and Summer 2015 -

Shin ABE!, Tokiya SUZUKI?, Yudai TANAKA?, Fumihiro ABE2, Yoshimi HASHIMOTO?,
Toshiaki HIROI! and Shinichi KASHIMA3

' 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

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

(Now) Fukuoka Regional Center

The aim of this research is to monitor the change of cadmium dissolved with 0.1 mol/L hydrochloric acid
(acid-solubility-Cd) and pH 7.0, 1 mol/L ammonium acetate solution (exchangeable-Cd) in the soil. We have been
investing the cadmium absorption by crop since 2009. We have tested in the upland fields in which the soil is
composed of the Andosol. And we have used sludge fertilizer and chemical reagents. We cultivated spinach in
winter 2014 and carrot in summer 2015. Those crops were cultivated in the standard plot (SP) and the
sludge-fertilizer-application plot (AP). In the SP, we used only chemical reagents for the crops. In the AP, we used
500 kg/10 a (fresh weight) of the sludge fertilizer and chemical reagents for the crops. The amount of nitrogen,
phosphorus and potassium applied to each plot was designed on the basis of the fertilization standard shown on
the Saitama prefecture’s web site. The concentration of total cadmium in the crop, acid-solubility-Cd and
exchangeable-Cd in the soil after each of the harvests were measured by the inductivity coupled plasma mass
spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a significant high
concentration of the exchangeable-Cd compared with the soil in the SP since winter 2011. The concentration of
total-Cd in the soil (from summer 2009 to summer 2015) showed significant increasing trend in the AP. Although
the concentration of the acid-solubility-Cd (from summer 2009 to winter 2014) and exchangeable-Cd (from
summer 2009 to summer 2015) in the soil showed significant decreasing trend in the SP, the concentration of
those Cd in the soil did not show significant fluctuations in the AP. The concentrations of cadmium in each crop
harvested (from summer 2009 to summer 2015) in the SP and AP were less than that of the CODEX standard. We

consider that it is necessary to be conducted further monitoring of the cadmium-transition in the soil from now on.

Keywords  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 8, 77~109, 2016)



