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1. [XC®HIZ

AEEFD A TE RS Y CIIBIRIEEH T OB A EFFSNDIRIV LD K& (LUT, [EHTFRME] v, )
1% 0.0005 %EEDHLIVTEY, HIRIEEHIZOFEFANIZIB W TR, S Tng. —J7, HIRIEEOfiEH
[CXY BEIC AR SN BB AEEL, BRI T 58 ORI 284 TEIEM ~BITL, A&
A EIREEMNEPESNDZ ENBR ST, 2009 4F 3 HICEMOKPEGNBIEFR SN TEIRIEEIOH
Hl OB T HIBHEAWE ) 2ITBNTC, 13 R FEMT DN NERF RN IRE LT, ARV
LEAHTRNEORER I A AERET 5720, WEIEIREOERIC K@ E I AR IRIY AOEFERHEA TV
HTEEATERL, ARV LEWILRLTWERIEMEBREL, W ~OWINOH B, FREAFILMLERHL &
LS. ZOZENG, B O AR V2 R ORI LRSI T 2R AL LT, 15 TRIEED
A R A R L, I RIY LD THEA~OERE K OCVEMIR DWW &4 8T 5.

2009 FEEAEDD 2015 FEAECHNT CTUE, THIRAREE i FH L72 X & N F L TV W XD 2 3RER K 2 3% T,
ZUVU ROV RV F U A, BT RV, Ptk =r U, AR L YT DR LD
ECHEEL, TR OHRIY NREDOEAL & OVEWIRD IR ZR U &5 R LTZ. 2 OE RIXBE IRk
ot 8 HY R N9 5V THAE LIz, 2015 FEAAE KR TN 2016 4FEAFICHB W CH AR B A E i L
D TEDRE R 2R E T 5.

2. MERUAE

1) 2015 FXEDEAKER (20155 11 A9 H~2016 £ 3 A 15 H)

(1) FRBR IS K OMIEEK 1

AR Y oy — AW (B ERSW-EH) TEELZ. R8BI, IGIRIER OGBS H 5 115
(VB IR AR FH X)) &t B FEE 23 7y 58 (FEVE ) A el Rl L, 2 SRIX 2 B E L7, TR, LM,
AIYEWRHID pH, EC (ERIBER), ARhREV ik, 2R, 2RFK O 0.1 mol/L MEEEAIVAI NIV A (LLT,
0.1 mol/L HCI-Cd) % Table 1 |Z/~L7~.

(2) fERIEEE
9 D15 IR AEEHI LR TG IR AR 2 FI L7, LIRTGTRIEEHT, LR K OVETEHEPE K 2 VLR S5 Bl & O efih
(TR A G AU IV PR LBEL TR LGRS E 0 FREERZIRINL, Bk, INBGIgL Iz BaE,

U OMSIATEGE N RMOK PETH B 2 e 2 — IR et A
? PSEATBUE NRMOKPEH B2 25t 2 — EEEN L A E G RMOKESHE - Z 2R
3OMNTATEOE N MoK EM & 22 2Bt 2 — Rkl 22 i B lekrr2—
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KIPER) 3 mm O TR TS, LIRIGIEIEEID RSy 73 BTk A Table 2 (2R L7z, ARV AR EEIL 3.6 mg/kg
(BiW) THY, Z ORI FEIIAEBHAE R OB A AR (K 5 mg/kg) Thod. 54w (BiiE) & &
O33R 3.3 %MK OVEFR ML 30 % (30 C, 28 A MIEE) THY, EHR 4w M OERILRIT—MKA7R, LR
IBIRIEEID T KD ThAH T8, FHIHE K& A L2 5 A EY ~O AR E LS TR BILIZL, AR
IV LA A E LR D OO R HE BN ATRE R LR B 2 Hivs.

FEMEE U CRRERIED IR TR, VB — T B =0 AR O VY 25 L7z, BIRIRE & O EAE
BRSO AT AR BRVED 12 K~ 7 (R IEAER O A4y Bl Table 3 ITRLTZ).

7285, {GUEAEEEF @ 0.1 mol/L HC1-Cd i EE1E, VG UEAEEE 1 g% 0.1 mol/L i 50 mL T 1 IefElfiRED LTl
HUTEARIY 2% 7L — DR AT 5 E (Z2-2310: A SiNA T2 /ay—X) THIE L. {GIRIEEH D 1
mol/L FEFET - E=0 LR (pH7.0) FIEAEARIV A (LU, 1 mol/L FEZ (pH7.0) -Cd) LIS, 15URIEEL 1 ¢
% 1 mol /L FEEET =" LR (pH7.0) 50 mL C 1 FFRRED L T L7Z IRV A% ICP B By i@
(ICPM-8500: S S ERT) THIELT-.

Table 1  Characteristics of soil for using in winter 2015 crop

Unit Year  AP’-1  APY-2 sP”-1  sp”2

pH (H:0)° 2009 6.1 6.1 6.2 6.2

2015" 6.8 6.9 6.9 6.8
EC? mS/m 2009 10.0 10.3 14.0 11.6

2015 12.0 10.8 9.6 10.4
Phosphate absorption mg/100 g 2009 5.8 6.1 7.7 6.9
coefficient” 2015 6.5 6.4 7.2 6.2
Total nitrogen” o) 2015 0.37 0.37 0.34 0.33
Total carbon® o) 2015 5.1 5.1 4.8 4.9
0.1 mol/L HCl-Cd® mg/kg 2009 0.18 0.19 0.18 0.21

2015 0.14 0.15 0.11 0.11
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=2

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

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
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Table 2 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen % 33 Total copper mg /kg 546
Total phosphrus” %" 5.2 Total Zinc mg /kg 1760
Total potassiumc) 0, 0.4 Carbon to nitrogen ratio - 7.1
Total calcium” %" 2.1 Total cadmium” mg /kg 3.6"
Organic carbon %" 23.6 Ac id—solubility—cadmiumg) mg /kg 3.2
Moisture 0, 26.1 Excangeable-c admium”’ mg /kg 0.32

a) Mass fraction

b) Content as P20s

¢) Content as K2O

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

Item Unit Urea Ammonium Potassium
dihydrogen phosphate chloride
Total nitrogen %" 46.2 12.0 —
Total phosphorusb) %" - 61.5 —
Total potassiumc) %" — - 63.1

a) Mass fraction
b) Content as P20s
c¢) Content as K20

(3) FREBRIXOHERL

THVEAEEHE X R O HEX T, 1| 3BRIX O i Z 4 m? (FE2 m XA 2 m) &L, F£BRIX 2 [KIE DR 4 Bk
X% Fig.1 DEFVELE L. &I EROKRTL o i B UES 2 JL 2l iR s 5+ L 7-.

THIENERIO N B, EMOKEEL DT 7 — AR T L ES720 2 ¢v10a FRERAL TODREBAF
TET 58, i &L, 500 kg/10a FLE b — XA TH-727. BIRRICE-> T, (5IRIERF OREA RO
&m@ﬁfﬂ%ﬂnﬁ% T 5O FIRED B 222~ TEHY, 4] 500~1000 kg/10a &L TWHEHEFIAHHE™
W0 F 7, @y FEEER A U IBIRIRE A L2854, 15 pH ME T35V 2 msi 0. #A
i FZ L5 HEBY L~ DB A ZE L, 22T, 1 1ES 720 o H £1% 500 kg/10a (i) L L7-.

1HIRIERI DO ZE F NP RITRIEE COEMEX LD AEBFTRDEND 10 % U TEHEL, &0 & EIEE Clti
MU=, VAR K O DWW TH AR R 3 EAREE AW Tl o 72 BEYEXIZ DWW T, fliEARRE VT
TEVRAEEHE FH X & [FRE D4y Bl 2225 Lo M A L 7= (Table 4) . W ABENE FHIZ DUV TIE 2012 45 B ELAME KA D
MBEFERL QO ARHNETE LA KIEIC EF- U272, JifHEFIEL, 2014 FELENSEHA SN TNDY
VT o=y LERALE. 728, BIEOBML A ST L7c e 2 A, 1GIRAEEHE X O F N iR R
6.4 mg/100 g ¥z 1, MEHEX DA LNREY L HRIE, 6.7 mg/100 g {2 -1-Er7p i g AT EH 2 IR 5 A %hhE
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CEEOUGE HAE T IRE (10 mg/100g #z2 1) IZifi7=/eu 7o, A RhRRY ol HAR FRREIC SR E T 2150
NEAL A B[R % B0V ARENE T 24T 7= (Table 4) .
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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 witer 2015
Amount of The applied components  Amount of The applied components
application per4m’ application per 10 a
per 4 m2 N Pa) Kb) cd per 10 a N Pa) Kb) cd
€] (@ (@ (@ mg (kg (kg kg (kg) (9
<Sludge-fertilizer-application plot (AP)>

Shudge fertilizer 2000 66 104 7 7.3 500 16.6 26.1 1.8 1.8
Urea 84 39 — — — 21 9.7 — — —
Ammonium dihydrogen phosphate 288 35 176 — — 72 8.7 440 — —
Potassium chloride 103 — — 65 — 26 — - 162 —
Total 140 280 72 7.3 349 70.1 18.0 1.8
<Standard plot (SP)>

Urea 59 27 — — — 15 6.8 — — —
Ammonium dihydrogen phosphate 437 53 267 — — 109 13.2 66.8 — —
Potassium chloride 114 — - 72 — 29 — — 180 —
Total 80 267 72 @ — 20.0 66.8 18.0 —

a) Content as P20s
b) Content as K2O

(4) FEsHiE
HEEW IRV Yy (4 =2—T ) R4) LU, B ERONEAEFEEE LIS L. £ X D)
WENAIH — R TV U TSR EY A s LT
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FEARIE 2015 4= 11 A 6 BT, KB X OFEE 15 12 kg Z48I2HW, IEEZ ARAL, FlBRIX £ E I
BT L, B CIRSH 15 em ETHHELT-.

BRI IT 9 45 (S:RK 20 cm) &L, #EFEIZ 11 H 9 HICy—F —TF — 7 FI2L0iT-o7-.

FISIZIE 11 A 27 B2 12 A 10 BIZATY, BRIEHURIXI MY AV HEOE MBEBROT-OIFRHI L AT /)
LN BT Uz, MEREBABRIZ T BRI R B R M L7z

INFEIL 2016 4F- 3 A 15 BIZATVY, HUERZ NI CHIBTL Tl B A IEL 72,

(5) 1EIRDIRIT BHr

INHEL 7o Ry L o YT E ISR KIS AR E e E L. oA B L GRS oD 1 m? 4342
T, KIEK, AF L ZHKDNEIHEE L, T AT B IR T4 Sl R ERIC T 65 CT— B
L7-. EEAZRAEL-, BBE 500 um 5250\ %@ 35 E TH#% (ZM200:Retsch 72— % —[A 5%k
6000 rpm) T3 o3AT A akErE LT,

ARITLEREIX, oMl 0.5 g 128 5 mL R ONEER{E/KFEK 2 mL Nz ~A7al o fif s
(Multiwave 3000:Perkin Elmar) ¥ Ty fEL7=H D% 50 mLIZER LiREHAIK S L=, I EIXICPE B rikE
(ICPM-8500 : & BT 12 k0T~ 7.

(6) B L-EED /34T

IR OB 58T, ehARER LIRSV BRI L TZ. 3B X OVEM R O /bt F ek Bk 2 I L 7= 355 7l &
[FICEERX S 1 m? OPURE K O RO 5 23T kD, £ 8% (AR 50 mm X £X 250 mm) 2 W TERED D
915 em FTERAL, RA L. BREFZEEERIZEY 35 CT—Hizg%, BBEX 2 mm 0550\ a2 EiEL7-b 0%
SRR L.

JERE LTz DK, ~ar KGR (HG53: AR — U R) IZED I ELT-.

48 pH K OV EC 1 ZJREE 38 1 1TRLTK 5 Z200% 1 BERREH ., pH 134T AE M (F-23:HORIBA) |2
XV, EC 1 3E XU E R (F-54:HORIBA) (LI ELT-.

THEFDOHRIVLGHTIZONTIE, BRI NIV L% 58T L. HHER IRIT ADOHEE (R[EME) B FEA
EIZOWTE, HEORRIC LD HE RV EM R ORI E DR BIZ2 8Tk i3 D72 Ok & 22 5 15D et
ENTVDLOD, FTREEFEARD FIENRIRILIZH S, T2 TH IR RELLT, AP TEDLRE 0.1
mol/L HCI-Cd, J OSHERSA A DORIE VB TED®, 0.1 mol/L HCI-Cd & i L THY ZL D& FlAE
WHRDAIRID LR EE LA BN 8D L SV TND T I8 25 BE I R X7 A (1 mol/L FEZZE (pH 7.0) -Cd) 38R L
7-.

4 0.1 mol/L HCI-Cd 1%, £3% 10 g (ZxFL 0.1 mol/L /& 50 mL 2Nz %9 30 ‘CIZED 1 BEfHIRED
LTI L 72 1Ry 2% 1CP B &5 T2 i (ICPM-8500: /5 i BT I LVl E L7,

THEF D 1 mol/L BF% (pH 7.0) -Cd, Cu e O Zn 1%, 1:582.5 g lZ%FL 1 mol/L FEfEY & =" LZ¥HK (pH 7.0)
50 mL 20080 30 CITffH 1 RSO LTI L 72 0 R 37 2% ICP B &3 & (ICPM-8500: & L)
IZEDPELTZ.

2) 2016 FE/EDEARER (2016 F 6 § 22 H~2016 £ 10 8 7 A)

(1) FRBRIES K OG-

AR 5 M OMiEER 8L U C 2.1) OFRBROIBIRAEiE A X J OMEHE X DR 4 5 | Sfge i L 72
oM, LM, AiER O pH, BC, ARhEEV B (MyA—2 k) W, 2% %, 2FE KD 0.1 mol/L
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HCI-Cd #2 £ % Table 5 (T~

Table 5 Characteristics of soil for using in summer 2016 crop

Unit Year  APY-1  APY-2 sp”-1  sp’2
pH (F20)” 20099 6.1 6.1 6.2 6.2
2016" 6.3 6.4 6.4 6.3
EC? mS/m 2009 10.0 10.3 14.0 11.6
2016 10.1 9.0 7.0 7.2
Available phosphate” mg/100 g 2009 5.8 6.1 7.7 6.9
2016 12.5 9.1 16.6 12.5
Total nitrogen” %" 2016 0.37 0.37 0.33 0.33
Total carbon” o) 2016 5.4 5.3 5.0 5.0
0.1 mol/L HCl-Cd® mg/kg 2009 0.18 0.19 0.18 0.21
2016 0.16 0.15 0.11 0.11
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=2

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

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) BERRAE LS
BEBRAEER R O IEIEERE 2.1) (2) LREDL D% -,

(3) FRERXDOHERL

ARERXORERIE 2.1) (3) LRBRICELE LT, MifE &3 ERO= DU iR HE Y 2 J kLT, T5IRIE
BB &1, 500 kg/10 a(Bi), EFRIFHFEE 50 %LU CTHEL, REoEMIEIRE ClRALE. VAR K
OUMERIZ DWW TH A S3EAE AR -V CHlio 72, BEHERIZ DWW T, flEARERE B CUE TR REBHIE A X
ERBED Ry B2 D X0 L7 (Table 6). BIfEECTOBIM A S LIS, KRR DA RNEEY R
XTGP AEENE X 10.8 mg/100 g #2 1, FEHEIX 14.5 mg/100 g 51 CTHY, M/t EATREH 2 1B 5 H %
RRU P oehE HAE FRRAE (10 mg/100g # 12) 1T TRIEFRE X ImVMETH o7z, LinLRAs, 2015 4
HE=0 Dy OIENSE LT B IR SRS Q0D BAEI ISR 77 o 722D, #ii%
FF D7, SHITARIRRY AT R, IGIRNEEE T X DA RRY ISR REX LFED 14
mg/100g %z B D IO A E A5 8000 ARG %1T-7- (Table 6) .
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Table 6  The fertilization design of the test plots where carrot was cultivated in summer 2016
Amount of The applied components Amount of The applied components
application per 4 m’ application per 10 a
perdm’ N pY k» cd perl0a N po gb g
(€3] @ (@ (@ mg (kg (kg (kg (kg) (g
<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 7.3 500 16.6 26.1 1.8 1.8
Urea — — — — — — — — — —
Ammonium dihydrogen phosphate 356 43 217 — — 89 11 54 - —
Potassium chloride 90 57 — 23 — — 142 —
Total 109 322 64 73 27.3 80.4 16.0 1.8
<Standard plot (SP)>

Urea 120 55 = — — 30 13.9 — — —
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 P20s
b) Content as KO

(4) FEEHE

HEIEMIT =0 (fi4 AT 2A) LT, BB O EOEICIIT — R 7T LU T 235k
L7-.

FEAEIE 2016 4F- 6 H 2 BT To7-. BRBRIXORE 1/ 12 kg Z4RITHY, B2 ATVEREL, &alRX R
JENZ) B L, BHeECIREA 15 om ETHHRLZ.

ARBRXNIT 9 45 (55 20 ecm) LU, #EFfIZ 6 A 22 BV —F —7 —7H &2 H 77

51X 7 A 20 A5 8 A 5 BIZATW, INHERF DR SK) 8 em L7251 91Z LTz,

AR XTI N A FOE REBROT-80, MEAERFZE AT ) R Z AR LT, MEERLRRIZ TRREIZLY
1 E S L7 3 EAGE KL DA K EI T

ILHEIX 2016 4E 10 H 7 BITITV, ZEEBEAR A UL HEL 7=

(5) VEHIRDAIRIT B3HT

INHEL 7o = DA KTE AR B 1%, SRR XIS R E B A HIE L. AT BB L CRIBRIX P oD 1 m?
Oy B TCEARIEBEER I 43T, EALBINCEEZRIE L. MEIIA AL K T +&, AREHEL THL
B0 53 17 1%, EEEERICEY 65 CT 24 RFEZBEAIT VW ERZNE L. FHIXENESRWISITA
F, BEARECIRL, T 0%, BEFRERICEY 65 CT 24 FALEATTV, EEAZHIEL-. SR UIARE L O
BEY, TNV EBE 1 mm K500 um D500 & i@ $ 5 F T (ZM200:Retsch 72— —[A]#5 %L
6000 rpm) THEL 7.

BRIV LERBEOHHIL, 2.1) G)RIRIAT 7.

(6) Bt t-HEDI3HT
INFER D 1381, 2.1) (O)EFIERICERIUL OFRELL , 2 RIT 2000 FR0EHZ, ABAZ 500 um D550\ %
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W5 ETHE (ZM200:Retsch 72— & —[Al#i55 6000 rpm) TR FHHLZ L 7=

F72, DRIV LOKFEF A ZTET D720, Fig.l wlERESGELE X TR G IE e ek H X (AP-2) SA%
HEX (SP-2) DH G AN L7 R A BT, ZRE OB R AL SRRER X 07 [H~ 0.3 m \TAL & L7 fE AT
(B XEES-0.3 m) & 0.9 m IS L7 @A GRUBRIXEEFL-0.9 m) , SR X AMAI~ 0.3 m (I & L 7= & G5k
XBER+0.3 m) & 0.9 m (A E L7 & AT GRER X B2 7+0.9m) ZFH 4 s s U CEL)E (BEMD 0-15 em) O 3%
51 REBHRL A RIY 250 VR Rk IS 72

TEEDHTIE, 2.1) (6) OIEB A TEARIY LESHT L.

TEEHRORIRIT A, AR 0.5 g2, fEERK) 10 mL, @ER{L/KFEAKK 3 mL, L7 bLKZEEEK 5
mL ZN%, ~A 743 fRdEE (Multiwave 3000:Perkin Elmar) (2043 L aBHARR S L7-. HIEIT ICP B &
Sy AT EEiE (ICPM-8500 : & BLYERT) 12 L0 T -7z,

3. R

1) 2015 F&4EERRER (Z4ERILVY:2015F 11 A9 H~2016 43 A 150)

(1) TEMERDIE K O R AW &

R DIUE L TORIEHMITA 4 7 H THY, TORICEFEERITE SRS -7

RV O E, BRI LR E K OGB4 Table 7 (2R U7, 1HTRNEEHE F X M OFEAEX DU &I,
ARETHETENE I 21.13 kg & 19.40 kg THY, FEEX DI EA 100 & U775 IE LR X O E 54
1% 109 Toh-o7c. IRIVLREE F24) ([ZOWTE, (HIelEHE H XIZFAE T 0.35 mg/ke, HEAEXIE 0.30
mg/kg THY, IBIIEEHE F X3 H B2 Em D72 (p<0.05) 73, TOBIMIEFE L Codex FEUEMEY (0.2 mg/kg)
Kiili T o7z, IRIV LRI R HOUNTE, IGIEMEEH A IR T 0.71 mg/rlBRIX, HEAEX]E 0.59 mg/
RER X THY, HIRIEEH A XA B Eh 272 (p<0.05) .
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Table 7 Cadmium uptake and yield of spinach (edible portion) in the test

Unit

Yield  gignificance

Test plot-1 Test plot-2  Average index’ test
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 22.40 19.85 21.13 109 -
Dry weight kg 2.09 1.95 2.02 103 -
Cadmium concentration” mg/kg 036 0.35 035 034 035 - Signiﬁcancee)
Cadmium concentration” mg/kg  0.034 0.032  0.034 0.034 0034 - -
Quantity of cadmium uptake” mg/plot  0.75  0.73 0.68 0.67 0.71 - Significance’
<Standard plot(SP)>
Fresh weight kg 19.30 19.50 19.40 100 -
Dry weight kg 1.96 1.95 1.95 100 -
Cadmium concentration” mg/kg 0.34 031 0.28 0.28  0.30 - -
Cadmium concentration” mg/kg  0.034 0.031  0.028 0.028 0.030 - -
Quantity of cadmium uptakec) mg/plot  0.67  0.60 0.54 0.56 0.59 - -

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

(2) Bt HEEDOHRIY LRE
Wit 580> 0.1 mol/L HCI-Cd J#2 £, 1 mol/L fF% (pH 7.0)-Cd 2/, pH K& ) EC % Table 8 {Z/RL7-. 0.1
mol/L HCI-Cd ¥ 1%, M TIH TR BRI FH IX13 0.16 mg/kg, FEHEX T 0.11mg/kg THY, THIRAEKEHE X
MEVMEIANZ S 72, 1 mol/L FEZZ (pH 7.0) -Cd #R LI, “FEIME TIHTRAEEHE H XI% 0.034 mg/kg, HEHEXIT
0.021 mg/kg THY, GUENEEHEH XA m L MEIANZH o7z
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Table 8  Characteristics of cultivated soil in winter 2015

Unit Test prot-1 Test prot-2 ~ Average Significance test
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCl-Cd” mgkg  0.16  0.16 0.15 0.15  0.16 Pending”
Exchangeable-Cd” mg/kg  0.034  0.034 0.033 0.033  0.034 Pending”
pH (H:0)” 6.3 6.4
Ec” mS/m 10.1 9.0
<Standard plot(SP)>
0.1 mol /L HCI-Cd” mg/kg  0.11  0.11 0.11 0.11  0.11
Exchangeable-Cd” mg/kg  0.020 0.020 0.021 0.021  0.021
pH (H:0)° 6.4 6.3
Ec” mS/m 7.0 7.2

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

2) 2016 EEFERRER (EE=P2:2016456 A 22 H~2016 510 A 7 H)

(1) VEMIROILE: S ORI AR &

FEFENDULHE £ TORIEIIRITN 3 7 A ThY, BIFHIR ORI, BEIERITHEGRI RT3,
IHERS B ATIZEEE N E RIS RSN B o 7.

=2V OILER, BRIV LR K O E% Table 9 (S/RU7Z. (GURAEEHGE A X % OREREX DI &1, 4
REEEIETRER DS ELE 4L 8.63 kg & 8.05 kg, LEHIASZNZ 1 4.98 kg & 3.83 kg THY, IEEX DI EE
100 &L 775U AEEMiE I X DI B FEBUIARFT AN 107, FEEEAS 130 TH -7z,

TG VRNEAH i FF X M OMEHE X D A I W (F24) I HOWW T, B TR 2N 2 2 0.16 mgkg &
0.16 mg/kg, HEFNZIE I 0.28 mg/kg & 0.21 mg/kg THY, FEHIZOWTIIIB TR X 03 v ME A 12
HoT=)s, TOHEMEEEE X Codex FEHEMEY (0.2 mg/kg) ATl CTdho7=. IGIRAEKEHIE A X % OFEAEX DR ER X
BIODTIRIT DRI ENZ DWW TR, FEE TIREAZ L4 0.14 mg/iBRIX LS 0.14 mg/ﬁit%ﬁlz TEERNE
ALE AL 0.09 mg/mlER X & 0.06 mg/mER X THY, HEFFIZ-DOVNTIFG TR ALEHE H X A3 B2 72 (p<0.05) .
VEM R AIROFERIX 2720 O F7 R I ZR T S0 - BB XI5 e EEHiE F X C 0.23 mg/nit%ﬁz FRHEX T 0.19
mg/FER X THY, HIENEEHE T XA Bl mn-7z (p<0.05) .
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Table 9 Cadmium uptake and yield of carrot in the test

Yield  Significance

Part Unit Test plot-1 Test plot-2  Average dex? test
<Sludge-fertilizer-application plot (AP)>
Fresh weight Root kg 8.20 9.05 8.63 107 -
Leaf kg 4.80 5.2 498 130 -
Total kg 13.00 14.20 13.60 115 -
Dry weight Root kg 0.76 0.99 0.87 104 -
Leaf kg 0.40 0.29 0.34 130 -
Total kg 1.15 1.28 1.21 110 -
Cadmium concentration”  Root mgkg 0.21 0.19  0.14 0.12 0.16 N.S.¢
Leaf mgkg 0.27 0.28 0.27 0.28 0.28 pendingt)
Cadmium concentrationb) Root mg/kg 0.020 0.017 0.015 0.013 0.016 -
Leaf mgkg 0.019 0.019 0.011 0.011 0.015 -
Quantity of cadmiumuptake” Root mg/plot 0.16  0.14 0.14 0.11 0.14 N.S.
Leaf mgplot 0.11 0.11  0.08 0.8 0.09 Significance®
Total mg/plot 0.27 0.25 0.21 0.19 0.23 Significance
<Standard plot(SP)>
Fresh weight Root kg 7.40 8.70 8.05
Leaf kg 3.75 3.90 3.83
Total kg 11.15 12.60 11.88
Dry weight Root kg 0.77 0.92 0.84
Leaf kg 0.29 0.23 0.26
Total kg 1.06 1.15 1.11
Cadmium concentration” Root mg/kg 0.21 0.19 0.13 0.12 0.16
Leaf mgkg 0.23 0.22 0.20 0.19 0.21
Cadmium concentration” Root mg/kg 0.022 0.020 0.014 0.013 0.017
Leaf mgkg 0.014 0.013 0.008 0.008 0.011
Quantity of cadmiumuptake” Root mg/plot 0.16 0.14 ~ 0.12 0.11  0.14
Leaf mg/plot 0.07 0.06 0.05 0.04 0.06
Total mg/plot 0.23  0.21 0.17 0.16 0.19

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 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))
f) 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))

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

B+ 5004 Cd #2FE, 0.1 mol/L HCI-Cd #2 8, 1 mol/L |42 (pH 7.0) -Cd #2, pH & IXNEC % Table 10 (Z
AUTZ. 4 Cd IREEIR, TGURREE X 1X 0.54 mg/kg, FEVEXIT 0.45 mg/kg C, {GIEAEEHEH X3 B IZH
7272 (p<0.05). 0.1 mol/L HCI-Cd 2 FE 1%, “FHIME T VEAEEHE A X1 0.19 mg/kg, FEHEXIF0.12 mg/kg T
HY, HIENEHEH X203 m ME 272, 1 mol/L FEZE (pH 7.0) -Cd R EE 1, 15 IEEHiE 1 X% 0.040 mg/kg,
FEHEX 1T 0.024 mg/kg T, {GIEAEEHEH X203 @ ME a2 dh o7z,

Table 10-1 Characteristics of cultivated soil in summer 2016

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg 0.55  0.54 0.54 054  0.54 Significance’
0.1 mol /L HCl-Cd” mgkg 020  0.21 0.18 0.17  0.19 Pending”’
Exchangeable-CdC) mg/kg 0.042  0.042 0.037  0.037  0.040 Pending
pH (H:0)” 6.3 6.5
EC” mS/m 10.2 10.7
<Standard plot(SP)>
Total-Cd” mg/kg  0.42 0.45 0.44 0.48 0.45
0.1 mol /L HCI-Cd” mg/kg  0.12 0.11 0.13 0.12 0.12
Exchangeable—Cdc) mg/kg  0.024  0.024 0.024 0.024 0.024
pH (H:0)” 6.4 6.5
EC® mS/m 8.2 9.1

a) Content in the dry matter

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

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

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

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

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

Table 10-2  Characteristics of cultivated soil in summer 2016 (horizontal distribution of total-Cd cocentration)

Test area boundary Test area boundary Test area boundary Test area boundary
Unit -0.9 m -0.3m +0.3m +0.9 m
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.53 0.56 0.49 0.54 0.46 0.48 0.41 0.42
<Standard plot(SP)>
Total-Cd” mgkg 044 0.48 0.42 0.44 0.40 0.43 0.39 0.45

a) Content in the dry matter
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4. E =®

1) 2009 & AKERBAIARADO DRI DA S 2015 FEXER Y 2016 FEEDFHIEIZDOLNT
2009 FEDFRBREAIEI NG, TN ETTEY:, F21E, 3 1S 1EORBREIT 7=, £ B REOHB DB 2
BAVA 2015 FELAEKL TN 2016 FFBAEDMEMIZHOWTIL FED LB Tho1-.

(1) e e g s

ZNFETORBRIZI T OMEIEEEZ Table 11 (Z/RU7z. ARERBHAE M 9, {GIENEEHEH X OfE AR EHZ B
T, HIRIERIOEIC L5 V&S B L T, ERIEDHHEE 100 %LU TEHEL T2, 1GTRAREHE H X
DU EDHEHERK N AR TRWME AN H D Z 205, HERIEENCH S LRI IR D 28 35 M LR IoW\ T
2012 FIed THER LR (IR 30 °CC 240 HMER) 29 ML 7-L25, K5I 90 B Tl L
30 %L, TORITE —E THERB LI-ZE0D, 2012 FEAVELIRE, THIRIERIOZEFILHE 30 %L T
RifELT=. ZD%, RBRIXHE TOIEZE M VRIRICEDEEILROEWEZE B UG TRIEE O ZE F IR %5
LU THIAEZAT > TETZ. 2015 FEAAERTL Y TRBRIZIB W TR, HIRIEBIOEFILEE 10 %, 2016 F
BE=o 2B 0T, (HIRIEEIOZE RN #EE 50 %l L TRz T -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 perl0a N p¥ g” cd perlla N pY g” cd
crops kg) (kg) (kg) (kg) (2 kg (kg) (kg) (kg) (2
2009  Sludge fertilizer 332 11 17 1 12 — — — - -
Summer Ammonium sulfate 52 11 — — — 104 22 — — —
Potassium dihydrogen phosphate 3 - 2 1 — 36 19 12 -
Carrot 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 — — —
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 1 038 — — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Potassium dihydrogen phosphate — — — — — 23 — 12 —
Spinach  Potassium chloride 15 — — 9 — 3 — — —
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 — — —
geng cai  Total 12 12 12 0.7 12 12 12 0
2011  Sludge fertilizer 227 8 12 1 038 — — — — —
Summer Ammonium sulfate 33 — — — 57 12 — — —
Potassium dihydrogen phosphate 6 1 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
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

a) Content as P20Os
b) Content as K20
c) 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 PY Kb) cd perlla N Pa) Kb) cd
crops kg) (kg) (kg) (kg) (9 kg) (kg) (kg) (kg) (2
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” 9% - - - - 28—~ = =
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
2015  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter  Urea 21 10 — — — 15 7 — — —
Ammonium dihydorogen phosphate 72 9 44 - — 109 13 67 — -
Spinach Potassium chloride 26 — — 16 — 29 — — 18 —
Total 35 70 18 1.8 20 67 18 0
2016  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea — — — — — 30 14 — — —
Ammonium dihydorogen phosphate 89 11 54 - — 42 5 26 — -
Carrot  Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 1.8 19 26 16 0

(2) YTEMIRDIL &
YEM IR DIR & (AR ) OHERE I Table 12 DBV THS.

INFETONEL, AUL YL IS B BB E IR EME IR H SN QWA BB B LR LL

ETHY, —EDONEZHR T TNDEBZLND.
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=2V UACBEU T 2012 FEEAELY A TR AE L HE IR S Q0D BAEILEE FEl->TWD. 2, i@
W, SV U UIRO R R AR T 5720 KRR MR R A L, 2 CGERZITHIZEESNTNDY R,
ARGl b, SR EIRE O R OSBRI T Z W ZEN—REZZLND. T, R
TIHVRNEEHE ] X DI AL -T2 DI, 2015 FEAAFRTL YT THIEEE O BRI 4E 10 %L Tk
0, BITEORNZEDZENAE U ATREMEDN B 2515,

Table 12 The yield of each crop body of 2009 to 2016 (fresh weight)

AP” sp” .. .o Freshweight
Year Season  Test Crops Part Fresh weight  Fresh weight Aim yield index
(kg/plot) (kg/plot)  (kg/plot) of AP”
2009 Summer Carrot Root 18.0 (0.1)5) 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
2015  Winter Spinach Edible portion  21.1 (1.8) 19.4 (0.1) 8 109
2016 Summer Carrot Root 8.6 (0.6) 8.1 (0.9) 14 107
Leaf 5.0 (0.2) 3.8 (0.1) - 130
Total 13.6 (0.8) 11.9 (1.0) - 115

a) Sludge-fertilizer-application plot

b) Standard plot

c¢) This value is shown in the recommending rate of fertilizer application (local government) exchanging
aim vyield (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) Wi OIS OHER

(3.1) Bt 15 pH

B 58 pH OHERS 1 Fig.2 DBV THD. pH 6.0~6.9 OFFHN Tl X 725 /NE<HEB L T0D. AR
BRClEpH 6.0 % Fla159, A OB CENHRNELD, BH, AKEMIZLS pH O IEEZIT>T05. R
B TIL, TETRAREHE ] X LR AE X D B+ 58 pH 1K EIF RIFLE THER L COHZEND, KR TOHRIY
LENRED LRI 71 38 pH KT EA L EBL TN DEE ZBD.
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7.5
Standard plot (SP)
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I ﬁ/\ ¥ —
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vation vation vation vation vation vation vation vation vation vation vation vation vation vation vation
2009 2010 2011 2012 2013 2014 2015 2016

Fig.2 Changes in the pH of soil after harvest

(3.2) Bt EC (BEXmER)

Bt 58 EC OHEREIT Fig.3 DLV THS. BRBRLALIE, 2013 FAMEI I E TITFE A~ EAEME/R->T
UNZAS, 2014 AE B EBRH AT T RE I 28 RbH7Z. 2T, EC BRI IE KR UL ORI & 13035750,
2014 FHEAENPOERIEEEZENETHEHL WY BV A0DRBICER IO EEZ LS.
2014 FFAEBM I CARR IS — E M T o7z
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geng cai
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vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation
2009 | 2010 ‘ 2011 | 2012 | 2013 | 2014

2015 | 2016 |
Fig.3 Changes in the EC of soil after harvest



118 AEEHFFE RS Vol. 10 (2017)

(3.3) Bt HEED 2% (TN) L UV 3 (TC)

B D 2% (TN) B OV iR 3 (TC) OHERE I Fig.d D LBV THD. FRBREIAA S 11X TN L OV TC (27t
BRIXHTIZE AL N RO -T23, 2011 FEAAEBRHILARE, TN & ONTC 22y TR A 1 X005 )5 v
XA AR TEVMEIAIC S 72, ZhuE, ETRAREHGE H KIZIT7E TR AR Sk O G M A i S TOD08, R
YEXAZ W TR B Oft A3 72V IREE CEEEM T TV D70, EEYEX O AR EE S LTz Z &1
FBEEZBNA.

2015 FEAAERK N 2016 FEEEOHR M IOV TH RIBEO B 23 b 7.

B RO A RIY AT TR OHF I ERE S LR PG IBIL T 2280 MBI TRV, MR D7)
THEHDOIRIY AOBRECAEY) ~D AR BT D AT REMEN D D720, B2 T AL ERHD.
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geng cai
after after 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 | winter | summer
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vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation
2009 | 2010 | 2011 2012 2013 | 2014 | 2015 | 2016

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 LA ZhREY 1

Wi IO H HREY R OHERS T Fig.s L0 THS. sEREIA Y W12 515 TR AREHiE I X & bl Ui ue
RAE<HERLL TR, 2014 LB CITBIRIEEHX O A N BEY VB3 R N L 7=, 2, 2014
B AERFICIG VR IEEHIE F XA KR E KR L 7 fA R D A B DB LD O L HELE S V-, AifEICHEIRL 7245
D AMEIZ RO A ZNREY e BRI DI, AREXITIWTE 2014 4FZEBI M CHERE ST D,

F77, 2016 FEEAEIT M ARER X L AN IEY k4 H D B AR #1129 02k HEEN O 14 mg/100g #2112
2B IOMEIEEAT 70, BAEHM A fE5E -5 15 IR IR A K1% 15 mg/100g 5z 1+ #EHEX X 12 mg/100g Fz
T ThHo7-. HIRIEEHE A X O I TAERE XA LR TR WO AN HEY U IRIT Z<IHESNIZHDEE 2 DI
72A8, THURNEEHE A X DA ZhREY L BR DSMEHE XA FE TR 2 81, BTECHE A L7275 TR IR R oV 8 E I
HRELLT=Z L, ROV TG B REA FLAATHRBELIZVAEE— 7 =Y LD EDZEBENE 25
7-.
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Fig.5 Changes in the available phosphate of

soil after harvest

(The error bar indicating the standard deviation)

(3.5) BSOS BV ONE, &+, A1K)

Bl RO A b L OIN A, 354, 4K OHEREIX Fig.6 LBV THD.

AP L, 1 EIE — T THERB L Q-

RHMETE 1L, SRERBAAGREE 2011 AR A L 32000 LT, 201, 2012 FEAEDD,
BB OA NI e INS 52 L% HINEL TERRY AMEDEAZBAGL, 2013 FFAEETIXRTD
PRI XA R e D FE B AU B A it FH L T2, TG TR AR A BT 3ATE VE X & bl U TR 0 A BIE it R ek
HANME RO DR 72728, 2014 FEAE CTIIERERX LB IERD ABEMH &2 2 <ML, 2o
728, B L L UG TR ARG F X OBl T3 th D ZZ M T8 LAY @ RBEE 72 o TN D EB 2 HiLD.

M A KT, RERBETL, T, RBRX ] TRERZENRDST2HDD 2014 EAEHHICIIAZHEX
[ZBWTHIIME 2N b7z, ZauX 2014 F B AERHCEEERICO AEAIKE A L2 LIk ab D& 2 6
N5, iz, 2014 FEANEHHCIERBR X M O EEHERF L7 FE, 15T F XK OV YE X G/ i 18] 23 e
ARSIz, TV 2014 FEAAERHCEA K O HZAT 70> 12282850 DEE 2 bisd. 2015 FEAEICE
W CIRIB TR AR F XA 0D B3 A7 R % it F L 72 72 60 3R X ] C O 28 1 TR S 4L 2015 AEAVER TR 2016 4B

VEIIIE A IR & i FA L QN T2 T= OB 9 Cdh - 7.

ML DN, 1EIET KO RID DO EREIEE N H D5 % OWERS Z MR T DN BN HHEE

ABINS.
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Fig.6-1 Changes in the exchangeable-potassium of soil after harves
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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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(4) Bt EHEOHRIT LZERFEOHER

(4.1) Brh 13 0.1 mol/L HCI-Cd J2 £

Bt 580> 0.1 mol/L HCI-Cd Ji# £ DHER X Table 13 X TN Fig.7 DEBVTHD.

TGV IR A X K% OFEAEX 0 0.1 mol/L HCI-Cd IR FE DHERIZ DWW T 244 3572, ThEidiL
HXIZERITD, HERBRLEREH DR H (S FBROMIRIL 6 7 H & L72) 1232 0.1 mol/L HCI-Cd i D
TEHENTR 24T 72 CRENREO 3BT R O p I IO FEAM, WA EAKYE S %) (Table 13). 2016 4 E
VEBRH T OB PRAENE F X OEUFE A E T72< (p=0.30) —E THER L CODEA Th-oT-. —JF, HEUEX

T, 2011 FAAERRMLARE, BURAAA B L7220 TR 235580 50 (p<0.05) , MRS X H DT REL<2D
M CTh o7z, Fiz, 2011 FAAELLE, 15IEAREHEH X.0> 0.1 mol/L HCI-Cd i FE DM EYEXIZ b T IS A
<720, DIZRREOFE R TUe. 2016 A EAVEBM CIIAZ AAER B ERSNZN, 5l Sk XI5 e EEHiE
XA EME AN o7z, ZHUE, AR RITAER R RO BRIV LA FTTR /RN, K RBRIZB W TERIED
INHEIZ LD BRI RID LD EIGINA~OFFS MLk S DT EEIZRY, Bl 15 0.1 mol/L HCI-Cd ¥
JENZOWTHIHAD T D Lo TNDEB 2 HILD.
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Table 13 Changes in the 0.1 mol/L HCI-Cd concentration” of soil after harvest

Ap” sp¥ Significance p -Vah'le of singl.e N
test regression analysis
Year  Season Test Crops (difference
(mg/kg) (mg/kg) between the AP sp?
processing)
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) Pendingg) — —
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
2015  Summer Carrot 0.15 (0.01) 0.11 (0.005) Significance 0.80 <0.01
2015  Winter Spinach 0.16 (0.01) 0.11 (0.001) Pending 0.29 <0.01
2016  Summer Carrot 0.19 (0.02) 0.12 (0.005) Pending 0.30 <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 Standard plot and 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))
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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)

(42) Bt 1 mol/L HEZZ (pH 7.0)-Cd JEJE

Bt 580> 1 mol/L FEZ (pH 7.0)-Cd ¥ DOHER L Table 14 J WY Fig.8 DEBNTHS.

TG VEAREHiE F X & OMEHEX D 1 mol/L KEZE (pH 7.0)-Cd ¥ DHEB IS\ TR IAIZEIZ T 57280, T
FIOMBLXIZ I D, 2009 FAAENLORRE A (ZFHEROMIRIL 6 AL L) IZx3 % 1 mol/L EE4 (pH
7.0)-Cd REORIEHEENF T 21T o7z (AR RO GBI RO p EICEFEMN, mAEEKE 5 %)
(Table 14). 2016 4FEVEWRHECTOIHIRAEEH F X OEIFIFA E T/ (p=0.42), —E THBL QWD EHM
Thote. —J7, EHEXTIE, 2012 FEEBRHLIEE, [BUFH B L7220 TRAEM RO HIL (p<0.05), sk
BRIX W DT R EL IR DME I TH-T=. ZOMBANE 0.1 mol/L HCI-Cd #JE L [R4E T 7= (Table 13 K
Fig.7).

F72, THIRARERE X M OFEHE X OB 58D 1 mol/L FEZZ (pH 7.0)-Cd IBEEL, 1EMIH O Cd EFEEL1LL
(X Cd W EE ORISR AR L 72 (Fig.9 & O Fig.10) . VGVEAEARHi A X% i BIER AR BRI TR a3 i i

XL HFE FEDOMBANGRO BV, ZAUX, IGIEAEEHEH XITH IR IS AG I E & 7o, NERE (ko2
Z T HEF D 1 mol/L FEZ (pH 7.0) filltH Cd 2 UNIFHAT CETWRWZENB 2 DL, —F, FEEXIT
AW Z TIRITRAL TORWIEND, RNERBL OB 2GR R H X138 %2179 1 mol/L FEZ (pH 7.0)
(ZEDHH DI R TN T O TWDEB 2 B, ZORER, HBEMENTROONLHES BT,



124 AEEHFZEE#R S Vol. 10 (2017)

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

. onifi p-value of single
ApY sp” Significance : T
test regression analysis
Year  Season Test Crops (difference
(mg/kg) (mg/kg) ~ betweenthe — 5p® sp”
processing)
2009  Winter Spinach 0.036 (0.002)6) 0.037 (0.002) NSt - -
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) Sjgnifjcanceg) — —

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
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 0.80 <0.01
2015  Winter Spinach 0.034 (0.001) 0.021 (0.000) Pending 0.18 <0.01
2016  Summer Carrot 0.040 (0.003) 0.024 (0.000) Pending 0.42 <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
¢) 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 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 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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(4.3) Bt 158D 1 mol/L HEZ (pH 7.0)-Cu MUY Zn R

B +-5E0> 1 mol/L HEZZ (pH 7.0) -Cu M 8 Zn JEFE OHERS (2009 4R E~2016 £ B /EET) 1L Table 15 &
O Fig.11 OLBTHD. IGIRIEEHHFIZH NIV AL L T &ICE N CHFRIZOWVT, IRIT LD
THEEROSE LT OHRB AR LT

TS VB A X B OMEHE XD 1 mol/L fEZE (pH 7.0) -Cu S N Zn R FE DHERBIZ DWW T M 242 375729
FNENDLIRKIZIT D, 2009 FFAAENLORRE H (FRBROMMRIL 6 7 H LL7) 1IZx9 5 1 mol/L Ff%
(pH 7.0) -Cu K O Zn IR FE DRI B BT /34T 24T > 7o (BLENF RO 43 o Hr R O p I Z0FHE, wiflA &K
#59%). 1 mol/L HEZ (pH 7.0)-Cu (22U NTIX, {GVRIEEE H XIX 2015 FFAAEBR LIRS, [Bl)m 23 h B &7eh
(p<0.05) EAMEMAFRBD BT, FEEXOEFITIAE TR (p>0.05), —E THREL TWHIE I Th-o7z.

1 mol/L EEZ (pH 7.0)-Zn (ZDWNTI, {GIRILEHIEH X TiX, 2011 FEA/EBRILARE, [EIRAEE 720 (p
<0.05) EFREADFRD BT (72721, 2015 ZVEMABRL) . —J7, FEYERXIX 2015 4F B (ERR I LARE, B3
HELD (p<0.05) FREBEmARDHIT.

AR &R, & FEEAE R UG IEE ARy MRABRIZIB W T, HIROE I > ThEEHR O F]
VEPEDAIRIT &, §i K OHESROEENMNFRD B, FifRENZWNEE B EREITEL, S OV RIV LR E DR
DME XIS EE B Tl - T- ZEN SN TRV, ZoMELERIIFBFELRNEDOTH-T-.

Fie, HEREDOEVGIRIEEZE A L7ZRBR 2N T, A ENZWERERX (1 1E47-0 2 t/10a LT 6
t/10a) D 7 EH (m<Y7F) KOV 1ER (ah7) I2BW T HEED pH 6.0 Riifi &V )OS TR OWBEIER (/0
By AR OVEF D 2RO LTSNS HH?? . KRB CIT 18 pH % 6.0 LL EIZfR-> TV 2
(TN EEZDNDN, a2 ETTEIEIERZ 2 &ICEMEH 72561218, T8 pH o0& #hleb 2
FROMWMFPEIRICHONTHIEE T DM ENHLLEEZ BN,
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Table 15 Changes in the exchangeable-Cu and Zn concentration” of soil after harvest

Cu Zn
p-value of single p-value of single
Year  Season Test Crops AP SP . . b) AP SP . )
regression analysis regression analysis
(mg/kg) (mg/kg) AP sp (mg/kg) (mgkg) AP Ny
2009  Winter Spinach 0.40 (0,()7)c> 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 gengcai  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) 0.93 0.66 1.6 (0.2) 1.3 (0.3) <0.05 0.33
2012 Summer Carrot 0.40 (0.04) 0.37 (0.02) 0.75 0.83 1.6 (0.1) 1.1 (0.1) <0.01 0.99
2012  Winter Spinach 0.35 (0.02) 0.33 (0.03) 0.99 0.64 1.7 (0.1) 1.3 (0.1) <0.01 0.63
2013 Summer Carrot 0.33 (0.02) 0.31 (0.01) 0.70 0.35 1.9 (0.2) 1.2 (0.1) <0.01 0.75
2013  Winter Spinach 0.36 (0.13) 0.25 (0.05) 0.63 0.10 1.9 (0.1) 1.1 (0.1) <0.01 0.67
2014  Summer Carrot 0.41 (0.04) 0.34 (0.06) 0.99 0.16 2.2 (0.1) 1.0 (0.1) <0.01 0.26
2014  Winter Spinach 0.54 (0.04) 0.42 (0.10) 0.25 0.76 1.8 (0.1) 0.8 (0.1) <0.01 0.05
2015  Summer Carrot 0.50 (0.02) 0.37 (0.02) 0.09 0.98 1.4 (0.0) 0.7 (0.2) <0.05 <0.01
2015  Winter Spinach 0.58 (0.02) 0.40 (0.02) <0.05 0.64 1.6 (0.0) 0.6 (0.0 0.05 <0.01
2016  Summer Carrot 0.54 (0.03) 0.39 (0.03) <0.01 0.44 2.0 (0.1) 0.3 (0.1) <0.05 <0.01
a) Content of copper and zinc dissolved with pH 7.0, I mol/L ammonium acetate solution in the
drying soil

b) The p-value which calculated from dispersion analysis for linear regression by examination start of each
experimental plot
¢) Standard deviation (n =4 (2x2) (repetition x number of samples))

Exchangeable-Cu

(mg/kg)
0.80
== Sludge-fertilizer-application plot (AP)
——
0.60 Standard plot (SP) A/\‘
0.40 ) [ J W—
0.20
0.00
Spinach | Spinach| Qing | Turnip | Spinach| Carrot | Spinach| Carrot | Spinach| Carrot | Spinach| Carrot |Spinach| Carrot
geng cai
after after after after after after after after after after after after after after
winter | summer| winter | summer | winter | summer| winter | summer| winter | summer| winter | summer| winter | summer
culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti- culti-
vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation | vation
2009 2010 2011 2012 2013 2014 2015 2016
Fig.11-1 Changes in the exchangeable-Cu concentration of soil after harvest

(The error bar indicating the standard deviation)
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Fig.11-2  Changes in the exchangeable-Zn concentration of soil after harvest

(The error bar indicating the standard deviation

(4.4) Wi O EHRIT LR

B O 2RI LR E OHERSIE Table 16 2 ) Fig.14 DBV THD.

TGV NEARHE ] X M OFRHE X DA RIY MR E DOHERIZ DWW THA AR T 2720, ZNE DA X
B35, 2009 FFEAENLORMEB A (BAENLAVEETOMIRIX 6 » A ELI) KT 28I RIT AR EORIE
HER AT 21T > 72 (RENF RO B BT R O p EIZKVEHG, miflA EK%E S %) (Table 16). 2016 4 HE F
W1 2T 5 R AR X3 BT (p<0.05) 2353860 b, FEHEK T4 TR (p<0.05) 235580 5
nrc.

IHUEAEEIE F X OREHEX DRI RIT AREA HH L7224, SiE LT 2009 4B AED BB VAR H
XAEHEX LA B @<l TR, TOZET 2012 FHAELIRE, B0 O L0 DL [RIERO#E FE AT
WD, 2R, ETRIEEH F KIZIE TR IR B SR O I R I A AR &S, (EMIROIHEIZ LD HEEF ARIT LD
B35S~ DFFH L EIVS LD, DRIV LRERET MM H 503, FEREXIIE R RO RIT A8
T2 2DEEZHND.
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Table 16 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 — Ap® 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 p< (.05 g 0.16
2015  Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance  p<0.01 0.06
2016  Summer Carrot 0.54 (0.00) 0.45 (0.02) Significance  p<0.05 p<0.05

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))

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

(4.5) B HHED A RIT DR IE DK A

2016 FEENE=2 D0 OBt HEEICOWT, RARIVLAEBE DK ESMATHE L. ZORE, 15IRIEEH i
FH X OB X5 0.9 m EFRBRIXBEAR40.9 m ORIV AR ITA BEZAENHROLNZ (p<0.05) 23, THLL

SMIA B ZETRO N7 (p>0.05) . E/, EEXIZT N TOEPH CA B EITRD LN 7= (p>
0.05) (Table 17).

BEHS T A RIT LD EEBEIIFBO SN TR, F2, B XK LM I T R CEREX L[E USR5 T
MRS TEY, ARIY LOBEND N E T UG TEAR R H X EER XA LR XA TR RIY AR T
FNENERETHHEEBZLNDN, RERIXEER-0.9 m MORBRXEER4+0.3 m ETCOEIRITVAREITH
BEADPBOLNIRDST2 (p>0.05) . ZOZEND, FRERXS 0.3 m ETHRIVLOBE D H 7203530 X5 0.9
m FTIIRBEIL QRN EMRIBE LT,
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Table 17 Horizontal distribution of total-Cd cocentration” in soil after harvest
Test area boundary ~ Test area boundary ~ Test area boundary  Test area boundary

Year Season Test Crop Test area -0.9m -0.3m +0.3m +0.9m
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Sludge-fertilizer- B
- 055" (0.02) 9 0.5 (0.04) 047 (0.01) 042" (0.004)
application plot (AP)
2016 Summer Carrot
Standard plot(SP) 0.46°  (0.03) 0.43°  (0.01) 0.42°  (0.02) 042" (0.04)

a) Content in the dry matter

b) There is no significant difference between the same codes (Tukey test, significance level 5 %)

¢) Standard deviation (n = 2)

(5) VEDIRD IR L L K ORI &

2009 FEAENS 2016 FEHAFETORER TOEMIRD I RIT LR K ORI & OHERE A Table 18 XY
Fig.12 |{Z/RLT=.

2011 LA, ZAERTL YT OARIT AR, HIelEBHE X AREEXIZ R THRICE 72 (p<
0.05) . 24U, 1GIRIERHE FH X CIEART L oY o i3RI R RR7e T RB 0D A1 R X i BE DS HE X & FEi LTy
RAED 2011 FAAELIRERE N TODZENFR EB 2 HD. LU, 1EMIRTF OBRIT AR E X Codex H: e
I AN TIRWIRE THERB L T 5.
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Table 18  Absorption and the amount of cadmium concentration of each crops in 2009~2016

Cadmium Concentration” Quantity of cadmium uptake
Year Season O Part  Ap”  Sp” Significance Rae”  AP”  SP”  Significance Ratc”
Crops g g

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

2009 Summer Carrot .~ 0.12 0.1 NS 1033 0.21 0.20 N.S.  108.8
0.01)7 (0.02) (0.02)  (0.03)

Leap 024 022 N.S. 1092 032  0.31 N.S.  105.3
(0.02) (0.02) (0.02)  (0.01)

Total - - 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.  89.7 0.72  0.96 N.S. 749
portion  (0.10) (0.07) (0.04)  (0.01)

2010 Winter Qing Edible 0.20  0.17  Signific  113.1  0.21 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)

Leap 016 017 NS. 966  0.10 0.1l  Ppending” 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 0.53 036  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 (nN=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, Nn=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 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  Continue

Cadmium Concentration” Quantity of cadmium uptake

Year Season cTrz;ts Part  Ap”  Sp” Significance Rate” ~ AP”  SPY 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
(0.01) (0.01) (0.01) (0.02)
Leaf 0.31 0.29 Pending 107.5 0.41 0.38 Pending 107.3
(0.01) (0.02) (0.005) (0.04)
Total - - 0.73 0.68 Pending 106.9
(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
(0.02) (0.02) (0.02) (0.004)  cance
Leaf 0.33 0.28 Signifi- 117.4 0.24 0.18 Pending 133.3
(0.02) (0.03)  cance (0.01) (0.01)
Total - - 0.46 0.34 Signifi- 133.8

(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)
Total - - 0.38 0.29 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

portion (0.02) (0.03) cance (0.02)  (0.06)
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

- - 036 026  Signifi 142.1
(0.03) (0.02)  cance
2015 Winter Spinach Edible 0.35 030  Signifi- 1162 071  0.59  Signifi 120.0

Total

portion (0.02) (0.03) cance (0.04) (0.06) cance
2016 Summer Carrot Root 0.16 0.16 N.S. 100.6 0.14 0.14 N.S. 102.9
00
(0.05) (0.04) (0.02) (0.022)
0.28 0.21 131.7 0.09 0.06 ignifi-  169.7
Leaf Pending Signifi
(0.00) (0.02) (0.02) (0.01) cance

- - 023 0.9  Signific 1222
(0.03) (0.03)  cance

Total

The sum total - - 8.49 7.81 Pending 108.7
(0.24) (0.39)
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18 = Quantity of cadmium uptake(Sludge-fertilizer-application plot (AP)) 18
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Fig.12 Cadmium concentration and absorption amount of each crops in 2009~2016

(The error bar indicating the standard deviation)

(6) HRIVLAFTE, FrHLE &K VSRR

ERBRCOEEHE kDA RIV LAT &, EMIRICIDZIRIV AR HLE, HEA~OIRIVLAEEEL
OETERE OHER IS Table 19 OLBVTHS. MEHEEI ORIV LAEH &ICHH &EZFU T, THE~OHR
IVLANTEELZ. IRIVLRFHLER, INHELTAEIRDO I RIT 2RI EE LT, i EEHI LD Ry
AR EEEMIRICEDAIRIY AR L ED DRIV LAERMELLT. ARV LS EZRBRX Y7200
THEE (TELOWERE 15 em, THEORILE 1.0 &L, RBAX 4 m 47200 18 &% 600 kg £L7-) TRRLT,
TEAOHRIVLAERBEL L. ZiuE, HEOELOERS K OMRILENEIZ—E T, olERh Ko
ARV PR THELICERUEEL TR HL.

ARV LFFHLEICOW TS, ZRETEML 15 FORBROAFHE, HIRIEEHE A X T 8.49 mg/iER
X, BEHEX T 7.81 mg/ilR X ThH-o7-.

IGIEAREHE T XTI, BRIV T, IRV LA M EEHERL TR L &3V &ins HED IR
VLN KNT T AL DT80, IGIRIEEIOE I DRIV AARTFEOBINI > THEZER TRV
LINEEDMH THDHIENE ZDND. BHUEIZB O CTHOER 3O 2 RIw AR E OB AME R F80 5
TS (LFE(4.4)) . 8% 15 1EORBRIZIS T DGR AL H X OB RID LA fif &l 91.04 mg/aER X
(227 g/ha), BRI LERELEE (I RIY LSRR LA LR D E LB Lo HEh I RIT A0
) 13 0.138 mg/kg L72>7- (Table 19).

B ORIV LREEIZ-OVT, 2009 -2 AERR )50 FERIE L BREREOHER A Table 20 S Y
Fig.13 (/R U7=. 5 TRAEEH A X B OEHEX D40 R I AR E O FRFR 1L, 2009 42 EBRH -3 F2H|
iz L e LT, Table 20 THRHIHLZARNIV AEREREZ BRELUR U2, XTI ENE S HGREN 2T
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—E L THERB L U=, — 07, 15 TRAEEHIGE F XX, ERGRAE bl U CIEMAIME D J7 2MEL ME 17 THERB L T
72, ZhUE, LY R0 BEE (4.5) OFERE Es, RO DRIV LD KL A~DOBITRRD LN L
N, HHEICLD—ERDOBIRITLAMELITE 72N LIZ AL DEE 2 BT,

Table 19  Changes of the 2009~2016 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 Accunu- ©of cadmium Accumu- ©of cadmium

Crops Load” Removal® ) Load” Removal®

)

. € . €
lation” accumulation lation® accumulation

(mgplot) (mgplot) (mgplot)  (mg/kg) (mglplot) (mgplot) (mgplot)  (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 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
2015 Winter Spinach 7.28 0.71 6.57 0.011 0 0.59 -0.59 -0.0010
2016 Summer Carrot  7.28 0.23 7.05 0.012 0 0.19 -0.19 -0.0003

Total 91.04 8.49 82.55 0.138 0.00 7.81 -7.81 -0.0130

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 20 Changes in the actual total-Cd concentration and the theoretical total-Cd

conc entrationa) of soil after harvest

Actual measurement Theoretical value

Year  Season Cl;zi)ts AP” sp? APYY gp®®

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

2009 Summer Carrot 0.51 (0_02)ﬁ 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
2016 Summer Carrot 0.54 (0.00) 0.45 (0.02) 0.64 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))

0.7
—@— Sludge-fertilizer-application plot (AP) ,Actual measurement =@l Standard plot (SP),Actual measurement
=== Sludge-fertilizer-application plot (AP) ,Theoretical value =G= Standard plot (SP),Theoretical Va;ge_ -==X
0.6 — -
D —_—— -
E — "_i__"
- 0.5
o === _ ___.Q____ - - +
= [ pp— -— - - - - -
T B r =
'_
0.4
0.3
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot
after after after after after after after after
summer summer summer summer summer summer summer summer
cultivation cultivation cultivation cultivation cultivation cultivation cultivation cultivation
2009 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Fig.13 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest (The error bar indicating the standard deviation)

VBRI F XD AR I 2 fif 8 Je OB R 13 0.1 mol/L HCI-Cd #2 FE DHERS % Fig.14 (R LT,
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+:3E510.1 mol/L HCI-Cd 2 FE 1 X5 BRBH AR FE A5 2016 E L AE £ C, 1 EIE —E THERB L TR0, 15 IRIER O
ML 26 B EH SUT N RNIEER D bt 7 (p>0.05).

fth DFRBR T oy F B AN A4 A L2 i5 VRIERE O 5 4R (5 18) L o BaR 7+ Bl 85 oo ik B A 52
fil, £HED pH % 6.0~7.0 IZHEFFL7IRIE TIEM A2 I 1A B S, 159 0.1 mol/L HCI-Cd EE DO HER
ERERLIZHA 1T RS 725720, FRLORBRE L TRAZ Rl _RTER OV 72 B AR O Bz
TP R BESEY) H HERE 2 I 5 42 5 1RO A RER A FEM L 7o fE R (WRIT AR AT &1E 91.1 g/ha, B
1580 pH 1 6.0~6.7 D THRE L TEY, ARBRIZTWEIFELR>TND), Bl 150> 0.1 mol/L HCI-Cd
TR 0.15 mg/kg 25 0.17 mg/kg (DT 2NTHNU 72 Z 8N ST 529,

F7-, MR TEIRALEN o H i FHRRER I\ T, 5 AT 10 FEREE s I L0 TB TR ARG X O 1
MR R LR FE A FRIXAZ S U TR IS iV MBI 2R L7 S TR CE 2RV ARRBR O B A0 R
NTWHEREL T, BEERTBIRIEIO I RIY AR DS A A BT L @S D2 I L FRE L7 AR HE X
S E S R ARSI Z SR L CDTmd 7254 R0 TWVEREFCThHIE, 1 3BRIX 4 m? Ll E &
DINSWEFE TH DT B — ol - e E BN ATRE T DT L, B ERIIZ ML O A AL HEIC
T —=RTZ Y RKEGFT TODIENLRRK D LHEEDO R IFYI DI &, (EMEDY TV 7%
BRIX D 1 m? 43y 2 TEMFHEA LA HEELEL 2 SO T THOIL CWB TP F U ZIckpiEb o
LB/ N SN &% RBRER N R LT > TOD HREMED B 2 HiLs.

VL EDZEND, AR THWZ 138, URIGIEANE X OEW 23817 23 A FIZ 38\ T, Bkl 148
D4 Cd OHNMEMAGFRDHILTIY, 4, B 580> 0.1 mol/L HCI-Cd i EE AN IME 171 &7 2 T REMED &
L1280, WHRBEZMER T HNERHLEE X LS.

— 7, BRSO AR I DA D2V MEHRERX 20T, F3EH 0.1 mol/L HCI-Cd 2 FE 23 UME ] (p<
0.05) L7 AZ LITEMINHE I C L AR N LIZE Db D EFE 2 BNA. £To, IRIV LA D HDHIGIRIEEHE H XD
1587 0.1 mol/L HCI-Cd R DS, 12X — & THERE (p>0.05) L TWAZ LI, TEMIEIZ LR L ofl, +
BHIZAM SN A RIT MK EBENCIVIELICE 52 0bORGHHL2020 0, HHECIEIRIEE O
AW S LSRG T H2L20125D 0.1 mol /L HEERIZIZ RIARIBREL L TIE L HPICEEL TV DI ENBE I DI
5.
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the quantity of cadmium load 10
N the quantity of cadmium accumulation
=&—the 0.1 mol/L HCI-Cd density of ruins soil (Sludge-fertilizer-application plot (AP) )

0.25

0.20 /%\
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Fig.14 Changes of the 2009~2016 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)

5. F&H

REAEL DA 2 B OV DR AR 0 BRI B T~ D AR 2R & L C, {5 VERE R 8 A fit FEBR A 2009 4=
FVBIEREEAT - TIY, 1GIRAEEHIE FH X &% OV VEEE e A F OFEHE X 0D 2 FIBR X 12, 2015 FFAMELL THRY
LoD, 2016 FEAELL T=0 Du a2 R, TR OIRIY AR EOEAC K OVEMIR~D AR I LI
BAMER L. TORER, 2016 FEIE=T 0 OB O 4 RI0 AR BTG TR AR R H X 2R HE X
EARTHEIZE -T2 (p<0.05) . F7o, HIRIEEHEH KIZOWT, 2RIV AOK oAzl L-L2A
RIS DIKFEBENDZBO DIz, AEIRDOTIRIT DJREEIL 2015 FEAVERT L YD TG TR AR BHiE F X 23
X THEICE ST AEIERDO I RIT DRI &I OWTIE, 2015 FAERY L YT NT 2016
FEAE=V VU OB R ORI (BEHAR) T, 15 IEIEEHE A X AMEAE X~ TH B E 272 (p<0.05) .
F7-, EMIRO BRI AR FE 1T Codex FEUEE2Y Rl ChH 7=

R BA LA IED 2009 FHEAEND 7 424 15 FEO B HEEDO I Ry AR EE K OVEMIRA R N, TR
BEOWEBIZOWTHEHE L. Wit TEORI NIy AR T, [GIEEERHEH X C ESERmAFE O LI, T
X CIE—ETHBEL TWDIEND, HIRIEEIOIEIZED ARIT A8 LEEEL QWA EB 2 LA,

HIRIREL DO I RIY LGB R E T GZIEFE 4.9 mg/kg, BIWIEFE 3.6 mg/kg) DUIRIGIELEZ,
2009 FHAE~2011 FAAEETD 6 1EIE 1 {EH7-0 DN & 181~483 kg/10 a(Bi) Zhi fH, 2012 FFEAE~
2016 FEEAEETD 9 {EIL 500 kg/10a (Bi) 2l L, 42 {EORERE 7442, 151F{To7. ZHETDEZA,
THVRREAENE it L QR MEHE X OFE L& O Ll D, THIRAREH D AR AIELHIZEREL, EWIC
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WIRSNTNDEEZBNDD, (EMERT OARIT LREIZOVWTE Codex HEHEAE 1T HL ~ TR VR B CTHE
BL WD, RRBREMICB W TURIY LA fif &4 6~10 mg/4 m*(15~26 g/ha) TD 2 4> L VAR
U LA EAERIFD 15 mg/4 m? (36 g/ha) TO 5 AEMOTGIRILENE i THIUZE, BRIV LDOIEW I ~D
WL BN KT D Al REME TR VW B 25N D. UL, ISR HNICH A2k L7235 A<, 15T IEEHiE F
BEHNSEIGE ITRIE LIV EEY & A &0 07 W B OGE 28T 515 eI kDA RIY
2D T ~DERE K OCVEM IR ORI DWW TIEE REAER T AL ENHLLE 2 LS.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absor ption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2015 and Summer 2016 -

Toshiharu YAGI!, Tokiya SUZUKI?, Yudai TANAKA'!, Fumihiro ABE!, Yoshimi HASHIMOTO!,
Naoko TAMARU' and Shin ABE?,
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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 2015 and carrot in summer 2016. 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 high concentration of the
acid-solubility-Cd and 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 2016) showed significant increasing trend in
the AP. Although the concentration of the acid-solubility-Cd (from summer 2009 to summer 2016) and
exchangeable-Cd (from winter 2009 to summer 2016) 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 2016) 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
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