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i 0T D75 TR AREH I URTGTRNEE 2 U7z, USRIGTEAEEHT, UIR K& OVETEHENE K 2 DL 50 B S OV fih
(o R EMA T RUICL PR EL L CRAEUTIGIRICE 73 TRERIZRINL, Bk, MG 7- B,
KK 3 mm O RALEF T, URTGIRIEEID 53 43 Mt R4 Table 2 (TR L7z, BRIV APREEIE 3.6 mg/kg
(BiW), ZDOHIREET 4.9 mg/kg THY, IEEHAEHFE OEATFAME (5 mg/kg) (FME) 141 ThD. %
4B (B E) 1T B3 3.3 %M OVER LK 30 % (30 °C, 28 HIFE:HE) THY, EHE 2R L O
{ERIT— A2 URTBIRIEEO T3 Kd Th D720, RHIEASC K& L5 A IEY ~D A B fEE
FIFEBLICLL, ARIV LA B &< DO DR HE AR TR 2 LR E B 2 Db,

MBS L CREGRIRD R I, Vot — T =0 A N O bV 2265 U7, 15 TR IEE S OVl 1E e
BRSO AT IR E R BRED 1Z Ko 72 (T IEIER O A4y Bl Table 3 1ITRLTZ).

723, HIEAEEH @ 0.1 mol/L HCI-Cd 1%, {5IEAEEL 1 g % 0.1 mol/L &% 50 mL T 1 REf#RES L THiHIL
T2 HRITLITHONT, T — AW EO TR (2-2310: H AT 27 ) a—X) TRIELT-.

Table 1  Characteristics of soil for using in winter 2016 crop

Unit Year  APY-1 APY-2 SPY-1 SPY2

20099 6.1 6.1 6.2 6.2
H (H,0)%
PH (H0) 2016 63 6.5 64 65
2009  0.10  0.10 0.14  0.12
ECY mS/cm
2016  0.10  0.11 0.08  0.09
Phosphate absorption 2009 5.8 6.1 7.7 6.9
) mg/100g
coefficient 2016 17.9 12.8 13.1 11.4
Total nitrogen®’ %D 2016 044 041 038 037
Total carbon® Al 2016 5.9 5.8 5.5 5.5
o 2009 0.18  0.19 0.18 0.1
0.1 mol/L HCI-Cd mgkg
2016 020  0.18 0.12  0.13
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-ap p lication 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 phosphrusb) %" 52 Total Zinc mg /kg 1760
Total potassium® %" 0.4 Carbon to nitrogen ratio - 7.1
Total calcium® %% 2.1 Total cadmium®’ mg /kg 3.6"
Organic carbon %) 23.6 Acid-solubility -cadmium® mg kg 3.2
Moisture %) 26.1

a) Mass fraction

b) Content as P,O5

¢) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

) 4.9 mgkg in the dry matter

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

Table 3  Properties of reagent

tiom uni v e e
Total nitrogen %Y 46.2 12.0 —
Total phosphorus® %% — 61.5 —
Total potassium® %% — — 63.1

a) Mass fraction
b) Content as P,O5
c¢) Content as K,0

(3) FER X DOAERL

ARBRIX (X Fig.1 OEFY 1 i BRX O MfE% 4 m? (2 m>X A2 m) LU, 1HIRIEEHGE A X X ZnEh
2 RAEDFH 4 RBRIXABLE L7z, MR35 EIROBTL YT R YES 2 3 3% 5L 7= (Table 4) .

TGTRAEELOSEAR 1T, 1 fE%720 500 kg/10 a FREN A7 THY, HIBHEICE> UG RIEE T O FE A4
)&:@%ﬂﬁf\@%ﬁ%ﬁnﬁ%ﬂ@“ét (2, i o ERO H 2224 500~1000 kg/10 a L TW5810, F7z,
oy TSR A2l A UG IR IR R A - L2354, 130 pH MK T35V 2 bhoTnd. ZhbdZe
ZEREL, HIEIEEr R &4 500 kg/10 a(Bidy) LLT-.

?ﬁi}%‘ﬁﬂﬂ@%iﬂe@%%ﬁmfﬁiﬁ@%mﬂwﬁﬁﬁ R EFEHEX OEB BEOZEND 20 %L CHEL, EHO

S EREIEENCHi o 72, MBIZOWTH R BT EIEECHio 7o, BEHEXIZOWTIE, fiEAEEE S
(JEHEHMH% X E[RIC RS B 722 K90 H L 7= (Table 4) .

DAEEREFZ DWW T 2012 AFEAELUREIE A AEA A AL TN, 288 123 Kigs EA- L7272,
2014 FAAELIBRITV Ui — T B AEHEAL CTRY, SRL 5| &IV B —T v E=r AE L. 725,
FERERT OB T DA BB A AT L= &2 A, IGTRIERHEH X1 15.3 mg/100 g 1, fEHEXIE 12.2
mg/100 g #2 1-THY, HHEHERARIE 21T A B EY e O B AR FRRAE (10 mg/100 g 7 1) A7
2L TN =2 Eed D, DAEEDIBIRIZ L7207

72k, INFTOREBRICEITDNEEEREE Table 5 (ZnU7-. RERBAAA S #], 15T AEEHE H X oD fiti AR E% 7
BT, HRIEEO#EAIZ L2520 25 B L C, BRIEZFEE 100 %L THEL TR, (5TRAEEHE
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Fig.1 Plots plan of the test field
(AP: Sludge-fertilizer application plot SP:Standard plot)

Table 4 The fertilization amount (spinach in winter 2017)

. Amounts  Components (g/4 m*) Amounts ~ Components (kg/10 a)
Types of fertilizer

(g4m*) N P05 K,O Cd (kg/10 a) N P,0; K,O0 Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 13 500 16.6 261 1.8 1.8
Urea 145 67 - - = 36 16.7 — - =
Ammonium dihydrogen phosphate — — — - = — — — - =
Potassium chloride 103 — — 65 — 26 — — 162 —
Total 133 104 72 73 332 261 18.0 1.8
<Standard plot (SP)>
Urea 129 59 - - = 32 148 — - =
Ammonium dihydrogen phosphate 171 21 104 — — 43 52 26.1 - -
Potassium chloride 114 — — 72 — 29 — — 180 —
Total 80 104 72— 200 26.1 18.0 —




110 REEHIFFZEE#R S Vol. 11 (2018)

Table 5 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts  Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg10a) NP0, K,0 Cd (kgl0a) N P05 K,0 Cd
2009  Sludge fertilizer 332 11 17 T 1.2 — — — — —
Summer Ammonium sulfate 52 11 — — — 104 22 — — —
Carrot  Potassium dihydrogen phosphate 3 — 2 1 — 36 19 12 —
Potassium chloride 28 — — 18 — 12 8 —
Total 22 19 20 12 22 19 20 —
2009 Sludge fertilizer 302 10 16 T T.1 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 10 -
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 1.0 20 16 18 —
2010  Sludge fertilizer 227 8 12 I 0.8 — — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Spinach Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Potassium chloride 15 — — 9 — 3 — — 2 —
Total 15 12 10 08 15 12 10 —
2010  Sludge fertilizer 181 6 9 T 0.7 — — — —
Winter Ammonium sulfate 28 6 — — — 57 12 — — —
Qing  Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Potassium chloride 15 — — 0 — 6 — — 4 —
Total 12 12 0.7 12 12 12 —
20117  Sludge fertilizer 227 8 12 I 0.8 — — — — —
Summer Ammonium sulfate 33 7 — — — 57 12 — — —
Turnip Potassium dihydrogen phosphate 6 1 3 — - 24 3 15 — -
Potassium chloride 22 — — 14 — 24 — — 15 —
Magnesia lime (pH adjustment) — — — — — 35 — — — —
Total 15 15 15 08 15 15 15 —
2011 Sludge fertilizer 483 I6 25 2 1.8 — — — — —
Winter Urea 22 10 — — — 43 20 — — —
Spinach Potassium dihydrogen phosphate 1 — 1 1 — 50 — 26 17 —
Potassium chloride 25 — — 16 — 1 — — 1 —
Slaked lime (pH adjustment) 176 — — — — 216 — — — —
Total 26 26 18 1.8 20 26 18 —
2012 Sludge fertilizer 500 17 26 2 1.8 — — — —
Summer Ammonium sulfate 65 14 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 138 22 36 20 —
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Ammonium sulfate 71 15 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 32 36 18 1.8 20 36 18 —
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 3436 20 18 22 36 20 —
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach  Ammonium dihydrogenphosphate — - — — — 42 5 26 — -
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
Slaked lime (pH adjustment) 196 — — — — 218 — — — —
Total 35 5T 18 1.8 20 51 18 —
2014 Sludge fertilizer 500 17 26 2 1.8 — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate - - — — - 42 5 26 — -
Potassium chloride 23 — — 14 — 25 — — 16 —
Fused magnesium phosphate 291 — 58 — — 33 — 7 — -
Slaked lime (pH adjustment) — — — — — 196 — — — —
Total 27 84 16 1.8 19 33 16 —
2014 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Urea 25 11 — — — 34 16 — — —
Spinach Ammonium dihydrogenphosphate 71 9 43 — — 36 4 22 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 37 70 18 1.8 20 22 18 —
2015 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate - - — — - 42 5 26 — -
Potassium chloride 23 — — 14 — 25 — — 16 —
Slaked lime (pH adjustment) 196 — — — — — — — — —
Total 27 26 16 1.8 19 26 16 —
2015 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Urea 21 10 — — — 15 7 — — —
Spinach Ammonium dihydrogenphosphate 72 9 44 — - 109 13 67 — -
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 35 70 18 1.8 20 67 18 —
2016  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea — — — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate 89 11 54 — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 18 19 26 16 —

a) 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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2016 4F 11 A 7 BICHEARZAT 7. & iBRIX O 155 12 kg Z48I2HY, Table 4 O EREFHZ L7203 > T
fEBbZE N2 TIRAL, KRB FEICHZEITHAT Lz, S5, SNV AVEOERMRE BRELTHXATY )
RIFNEHAG U2, ZO%, BHFEE O CRESK 15 cm THHELZ. 728, FRBRXOEI 1 m OS5y (F
—RT TN, X ORI R FE R CEE CHEAELT-.

2016 4F 11 H 14 BICHEREA T2, R EI TR oLy (4 =2 —T7 > F R4) 2V, BRIX N
9 5% (&M 20 cm) MR Ty —4 —7 — 7 fi 1% W CHEFEL /-

2016 /- 12 A 2 H ROV 12 A 15 HIZHBI &% To7-.

2017 423 A 17 RICINER T o7z, HIBRZ I CUIMTL CH B2 IHEL 7.

FEFEDDIHE ETOFREWIMITN 4 » H THY, 2O R E/ERIZBE SN a7z,

(5) 1EMIEDTIRIT L3 HT

INHELT=%%, EHITHRY LYy ORRE EZ2RBR XA ICHE L. ST, /8 FEEHE L GRERIX e
1 m? 53 Cx, KIEK, A4 ZHKOIRIZHEL, 7T A2 T HIRFER LT IZBEFZ AR T 65 °C T
— BRI LT EEANELH%, HBIZ 500 pm O525\ @il 35 E T #HE (ZM200:Retsch 7—4—
[FIER 5 6000 rpm) THIFEL 34T LR L LTZ.

ARIY LEA R, SHEEE 0.5 g IZHER2 5 mL LK OUEREb/KkFEK 2 mL 2Nz~ A7 il oy ffdsE
(Multiwave 3000:Perkin Elmar) T/ fE'Y L7-t D% 50 mL ICERL, ICP & & 413 & (UltiMate
3000 :Thermo Fisher Scientific) Z IV CTHIEL7=.

(6) Bt D3

I HERS, BiRHh 3% ot A AR T S KO B U 7=, 538k X OVE IR D 3BT 3R 2 I HE L 7= S5 T & [
CaBR X o 1 m? O PURE K OV oo Ft 5 2T 0, £ 48 (AR 50 mm X R 250 mm) 2 W CTRENBH
15 cm £ CEEL, IRALTZ. @RGSR 2 VT35 °C T—Brizi#tg, HBIE 2 mm D550\ @il zb 0%
AT AR LT.

KG3E, ~alr ok sy i (HGS3: AR — b R) W CTRIEL 7=,

pH J OV EC [ JRHZ 158 1 1ZkLCK S ANz 1 REE#RED L7=%, pH 1347 A& % (F-23:HORIBA) , EC
X B R G (F-54:HORIBA) & AW CHIEL -,

0.1 mol/L HCI-Cd i%, -2 10 g {ZxfL 0.1 mol/L #Ef#% 50 mL Z /N2, £ 30 °C IZfRbBRN5 1 KEEiREIL
THIH L7230 EHIR I oUW T ICP B &40 H14E# (UltiMate 3000 :Thermo Fisher Scientific) Z VW CHIE L=,

2) 2017 EE/EDERAFER (20174 6 A 20 A~2017 £ 10 A 12 A)

(1) FRBRIBI5 K& OMIEEK 11

AR 5 K OiEER L U C 2.1) OFBR O L7 {5 R AEARHIE F X K OMEHE X i FH .
TEEOFESE, RiERIHO pH, EC, AZhAEY R, %, 4 KkFE K V0.1 mol/L HCI-Cd % Table 6 (2777
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Table 6 Characteristics of soil (summer 2016)

Unit Year Ap¥-1 Ap?-2 Sp®-1 Sp”-2

pH (H,0)° 2009 6.1 6.1 6.2 6.2

2017 6.3 6.5 6.4 6.4
— mS/em 2009 0.10 0.10 0.14 0.12

2017 0.09 0.08 0.06 0.07
Availab.e phosphate®’ mg/100 g 58(1)3 1557 163'.18 176..78 165..92
Total nitrogen®’ % 7 2017 0.44 0.42 0.37 0.37
Total carbon®’ o, P 2017 5.8 5.7 5.2 5.2
0.1 mol /L HCLCA® mgke 2009 0.18 0.19 0.18 0.21

2017 0.17 0.17 0.11 0.12
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-application plot

b) Standard plot

¢) Determined on 1:5 (soil : water) suspensions with a glass electrode, average (n=2)

d) Determined on 1:5 (soil : water) suspensions with an electricalconductivity meter, average (=2 )
e) Dry matter, average (n=2)

f) Mass fraction

(2) fERIEESE
HEEIEEE e O EAREH T 2.1) (2) ERICH D2 V.

(3) FBRXOAERL

RERX ORERIT 2.1) (3) LFERICALE L 72, MilE &3 H EIRO =2 i I YES 2 LIS L 7= (Table
7). PG URNEEOfiE &I 500 kg/10 a(Bi#) LU, TOEFIERIHRE 50 %ELTHEL, BEOREDEMIE
JEEFCH 7. INBRIZ DUV TH A JE /3 1A IE B CHl o 72, ARHEXIZ OV, M ERERE VTG TR EE
fiti X EFIC RSy Bl 272 B XM Uiz, RIVEOBR M 32 0 L= 25, K BRIX DA ZhREY BRI 315 TN
FHiti X 16.2 mg/100 g 82+, #E#EX 16.0 mg/100 g #2 1TV, Hi AR 2 BT 5 a2V R
O B FE FIRAE (10 mg/100 g #21) 272U Q=2 &0, DABRITBINIL 7277z,

Table 7 The fertilization amount (carrot in winter 2017)

Amounts  Components (g/4 m?) Amounts ~ Components (kg/10 a)

Types of fertilizer
(g4m*) N P,0s K,0 Cd (kg/10 a) N P,0; K,O Cd

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 13 500 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 73 273 261 16.0 1.8
<Standard plot (SP)>

Urea 120 55 — — 30 138 — - =
Ammonium dihydrogen phosphate 171 21 104 — 43 52 261 @ — -
Potassium chloride 101 — — 64 25 — — 160 —

Total 76 104 64 — 19.0 26.1 160 —
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2017 /- 6 A 2 BITHEARZAT 7. & slBRIXOFEE 1559 12 kg Z4RIZHY, Table 7 DR FHI L7235 T
JEELZ INZ TRAL, KilBRIX £ B IS ICEA L. &5, IhY AV E0ERBIBRE BRELTEATY )
RIFNEHAG U2, ZO%, BHFEE O CESK 15 em ETHHEL. 228, W —R 7771203, HEHEX O
FaREERF &R CEIA ChEAnL 7.

2017 456 H 20 BICHERZTT 72, BEMEWIT =00 (R4 B2 25) 2 AV, iBRIX N % 9 5k (SR
20 cm) MfE Ty —4 —7 — 7 F & AV TERELT-.

2017 -8 H 2 HKA U8 A 17 HICHBI&&1To7C.

2017 10 H 12 HICIFEE T Tz,

TR OINEE TOFRELMITN 3 7 A - ThY, TOMICEFEZERIIMEI 2D o7z,

(5) 1EIRDHIRIT BHT

INHEL 7= =0 2 UATKIE K THel %, BRI ISR E R AE L. o ARBHE L CGRRX s 1
m? 53 A& TAMREFEIZEI0 30T, AN E R RE LTz, ROV TEESIA A A K TR L T
HARTEL , <TI0 31 7o 0% SBIClRFLIRERE VT 65 °C T 24 FERIRIIRL /-, EEZHIEL:.
I OWTIE H AR, S510H AR Z VT 65 °C T 24 BRI SR L 7=1%, EEZHE L. Bl
TARER K OBERRIE, T2 HBIE 1 mm &Y 500 um D550 1818 32 TR (ZM200:Retsch 17—
4 —[Al#E%L 6000 rpm) % FHV T RL 72

HARIVLEFBEOHINIL, 2.1) O)EFERIAT 7=

(6) Wi+

IHER D 11, 2.1) (O)ERERICEREBUL OFHRIL, 28 RIY A0 AREHZ W TiE, HBRE 500 pm @
SHVEIEIETHE TR (ZM200:Retsch 17— —[A#55 6000 rpm) TEIFEL iR HLA L 7-.

HHEOHTE, 2.1) (ODIEBE IZIZ CTEARIT LE ST L.

TEEFORARIT AL, SATEE0.5 g 12, MEEKY 10 mL, @R LK FE AR 3 mL, K OT7 AL KEEK 5
mL 2Nz, ~A 705y fRdEE (Multiwave 3000:Perkin Elmar) (25023 i Ui EHARE LT-. 81X ICP & &
AR E (UltiMate 3000 :Thermo Fisher Scientific) (25017 7~.

3. ¥R

1) 2016 FEL&EERARER (ZFRIL>2VY:2016 £ 11 A 14 B~2017 43 A 17 A)

(1) VEIROILE: S ORI AR &

RV YU OILE, IRIT LR K OB RIT LR (& () X ARV AR E W) I2XE
) & Table 8 \Z/R L7z, G UEAEBHiEH X & OEHEIX DU &L, AFIRE TEIZE1110.90 kg & 10.45 kg THY,
IEAEX DI EZ 100 EL7/GIRAEEHE H X OINEFR U 104 Tholo, ARIV NREE (FW) I oW, 15
TEAEEHiGE A X 1% 0.44 mg/kg, FEHEX [T 0.40 mg/kg THY, IGIRAEEHEH XA H Z 2@ -7 (p=1.4X104) .
BIIR FE WSO TR, THTRAEARHE T X1 0.055 mg/kg, HEHEXIE0.054 mg/kg THY, WTHORERIX T
T Codex FMEME'™ (0.2 mg/kg) Kiii ThHo7z. IRIT LRI EIZ OV TIE, {GIRIEEHEH K IX ¥ fEC
0.60 mg/FER X, FEHEX (T 0.57 mg/FRER X CTHY, {GIRIEEHE A XA E B H-o72 (p=2.2 X 107).
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Table 8 Yield of spinach (edible portion) and Cadmium uptake (winter 2016)

Unit Test plot-1 Test plot-2 Average  Yield index?’ Slgntlgl:tance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.15 9.65 10.90 104
Dry weight kg 1.46 1.24 1.35 95 -
Cadmium concentration (fresh matter) mgkg 0.46 0.45 0.43 0.42 0.44 Significance®’
Cadmium concentration (dry matter) mgkg 0.055 0.054 0.055 0.054 0.055 -
Quantity of cadmium uptake” mg/plot 0.67 0.66 0.53 0.52 0.60 - Pending”
<Standard plot (SP)>
Fresh weight kg 11.40 9.50 10.45 100
Dry weight kg 1.55 1.30 1.42 100
Cadmium concentration (fresh matter) mgkg 0.42 0.42 0.37 0.37 0.40 -
Cadmium concentration (dry matter) mgkg 0.057 0.057 0.051 0.051 0.054
Quantity of cadmium uptake"’ mg/plot 0.65 0.64 0.48 0.49 0.57

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

b) Yield of Standard plot was indexed as 100

c¢) 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) )

d) 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 xnumber of samples) )

(2) Bt BB L

Bk 150D 0.1 mol/L HCI-Cd, pH (H20) & WNEC % 73 #r L7 & 24 Table 9 1Z7RL72. 0.1 mol/L HCI-Cd I3,
T IRAEAEH ] X% 0.17 mg/kg, FEYEXIT 0.11 mg/kg THY, {HIRAEHGH X0 5 03 B & -7 (p=2.4 X
10%).

Table 9 Characteristics of cultivated soil in winter 2016

Unit Test prot-1 Test prot-2 Average Slgnifei;:tance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd™ mgkg 0.17 0.18 0.17 0.17 0.17 Significance®
pH (H,0)” 6.3 6.5
ECY mS/m 8.5 7.9
<Standard plot(SP)>
0.1 mol /L HCI-Cd mgkg 0.12 0.11 0.12 0.11 0.11
pH (H,0) 6.4 6.4
EC mS/m 6.4 7.3

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
b) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=2
¢) Soil electrical conductivity determined on 1 : 5 (soil : water) suspensions with an electricalconductivity meter, n=2

d) 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) 2017 FEAERER(EA=VT:20174£6 A 20 H~20174 10 A 12 8)

(1) 1EIROILE K BRI LRI &

=2V DN, IRIT LR K I RIT LRI &% Table 10 (ZRL7Z.

=2V ONE (AR 1, AREBIZOWTIIH TR IERHEH X 10.28 kg, #R1EX 10.00 kg, HEFRIZ- DWW T
THURIEEIE F X 5.70 kg, FEHEX 6.03 kg THY, MEEHEAOAFHITGTENEHE H X 15.98 kg, FZHEX 16.03
kg Thoo. EHEXDILEA 100 & U7 IRAEEHE A KON EFEEIIRE Y 103, FEEHAS 95, HREEIERD
AFE 100 THHT-.

AR LR EE (R AE) 1%, AREBIZ DWW TG TR AR ] X 0.12 mg/kg, HEHEX 0.10 mg/kg, FEHIZ-DOUNT
I RIBTRAEENE F X 0.19 mg/kg, FEHEX 0.15 mg/kg Tih-7-.
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FRERO AR I A FE (BUAE) 1Z, 15 TRAREHE X 0.013 mg/kg, FEHEX 0.017 mg/kg THY, Codex HHEfiE!
7(0.1 mg/kg) AKfii TH 7.
ARER X Y720 DA RIT AOWILEIE, ARFBIZ OV CIIHTR ARG X 0.13 mg/alER X, EHEX 0.12 mg/a
BRIXCHY, BEEIZOW TG TRIEEE X 0.14 mg/iRBRIX, FEHEX 0.12 mg/iABRX CTHY, MEBEIEH D
AFHIVGIRNEEHE X 0.27 mg/FER X, FEHEX 0.24 mg/ABR X CTh o7z,

Table 10 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2 Average  Yield index®  Significance test
<Sludge-fertilizer-application plot (AP)>

Root kg 10.25 10.30 10.28 103
Fresh weight Leaf kg 5.80 5.60 5.70 95

Total kg 16.05 15.90 15.98 100

Root kg 0.96 1.21 1.08 88
Dry weight Leaf kg 0.71 0.72 0.72 93

Total kg 1.67 1.93 1.80 90 -
Cadmium concentration (dry matter) Root mgkg 013 0.12 012 0.12 0.12 Pending”

Leaf mgkg 019 019 019 019  0.19 Pending”

Root mgkg  0.012 0.012 0.014 0.014  0.013

Cadmium concentration (fresh matter)
Leaf mgkg 0.023 0.024  0.024 0.025 0.024

Root  mgplot 0.12  0.12 0.15  0.14 0.13 Pending”
Quantity of cadmium uptake® Leaf mgplot 0.14 0.14 0.14 0.14 0.14 Pending”

Total mgplot 026 0.26 0.28 028 0.27 Pending”
<Standard plot (SP)>

Root kg 9.65 10.35 10.00
Fresh weight Leaf kg 6.20 5.85 6.03

Total kg 15.85 16.20 16.03

Root kg 1.19 1.28 1.24
Dry weight Leaf kg 0.80 0.75 0.77

Total kg 1.99 2.03 2.01

Root mgkg  0.10  0.11 0.08  0.08 0.10

Cadmium concentration (dry matter)
Leaf mgkg 0.17 0.17 0.13  0.14 0.15

Root mgkg 0.013 0.013  0.022 0.022 0.017
Leaf  mgkg 0.010 0.010 0.017 0.017 0.014
Root  mgplot 0.12  0.13 0.11  0.11 0.12
Quantity of cadmium uptake® Leaf mgplot 0.14 0.14 0.10  0.10 0.12
Total mgplot 026 0.26 021 021 0.24
a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100
¢) 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 xnumber of samples) )

Cadmium concentration (fresh matter)

(2) Wi OB

B 5 D4RV 4, 0.1 mol/L HCI-Cd, pH (H,0) & UF EC D347 % Table 11 1Z7RLTz.

BRIV LR, HIENEEHE XX 0.61 mg/kg, HEHEXIT 0.46 mg/kg T, HIRNEEHEH X2 B &
o7 (p=1.4X107) .

0.1 mol/L HCI-Cd 1%, {5VREEH A X% 0.21 mg/kg, HEHEX X 0.14 mg/kg THY, HIRIEEHE X3 H &
(2272 (p=2.1 X 10°) .
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Table 11 Characteristics of cultivated soil in summer 2017

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.61 0.60 0.62 0.61 0.61 Significance®”
0.1 mol/L HCI-Cd® mgkg 0.22 0.21 0.21 0.21 0.21 Significance
pH (H,0) 6.3 6.4
ECY mS/m 0.093 0.079
<Standard plot (SP)>
Total-Cd" mgkg 045 0.46 0.48 0.47 0.46
0.1 mol/L HCI-Cd® mgkg 0.15 0.14 0.14 0.14 0.14
pH (H,0)® 6.4 6.5
EC? mS/m 0.064 0.061

a) Content in the dry matter

b) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid 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 standard plot (two-way ANOVA 5 % of both sides levels of significance,
n=4 (2x2) (repetition xnumber of samples))

D FEDOIEDHR

2009 F EAELUEDOIE IR DI EDOHER % Fig.2 IR LT,

4. £ =

RYL Y TICONWTEBE I LT B IR AR S 2GS T D A I (8 kg/iABRX) LRI%LL 1

THY, —EDIEP LRSIV TN,

ZUATOWTIE 2012 FEEAELIE, BB IEIEHED (RS 0D BRI (14 kg/ilBRIX) %2 T A

STV, T, @, = VURROIEREEE T D70 AT ML 2 L, I TEIEZ

L= >

1o

LEETVDYI, AR CIIRBREREE L, BBAEREEI O K QNBAEAM TR AN ZEN—REB ZHND.
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B Sludge-fertilizer-application plot  CiStandard plot

Al elonbbels

Yield of crop body (kg/plot)

Root | Leaf Root = Leaf | Root | Leaf | Root Leaf | Root @ Leaf | Root Leaf | Root | Leaf | Root | Leaf
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.2-2 The yield of each crop body from 2009 to 2017 (in summer)

2) EEDA FEOLEERVRINEDHRS

2009 FEHEAEND 2017 FEEFEETOERBR TOMEDET ORIV LR K OFRER S 720 DA RIT LK
W EOHERZ Fig.3 ITRLT-.

2011 FFLARE, FEAEX IS IGTEAEE A X )5 BMEMIR T D Fa NI LR BE K O R BRI & A3 i v ME
[N TS ZED D, IGIRIERIDFEAIC Lo THEMIR D I RIT MR ERm<HEBE 2 bD. LL, 2
F VB IRAEEHIE A X DUHE L 7= AE IR DA R I AP FE DS Codex JEHEME'Y (ZEH 0.2 mg/kg, HR3Z:0.1
mg/kg) Z 2 HZ LT T,

16 == Quantity of Cd uptake [Sludge-fertilizer-application plot) r 16
1.4 1 Quantity of Cd uptake (Standard plot) L 1.4
% —a— Cd concentration (Sludge-fertilizer application plot)
‘g 1.2 --%--- Cd concentration (Standard plot) rl2
g 1.0 L 10 %ﬁ
So08 - 08 B
3 E
= —
5 0.6 - 06 5
£ o
£ 0.4 L 0.4
3
%02 - 02

0.0 T T T T - 0.0

Spinach Qing geng cai Spinach Spinach Spinach Spinach Spinach Spinach
2009 2010 2011 2012 2013 2014 2015 2016

Fig.3-1 Cadmium concentration and absorption amount of each crops from 2009 to 2016 (in winter)

16 W Quantity of Cd uptake (Sludge-fertilizer-application plot) 0.7
_ 14 [ Quantity of Cd uptake (Standard plot) 06
% —— Cd concentration (Sludge-fertilizer application plot) 2
-? 1.2 -0~ Cd concentration {Standard plot) 05
210 E
E 0.4 %
So8 B
3 - 03 E
s 0.6 =
e
£04 0.2
g
Y02 - 01
0.0 T T T T T T - 0.0
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.3-2 Cadmium concentration and absorption amount of each crops from 2009 to 2017 (in summer)
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3) EMbTIRGPDH FSOLOHER

(3.1) B3 0.1 mol/L HCI-Cd DHER

Bk 130D 0.1 mol/L HCI-Cd DHEFE% Table 12 X O Fig.4 [ZRL7zZ.

THUEAEEHE A X K& OEHEX 0D 0.1 mol/L HCI-Cd DHERIZ DWW THHIM AR T 57280, T E D MLELX
(2B DR ER BRI D ORRE H (K 3RERORIFEIL 6 - H ELT2) 1IZx95 0.1 mol/L HCI-Cd O#RIE H.[A] )5 47
WraAT o7z CRIENFRO 3BT R O p EIC VR, WA EKYE S %) (Table 13). 2017 FFEAEH#IET
OIBPEEEHE KO EIFIIA R T2 (p=0.45) —ETHBEL TWAE\I Tho7z. —JF, FEHEX T, 2011
FELAEBR I LARE, R B L7220 TR AR 5 (p=3.2 X 107), MisBR X MO IX K EL DM T
Hotz. Fiz, 2011 FLAELUKE, TBIRAEEHEF X D 0.1 mol/L HCI-Cd AMEHEX R CTH B IR eoTz. £
LA, V5 VRAEEHE X 00 5 D3 BV ME R 3 e O D ZHUE, AEHER I AEEHZ LD I R AR 3 72<,
TEMEROFFH L3S 5023 L, 1HIEAREHE A X IZ5 TR AEEHZ Ko THHE SN A RIY A0 —EIT/EM I
OWIUZ IS TRHBHHENDD, 2 LIMT EEITRE L QOB ERER EE 255,

Table 12 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

P -value of single

Ap R Sp® Significance test regression analysisd)
Year Season Test Crops

(mg/kg) (mg/kg) (difference between the  Ap b) Sp®

processing)

2009 Start — 0.19 (0.01)®  0.20 (0.02) N.s.P — —
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) Pendingg) — —
2010 Winter Qing gengcai  0.18 (0.02) 0.18 (0.01) N.S. 0.55 0.20
2011 Summer Turnip 0.19 (0.004) 0.18 (0.01) 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) Signiﬁcanceh) 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
2016 Winter Spinach 0.17 (0.01) 0.11 (0.002) Significance” 0.16 <0.01
2017 Summer Carrot 0.21 (0.002) 0.14 (0.004) Significance” 0.45 <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(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 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.4 Changes in the 0.1 mol/L HCI-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(3.2) Wi O EHRNIT AR

Bt - HE D4 RID AR FE OHERS A Table 13 & OY Fig.5 IZRLTz.

15 VR REAHE I X M OUFEHE X DA RIY AR E DHERIZ DWW TEIM A 35720, TN EOLEXIZ
BiF5, 2009 FEEENLORE A EAENSROBEEEZTOMIRIL 12 # A LU IR THR2IRIT ARED
GBI T 24T > T (BIERAO 53 BT R O p I KO FHE, WifRlA EKYEE 5 %) (Table 14) . 2017 4
HAEB L E COIE TR MBI X 13 FE T (p=3.4 X 107) 2338 B 41, FEUERK|E T KBME I (p=2.6 X 102) 2332
HHIT.

TG AEEHi X % OUEHE X DA RIY AR A Lk LT= L2 A, A L7 2009 4 EAE GG AL A
KAMEHEX LA RBICR<IR-TRY, ZO2T 2012 FEAELIRE, BEE b DL/ LIk RERORE B3k 1 C
W5, 2, 15TRIEEE A K IXVGTENEE B D I RIT AOME &S, EMIROINHEIZ LD HHEPAIRIT A
DEGH~OFFH LRIV L2, WRITLRERET DD, FEERITIEE RO A RIT LD
AN EE Z BN,

Bt HEED A RIT AR EEIZ-OUVNT, 2009 4B AEBHL L0 FERIE L BREREOHER & Fig.s (TRLTZ. 15
VEREEHiE I X % OEYEX DA A NI AR FE O BRERIE T, 2009 42 /EfH 5 FZHI 4 S LT, Table
16 CHIHLZARIY AERERELZ REUA U7, KX SERME L BRI AN EE — B CTHERE L QU T,
— 7, VGURNEBINE P X 13, BERE L el U CERIME o 7 AMEY A THERB L TV, U, HEFoAR
U LADKEIF EA~DOREED 12008350, OB RITARRBENICE EHRNZEICEDbDEE LR

7.
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Table 13 Changes in the total-Cd concentration® of soil after harvest

p-value of single

Year Season Test Crops Ap” Sp% . Significance test regression analysis”
(mg/kg) (mgkg) (difference between the 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<0.05® 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
2017 Summer Carrot 0.61 (0.01) 0.46 (0.01) Significance p<0.01 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
exp erimental plot

e) Standard deviation (n=4 (2 X 2) (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 (2x 2) (repetition x number of samples))
g) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance)

08 —#— Sludge-fertilizer-application plot (AP)
= © = Standard plot (SP) X
—+— Sludge-fertilizer-application plot (AP) ,Theoretical value _F-X-“'"____F
- =% - Standard plot (SP), Theoretical value _—
plat (SP) e
0.60
w
=
@
E
=
<
E 050
=]
2
0.40
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
Summer Summer Summer Summer Summer Summer Summer Summer Summer
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.5 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration of soil

after harvest (The error bar indicating the standard deviation)

(3.3) HEHPOEHRIVLOEFERLE 0.1 mol/L HCI-Cd £

KRB COREIE RO A RIY M &, EMRICEDZ PRIV AR HLE, HE~ODRIVLAEREEKL
OFEFHIRE OHERB % Table 14 (R LTz, NIV LOAGT &I, K HIEEIO A RIT A5 A B &2 5
THHLE. (BRI E DRI AR H LR, HELIZEMIRO AR RN EL LTz, SHE~DHRIY
LEFEEX, AN ED AR AAM EEEMIRICEDIRIV AL BEOZIZIVE L. T~
DHRITLERE &L, VRIVLERBEEZRBRX Y7200 L& (ELo%ES 15 cm, BHEORILE 1.0EL,
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ARBRIX 4 m? 47200 % 600 kg EL7-) TBRLUTHEIH L. Ziudk, HEOELOHERS K O L ENE
\Z—TE T, DOERHH RO RIV AN THELICERB LIS EL TR L.

Table 14 Changes of the 2009 ~2017 years of the quantity of cadmium load by fertilizer, quantity of peculating

due to the crops body, and quantity of cadmium accumulation to the soil

Sludge-fertilizer-application plot (AP) Standard plot (SP)
Quantity of cadmium® Concentration of Quantity of cadmium® Concentration of
b o e cadmium b o e cadmium
Load Removal”  Accumulation accumulation® Load Removal”  Accumulation accumulation®
Year Season  Test Crops
(mgplot)  (mgplot) (mglplot) (mgkg) (mgplot)  (mgplot) (mgplot) (mgkg)
2009  Summer Carrot 4.84 0.54 4.30 0.007 0 0.50 -0.50 -0.001
2009  Winter Spinach 4.40 1.18 322 0.005 0 1.34 -1.34 -0.002
2010 Summer Spinach 3.30 0.72 2.58 0.004 0 0.96 -0.96 -0.002
2010 Winter Qing geng cai 2.64 0.21 243 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 -0.001
2016  Summer Carrot 7.28 0.23 7.05 0.012 0 0.19 -0.19 -0.0003
2016  Winter Spinach 7.28 0.60 6.68 0.011 0 0.57 -0.57 -0.0009
2017  Summer Carrot 7.28 0.28 7.00 0.012 0 0.24 -0.24 -0.0004
Total 105.60 9.36 96.24 0.160 0.00 8.62 -8.62 -0.0144

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 app lication
¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil =b) — ¢)

¢) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (600 kg)

Table 14 OFEEMNE, B I T/EMIRIC LD AR IV LD L& (BFE), 15TRIEEHE I KIT Ry L%
TR (B 2 H U A 134 ¢d T 0.1 mol/L HCI-Cd DHER L L1 12 Fig.6 1Rz,

FEAEXZ OV, TEIRICED Cd OFF B LEIL, 2RIV LD IELIZIZFETZA3, 0.1 mol/L
HCI-Cd DWW BT Z AU L TRORKREV, Zhud, BHEH KO 0.1 mol/L HCI-Cd DAL AR 2 IZH#EA T
WHZEIZE DD EHELESND.

TGUENEEHE A2 DT, IR RO R A5 T & (AR 233 BRBH AAIF D 0.1 mol/L HCI-Cd R I
PSNTWAIZHA )35, 0.1 mol/L HCI-Cd J FE OB IME MIZERD S, Zhiu, 1EMicka8bH L,
TEFICARSNIZIRIY AOKEBEY 19200, FEROAEELRE G T 52 28Ik oT 0.1
mol /L HCI-Cd A AREEL TWDZENER LB 2 DD, TEWIIRD IR L FE I HE X Ly5 JE JREHX o [
TREDZROVDIX, IEEH O 0.1 mol/L HCI-Cd DZ<MEMRITRIN SN ORI AR LL TV D ZENRE XD
o,

HIRIY DE G4 T HIHIRIEEI OB 2L, 0.1 mol /L HCI-Cd DA LA RNRBICELIZGA, 2
THIME R AFED D> 7=+ 0.1 mol /L HC-Cd 3 IMEENZER U D Z EN TSNS, ZOHET,
VEWRD I RIT DR FEICH BT HIENEZEZONLIEND, 5% TEOIRIY AER & (RFE) £ 0.1 mol
/L HCI-Cd DBRIZ AW TR | St Z A T 205 D.
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Fig.6 Changes of Cd concentration in the soil
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Fig.7 Changes in the pH of soil after harvest
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Fig.8 Changes in the EC of soil after harvest
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Fig.9 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)
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Fig.10 Changes in the available phosphate of soil after harvest
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Fig.11-1 Changes in the exchangeable-potassium of soil after harvest
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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 2016 and Summer 2017 -

Keisuke AOYAMA', Toshiharu YAGI?, Harufumi SAITO'!, Kenta SAKUMA?,
Tokiya SUZUKI?, Yudai TANAKA!, Yoshimi HASHIMOTO!, Fumihiro ABE!

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

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

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

(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since
2009. The soil is composed of the Andosol. We cultivated spinach in winter 2016 and carrot in summer 2017.
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 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 total-Cd compared with the soil in the SP since winter 2011. The
concentration of total-Cd in the soil (from summer 2009 to summer 2017) showed significant increasing trend in
the AP. The concentrations of cadmium in each crop harvested (from summer 2009 to summer 2017) 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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