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Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen 0, 5.5 Moisture 0, 112
Total phosphoric acid”’ %" 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid” %" 2.2 Total Zinc mg /kg 1038
Total potassium” 0,9 0.4 Carbon to nitrogen ratio - 6.3
Total calcium” %" 1.4 Total cadmium” mg /kg 2.8
Organic carbon %" 360 Acid-solubility-cadmium® __mg /kg 1.8

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

e) Content of cadmium dissolved with aqua regia f) 3.2 mg/kg in the dry matter

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

Table 2 Properties of reagent

Item Unit Urea Ammoniumdihydrogen Potassium

phosphate chloride
Total nitrogen A 46.2 12.1 —
Total phosphrus” %Y - 61.1 —
Total potas siumc) %a) — - 62.9
a) Mass fraction b) Content as P20s ¢) Content as K20
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ARERERIT Y T2 — Y (B BRIV E0) CEMLE. HEROBEEIIERAS L THhY, TR
<ETH5. 1 FHEEND 16 4 H BEAFETONESZ OB 5125\ T, pH, BXIxE = (EC: Electrical
Conductivity, LA FTECJEVN)), B4 A8 H#14% & (CEC: Cation Exchange Capacity, LA T TCECJ&VY)), R
421 (TN : Total Nitrogen, LA FITTN &), 5428 (TC: Total Carbon, LA NITCIEW)), HEIREDARE, &
HaPENNE, 2 A K S O 5 = O E A 5% Figure 1 (27,

pHIL, HHEFOHRIT AEFERICG 2 DFBNRKEND, pH6.5 UL/ 5912, BRGNS 34EH,
S5H, 6 FH KO T HBICHAKEZHWT pH sl 41T 7.

7 FHAEND 11 FFHBAEET pH6.4 FRE TLREL THER L TV, 11 FHAE, 12 5 EETIX
pH6.0 fHEET A o7z, 272w 134 H KON 14 4 H A EORFREATICH 4 K% H T pH FisEA 2L,
14 B ZIETIX 6.5 (T ECTRIE L.

15 45 B BAF CHEE AT AP DT K IR~ 7 3D LD AN E T LT L25, IRtk XD pH
DO 6.0 FHIET FN-72720, 16 4 B BEAECIIFONE LA IKOli HIZAE L7228, pH IZOWTIE4 ]
RELREA T RO 2D o7,
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Figure 1 Transition of the characteristics of the soil

Error bar shows standard deviation (SD) (n=4 (2x2) (repetition of plot x number of samples))
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Figure 2 Plots plan of the test field

4) HERAEE%Et

15 = B AERTL YT KON 16 4B BIE=0 V0 O iRk % Table 3-1 & (Y Table 3-2 (2R L7z, FEAERE
FHZOWTIE, EEEEYIEEE (B £ IR) O %225 1CGT L.

IGUEAREHE, 15 VEARE P O B4 8 O R ~OFRA Il 7572012, & ERO B LE24H 500
kg/10 a~1000 kg/10 a EL TS ATRERHT™Y, — I 1 /E272D 500 kg/10 a FREE i S T0510. &
7=, B TR AL UG TRIER 2 L2356, 1O pH MR T35, 2o, 4 428 ZIEND
11 B EAEETORBRICINT, 1 FEHTZVOIHIRALEL O H E4 500 kg/10 a L7z, LU HAGERD
HID—>ThD, LE~OEMELZHRTH-DIITEERIGIRIEE R O BRI KPR EE MR =6, Ak
Bro> 12 45 B BAELARIZ BT 275 TR AR OB A 81d 1 /F24729 750 kg/10 a ELCT5. BIRIEEIOE R DO
BALRICOWTE, AIEETOIEZZEL CRIEL TR, 12 43 BEIELIEE, Z1EIX 20 %, EVEIT 40 %
LCEHROBEZFE L, RRESICOWTUIRFBL W THIELT.

DABEIZDUVNTIE, U HE AR #H 2123 1T 2B N ABV AR O UE B AT FIRAE (10 mg/100 g #2 1) A
o IR LTz, 72k, BERIRE CHDIHIRIEEHIIR N E B EL, GA THEMED ABOMEZ B FHH
WV, IMEIZDWTHE, EEREWMEIEEYE (55 EIR) OO LBEGEH L. 728, ZRETORBRIZKIT D
&% Table 4 |Z/RL7T-.
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Table 3-1 The fertilization amount (spinach in winter 15th)

- Amounts Components (g/4 mz) Amounts Components (kg/10 a)
Types of fertilizer

(@4m’) N P05 K,0 Cd (kg/10 a) N P,0O; K, 0O Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 3000 164 142 12 0.0085 750 41 36 3 0.0021
Urea 93 43 — — — 23 11 — — —
Ammonium dihy drogen phosphate 35 4 21 — — 9 1 5 — —
Potassium chloride 95 — — 60 — 24 — — 15 —
Total 211 164 72 0.0085 53 41 18 0.0021
<Standard plot (SP)>
Urea 136 63 — — — 34 16 — — —
Ammonium dihy drogen phosphate 144 17 88 — — 36 4 22 — —
Potassium chloride 115 — — 72 — 29 — — 18 —
Total 80 88 72 — 20 22 18 —

Table 3-2 The fertilization amount (carrot in summer 16th)

L Amounts Components (g/4 mz) Amounts Components (kg/10 a)
Types of fertilizer )
(g4m® N P05 K,0 MgO Cd (kgl0a) N P,0; K,0 Mg0 Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 3000 164 142 12 — 0.0085 750 41 36 3 — 0.0021
Urea 15 7 — — — — 4 2 — — — —
Ammonium dihydrogen phosphate 29 3 17 — — - 7 1 4 - — -
Potassium chloride 82 — — 52 — — 20 — — 13 — —
M agnesium lime 800 — — 136 0.0008 200 — — — 34 0.0002
Total 174 160 64 136 0.0093 44 40 16 34 0.0023
<Standard plot (SP)>
Urea 129 59 — — — — 32 15 — — — —
Ammonium dihydrogen phosphate 138 17 84 — — — 34 4 21 — — —
Potassium chloride 101 — — 64 — — 25 — — 16 — —
M agnesium lime 800 — — — 136 0.0008 200 — — — 34 0.0002
Total 76 84 64 136 0.0008 19 21 16 34 0.0002
Table 4 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 (kg/10a) N P,05 K,0 Cd (kg/10a) N P,05 K,O Cd
Ist Sludge fertilizer 332 11 17 1 0.0012 — — — — —
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 0.0012 22 19 20 —
st Sludge fertilizer 302 10 16 1 0.0011 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 10 —
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18  0.0011 20 16 18 —
2nd  Sludge fertilizer 227 8 12 1 0.0008 — — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Spinach Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Potassium chloride 15 — — 9 — 3 — — —
Total 15 12 10 0.0008 15 12 10 —
2nd  Sludge fertilizer 181 6 9 1 0.0007 — — — — —
Winter Ammonium sulfate 28 6 — — — 57 12 — — —
Qing Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Potassium chloride 15 — — 10 6 — — 4 —

Total 12 12 12 0.0007 12 12 12 —
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Table 4 (Continue)

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) N P,05 K,O Cd (kg10a) N P,05; K,O Cd
3rd  Sludge fertilizer 227 8 12 1 0.0008 — — — — —
Summer Ammonium sulfate 33 7 — — — 57 12 — — —
Turnip Potassium dihydrogen phosphate 6 1 3 — — 24 3 15 — —
Potassium chloride 22 — — 14 — 24 — — 15 —
Total 15 15 15 0.0008 15 15 15 —
3rd  Sludge fertilizer 483 16 25 2 0.0018 — — — — —
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 0.0018 20 26 18 —
4th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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  0.0018 22 36 20 —
4th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 20 36 18 —
S5th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 34 36 20 0.0018 22 36 20 —
5th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 51 18 0.0018 20 51 18 —
6th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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  0.0018 19 33 16 —
6th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 20 22 18 —
7th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 19 26 16 —
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Table 4 (Continue)

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg/10a) N P,05 K,0 Cd (kg/1l0a) N P,05 K,O Cd
7th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 20 67 18 —
8th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea — — — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate 89 11 54 — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 0.0018 19 26 16 —
8th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach  Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 33 26 18 0.0018 20 26 18 —
9th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 26 16 0.0018 19 26 16 —
9th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 33 26 18 0.0018 20 26 18 —
10th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 26 16 0.0018 19 26 16 —
10th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —
Total 43 24 18 0.0014 20 24 18 —
11th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Summer Urea 10 5 — — — 31 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 22 — — 14 — 25 — — 16 —
Total 33 24 16 0.0014 19 24 16 —
11th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —
Total 43 24 18 0.0014 20 24 18 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 6 3 — — — 34 16 — — —
Carrot Ammonium dihydrogen phosphate — — — — — 27 3 17 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magneium sulfate 25 — — — — 25 — — — —
Total 44 36 16 0.0021 19 17 16 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach  Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Magneium sulfate 25 — — — — 25 — — — —
Total 53 41 18 0.0021 20 22 18 —
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Table 4 (Continue)
Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,05 K,O Cd (kg/10a) N P,05 K,O Cd
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — — 0.0002
Total 44 40 16 0.0023 19 21 16  0.0002
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
14th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — — 0.0002
Total 44 40 16  0.0023 19 21 16  0.0002
14th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
15th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea — — — — — 28 13 — — —
Carrot Ammonium dihydrogen phosphate 22 3 13 — — 49 6 30 — —
Potassium chloride 21 — — 13 — 25 — — 16 —
Magnesium hydroxide (pH adjustment) 25 — — — — 25 — — — —
Total 44 49 16  0.0021 19 30 16 —
15th  Sludge fertilizer 750 41 36 3 0.0021 — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
16th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — — 0.0002
Total 44 49 16  0.0023 19 30 16  0.0002

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)

5) BIETE

HEZOMEEL X Table 5 LY. FEIL, &

TN, EEROSEAE

L7-.

AR X DB K 12 kg ZRITERY, £ 3-1, 3-2 DlafEakEHe
L= o TR I TRAL, FilBR X R BICHSICHA L. 7ok, KRBRXOEL 1 m Oy (F—K
REFCFILEIG TR L 72, D%, BHufz O TESK 15 em ETHHELC.
SIS DN DT T O RGO E mEhkRE LT ATV /R R AT L, ESK 15 cm ECH
LU CREAEOITRb L%, BB NE 9 5k (LMY 20 cm) [BIfE T —4 —7 — 7 I L&A/ FE T2 & Fd
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Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2023.8.29 2024.4.11
Pesticide application 8.29 4.11
Seeding 9.11 4.18
Thinning (first) 9.22 5.16
Thinning (scond) 10.6 5.29
Harvest 12.13 8.2
Cultivation period 93 days 106 days

6) EMADRINE

ROV Yy DHERR (R &) ZINEL 7218, TIREHWIEEL, 1EMRO R B2 BRI EICHIELZ. S61Z,
ARBRX PR | m? 52T, KIEK, A4V ZBOKDINEIZHRE L, 7 A% T H IR L 7% i a1 as
12T 65°C TR,

=V ATOWTIARITOW e B ZKEK THRWEEL, BTy 78T 2 W THEEEAR R (R & E0)
Bl ZhEh O EEZ R AEICHEL-. S5, SRR FRO 1 m? 5382 Tk, KK, 1453
KON YL, BEEIIA T AE T AR L7 IR R RER T T 65 °C C— BB LI, ARERITET
78T 2 VDT IR L7, il Bz 512 T 65 °C T—BRHIRLT-.

HLE U730 H B 500 um D 55\ & i@ 35 F THIF (ZM200:Retsch  7— & —[m]#5% 6000 rpm)
TEEL AT B LT

7) EMEOHRED LS

IINTRRER 0.5 g IZhYEE 4 mL M ONEBER{L/KFE/K | mL 21z~ A7/ fifE & (ETHOS EASY: <A /LA
— B RTI) THEY UI-b O CRO BN EUHH AL, SOICHEEE 1 mL 22 CTAEE) % 50 mL (Z&
AL, ICP & &/ HriE & (iCAP RQ :Thermo Fisher Scientific) % N CHIELT-.

8) EihtIEDHHT

I HERS , B 43 2 5 8 R ER 1 IS KD ERIL 2. 25 3R BR X O EM IR A SURE L 7= 35 Pt &[] U sk X R
1 m2 DPURE K O DFE 5 20FT8D, £ (A 50 mm X £X 250 mm) 2 WO CTEENGH 15 em £ T
B, IRA U, RS A AT 45 °CT— Bl EREESHE, BRI 2mm 0520 EEiELI-b 0% 54T
e LT,

THEFROEHRIT AL, SHEE 0.5 g 12, ISR 5 mL, @BERILKFEAK 2 mL, K OT7 o LKFEEEK 1
mL ZHNZ, A7 fRIEEIZ DR LT-1%, 58 | mL, WMESREE | mL 2N B~ A 7l oy g2
(XL, BBHATR S Lz, JIEIL ICP B & i E Ic LT o7,

0.1 mol/L ¥gFg FT¥R AR 4 (LLF, 10.1 mol/L HCI-CdJ &) ) 1, 43k} 10 g (2% L 0.1 mol/L HCI 50
mL ZNZ, K9 30 °CIZfR B30 1 REFIRVIEE CThit U723 EHE IS DWW T ICP B &4 ki 2 TV ClllE
L7119,
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3. HWRRUBE

1) &fERoLovyn

(MW IEMAEDOIE, HFEOLEBE

15 FE H & MER UL T DOfER% Table 6 (Z/RLT-.

I, JBVRAEEHE X C 12.3 kg, FEAEX T 9.7 kg THY, FEAEX I3 DG TEALEHEFH X O 5%k
1% 126 THot=. 1 FEHMND 15 4 HOXAEDINEDHER % Figure 3 1287

YLV TBTROTRIT LG ENE, IGTEIEEEH X T 0.064 mg/kg, HEHEX T 0.050 mg/kg Th-o7z. 1
FHNS 15 FEHORTL Y YBWY RO ARIY LNREOHERS T Figure 4-1 |ZR 3880, REBIEZES (U
T, TCodex ZZEZ3 1L, ) DNE S LHIEUEAE (0.2 mg/kg) (2K L TRV VR EE THER L Tuh-.

Fio, ROV YT RO TIRIT LIRFEICOWTHE XA LRI LA, {GIRIEEHE X T 0.54 mg/kg, 1%

HEXC 0.36 mg/kg THY, {HIRAEEHH X 23G BEIZEORE R Th o7z (p=4.2X10°) .

TGIEREELOEHICE DRI L YT R O I RIT MR EE OHERS 4 Figure 4-2 1R L7Z. 1 R HG 154 H
FETEEIRSHTLIZEZA, 1GIEREEHE I X K& OME X I IS A8 D B -7,

Table 6 Yield of spinach (edible portion) and cadmium concentration (winter 15th)

Unit Test plot-1 Test plot-2 Average  Yield index") Sgn tieﬁ:tme
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.9 11.6 12.3 126
Cadmium concentration (fresh matter) mg/kg 0.061 0.061 0.066 0.068 0.064
Cadmium concentration (dry matter) mgkg 0.51 0.52 0.56 0.57 0.54 Significance®
<Standard plot (SP)>
Fresh weight kg 10.9 8.5 9.7
Cadmium concentration (fresh matter) mgkg 0.053 0.053 0.045 0.048 0.050
Cadmium concentration (dry matter) mgkg 0.40 0.40 0.31 0.33 0.36

a) Yield of Standard plot was indexed as 100
b) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition of plot x number
of samples))

EAP aSsP

]
(e

jo—
N
I

Yield (kg)
=
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1

1 2 3 4 5 6 7 8 9101112131415
Year

Figure 3 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 4-1 Cd concentration (content in the fresh matter) in spinach (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 4-2 Cd concentration (content in the dry matter) in spinach (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot X number of samples))

(2) B LD ARZD L

15 B &AERT LTl 1180 0.1 mol/L HCI-Cd, pH (H20) K OY EC %53 #1 L7 4% H:% Table 7 (Z/RL
72. 0.1 mol/L HCI-Cd J 213, {5 RAEEHE A IX1% 0.26 mg/kg, FEHEX T 0.13 mg/kg THY, {GIRAEEHEH X
THEIZED T (p=5.1X109).
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Table 7 Characteristics of cultivated soil (winter 15th)

Unit Test prot-1 Test prot-2 Average Slgnilsctance
<Sludge-fertilizer-ap plication plot (AP)>
0.1 mol /L HCI-Cd® mgkg 025 026 026 028 026  Sigificance”
pH (H,0) 5.9 5.9 -
EC” mS/cm 0.13 0.12 -
<Standard plot (SP)>
0.1 mol /L HCI-Cd mgkg 0.13 0.13 0.13 0.14 0.13
pH (H,0) 6.3 6.3
EC mS/cm 0.07 0.08

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 of plot X number of samples))

2) BEfE=2PY

(MW IEMAEDOIE, HFEOLEBE

16 4F H BAE=2 0 OfE % Table 8 IZ/RLT-.

B, VHURAERHIE X C 17.4 kg (FRE6 9.5 kg, HEHH 7.9kg) , HEHEX T 16.4 kg (BB 10.0 kg, HEH 6.4 kg)
THY, FEAEXIT 215 TR AEEHE F K OUEFEEUT 106 RE 95, HEES 123) Th-olz.

1 FHMNS 16 F BHIZBITAEAEOINEOHERS % Figure 5-1 (FEES) , Figure 5-2 (FR356) , Figure 5-3 (55H) 12
RLTE.

=PV BIWHR ORI AR EEE, 15 TR A X CHRER 0.017 mg/kg, FEES 0.033 mg/kg THY, FEAEX
THRHED 0.012 mg/kg, 5B 0.021 mg/kg Th -7z,

Codex ZBRIZL- THRFFEDFELHEES (0.1 mg/kg) 1L AT RHDIREBIZ OV TEDHIL TS, =2 VBl
W DA RIT LR LT Figure 6-1 [Z/RUL722N, AREROD A RI AR FEIIIAEM IS, R CTHERB L U
7.

=V VU O AR ARFEIZOW T XA I L7=L 25, (GIRNEEHE A X CHES 0.21 mg/kg, HE56
0.22 mg/kg, FEHEX THREL 0.14 mg/kg, HEHL 0.12 mg/kg THY, ARHEL (p=1.6X10*), HEL (p=1.5X10) Dl
AL CIHTRAEEHX 23 B S s R Thho 7.

GIENEEOE RIS LD =0 P e O A RID MR EEOHER T Figure 6-2 (ZRLTZ. 1 EHEDD 16 42 H
FCERENFIATLIZEZA, IGIRAEEHEH X OFEYE X S IME AN EFR O BTz,
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Table 8 Yield of carrot and cadmium concentration (summer 16th)

Part Unit Test plot-1 Test plot-2 Average Yield index” Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 10.2 8.8 9.5 95 -
Fresh weight Leaf kg 8.1 7.7 79 123 -
Total kg 183 16.5 17.4 106 -
Cadmium concentration (fresh matter) Root mg/kg 0.018 0.017 0.017 0.016 0.017 .
Leaf mg/kg  0.033 0.033 0.032 0.033 0.033 -
. . Root mg/kg 021 0.20 0.21 0.21 0.21 Significance”
Cad trat d tt
admium concentration (dry matter) Leaf  mg/kg 024 024 0.20 0.20 022 Significance
<Standard plot (SP)>
Root kg 11.5 8.5 10.0
Fresh weight Leaf kg 79 49 6.4
Total kg 194 134 164
Cadmium concentration (fresh matter) Root mg/kg 0013 0.013 oot 0.012 0.012
Leaf mg/kg  0.015 0.015 0.028 0.027 0.021
Root /k 0.14 0.13 0.13 0.14 0.14
Cadmium concentration (dry matter) 00 TE'<E
Leaf mg/kg 0.11 0.11 0.13 0.12 0.12

a) Yield of Standard plot was indexed as 100

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

Figure 5-1

aoSsP
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5

6 7 8 910111213 141516

Year

The yield of the carrot (leaf) in summer (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 5-2 The yield of the carrot (root) in summer (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 5-3 The yield of the carrot (total) in summer (Note:2nd year (spinach), 3rd year (trunip))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 6-1 Cd concentration (content in the fresh matter) in carrot (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 6-2 Cd concentration (content in the dry matter) in carrot (Note:2nd year (spinach), 3rd year (trunip))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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(2) B LD AR L

Wit HEED 4 RIT A, 0.1 mol/L HCI-Cd, pH (H20) KON EC D43 #r#i $% Table 9 (277 L7-.

BRI LR, VIR X1 0.62 mg/kg, FRYEXIT 0.42 mg/kg T, {GURALEHEH KA EICH
Motz (p=3.9X10%).

0.1 mol/L HCI-Cd I, {BYEAEEHEFH X1% 0.26 mg/kg, HEHEXIE 0.16 mg/kg THY, {GIEIEHEH X3 H &
\ZEoTz (p=5.2X107).

Table 9 Characteristics of cultivated soil (summer 16th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd" mg/kg 0.58 0.58 0.65 0.65 0.62 Significance®
0.1 mol/L HCI-Cd” mgkg 025 0.24 0.27 0.28 0.26 Significance”
pH (H,0)” 6.0 5.9
EC’ mS/cm 0.19 0.20
<Standard plot (SP)>
Total-Cd" mg/kg 0.42 0.42 0.41 0.41 0.42
0.1 mol/L HCI-Cd" mgkg 0.15 0.15 0.16 0.16 0.16
pH (H,0)" 6.3 6.3
Ec” mS/em 0.09 0.10

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 of plot x number of samples))

3) EithETIRBDHRIVLOKERE

(1) B TIROLARSIVLEE

B O 2RI AR OHER A Table 10 (Z/RxL72. F72, 0.1 mol/L HCI-Cd ¥ £ DHER L4512 Figure
7-1 GBI AR A [X) Figure 7-2 (BEHEX) (2R L=,

TGV NEARHE I X M OFEHE X DA RIY LR E OHERIZ DWW T AR 357280, £ LD X
BIIS, | FHEEPLORM A (BIEDLOROBEAEETORMIMRIL 12 7 H L) IZxT 52 RIV LRED
I BG4 24T o 72 (BN RO 5 TR O p EIZKOFHE, mAIAEKEE 5 %) (Table 10). 16 4-H
H ARG E T OIETRAEAEHE K13 _E T ] (p=4.0 X 107) 23580 B, FEUER T T AT (p=1.7 X 104) 2338
LoLSY gV el

TG IR X OMFEHEX DRI AR EA W LT-L 24, FAE L7z 1 4R B ZEAEDOIG TR IR X
PIEEX IVA BIZEKR-TRY, £OZIT 4 4 B ZEELRE, BERD O L720 LIZFRORE RN TS,
SV, TETRIEEME F KI5 TR AR S D BRI AOHEE B2, VEMIROINHEZ 15 - th H Ry A0 [
BN~ OFFHL L &IV D, IRIVARER T HEMICHHZEARL TN,
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p-value of single

Year Season Test Crops AP Sp _ Significance test regression analy sis”
(mgkg) (mgkg)  (difference between the APY Sp®
processing)

Ist  Summer Carrot 0.51 0.48 Significance® - -
2nd  Summer  Spinach 0.52 0.49 Significance — —
3rd  Summer Turnip 0.51 0.48 Significance — —
4th  Summer Carrot 0.52 0.46 Significance — —
5th  Summer Carrot 0.53 0.46 Significance p< 0.05" —
6th  Summer Carrot 0.57 0.47 Significance p<0.05 —
7th  Summer Carrot 0.57 0.46 Significance p< 0.01% —
8th  Summer Carrot 0.54 0.45 Significance p<0.05 p<0.05
9th  Summer Carrot 0.61 0.46 Significance p<0.01 p<0.05
10th  Summer Carrot 0.58 0.41 Significance p<0.01 p<0.01
11th  Summer Carrot 0.58 0.42 Significance p<0.01 p<0.01
12th  Summer Carrot 0.58 0.42 Significance p<0.01 p<0.01
13th  Summer Carrot 0.63 0.44 Significance p<0.01 p<0.01
14th  Summer Carrot 0.64 0.46 Significance p<0.01 p<0.01
15th  Summer Carrot 0.64 0.43 Significance p<0.01 p<0.01
16th  Summer Carrot 0.62 0.42 Significance p<0.01 p<0.01

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) It was significantly different for processing examination section

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

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

g) It show that regression is significant in p < 0.01 (1 % of both sides levels of significance)
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Figure 7-1 Cd concentration of cultivated soil (AP: Sludge-fertilizer-application plot)

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 7-2  Cd concentration of cultivated soil (SP: Standard plot)
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))

(2) BhdthEIED 0.1 mol/L HCI-Cd DHEFE

B 132D 0.1 mol/L HCI-Cd IR EEDHERE % Table 11 (/R LT=. Fz, ORIV ANREOHER LELEHIZ Figure
7-1 (5 VEREAEHE X)) , Figure 7-2 (FEHEX) [TRLT-.

THUENEEHE H X % OFEHEX 0D 0.1 mol/L HCI-Cd i DHER DWW TR AR 35720, £ 2ol
B X231 25 ERBAAARE D ORI A (KR OMIRIL 6 7 A L L72)12xF3 % 0.1 mol/L HCI-Cd ¥ £ DO#R
BRI EAT o7 (FREUFO 58T RO p I LOFHM, WA EAK%E S %) (Table 11). 16 4 H EZAE
B E COIGTRNEEHE ] X OEYFITA B LY, EAEmBZRO BT (p=4.1X107). 10 FH ZIFETOH
BRIRURE I AT B 1 B TE TR AR K O B3 A B Cled — B THEE L COAEE Tho7223, 10 45 B A1E
DIRe EHICERU 72, 20513, 0.26 mg/kg DIRFEFITIZEBWT—E THBL Q5. ERIEEHCE/T25HR
VA EERICBWTUIAEY S SR T2 LI RIBEEL CODEE Z B TODR, Bt o
ARIVAENEZ, AHEMEREE L TR T &2 L 72281280, 0.1 mol/L HCLIZIEfF T D ED IR
SULELEINLTI-EE 2 BT,

— 7, BEYERX T, BB SRR DIV (p=5.5X1073) . BB 3 4F H AELIERkGEL QU D. HEiE
R OEARITAIFEARIZ LD DRI LOMIEBIEIT 220 L, F72, TEWIEAY 0.1 mol/LHCI-Cd Z+5H
Hi 728, T30 0.1 mol/L HCI-Cd #2EL D 5L %5 2 bz,
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. -value of single
Significance test 4 d

Vear Season Test Crops AP SpY regression analysis”
(mgkg) (mg/kg) (difference betweenthe ~ APY Sp®)
processing)
— Start — 0.19 0.20 N.S.° — —
Ist Summer Carrot 0.21 0.21 N.S. — —
Ist Winter Spinach 0.20 0.18 Significance® — —
2nd Summer Spinach 0.19 0.17 Significance — —
2nd Winter Qinggengcai  0.18 0.18 N.S. — —
3rd Summer Turnip 0.19 0.18 Significance - -
3rd Winter Spinach 0.20 0.17 Significance 0.63 <0.05
4th Summer Carrot 0.19 0.15 Significance 041 <0.01
4th Winter Spinach 0.21 0.17 Significance 0.98 <0.01
5th Summer Carrot 0.20 0.16 Significance 0.89 <0.01
Sth Winter Spinach 0.22 0.16 Significance 0.34 <0.01
6th Summer Carrot 0.20 0.15 Significance 0.30 <0.01
6th Winter Spinach 0.21 0.15 Significance 0.17 <0.01
7th Summer Carrot 0.15 0.11 Significance 0.80 <0.01
7th Winter Spinach 0.16 0.11 Significance 0.29 <0.01
8th Summer Carrot 0.19 0.12 Significance 0.30 <0.01
8th Winter Spinach 0.17 0.11 Significance 0.16 <0.01
9th Summer Carrot 0.21 0.14 Significance 0.45 <0.01
9th Winter Spinach 0.27 0.17 Significance 0.51 <0.01
10th Summer Carrot 0.27 0.17 Significance 0.15 <0.01
10th Winter Spinach 0.27 0.16 Significance <0.05 <0.01
11th Summer Carrot 0.25 0.15 Significance <0.05 <0.01
11th Winter Spinach 0.26 0.17 Significance <0.01 <0.01
12th Summer Carrot 0.26 0.16 Significance <0.01 <0.01
12th Winter Spinach 0.25 0.15 Significance <0.01 <0.01
13th Summer Carrot 0.27 0.15 Significance <0.01 <0.01
13th Winter Spinach 0.28 0.16 Significance <0.01 <0.01
14th Summer Carrot 0.26 0.16 Significance <0.01 <0.05
14th Winter Spinach 0.25 0.13 Significance <0.01 <0.01
15th Summer Carrot 0.28 0.16 Significance <0.01 <0.01
15th Winter Spinach 0.26 0.13 Significance <0.01 <0.01
16th Summer Carrot 0.26 0.16 Significance <0.01 <0.01

a) Content in dryingsoil  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) N.S. was not significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition of plot x number of samples))
f) Significance was significantly different for processing examination section
(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition of plot x number of samples))

Q) HFEVLDOEHE, FbHLERUVERE

1 FH EfE~16 FHEENEOREBICIENT, MALLZGIRIERHHSRO A RIV A AR THL AR &,
FEAEMZINHEL T2 ZLIC LRIV Lo L&, HEA~OFEREL O P OH IV LERREL Table
12 (TRL. &, SR A~DOARIV AOAR BT, (GIRIERHHOURIY LG A BIZHRERIX (4 m?) ~Di
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AEZFEUCEHLE. EWICED IR L0 HHLUERD, REBRXIC ‘cj‘éﬂﬂ?ﬁbf:{’ﬁ%@ﬁb“i'ﬁa%ﬁﬂﬂ%
DZLET, EMOIREI/EH T ORIV AREZFEC TR L., BEA~ODRIY LRI, 15N
DHRIY LOBARBEEAEMIZEDIRIV LORHHLEOZICIE L. i%é«@ﬁF‘:?A@%%ﬁ?%fE&
AIRIY LOZERERNFBRX L7200 THE & (TELOWS 15em, HHEOfULE 0.7 L1, FHBRX (4 m?) 47-0D
THEEA 420 kg £LT-) TERLUCTHE L.

THIRAEEE H XTI, AlBRICEB VT, IRIYV LA EE L TR L &N DN ENE ORI
T LN T T ALIe DT80, IHIRIEE O IZ LD A RIT LA EOB AN > CHEEERE T HIRIT LM
BELEM THHZENE 2 HND. EREIZIB W THERM HEEO 2T RIT AR OB ) 2358 H41 TV
%. % 31 AEORERIZ BT DTHIRNEEHE H XD A RID LA M &I 216.3 mg/ilBR X (540.8 g/ha), WRIV.L
SHBE (DRI LB REERBRX TR B DR U B Lo H3h IRIv A0 EFIEE) 13 0.472 mg/ke
Lipor-.

Table 12 Changes in the quantity of cadmium load by fertilizer, quantity of peculating due to the crops body,

and quantity of cadmium accumulation to the soil from the 1st year to the 16th year

Sludge-fertilizer-ap plication plot (AP) Standard plot (SP)
Quantity of cadmium® Quantity of cadmium®
Concentration Concentration
b Accumula of cadmium b Accumula of cadmium
Load” Removal® = . o Load” Removal’ . )
tion accumulation tion accumulation

Year Season  Test Crops

(mg/plot) (mgplot) (mgplot)  (mgkg) (mglplot) (mgplot) (mgplot)  (mgke)

Ist  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
Ist  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2nd  Summer Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2nd  Winter Qinggengcai  2.64 0.21 243 0.006 0 0.21 -0.21 0.000
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 0.000
3rd  Winter Spinach 7.04 0.66 6.37 0.015 0 0.56 -0.56 -0.001
4th  Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
4th  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
S5th Summer Carrot 7.28 0.46 6.82 0.016 0 0.34 -0.34 -0.001
5th  Winter Spinach 7.28 0.73 6.55 0.016 0 0.53 -0.53 -0.001
6th  Summer Carrot 7.28 0.38 6.90 0.016 0 0.29 -0.29 -0.001
6th  Winter Spinach 7.28 0.65 6.63 0.016 0 0.42 -0.42 -0.001
7th  Summer Carrot 7.28 0.36 6.92 0.016 0 0.26 -0.26 -0.001
7th  Winter Spinach 7.28 0.71 6.57 0.016 0 0.59 -0.59 -0.001
8th  Summer Carrot 7.28 0.21 7.07 0.017 0 0.18 -0.18 0.000
8th  Winter Spinach 7.28 0.60 6.68 0.016 0 0.57 -0.57 -0.001
9th  Summer Carrot 7.28 0.28 7.00 0.017 0 0.24 -0.24 -0.001
9th  Winter Spinach 7.28 0.51 6.77 0.016 0 0.38 -0.38 -0.001
10th  Summer Carrot 7.28 0.33 6.95 0.017 0 0.20 -0.20 0.000
10th  Winter Spinach 5.68 1.00 4.68 0.011 0 0.51 -0.51 -0.001
11th  Summer Carrot 5.68 0.40 5.28 0.013 0 0.28 -0.28 -0.001
11th  Winter Spinach 5.68 0.64 5.04 0.012 0 0.51 -0.51 -0.001
12th  Summer Carrot 8.53 0.57 7.97 0.019 0 0.17 -0.17 0.000
12th  Winter Spinach 8.53 1.58 6.96 0.017 0 0.81 -0.81 -0.002
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Table 12 (Continue)

Sludge-fertilizer-app lication plot (AP) Standard plot (SP)
Quantity of cadmium” Quantity of cadmium®
Concentration Concentration
Accumula of cadmium Accumula of cadmium

Load” Removal® y  Load” Removal”

tion?  accumulation® tion  accumulation®

Year Season  Test Crops

(mg/plot) (mg/plot) (mghplot)  (mgkg) (mg/plot) (mgjplot) (mgplot)  (mgke)

13th  Summer Carrot 9.30 0.37 8.93 0.021 0.76 0.21 0.56 0.001
13th  Winter Spinach 8.53 0.98 7.56 0.018 0 0.63 -0.63 -0.001
14th  Summer Carrot 9.30 0.44 8.86 0.021 0.76 0.33 0.43 0.001
14th  Winter Spinach 8.53 0.61 7.92 0.019 0 0.35 -0.35 -0.001
15th  Summer Carrot 8.53 0.37 8.16 0.019 0 0.17 -0.17 0.000
15th  Winter Spinach 8.53 0.78 7.75 0.018 0 0.45 -0.45 -0.001
16th  Summer Carrot 9.30 0.42 8.88 0.021 0.76 0.25 0.51 0.001

Total 216.31 18.20 198.11 0.472 2.28 13.74 -11.46 -0.027

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) x Cadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil = b) - c)

e) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (420 kg)

BIHL DR RIY NREEITOUWNT, 1 4R B EAERMIH 0 F2HE L B R EOHER A Table 13 J O Figure
8 VR U7, G VEAREHiE X M OEYEX DA RIY A O FZHEIL Table 10 TRULIZEBDT, BEHMHEIC
DN 1 4 H E RS O ZRIEAE AL LT, Table 12 TRHIHLZARIV AL RREZBRBLUAHL
7o BEVEX T FERE B RR E N B B e da— B ABIM CHEB L e, — 07, TG TEAREHG A X%, Blimfa s
Hei U C FNME A F B AR THEB LTV 2. ZOZEICHOWTIE, BAEDS R0 EORARE F19 78 T i
FDOHRIT LD KEF [ ~DBATRRD BN TNAZEND, HHEIZED —EBOHIRITLABMELITE ES2
LD FRBEDN B 2 BTz,
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Table 13 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration® of

soil after harvest

Actual measurement Theoretical value

Year Season C];Z;ts APY spY APY9Y spY?

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

Ist Summer Carrot 0.51 0.48 0.51 0.48
2nd Summer Spinach 0.52 0.49 0.52 0.48
3rd Summer Turnip 0.51 0.48 0.53 0.48
4th Summer Carrot 0.52 0.46 0.56 0.47
Sth Summer Carrot 0.53 0.46 0.60 0.47
6th Summer Carrot 0.57 0.47 0.63 0.47
7th Summer Carrot 0.57 0.46 0.66 0.47
8th Summer Carrot 0.54 0.45 0.69 0.47
9th Summer Carrot 0.61 0.46 0.73 0.46
10th Summer Carrot 0.58 0.41 0.76 0.46
11th Summer Carrot 0.58 0.42 0.78 0.46
12th Summer Carrot 0.58 0.42 0.81 0.46
13th Summer Carrot 0.63 0.44 0.85 0.46
14th Summer Carrot 0.64 0.46 0.89 0.46
15th Summer Carrot 0.64 0.43 0.93 0.46
16th Summer Carrot 0.62 0.42 0.97 0.46

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
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Figure 8 Changes in the actual total-Cd concentration and the theoretical total-Cd

concentration of soil after harvest

Error bar shows SD (n=4 (2x2) (repetition of plot X number of samples))
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4. F&H

NEBFD A M Mo OV R DREPRA B2 Z B9 D A 72 L U C, TH IR 8 ] Ji I 7R 22 2009 4
L0FT-TEY, IHIRAEHEH X K ONV5 TR AEEHE i OFEYER 0> 2 3RBRIXIZ, 15 4F HA/ELL TRYL LYY
Z, 16 FFHEMELL T=0 Dr 23050, BT O DRIV AREDOZAL K OVEMIR T 0O A1 R 2 FE 2 7d
L7z 15 2 B AERUL YO B R ORI AT, GIRIEEHX T 0.064 mg/kg, FEHEX T 0.050 mg/kg
THY, Codex ZH2NED HHUEAH (0.2 mg/kg) IZRL TIERWFEIR Th o7z,

16 4F HBEAE=2 DU B O ORI AJREEL, (5IRAREHE FH X CTHEL 0.033 mg/kg, RS 0.017 mg/kg,
FEUEX CHEYD 0.021 mg/kg, MRS 0.012 mg/kg Th-o7=. AT THORERDO BRIV LEEIL Codex EER
DIE D HIEMEE (0.1 mg/kg) 12X L THRWIE IR ThH o7z, Fiz, RUL Yy (BER) M R=2 s (BEE - AR ER) &
IR AT HE A~ TR TR IR E H X3 B @O s R Th o7z,

16 4 B HAE= 20 OB B3O 20 RI7 AR SIS TR EHE H K OMERE X Z LT B @D -7

14E B0 16 4F B OB -0 2 RIw KPR )% O 0.1 mol/L HCI-Cd & L DOHES ZfffT LT-L 24, 15iE
AEAEHIE H XD RID AR X NME R 2R L TRY, HIRIEEHCE A TRV AN HHEICEFEL T D
ZEDIRENTZ. — I, HVRIEEHE X 0.1 mol/L HCI-Cd 122>\ CiE 10 £ A BEAEETIE—EICHEB 15
fEMAIAREIVTNED, 10 4 B AVELRR I AME M 27~ L, IR 0.26 mgkg OREFHTIZIHBWNT—ET
HERBL QD EHERX ORI AR EE (XRMETTHY, 0.1 mol/L HCI-Cd (22 Ch I/ M M 2 7R LT,

R CHEAL U775 IRAREHE RO A RIY A A B CTH DA M B L CVEREIEL 722 L2 XD A RIV LD FE
HHLEA IS, AR HHICEHENDITTOIRIT L0 & (FHE) 2B H L7225, YR TITFEHIEE
PN TIE — B THERB L Qe —J7, 15 TRIEEHIG A X C i, BRAm AR S Hhie U C S IME AMEY ME [ CHER
LCu =,
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2023 and Summer 2024 -

HIBINO Hiroshi', SAKUMA Kenta?, ABE Fumihiro!, KOBAYASHI Ryoto?,
MANABE Noriko' and IKEDA Mizuki!

' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed Inspection Department, (Now) Sendai Regional Center
3 FAMIC, Fertilizer and Feed Inspection Department, (Now) Agricultural Chemicals Inspection Station

We have been researching cadmium (Cd) absorption of the crop and accumulation in the soil used sludge fertilizer
since 2009. The soil is composed of Andosol. We cultivated spinach in winter 2023 and carrot in summer 2024.
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 750 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 based on the fertilization standard shown on the Saitama prefecture’s web site. The concentration of total-
Cd and acid-soluble-Cd in the soil and total Cd in the crop 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 summer 2012 significantly. The concentration
of total-Cd in the soil (from summer 2009 to summer 2024) showed significant increasing trend in the AP. Also, the
accumulation of Cd in the soil was observed from the results of the total-Cd concentration in the former soil,
and the amount of 0.1 mol/L HCI-Cd available to plants in the soil.

The concentrations of total-Cd in each crop harvested (from summer 2009 to summer 2024) 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 Cd-transition in the soil from now on.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 18, 28-52, 2025)



