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Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %Y 5.5 Moisture %Y 1.2
Total phosphoric acid” %Y 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid® %% 2.2 Total Zinc mg /kg 1038
Total potassium®’ %) 0.4 Carbon to nitrogen ratio - 6.3
Total calcium® %% 1.4 Total cadmium® mg kg 2.8"
Organic carbon %% 36.0 Acid-solubility -cadmium® mg /kg 1.8

a) Mass fraction

b) Content as P,Oj5

c) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

f) 3.2 mgkg in the dry matter

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

Table 2 Properties of reagent

Item Unit Urea Ammonium dihy drogen Potassium

phosphate chloride
Total nitrogen o) 46.1 12 —
Total phosphrus” %) - 61 —
Total potassium®’ %Y — — 63.1

a) Mass fraction
b) Content as P,O5
c¢) Content as K,0
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<ETHS. 1 FH0EENS 15 4 HEFETONHER OB 525\ T, pH, EXUREZR (EC: Electrical
Conductivity, PAF EC &), BiAA 22 #i%5 & (CEC : Cation Exchange Capacity, LA ¥ CEC &509), EHR
421 (TN : Total Nitrogen, LA~ TN L507), [R5 425 (TC: Total Carbon, LA T TC L5077), ARV AME, &
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Fig.1 Transition of the characteristics of the soil
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14 B AERTL LYY KON 5 4 B BE=0 V0 O IRE% 1% Table 3-1 & OF Table 3-2 (2R U72. HiifIls%
FHE, FEREWRIEEYE 5 EIR) 5B ITRGH LTz,
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Table 3-1 The fertilization amount (spinach in winter 14th)

Types of fertilizer Amounts Components (g/4 m?) Amounts Components (kg/10 a)
(g4m®) N P05 K,0 Cd (kg/10 a) N P,O; K,O Cd
<Sludge-fertilizer-app lication plot (AP)>
Sludge fertilizer 3000 164 142 12 0.0085 750 41 36 3 0.0021
Urea 93 43 — — 23 11 — — —
Ammonium dihydrogen phosphate 35 4 21 — 9 1 5 — —
Potassium chloride 94 — — 60 — 24 — — 15 —
Total 211 164 72 0.0085 53 41 18 0.0021
<Standard plot (SP)>
Urea 136 63 — — 34 16 — — —
Ammonium dihydrogen phosphate 144 17 88 — 36 4 22 — —
Potassium chloride 114 — — 72 — 29 — — 18 —
Total 80 88 72 — 20 22 18 —

Table 3-2 The fertilization amount (carrot in summer 15th)

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

(g4m? N P,0s K,0 MgO Cd (kg/10 a) N P05 K, 0 MgO Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 3000 164 142 12 0.0085 750 41 36 3 — 0.0021
Ammonium dihydrogen phosphate 87 11 53 — — — 22 3 13 — — —
Potassium chloride 82 — — 52 — — 21 — — 13 — —
M agnesium hy droxide 100 — — 69 — 25 — — — 17 —
Total 174 196 64 69 0.0085 44 49 16 17 0.0021
<Standard plot (SP)>
Urea 113 52 — — — 28 13 — — — —
Ammonium dihydrogen phosphate 196 24 120 - - - 49 6 30 - - -
Potassium chloride 101 — — 64 — — 25 — — 16 — —
Magnesium hy droxide 100 — — — 69 — 25 — — — 17 —

Total 76 120 64 69 — 19 30 16 17 —
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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 —
1st 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 — — 2 —
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 —
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 —
5th  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 —
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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 (kg/10a) N P,05 K,O Cd
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 —

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 —
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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
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 —
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 —

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) HEAHE
FIEOMELIL Table 5 &Y. Fuflix, A HBRIXORE T/ 12 kg Z4ITEHD, Table 3-1, 3-2 OJii ks
WZLTe3 o THEB IR TRA L, BalBRIXERBICHSEICHA L. 7ok, KBRIXOEID 1 m Oy (F—
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R )i, EREX O IR R R CEES TRAELT-. 0%, FHEE2 AW THESK 15 ecm £ THEEL
7=

B IFR T AR I Ny DS 0 E hihRad BE LA ATV )RR E AL, RS 15 cm £ T
HHEL TRIEZEOIIRBL%, BRXNEZ 9 5= (5[4 20 cm) BB Ty —4 —7 — 7N L& -2 4%
FELT=. 7235, =2 DU BRI I B IER R X R E L O E Al O X 2 =—)1 1000 Zff FHL7-.

Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2022.8.29 2023.4.13
Pesticide application 8.29 4.13
Fungicide application - 6.21
Seeding 9.5 4.19
Thinning (first) 9.21 5.26
Thinning (scond) 9.30 6.7
Harvest 12.1 8.4
Cultivation period 91 days 107 days

6) EMHDETLEE

RV T OIEE (AT RES) ZUNFEL7=1%, A LAWIEEL, 1EWIRO E &Z2 B KA ICHIE L. 512,
ARBRX R 1 m?2 5Tk, KEK, AF L AZHKDNEZLEE L, TT A5 T H IR L2125 R
2T 65°C T—BHHLIELT.

=L VAT O W TUIRIZ DWW B KEAK THWEEL, BT3078UE T 2 VO CHEEEREAR S (AT & HR)
IOl TNENOEREZRBEEICHE L. S5, BEBREP RO 1 m? 02 Th, KK, 1455
IKDNEIZ YL, FEEIIAT A% T H AR L7212 8RR R T 65 °C T— B L7z, MREIEETI3
78T A D CTHIZ BIT L7214, 8 JEEZRER 12T 65 °C T—BMK iz LT-.

HER U750k HBAE 500 pm D 5A Al 35 £ T (ZM200:Retsch  =— 42 —[m1#5%% 6000 rpm)
TEHREL AT B LT

7) EMEOARIO LGN

SIRTECEE 0.5 g (ZAHER 4 mL J Qg b K R/K 1 mL 2002~ A 27w 3 i (ETHOS EASY:~ A /L AL
— BRI THMED LIb O CRORFRENAUHS AT, SOIZHEE 1 mL &0 CTOLE) % 50
mL (ZEARL, ICP & & /742 (iCAP RQ :Thermo Fisher Scientific) Z W CHIEL 7.

8) i tIEDHH

RS, B 3 2 S 8 AR ER L1 IS K BRI T2, 53R BR X D VEM IR A IR L 72 35 it &[] U sk B X
1 m? DR L O JROFE 5 20 ATk, B8 (A 50 mm X £& 250 mm) 2 AWV CRENDH 15 cm £TH
e, B4 U, a2 AV T 45 ) CT—Br L BRGERS Y, BBIE 2mm D550\ A @i L7icb Dz /i i
AL,

TP ORIRIV AT, SHTEE 0.5 g 12, MEEKY 5 mL, @BEALAKFEAKK 2 mL, &7 ALKERER 1
mL 20N, A7 RS E I LD MR LT- 1%, fEE | mL, IE5EEE | mL 2N B~ A 7 ajl o itk iE

WL RL, REHAIRE LT, JIEIL ICP B &M@z L To7-.
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0.1 mol/L il r¥%s U RI7 24 (0.1 mol/L HCI-Cd) 13, Z3Hradh 10 g (2L 0.1 mol/L HC1 50 mL A&, #J
30 °CIZER B35 1 REIR VIR Tt L 723 UBHRIZ DWW C ICP B B Hr 2 i 2 IV CHIE L7212,

9) HMEZDHFIVLSI

15 B BEAE=0 D0 ORE I ISR XN DR E ST ME R K O 5 [ E SV B A (LU T 55
ENDITHONWT, THEAKIEK THRWEE LI, BT AEITHEREL AR, @R EER 2T 65 °C
T BRELEL, S U7 HBEE 500 um D550 &0 95 £ TR (ZM200:Retsch 17— 4 —|[]
#5250 6000 rpm) THRIL /b FHEEEE L7z

BARIVLL, SRk 0.5 g ICHHEAK) 5 mL, 1@ER{b/kFE KK 2 mL, X O7 o Kk FEEEK 1 mL 20N%,
~ AW LB I S FRUT- %, R 1 mL, M SERE 1 mL AN A~ A7 i o R E I K0 iR L
THREHAIREL, 1CP EEATEEICEVIIEL:.

3. HWRRUBE

1) Z4ERHL2VD

() TER DI R, IR AJRSE

14 45 H &AER UL D Ot B% Table 6 12 LT-.

I, T VRAEEHE X C 12.1 kg, FEHEX T 11.8 kg THY, FEAEX (25t DGR ALEHE F X O S5 %k
1L 103 Th-olz. 1 FHND 14 FHOLEOIEOHERZ Fig2 |IRLIZ. AUV Y UBHROIRIT A
FEV, V5 TRAREHEH X C 0.081 mg/kg, FEUEX T 0.054 mg/kg ThH-o7=. 1 FEHID 13 FEHOKRVL Y THY)
HOHRIY LREOHERIT Fig3-1 I[RTEBY, RMBEEE S (LT, ICodex ZEZ 1LV, ) BEDD
FEVER (0.2 mg/kg) (256U TIERV VR E THERB L TU -,

Fio, ROV YT RO TIRIT LIREEICOWTHE KA IR LILZA, GIRIEEHE X T 0.57 mg/kg, 1%
HEXT 0.39 mg/kg THY, 1HIRNEEHH X 23E B @R R Th o7z (p=2.1X109) .

VGIRIERIOE I L DRI L YT O FIRIY MR EDOHER % Fig.3-2 IRLIZ. 1 FHDD 14 FHE

THRENF T LT A, TGIRAREHE A X M O HE X I (B M 1 358D Hiv e o7z,

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 14th)

Unit Test plot-1 Test plot-2 Average  Yield index” Signtii“lsctance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 9.0 11.8 104 127
Cadmium concentration (fresh matter) mgkg 0.057 0.058 0.060 0.060 0.059
Cadmium concentration (dry matter) mgkg 0.54 0.55 0.59 0.59 0.57 Signiﬁcanceb)
<Standard plot (SP)>
Fresh weight kg 8.1 83 8.2
Cadmium concentration (fresh matter) mgkg 0.047 0.045 0.040 0.040 0.043
Cadmium concentration (dry matter) mg/kg 0.42 0.40 0.36 0.37 0.39

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 x number of samples) )
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Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
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Fig.3-1 Cd concentration (content in the fresh Fig.3-2 Cd concentration (content in the dry
matter) in spinach (Note: 2nd year (qinggengcai)) matter) in spinach (Note: 2nd year (qinggengcai))

(2) Bt EHED A RIT L

14 45 B ZAEART L DB 1380 0.1 mol/L HCI-Cd, pH (H,0) & OV EC %43 #7 L=/ 5% Table 7 1Z/RL
72. 0.1 mol/L HCI-Cd I, V5V AEEHE FH X1E 0.25 mg/kg, FEAEX L 0.13 mg/kg TV, (5IRIREHG H X CH
BElZmhorz (p=1.9X10°).
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Table 7 Characteristics of cultivated soil (winter 14th)

Unit Test prot-1 Test prot-2 Average Slgnitssctance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd¥ mglkg 0.24 0.25 0.26 0.25 0.25 Significance?
pH (H,0)" 5.9 5.9 -
ECY mS/cm 0.13 0.12 -
<Standard plot(SP)>
0.1 mol /L HCI-Cd mg/kg 0.13 0.13 0.13 0.12 0.13
pH (H,0) 6.3 6.3
EC mS/cm 0.08 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

c) 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 (2 X 2)

(repetition X number of samples) )

2) B>y
() TER DI E:, IR LR

15 FEH BEAE=2 T Ofl % Table 8 [Z/RLT-.

B, VHURAERHIE I X C 10.7 kg (RS 7.0 kg, HE5 3.7 kg) , FEHEX T 10.2 kg (BB 7.2 kg, ZEH6 3.0 kg)
THY, FEAEXIT 215 TR AEEHE F KOOI EFEEUT 104 GRER 97, HEES 122) Th-olz.
1 FEBMS 15 FEHICBITDE/EOINEDOHES % Fig.d-1 (FEH) , Fig.4-2 (BRI (R LTz, b5 RO XK
GEARNED BT RIKDOILEIIBIEIN Db D Lo,
=2V VBI R O FIRIT AR L, VEURREERE H X TR 0.031 mg/kg, HEHT 0.044 mg/kg THY, FEHEX

THRHED 0.015 mg/kg, 5B 0.022 mg/kg Th -7z,

Codex ZARIZL-> THRFFEDFEHEE (0.1 mg/kg) 1L AT RHDIREBIZ OV TEDHILTND. =2 VBl
W ORIV LPREET Fig.5-1 (R U203, REFO BRIV LR T E I L, (RORE THERL Tz,
=V DI RIT NRFEIZOWTH K E LB L2 A, 1GTRAEEN FH X TR ER 0.17 mg/kg, HEH50.23
mg/kg, FEHEX CHRED 0.09 mg/kg, HEHE 0.12 mg/kg THY, RER (p=2.2X 109), HEEE (p=5.4 X 100) D EHAL T

TGIRIEEHX S A IS @mORE R Th-7e.

VGIENEEOERIC LD =0 P e R O FIRID MR E OHERS IS Fig.5-2 1R LTz,
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Table 8 Yield of carrot and Cadmium concentration (summer 15th)

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

Root kg 6.9 7.0 7.0 97 -
Fresh weight Leaf kg 3.6 3.7 3.7 122 -

Total kg 10.5 10.7 10.6 104 -
Cadmium concentration (fresh matter) Root mgkg - 0.029 0.028 0.033 0.033 0.031 )

Leaf mgkg  0.042 0.042 0.048 0.045 0.044 -

Root k 0.17 0.16 0.18 0.18 0.17 ioni b)
Cadmium concentration (dry matter) 00 mgke S‘?’“ 1f'ica.nce

Leaf mgkg 0.23 0.23 0.24 0.23 0.23 Significance
<Standard plot (SP)>

Root kg 7.0 7.3 72
Fresh weight Leaf kg 3.0 3.0 3.0

Total kg 10.0 10.3 10.2
Cadmium concentration (fresh matter) Root meke 0015 0.015 0.015 0.015 0.015

Leaf mgkg 0.022 0.022 0.022 0.021 0.022
Cadmium concentration (dry matter) Root meke 0.09 0.09 0.10 0-10 0.09

Leaf mgkg 0.12 0.12 0.12 0.11 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 x number of samples) )

15 20
BAP asp BAP osp
15 A
“ep 10~ —~
& E;
= = 107
= 2
=05 4 P
5 p
0 - 0 -
123 456 78 9101112131415 1 23 45 6 7 8 9 10111213 1415
Year Year
Fig.4-1 The yield of the carrot (leaf) in summer Fig.4-2 The yield of the carrot (root) in summer
(Note:2nd year (spinach), 3rd year (trunip)) (Note:2nd year (spinach), 3rd year (trunip)
30
B AP aosp
25 A
E 20 -~
=15 -
e
~ 10 A
5 -
0 |

Fig.4-3 The yield of the carrot (total) in summer
(Note:2nd year (spinach), 3rd year (trunip))
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Fig.5-1 Cd concentration (content in the fresh matter) Fig.5-2 Cd concentration (content in the dry matter)

in carrot(Note : 2nd year (spinach), 3rd year (trunip)) in carrot(Note : 2nd year (spinach), 3rd year (trunip))

(2) Bt EHED A RIT L

B +HE DRIV L, 0.1 mol/L HCI-Cd, pH (H20) & OY EC D34 5% Table 9 (2R L7z,

BRIV LREEE, HIEAREHE XX 0.64 mg/kg, FEHEXIT 0.43 mg/kg T, HIRIERHEH X 23 B I
Mot (p=2.7X109).

0.1 mol/L HCI-Cd &, {BYRAEEHEFH XI% 0.28 mg/kg, HEHEXI 0.16 mg/kg THY, {GIEIEHEH XA H &
ZEoT2 (p=8.3X104).

Table 9 Characteristics of cultivated soil (summer 15th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd¥ mgkg 0.66 0.65 0.62 0.65 0.64 Significance®
0.1 mol/L HC1l-Cd? mg/kg 0.28 0.29 0.29 0.27 0.28 Significance®’
pH (H,0)° 6.0 5.8 -
EC? mS/cm 0.19 0.17 -
<Standard plot (SP)>
Total-Cd" mgkg 043 0.43 0.43 0.42 0.43
0.1 mol/L HCI-Cd” mgkg 0.14 0.19 0.15 0.15 0.16
pH (H,0)° 6.2 6.4
ECY mS/cm 0.08 0.07

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))

3) HithtIBADHRIVLDHERS
(1) Bt HEED A RIy L

Wi 3D 4 RIT KR OHERE % Table 10 (2R L72. F72, 0.1 mol/L HCI-Cd £ O HER L1412 Fig.6-
1 (5IRAEEHi X)) Fig.6-2 (BEHEX ) (2R L=,
TGV NEARHE I X M OFRHE X DA RIY LR E DOHERRIZ DWW T AEIR 357280, £ LD X
BIIS, | FHEEPLORE A (BIEDLLROBEAEETORMIMRIL 12 7 H L) IZxT 2B RIV LRED
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PRIE BT 24T > 72 (RIEYREO BT R O p MBI K0FE, M4 EAKYE 5 %) (Table 10). 15 4-H
AR E OB TR NEEHE ] X3 LS (p=4.2 X 107) 233D S, FEYERK LT KA (p=1.2 X 10-3) 2332
LoLSY gV el

TGV A X M OREYEX DR RIT LR EEZ LR L7224, fiA L2 1 4B BAED DGR IR R A X
PIEEX IVE BICEL Lo TRY, 07T 4 4 H EAELIRE, BHE /S D LR LIL RIERDKE K3ty v Tnd.
ZAUE, TETREEME F KIS TR AR S D R I MO B B, YEMIRDINHEIZ 15 e rh N3y A0 [#
G ~DFHHLEIVD S, IRV LREETHEMICHHIEERL TN,

0.8

[=]
co

-® TotalCd -8 0.1 mol/L HCI soluble Cd

Py ae-®
*".—--." o =

--O- Total Cd -1- 0.1 mol/L HCI soluble Cd
0.6

[=]
[=)}

-0 9-0-& -D-0-
0.4 S $-0-0:0-60, 5. 5-0-0-0

ERSgungaing®

Tasganptaten _g ¥

02 O

(=]
(a8}

SHEO00B0000,_ - oPP00000000,0

=]
(=]

Cd concentration (mg/kg)
(=]
.

Cd concentration (mg/kg)

1 2 3 4 5 6 7 8 9 10111213 1415 123 45 6 7 8 9101112131415
Year Year

Fig.6-1 Cd concentration of cultivated soil Fig.6-2 Cd concentration of cultivated soil

(AP: Sludge-fertilizer-application plot) (SP: Standard plot)
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p-value of single

AP SpY Significance test regression analy sis”
Year Season Test Crops .
(mgkg) (mgkg)  (difference between the AP® 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 »<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

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 (2x 2) (repetition 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)

(2) B3 0.1 mol/L HCI-Cd DH#ERS

Bt 1580 0.1 mol/L HCI-Cd & DHER % Table 11 (IR LT, F£72, BRIV LREOHEB L LI Fig.6-
1 G5 VRAEEHE X)) , Fig.6-2 (FEHEX) (TR LT=.

IGUENEHE A X & OEHEX 0D 0.1 mol/L HCI-Cd DHERIZ D>\ THHIM AR 35720, TN E DX

B LRI AR B 08 H (S RBROMIFREIL 6 - H LL72) 12535 0.1 mol/L HCI-Cd O#IE HLIAIF 7y

ﬁ%ﬁot(alﬁldﬂﬁ@/\%&/%ﬁim p XM, WA KA 5 %) (Table 11). 15 4 H BAEBHET
DOIGIRIEEEH X OEIRIIA E LD, EFMEmAFEOH LN (p=1.6X107). 10 4 H E/EE TORAERIUFY]
I A B 1 DIB TR AREHE F X DBl 3 B Cred — B THEBE L QWA CTh-72723%, 10 4 H M’Euﬁkiﬂ

\ZHEU 7=, Z0t%1E, 0.26 mg/kg DIEEATIZBWT—E THERBL TWD. BIRIEEHI &G A TRV A
BHZBWUIAEEY S LS YT ICEVREEL TDEB 2 DI TWDS, F:')T\i&j:i%qj@ﬁl\‘:‘ib
B X, B LRSS TS EA IR LI2Z8128D, 0.1 mol/L HCIIZIAfF T DI EED BRIV A&
MUTzE&E 2 BTz,

— 77, XTI, AR S (p=1.3 X 102) . JBDEIIE 3 45 B LVELUAKRE L TV5.
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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

Year Season Test Crops APY SpY regression analysis”
(mgkg) (mgkg) (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 0.41 <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

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) N.S. 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) Significance 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))

(3) ARIVLAOAN R, FHHLUER SR E

1 £ B B1E~15 £ BEEEORRICEWT, MELZGTRBEIE RO ARIV LA B THLAN R, 1F
MERRIE LTI XD IRV AOFF LU E, HEA~OFERBEK O R OARIT LAEFERES Table 12
[RUTz. B, BB X A~DO BRIV LAOARTRIL, GIRIEEHH O BRIV AEH EISHRBRX (4 m?) ~jii F &
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ERUCHHLEZ. EMICED PRIV LORFHHLEIL, SMBRXKICB T HIELI-EH O A RIT LRILEDZ
EC, EHOWNEITNED T OARIV LR EZFU TR L. THEA~OHRIVLEREIL, GIRIERHCED A
RITVLADAMBEEAEMICEDIRIVLAOFRFLHLEOZEIZIVE N L. LEA~O ORI AOERRE X, 7
RIVLAOEREICRBX M 7200 R ((EEORES 15 em, HEOILE 0.7 &L, RBRX (4 m?) 472D
T3 EA 420 kg LL72) TBRLUCHH L.

IGURAEEHE XTI, BBRIZISWT, ARIV AN EEIEL TR L &R D RN LD HIEDO AR
T LN T T ALIe DT80, IHIRIEE O IZ LD A RIT A EOB AN > T HEERE T HIRITV LM
BELEMTHHIENE ZHND. FERFIZIBWTH B TEE O 4 R ID AR B O HEIME TR 23580 HAv T
2. 82 29 FEORERICIIT HIGIRIEEHEH XD A RIY AAfT R 182.2 mg/ilBiR X (455.5g/ha), IRIT A
ETERE (DRI LERHELRRX HEEN DR LB Lo P HIRIY A0 L) 1T 0.434 mg/kg
Lipor-.



118 REEBHIFZE RS Vol.17 (2024)

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 14th year

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” ) Load” Removal?

tion?  accumulation® tion?  accumulation®

Year Season  Test Crops

(mg/plot) (mg/plot) (mgplot)  (mgkg) (mg/plot) (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
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

Total 198.47 17.00 181.47 0.432 1.52 13.04 -11.51 -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 application

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

Wi HEED A RIT AR OWT, 1 4B EVEMH O 0 FERIE L BEREOHER A Table 13 K OF Fig.7
(R U7z, TGURAEARHIE A X OMEHE X O RIY AR EOBRGRIEIE, 14 B ZEHH o Sl 4 5 8
LT, Table 12 TR IV AEREREZ BB LR H U7z, FEAEXIT IR L BRI TIE— L THER
LT e, — 5, (5URAREHE X 1%, B e s bl L C RGO 5 AMEL ME R THER L Tz,
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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’:;ts APY sp°® APP Y 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
5th 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
8h  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

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

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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Fig.7 Changes in the actual total-Cd concentration

and the theoretical total-Cd concentration of soil after harvest
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4) BEEZFZOHFIILRAE
3)(3) T/RLT=LHY, {HIRNEEHE XD HEEICER LG22 I NIT AR BT DT 3 HIE 23 B 5

B2 RO AHDHZEMnb, RFEEZEREHH T ICRESNTEHEFICONWTHRIV LB L
RBL, BARIVLREDOTHE~DEBICOW T A L.

(1) MEEZERORARIV LR

15 4 B BRI INEE LT HE AR O R ADOKE 5% Table 14 2R LTz,

IR A E L CUE L7 BT, WL CIBTRIEEIE X T 0.2 ke/FBRIX, fEHEX T 0.2 kg/aEr X Tho
7-.

MEEZE DR R IR DR FEIZOW T R AR L= L2 A, 15IRIEEHEH X 1X 0.59 mg/kg, fEHEX X
0.34 mg/kg THY, HINEHEH XA BIZEWORE R Th-o72 (p=2.1 X109)..

MERLSE DI RIT LRI B, R X D70 OMEE SO B RS P ORIV AR E AU CH
HIL, 1GUEMEEH G H X C 0.11 mg/RRER X, FEYEX T 0.07 mg/iABR X Th o7z,

Table 14  Dry matter yield and cadmium concentration of collected weeds, etc.

Unit Test plot-1 Test plot-2 Average

<Sludge-fertilizer-application plot (AP)>

Weeds etc. yield (Dry matter) kg/Test plot 0.2 0.2 0.2
Cadmium concentration (Dry matter) mg/kg 0.64 0.63 0.55 0.55 0.59
Cadmium absorption per test plot mg/Test plot 0.12  0.11 0.11  0.11 0.11
<Standard plot (SP) >

Weeds etc. yield (Dry matter) kg/Test plot 0.2 0.2 0.2
Cadmium concentration (Dry matter) mg/kg 0.36  0.36 0.31 0.32 0.34
Cadmium absorption per test plot mg/Test plot ~ 0.08 0.08 0.05 0.05 0.07

(2) BRIVLOANE, FFHHLEROEEE MRS ICIORHHLORE)

15 FHEBEORBRIZBNT, 3)(3) TH I LIEHIRIV LD HHEA~OEEE L VR ORIV LS TH
W B O BRI N C, MR IR =D LIS KD I RIT LD I L B A IR L CHEH LA IEfE% Table
15 1Rz, &, BBRXA~OHRIV LOA &, (EMIZLDIRIVLAOFFG L&Y, Table 12 S[RIERICH
HL7-.

MEE R ICEDIRIV LD LN L EITIERBRX OO I RIV ARV ETHY, THEA~OIRIVLERHE
F O ASEADARIT LOEFERIENL, MBI CLDIRIVLAORFLHLEZFIZELS W TEHBLTEY, 15
/Eﬂlﬂﬂﬁmﬁﬁ K CIEHRIT LAEFE & 8.05 mg/mlBR X (FRGHME 8.16 mg/flBRIX), LFEIEE X 0.019 mg/kg (H
fE 0.019 mg/kg), FEHERX TIIARIT AEFEE23-0.24 mg/iBRIX (BEFRAE-0.17 mg/iABRX), LR -
0.001 mg/kg (FRERME 0.000 mg/kg) Tholz. ZHHDFE RIS, A EMEESIZ LA IRIT A0 HHLITZSHS
BERDLNTHOD, 15 TR ALEHE F X L5 ToH Ry 2SRRI 05 5 3 E & 92 1E o Tef 4
UHRE7R BRI 725 Al REMEITRRO D gn o7z,
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Table 15  Amount of cadmium loaded by sludge fertilizer in the 15th year of summer cropping, amount carried

out by crops, amount carried out by weeds, etc., and amount accumulated in soil

Sludge-fertilizer-application plot Standard plot
C ted . C ted .
. orrec. © Theoretical orrec. © Theoretical
Unit theoretical theoretical
value value
value value
Cadmium loading amount 2 mg/Test plot 8.53 8.53 0.00 0.00
Amount of cadmium taken out (crop body) * mg/Test plot 0.37 0.37 0.17 0.17
Amount of cadmium taken out (Weeds etc.) mg/Test plot 0.11 0.07
Cadmium accumulation amount ¥ mg/Test plot 8.05 8.16 -0.24 -0.17
Cadmium accumulation concentration in soil © mg/kg 0.019 0.019 -0.001 0.000
a) Cadmium concentration in fertilizer x Application amount b) Cadmium concentration in crop bodies x Yield
¢) Cadmium concentration in weeds etc. x Yield d) Cadmium loading amount - Amount of cadmium taken out

¢) Cadmium accumulation amount / Soil amount in test plot (420kg)

5. £&oH

AR A 20 M S V22 R DT PRI BLZ2 R BA3 23R AMFZE L L C, 15 YeNlkod 8 F it 1 5Bk 2 2009 4
L1 >TRY, BIRIEEHE H X & OVE TEAEEHE G FH O YEX o 2 BRERXIZ, 14 4F H & EEL TRyL Yy
Z, 15 FHEELLT=0 Dr kit L, TP OIRIT AR E O CVER IR O A R0 LR FE Al sE
L7z,

14 4 H ZAERU L YR O A RIT LR, 1GIEIEEHX T 0.059 mg/kg, FEHEX T 0.043 mg/kg T
HY, Codex ZERME DD IEMEN (0.2 mg/kg) 2R L TERWEER TH 7.

15 4 H BAE=2 VU B P ORI APRFE T, (5 TRAEEHIE FH X CHEEE 0.044 mg/kg, HREE 0.031 mg/ke,
FEUEX CHEYD 0.022 mg/kg, MRS 0.015 mg/kg THh-o7=. AIREETHORERDO BRIV LEEIL Codex EER
DIE D HIEEE (0.1 mg/kg) 12X L THURWIE R ThH o7z, Fiz, UL Yy (BER) M OR=2 Py (BEE - AR ER) &
IR A Z LA~ TR TR I EHE H X3 B @O s R Th o7z,

15 % H EE=0 DU OB B3O 2 Ry AR B TIE TR ARG A X AMERE X N CTH B E T

1A EH25 15 4 H OB -3 h O A RID AR FE & U8 0.1 mol/LHCI-Cd I EDHERB A fRITLI=L 25, 15
JEAEEHE H X D2 Ry A2 BT IME R 2R~ L CTRY, BIEIEEHZE A/ T 5 RIV AN FEICEREL T»
HZENIRENTZ., — 5T, HIRAEEHE FH XD 0.1 mol/L HCI-Cd (22 Cik 10 4 H BEEE Tl —EICHES T
DD REFVTNTZN, 10 4 B ZAELARR I I 27~ Uiz, FGIEIERHZ BB T RIy AT B3I E
WA ELER VT DL RIREL TOBEEZONTWDA, B R ORI LB X,
HHEHEAE G TUEL) D BA BB LIZ2 81250, 0.1 mol/L HCHZIAfE T A IEDO BRIV AL N %
ROz, EHIE, 0.26 mg/kg OIEFEFTITIZINT—E THER L TV,

PEHEX DA A R AR FE T ME R THY, 0.1 mol/L HCI-Cd (2 OWTHIB/ME 2R LT, EHEX D4
AIRIY MIHEAEIZ LD I RIT AOPFG 72N =0 L, E£72, TEMIERD 0.1 mol/L HCI-Cd ZF7 6 37729,
T 0.1 mol/L HCI-Cd {8/ 3 5E5 2 HiT-.

AR CHAEL 75 IR AER R DO I RIY A A B THLH A BN CVEMZINE L -2 LI LD IR LD F;
HHLUBEAICIC, AR HEICEBENDITTOHRIT LD R (FHE) 2B LI-L 25, X TIEEEE
PN TIE — B L THERB L Qe — 7, 15 TR IR XTI, BREmfE L Hhis U CIERIME DMK Vgl CHER
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TEEORARIVLAREOMGRMEE IR LA, MR FIZLDZDRIVLFLHLIZOWT, HIRIEE
i X - TOARIY LAERBEIZBIT LB E S EREOTEREN A T DR ERER L2225 AT REME I
OB T.
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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 2022 and Summer 2023 -

HIBINO Hiroshi', KOBAYASHI Ryoto?, ABE Fumihiro!,
MASUI Ryota® and MANABE Noriko!

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

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 the Andosol. We cultivated spinach in winter 2022 and carrot in summer 2023.
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 web site of Saitama prefecture. The concentration of total
Cd and acid-solubility-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 2023) 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 2023) 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, 17, 100-124, 2024)



