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Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %°) 55 M oisture %°) 11.2
Total phosphoric acid” % 47 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® % 14 Total cadmium® mg /kg 28"
Organic carbon % 36.0 Acid-solubility -cadmium® mg /kg 18

a) Mass fraction

b) Content as P,Os

c) Content as K,0

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 Ammonium dihy drogen Potassium

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

a) Mass fraction
b) Content as P,Os
c) Content as K,O
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Fig.1 Transition of the characteristics of the soil
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Table 3-1 The fertilization amount (spinach in winter 13th)

Types of fertilizer Amounts Components (g4 m) Amounts Components (kg/10 a)
(g4 md) N P05 K,0 Cd (kg/10 a) N P,0s K0 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 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 14th)
Types of fertilizer Amounts Components (g4 m%) Amounts Components (kg/10 a)
(gam®d) N P05 KO MgO0 Cd (kg102) N P05 K,0O MgO 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




30 AEEHFZEH S Vol.16 (2023)
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 (kgl0a) N P05 K,0 Cd (kg10a) N P05 K,0 Cd
1st 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 —
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 —
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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,0s K, O Cd (kg10a) N P,0s K,O0 Cd
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 —
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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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,0s KO Cd (kg20a) N P,0s KO 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

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) A

FeRFOMEENT Table 5 LY. fuflix, FRBRXOFRE 1K) 12 kg Z4ITEY, Table 3-1, 3-2 DOJfEERF
IZLTe3 > THEBZ IR TIRA L, BalBRIXERBICHEICHAT L. 72k, BBRIXOEID 1 m 045y (7—
RTZ) 20, X OREAE T ERICEIA THRILL /2. 20k, Btz AV CESH 15 ecm £THHEL
7-.

SIS DRI T O R EDE M kRE BELT-A ATV ) R FlE AL, BRSK 15 em £T
BHEL CREZ OB LI, BB NE 9 54 (5[ 20 cm) R T —& — 7 — 7 I LS 1248
FELT=. 7236, = DU RREERH IR AR X R & U TR Al D4 1 =—)1 1000 2 I L7Z.

Table 5 Cultivation summary

Spinach Carrot

Species Miirage Koigokoro
Fertilization 2021.10.7 2022.4.11
Pesticide application 10.7 4.18
Fungicide application - 6.16
Seeding 10.15 4.18
Thinning (first) 10.29 5.19
Thinning (scond) 11.12 5.30
Harvest 2022.2.17 8.3
Cultivation period 125 days 107 days
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ROV Yy DR (ATRER) 2L T2 1%, TR WREL, (ERO HEZRBRKEICHIELZ. 561,
BRI R 1 m? 3Tk, JKIEK, (A SZHIKDNEIZYEFL, HTAETH IRFLIR LI 1208 R L
(2T 65 CTBARIRL.

ZUVAATONTUIRIZOW HEAKGEK THRVWEE L, BTy 7 Ra T2 A THERR LARFS (AT AE50) (12
GIkrL, 2N ENOEEERBXEICHELZ. SO, BB FRO 1 m? 52 TE, KK, 14 233HiK
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DNEIZYEA L, BEHITH T A% T H R LT % @R AR 2T 65 °CT— B L. IR eIy
AT 2 AT BIWT L7212, R ERER 2T 65 °CT— BRI LT,

HLIEUT- 30k B BHE 500 um D 550 EiEiE T 5 E THifeié (ZM200:Retsch 72— —[al#5%L 6000 rpm)
Tl o FEERE LTz,

7) EVEDHREY LA

SINTERER 0.5 g (ZhHEE 4 mL K ONEER (/KSR K 1 mL 2002~ A 27wl 5y i i& (ETHOS EASY:~ A /L AR
— BRI NS AL) THMSD LTob O CRORFRIE DA UL AL, SOICHEE 1| mL 2002 THLEL) % 50
mL (ZERL, ICP E &% (iCAP RQ :Thermo Fisher Scientific) z VN CHIEL7=.

8) HihtIRDHIT

IHERS, Wt H 2 s R HIE IS K VER IR L 72, &3k BR X D VEM (R A I RHE L 7= 35 AT &[] U Ak Bk X o
1 m2 O PURE L O ROFE 5 ETEY, £ 1288 (WA 50 mm X KX 250 mm) 2 VW CTRENDH 15 em 0
I, IRA Ui, RS E AT 45 °CT—i Ll Bz, HEE 2mm 05250 2@l Lizb D% /54
ke,

TP OEARIVAL, SHEE 0.5 g (2, MEEER 5 mL, @ERL/KFE KK 2 mL, MO 7 ALK EBEK 1
mL 2%, A7 SRS EIC L0 R LT 1%, ISEE 1 mL, W RS | mL 2002 B~ A 27 ril 25 i i
IZED oL, SRR E LTz, JIE I ICP E ST s s L0 T o7,

0.1 mol/L ¥l rI¥E 7RI 4 (0.1 mol/L HCI-Cd) i%, 2345k 10 g (Z%FL 0.1 mol/L HC1 50 mL /%, #9
30 °CIZIR B2 035 1 RFEHR VIR Tl L7 3UBHIRIC DT ICP B BT dE B2 W ClllE L7121,

9) EittTIBDOEESRDHRI Y LI

13 42 [ O 38 GHIEIREHREHT X 2 X, FRHEX 2 X) D 5 em ORIV AR EZ MR T 5720 1
R0 2. 8) TRLEFIETERLZHTHEIZAT 0 cm 205 5 em O HHEZEEEE, [RICEHE/ED 5 ecm 25 10
cm, 10 cm 725 15¢cm, 15 cm 725 20 cm ZZAVEAVERIRL 72, 8RR 2 VT 45 °CC— Wiz iz, H B
T2 mm D55V EEIEURA L7cb D2 HEEHE LTz

SFTERER 0.5 g 12, FEEEKY 5 mL, WL AKEAR 2mL, K OT7 AbKFERER | mL ZI1Z, ~A 27055 iR
BB ICID MR-, 2 1 mL, @R 1 mL 2002 FE~A 70l e @ C I iRl , sEHRIREL
7=, JEIX ICP B &/ Hrdki@E 2 kv T o7,

3. WRRUBE

1) &4ERoLovyn

(D ERDIL R, FIRID LJREE

13 4F H &AERT L D Ot B Table 6 128 LT-.

B, VHIRAEEHEH X C 12.1 kg, FEYEX T 11.8 kg THY, FEUEXIZ 5T D5 TRALEH FH X DU EHEEL
1% 103 Th-orz. 1 FHDD 13 4 H DOEXNEDOINEOHESE A Fig.2 (TRULTZ. RUL YU BT ORIV LR
FET, VBURREEHIE A X C 0.081 mg/kg, FEAEX T 0.054 mg/kg Th-o7-=. 1 4FEHMD 13 4EHDARTL VT BIY)
ORIV LREOHEREIE Fig.3-1 [RLzEBY, BAHIEZEE S (LIT, TCodex ZEE LV, ) NEDD
FEAEET (0.2 mg/kg) (2R L TRV I THER L CU Tz,
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Fio, ROV YT R OTIRIT LPRFEIZONTHEREZ R LI2E A, IGIRIEEHEH X T 0.53 mg/kg, 1%
HEXC 0.33 mg/kg THY, (HIRAEEHEH K23 B2 @R R Th 72 (p=9.4X109) .

TGIRIERIOHE I LRIV YT R D IIRIT AR EOHER 2 Fig.3-2 IIRLIC. 1 FHDD 13 4FEHE
TEEUFRIHTUIZEZA, 1GTEARE i X & OEHE X S I A8 80 DL o7z,

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 13th)

Unit Test plot-1 Test plot-2 Average  Yield indext’ Signti];Lc:tance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.1 12.0 12.1 103 -
Cadmium concentration (fresh matter) mgkg 0.080 0.078 0.083 0.083 0.081 -
Cadmium concentration (dry matter) mgkg  0.52 0.51 0.55 0.55 0.53 Significanceb)
<Standard plot (SP)>
Fresh weight kg 11.8 11.7 11.8
Cadmium concentration (fresh matter) mgkg 0.055  0.059 0.050 0.051 0.054
Cadmium concentration (dry matter) mgkg 0.33 0.36 0.31 0.31 0.33

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) )

rJ
I

BAP osp

Yield (kg)

1 2 3 4 5 6 7 8 9 1011 12 13
Year

Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))

020 1.0

ke )

- - AP O-SP
0.15 03 1

06 —0-
2010

0.05

Cd concentration (mg/kg)
toal ¢
Cd concentration (mg
o s

2 0.00 0.0
q 1 2 34 56 7 8 910111213 1 2 3 4 5 6 7 8 9 10111213
Year Year
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))
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(2) Wit LD A RIT A

13 4 H & MERT Lo B 130D 0.1 mol/L HCI-Cd, pH (H20) K& TN EC &/ L7=#& 5% Table 7 ([Z/”L
72. 0.1 mol/L HCI-Cd 1%, 75V fEkHiE i X1% 0.28 mg/kg, FEHEX L 0.16 mg/kg THY, 1HIEIEEHEF X TH
BEIC@ED-o7= (p=7.9X107).

Table 7 Characteristics of cultivated soil (winter 13th)

Unit Test prot-1 Test prot-2 Average SlganStance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd® mg/kg 0.26 029 027 028 0.28 Significance”’
pH (H,0)" 6.0 6.0 -
EC® mS/cm 0.10 0.10
<Standard plot(SP)>
0.1 mol /L HCI-Cd mg/kg 0.16 0.15 0.16 0.16 0.16
pH (H,0) 6.3 6.2
EC mS/cm 0.06 0.06

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) BEE=2PY

(D EIRDI R, TIRID LR EE

14 2 H BE=0 D0 OfER% Table 8 IZ/RLT-.

IV, VHURERHE X C 17.1 kg (FRHEB 12.5 kg, HEH0 4.7 k), ARHEX T 17.0 kg (BB 12.2 kg, HEHS 4.8
kg) THY, FEAERIT T D15 VE B H X DU EFEEUT 101 BRES 102, FEE 97) Tho7-.

1AEE D 14 4E BICBITD EEDOINEDOHES & Fig.4-1 GET), Fig.4-2 (RER) IRLT-. FEAE 13 £ H D=
VU MII R EARNE TR E, BRIRD B AN 2. TORENLRERIX TREMFEETLDR
DIERDFAEL, BENFAL LI, MisET DN R DNT-7280, 144 B BIEOBITEEANC L D8R k%
o7z, ST, FEREMRHAZVEELDD 1 7 BIFE 5 GRS 21T TR R, 1GIRIEEHG X, EEAEX O [X 2
BOTREI EIIHIFE LV 2L o7z,

=2V VE RO I RIT AR, TEURREERE H X CTHRES 0.021 mg/kg, HEE 0.041 mg/kg THY, FEAEX
TR 0.017 mg/kg, HEHES 0.026 mg/kg Th o7z,

Codex Z BT &o TR FHED FAEE® (0.1 mg/kg) 1T AT BFBORIIZ OV TED LI TS, =P8
Wy O AR LR EEIL Fig.5-1 (RUTEDS, ARERO AR L EE I3 UEEI T L, ROEE CHEB L Q.
=V DO AIRIT LR EIZOW T KA i L& 24, 15 TRIEEHE H X CHRES 0.16 mg/kg, HEH0.21
mg/kg, FEYEX CHRHEE 0.13 mg/kg, ZEHE 0.14 mg/kg THY, RER (p=3.2X 104), B (p=1.2 X 105) D FRAL T
TBIRIEEHX A B IS E WS R Th o7z,

TBIRAREI OB AL D=0 DU MW R DA RIT KR EEOHERS T Fig.5-2 ITR LT,



36

REEHFZE RS Vol.16 (2023)

Table 8 Yield of carrot and Cadmium concentration (summer 14th)

Part Unit Test plot-1 Test plot-2 Average Yield index’’  Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 124 125 12.5 102 -
Fresh weight Leaf kg 5.2 4.1 4.7 97 -
Total kg 17.6 16.6 17.1 101 -
Cadmium concentration (fresh matter) Root  mgkg  0.017 0.020 0023 00220021 i
Leaf mgkg 0.035 0.034 0.047 0.046 0.041 -
. b)
Cadmium concentration (dry matter) Root  mgkg 013 0.15 0.19 018 016 Slgnlf_l(_:ance
Leaf mgkg 0.20 0.19 0.22 0.22 0.21 Significance
<Standard plot (SP)>
Root kg 115 12.8 12.2
Fresh weight Leaf kg 4.8 4.8 4.8
Total kg 16.3 17.6 17.0
Cadmium concentration (fresh matter) Root  mgkg ~0.018 0.018 0.015 0015 0017
Leaf mgkg 0.028 0.028 0.023 0.024 0.026
Cadmium concentration (dry matter) Root  mgkg 013 0.13 0.13 0.13 0.13
Leaf mgkg 0.16 0.15 0.13 0.13 0.14
a) Yield of Standard plot was indexed as 100
b) 1t 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
mAP asp BAP oSP
15
w5 10 - i ~
-y 2
= - 10
& =
PR -
h > - ﬁ.ﬂ -
1 2 3 4 5 6 7 8 91011121314 I 2 3 4 5 6 7 8 9 10 11 12 13 14
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
BAP asp

25
E; 20
515 .
=10

i

0

1 2 3 456 7 8 91011121314

Year

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

Fig.5-1 Cd concentration (content in the fresh matter)

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

(2) Bt LHED A RIT L

Bt HHED 4 AIRIT A, 0.1 mol/L HCI-Cd, pH (H20) J OY EC D341 #& % Table 9 (2R L7z,

BIRIY LR, (GUEAREHE A XX 0.64 mg/kg, FEHEXIL 0.46 mg/kg T, {HIEAEEHEH XA EIZHE
D7z (p=1.1X107%).

0.1 mol/L HCI-Cd I, {5VEAERHE A X1 0.26 mg/kg, FEHEXIT 0.16 mg/kg THY, THIRAEHEH XA A &
WZEoTe (p=1.2X10).

Table 9 Characteristics of cultivated soil (summer 14th)

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.64 0.62 0.64 0.65 0.64 Significance®
0.1 mol/L HCI-Cd” mgkg  0.27 0.27 0.26 0.26 0.26 Significance®
pH (H,0)® 6.5 6.4 -
ec? mS/cm 0.13 0.15 -
<Standard plot (SP)>
Total-Cd® mgkg 0.46 0.45 0.46 0.46 0.46
0.1 mol/L HCl-cd” mgkg 0.15 0.16 0.16 0.16 0.16
pH (H,0)? 6.5 6.5
Ec? mS/cm 0.07 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) EithtiEchdh KIS LDHRE

(1) B D DRI LR

B D 2RI AR FEOHER % Table 10 (Z/RL72. F72, 0.1 mol/L HCI-Cd #EFEOHERE L L1 12 Fig.6-
1 (TG YRR [X) Fig.6-2 (BEHEX) (2R LT=.
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TG VEREEHiE H X OREYEX. DR NI AR EDOHERZ DWW TN AR T 5720, 2N ZE O X
BiF5, 1 80 BEELLORE A (BAENOIROBEEETORIIRIX 12 7 HELI) I T 58RIV LRED
PRIZHENR AT 24T 72 (BREYFRO 0 H TR O p I KORH, WiRIAEKYE S %) (Table 10). 14 4 H
B AEHR =TI R ARG F X 1E_E A (p=4.2 X 10) 23FRDHA, FEYEX T F BT (p=1.8 X 103) 2558
HHILT.

TGUENERHE T X % OFEHEX DA R AR E A L 72224, A LT 1 4R B BEAELIG TR L X
PIEEEX VA BICELS > TRY, 07T 4 4 H EAELIRE, BHE b0 LR L% RERORE R TV,
ZHUE, THVRARENE A KIZIE TRAEE Sk D A R AO B B, 1EMIROINHEC LD EHER IR A0 [
BAA~OFFHHLEIVS 22D, IRIT ARSI T HEMICHHZEERL TN,

0.8 0.8
o -@-Total Cd -#- 0.lmol/L. HCI soluble Cd ) O-Total Cd -4- 0, Imol/L HCI soluble Cd
E | .- ®os 4
206 Pa— .__6__‘_._.‘-.-0--0' 206
§  [eee 3 690550
= =1 -
=z =z | -O-Q-0-0-0._ .0-©
S04 £ 04 + ©:07970:0:0;.5.0-0-C
£ £
- ENSguaga®e -
~ 2 R a2 - » 4 B
gé 02 Sugutig e -’.".'. cé 0.2 DDUDDDDDGD{]D 00000000
b1 £ oaoo®
= 0.0 =00 -
A e
1 2 3 4 5 6 7 8 910111213 14 1 2 3 4 5 6 7 8 910111213 14
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” Sp®) Significance test regression analysisd)
Year Season  TestCrops .owq (mgkg (difference between the AP P9
processing)

st Summer Carrot 0.51 0.48 Significancee) - -
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 — —
6th  Summer  Carrot 0.57 0.47 Significance p<0.05" 0.16
7th  Summer Carrot 0.57 0.46 Significance p<0.01? 0.06
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

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) BrH 13 0.1 mol/L HCI-Cd DHER

Bt 180> 0.1 mol/L HCI-Cd #2JE DHERS % Table 11 (TR L7z, F£72, ORIV AEEOHEB L LI Fig.6-
1 ((GIRAEEHE X)) , Fig.6-2 (FEYEX) IR L7z,

TS Uk A X B OMEHEX D 0.1 mol/L HCI-Cd DHERIZ DWW TR A2 T 572, A E DO LER X

BT HRBRBH AR DO RE H (B 3BROMIFREIX 6 7 H LL72) 12675 0.1 mol/L HCI-Cd O#E HLIEF 47

*ﬁ%‘:ﬁot(ﬁlﬁl IR D IHTRD p EIZEVFEM, WA EAKYE S %) (Table 11). 14 4= B E{EBiiET
OIEPRAEEHEH K OEYFITAEL72D, EFMHEAARD O (p=1.6X107). 10 4 B EEE TOR LI
IR AU 3T BTG TR IR A X O Ef I A Tl —E THERB L TOAHIA Th 7223, 10 45 H A VELIFE 5
\ZERU 72, ZD%1E, 0.26 mg/kg DR FEFHTIZIHB W T—E THREL Q5.

— 77, BEYERX TN, BAMEE SR DI (p=1.3 X 102) . BUOEIAT 3 4F B ZAELLREREE L TV5.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

N -value of single
Significance test P d

Vear  Season Test Craps APY  sp9 | regression analysis”
(mgkg) (mgkg) (difference betweenthe — APY spY
processing)

— Start — 0.19 0.20 N.s.” — —
1st Summer Carrot 0.21 0.21 N.S. — —
1st 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
5th 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

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))
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(3) ARV ADOAR &, FHHURK R

1 FEHEE~14 FEHEREORBRICBWT, MEAELIGIRIER RO ARIV LA B THLAN &, 1E
WMEREE L2 IS E DRIV LD LU E, FHE~OEHEEN O RO IV LALFEEE % Table 12
\RLTe. £, BB AO A RIY AOA M &IE, {GIRIEEIR OB RIV AEH RITHRER X (4 m?) ~Offi &
ERCCHEM U, EMICEDIRIVLAORL I UET, RBREICBITDINHELI-EY D AR LRI EDZ
EC, (FH O EIAED T OARIV LREZFRU TR L., HHEAOHDRIV LAEREIL, HIRIERHCED A
R MO G RLAEMICED AR AOFFHILROZCIVE MU, LE~OH I AOEFRRIEN, 7
RITAOZEREEICRBRX Y7200 LHE ((ELOBES 15 em, THEOMREE 0.7 LU, BRBRX (4 m?) 47200
+HEEA 420 kg ELT-) TERLCHEHL.

IGIEAEEHE X T, #3BRICI W T, ARIVLAR &R L TR L &V D 72N e HEO IR
T LN TTALIL DT80, THIEAEE O IZ LD A RIT A OB AN o T HEEERE T 5 RITV L0
EELEM THLHIENE X HND. EREIZIBVTHHR HEEO 2T RIT AR EE O HEAME 7 2558 H0 T
2. 187 27 (ORI I DTG IR NEEHE T XD BRIV L& FERIL 165.4 mg/alERIX (413.5 g/ha), IRITV A
LREEE IRV AEHESRBR X B EODFE B UM G Lo LR ARIY A0 EFYRE) 13 0.394 mg/kg
Lipor-.
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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-application 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
(mglplot) (mghplot) (mgplot)  (mgkg) (mg/plot) (mgplot) (mgplot)  (mgkg)

1st  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
1st  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 2.43 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
5th  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

Total 181.4 16.0 165.4 0.394 15 12.5 -11.0 -0.026

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)

B DRI RIT LRREEIZOWT, 1A H B/EBM OO R RME L BRRIEDOHER 2 Table 13 2 O Fig.7
(RUTZ. TG URNERHRE A X K OMRHER O R AR EE O BRI, 145 H 2 /EER M 50 2RI a2 A &
LG, Table 12 THRHLIZARIY AERREZ ABUA H U, BEEXII AN B RRE2N3IE — Bl THER
Lz, —J7, IGURIEEIE XIS, PR & beie L CIaME oD 5 MRV M A THERE L T/,
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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 Test APP spY APDD gp9®
Crops
(mg/kg)  (mg/kg) (mg/kg)  (mglkg)
1st  Summer Carrot 0.51 0.48 0.51 0.48
2nd  Summer Spinach  0.52 0.49 0.52 0.47
3rd  Summer  Turnip 0.51 0.48 0.53 0.47
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 0.46
7th  Summer  Carrot 0.57 0.46 0.66 0.46
8th ~ Summer Carrot 0.54 0.45 0.69 0.46
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 0.45
13th  Summer Carrot 0.63 0.44 0.85 0.45
14th  Summer  Carrot 0.64 0.46 0.89 0.45

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

c¢) 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



44

REEHFZE RS Vol.16 (2023)

)
&

=
(=

=
N

> =]
~J s

=]
s

total-Cd concentration (mg/kg
=

w—=actual total-Cd concentration(AP)

~{fl= actual total-Cd concentration(SP)

- = = theoretical total-Cd concentration (AP)

theoretical total-Cd concentration (SP)

&
(=)

3 4

7

Year

9

11 12 13 14

Fig.7 Changes in the actual total-Cd concentration

and the theoretical total-Cd concentration of soil after harvest

4) HipTIROEESADA FIIOLRE

13 4 H OLAEBH T OFRERIZ I\ T, B 5 om B ITERIL 743X O TR NIy AR EE
(RfE) DFERZ Table 14 (RULTZ. 2 CORER CTIHUEAEEHE A X OMEEX 0 A EICm WG R Lo
72(0-5 cm: p=5.2 X107, 5-10 cm: p=6.3 X107, 10-15 cm: p=7.3 X 10, 15-20 cm: p=1.9X102).

Table 14  The total-Cd concentration moved vertically of soil after harvest

I?f::)h (ma/kg) (mg/ka) Significance test
0-5 0.69 (0.05)° 0.44 (0.02) Significance”’
5-10 0.60 (0.02) 0.42 (0.02) Significance
10-15 0.58 (0.00) 0.42 (0.01) Significance
15-20 0.47 (0.00) 0.42 (0.01) Significance

a) Sludge-fertilizer-application plot

b) Standard plot

¢) Standard deviation (n=4 (2x2) (repetition x number of samples))

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

THHEREUL 5 cm BEIAToTODI2D, IUISEIVEILDTREE O IR LR A& TR EEH O IS5 53 D
RSIZBIDRELLISA (FIZIE, 0 em~5 em OVEEH CRIESIVEARID AR EE A, ZOVRE O
o DIRE 2.5 ecm THIESND I RIV LR LRET D) DV T7% Fig.8 \IRLic. TR 771X RITV A
DWEE, BT T7 3 HEROIRIV LD EFREEZRLTVD. 728, HHEEIIELOBRES 5.0 cm, HEHEO
FEEE 0.7 £, RBRIX (4 m?) U7=0THEHL T2, 2 TOREHRT 140 kg THD.
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AR CIIELEE 15 em EFEL T3, 15 em JOHIEVB IZB W THIBTRAREHE H X ORI AjR
FENEEEX DA BIZEWD, IRITAIL 15 em SIS FABITL TS DEB 2 HiLD. X TIIEE
DEWIZE S THRIVAREEIZZEITIZEAE RO -7, {GIRAREHE X DA NI AR BRI BITD
WWCHEBANIF D THERE T HE, IRIT LR LI T D5 TR X 00 3T LR A2 YE X 0 3T (Ll R
INEEI DS B D RS TIZARIT ADOBATNEL TORNWEEZ NS, Lo T, RS 15.0 cm S IUT L E R
DR 23.0 em EFTIEHRIVLRBAT U ATREMEARIB S L. ZOTRE R O I/ OUESIE 19.0 cm T
HY, ZOTRSIZIST DTG VAR X K& OFEHEX OITEIERRDO AR IV AR EO 1L 0.05 mgkg Th-o7-.

FRLCHRRE R ORI OWRSICBIT IR EZZDREH O I RIVARELEZ X HEERL TNDHTD,
15.0 cm~23.0 cm @ HHEIZIBIT 5 RIT AR ES [FERIZ 0.05 mg/kg £725. iz 15.0 em~23.0 cm O
TR (RS 8.0cm, HEDHILE 0.7 LU, RBRIX (4m?) Y7-0THHT5E, £223kg THD) TERTIHER
10.9 mg DARIV LM FE (15.0 cm~23.0 cm) ~BATL CWOD AREMENREZE 2 HND.
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0.7
. —+— AP(total-Cd concentration) —m— SP(total-Cd concentration)

S oo W e
S N e N y =-0.0134x +0.7179 80
SN [ I IR r2 = 0.9606
= 05 = °
" T . D A e iv4
= e t .......... 60 2
b 0.4 [ meeeeeetis 3o i
S Iy =-0.0011x + 0.4355 >
g I r2=0.3653 kS
S o3 ' 40 E
) : o
- L=
O o2 : §
= ' 20 ©
2 |
e o1 | ©

|

|

0.0 ' 0
0 25 5 7.5 10 125 15 175 19 20 23.0
Depth (cm)

Fig.8 The total-Cd concentration moved vertically of soil after harvest and Cd content in a lower layer
5. £&H

REBFD A S0 B OVEE A D RERAZ L BRI B 9~ DR A2t 8 L C, VH VAR RN 18 Jits FH 3R A 2009 4
F0IT-THY, HIEAEEH X K& OVG IR IEBHIEiE FH O EX D 2 3UBRIXIZ, 13 2 B AEEL TRuL Yy
Z, 14 AR HEELL T=0 Du 3835 L, BB O BRI AR EOZAL I OVEMIR T 0O J1 R 2 FE 2 fife i
L7z, 13 A H AERT L YO B R OB RIT AR, (5IRIEEHX T 0.081 mg/kg, FEHEX T 0.054 mg/kg
ThHY, Codex ZEERNE D DHHYENE (0.2 mg/kg) (25 L TURWE R ThHh-7-.

=B OARIY LPREEE, 1GIENE G H X CTHERS 0.041 mg/kg, ARES 0.021 mg/kg, FEHEX THER
0.026 mg/kg, B 0.017 mg/kg Th-7-. AIEHETHOMRIBOARIT AP T Codex 25 B2 03 E 6 2 KL YE(H
(0.1 mg/kg) IZxF L TIRV i - CdnoTz. Fio, ARTL LY () KON D (FEE - M) LHITAEAEX |2 b
AT TRIEEHE F X3 B @m O R CThoTz.
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14 4 B ZE=0 D0 OB B3O 20 R AR IV TRAREHE H K OMERE X L X TR B IS @D -7

1B DD 14 4F B OB L8R O 2 RIT AR L O8N 0.1 mol/L HCI-Cd IR EE DHEB &R LT-L2A, 15
JEAEEHiE H X D2 R AR T IME R 2R~ L CTRY, BIEIEEHZE B T2 RIV AN EICEREL T
HZENIRENTZ., — 5T, HIRAEEHE X ™ 0.1 mol/L HCI-Cd (22 Tl 10 4 H EEE Tl — BB
DR DI REFVTNZDS, 10 - B ZAELARR I I [ 2~ Uiz, FGTERERHZ B A T2 RIy AT BRI
WA ELEA DT LICEORBEEL CODEB Z LN TWDE, Bl HEEFR O BRI AED 2,
EHEMEREA TR D BA BB L2812, 0.1 mol/L HCl (IR ADIERROIRIT ARLHIINLIZL S
Z BV, EFE, 0.26 mg/kg DIRFEFITICHBWT—E THRL T\,

PEHEX DA A R AR T ME R THY, 0.1 mol/L HCI-Cd (DWW ThIBME 2R LT, FEHEX D4
AIRIV AFHEAEIZ LD AIRIT OG22 DJA L, E72, 1E#RAS 0.1 mol/L HCI-Cd ZF¢H 13729,
15841 0.1 mol/L HCI-Cd &80 355 2 b,

B ChE AL U775 TR ARE R SR D AR L AN B CTh D AN &L OMEME RIS L2 LIC LD IRIV LD FE
HHLEDS, HEICERBIN TOBIETOIRIVLOBEE N LI-EDA, YK T FRME L PR ENTIE
—HLUTHER L Qe — 05, THTRAREHE A XL, BRERE S bt L CERRIE O J7 DML ME A THERR L Cu e,
ZHUE, BEESS M EOFERE R 0D, BEPOARIT AOKFF I ~OBATRRD SN2 EnDH
FEIZED =D I RIT LPME LI EOR2NZLICEAbDEB X DT,

AR DF & Ol EDOFHAERE RO ARIY LOREF M ~DOBENIIZLEA LN EDZETHES T
N, AR TSOICHINK Sem BEICHEA L, HRIY LAOEE ST A ~OBENZ SV CEITTHRATLZ.
fELJE 15 cm X0 FEICHET DRIV A ONT, IEIEARIC IV HEE LB TIRIEZ B H L. ZOfE R,
15.0 cm~23.0 cm DRSO JE VG TRAREH S 0.05 mg/kg A7 241287255 10.9mg DARIT LB TL TV
DRRBMED DD ZE D 0o T GRERIXAY 4 m? THY, HEORKELE 0.7 LL725H OES 15.0 cm~23.0 cm (2
BIFAHHEER 223kg TOARIVLLELTEI) . ZOEE S A~DHRITLOBEL, HHEORIHK 25cm
EDAay 7 H O TOME I UNEXEDOBRIC HER O ZXRELNAELELOEE I BNA.
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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 2021 and Summer 2022 -

KOBAYASHI Ryoto!, MASUI Ryotaz, HIBINO Hiroshil,
ABE Fumihiro! and ASAO Naoki?

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed Inspection Department, (Now) FAMIC, Kobe Regional Center
3 FAMIC, Fertilizer and Feed Inspection Department, (Now) FAMIC, Nagoya 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 2021 and carrot in summer 2022.
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-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 2022) 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 2022) 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.

In order to understand the Cd vertical distribution in the soil, the soil sampled at a depth of each every 5
cm (from 0 cm to 20 cm) was measured. As a result, the total-Cd was a statistically significant difference between
the soil in the AP and the SP at the every area (0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm). Moreover, the estimation
of approximate straight line that was obtained by vertical distribution of the AP and the SP indicated what Cd
were existed at a depth of approximately 23.0 cm.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 16, 24-48, 2023)



