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Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %Y 5.5 Moisture %Y 11.2
Total phosphoric acid” %% 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid” %% 2.2 Total Zinc mg /kg 1038
Total potassium®’ %) 0.4 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,0O;

c¢) Content as K,O

d) Content as CaO

¢) 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

Ammonium dihydrogen Potassium

ftem Unit - Urea phosphate chloride
Total nitrogen o0 46.1 12.0 —
Total phosphorusb) %) — 61.0 —
Total potassium®’ % — - 63.1

a) Mass fraction
b) Content as P,O5
c¢) Content as K,0
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Fig.1 Transition of the characteristics of the soil

AP : Sludge fertilizer application plot

SP : Standerd plot

TN (%) dry matter

0.35
0.30
~0.25
£0.20
5 0.15
g 0.10
0.05
0.00

e
o

=
i

e
=~

e
)

25

Available P,Og4
(mg/100 g dry soil)

HIEEZZELLC, HIEP OSBRI 3 plisy (CCEPEINER, M A K, AZHMEE 1) DOh, Atk
FORG AME MBI RS20, 12 4 B BAER OB~ 7 2o A& RS2 81280,
RV LD T 2D BGER M o7, $£7-, 13 4 H EERHEMEAINIC pH L R TF L AR REL, R
LTS Loy il L7z,

10 11 12 13

20

15

10

9 10 11 12 13



{GUEHEEOH IS LW FIY LD HIEA~OERE, 1EY~DOWIEAER (ki) 111

N

(=)
(=]

950
=50 — —e—AP &SP T =
SF . Q%
x @ 40 T T m U -
2 £ 1 ;@ L B
= A\ \ )
S %030 [z Nt t—¥ s g S o
= [—} N T + [TV —]
s < 5 s S
= <20 8=
a [=T9] M1
= & = &
0

350

1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 45 6 7 8 9 1011 12 13
Year Year
70
Y
%260 /;tu
= # 50
§$40
gow
g2 30
]
5 020
¥ g
M= 10 —-—-AP &SP

(=]

1 2 3 4 5 6 7 8 9 10 11 12 13
Year

Fig.1 Continue
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Table 3-1 The fertilization amount (spinach in winter 12th)

. Amounts Components (g/4 m?) Amounts Components (kg/10 a)
Types of fertilizer 5

(g4m” N P05 K,0 MgO Cd (kg/'10 a) N P,0; K,0 MgO 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 — —
M agneium sulfate 100 — — — 33 — 25 — — — 8 —
Total 211 164 72 33 0.0085 53 41 18 8 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 — —
M agneium sulfate 100 — — — 33 - 25 — — — 8 —
Total 80 88 72 33 — 20 22 18 8 —

Table 3-2 The fertilization amount (carrot in summer 13th)

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

(g4m®) N P,0s K,0 Mg0 Cd (kg/10 a) N P,0s K,0 MgO Cd
<Sludge-fertilizer-ap plication 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 (pH adjustment) 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 (pH adjustment) 800 — — — 136 0.0008 200 — — — 34 0.0002

Total 76 84 64 136 0.0008 19 21 16 34 0.0002
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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 (kgl0a) N P,0, K,0 Cd (kgl0a) N P,05 K,0 «Cd
Ist  Sludge fertilizer 332 T 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 —

Ist  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 dihydrogenphosphat — - - — — 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 dihydrogenphosphat — - - — — 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 —

Sth Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphat — - - — — 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 —

S5th  Sludge fertilizer 500 17 26 2 0.0018 — - — — —
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 26 - — 16 — 29 - - 18 —

Fused magnesium phosphate 250 — 25 — — 250 — 25 — —

Slaked lime (pH adjustment) 196 — — — — 2189 — — — —

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 dihydrogenphosphat — - - — — 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 dihydrogenphosphat 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,05; K,0 Cd (kgl0a) N P,0; K,0 Cd
7th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat — - = — — 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 dihydrogenphosphat 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 dihydrogenphosphat 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 dihydrogenphosphat — - = — — 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 dihydrogenphosphat — - = — — 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 dihydrogenphosphat — - = — — 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 dihydrogenphosphat — - = — — 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 dihydrogenphosphat — - = — — 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 dihydrogenphosphat — - = — — 39 5 24 — —
Potassium chloride 22 - — 14 — 25 - = 16 —
Total 33 24 16  0.0014 19 24 16 —
I'Tth  Sludge fertilizer 500 29 24 2 0.0014 — - = — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphat — - = — — 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 phospha — - = — — 27 3 17 — —
Potassium chloride 20 - = 13 — 25 - = 16 —
Magneium sulfate 25 — — — — 25 — — — —
Total 4436 16  0.0021 19 17 16 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — - — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phospha 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 phospha 7 1 4 — — 34 4 21 — —
Potassium chloride 20 - = 13 — 25 - = 16 —
Magnesium lime (pH adjustment, 200 - — — 0.0002 200 - — — 0.0002
Total 4440 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)
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(5) Fkb5J7ik

HeBGOMELT Table 5 &Y. FifltiX, £RBRXDOFRE 14 12 kg Z4I2EY, Table 3-1 & U* Table 3-2 ©
FEAERRFHI Lo > THERHE A TRE L, &R BRX R8I E I L. 7ed, ZFRBRIXOEL 1 m @

oy (T —R7 7)1, BEERORMER G EFUEIE TRAELE. 0%, BHais AWV CRSK 15 cm
FTHHRLT-.

IR T DN N T O RO FE R FRE BE LA ATV ) RAIE AT, TRSK 15 cm £T
PHEL TREZTEOIZRD L%, BB NE 9 4 (5059 20 cm) M@ Ty — & —7 — 7 I LE&N/-Fl 1% 1%
FEL7=.

Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2020.10.15 2021.5.11
Pesticide application 11.26 6.11
Seeding 10.28 5.20
Thinning (first) 11.11 6.17
Thinning (scond) 11.26 7.6
Harvest 2021.3.11 9.7
Cultivation period 134 days 110 days

(6) 1EMIRDRITLEE

AL DIER (AR ER) Z UL HELT-1%, AL WL, EMIRO B EZRBR X EICHIE L. S5,
SIRTHRUEIE L GRERX RS 1 m? 5348 Ta, KK, A4 AWK DNRIZHE L, 7T AZE T HIRFEEL -
WA 12 C 65 CT—BERLIRELT-.

S VAT OWTUIRIZ DN e R AKGEKR THWIEEL, BTy 7 8a T % AV CIEER SARES (R0 12
GIkTL, ZNENOEEFZRBXEICHELZ. 35 ”‘*ﬁﬁﬁnﬁ*ﬂrkbfﬁiﬁﬁl:qj%OD1m2/\/}§“(% KB K,
AZ IR DN YL, BEEIA T A2 C AR L% IR 12T 65 CT—RARKRIERLZ. 1R
T eIy 7 8-e) T 2 VGl BT L 724%, dEHZ AR 12T 65 CT— BRI,

R U7 3UE A HBAZ 500 pm D520\ A @il 35 F TR (ZM200:Retsch 7—4—[al#550 6000 rpm)
TEHREL AT B LT

(7) AEIRDTIRIT 2547

SYHTEEL 0.5 g AR 4 mL K ONEER /KK | mL 21z ~A 7 e sy ik E (ETHOS EASY:~A /LA
— U PRI EH) THME P LEb DA 50 mL ISERL, ICP B &5 G(CAP RQ :Thermo Fisher
Scientific) Z AV CTHIELT-.

(8) Bt D /3Hr

IR, BiRHh 1382 56 A MR i IS RO T2, 3R BR X D VEMI IR D43 T F 3Bk 2 R L 7= 35 T & [+
CaBR X 1 m? OPURE K O D EE 5 23Tk, B g (S 50 mm X RE 250 mm) 2 WV CRENBH
15 cm £ CEREL IRA L. @R EEZ AT 35 CT— B, HBE 2mm OS50 E@iELb 0%
AT AR LT,

TEEFORARIV AL, SHTEEL 0.5 g 12, AEEEK) 5 mL, IER{L/KFEKK 2 mL, KO bLKFERER 1
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mL 20N, ~ A7 RS K0 R UT-1%, fElR 1 mL, M FREEE | mL 200X FEE~ A 7 aii oy i
(X REL, REHRIRE LT, E T ICP B & E LT o7,

MR AR A E, 138 10 g (251 0.1 mol/L HC1 50 mL Z A1z, #J 30 °CIZIRH/RE 1 FEFIRD IR
T L 723 UBHIRIZ D W T ICP B BT @2 F W CRIEL 72 19,

(9) Bk HHED A FEFERER A NI AR 4T

VA BB 134 H O ZVEBRH 158 GHIEIERHE A X2 X, FEREX2[X) & F5i2. (8) T/RUIZJFIACTERIY,
T2 02 B E L2 B LN O RN R O TERERISR D ST I W= iR B B 121,
Scheme I /RUL72dIDCHAEL, EFEZRED I RIT LM LT-. B8 8 LTk, ELE o H V1250 mL
ODigiTUBEsZ il L7722 E R OGRIIC L A TREEZRy N7 L — MLV ERBLZZETHY, WTh
I X DMFHIAT > TR0, BIEME~OREREEIRNEZZOND.

F9, AT L 5 g % 50mL @ DigiTUBEs 288D, 7K 20 mL A% T 2 REFHRDIEH 7=, £ 750X g T
15 43 il DAL C BV A Sy BEL 7=, 3 BEL 723 Hrakfh~ pH 7.0 BERE T B =7 VK 20 mL 212 CIA]
FROBREZITVY, 51T 1 %EDTA AR 20 mL Z 1% CRIEEOEIEEITo72. /K, pH 7.0 FifET > E=0 LR
%, 1 %EDTA {ERICEZV BRI N b DEZNEIKEEEARIT L, [EHRRETIRIT A, FL—MEIRIY
LELTz. 1 %EDTA ¥R I DI AN T L7221, el 24 807K T 200 mL X1 300 mL Oh—/LE
——IZBL, Ry —h B CARIGES T, fERIC S %zt /K#EK 50 mL Z001Z, a3 7e<i25
FTHEAWY O REATOARREESE . £0%, oHalkE% 50 mL @ DigiTUBEs (IZ# L, LGCFAERD
BAETIK, pH 7.0 BEEET B =0 LR, 1 %EDTA IR ONEIZHI 2403 U, AGRBRCIE 5 %itdfig{bk
FAKIZEDEHD 3% TSN DTN ENOAIRIT 2B GH LI O GHEREIRIT AE LT, LHEND
U7 ARE 3 FECAIEL, ICP E B/ HiEE 2 AWl L.
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Sg
analytical sample

mL DigiTUBEs

|H 20 mL of water

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Weigh to the order of 1 mg to a 50

Sample solution

(Water-soluble Cd)

Solid content

|H 20 mL of ammonium acetate solution (pH 7.0)

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Exchangeable Cd)

Solid content

|<— 20 mL of 1 % EDTA solution

Shaking

| 2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Chelated Cd)

Transfer

| 200-mL volumetric flask, water

|<— 50 mL of 5 % H20:2 solution

Heating

| Evaporation to remove water

Transfer

| 50 mL DigiTUBEs, 20 mL water

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Slowly soluble Cd (1))

]

Solid content |

|H 20 mL of ammonium acetate solution (pH 7.0)

Shaking |2 hour

Centrifugal separation |750 X g, 15 min

Filtration Type 3 filter paper

Sample solution
(Slowly soluble Cd (2))

Solid content |

|H 20 mL of 1 % EDTA solution

Shaking |z hour

Centrifugal separation |750 X g, 15 min

Filtration Type 3 filter paper

Sample solution
(Slowly soluble Cd (3))

Sample solution

< Adjusting the acid concentration by the
nitric acid solution at the time of dilution

Measurement ICP-MS

2 Slowly soluble Cd is the sum of (1), (2) and (3)
after measurement.

Scheme 1 Cadmium analysis method in soil by sequential extraction
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3. HRRUEER

1) Z4EFHRILIYY

(W EMEDOIRE, hFEVLEE

12 = B & ERT L Yo Ot J% Table 6 (2R L7z,

I, B VRAEEHE X C 17.5 kg, FEUEX T 17.9 kg THY, FEAEX I3 DIGTEALEHE F X O 5%k
1% 98 Tho7o. 1 FEMND 12 - HOLEOWEDOHER I Fig.2 ITRLIZAY, 12 4 H OIXEIIFIFI 4 Th
o7,

ROV VOB R ORI AR ELE, GIEAREHEH X T 0.090 mg/kg, FEAEX T 0.045 mg/kg Th-or-. 1
FEPD 12 FHORYL YU HOARIY LREOHRIL Fig3-1 12773230 Codex HEMEM' (0.2
mg/kg) (Z5xF LTIV EE CHERB L Cu e,

Fo, ROV YT DRIV LRI OWTH X2 R L2 E 24, HIRiEBHE X T 0.81 mg/kg, 1%
HEX T 0.39 mg/kg THY, {GIEAEEHEH XA EIZE WS R Tho7 (p=4.3X107).

HIRIERIOHE R X DR L o ORI AR EEORER 2 Fig.3-2 (RLic. (GTRAREHEH X123
7% 12 45 B O Ry A LR BRI AR LU b iV MEE 7257

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 12th)

Unit Test plot-1 Test plot-2 Average  Yield index” Signtii'lsctance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 18.0 17.1 17.5 98
Cadmium concentration (fresh matter) mgkg 0.095 0.094 0.085 0.087 0.090
Cadmium concentration (dry matter) mgkg 0.86 0.85 0.75 0.77 0.81 Signiﬁcanceb>
<Standard plot (SP)>
Fresh weight kg 18.0 17.8 17.9
Cadmium concentration (fresh matter) mgkg 0.048 0.050 0.041 0.041 0.045
Cadmium concentration (dry matter) mgkg 0.42 0.44 0.35 0.35 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) )

mAP oSP
25 [

Year

Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
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0200 __1.000

£ ~—AP o-sp 2 200 AP -o-SP

?0.150 :E’D ’ /§7

= 2 0.600 - A

£ 0.100 £ \{/

s 0.050 /h\ . E 0.200

g v N~y ot 20 tf

< 0.000 < 0.000

o 1 345 6 7 8 9 101112 © 1 23 45 6 7 8 91011 12

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))
(2) Hish TIRDAFIV L

12 4 B &AERT L YD 380> 0.1 mol/L HCI-Cd, pH (H,0) }2 OV EC %34T L7=#& 5% Table 7 (27”1
72. 0.1 mol/L HCI-Cd I, {B VARG A X1X 0.25 mg/kg, fEHEX 1T 0.15 mg/kg THY, {GIEALEHEH X TH
BlZEoTz (p=2.3X107).

Table 7 Characteristics of cultivated soil (winter 12th)

Unit Test prot-1 Test prot-2 Average Slgnilsctance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd" mgkg 0.25 0.25 0.25 0.25 0.25 Significance”
pH (H,0)"” 5.9 57
ECY mS/cm 0.20 0.28
<Standard plot(SP)>
0.1 mol /L HCI-Cd mgkg 0.15 0.15 0.15 0.14 0.15
pH (H,0) 5.9 6.0
EC mS/cm 0.13 0.10

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) Be=ooy

() EMEOIRE, HFEHLEE

13 4 B ZEAE=2 Y Ot % Table 8 (1”7

IV, VHTRAEEHE FH X C 6.7 kg (FRER 3.6 kg, HEHE 3.1 kg) , FEAEX T 6.2 kg (FRE] 4.1 kg, ZEHR 2.2 kg) T
oY, IEFEEIE 108 (1R 90, HEHL 144) Th o7z,

1 FEHNS 13 FHICBI2EEOINEDOHER % Figd-1 (BEX), Figd-2 (RER) (TRLZ. 13 FEHDO=Y
CRIEHIRN IR EANE TR E, & RIRO H MW7z, 2058 HRlBR X C R IERR & b D 0E
WAFEAEL, NI, FhELT. 20720, IRHOAERD IEFV RO INHETI 245, fFEIZTEA~
TG UR AR A X, AEYE X O X2 W T &I R o 72

=V VB O IR LREE, 15 TR AEEHE X TR 0.050 mg/kg, B4 0.060 mg/kg THY, FEHEX
THREB 0.030 mg/kg, HEHL 0.040 mg/kg Th o7z,

MRIHD Codex FEHET (0.1 mg/ke) IZFT BEDOREICOVTEDHLNTND, =2 D B OARIY
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LPRPEVE Fig.5-1 IRULTZDS, RO A RIT LY IE Codex FEVEMEIZXIL, KR EE THEEL T .
=V O HIRIT KPR FEIZOWTE K& i LT &2 A, 15 TRIEEE H X CHRER 0.35 mg/kg, HEH

0.38 mg/kg, FEAEX THREL 0.20 mg/kg, HEHE 0.23 mg/kg THY, BEL (p=3.2X104),

HAL TR IEEHE 3 A BIZ @S R Tho T,
HIEIEEOE N LD =0 P R O J1RIT MR EE OHERS X, Fig.5-2 IR LTC.

Table 8 Yield of carrot and Cadmium concentration (summer 13th)

HEER (p=1.2X10) Dl

Part Unit Test plot-1 Test plot-2 Average  Yield index” Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 3.8 35 3.6 90 -
Fresh weight Leaf kg 34 2.9 3.1 144 -
Total kg 72 6.3 6.7 108 -
Cadmium concentration (fresh matter) Root mghkg  0.053 00460050 0.050 0050 )
Leaf mgkg 0.056 0.057 0.062 0.066 0.060 -
R 3 X X . X . . b)
Cadmium concentration (dry matter) oot mgkg 038 0.3 035 0.35 035 Significance
Leaf mgkeg 038 0.39 0.36 0.38 0.38 Significance”
<Standard plot (SP)>
Root kg 4.2 3.9 4.1
Fresh weight Leaf kg 2.3 2.1 2.2
Total kg 6.5 6.0 6.2
Root 0.029 0.030  0.030 0.029  0.030
Cadmium concentration (fresh matter) 00 mgke
Leaf mgkg  0.041 0.042  0.040 0.039  0.040
Root 0.19  0.20 020  0.20 0.20
Cadmium concentration (dry matter) 00 meke
Leaf mgkg 024 025 022 021 0.23
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) )
5 30
! AP oSP BAP oSP
25
“ep 10 t T “ep 20
& £,
= ~ 15
2 2
N05 A = 10
5
0 - 0
1 2 3 4 5 6 7 8 9 1011 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13
Year Year

Fig.4-1 The yield of the carrot (leaf) in summer

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

Fig.4-2 The yield of the carrot (root) in summer

(Note:2nd year (spinach), 3rd year (trunip))
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EAP aosp

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

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

0.10 +— _ 0.80

£ —o—Leaf (AP) -o-Leaf (SP) é‘) ——Leaf (AP) —o-Leaf (SP)
0 0.08 +— o0 1
o 2 0.60
= 0.06 — —*—Root (AP) -=-Root (SP) = —+—Root (AP) -=—Root (SP)
8 £ 040 <5
£0.04 - g /7
£ =
9 LN $ s @ 020 + — ¢ -
2002 g N 20, == sSZ=
zZ 0.00 < 0.00
1 23 45 6 7 8 910111213 @] 1 23456 7 8 910111213
Year Yo
ecar
Fig.5-1 Cd concentration (content in the fresh Fig.5-2 Cd concentration (content in the dry
matter) in carrot(Note:2nd year (spinach), 3rd matter) in carrot(Note:2nd year (spinach), 3rd
year (trunip)) year (trunip))
(2) B IRDARSIY L

it 5D 4 RIT A, 0.1 mol/L HCI-Cd, pH (H20) } OY EC D43 ##& 5% Table 9 (/R L7z,

AHRIVAREEE, (HIRIREHEH XX 0.63 mg/kg, FEHEXIL 0.44 mg/kg T, WGIEAEEHEH X3 B2 &
Motz (p=13X10%).

0.1 mol/L HCI-Cd I, {HUREAHH X% 0.27 mg/kg, HEHEXIE 0.15 mg/kg THY, {HIMEHEH XA &
(2R o7 (p=1.1X10F).
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Table 9 Characteristics of cultivated soil (summer 13th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd® mgkg 0.65 0.61 0.64 0.61 0.63 Significance®’
0.1 mol/L HCI-Cd” mgkg  0.27 0.27 0.27 0.26 0.27 Significance®’
pH (H,0)? 6.4 6.1
ECY mS/cm 0.12 0.13
<Standard plot (SP)>
Total-Cd® mgkg 0.43 0.43 0.44 0.46 0.44
0.1 mol/L HCI-Cd® mgkg 0.15 0.15 0.15 0.16 0.15
pH (H,0)* 6.1 6.1
ECY mS/cm 0.09 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 Xxnumber of samples))

3) Eithti®PDA FSHLOHER

(1) B tEBOEIRIT LBE

B D 2 RIT AR FEOHERSZ Table 10 (Z/RL7=. 72, 0.1 mol/L HCI-Cd R FE DHERS L L1 1Z Fig.6-
1 (T5YRAEEHE A X) J O Fig.6-2 (BEHEX) |2 /R L=,

TG TR NEEHE F XK OEHE X DA RIT AR E OHEREIZ OV T AR 5720, T E DML XIZ
BiI5, 1 FHEENLORKE A (EENLROBEEEZTOMRIX 12 # AL IS TER2IRIT ARED
MG B RIR T 24T > T2 (RIEYRO 53 B2 O p I KOFHE, WA EKYE 5 %) (Table 10). 13 42 H
HAEB L E OB TR MBI X 13 FE T (p=3.8 X 10°°) 233D B 41, FEHERKE T KB (p=2.0 X 10*) 2332
HHIT.

TG TR X e OMEHE X DA RIT AR EZ R LT- 225, FHELTZ 14 B VRN DIGTRIEAEHE FH X
DEHEX TV A BICELK 8- TERY, Z072E1% 2012 FEELIKE, BEE /2 D L7220 DI [RIERORE S35 T
5. ZHUE, T5TRRERHE A XIZIG IR AR RO AR LD RGBS, TEMIROINHEIZ LD THEh A RIT A0
S~ DFFH L EIDE LD, DRIV LRERT DM HDAY, FEAEKITALER R DA RIY LDk
HMTRNZEEIRL 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 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 Signiﬁcancee) p<0.05"  0.16
7th  Summer  Carrot 0.57 0.46 Significance® p<0.012  0.06
8th  Summer Carrot 0.54 0.45 Signiﬁcancee) p<0.05 p<0.05
9th  Summer Carrot 0.61 0.46 Signiﬁcancee) p<0.0l 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 Signiﬁcancee) p<0.01 p<0.01
13th  Summer Carrot 0.63 0.44 Significance® <00l p<0.0l

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)

h) Standard deviations (n=4 (2 X 2) (repetition X number of samples)) of the concentration in the AP
and the SP were 0.00 mg/kg - 0.03 mgkg

(2) Bt 0.1 mol/L HCI-Cd DHERE

Bt 180> 0.1 mol/L HCI-Cd OHERE % Table 11 \ZR LTz, &z, RARIVAREOHERLEHIZ Fig.6-1 (5
JEAREHE A X) , Fig.6-2 (FEHEX) [Z/RLTZ.

THVENEAHE A X K OMEHEX 9D 0.1 mol/L HCI-Cd OHERBIZ DWW T AR T 5728, TIENOMLEEX
ZRIT DR LR D ORI A (R OMIRIL 6 - H L L72) 1Zx9% 0.1 mol/L HCI-Cd O IEH A7 53
WraetT o7z RIENFRO BT £ O p IR, WA EKYE 5 %) (Table 11). 13 4£ H E{EHIHLE T
DG TRALEHEH X OEHIX A EERY, EFEEARDOI (p=2.1 X10%). 10 4 B EAEETOETRBURH
IR ARUZ IS T DTG TR AR R FH X DBV I3 A B Tl —E THERB L WD Th-7223, 10 42 H A 1ELIRE 57
([ZER 7.

— 07, BHEXTIE, 13 4F B ZEBME ToFE e EEHiE H X O R ITAE LRD, BAEm D bz
(p=8.1X107). W EIRIE 3 45 H AMELLREAKREL T 5.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. -value of si
Significance test p-value of single

Year Season Test Crops APY Sp® regression analysis”
(mgkg) (mgke) (difference between the  APY Sp®
processing)

— Start - 0.19 020 N.S.9 — —
Ist Summer Carrot 0.21 0.21 N.S.9 — -
Ist Winter Spinach 020  0.18 Pending” — —
2nd Summer Spinach 0.19 0.17 Pending” — —
2nd Winter Qing gengcai 0.18 0.18 N.S.9 — —
3rd  Summer Turnip 0.19  0.18 Pending”’ — —
3rd Winter Spinach 020  0.17 Significance®’ 0.63 <0.05
4th Summer Carrot 0.19 0.15 Signiﬁcanceg) 0.41 <0.01
4th Winter Spinach 0.21 0.17 Signiﬁcanceg) 0.98 <0.01
5th  Summer Carrot 020  0.16 Significance® 0.89 <0.01
5th Winter Spinach 022  0.16 Significance®’ 0.34 <0.01
6th Summer Carrot 020  0.15 Significance®’ 0.30 <0.01
6th Winter Spinach 0.21 0.15 Pending” 0.17 <0.01
7th Summer Carrot 0.15 0.11 Signiﬁcanceg) 0.80 <0.01
7th  Winter Spinach ~ 0.16  0.11 Pending” 0.29 <0.01
8th Summer Carrot 0.19 0.12 Pending” 0.30 <0.01
8th Winter Spinach 0.17  0.11 Significance® 0.16 <0.01
9th Summer Carrot 0.21 0.14 Signiﬁcanceg) 0.45 <0.01
9th Winter Spinach 0.27 0.17 Signiﬁcanceg) 0.51 <0.01
10th Summer Carrot 0.27 0.17 Signiﬁcanceg) 0.15 <0.01
10th  Winter Spinach 027  0.16 Significance?’ <0.05  <0.01
11th  Summer Carrot 025 015 Significance® <0.05 <0.01
11th Winter Spinach 0.26 0.17 Significance® <0.01 <0.01
12th  Summer Carrot 026  0.16 Significance® <0.01 <0.01
12th Winter Spinach 0.25 0.15 Significance? <0.01 <0.01
13th  Summer Carrot 027  0.15 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) Pending was pending decision to be significantly different for Standard plot and for interaction

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

g) 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)

h) Standard deviations (n=4(2%2) (repetition x number of samples)) of the concentration in the AP and
the SP were 0.00 mg/kg - 0.02 mg/kg
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Fig.6—1 Cd concentration of cultivated soil Fig.6—2 Cd concentration of cultivated soil
(AP: Sludge-fertilizer-application plot) (SP: Standard plot)

(3) IRIVLADATE, FHLHLERVOEEE

1 EHEE~13 FEBFEEIEORBRICB T, BBLZIGRIEEHE ORIV MEARTHLAN &, 1E
M ERRE LT EICE DRIV LD LN &, THEA~OFEEE L O ORIy AEEIRE% Table 12,
Fig.7 \ZRL7z. BRI A~DOARIV AOAG &L, (GIRIEH T OARIY AE A BRI (4 m?) ~ofi &
U CTEHLE. EWIZED ORIV LOFRFHHLER, RERXKIZBITANHELT-EH DI RIT AN EOZ
ET, AEM DI EIAE T OARIV AREZFCTRINLUZ. HREA~ODFIV LEFEET, GIeEEHI LD
R LDOAMEEAEMZEDI NIV LOFFHHLEDOZIZIVRE N L., TEADIRIV LAOERHEIREIX, &
RITAOZEFEEICRBRX Y7200 HHEE ((ELOBRES 15 em, HHEORILE 0.7 LU, BREBRX (4 m?) 47200
THEEA 420 kg EL72) TRRUCH L.

IGUENEEH XTI, ARBRICIBWT, BRIV LA EL L TRHLERDRNIENDL HHED IR
U LN KN T TAEIL DT80, {GIRAEE OB LD A RIY AA T BEOBNNI > T HEERE T 2RIV L0
BELEF THLIENE Z NS, EREICB O THER M HHEO A R AR EE OB IME R 235788 BT
%. 2 25 (EORBRIZIIT DIGIRAEEHEF KO A RIY LA fT &1L 163.6 mg/iBRIX (40.9 g/10a), HRIV L
EHEEE IRy A R LA X HEEDOHEH UG Lo B3k ARy A0 EFPEE) 13 0.355 mg/ke
Lot
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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 13th year

Sludge-fertilizer-ap plication 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

(mgplot) (mgplot) (mgplot)  (mgke) (mgplot) (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 -0.0005
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 -0.0005
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 -0.0004
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 -0.0005
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 -0.0004
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 0.0013

Total 163.57 14.60 148.98 0.355 0.76 11.56 -10.79 -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)

Bt HEED A RIY MR EEICOWT, 1R H EEBR )0 FEHIE & BEREOHER % Table 13 & T Fig.7
(R LTz, TG TR I X e OEVEIX DA R AP FEEOPRERIEIX, 1 4F B B AR 3o FERIEZ R e
LG, Table 12 TR NIV LAEEIREZ BB LR H U7z, EEXITIERME L PRERE DN 2T — B THER
L QW e, —J7, TGURAEAEHE A X 1L, B iE & el U CRHME O J7 AME B 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"l;z;ts AP” sp? ApP? gp?®
(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 0.47
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
8h  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

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when
assuming that there was accumulation of the whole quantity cadmium
derived from fertilizer to the surface soil of the test plots in a starting point

in summer 2009

e) This value is the theoretical total-cadmium concentration of soil when
assuming that there was not accumulation of cadmium derived from
fertilizer to the surface soil of the test plots in a starting point in summer 2009
f) Standard deviations (n =4 (2%2) (repetition x number of samples)) of

the actual measurement in the AP and the SP were 0.00 mg/kg - 0.03 mg/kg

=@ actual total-Cd concentration (AP)

—{ll— actual total-Cd concentration (SP)
090 —
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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) FRERIANIY NRE

14 B~ 134 HORBRIZEB W TERIL, R L Q= BRI 52 2k R Z I RERIN R L,
& LT SR % Table 14 (TR LTz, AKEEVE Cd IE2 TOREEDE & T FRA (0.007 mg/L) &72o7-72hFK 1T
L3NeE DA AN By

FEEX T2 TORREICB W TEIN D2, FFET &SR oT.

IGIEREEHE I X O RER] Cd IR 2 2R ARIV AR, 0.1 mol/L HCI-Cd £&4,12 Fig. 8 (Z/RLTZ. {5TEAE
B X C IR % H Ba LY, 45 4 OTFREDIREEIZOWT 13 2 H £ TORE RE BT LI2LZA,
EHLE Cd, FL—ME Cd OFFREICB W T IME AR, AHRE Cd I3 IME A ~EeoT. — T, &

ZHE Cd PIEMEA =TT 5% ERE Cd JIEEOEIA %A Fig. 9 \TRLIED, I LIZEE;ITHLHHLDD Cd %
ARLTORN 1R L Cd BEREL TS 13 4 BIZBWTE kIT D72 o7z,

F7z, EHRE Cd 1% 0.1 mol/LHCI-Cd &&v VHES (FHBEFR 45 0.83) 27”1, FL—ME Cd 134 & Cd IREL &
VVFH B (FEBE6R % 0.82) 27~ L7=. F72 0.1 mol/L HCI-Cd 23 EH#AHE Cd KV @275, 0.1 mol/L HCI (L& #
HE Cd Z1TIF L, L —1E Cd O—HZMmHL WD EE X LT,

Table 14  The cadmium concentration® for each form of cultivated soil

AP SP
EDTA Slowl EDTA Slowl
Year Season Crl;fi)ts Exchangeable soluble solublz Exchangeable soluble solublz
(mg/kg) (mg/kg)  (mg/kg) (mg/kg)  (mg/kg)  (mg/kg)
Ist Summer Carrot 0.02 0.13 0.14 0.01 0.12 0.14
2nd Summer Spinach 0.02 0.17 0.18 0.02 0.14 0.16
3rd Summer Turnip 0.02 0.15 0.12 0.02 0.14 0.12
4th Summer Carrot 0.02 0.16 0.15 0.01 0.13 0.13
Sth Summer Carrot 0.02 0.17 0.14 0.01 0.14 0.12
6th Summer Carrot 0.02 0.18 0.20 0.01 0.14 0.18
7th Summer Carrot 0.02 0.18 0.14 0.01 0.13 0.12
8th Summer Carrot 0.02 0.20 0.18 0.01 0.14 0.14
9th Summer Carrot 0.02 0.22 0.17 0.01 0.13 0.12
10th Summer Carrot 0.03 0.22 0.15 0.01 0.13 0.12
11th Summer Carrot 0.03 0.20 0.17 0.01 0.12 0.13
12th Summer Carrot 0.02 0.17 0.17 0.01 0.12 0.13
13th Summer Carrot 0.03 0.21 0.21 0.01 0.13 0.15

a) Cadmium concentration in the drying soil

b) Standard deviations (n = 4 (2x2) (repetition x number of samples)) were 0.00 mg/kg - 0.02 mg/kg
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F7o, EOHED Cd BMEMIRIZRINS R T VDGR T 57280, K TERED Cd IREIT3H 3 21EMiA T o Cd
IREEDORfRE Fig 10 1T UTe. Xl X, X DRI 3035 KR LD, R EEmE T o Cd
REDOBREZRTIEND, HBEREITRBRXZ XAk, ok, ALY IILAETHLN, 0.1
mol/L HCI-Cd & EE AR DTEREIZ DWW T EARBI 2 I L TD 72, SRR O HIEEOMBAZ R LT,

% 2 OB AR BIREL TR 9L, EHARE (Exchangeable) X =20 #2:0.5756, =22 %£:0.5796, 7L
> V:0.5664 LEMIRACEMBENGRD BTz, FL—RE (EDTA soluble) IZ=2 4R :0.4168, =2 L HE:
0.4609, RV V17:03827 L= TR, TEICHOWTHHEIZ /R LT, HHERE (Slowly soluble) (=T 4R :
0.4567, =2 #:0.3976, RUL 2 V17:0.3080 E=2 VUMD IR AR L=, 0.1 mol/LHCI-Cd (Z=23
VHR:0.6255, =PV HE0.6706, RUL L V17:0.6196 SAEMIRATIZIWTHLOERES i U VB 23R
DB, ZIHORE G 0.1 mol/LHCI-Cd T HEHF O FIHEHE Cd IREZHELE TR ThHLE R b,
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5. F&H

EEFD A 20 By OV AR D RELRAZ L B2 3R I B - 2 A AR 5E & L C, VA TRAEARkoD3E i i FH 35k A 2009 4
01T TEY, HIEAEEHE FH X & UG AEHE i FH O HEX D 2 BRERXIZ, 12 FFHAEELTRYL VY
Z, 13 FFHEELL T=0 Dr a5 L, BT OIRIV AREO ALK OVEMIRT ORI AR EE % iR
L7z, 12 4F B ZEFRTL YU BI R O BRIV AR, GIRAEEHX T 0.090 mg/kg, FEHEX T 0.045 mg/kg
THY, Codex FVEMH (0.2 mg/kg) (2% L TIEWE R CThHho7-. Fio, RUL YT O RIT LR EEIXI5E
FECEHAE A X AR X2 6 LT RS @<, TEUEIEEHE A X231 5 12 45 H DRz A R A 1 LR B
LIRS e iR\ M S o7z

=2 VU BIHR ORI AR, THIR IR X THERS 0.060 mg/kg, AR 0.050 mg/kg, FEHE X CHEH
0.030 mg/kg, RS 0.040 mg/kg Tho7z. FAIEFRTHOMRE DA RIT LR EEIL Codex FEYE(H (0.1 mg/kg) (Z%F
L TRV R Th o7z,

Flo, SV VETROHRIVAREICOWTE R A IR LI LA, B & OMRER O [ E A TG TR AR
it X 3G B @S WS R Tho72. 13 FEH BEE=r Yo ol HEO 2RIy AR E TG R IEEE F X A3
PEAEX LR THBEICED T

1 H25 13 42 H OBt R O RIY A K T 0.1 mol/L HCI-Cd & EEDHEB AT Li=L25, 15
JEAEEE A X DA RIy AR E T IME R 2~ LCTRY, BIRIEEHIE B T A RIV AN HEICEREL T
HZENRENTZ, — 05T, 1HIRAEEHR X 0.1 mol/L HCI-Cd (22 Cik 10 4 H BEEE Tl —EICHES
DA REI TN, 10 4 H AVELARE I IME 2R L C0D. (BIRIERHZE A T2 RIY Al L
ICBWTIIAEBY S LAY TAZLICEOREIEL TODEE LN TWAD, B HER o IR 80
W2, A EREA TRER B2 L 7-2 81250, 0.1 mol/L HC (ZIEfE T 2IMRED IR IV AELHIINL7=L%
b,

FEHEX DA RIT AR ITJAME B THY, 0.1 mol/L HCI-Cd (2 OW ThIBME 2R LT, FEHER D4
JIRIV AFHEAEIZE DA RIT AOAE 2N oD L, F72, 1E#RD 0.1 mol/L HCI-Cd ZF¢H 3720,
+HEd D 0.1 mol/L HCI-Cd b8V 55 2 b,

AR CHEAE L7 VG VR AEB SR DO BRI A N ETHL A M &L OMEMZ G LT 2SI DRIV LD F;f
HHLENS, HEICEBINL TOWAITTONRIVLAOBREE L7224, X I T ERIEE BRI EIE
—HLUTHER L Qe — 05, TGTEAEEMIE A XL, BEERE L i L CSRIE D J7 A3 IV ME [ THERB L Cu iz,
T, HESYY R EORERBRONG, HEPDODRITLDOKTE S H~OBITRRD LN EnBHE
FRICED—EDOARIT APMELICHE ELR NI EIZEDL D EE 2 BT,

ZIVETOIHVENEOFRERIX A~DHEH ORGSR, INHESIL-/EY O Cd JRE K T~ Cd DFFHEIZON
TYHFIMERNEB 2 BN, LnLRNG, B TR ORIy ARESEINL TRY, HEIZiRmLz
AIRIVLDIEREEALD FIREME DN HHZEN D, Uik FHAMER T H720, 1 FHNG 13 FH OB (EHiH 11
WL, KM, B, XL —NME, AHREOK RO IRIY ARELZNELT.

TGIR AR A XA T 2 OFZREO IR FE 2158 A 03 L 1345 B ECOREREHIEIF oI LIE2A,
EHLRE Cd, FL—ME Cd X ERMEMZ/RLIZA, AR Cd 1T LR M2 RS20 o7,

LALRDG, i LA TERED Cd A &S T2ENENDOIERE Cd OFIEITFEI LIE/ITHLEDD,
1FEAL 13 FEHICBOTURELZEL CQURDoTo, ZOZEND, HEOIRETE R TIIRIVLADIRENLE
{ET5ZL13H00, TEHEAOHIRIV LAOZEFEOEEIMNEIRIT AOFEREEAIZ —EDOBRIEIZFE OB
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WEEBZ BT,
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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 2020 and Summer 2021 -

ASAO Naoki!, KOBAYASHI Ryoto?, MASUI Ryota?,
MURAYAMA Kazuaki® and ABE Fumihiro®

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

2 FAMIC, Fertilizer and Feed Inspection Department

3 FAMIC, Fertilizer and Feed Inspection Department, (Now) Agricultural Chemicals Inspection Station

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since
2009. The soil is composed of the Andosol. We cultivated spinach in winter 2020 and carrot in summer 2021. 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
cadmium in the crop, acid-solubility-Cd in the soil after each of the harvests were measured by the inductivity
coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a high
concentration of the total-Cd compared with the soil in the SP since summer 2012. The concentration of total-Cd in
the soil (from summer 2009 to summer 2021) showed significant increasing trend in the AP. The concentrations of
cadmium in each crop harvested (from summer 2009 to summer 2021) in the SP and AP were less than that of the
CODEX standard. We consider that it is necessary to be conducted further monitoring of the cadmium-transition in
the soil from now on.

In addition, the accumulation of cadmium in the soil was observed from the results of the total cadmium
concentration in the former soil, and the amount of 0.1 mol/L HCI-Cd is increasing year by year, and the
available cadmium is also in the soil. It was thought to be increasing. In order to understand the cadmium in
the soil in more detail, the soil from the Ist to the 13th year was extracted using water, ammonium acetate

solution, EDTA solution, etc., and the cadmium concentration in each solution was measured.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 15, 108-134, 2022)
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