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1. [XC®IC

AEEFD A E RS Y CIIIBIRIEH P OB B EFFSNDIRIV LD K E (LT, [EHTFRME] ). )
1% 0.0005 %&EDHHIVTIY, GIEIBHIZOFEPHNIZI T, I Tnd. —75, THIRIEEOfE ]
I HEICAm SN B RAEML, ISR T 5L THEORF 282 CTRIEM ~BITL, A&

B ER BB EFESNDZENIRESN TS, 2009 4 3 A ICERMOKEE DI ESNTEIRIEEI O
HlOdHY I T MRS EI2ITBNT, 155 2 B 3 fRRER TN N E R R LT,
AR NERFFREORVE I A2 BT 570, DEARBCHW- LHET, @ISR A0 LR
DHEATWDIGEITIE, 2O HEATE A LARIY A2 RN LT W EIEMZ 5L, FE) ~OWRIOF I, 2
EAFAD. | LRSIz, ZOZEDD, IERIOF K OV RO MR L BRI B T 2 &gt L
T, 1GIRIEROE HRBRZ T, TRI7 LD HHEA~OZEFE K OVEM IR ORI B 729 5.

2009 FEAENG 2018 FEAEITHNT, GIRAEFE e L7 K OVt FHL TR X oD 2 BRBRIX A 7T, 4
M, BELAMED —RAEE AL GERARBREZI T C&72. BIEMIZOWTE, RBREBM L 24 H (2010
) DEIZRTL LYY, [FEELIZT 734, 3 4EH (2011 45) OBIZH 7 2ERTLIZLISNE, BIEIc=
v, BRI R AR LU TS E T CE-. $, ZRETOR R, IREFZEH S H 4 59 ~12
FVNRHES N TODERY, BIEETHERORIRIY AREIT EFEMZRL TN, (EMIROARIY
APRFE I B Z R TORWEREL TS, ZoZED, HIRIEEFF O A RIT A3 EIZ 0.1 mol/L HifE
AYEDOTGHE (UL T, THFEADRIYA]) TEELTWAR, ISR % IR banszeicdy, 15
PRI NIV R BE TIEEL CODEDARGRDINL TH Tz, ZivaEs T, IEEMIFZEHA 2 12 5 Cik, IR
U LADAREALORRI (LLF, TERR R Z AT 5720 ORBEITV, ZORENRESIL TN,

2018 FEAAER TN 2019 FEBARIZHOWTH 5 EHe & [l TOHIEALBOE B ATV, £/, FEER=1
VTR S OREEATT2DT, TOMEEZRETD.
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1) HBREBEUHELER
AR, MSATBUE NRMOKEH B Z eI 2 —a WY G E RSV Eh) IcTERLT.
VOMNTATEOE NEMOK EETE B 22 2 i 2 — IRk 22 A f i () @l 2 & —
? PRSEATBOE NEMOKEE B 22 R 2 7 — NEETE 2 SR A
S OMNIATBOE N ERMOKEW B 2 2B 2 — IR RN SR (BL) P o2 —
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P TR OFFITEAR Y -, THITRLKETHD. Fo, el 8%, 15IRIEE O H B3 55 115
(BUEREEH FH X) &, fii B RED e 18 (BEVEX) L UT-. fak 18805 Bl B E 3 85 11813 2004 4 &
O 2006 FIZIHTRIER (URIGIENEE X OV FKIBIENEER Z i L CHY, ZORFDTHIRIEE RO I RIT A
AT, BRI (4 m?) Y7205 100 mg Th-o7-.

2) HERROERK

FRBRIX ORERIE, Figure 1 OEIBVART 49 m? (]t 7 m X K8 7 m) 2R EL, T OWNMNZIHTRAEEE i F 3
DG VEREAEHE FH X (AP) &, Al EAERFf - DA HE X (SP) A B iE L7z, AR XS OmfEIL 4 m* (fit 2
mXH2 m) L, 2 BRIX 2 IKEDR 4 MBRXELT-. F72, KRB OE 1 m O3 —R7I7v el
T, RBR X O K OVERCHHEE DI TRIEEIOIR AR IED B B CRLE L.
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Figure 1 Plot plant of the test field
(AP: Sludge-fertilizer-application plot, SP:Standard plot)

3) #EEHE

AR AW IGIRIEENE, T ICHEL CODTIRIEECTHY, — R FENOHEHEN D LURIGTR KDY
FALETBIRZ KL, B2y TREER] (WAL %) ZINZ RSB, FiEK 3 mm OURIGIRIEETH
%. Fio, MIEIEEHTIL, JIS HICBUESIV T DRIERFROIRFE, VAR _KFET =T LR O LD
U LA U, URTGTRAEE & O IEAEEI D2 55y O o Hrid RS R BRIEY I Ko T2, 72720, LIRIGTRIE
Bl DR R A R I AT AEEHE BRI E D D220, L7238 1 g 2 0.1 mol/L /% 50 mL T 60
SyRRES L, 2Dk DO—E &% 105 °C THEAL, mt, M E AR GERE 1423) LIbOZ R -5y
Hrd&{E (Z-2310: HITACHI, # & 228.8 nm) (CXVMELY. E7z, Aila] (2012 FEEAEAD 2018 FHE) £T
il L T URIBIRIEEI O IEE 23 e Te o7 2 e D, BT UIRIBIRIEENE ATFL, ARl O3B D L
7o 728, L ATFUIZURIGTEREEFD R 53 53 Bt 5% Table 112, #liEAREIO By % Table 2 12777
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Table 1 Properties of sludge fertilizer

Components Unit Content Components Unit  Content
Total nitrogen 0, 5.8 Total copper mg/kg 329
Total phosphrus (P,0O5s) % 4.7 Total Zinc mg/kg 1038
Total potassium (K,0) % 0.4 Carbon to nitrogen ratio - 6.3
Total calcium(CaO) % 1.4 Total cadmium mg/kg 2.7Y
Organic carbon % 360 Acid-solubility-cadmium®’ mg/kg 1.8
Moisture % 11.2

a) Mass fraction
b) 2.84 mg /kgin the dry matter

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

Table 2 Properties of reagent

Components Unit  Urea Ammoniumu dihy Potas s.ium
drogen phosphate chloride
Total nitrogen 0, 46.1 12.0 —
Total phosphrusb> % - 61.0 -
Total potassium®’ % — — 63.1

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

4) FEABEEET B USHERE B FE

URIB IR AR K Ol E AR O i F B0, 35 EIR O R EREDEERED 22ELL T, | RBRSHI0IC
WEELIRDETR, VAR, INBEOK LRy &2 R M52 TRREILZ. 72720, URIGIRIEEIOHE H &Iz
WU, BMKPEEE OERLT-T 7 —MNREIZEDE 1 1EHTZD 500 kg/10 a FREE Db — LD EIETH
ST2ZEY . F e, WOnO BIRIRIZED L, THIRILEF O B4R S A~ZFE T 202 Ml 3572012, 15
JeAEEt O i R E D _EFRIE 500 kg/10 a~1000 kg/10 a FREN HZEL TORENTNWAIEY W 512, &1
A2 F U775 R IRE A L2354, D pH MET 228N MbNTWAIE P S BA 5 E
L, 13X (4m?) H7-0OUIRIGIRALEIO AL 1T, 500kg/10a (1000 m?) ? 250 43D 1 Hb7/2% 2kg ELT-.

1B VRNEAEH i X 0D 28 35 O Jifi i B2 i 5145725, Table 1 OURIBIRIEEHZ W TR LB A FE L,
ERNFE KD bbb, BARZ (1 50 g F12) LUIRIGIRAEEF (£ 25 mg #H24) ZIRAL, 30 °C
DAYV Fa_X—H—"T, 7, 14, 21, 28, 35, 42, 70 Je O} 98 H [E5#, RAEICCTRBEIEERZITL, M
fbREE MU, ZORER, BRI 42 A DBEOOIZIE—E LD, BRI 33 %l/pol-. milElETOL
PRIGUENEEH T EEREAL =23 30 %D LA, EHRNREAAE 20 %, BAF 50 %l THilEi&H21T->TERD, 4
DURTBIRIEEHZ SOV TH L R NUE R TH 72205, BRRLFLEL BELY, TOBROEHZD
RISy ZAREAREFCHfio 72, — 07, TBIRAREHE A X D0 AR O it i B2 DWW Tk, LIRIBTRIEEH DY A
B CIEM DOREG LB T8 R i IE L HE A5 7= LTz, RiTE (2018 4EE1ERR) OB H34 54T LT
LA, TBIRAREN X O ZIEED ABEAS 14.5 mg/100 g #o+Tdhh, AL ATRE Y ICHB T D H R
AT E HEEAE (10 mg/100 g #21) Zili7- L Q=2 a0, MEIREHI LAV ABRDBIEIX TR0 ~T-. £
7o, MBOKAHEIZOWTIE, EEEBEYHIEEESIRL T, URTGIBIEEIOINE EOR B2 EIRET
o7z,

FHERAZ DV TR, MEAED B2 W COIETRALEHE X E RIS DR, VAR, IR &EERDIOFREL
7o Fo, BEHERXOFTVERR L 158 (2018 4 E1E%) DA ZNREV ALFEIZ 17.0 mg/100 g #21ChHY, Hi ) HHEIA
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fa#tOtE BAEARM LTI eh D, THIEIEEHE A X OV ABR LRI & ETELC, IBMOHIEIZITH72h3-
7-.

7235, 2018 FEAANERTL YT D filEk F1% Table 3-1, 2019 FEEE= 0 OfEflE%Ft% Table 3-2 12, =
AVETORBRIZB T DL EEZ Table 4 ITRLTC.

Table 3-1 The fertilization amount (spinach in winter 2018)

Amounts  Components (g/4 m°) Amounts  Components (kg/10 a)
(g4am®> N P,0; K,0 Cd (kg/10 a) N P,0s KO Cd

Types of fertilizer

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 115 95 9 57 500 28.8 237 22 14
Urea 123 57 — - - 31 143 - - -
Potassium chloride 100 — — 63 — 25 00 0.0 158 —
Total 172 95 72 5.7 43.0 237 18.0 14
<Standard plot (SP)>

Urea 133 61 - - - 33 153 — - -
Ammonium dihydrogen phosphate 155 19 95 - - 39 47 237 — =
Potassium chloride 114 — — 72— 29 - — 180 —
Total 80 95 72— 20.0 23.7 18.0 —

Table 3-2 The fertilization amount (carrot in summer 2019)

Amounts  Components (g/4 m’) Amounts  Components (kg/10 a)
(g4am®> N P,0; K,0 Cd (kg/10 a) N P,0s KO Cd

Types of fertilizer

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 115 95 9 57 500 28.8 237 22 14
Urea 40 18 — - - 10 4.6 — - -

Potassium chloride 88 55 - 22 - — 138 —

Total 134 95 64 5.7 334 237 160 14
<Standard plot (SP)>

Urea 124 57 — — — 31 143 — — —

Ammonium dihydrogen phosphate 155 19 95 - - 39 47 237 — =

Potassium chloride 101 — — 64 — 25 - — 160 —

Total 76 95 64 — 190 237 160 —
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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/10a) ~ Amounts Components (kg/10 a)
Crop (kg/lo a) N P205 Kzo Cd (kglo a) N P205 K2O Cd
2009  Sludge fertilizer 332 117 1 1.2 — — — - -
Summer Ammonium sulfate 52 11 — - — 104 22 — - -
Carrot  Potassium dihydrogen phosphate 3 — 2 1 — 36 19 12 -
Potassium chloride 28 — — 18 — 12 8 —
Total 22 19 20 12 22 19 20 —
2009  Sludge fertilizer 302 10 16 1 1.1 - - - - =
Winter Ammonium sulfate 47 10 - - — 95 20 — - -
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 0 -
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 1.1 20 16 18—
2010 Sludge fertilizer 227 8 12 1 0.8 — - - - -
Summer Ammonium sulfate 36 8 - - - 71 15 — - -
Spinach Potassium dihydrogen phosphate — — — — — 23 - 12 8 -
Potassium chloride 15 — — 9 — 3 — — 2 —
Total 15 12 10 038 15 12 10 —
2010  Sludge fertilizer 181 6 9 1 0.7 — — — - -
Winter Ammonium sulfate 28 6 - - - 57 12 — - =
Qing Potassium dihydrogen phosphate 5 — 3 2 - 23 - 12 8 —
Potassium chloride 15 — — 0 — 0 — — 4 —
Total 1 12 2 07 12 12 12 —
2011  Sludge fertilizer 227 8 12 1 0.8 — — — - =
Summer Ammonium sulfate 33 7 - - - 57 12 — - =
Turnip Potassium dihydrogen phosphate 6 1 3 - - 24 3 15 - -
Potassium chloride 22 — — 14 — 24 — — 15 -
Magnesia lime (pH adjustment) — — — — — 35 — — - —
Total 15 15 15 038 15 15 15 —
2011  Sludge fertilizer 483 16 25 2 1.8 — — — - -
Winter Urea 22 10 - - — 43 20 — - =
Spinach Potassium dihydrogen phosphate 1 - 1 1 — 50 — 26 17 -
Potassium chloride 25 - - 16 — 1 - - 1 -
Slaked lime (pH adjustment) 176 — — — — 216 — — - —
Total 26 26 18 1.8 20 26 18—
2012 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Summer Ammonium sulfate 65 14 - - - 80 17 - - =
Carrot  Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 29 - - 18 - 32 - = 20 -
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 30 36 20 1.8 22 36 20 —
2012 Sludge fertilizer 500 17 26 2 1.8 — - = - -
Winter Ammonium sulfate 71 15 - - - 71 15 - - =
Spinach Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 26 - - 16 - 29 - - 18—
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 32 36 18 1.8 20 36 18—
2013 Sludge fertilizer 500 17 26 2 1.8 - - - - -
Summer Ammonium sulfate 81 17 - - - 80 17 - - -
Carrot  Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 29 - - 18 - 32 - - 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 34 36 20 1.8 22 36 20 —
2013 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Winter Ammonium sulfate 87 18 - - - 71 15 - - =
Spinach Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 26 - - 16 - 29 - - 18 -
Fused magnesium phosphate 250 - 25 - - 250 - 25 - -
Slaked lime (pH adjustment) 196 - — - = 718? - — - -

Total 35 51 18 1.8 20 51 18—
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Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>

Season Types of fertilizer Amounts Components (kg10a)  Amounts Components (kg/10 a)
Crop (kgl0a) N P0; K0 €d (kgl0a) N P0; K0 Cd

2014  Sludge fertilizer 500 17 26 2 1.8 — - - - -

Summer Urea 23 11 - - - 30 14 - - -
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 - -
Potassium chloride 23 - - 14 - 25 - - 16 -

Fused magnesium phosphate 291 - 58 - - 33 - 7 - -

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

Total 27 84 16 1.8 19 33 16 —

2014 Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 25 11 - - - 34 16 - - =
Spinach Ammonium dihydrogenphosphate 71 9 43 - — 36 4 22 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 37 170 18 1.8 20 22 18—

2015  Sludge fertilizer 500 17 26 2 1.8 — — - - =

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 23 - - 14 - 25 - - 16 —

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

Total 27 26 16 1.8 19 26 16 —

2015  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 21 10 - - - 15 7 - - -
Spinach Ammonium dihydrogenphosphate 72 9 44 - - 109 13 67 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 35 70 18 1.8 20 67 18—

2016  Sludge fertilizer 500 17 26 2 1.8 — - - - =

Summer Urea - - - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate 89 11 54 - - 42 5 26 - -
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 80 16 1.8 19 26 6 —

2016  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 36 17 - - - 32 15 - - -
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 - -
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 33 26 18 1.8 20 26 18—

2017  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 43 5 26 - -
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 26 16 1.8 19 26 16 —

2017  Sludge fertilizer 500 17 26 2 1.8 — — — - -

Winter Urea 36 17 - - - 32 15 - - -
Spinach Ammonium dihydrogenphosphate - — — — — 43 5 26 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 34 26 18 1.8 20 26 18—

2018  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 43 5 26 - =
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 28 26 16 1.8 19 26 16 —

2018  Sludge fertilizer 500 29 24 2 1.4 - - — - -

Winter Urea 31 14 - - - 33 15 - - -
Spinach Ammonium dihydrogenphosphate - - - - - 39 5 24 - -
Potassium chloride 25 — — 16 — 29 — — 18—

Total 43 24 18 14 20 24 18—

2019  Sludge fertilizer 500 29 24 2 1.4 — - - - -

Summer Urea 10 5 - - - 31 14 - - =
Carrot Ammonium dihydrogenphosphate — — — — — 39 5 24 - -
Potassium chloride 22 — — 14 — 25 — — 16 —

Total 34 24 16 1.4 19 24 16 —

a) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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5) HIRRUHEESE

FRE R OS5 THEIZ DN T, AERTL Y R OE =P b1, IRE R EEEAT o 7.

MEARI A 3B X (4 m?) DFJE 14 12 kg 2482 A4, Table 3-1 & O Table 3-2 OMifEFEFHILIZA3>TH
FEERE N2 TIRAL, JTLORBRIXKIGIZE)EITR DI A LIz, 20k, Bz FHVCESK 15em E£TH
2L, 18 MRRE OMIMA 223 -, FREENCIZI Ny L 50 ERBGRO BINEL TE ATV /o kil didmL,
TESK 15 em £CTHHEL, #BEZL —F TELITARLLIZHE, RBRIXANZ 9 45 (5[ 20 cm) G T —4 —7
— 7R A AW CTERREL-. (EMITFEEE%, 2 B2 TRIBIEZITUVERRE] 5 em~8 em EL7c. Fiz, Fkbs ]
[, BRI O —R 7T NI RN BETE L 1= 5 6o A B ETHHE RARBA LIS AT TEDRY
HRNITHERRL, BERLRWARIT ADOF I ZRIS I8 07z, 72720, BAEEIIRIEFEICI P EELE T
ZEnHoT.

RV OEFRIE 2012 FEAAEIZIA—T A, 2013 FEANEIC TR 1A —F 4, 2014 FELIRRIF =2 —T
T RAJZHEEL TS, =0 P D aFEIE 2014 FELARE TR 2 A 123G L T D, ok, S RIOBRDOFRTL
IR R= D DT, B I OZE 4 Table 5 1ZRLT.

Table 5 Cultivation summary

Spinach Carrot
Species New Anna R4 Koigokoro
Fertilization 2018.11.13 2019.6.6
Pesticide application 11.16 6.18
Seeding 11.16 6.18
Thinning (first) 12.7 8.9
Thinning (scond) 12.19 8.16
Harvest 2019.3.18 10.10
Cultivation period 122 days 144 days

6) WERERCIEMAEORTLE

IENE, & aBRX (4 m?) D DIESNTAEWZ & LT, ARV L0 HORENL, KR BREOZHIZAM
H e oy (1 m? =5 5857) M OINHESNIZb DIZ DWW THITLER AT o7z,

(1) &{EFRuLyy

RO T OUE T HIER 2~ ITHIRTL T EEAINHEL 7. ARD L YD DI EIS, SBRIX T LI
%, BOIEMEROSRERLAFIELZ. Fo, oW HOREHE, KK, A4 REKDNETHEL, T A
EECHH ) B ARELR L7 1%, SOITEEFLEES (45 °O) T THo RS W7, Wi, HBHE 500 pm O
SDVE IR T 5 E THHE (ZM200: Retsch 71— —[Rl#5%7 6000 rpm) THIL7=H D& 3 rakkt e L7,

VEMIR AR AOWEN, ~ A2 153 25 (Multiwave 3000: Perkin Elmar) T/ f#'® Lzt 0%, ICP
& &5 AT E (UltiMate 3000 : Thermo Fisher Scientific) (Z&017->7-.

2) Bff=rvv

=V DOINHEIFAR IR AAG DT NIV L, L Z O RRAINHEL -, =P DI &EIL, R
XTI FERR, KIEK CRRE A VER L B E EL IR L. SOIT, 2T HOREHE, BTy 70 T THEHR
CAREBIZOIMTL, SO EEARIE L. D%, BEEBIIAA L MK THFL, U7 A= THH [H B Az
Bet%, BBHE 500 pm OMSLVEIEIR T 5 THFE THfL T2 OZ 0 HralBl e Lz, AREBIC OV THAA
UARHOKTTHREL, ZO%ETIv /0 T CEIEIVAT, 1lRRE RS (65 °C) I TS, A 500
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um OfESDE B T2 F T CIELT=b O &2 Tl e LTz, IR ADORIE TR L OEER LS
WZAANERT L YT LRI iEE LT,

7) B tEOSH

SYHTFH O BR M 3813, IHERS (2 A R ER 15D IS Z0ER B L 7. & 3R BR X o0 8845 (1 m2) o DU R K T
R OEE 5 ETEY, BR 8% (N 50 mm X EX 250 mm) 2 AV TEEDH 15 cm £THREL, IRELE.
U7z 8 3om Rz 2 (35 °C) T 12 Wiz %, BBIE 2mm OF e S50 ZBlsE72bo (BLTF,
TEEL 1) &L, K57, pH, BRUZEHE (LLT, [ECY), BAA v s & (LLF, TCEC)), AREV AL, &
BRI (AR, 1, N F QMR PRSI RIT LD SHHCHE L 7-. MR+ 2SS TSRS LIZL D
g (LU TN ROk E (LURITCH Hostrakeie Uz, £7z, Bz t2 S50kt ThitkL 76
DELEIIRIVLH ORI LT,

B, FMEITEIUL FOLERBYTHD.

(1) K45y

KL, kSR (HG: AN — - RLUR) 2 FWCHEL7Z.

(2)pH & TNEC

pH &Y EC 1%, Bz - 1 (ZxfL Tk S(EEE) ZMZ 60 HiiREO LI, pH 1377 AEM (F-23:
HORIBA), EC (3B XU&E HF (F-54: HORIBA) & W CHIEL 7=

(3) CEC J ORI (K, 5+, InER)

CEC K OZSHAMEME R (K, ¥4, INE) i, B EZ AV a—L L — B9 i %
1Tolz. SbratBhE, IN BEiE T E=U ARIK QN 7o =7 K+2N Filig=1+1, pH 7) THIHL, ZD1%
10 %X LT R NEIR CHIH LTz, SR O S, IN BEEET 2B =7 AR IR Ot /0 i 2 (AA-6800:
SHIMADZU) (Z X0 2 e L CAK, w54, INE) Z2E &L, 10 %LV AEIRITAR/V LT VT ERIED
FViEEL, CEC 2 E &L=,

(4) B g /i

A ENHED VBRI, Truog 5'” &% O Murphy and Riley {1 ED @ &L, /3 H1akE 1.00 g % 0.002N Ffifig T
I, AL, 3 AR (SN Bl 500 mL, 4.8 %EV 7T U7 =0 MAHK 125 mL K OVEAET
F =BT LR EAER T FE=/L YT L 0.1454 g 27K 50 mL (ZIAf#) 50 mL Z7EAL/K T 1000 mL

WCERLUIRIR 200 mL &, L(+)-7A2LE VR 1.06 g ZIRE LIZIEIK) 200 Z, 06 EEE (UV-1800:
SHIMADZU, £ :880nm) (2 X0l ELT-.
(5)TN LY TC

TN KON TC 1, PRBE: A28 ) 25 B (NC-220F : SUMIGRAPH) (2 X AR BEED CHIEL7-.

(6) WA FTVA I R L

R FIIE I RIT A, 1258 10 g (2% 0.1 mol/L & 50 mL Z A%, £ 30 °C IZfR-72RAET 60 43 [HiE
EOIH LT3 B A AL, INERMET, | %iHEE CERL, ICP B RN ERIZIVELZ.

(7) BRIV L

TP ORDRIT AL, (EMIRAIRIT LERIC T iEE L. ke 0.5 g (2, ifE 10 mL, @ERLKFE K
3mL, R O7AbKERE SmL 2R, ~ A7 R R0 ML, INERART, | %R CERL, ICP
HEOHTEEIZIOAE L.
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8) ABPIEMRICEDIHFIVLEBTHRLOBERADHE
PR 5 COTBIRIEEI OB Z BAAL THD 11 ENRGRL, HOFRET —F2E L T&Ilizdy,
EHRITV LIHIME 2R T8, ER AIVA IRV AT —E CHER T2 0 M AE/B/LICE ST, £z, 15
AEEHR A DA RIT AT PO EIEFE A LA T 2NN TEY?, FAMIC TORERY DB,
VBIRAEE T O RE AR AR I AT HIEICB W TERB L TWDZENRE 2 bz,
TBIRAEENE i L TR W RO HEE P OEER RIEIRIY 2 BaliEL, LU FOFEERICI K 1 h
DRI RID LRI A RO T, SROTEfEE, BIGRBRD OO TOLRBREE RO RIT L5
HRR RIS RIT B F2 L5 W TR ARVE D RID DO WG KD HRO 7T ELEAARAL, B S ETOFEK
EUTHERE LT, o0rid 3 SO T T, BIE 2. 7) (6) DIEEE AIEI RIY ALF U HIETHIE L. 2L Tt
R IEOEBAEARIY LMafEE, B XN C OSHTEOTND A OO EEZ ZLSOKZETRDTZ.
A FEICRERS N2 o TG BR AIVA I RID A (RN & — L ERR SRR RIE I RIT L)
ERLERY 7 ae’ L B4 iR 2 — 7 (DigiTUBESs : GL.Sciences) (27 R AE #E R (Cd: 100 pg/mL) (&
TV BRERSERR S 4, JCSS) 25 g FIY4 A NZ 105 °C CTRAE ST, £ ~J5IRAER A L T
WX N OB 12358 10 ¢ L TUYK 50 mL 2012 60 73 K EREO LT, EDtk, Ml (JIS sA3EAr
#%) ZPEEE 0.1 mol/L 127250 %, 512 60 43 MACHRESL, AiH 2. 7) (6) DYEEE AR I RID AL [H
UHETHIEL, BBICRFEFSIND T IRV AZEEE AT IR AL LT,

B: i 1T T 7 (LIS E FNDEME F IS IRIT L)
HIRIT MEARER AN, T OV T A LRIBEOERIEE LT-.

C: RNIME YRR O SRR vI v 7 X A (e hih i)

A LRERICH R MEHERE 25 ng MY 23R T 2 — 7N f2E L, B3Nz 3 A LRBEOEEEZL
7-.

9) BEICKDIHFIVLERFBIEOBRFRADHETE

EEYEX ) DER L, JAFZL, HBHE 2 mm O50\0 A @i L7z 1288 50 g &, AEZ% 0.5 mm A7V — % @i d
LFETHIELTZ 2. 3) DURIGIENEEIZIR AL, RUVEEIC AN, I KEKED 60 Y%tH 2 ED/KEMA T
Fa_X—H—T50 °C, 77 HEEE L. URIGIBIEEIOIRAEIGIXBEFEMIZ 1 g 205 50 g(1 g 1% 3 /497
DOREAEEIZARY) L LT, BRI, 2, 3 B BXITRVERNO HELIEEIOR S ZIRFIL, £72, KON
W LT G il B KA IR TR AR D 60 Yot YA MERFL -, K5 T4, AL, AR 2 mm D5
DUNEIEIE LT E AR RR AIVA DRIV AD T, SDWEILEETTV O SUIZREEZ 2RIV LD HTIC
U7z, Zeds, MR RNIE A RID ARELIE, A RIT ARG ARy AR EZ LG SR,

3. WMRRUEER

1) EMEORE, ARSIV LRBRERUVAFED LRINE

(1) ZAEFRvL vy

2018 FFEDEAERTL YT DL E, IRIT LR K OSBRIV AORIL &% Table 6 (Z/RL7z. Fiz, AR
BAAEDDELTE £ T (2009 035 2018 4F) ETOXNEDIL &% Figure 2 12, ARIT AR (B9)) Kk OWIL D
HERE % Figure 3 IR L7-.

2018 FEAAFART LYy DIFFENDINHE L TORFEHIITK 4 7 H THY, I IR ERE I TBRES
N otz UL O TEREH X & OEHE X O 1%, AR EEEETEIEI 14.73 kg & 15.53
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kg THY, FEHEXOILEE 100 EL7=HAOIEREIE 95 Th-otz. £z, B EIRO L EEEY iR YEC
REE S CUVD BRI E (6.4 kg/AUBRIX ) A0l 72L T, 1EMOREBIEF CTh-7-.

FRIT LR (B2) (2O, (G TRAEEHGE X1 0.69 mg/kg, FEHEX L 0.33 mg/kg ThHo7-. —ITohlE
RO HTIZ LD B 7 (p<0.05) AR LT=L 24, T5IRIEEHEH X223 B2 @O R Th 72 (p=0.0052) . Bl
IR EELZ OV, TG TRIERHEH XX 0.068 mg/kg, FEHEXIE 0.031 mgkg THY, MiatHRIXEHIZ Codex
HERE'Y (M 0.2 mg/kg) Rl ChoTo. RUL LYY O EITHRIV LRSE ) 2 Fe U TR LIRS
7 AR B, VHTRAEEE A X 2% 1.00 mg, FEAEX N 0.51 mg THY, IGIRIEEHX A E &) 72 (p=0.028) .
B, RUL TR OHRIT LR (BL) K OB RIT AR 3 4F H (2011 42) AR, 15 TEAREHEAR X 23
FEAEX L0 i\ ME ) D3e L Y TS,

Table 6 Cadmium uptake and yield of spinach in the test

Unit  Test plot-1  Test plot-2  Average Yield index”

<Sludge-fertilizer-application plot (AP)>

Fresh weight kg 14.90 14.55 14.73 95
Dry weight ke 1.48 1.41 1.45 923
Cadmium concentration (fresh matter) mgkg 0.72 0.66 0.69

Cadmium concentration (dry matter) mgkg 0.071 0.064 0.068

Quantity of cadmium uptake”’ mg/plot 1.06 0.94 1.00

<Standard plot (SP)>

Fresh weight kg 14.90 16.15 15.53 100
Dry weight kg 1.73 1.38 1.55 100
Cadmium concentration (dry matter) mgkg 0.33 0.33 0.33

Cadmium concentration (fresh matter) mgkg 0.031 0.031 0.031

Quantity of cadmium uptake” mg/plot 0.56 0.45 0.51

a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100

30 140 0.2 2
’s i EmAP ISP -O-Yield index o @ B Quantity of cd uptake(AP) Tén
) o015 [==1Quantity of cd uptake(SP) e
~ 20 100 3 Che —¢—Cd concentration (AP) T2
2 / i g —1Cd concentration (SP) g

~ -
) 15 - 80 S ] 0.1 - -1 .g
o K = o
=0 o £ F 5
9 0.05 L 05 =
x
5 40 8 E
0 20 -8 0 -0 g
1 2 3 4 5 6 7 8 9 10
Year
Figure 2 The yield of the spinach in winter Figure 3 Cd concentration and quantity of cd uptake
(Note:2nd year (Qinggengcai)) (Note:2nd year (Qinggengcai))

(2) Bfp=rvv

2019 D EAE=2 2 DL &, IRIT LR K I RIT LAOWIN &% Table 7 1 I RULTZ. £z, ARRBERBA 45
DHBEE T (2009 H70°5 2019 4F) ETOEAEDOIEA Figure 4 (2, WRIV AR (BiW)) K ORI EOHER
% Figure 5 [Z/RL7Tz.
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2019 FEHEAF=0 P O DINFE E TORIE LK 4 # H THY, MM IR E 7R E T8RSN
7RItz = OTGTEREEHE A X & OFEHE X DU &1, AR E LA CaRE R 12.15kg & 11.48kg T
HY, EHEXOILEE 100 LLT-5HAOIEFRUL 106 Th-otz, UL, By KR 5 EEY e L5
HEh T B E (14 kg/BRIX AR 25i7-L TBL T, A= 0AFI, EREWKD, by

(Z AT BRI DD R DA Tdoo 7. 18H, =2 P OFEEFTRDOIE KA AR EET D70 LI A 218
PEAEEEE L THEAEL, N2 GEIRAEITIZ LR TNDD, AR CIXBIEMTI W ER—REE BN,

AIRIT LR FE (RE) (DWW T, THTRAEEHE A X OFRES 0.28 mg/kg, HEE1 0.27 mg/kg, 12 HEX OIRES 0.17
mg/kg, HEHB 0.21 mg/kg Th-o7z. —ILBLE D HUIMTIC L DA B (p<0.05) Z R L 72 & 25, 1G]
X OREITA BN :‘ﬁ“<(p=0 032), HEHRIL M RER X O MICH B2 ILRO LR h o7 (p=0.10) . HBEHO
Codex FEHEME'Y (FR3HH 0.1 mg/kg) 1%, B L TRIEHORIIZ DWW CTED HIVTEY, 15 TR X
DR 0.031 mg/kg, *;%EE@*E&K 0.022 mg/kg &, W IUvh BAEERTE T o7z, FABRX L 720 DI RIV LD
WY B, {5 VBRI H X 2% 0.40 mg (AR 0.16 mg, HE56 0.24 mg) , FEHEX DS 0.28 mg (RS 0.14 mg, HE5
0.14 mg) Tho7z. WINEIZDOWT, IRENIIA B EDROHLIRD -T2 (p=0.088) 23, T K INEFHIDWT

IIA B ZDRO LIV G5 p=0.036, & it p=0.043). 72385, = DU O HRIT LR (BiW)) K OIRIT A
WY B 4 4 B (2012 4F) BARE, 15 TR EAHIE AL X AR HE X LV @\ ME TR 235 T D,

Table 7 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 ~ Test plot-2  Average Yield index”

<Sludge-fertilizer-application plot (AP)>

Root kg 4.90 5.55 5.23 83
Fresh weight Leaf kg 6.20 7.65 6.93 133
Total kg 11.10 13.20 12.15 106
Root kg 0.53 0.63 0.58 70
Dry weight Leaf kg 0.84 0.94 0.89 127
Total kg 1.36 1.57 1.46 96
Cadmium concentration (dry matter) Root meke 0-29 026 0.28
Leaf mgkg 0.27 0.27 0.27
Cadmium concentration (fresh matter) Root meke 0.032 0.029 0.031
Leaf mg/kg 0.036 0.033 0.035
Root  mg/plot 0.16 0.16 0.16
Quantity of cadmium uptakeal> Leaf  mg/plot 0.22 0.25 0.24
Total mgplot 0.38 0.42 0.40
<Standard plot (SP)>
Root kg 5.40 7.15 6.28 100
Fresh weight Leaf kg 4.15 6.25 5.20 100
Total kg 9.55 13.40 11.48 100
Root kg 0.73 0.92 0.83 100
Dry weight Leaf kg 0.58 0.82 0.70 100
Total kg 1.32 1.74 1.53 100
Cadmium concentration (dry matter) Root mgke 0.18 0.16 0.17
Leaf mgkg 0.23 0.19 0.21
Cadmium concentration (fresh matter) Root meke 0.024 0.020 0.022
Leaf mgkg 0.032 0.021 0.026
Root  mg/plot 0.13 0.14 0.14
Quantity of cadmium uptakeal> Leaf  mgplot 0.13 0.15 0.14
Total mgplot 0.26 0.29 0.28

a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100
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30 160 0.2 1
sy I~ I Quantity of cd uptake (AP) ~
—O— on
- AP £3asp Yield index 140 = [JQuantity of cd uptake (SP) g’
g . —o—Cd concentration:Leaf (AP) -~
~ 20 | T - 120 % 5 ) —0—Cd concentration:Leaf (SP) 2
‘;D % c —+—Cd concentration:Root (AP il
Z c o —m—Cd concentration:Root (SP) a
- 15 1 ~ 100 ;E ‘f; 0.1 05 3
@ ° s 5
> 10 + - 80 T 5 Fy
g 0.05 - a q =
5 1 - 60 S I l ] &
3 rid ‘nin 8
0 - 40 o o i Y
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
Year Year
Figure 4 The yield of the carrot (Total) in summer Figure 5 Cd concentration and quantity of Cd uptake
(Note:2nd year (spinach) ,3rd year (turnip) ) in carrot (Note:2nd year (spinach) ,3rd year (turnip) )

2) HhithEIEDEIEPEM

BB AR EBLIE (2019 R EAER) O HEEOBYL 71 (pH, EC, CEC, TN, TC, fA#hig0 AmE, ZHalEn
JR, AZHEE ) AZHENNE) % Table 8 (TR LT-. F7o, ZNETO LEOBY LM OHERS % Figure 6 [ZRL
7.

THED pH 1%, Cd EFEREICH 2 DHEEN KIS, A THEE pHo~pHT 127259012, FERBALAG 3
£H (2011 42), 54 H (2013 4F), 6 -H (2014 ) KO 7 4 H (2015 ) 1T ER T A K B ONHA K Z
THBEEAT > TS, THEHOAVELIEEIZ pH 6.4 F2E TLREL TVDTo, D% 0 pHFHHEITAT > TR0,
Fre, ZNETORBRMIL T, pH 2MEWHEE O EFETH (RL Y pH 6.0~pH 7.5, =2V K U7 pH
5.5~pH 7.0, T %A pH 5.5~pH 7.2) il T2 FH L7270 ~7=. £z, ZOM], {GIEAEEH H X A
X OB X M CHR 30 pH I ZIZ RIFLE THEB L& 722805, IRIT AOBNREDMLEE [ 72512 pH DR
IHEERNEE R T

PRERBALA S W) TN LN TC EHIZERER X 213720 o 7203, 2011 AEAEBR I LARE, 75 T AEEHit H X AR
X IOEWMEIZHY, ZOETHR L ICKEIe> TS, £, (GTRIEENE F RKIZBE M 28523, fE i
KIZ MBI ZHHZEND, TGIRIEEICE TN A HROLDOEE 2 His.

EC (%, RBRBALALIRE 6 45 H OXAEET, 0.1 mS/em~0.2 mS/cm OFiPH T EFMHZ/RL T2 END,
6 FEHDOEIELIE, EHRIEEEL THEAL QWOEBE T =Y AR RFICEHLE25, EFMEmNLERD
T 0.1 fii CRELIHERBZRL TN,

HNRED /LRI H AR ST, AR B oo BAEEAN 21 100 g 24720 10 mg LL_L 100 mg
PUIFEEDLIN TS, — B XIL, sBRBHAARED 10 mg LU T THERE L QU728 2012 4B {E)5 2014
EEARIZNT TR AU A T L C& 72, IR TIE, ARVRED Al BAREA B 40T, MiBIIERIEL TY AR
TKRFET RS AZIOFREEEIToTEY, 8 4 H (2016 4F) OAVELIKEIL 10 mg L ETHEE L T 5.

NI DY D, 2N PR ITFBRBA AR G4, BBR XM O IR RSN o723, 2014 FEEAEIC
FEHEX D AN A PR A it F L 7= 2 & CHUMDS RS LT, 20T 2015 R AE T TRAREHE F K12 D A8
FIRERE AT HZETREEL T0D. Eiz, BB TIXE @D THERB L TW0a. M 11X, ~7 3w
LINERD A BIZ G EALTRY, ARIHEV ABEREINO B B CRIE M 2 H L T IS HE L Tna. FFIC
2014 4 EAVERHCIBVRIRENE FH X T2 AL 72285, sBRIX RIS ZEN AL TVNA, 2014 FELAELIREE
RO AIED T HZIT-> TR LT, RS LoD DBHERINLD, FBRIX O ZITEI TR, 72
B, SHRMEMEIL, 1FE—E THRBL TS, ROV L 3 i DM NT 2% E 845 Lt
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HIRDE DT, fh 2 fRASITRD DI, 5% EEDONLENHDHEEZD.

Table 8 Characteristics of soil

Unit Year AP-1 AP-2 SP-1 SP-2
e)
a 2009 6.1 6.1 6.2 6.2
pH (H,0) ) "
2019 6.3 62 6.3 6.3
N 2009 0.10 0.10 0.14 0.12
EC mS/cm
2019 0.10 0.10 0.08 0.07
CEC® meq/100 g dry soil 2019 35.4 35.5 34.3 34.4
Total nitrogenc) %d) 2019 0.48 0.46 0.39 0.40
Total carbon® o, 2019 6.0 5.9 5.2 53
2009 58 6.1 77 6.9
i 2 100 gd il
Available phosphate”  mg/100 gdry soil =) o5 ¢ 12,5 16.6 13.6
Exchuneable Ca0® mgl00gdrysoil 200 5973 631.5 5822 606.6
xehangeable L& gay 2019 630.8 633.7 602.0 659.2
2009 329 33.8 308 314
¢ mg100 gdry soil
Exchangeable M O g/100 g dry 2019 34.8 347 208 23.0
2000 228 276 247 293
Exch le K20° mg/100 g dry soil
xchangeable K“O g/100 g dry 2019 26.0 276 372 25.6
Kind of soil Andosol
Soil texture Light clay

a) pH 1:5 (soil : water), n=2

b) Soil electrical conductivity determined on 1:5 (soil:water)

¢) Content in the dry matter, average (n=2)

d) Mass fraction

e) At the start of research (Per-summer 2009)
f) Latest results (After-summer 2019)

7.0
6.6 * i
i A TAVTT .
a4y &'
6.0 T _/ Y !
5.8 —
56 —-AP B8-SP
5.4
1 2 3 4 5 6 7 8 9 10 11
Year
45
E 40
>3
'Eo 30
8 25
T 2
3 15
g 10 —-AP &SP —
Ié)J 5

10 11

TN (%) dry matter

EC(mS/cm)

0.6

0.5

0.4

0.3
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Figure 6 Transition of the characteristics of the soil

3) HithTMOHRIYLBRE

(1) B3O ARIT NREOHER

BRI R DR N IT AR EE M O R /TS R0 LR OHERS % Table 9 (/RLTz. R, HEENEARNIY
LELT=DIX, BHRIY ADENOHEEE VR IRID LE 2 LG W fEE LT,

2018 FANEDHIH - HEA /T U7/ 3R, HEER vV RID AOREE X, VHIEIREHEH X723 0.27 mg/kg, 15
HEXY 0.16 mg/kg LlpoTc—JUBlE 3 B HTIZ R DA 22 (p<0.05) g L7 L 24, 15 IEAEEHiEH X 25
HEXIDABIZEWRE R ER T2 (p=0.0012) .

2019 FHZAEOBHL A AT UIZRE R, ORIV LD, HIEIREHEMH X273 0.58 mg/kg, FEAEX D
0.42 mg/kg £720, VHIEAREHIE FH X 2MEHEX LA B &) -7 (p=0.0084) . 7=, 2019 B AEOHRH D
R f AR AOPE L, 15VEIEEHH X8 0.25 mg/kg, FEHEX S 0.15 mg/kg THY, 15 IENEEHH X3
BEEX LA B @D o7 (p=0.0006) .
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AFERABAAELTZ 2009 B AEDD, (HIRAEENFH X D4 R A FE T ME A (p=0.0006) Z7~RLTU
BN, HE AR I ME— I CHER 3 A1) (p=0.103) 2 R L TR, HEEH TIIEMTIADRIT L0
TIIFELIZKNWIER B 2T, Fie, RO RIT LG EMET (p=0.0009) THY, HEHEEFIEHIRIT
AT —EIZHERE T D (p=0.062) {H A 7R LT

Table 9 Changes in cadmium concentration® of soil after harvest (mg/kg)
Sludge-fertilizer-application plot (AP) Standard plot (SP)
Vear Season Test crops Tol C” Hydrochloric a)lcid Hydrochloric j?id Total i Hydrochloric ?cid Hydrochloric ad?id
soluble Cd" insoluble Cd soluble Cd° insoluble Cd

2009 Srt S 0.19 ©.007) ... e T 020 0021)
2009 Summer Carrot 051 (0.002° 021 (0.012° 029 048 (0.039) 021 (0.015) 027
___________________ Winter Spimach 0200000 1 OB QO)
2010 Summer Spinach 0.52 (0.009) 0.19 (0.004) 0.33 0.49 (0.038) 0.17 (0.019) 0.32
................... Winter  Qinggengeai - 008 0008 2 OI8O
2011 Summer Turnip 0.51 (0.018) 0.19 (0.004) 0.33 0.48 (0.022) 0.18 (0.013) 0.31
................... Winer Spimach 020 0008 e 2 N QOLY)
2012 Summer Carrot 0.52 (0.019)  0.19 (0.005) 0.34 0.46 (0.037)  0.15 (0.007) 0.31
................... Winter Spinach 2L 0008 2 2N OON0)
2013 Summer Carrot 0.53 (0.003) 020 (0.003) 0.33 0.46 (0.029)  0.16 (0.012) 0.30
................... Winter Spinach 022 0000 0 O1E 0008
2014 Summer Carrot 0.57 (0.038) 020 (0.007) 0.37 0.47 (0.031) 0.5 (0.006) 0.32
___________________ Winter Spimach 0200 1 O30
2015 Summer Carrot 0.57 (0.015) 0.15 (0.009) 0.41 0.46 (0.014) 0.11 (0.002) 0.35
___________________ Winter Spimach 016 Q00T Sl IO
2016 Summer Carrot 0.54 (0.004) 0.19 (0.018) 0.35 0.45 (0.018) 0.12 (0.005) 0.33
................... Winter Spimach AT 008 2 O Q000)
2017 Summer Carrot 0.61 (0.007) 0.21 (0.002) 0.40 0.46 (0.014) 0.14 (0.005) 0.32
................... Winer Spimach 2020008 i 2N QOO
2018 Summer Carrot 0.58 (0.016) 027 (0.008) 0.31 0.41 (0.005  0.17 (0.003) 0.25
................... Winter Spinach 0210008 2 016 0000)
2019 Summer Carrot 0.58 (0.018) 0.5 (0.003) 0.33 042 (0.011)  0.15 (0.001) 0.27

a) Content in the drying soil

b) Cadmium total concentration

¢) Concent of cadmium dissolved with 0.1 mol/L by hydrochloric acid in the drying soil
d) (Total Cd) - (Hydrochlorid acid soluble cd)

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

(2) ARV LOA MR, FHL &R OEREE

F R COVGIRIEE KD I RIT AOAN &, (EMEFEE LI IC iR L E, THEAOERMER )
TR DEREIRE OHER % Table 10 (RL7z. FH, WRIVAO AR &IL, GIEIREIFHOARIY AEH &I
FRERX (4 m?) ~OfiE fH BEFUCHRHL. /EICEDIRIT AORFH LB, LT AEY DI R 200U
BOZET, (EWDIE (W) \TEM P OARIY MR (W) U CRIL. HIEAOIRIVLAERHE
X, VGIRIREHZ LD IR AOA M EBEAEMICEDIRIV AOFRFHHL &OZEICIVE L. LEA~OBRIY
LOETEEEL, IV LAOEREICHRBRIX Y7200 38 (fEH0ES 15 em, THEORELE 1.0 LU, &
BRX M7= % 600 kg EL7-. ) TBRLTHEHLEZ. 72720, fELOWS K OMBLENFIC—ET, 1D
TGIRIERH DRI LN N TELICERE LIS RE L.
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Table 10 Changes of 2009-2019 years of the quantity of cadmium load by fertilizer, quantity of peculating due

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

Sludge-fertilizer-app lication plot (AP) Standard plot (SP)
Quantity of cadmium’” Concentration of Quantity of cadmium” Concentration of
Year Season  Test Crops ) g Accumu cadmium N o Accumu cadmium
Load™ Removal lation” accumulation” Load™ Removal Jlation” accumulation”

(mgfplot) (mgplot)  (mgplot) (mgkg) (mgplot) (mgplot)  (mgplot) (mgkg)

2009 Summer  Carrot 4.84 0.54 430 0.007 0 0.50 -0.50 -0.001
2009 Winter  Spinach 440 118 3N 0.005 0 1.34 -1.34 -0.002
2010 Summer  Spinach 330 0.72 258 0.004 0 0.96 -0.96 -0.002
2010 Winter Quinggengcai  2.64 021 243 0.004 0 021 -0.21 -0.0003
2011 Summer  Turnip 330 0.15 3.15 0.005 0 0.16 -0.16 -0.0003
2011 Winter  Spinach 7.04 0.68 6.35 0.011 0 0.58 -0.58 -0.001
2012 Summer  Carrot 728 0.73 6.55 0.011 0 0.68 -0.68 -0.001
2012 Winter ~ Spinach 7.28 0.75 6.53 0.011 0 0.75 -0.75 -0.001
2013 Summer  Carrot 7.28 0.46 6.82 0.011 0 0.34 -0.34 -0.001
2013 Winter ~ Spinach 728 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer  Carrot 728 0.38 6.90 0.011 0 0.29 -0.29 -0.0005
2014  Winter  Spinach 7.28 0.65 6.63 0.011 0 0.42 -0.42 -0.001
2015 Summer  Carrot 7.28 0.36 6.92 0.012 0 0.26 -0.26 -0.0004
2015 Winter  Spinach 728 071 6.57 0.011 0 0.59 -0.59 -0.001
2016 Summer  Carrot 728 0.23 7.05 0.012 0 0.19 -0.19 -0.0003
2016  Winter ~ Spinach 728 0.60 6.68 0.011 0 0.57 -0.57 -0.0009
2017 Summer  Carrot 7.28 0.28 7.00 0.012 0 0.24 -0.24 -0.0004
2017 Winter ~ Spinach 7.28 051 6.77 0.011 0 0.38 0.38 -0.0006
2018 Summer  Carrot 7.28 0.33 6.95 0.012 0 0.20 -0.20 -0.0003
2018  Winter ~ Spinach 538 1.00 4.68 0.008 0 0.51 -0.51 -0.0008
2019 Summer  Carrot 538 0.40 528 0.009 0 0.28 -0.28 -0.0005
Total 131.52 11.60 119.92 0.200 0.00 9.99 -9.99 -0.0166

a) It show every test plot 4 '’

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 (600 kg)

Table 9 DFEFITLDHE 2009 B AEEZ DIEAEX ORI RIT AT 0.48 mg/kg Tholz. ZOEIC 1 3 BR XS
T OHER HHEEO 600 kg 2T DL, FBRBIAAFRT 1 FRABRIX 4720 288 mg 1ZEDEARIT ARIFLEL TV
T ESID. RBRBALAIF DA RIT A 288 mg &, Table 10 DS RGR D BTG IR IEEHE HIX DB R
IV LERE 119.92mg 2Nz 5L, BEIE 1 3 BRXH720 407.92 mg OEARIT ARHEGHAICEFEL TWLDHE
END. Ko THAEE, 1HIEIREGE X OB 35812132 IR I A8 LT 0.68 mg/kg NELERAVICE A ST
BHZETIe D, — 5, BARIT AOEBEO TR ST Table 9 12858, 2019 R E#IT 0.58 mg/kg THY, F
IR SN B IVRVME Th o7z, FIFRICEEERIIBER AU 0.46 mg/kg DEASIVTNDLEZA, T
fl1% 0.42 mg/kg TH-o7=. IEEHFIEHEL 8, 10 5202V 02 DMOBE#R*?2 12k 58, (ELHF ORIV AT
ME T HA~OBENIFROLNT, KEHM~OBEIROONLEORENRHDH. EARIT LD HHE?ER
RHICE SN BEIVER OO, BERDIRSN CEMEMTREOHHEIC L2 BEOKEBEIOIE), RN
IR DRI G AN~ DU, EIGIIRRICHEE LR M OE M OR AT BT E DU o725, Zi
OREARINCERSTZbDEE 2 T,
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4) GELIERRICEDHFEVLERTREOBERADIHTE

ZHETO 11 F M OFRER S T OEIEIRERE HRBRIZIBW T, BRIy ATHIMEM 273238, HEEE A
AR LT —E THER T DM A VRS, Fi, HIRIERHHFSRO A RIV AT HET OFEM LR S LT
REALTHZENHENTNDP ZEnD, BB ICBONTH —ERBEE TR EL, Zh Ul ERE T
&7 BT L CHEE FITR AR ID LA AN I (B D3R DD TRV nEE 2 BTy,

TR ORARITV L, WEEFIEIRID LR ORI RIY L OIERE PV RID L& 22 LW RIS R
IV AZONWT, ZNETOREE % Figure 7 (RLTZ. F72, ZORMBIGIRALEHE H X IZ BT D8 ATAE IR
¥ LD LE AR (B )7 E R :3=0.0039x+0.3208, y=HREE RIEARIV LR (mg/kg) , x=4F) 23R 7.

2. 8) DIRERCTROT-ANIV L &%, Ek LB ORI AE NIV LfafEEL T Table 11 (RL7z. M2
REEARIV LTI ET 0.47 mg/kg ERHEIZDT, Figure 7 TROOLNTZRUTMRALTZEZ A, HE1HEIZ
B DRIy WA LORE R E T 38.3 &M EIN .

R [ 55 D IS NI KRR S Ty, FEERE TORERITHEMITLLE TERVD, ZORE RE D
EODHREEZT-.
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Figure 7 Cadmium concentration of cultivated soil

(up: Sludge-fertilizer-application plot, down : Standard plot)
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Table 11  Saturation of cadmium in the soil

0.1mol/L HCI
soluble Cd
(mgkg)
Cadmium saturated soil” 1.93 (0.044)°
Sample of soil” 0.11 (0.003)
.. Cadmium standard solution” 229 ©0078) ..
Amount of cadmium saturation 047 i

(0.1mol/L HCL insoluble Cd)®
a) Soil saturated with cadmium
b) No cadmium added to the soil
¢) As aresult of seeping out a known concentration of cadmium with 0.1mol/L HC1
d)b)+c¢)-a)

e) Standard deviation (n=3)

5) EEICKDIMRIVLEBFBLOBRRADHEE

AEERAAF TR @S 12 54 ClE 30 °C, 77 HMORE TRBREITo Qo TOREE, K& L= 150 pH
1%, FEBORBRE SO pH LKL 4.9~5.8 OHIPATH 722800, THIRIEEIF O BRI MIARE LA E
W EDHERH ST, FREROEBLTIL, HEOIBEN 30 °C D& A, HHLIRFILIGIRER O/ fi#
MIVHEITLROT L, FAELTHEREBER DAL AERORITEE ), SHIZ pH DR FAETLLTWNE
HEERE N QU Tz,

ZITAENT, BERORELZLDOINWZETTOFEIRIR (4.8 °C) #4HEL, 5.0 °C T 77 HMDOREEEZIT
ST, ZOFESR, pH X 6.4~8.6 DHEIFAL72Y, LIRIGIENEEIOEFIE M EL/2DIZE pH b E <D [H Th-
7o Fio, WEE PRI R AR ARTAE A RIT AL, URIGTRAEERS 25 g (BS CoORER 75 4£ B 2487E) £ T
BAEIGNEIRDIZEBIL TS, ZALLARRERS FIA T R M — BB L, IR REIRIY
LIEHITHIMER Z R U, ZAUE, JiiE 3. 4) O BRSO R bITBEI N &7r o7, BT K OARIHD
i A OHEERBRI T EBREL ~L OSSN BREE CIToCRY, BIGOEHIAES OB B L I bk
THILIFTERVD, RREORBR TN AEZHETHILIRETHHEE X, LoT, SBLEYTO
ARER AL, TEAOIRIY LAOFERE, CHUTEMER ~DORIN &2 EHNIT TIRAL TV ERHLHE
Bz, ek, A EIOKIRE R OR R % Figure 8 12, IEEFRAM RS 12 5O @RS 2E DR F% Figure 9
LTz,

2.50

X X 8.7
X X
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Figure 8 Culture of cadmium-containing soil (5 °C, 77 days)
% :pH, O:Total cadmium, <>:0.1mo/L HCI soluble Cd, A\ :0.1mol/L HCI insoluble Cd
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Figure 9 Culture of cadmium-containing soil (30 °C, 77 days)
% :pH, O:Total cadmium, <>:0.1mo/L HCI soluble Cd, A\ :0.1mol/L HCI insoluble Cd

4. F&H

2018 FANERTL YU DARIDV LA HT UTCRE B, Se i TR IR E I 1X 0.69 mg/kg, FEHEX 0.33
mg/kg Th-o7-. HIRALEHEH XA EIZE W (p=0.0052) B2 R~ U7, BIEEE X, G IRAREHEFH X 0.068
mg/kg, FEHEX 0.031 mg/kg £720 Codex FEYEME' (0.2 mg/kg) Fi Tho7=.

2019 FEAE=2 D0 DARIY LEGHT LTRSS, B E CrHIRILEHE A X OMRE 0.28 mg/kg, HE5 0.27
mg/kg, FEHEX DORER 0.17 mg/kg, HHB 0.21 mg/kg Th-o7-. IHIRILEHEH K ORI A EIZEL (p=0.032),
BETRI L AR XA B TR D BN D o7 (p=0.10) . BLR VL, 15 TEAREHE X OARES 0.031 mg/kg,
FEAEX DOARHES 0.022 mg/kg £720 Codex FLUEME'Y (FRIZHH 0.1 mg/kg) KRl Th-7-.

ROV YU O L O RE IR RID LB AT LT AR, B TRIRENE X 0.27 mg/kg, FEAEX 0.16
mg/kg Th-o7=. {GIIEEHIEH XA H EIZE W (p=0.0012) fEE 7R LT,

=2V OB DR R P I RIT L& A LToRE R, 15 TR EHE X 0.25 mg/kg, FEHEIX 0.15 mg/kg
ThoTo. HIRIEEHEH XA EIZEW (p=0.0084) EZ R LTZ. £7o, RARIVAIOWTIE, HIEEEX
0.58 mg/kg, tRHEX 0.42 mg/kg Th-o7z. BHRIVLHIHIENEHE H K23 A ZIZE (p=0.0006) 27~ L7z

2009 FEAEND 2019 FEAEETO LEHRDOARID LEMENT LT LA, IGTRAEEHEH X DRI RIY AX
MR (p=0.0006) 27~ L, TIBIZHRIVARERL TWDIENfMERS. LinL, IR FIEIRIT LI
DWW —EITHERE T A1) (p=0.103) Z/RL CODZEND, (HIRIEEHFH DR AR DRI AT T BV

TIEHARBEL TWDLIENRB X LD, Fo, EHERIZOWNTH AT RIY AR E X E [ (p=0.0009) TéHD
23, A FIVE IR X — 8 THERE 321 (p=0.062) Z /R L7-.

PR ORI RIT AOHHED, RBRXIZEEINT- IRV AOHGRMELVIRV DX, BFEORERT
THEOKFEBE N D75, BREIHMHICEAbOEE X T

11 M O R CHONTC BRI RIT LR OERE IS R DO SHTHRE R D, WA IRIT L%
HL, BAKOEIFEMRRERD . 2 FERECHRA OB AR IRIV Aaf&a K7, R RE
FRIY Afafn s R EARARUICRAL, R EEBIC ORIV ARHE CE b T TCOFEEER I LIZEZA

K 38 FELHEES L, ZoE FEEBRA RIS CRERE L1285 A, 1 27 AR DIRRE AIYA I R A0 AN
LERFLONTZ, —J7, AFa—2—0ORERR (5.0 °C, 77 AH) TlX, BHRIVLOHFREIZEL2-T
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YRR AR R A IME A 2 7R UT22s, TR al s R0 AT I L U RTG TR IEE 2 R ER A G R
B 75 B AEME) LTS —BICHER T DM 2R LTz, UL EORER)D, EEREL ~L COEMBARE
HRIT LOGEH SO EIIREETHY, 5% LEG TORBRPMLETHLIEE X 1=,

X ®|
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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 2018 and Summer 2019-

MATSUO Shingo', ASAO Naoki’, MURAYAMA Kazuaki 2, AOYAMA Keisuke®,
KOZUKA Kenji* and ABE Fumihiro *

"Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center

2FAMIC, Fertilizer and Feed Inspection Department

3 FAMIC, Fertilizer and Feed Inspection Department (Now) Kobe Regional Center

*FAMIC, Fertilizer and Feed Inspection Department (Now)Nagoya Regional Center

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 2018 and carrot in summer 2019. Those crops
were cultivated in the standard plot (SP) and the sludge-fertilizer-application plot (AP). In the SP, we used only
chemical reagents for the crops. In the AP, we used 500 kg/10 a (fresh weight) of the sludge fertilizer and chemical
reagents for the crops. The amount of nitrogen, phosphorus and potassium applied to each plot was designed on the
basis of the fertilization standard shown on the Saitama prefecture’s web site. The concentration of total cadmium
in the crop, 0.1 mol/L HCl soluble-Cd in the soil after each of the harvests were measured by the inductivity coupled
plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a high
concentration of the total-Cd compared with the soil in the SP since winter 2011. The concentration of total-Cd in
the soil (from summer 2009 to summer 2019) showed significant increasing trend in the AP. However the
concentration of 0.1mol/L HCI soluble-Cd in the soil (from summer 2009 to summer 2019) did not increase. We
thought that it was because cadmium was changed into the 0.1 mol/L HCI insoluble-Cd in the soil. Therefore, the
critical point of 0.1 mol/L HCI insoluble Cd in soil was tested in the laboratory, but no estimation was possible. The
change in cadmium concentration in the soil should be tested in the field, we thought.The concentrations of cadmium

in spinach (winter in 2018) and carrot (summer in 2019) were less than that of the CODEX standard.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 13, 146-167, 2020)



