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L, B OET AT R 2 HEITTHETH 5 K
M, WEIZEG 2 5NEEEFRLHIEEDHEDERK &
LRBILETH L. BIZITHW TIX, #HARZT 5
EHMEOENREEMRIS R ), F/8FIC%5
EROMEHERLTMHALRI A UL GEF 1971
BicBnTid, flzEFThiuE, RZT5HER
m, EAE, BoZEiHEr vk L, W
Vo CMENZIEIT 5 & BRE SN LB < 1A N
M, BXOEELERIASNLSL (Blowey and
Weaver 2014) .

RET 7 EOBR OB, BB RRBYIE L T
Fis s 7200 E LT, B~ v b
INAHFHER I NS Z A% 5 (Laven and Logue
2006)0 LA LABA T, ZOREFER TIE~OEREIC
LD HEENOREPN LI LIEMEE > Tn 5
(Epperson and Midla 2007). EU (2B Clds4EY
HIEEO P4 X D IREESH O A~ DA HHIR ST
WA A (Cook 2017), HARDELEED I TIIAMKIK B
BHIZB W TS SN TV 2L LITLIE
RZF o, BEEBIIBIT A1, S5ICIERE
JERBRIE AN OB e EDRE S N,

JeiE OB ESE T, AN & ASHLEE EAG A%
W EWV) YR D L, BEERREICBIT 52— 47
D OFEEMEATERE 1L, AR 30 LRI Cb S
7569.1 ha, fFBIFFILIZFIT8.5ha TH Y (A
KEEA 2020), LIS O R R LR RE 2 T
W2 ML Lo TWwh, 2Dz, B %
ERERTEFL, TOFPHET A3 IIHEME L

TRMCHETEN, BOEEHEDZAEET 2 L&)
TEEREBED L W) ANSN TS, F/z, b
NOMHLIZ B\ TIIAD R ZHRO TS LI LI
Roh, BRI SNsMEEE & b I2 I
BHsnsZebdb, 2070, JLikE Ol R
BT AHOBELILET A5 2 LIdEETH L LE
AbNb, FZ TR TIX, JbifEsliEiTod 2%
P BWC oBELEET 2 Z 2 BWE L,
HHZ BT, fg, HEICEENLHOMAL
1To72

2. MEETE

FEME T > TILOFEEE

PAATIE, dbEE BRI OB L83 (Hh A L3 5)
ICBW AT o720 Ao 31, KILKEDER
s LETHo70 TORETIE, 7y YA (0
BB D72 DR WD 12 754%) HIERE S & 72
iz fAEE R OSSR 2 D 720 AT ) — (4
DOFR%E D LI LIZHCROBREEY) (TR TR
W LTz,

Aol ENE, i A TEHE Sh w25l
205, Z1LF1 1 cm VU O FFHERT R % 80 1)
U720 SVRMEIZ, FAEMBIGICBWTEREL T
LR M RO % 2 A (2018 4E4 7 & 2019
EARE) BLUWEO—FFE (2019 4F 6 A KHI)
&R (20194E 8 H FHIERID % 1 3> (%
% 1DIZRE) IZDWTHIER D S 72130,
A L=k % 2 BRI 720 BERHAHZ OV T
1%, BRERZAEREL W ZEmEY, 0-10cm @
FELx 17 5N L7, b, TIEICEH LTI,
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LTWARWDD)NE I THo720 AT —ikFHe,
el A OB X ORI —EEO 25
=Y v 75T Wl 72,

DA E

DT & FEW 26 F A8, RIKIEE 170,
JRACALBR % O 43 FR rR O SR FE & 58 L 72 L3I
BLCIE, AERICE VI sna8zllE LD
DITMAZ, TIEFROWMOFIEILEL L 1 FElICIEE
T A0, BRI LIT-o 72, ZNENOFEHIICD
W, DTIZiR%,

JRACALER X, 2= D JFHs I (XS ER 3 & OREE % FH v,
W I3 EE B L NG R V- TiT o 720 FlE
1, BB & ORI ROk & RE)gds TRl S 872 1%,
kL AR T L, HERRBE 7, Zh
SOMKREERBFEIC0. 1 g®m VD, IR
(I IRNEER 0.5 mL & iEAHER 3.5 mL, REMIHURHCIX
WITREE SmL LR ImL 2Nz, %7
VIizguayrse—%—I2Xh), KFEREPH
160~200TC T 1 BRI EME L 720 ZDf%, 1 IR
Pibfus L, BRAKIS T2 mLIZA AT v 7 L7255
i % Advantec 5B EAKIC & Y i L, REAR %
7T AT 7 HERICOEERE L.

THICOWTIE, MR ERYSE % RE L R
S48 10g % 100 mL RV HIZ AN, Z21
0.1 M IEEREH Z 50 mL Iz TEM L, IREZHIC L
) 150 rpm O & T 1 KRG L7z, 0%, il
% Advantec 5B IEMIZ L D L, EHAT S L
TTTAF v 7B THEERT L7,
THEOFERMLIZ, AL (1994) OFE* 2%
, SCHARE, MERRESARE, AR ORE, MEEERRLIL
CHE, BRI 5 I CHlEER T o 720 7
WREW 7y, T bbb A F VAW S Tw
431%, 0.05 M ASEER A V3 ™ A VAT % fl RS
A7z, B 4 g 1IN % 40 mL Nz ¢, 30C
T 24 BERIIRYE L 720 Z D%, 3000 rpm T 10 45
a0 EE L, Advantec 5B IERKIC £ D M A AT,
% 7T AF v VR AN, WERAE L7,

MRS BRI, $ b bR ORI L
S DMK IREE & BLAAL G LT A5, 2.5%
WERR i A it & L 7e SOHRREMm -4 2 o L4
WZIhHE % 40 mL iz T 30C T 24 FER%E L 72,
Z D%, 3500 rpm T 15 730458k L, Advantec
5B IEARIC L D I ATV, MEHARE LTT T A
F v 7 BEIIAI, WA L 72,

i

i
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o )l

LN

FRGEEREN 5, 37 b b S & IR &
NTWBIEOMH L, 6 %imEE LKA E R
& L7z HERRRS A TR TN A OFRIELZ, 6 % Bk
{bkFEAR%Z 100mL Mz, &v 7L — bk LTz
L, AW % 5% L CRzREERT F CRTSIEM LA K
b7z, T, 2. 5%REERE T % FHE 40 mL N
ZTC30CT24MpHIEE L. ZD1%, 3500 rpm T
15 5[5 0 BE L, Advantec 5B J8A%IC X 0 358 %
TV, BEREE LTTI AT v 7 BERICAN, &
PR L 720

BEMERR LR RE I 7, b bEk - v v A VR
1L EFEE LT AIEOE, BRI 2 TR T
VR AEREMB E L, WL, 0.2M
TaAUBRT YEZ T LABEROEEL LISHL, 0.2
M ¥ 2 BEEOEREAT0.75 127 5 L) IZiRE
L, pH3.0ICHRIE L7z 2%, AHEATEN S0
FREICERILCRE L - 7 ATV E CEEL -l
30 £ %% XA L, WIAKETH TR 4 HFE L
5 1T, fhl L7z 2o, 15000 rpm T 10
SR EE L, Advantec 5B JEAKIC X 1) 188 % 4T
W, Bl R 7T ATy JEEICAN, WERAE L7,

B, $7abblU ot hiit+s s
EDTE LD OO E 3IZOWTIE, £
HEHER ALY R RE I ki A T 7 a v = —IZA
n, Ky b7 L— b ETEREEESE, RS
7o FO%, BWHEEBESmL ZINZ, HWT7 vk
KFEER I0mL 24 12N, mEExWw-o ) kiFo
OB L, BIEREOHELY 15513 8L s
72tk —HINEE R L7z, kI, 5127 w1k
KRFERE 10mL 2B L, FOREICHEEL BIFoo
TNEL L ZRSSHEE S 70, Bus R, EIEEE 5 mL B X
OEAEEE 1 mL 2Nz, BEEFILE 254, —EER I
B, BHAKE 30 mL A, EREHILE A5
HFEFE, 1~ 2BMIIEBECHESE, NED%
SEEIER ST B E RS, 100 mL O 2
A7 AL, BMAKIZTI00mL IZART v
TL, EATIZ T T AT v 7 BEICTEHRRE L
720

FREOEEFHTH S N SR B & O
O AL, TR OOt EE R (R R
AA-7000 ¥ 721% Thermo Scientific #:# iCE3000)
AL CHE L7z, D S5 6 N FAEEEHE
W, THRELIR SE 5720 10%1ELS ~ 5~
WA T LCHlE L7z,
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F 1. FEEYOHIRE, 7 ba— > OEINAOFE

R E N ER RS,
R EY Cu(mg/kg dry matter)
7 ha—r1(2018) 19.5
7 ha—r2(2019) 20.0
B -—F 19.9
it T, 18.4
AL — V1 19.2
AL — T2 18.0
3. & R

&, W, AT U—h0iF

O O X, 53~437 mg/kg dry mat-
ter DHFIZH Y (K1), “PIMEIF 227 mg/kg dry
matter T - 72, Suttle (2010) #%R L 724
DR O PR FLHE B IE 406~1016 mg/kg TdH 575, K
R R OFE LT 2 Z O#H O TR T
Holze MEHCEALTIE, AN EOIY, B
B A L= YOI 18~20 mg/kg dry
matter DR WHEIFIZH -7z (F 1) fE3E - AhE
SEHATEATISERRE (2010) 12 X BHEEO—F I,
“HEEOMBEEIX F—F vy —FTERENG6.1
mg/kg, 6.9mg/kg, 15V T VT4 7T ATEI
Z19.8~10.7mg/kg, 11.0mg/kg &£ EINTHY,
TIUTHARD ERBRBFROFEHIRE R 2D 35T L
B oz, WALOBITIE, Gupta & (2008) 1%, 4t
T5~12mg/kg ##IE & & L TWw525, Zh
IZHARD ERREVETH > 720 Fiz, FHTHEK
ENBHATY—ICHLTIE, HERMLIZATY —
D35 FF 1 406 mg/kg dry matter TH V), §
RO A 51) — DD 48 mg/kg dry matter &
WL ERHIBETHo7 (M2)

D5
RS - O 7 W T M 12, 0.041~0..279

600

500 -

400 A l

300 A

200 A

Cu (mg/kg dry matter)

100 4

]

0
HRAMRAS)— REFMWRS)—

2. SARIIA ) —BXOHMRINA T ) —I2&Fh
LR (n=3). fEITFEMEE, =TT —/N—I3E
WREE, TNEIURT,
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0.06 1

0.04 +
0.02 +
0.00

0% (5) 14 (1) 74 (2) 154 (9)
SRR S —HEF %

X 3. SRIA T ) —ORiHERIC & 5 EOA I
HIVESIE EE O, BRIZ P2, =5 — N —1Z
RS % RN O LR e g E, 2heh
Y. 1EBIONTHEOTEIZOWTIE, B
W\ N2 OREHERRE A TR L T\ e\,

ppm OHEFAIZH Y, FI350.102+0.013 ppm TH >
T2 ZAUE, KEFS (1977) 2SBIMERT O [ s &
PREL L 72l i 2 B 2 WA O 0.3 ppm &£ D
BRRENLODFE LA =5 —I12H o778, JbilEE
TS ORLMEMETH S 0.3~8.0 ppm (L HEHE 2
B 2010) 12HARZ ERWBETH o720 T2, 15
LN RAMEIA 7 ) — O HER T & 12500
THRTHRL &, BHERDPEWIT S ORI
oz (FM3)s

BRI X VS E 2 o7, SO I H
Wb, HEME L RBRICHIRINA 7 ) — Ol AR
L7228 CHIINL 72 (R 2). SHOMREL, 2k
43 1% 0.002~0.075 mg/kg, B A e 4 1%
0.038~0.247 mg/kg, H &4 A W 1% 0.79~
3.49mg/kg, WiEEEM 41 1.32~3.04 mg/kg, 7%
B 4L 2.37~7.51 mg/kg, A RPIE 4.76~13.40
mg/kg DEFHTH 720 T bbb, TIEFRIOLT
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2. BUAHBIZED W R O O

LN

AT GRASINAERD B 7 SRR AR 4> A RS SRR 4y &EE% 4y BEE T 73 &t
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

ki 1 (0) 0.025 0.051 0.79 1.52 2.37 4.76
e 2 (0) 0.031 0.038 0.91 1.52 5.36 7.86
Bk 3 (15) 0.056 0.177 2.21 2.62 5.97 11.03
Yk 4 (15) 0.075 0.225 3.49 3.04 6.58 13.40
Frha—vM1(0) 0.048 0.095 1.56 1.32 4.60 7.62
7T ha—20) 0.039 0.145 1.62 1.37 4.62 7.80
Frha— M3 (1) 0.002 0.088 1.15 2.83 7.51 11.59
Frha—vM4 (7) 0.060 0.247 1.95 1.92 7.06 11.24
HEILREIX, BB M A <HHHEE )z =

HE < HE <FRiE, ONEICKE L oz,

HOIRAE, FARMEDICLZINESZ, TBADE

FEEDHTE

FROMERE I, o AR, EWICX 5
i, TEANOFEELZHE L, e 7y 7o
R BHICBUILEMOAT ) —HF AT I m?
Y720 6kg THolzo TNIZ, AT —DFIl;
WiE 4 9%, $HMOIERE 406 mg/kg dry matter %= W
L&, AT =X D AFEI1L 97.4 mg/m?%/year
LRED b,

FRMEmIZ OV, R (EEE) »F—FE
T2.5t/10a, —HFET1.25t/10a THLHL DT
) 2 TRERN S, BEOWYEE Y B - TR
WS AR FERERE (2010) DFEREICIZ20% & L THE
WA — BT 0.50 kg/m?2, % EIE 0.25 kg/
m? EEML, ZAUIEEE (—FE 0 19.9 mg/kg,
ZFHH 0 18.4mg/kg) T AEDLETHONES
Koz TORRE, —FEBLOZHFEIZL MO
&EEE, #NFN10.0mg/m? 4.6mg/m® & 7
0, HCEIZ X DS OERINAER T 14.6 mg/m?/year
ERFED Bz,

THEEAOER R, THEELY 20cm & LTRAEL
Too RECH 2D, BATHFE Y72 ) DRz IEE %
=R (1999) 2SBUENT O [ #h [X TR 72 TIER E O
fExSEIZ, EE 20cm T0.162Mg/m? & L 72,
LT, BEMTED DL, SRINA T ) —DA
FEHFBFEOTIEL 0FOTHEIZONWT, i
BEOSFIME (15 4E 138 1 12.2mg/kg, 0 fE 138
6.31 mg/kg) D7 5.89 mg/kg = TEE L T ED
HiloRERE L) O FEA~OEEED 63.6
mg/m?/year & ED Nz TOMHEIZ, A5 —
12X BB AEDHEEMEORN 2/3 1B L, AR
O EEEWIC & B IR E L7 82.8
mg/m’ /year £ ) R0 o7,

RRERG T, FORFICBWTIRIZE AL
RAHPFICRATES Y, #EEIIEZONRd o
7zo —HT, BREFEHCELTIE, £ ofiRHCE
WCILHEE O A W2 2 EE AR L7z F
72, BBIZOWTIE, WHEERAMI 05 R Tl3 ke
UFEER-72b00, SHEMA T ) — O HEE

2Bk BN R0 BTz, BRI O R T
W, AIEERIE DL O SR A SR E SRR H 7z IR
A, SHAINA ) — DR FERIC X 2 225 T
Holze TNHDOT ENE, KK T, FONFIH
R HIEOAEIRARIC 3D < B CI BB R
S5NWnbOD, SRIMAT ) —OHIcEY), &

IR FRLOSHRESEM L T LE 2 b
725

BRI OKE RS, TEAOHFOBTEIX, FEiC
FREED L DN LN EAURE SNz, §iid, i
HHEPNCEAE SN2, e~y U EET A2
LIZE o T, TR THWIZES TR S e v
TEREIZZAL LR g v (Al 1990) 0 29 L 72 #EEE
DD, FHMA T ) — DRI & o ThEHIC
FEABBLTCWDLLDEEZONDL, BEEEOEY
WZxb AR R R B, R BRM OE, §
bbb, ZCHARE > MERERE A RE > A RS A HE > e EE e
LI RE > FREDNRICE VW EE 2 b, KHRE
R G REOMME I, FAAERIH O
%@%%*m@ E o THHREDIII VR RA S,

Wb B, REYR R o S AR m&§@
J: Db %oz, THICIE, AT —iRINEREIC
“U~’%Wéhtﬁﬁ%<%ﬂéﬂt:t%,m
MHERAEGRER &, I LIS WBREDSHZ &%
RLTW/ZdEZ6N 5,

R TIHEICE, ISR A 7 ) — O HAEE
& & BT ICEREDHINL TS, AEERm
2 & BEROIMEEEOME & L CIdFLEMEN )2 L
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TEED o7 THUE, TR ORI 2 pH <,
i A F 2 USNDBG A F+ >~ OBJeagihH 72 EE N &
EZOND. AIRERIC X A HHEEE, Tk
FROLTBEORESEOERIIL DA SN TV S
HETH A GREAF4 1972), 1B pH R 7
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IZ5R B L2, LI LI T oMo fFAE R
W, AR IIIZ E A TR S N WnWZ &8
B SN TWwd KB 1976) . AFiA %47 - 725
W, KUK H3EAE S AFTET B Mo I2dh 5 (=
K5 1999) 0 KB (1976) 1%, KK IIED X 5 0]
BTV = AOFEWTIEIZBIT A AR T
(LA NG S AT REEZ RIE L T b 20
728, KIKEIEMT CUE, ISR RN & b
72 5 AR R SO B AIE R O A DFERT
R SNLZWEERE LS L EEZ BN D,

SO AR, PEHICL L ER, HEANOLHE
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L TEAOEREOMPEARITEVEEZ R L7,
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KRR TEEEW A @ L C PR RN LT b0
REMED MO\ 4, MBI 2 KEN L7z
DEFEIZ OV THMETEMA A LEDLH S ) o

BRSO BERZ 8 I AT TRIRIZOWTUE, B
W2 AR5 72 8+ 58%5 3 H 5 (Thomsen
2015) o TRERSALIALOFEH S A LN TV B 25, 7%
BToerEZ e shT\wb (Cock 2017) 0 &
%, O LWL 2 2855, Lo b BEAM o
RETE DN SERN DIRE S LHEETED 9 o

L, HEWIERA 2 EER G2 5720, ERED
DOV ANHOEFHT 75 BEATE T 5 L KE 42
FEICOHEL D 5o #MFII, EREII RO
ha (2K S EMIZH L 5 EER % & G an kD
TAVIAA T REIEMHEE % 1T L 72 BRI sk
OB ED3BHVTHN A (M 2006) o FRIEIZBWTD,
FIIBRIE I L CHRMZ 2T 5 2 EAVMRREBRA S
THY, #HYLPHNEED X OB 0BTk
HHENT WD (BRIEE 2015), Afk#iz, LA
TCA SR ZEMR AR FIETH - 72720 1B 7 2R
EDFHERICE > TR o 2R L B 5, FEEE
2B B S OMEHIEFRATE TIEHRARA 2 < W BLIK
2B 5D, FTIREIGEICBT MO MHPERED
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BB (U & % B B OME 5 EORE R L
T LED DS o
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B BRE ISV IR IIRRD b N 2o 7248, FRME
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EEZ LN,

E | 3
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F 7, i, Sk, ARG
AREIEL, ANNEBRELI2E, JEosTcs
WC Tz 2nwiz, 8512, KEEREAL, BT
LA, SRk, R, B
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Abstract

In dairy farms, copper (Cu) is often used for hoof bathing. Although the environmental impact of using Cu is
concerning, little is known about the dynamics of Cu in ranches. In this study, we conduct a field survey at a ranch
in Betsukai, Hokkaido, to understand the current usage of Cu. In this ranch, for better feed production, the Cu used
for the hoof bath was mixed with slurry and fertilized on soils that were deficient in Cu. The result indicated that
the Cu concentration in the liver of dairy cows that were raised on the ranch was not extraordinarily high.
However, the concentration of Cu in feed crops was about two to three times higher than that reported in other
ranches in Hokkaido. The Cu concentrations in the soil, obtained by dilute hydrochloric acid extraction or
sequential extraction, were lower at the ranch compared with other ranches in Hokkaido. In contrast, within a
year of Cu addition, the Cu concentrations in the soil steadily increased. Based on these results, the estimation of
Cu dynamics in the farmland indicates that the amount of Cu accumulated in the soil and the amount of Cu
harvested as crops were approximately equivalent to the total Cu input to the farmland. These observations
suggest that except for feed Cu concentration is not remarkably high in this ranch, but Cu is steadily accumulated
in the soil. Thus, it is necessary to monitor Cu accumulation and runoff in ranches in the future.



