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Studies on Behavior of Chemical Pesticides, Greenhouse Gases and
Radiocesium in the Environment along with the Control Method

Satoshi SUZUKI

Summary: Pesticides with low-persistence and -toxicity have recently been developed. It was, however,
difficult to completely predict the behavior of pesticides under various conditions in the natural environment. In
the 1980s methane (CH4) and nitrous oxide (N20) were cited as one of the causes of global warming. Following
the Fukushima accident in 2011, radiocesium will pose a substantial risk to not only ecosystems, but also
to human health via food chain contamination, for years to decades. The purpose of this study is to establish
useful information with which carry out appropriate agricultural practices to minimize the risk of
environmental contamination from these above. The intake amounts of pesticides was a level which did
not cause any health problems; the highest ratio of intake amount via agricultural products to Acceptable
Daily Intake (ADI) was 9.3% for disulfoton, and that via the atmosphere, where pesticides were aerially
applied to paddy rice, to ADI was 30% for diazinon. The deposited amounts of pesticides in rainwater,
applied mostly as wettable powder, emulsifiable concentrate and dust formulations depended on shipment
amounts. In contrast, those of pesticides applied mostly as granular formulations to paddy fields depended
on Henry’s law constants; especially, the herbicides thiobencarb, esprocarb and molinate with the large
constants were frequently detected outside of the application period, suggesting the continuous
volatilization. In Andosol upland field, about 10pug/L of pesticides were detected in the leachate when both
acetone soluble fraction (ASF) and water soluble fraction (WSF) in the soil surface remained at a relatively
high level under heavy rainfall conditions. The WSF/ASF ratios of pesticides decreased with time, and
were in the same order with the concentrations in leachate. The organic fertilizers application at a normal
recommended rate cannot depress the leaching of pesticides. The rate constants for dissipation of pesticides
depended on WSF, microbial amount and activity. The long-term successive applications of organic
fertilizers were less effective in the dissipation for the gray lowland soil than the Andosol, due to a less
effective accumulation of microbial biomass in the former. The application of compost was effective on
the depression of CHsand N20O missions, and the increase in crops production; the application of well-
decomposed compost can further reduce the emissions. The appropriate water management can further
reduce N20 emission. The transfer factor (TF), the ratio of radiocesium concentration in brown rice to that
in soil, tended to be higher in Andosols than in gray lowland soils, leading to higher radiocesium
concentrations in brown rice grown in Andosols. The exchangeable potassium (Ex-K20) in Andosols was
highly and negatively correlated with TF, followed by clay. In some Andosols, a high total carbon (T-C)
content could weaken K20 adsorption on clay mineral sites; hence, the low clay/T-C values can partially
explain the relatively large TF values. Radiocesium was potentially available for rice uptake for a long
time, likely due to the reversible adsorption characteristics of allophane. The results largely contribute the

environmental protection, the food safety and security in the agricultural production.

Key words: Aerial application, Andosols, Clay/total carbon, Chemical pesticide, Exchangeable
potassium, Intake of pesticides, Leaching, Long-term successive applications of organic

fertilizers, Methane, Nitrous oxide, Radiocesium, Rainwater
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F1E LEBEOBREDICEITHEIRE
BLUVERDERE Koc, RAE, ~2U—AEH, THed 0172 & 0 ik
ExANT, BON R BOLAbE DI TR
% 1 FIZBW T, Table 1-1 (SR ULIZ I KIEIRE, B OB REAZ ML,

Table 1-1. Physicochemical properties of the pesticides investigated.

Water Vapor Henry's law thﬂ Section No.
Pesticides® solubility® Koc® pressure? constant” insoil GUS?  ADI” (First (Af;'ertthe
mg/L mPa Pa- m3/mo| day mg/kg appearance) appelarfance

Isoxathion 0] 1.9 814 <0.133 2x1072 9-40 1.74 0.003

Dichlorvos o 8000 39 1600 35%x1072 21 3.18 0.004

Trichlorfon (I 120000 16 0.21 1.7%x10°® 1-3 1.33 0.01

Disulfoton () 12 1600 24 0.55 37-62 267 0.0003

Iprodione (F) 13 410 <0133 33x10° 38-48 1.15 0.2 5
Zineb (@) 10 450 <0.01 36 38-42 219 0.03 1

Fenitrothion 0] 21 424 7.2 95x102 11-22 1.84 0.005 3,4
Malathion 0] 145 174 53 1x107? 2-8 1.59 0.02 3
Diazinon () 40 251 18.6 6.1x1072 34-45 1.83 0.002 2,3,4
Chlorothalonil (@) 09 1200 76%x1072 0.22 30 1.32 0.03
Procymidone .. F)....45 . . 989 ... 105 ... [ I 28-84 193 O,
Fenobucarb M 660 51 16 0.11 6-30 3.39 0.012 9 3,4,6
Pyridaphenthion (I) 74 221 147x107° 6.7x10°% 11-24 2.29 0.00085 4
Iprobenfos (@) 430 132 03 2x107 80 3.57 0.003 4
Isoprothiolane  (F) 48 258 18.7 0.113  160-227 3.74 0016 3 4
Molinate H) 880 84 746 0.25 8-25 3.04 0.0021 4
Simetryn (H) 450 333 0.09 55%x107° 52-179 3.34 0.011 4
Phthalide (F) 25 738 27%x107% 29x10™ 70 2.09 0.04

Flutolanil (@) 9.6 457 1.77 6x1072 208 3.11 0.08 6
Edifenphos (F) 56 244 13 7%x107 206 0.003

Thiobencarb (H) 30 676 2200 18.9 10-74 1.82 0.009 4

Esprocarb (H) 49 580 10.1 05 30-70 2.28 0.005

Pretilachlor (H) 50 628 0.133 6x10% 20-50 2.71 0.015

Mefenacet . H) 4 3063 64x10° 48x10° 23-223 428 | 00036 o,
Pendimethalin (H) 03 1570 4 38 30-90 -0.52 0.043

Dimethoate IO 25000 27 1.1 5x107° 16-33 3.90 0.01 6
Linuron H) 81 860 2 62%10° 38-67 2.05 0.0077 5

Acephate (F) 650000 8.7 0.226 64%x1078 2 0.92 0.03

Prometryn (W) 33 400 0169 12x10° 40-70 258 0025 6.
Simazine (H) 6.2 580,140 81x10* 4x107° 72 2.30 0.005 6

Alachlor . (H) ...242 145 . 29 ... 32x10° 42-70 260 08,
(References)

Aldicarb M 4930 8-37 13 5x107* 30 3.46 0.003

Atrazine H) 30 305 4x10% 29x10™* 60-150 3.45 0.004

Dieldrin o 0.17 05 59 Ty> 0.0001

PCNB (F 0.6 9584 12.7 6.26 21-91 0.04 0.007

2 (I): insecticide, (F)fungicide, (H:herbicide.

b-® according to Kanazawa(1996) except for dieldrin (Howard, 1991).

Koec:soil adsorption coefficient.

9 ¢, phalf-life.

9GUS:Groundwater ubiquity score. GUS=log ti/, X (4-log Koc) , according to Gustafson (1989).

" ADI: Acceptable daily intake, according to Kanazawa (1996) and Editorial office of this month's agriculture (1998). ADI
values have been reviewed.
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THBIZHE AR A RIgEM Lo TG, EIKICE DR %
ZEAETTDRD DTG, WE BB LOHEEIC LD D
BINERIE, KFET 24%, F2UUT 61%, o2 T 97%T
BHZENFEIESINTVD (B AP 1#43,2008). 1970
ELIRE, AR R RS DDT, BHC %002 H it H
DRI LR oTo 3, TR I AR LR B RIS
REWD, ZNHITZOHZLBENOD LG T RN
HRRHSHUT T2 (N1L,1986). ZD7=%, 1970 4E R4 12
A HERF IR O BRI A a~ 757 4 — (GC)
LEDHTHESR RS, BREFERERBRSER IS8
2707, BAERICED TS EED OE=2) T HEIC
B TR O M R I TR (BEAE ATEEA R R
s bR, 1996). UL, X THFEIITEN, EEWHD
PR AR T 5 F A mE SN, HEEDOREZED)
FET25—RERoTWD (iFT5,1992). 222 AR (ff
R, REOHMNOINEETORM, Mffikd) %
BAFTIUR, ZEAEDRE, RN R AR
HIEFIR. UL, HBE AT IR ARG T KD R E R
FHATIE, R EEEEZE X 2 HF B RS, I
[EE ORI I DL DN EER Tho7z (KA,1988).

REOBEM L K KIRIZAEOOULERHD-0, BIE
WD JEETR R T EATO Y 6, Ve, B % OBAFILIEAR
HIZAT D2, KRITZ K E, REFITEERELBRERKL
EIABIZLIZb O GHIREIEL TS, $i, BE, 1E
L ITRABRIKTHRWIRTREICIED TS B
BiTr,1973; FEMOKPER FREIEMRATT,1973). LAL, BAE
WNAT B LT R RIT B e U TSNS TR, Kk,
B2 LA Tl R EE NS (HH1H,1972a,1972b;
F]« FAT,1977; Desmarchelier et al,1980; {REF5,1987;
K I5,1987; Ishikura,1988; 4:iR,1992; 47H1,1994). =
NHEDOZENLEREOBREEMEITFA —HERE
(Acceptable Daily Intake, UL F ADI &%570) & KHEICT
BIZZENBZOND. —F, FRICE3E, REREDAMR
FEWTIIRMELTERESNOETOMRE, FHEHIMIELS,
BEVFIZT CTRERDIGELEW. 2o, FREEEORE
RPELIRDZELIRESNS.

BiHRIZED— A — B0 RIEBRELHE TS
FIEZN—=Z N Ay h2Z T A (Total diet study) 2355.
— AN— A E70OFEH MR RERE (7 K77 o4—)
WEFEEHZEE DL RV, iR MEAL, 8% EiE

THEESNDKYE, WHEEITo7 %, REBES %
115, IWTEE T — R 77 08 — % RUHIETH Y RIED—
A—HHBT0EBRENEESND. AFIEEIT o7 R RIS
BN, BRICAARTIEN =NV T A2y AT AT FEREI
T3, x5 E3KIT DDT, BHC R°F VR 7o 8B gk
Bheipo - EIE R RRIEN P L ThH o, TSR
BETAAERES, FHERZ VW == aTF 4
(MEP), ~7FFv (vTV0) BEOFAT Y /72810
LTV (N 11,1983 7 J#%,1987; Matsuyama et
al, 1987 ¥« TA,1997). TAUATHh =2 F ATy
AT AL FERES IV CNZAS, Eet B3 T B AR L [ARR
WBRERR N LRSI A BB R RRIE Th-oT. AT, £
DOMOLETH HARTHEHABEN L WEEN G L1370 - T
Wl W2 nN % 5 o 72 (Gunderson, 1988;
FDA,1988,1989,1990,1993). M7=, AWFILTIX, HA
TEMEHEN T REEZPLELTh—ZL A ATy R
BT L E{ToT.

I fMHEEXUAE

1. HHARAE

E R A (R A4 A PR B2 R ) (3 o ot O 2%
#£,1990,1991,1993) (Z&ESWCTT7—K7 774 —%#iiEL,
1990 4= 5 H, 1991 4 5 H, 1992 4 3 AIZFH = TN D
INTEIEDNBH) 50~60 FEFED K, 1F, J3FE, BRREOR
fnEfE A L7z, Table 1-2 (IRUIZAMBERIERE (1994
EFHA 1993 DM H DO I B BRNTSMEFE K DN
AZSITND) IR RN E DB Dok 4 5 A
L7-. WIETIX BHC, DDT, 4RV, fEETIIZHh
5 3 BRI Z T CNP, FA RN T 7l A isiatto
RECEIKOMHENHRESN TS GHATD, 1992). LasL,
AR D R SRS RS L O I DR HH SIS AT RE
PEIED 7 NEE 2, ZUBIFIA LR o7, AFLIZE M
1%, Table 1-2 I RL2LS BN LA L 72, 372D,
KIS 5. Oy TAEIIKTEL, FEHE, #D. b~b
TIKTEL, ~Tcakld, RIFBGIL T 2L D@ EIThh
TWLFETRHEAZ Lz, ST ARG LIZELD TT-
7. 7k, WBHE 4 CTHBMRTL, 1IZEALDLOITHEA
254 HENIZOEAT-T2. b REHHBAEVL DTS
B CHo7-.

1994 4 3 H, 1995 4F 10 A IZFHE TN D/INEIEDS
RAEZEALRSOMELITo7z. HEICLDRBIROHE
R 5700, EKHEEITOR o7 E OHEER I
BLOFETHRALZ. ZOLEORFETIE, BATHEMEN
PO BV EEE I RICBEL CREEZITo72. &
BEHOFHRLE, 1990 4E7°5 1992 AEDOFRA L FMEL LTz, i)
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Table 1-2. Dietary intakes and method for cooking in the 1994 total diet study.

Food groups Foods Dietary intake Place ?f Method for cooking
g/person/day production

I Rice Polished rice 192.4 Some countries a) Boiling

ii GCereals except I 89.6
Wheat flour 78 b Making a sort of dumpling by adding water,

followed by boiling

White bread 28.0 - Untreatment
Bean—jam bun 6.1 — Untreatment
Udon 18.9 Kagawa Pref. Boiling
Buckwheat noodle 18.9 Kagawa Pref. Boiling
Spaghetti 5.6 — Boiling
Pre—cooked Chinese noodle 43 - Boiling

II Potatoes 78.0
Sweet potato 10.4 Ibaraki Pref. Washing, followed by boiling
Irish potato 31.4 Hokkaido Washing, peeling followed by boiling
Satoimo 9.7 Chiba Pref. Washing, peeling, followed by boiling
Yam 9.7 Tochigi Pref. Washing, followed by peeling
Konnyaku 16.8 Gunma Pref. Boiling

IV Pulses 69.7
Miso 16.0 — Boiling
Tofu 36.5 Tochigi Pref. Untreatment
Abura—age 3.4 Tochigi Pref. Boiling
Ganmodoki 3.4 Tochigi Pref. Boiling
Natto 7.8 Tochigi Pref. Untreatment
Soy milk 2.6 Tochigi Pref. Untreatment

V  Fruits 118.1
Amanatsu 17.6 Kumamoto Pref. Peeling
Iyokan 17.6 Ehime Pref. Peeling
Apple 33.4 Aomori Pref. Washing, followed by removing core
Banana 8.0 Philippines. Peeling
Strawberry 5.5 Tochigi Pref. Washing, followed by removing stem
Kiwifruit 11.2 New Zealand Peeling
Melon 11.2 Kumamoto Pref. Peeling, followed by removing seed
Canned yellow peach 5.7 Greece Untreatment
Apple juice 40 - Untreatment
Orange juice 3.9 - Untreatment

VI Green, yellow 74.4

vegetables

VI Vegetables
except VI

VI Tea

Carrot
Spinach
Sweet pepper
Tomato
Broccoli
Chinese chive
Pumpkin
Celery
Garland chrysanthemum
Kinusaya
Chingensai
Leaf of radish
Leaf of turnip

Root of radish
Onion

Cabbage
Cucumber
Chinese cabbage
Lettuce

Root of turnip
Welish onion
Eggplant

Edible burdock
Bean sprouts
Salted Chinese cabbage
Takuan

Green tea

18.9 Chiba Pref.
13.3 Gunma Pref.
3.2 Miyazaki Pref.
9.5 Tochigi Pref.
40 USA
4.0 Tochigi Pref.
40 USA
4.0 Shizuoka Pref.
3.5 Tochigi Pref.
3.5 Kagoshima Pref.
3.5 Ibaraki Pref.
1.5 Chiba Pref.
1.5 Tochigi Pref.
186.8
48.7 Chiba Pref.
24.3 Hokkaido
20.3 Chiba Pref.
10.3 Tochigi Pref.
20.3 Chiba Pref.
6.3 Tochigi Pref.
6.0 Tochigi Pref.
6.0 Tochigi Pref.
6.0 Kochi Pref.
6.0 Tochigi Pref.
6.0 Fukushima Pref.
11.6 Tochigi Pref.
15.0 Aichi Pref.
2.0 Shizuoka Pref.

Washing, followed by boiling
Washing, followed by boiling
Washing, followed by boiling
Washing, followed by removing stem
Washing, followed by boiling
Washing, followed by boiling
Washing, removing seed, followed by boiling
Washing

Washing, followed by boiling
Washing, followed by boiling
Washing, followed by boiling
Washing, followed by boiling
Washing, followed by boiling

Washing, followed by boiling
Peeling, followed by boiling
Washing

Washing

Washing, followed by boiling
Washing

Washing, followed by boiling
Washing, followed by boiling
Washing, followed by boiling
Washing, peeling, followed by boiling
Washing, followed by boiling
Untreatment

Untreatment

Extracting with boiled water

2 Following the 1993 cold summer, rice was urgently imported from several countries. The 1994 sample was blended to sell. The
ratio was 30% from Japan, 20% from Thailand, and the rest 50% from U.S.A., Australia and China.

® _. Unknown.
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ICRREATOREZ L, BREOHKHIGEDLNT LA
IR —FNVF ATy hAF T CEE ESNTOSHFHELE O
AR AT LIz, RITRER S OB T 2T L7z, B
BEICENENORLEOT — N7 7704 — %R ET— A—
H 27200 B R A R L7

2. REARREEIUSINAE

1990 4ElIAVFHF A4, Yr7uRA (DDVP), 171
Ay, 1991 AT 2 BIEITIA TN Zan ks (DEP),
DA, VAT, 1992 FIXTU R T Ex Gl L. 1994
X MEP, ~7Y, 1995 FiIThd 2 BIEITMA X AT
vv, zanfu=L(TPN), A 7uv4, 7uiIfv%
KRFEFE LT ZNEND BIDO T IR, $k- Nk
(1980,1987) D JFIEICTHEL 7=,

) BERUVW-BESREONTAE

FKEROZESEHILL T OIS oHr LTz,

(1) TPN, SRR FOELUVSRTUNDERE

FEH50g Y Ba2 TR THIHL, U 7unAX | THREE
L7z, ok, &M, TEITEbi~® - 7= L
DELEAT o7 A, RIEH, FEETI~FV -7 L
=NIADEEE U, EBIAX YT A, AT7avd,
MEP, ~7V>, #ATY /0 BLORTaL IR A7 L
715 25C, DDVP 3L 0 DEP (33 UB7 VT L THRBLL,
TN TERLE.

1990 45 1992 4T LI-AVF Y FHr, A7 ay
Z>, DDVP L DEP |3 NP—FID & H A7~
77 (Hewlett Packard 5710A) |[ZiEALCERLE. &2
B, A7V 3B A D B LORE oW # Z E &L,
ez, GHEAT L, AT A ATeUd Bk
' DDVP 22\ Tk 5% V= DC-200 %, DEP {22\
TiX 20%PEG-20M %A L72. 1994 HE005 1995 4R125
Hrilz MEP, ~ZV > BLUOF AT7 Y 704, FPD f+&D77
2ru~<h7'57 (Hewlett Packard 5890A) (2 AL TE
LT BT A DB-17 2L, A7 mvAd Bk
K 7ay 3N, ECD & zra<hr57 (Hewlett
Packard 58901 (ZiEALTERLZ. /BN 741 DB-
b & L.

(2) TPN

okl 50g HHMEIZ 50% VB bmL &Nz, 7kl
HU7z, LT oBEL BiE 8 BIELFRRIZITY, 7rIVL
AZLTHEML, TN TEALK. ECD &0 HA/m~
~'Z7 (Hewlett Packard 58901) (2 E AL CEELT-.
BT % DB-5 2 L.

(3 CRILKEY

Ak 50g FAY FA T 2R T, Y7 mm AR TR

L, ~F Vo T Er=NAGERE T 1. R~ AT A
BB LN~ BV MR E I Z BBEL, 7rmik
JVATHIH, TR TERLZ. NP—FID &0 A2sm
~+757 (Hewlett Packard 5710A) (2 FEALCEREL
<. BRI T AT 5%V DC-200 Z AL

4 >x7J

okt 50g MY mA T T ALY, HELE—AX, 78
FREIMZ TRKIRA L 7 CREILRBSMBEAT -T2 77
AT IR oT RIS NI E N, TR A skIK (1
W4l 50mg, T4 ) —/N T3 100g X ) —VIZER)L,
1L &L72b D) MR T=RIVE I AT D bR FE o
LI, =F /) — IV TERR, 435nm OREEEZHIEL, &
mL7z.

2) RODWAE

HIAE 10g 12 100°C D7k 600mL #01%, 5 538125
WL, KA, Ak 300mL Z 43 Hric L7z,

(1) PRLKREUBELUSRTUNDERE

Ak 300mL ([ZEAFNFIRE SR AN A, B2 = ALE]
TV, AVXYT Ay, A7 F U F3 AT T, E0M
DEFKIFIE=F LT —T L THH Lz, BT RRE#%IT,
FERO-B BB RO BRIEE{T o7,

2) SRR

A 300mL (ZEIFNFERR NI A N A, WS =2 A
T, =F L —7 T L7z. ~F Y- TEh=1 v
SELEATVY, ZALIRRI, BEBRWC & S BEE FER O #E
EATol.

Q) oxI

AR 300mL & 537 T A=22EY, AL — AR INZ T
KR T CTRBILAR RO IMEEIT o 72, LRI, 2%
W B SRR AR OBEER T o 72,

3) AMEUREKER

TNENORIE (11 BT ao AR AR
(BB LOMEHE (96 fAAH) THMEILRERETT-
- BINEIIRR IR FE O 10 57205 20 5 Y B Tho
7o BUNEED T0%LL FOMABEDEN 8 thdbo7ons,
12 70~100% DA 157

(\‘@

I HRELUVER

ER L SRR IR RSO T — R 7778 — %L T,
— AN—H Y7200 RIREB R EZH H L7, Table 1-3 |Z/RL
7edolz, 1990 5 1992 DA TITBIKE L HAEEED
AT TRHESNIZBIERD TOiamotz, A7 ey s
P B EDD, DARI DR AR IO O
OB ENLRBENT=DHTHo7-. WD (1983,1986)
TR, RETORRY L REOKRE EBMELITV, B
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HBEEE X RFEO T RE O, R BT EDOH IS ME
MABLEL TV, Fo, THERR (1988) R IE R
PETIXHENOOBBRENZL, BIROEHEE—K
LTWAZERHEIN TS, 47#01992b) 1Zx =Y, k
STRETAT BT A L DREENPL NI AL TV,
KRBT AT 0V 0 &V Z VIR RSB D
HIRHENTIRY, ZhH0 EIKO B ETOME &) g
BN ZENHERINT. RO TR HVEE 3 LU kR
BT ADI BLOH A ANOEERES 50kg L TH
Hahs (iR T, 1978). ADI OHALL mgkg THD
7o, EOMEIZ 50 Z R U TFE— ANSTVOFA—HE
HufE L LT Table 1-3 IR L. A7 0P 4 BLUOY ALK
hroO— A—H 470D EILFNEH 0.6ng, 1.4pg T
bole. TNHOfEIE, ZihEi ADI @ 0.006%, 9.3%IZ
L, ADI Z# KiBIZ FEI-7-. 7AYA T ADI @ 1%%
A TERINDBENFAE RN ENRESNTND
(Gunderson,1988; FDA,1988,1989,1990,1993). A#F%E
THAELL 6 BROIG, 7AYD TOF AR IRIRITITA
TaVF U ET ANV BREEN TS, AT RV AT
14~16 F® BT ADI @ 0.00043~0.00083%, 60~65
FOENET ADI @ 0.00047~0.0013% DEHTH -7
(FDA, 1988,1989,1990). ¥ A/LRb T, PERIIC
Y ADI ® 0.09 ~ 0.24 % ® # B T H - 7=
(Gunderson,1988). 7-72L, ADI {3 B RELASNT
BY, PR AEMIE 1991 4£12 0.002mgkg 5
0.0003mg/kg (ZEETENTWD, ARAFZELD B D =80,
FRROT AV OfEE 1991 FIKFT 4L ADL fEED SR
LT 5L 0.6~1.6%E75. AFREDOFERTIIZNHDORK 10
GOBBELI2 1223, Z OE O M FRIIC LD
KIS TWHES 2 Hb.

1994 XD 1995 FEDFHE IOV TIE, 1990 EnD
1992 FOEIEORIIKNABEL, FEEMRAEIZIBNT
BHROEmONEEE B, HEGSRERELEL. &
FEMRAEICB O T, RHBIIWTIEE % TIEHD8, 4
EFHAELZREOTTIE, MHEREWIRIC T By IRy,
TPN, A7 a4y, =TI NIRRT v 7SN TW5S (B4
BANER A R AR, 1996).

1994 4E5 1995 4FICE ML 7= A T, REEZ 2L
BTG OBMELEET LA HMELEE. 207k
W, ETMBRIOV T B SHL, BESR SIS
BIZBH N AN AT NAY T TR TODFHERR
DY T IVOFRR SHTH AR CTEMILTZ. Table 1-4 1271
L72E91T, %4 6 B TROTALO R HE DTS
Nz, BENILOBRHEITWT Y MEP, 7V, #ATY
I DR BANCIRONZ. ZbF BANT, Wb R

10

DHZE -MERFENOMHMSN, o 2 FITESTIFVr 0
SR o Te. Fio, 2 HEBENLOBIRORE
FITLEHIR ) o7z, 1993 FOMEDFEIZLY, 1994 F
WIS EDN DR EZR AL, WA T LU REBIGES L
0, WERAS MEP, =7V AtiEh, JHEgbE-mL
=75, EWNED A KEZRAELZ 1995 FiTV ok i
HbkEn2m-72. MEP 1% 1994 4EOREFCITHE,
A NS, FAT VA NTREPLRHENZA, W
TNLEThHoTo. h—FNVF Ao b2Z T, FRE%) 1T
LAEEEIL, MEP T ND~0.08pg, ~7/> T 0.21~
0.45ng, #A7Y /T 0.12ng THY, [FRIFFIZFE SN
FEANTORERRELZER S TH-o7- (BH L HE,
1997).

—J7, BEANTEE, RIEFEE P OLICRE, FRERAT
OEHUEIE, TPN T 10pg 28z, 7 ry IRy, A7 a4
U ThH pg Tholo. TPN ORFEH, BRHEITHT D
BN, TR (1973) 13 EERET 3.0~6.2 H,
K4y (1988) 1T T ARFET 2.5~5.6 H,h~hEET 3.5~
9.5 H,¥a2URET 1.1~1.8 HEOHEZL TV, L)
L, B3 EEemA IC W T AR OEIEIZ LY
TPN 238 2 BB L= FF NS (KA,
1988). TPN 3R AT IMVDIEL, Z< D% EF I A 53
%% (Vincent and Sisler,1968). iz T, {R#EHITHY,
Mt B 23 B LAC W2 LR BARRIE D L SI2H72230, 5%
HENSLENS VEREEZ LN, —J, RRICMHHEL
T SRR IRRIE N VIEY, RENDLRE~OBITEIAS
BEWIZERHLN LIRS TND (418,1992b; K 1L
5,1995). EE(FERE TS TPN 28R Tld 27~140mg/kg
THHOIZH L, REATIE 0.07~0.35mglkg THHIL (#
J#%,1975)1%, TPN O/KIAEMEFE DS 0.9mg/L LA TR\ &
ERBLTWS, ZOZEITEITH L, KEIZL->TREL
RTNZEIZORNY, AROREICEOTHREARRIC
B LTz TPN 2Bk » TR el Eani=2
Lok STz, AFEICBITHRESRIL, T AV BIZEBNT
TPN O# RN LB EWIZH2 ) 05T (Hundley et
al, 1988), h—X N ATy hAZT TIHEERHRHTHS
ZELEImMR LT D (FDA, 1988,1993). — 5, il 2
R AN OFHEC X DR FIT R EL, FHEE% TIIIh
b2 BIKOF 7 TPN LB RN Lo dsHESN. B
SITHA R, PRVEMCA 38 LIz KR4y 28 O & I[85
FTBM, KEEOE O EIKIT R LD DDA~ 5
BATT 5. 2070, KIEICELBRERME DB IS
0, B OB A ERDIEEBRERITIE 95, ¥
WCHE KIS MDD DITKIBICE DM ERN G D (&%,
1992b). AFi# T, BEOBHI RSN T BEDON, 5
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IR KIERE S 10mg/L Z#8 2 T % (Table 1-1). 20D
TEEEDLET, FHENSZWEIT, TEETIEHDLN
BYRH CREAERT DR HLEZ X OND. Lk
LeMb, h=ZNE ATy AZ T, (FH%) I8 D% 3K
EEEO ADLIZX T2 HFRIL, YAVERR D 9.3%, it
0.1%LAFHDHWTZNLL T Tho7z. 2014 £ 9 HIZIE
ADI 1ZMZ T, BWE—EICERICERL-ZGAZEEL
722 A E (Acute Reference Dose, UL T ARfD L3

P A EEOFMIZMA LN TND (RMKES,
2014). ARfD TiF, BaOBEEIZOVT 97.5% %A/ E
AERALTWD (45784 EE A SRR L2, n.d).
IR E RS IR 50 A LT85 8121, 97.5% 2 A VI
BIfili+ REAE(R 25015 %2.24) (THH S 5280, A EIFHAED
%t ADI HOfEIE, ARfD [ZESWTHIERE LRIES 2258
DTN

Table 1-3. Daily intake amount of pesticides estimated by the 1990-1992 total diet study.

Daily intake amount of pesticides (i g/person/day)

Food groups Pesticides Isoxathion Dichlorvos  Trichlorfon Disulfoton Iprodione Zineb
Year 1990 1991 1990 1991 1991 1991 1990 1991 1992
I Rice ND ND ND ND ND ND ND ND ND
II Cereals except I ND ND ND ND ND ND ND ND ND
I Potatoes ND ND ND ND ND ND ND ND ND
IV Pulses ND ND ND ND ND ND ND ND ND
V Fruits ND ND ND ND ND ND ND ND ND
VI Green, yellow vegetables ND ND ND ND ND 1.0 0.6 ND ND
VI Vegetables except VI ND ND ND ND ND 04 ND ND ND
VI Tea ND ND ND ND ND ND ND ND ND
Sum - - - - - 14 0.6 - -
ADI x 50(  g/person/day) 150 200 500 15 10000 1500
The ratio of daily intake amount of ) ) i ) 9.3 0.006 i )

pesticide per person to ADI (%)

ND:Not detection.
ADI value of disulfoton was revised from 0.002mg/kg to 0.0003mg/kg in 1991.

Table 1-4. Daily intake amount of pesticides estimated by the 1994-1995 total diet study.

Daily intake amount of pesticides ([ g/person/day)

Food groups Pesticides Fenitrothion Malathion Diazinon Chlorothalonil Iprodione Procymidone
Year 1994 1995 1994 1995 1995 1995 1995 1995
I Rice 0.04 ND 0.08 ND ND ND ND ND
II Cereals except 1 0.02 ND 043 0.53 0.06 ND ND ND
II Potatoes ND ND ND ND ND ND ND 048
Before IV Pulses ND ND ND ND ND ND ND ND
cooking 'V Fruits 0.06 ND ND 0.08 0.08 ND 2.69 ND
VI Green, yellow vegetables 0.06 ND ND ND ND 115 ND ND
VI Vegetables except VI ND ND ND 0.90 ND 0.30 ND 3.67
VI Tea - - - - - - - -
Sum 0.21 - 0.51 1.43 0.14 11.8 2.69 4.15
ADI X 50( it g/person/day) 250 1000 100 1500 10000 5000
The ratio of daily intake amount of
pesticide per person to ADI (%) 0.08 - 0.05 0.14 0.14 0.79 0.03 0.08
I Rice ND - 0.04 - - -
II Cereals except 1 0.02 - 041 0.21 0.04 - -
II Potatoes - - - - - - 0.14
After IV Pulses - - - - - -
cooking 'V Fruits ND - ND 0.08 - 1.66
VI Green, yellow vegetables 0.06 - - - ND - -
VI Vegetables except VI - - - ND - 0.07 - 0.81
VI Tea ND ND ND ND ND ND ND ND
Sum 0.08 - 045 0.21 0.12 0.07 1.66 0.95
ADI x 50( it g/person/day) 250 1000 100 1500 10000 5000
The ratio of daily intake amount of 003 ) 005 002 012 0005 002 002

pesticide per person to ADI (%)

ND:Not detection.

11
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NV BE

THEF ~OZEVEDOE B ESHT2D T IR O A % i
AL, Kk, JHEEOREE I T2 LI IVEFRRIED
R EREZAOMCLE (b—2NF ATy AZT (). 1990
NS 1995 FIZNT TERIBLIZN—F VA ATy AKT
O3S EIRIL, V%Y F 4, DDVP, DEP, Y%7, VA
VRN, A7 aYF, MEP, ~5Vy, #4773/, TPN
BIOTF IR ThHotz. ZOIBHTE 4 BIIZONWTIT
BTCORMRE CRORERSEBHE, (8, T, RE, &
WAL, ZOMEE, K) »oRRETHT. —J7,
BE T ROV T T O RS DR TS,
FAENRHBRNZ N EICEDb0EE 2 LNz, BIREDX
ADI TR, PALERR D 9.3%, o> 6 Z3KiT 0.1%E
RIZLL T Chotz, Fe, Thn 7 BEOIL U ALK %

12

Br< 6 RIKICOWTE, KEE, FERICID BEORRAE
BT 5720, Kk, MELFEmURVEERS STLZ, Fh
7l MEP, =7V BLOF ATV /7 ATBBICHEAIINT
BY, INORBFIEE LGS, HBUCIDEERIT/N
Ihote. —F, BEHAT ooty TaIfrBLT
TPN TR, B hLIicmtish, ELRVIES O
B, A7avdy, 7as IR THopg, TPN T 10pg
LI ETh-o7-, FITKEEICED TPN O RIZIEF ITRE
<, KREFREPRD TNSWZET—HFHTES. Ul Eo
b, MAENL KM ) R E O RIEIT,
MR CTIEH D0 B W R CRERA B IS5 F REME DS
7B, UL, ADLICH DI RO I TR
<, BTz bhiz AfRD (28-S0 CHEERE LR
LR DI TR,
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F2
&

KEIZEREHFTEIh-REDH

I ¥E

1962 FIT MK FEM 22 H LTI E LS dL, REICE
ANSVIZEDIRE REHER (LU, 22 iofn LR 50) S FE iS4
7o, EETOKERE RIZx 3528 A O I~ FE X
1988 4E(TI3#f) 174 77 ha (ZEEL, EMHEEDK 25%I2H
WL7= GFHE, 2004). HiAKRTIE, 22 #of O FE A3 R4
THENEFEK 13.6 7 ha [ZEL TV e, ZoBdfE, 1B
EREOR) 1T0%ITHYS L, FRIERUE DA Tk, BE¥ick
EFEL TV, —F, ZHREBARICIDRE~D RO
BHRITH 30% THY (FEK, 1981), FEVO—HF LM KR

THEBEHTL, —#BIET AU, PR ke o TR
KPEFFEL, WEITHEHESh TV,

22 P EAT 1% D IO EE W TR, AR~ R
AR T SO I K, FHEKE, 78 TOHED
PRSI TER UNG -1, 19755 JNfE- Hu, 19765 {IEFD,
1978; |48 /K4T, 19805 JBIFD, 1991 ). —J5, ZE8rfikAi

73 8L/ha B STz,

1989, 1990 i, #Ai Xikds JOVA L AR T4 S
T CHA AT o7, BAi Koo BURK 500m % A% 1]
DN TG, 22 ikAmiE 1989 4 6 A 5 H, Al 4 B

500 8 IRE 30 43, 1990 4 6 A 4 H, Al 4 ¢ 50 55
M5 7R 20 lCFEmSN. B g 162ha (23T
T 73 A (BPMC 80%, VA 72T 4 30%)
D 25 {5 IRHLAHS 30L/a #ifi Sz,

2. AEHEDORRER

WA IR I W TR § (REE G &) 2 VTR
&, EGE, JER OMRIEATT o7z . Table 1-5 [Z/RL7=2X91Z,
2SRRI DT B REGE 2m/s LR ChoTz. Fie,
KFELEVEIIDI TRV THY, ZEHHAIITEL RS
K ChHHoT.

1988 4L, A CHMF A 6 H 30 AIZ 61mm D
MEf BT, FHECE T T, 1989 4EICHU A D 6 A 6
HIZ 9.5mm DR, 1990 FITHUAG 2 H DO&RIZ 2mm O
B o7z

ikl SIANG i) = £ SV Y AT e g Table 1-5. Weather conditions in the 1988-1990 researches®.

&ﬁ‘%ﬁ%éﬂfl (j][]ﬁ%%,lgSGa *JEBHB,1988) z* Date Time Air temp. Wind speed Wind Weather Precipitation
°C m/s direction mm/ day
NETRKGREICEDZEBANLT L7 Jun. 29,1988 4:40 18 15 E Cloud
550 19 05 ENE
IFHIE CTELT, BELDSERL QI EE 600 19 05 ENE
FEST, HeAm XKk 80 B oo 242 icAh 3R o 6:10 19 0.5 ENE
6:20 20 0.4 NE
@5@%3&5’\@”/\75’** IR EoTz. ZOZlE 6:50 21 1.2 NW
22 U 4 D R IE O K IR E OF A 2 7:50 23 0.4 SW
8:50 25 0.4 NW
Hﬁéiiﬁ’rﬁéﬂéiﬂ:f@ot F1s, 1990; 74 1050 25 15 NW
. ety A - 1350 29 3.0 s
N5, 19905 FRMORERM 2 22, 1990,1991; 7 Jun.30 10:00 20 1.0 E Rain 61
BB, 1991). 14:00 18 3.0 E
. . . Jun. 5, 1989 530 18 15 NNE Light
ARFFETIE, AKBEIZZEFEAASNIRIED A 6:20 19 24 N cloud
RICRIET AR 572012, WAk OK ggg ;g 22 z
’%EPY%W%@H#E’J WAL, AR T, B~ 720 21 06 NE
. 8:20 22 0.6 s
FETWBLER T 570 PR ICBIT 5 E 920 24 33 SSW
IR E DR I KO KIgsh ~ DAz D 1320 28 34 SSE
- o Jun. 6 1000 24 25 s Cloud 95
T%ﬁ%ﬁ%;@%ﬁbfl 14:00 29 5.0 IS
Jun. 4,1990 445 19 1.2 N Light 2
5:00 20 1.2 N cloud
I #EELUHEE 530 20 05 N
6:30 20 15 NE
1. AEMRE L UEGTOHME 700 21 20 N
1988 L, AT MEH ECTHELZI T2, # 730 21 0.8 N
8:30 26 0.3 s
i K I TH DA, B E A & L 9:30 27 15 s
HASBEHEL T, A DI o0 Ak 2 L)1 23 110027 20 Ssw
1200 27 40 SSW
N CWA, Z8thfcfil 6 H 29 H, Faij 4 B 13:00 30 35 SSW
_ _ _ L. Jun 5 915 20 35 N Cloud
0 IZHAED, 8 B 10 IS T L, Bfimht | = ¢ 1330 25 90 s Sunny
433ha IZKIL TV VA [T/ 7T 0T dun T 13:00 27 20 S Sunny
Jun. 8 11:00 25 25 s Cloud

(BPMC) 40%’ 5747‘://‘/ 25%] ”»8 {%ﬁ%ﬂ{r& 2 1988; Imaichi city, 1989 and 1990; Utsunomiya city.
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‘/The wind direction

immediately before
the application

@:site of air sampling [=Z :application area

Figure 1-1. Sampling sites in the 1988 Imaichi research.

0 0.5 1km O

O

O Channel(a)
O Channel (b)

The wind direction Site C

immediately before A

the application O"f“

1990 1989 Q
O
O o®

@: site of air sampling A:site of water sampling
O: site of deposition sampling 1 :application area

Figure 1-2. Sampling sites in the 1989 and 1990 Utsunomiya researches.
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3. HRHREAE

Figure 1-1, 1-2 \ZRL7ZEDIZ, B KgAK R E
BILOTREER AR SE, B ERTCOR T M
Liz. &7=, 1990 F3E L mich R ER A =%
L7
) [HPRE

1988 4RI KNS DN ER 1 #HSIZENT,
1989, 1990 AL EAm KK N F6 L OV K I sh 500m,
1000m HASIZBNWTNAR) 2 — A= T —H 7T — T
4y 400L, 10 Sy MWL IL, 7T AMHEAIRIC IR LT
1988 4E(I Mk 15cm DOEET, 1989 4, 1990 4T
1.5m OESTHIELAIT-7-.

AR K3 N CIE R s D B AN EOA ST e s A B
B E T, BA KA T, 1988 4RI A K ik N o e
i, 1989 4F, 1990 FEIXFI P BATS IR RAENE N
A L LTz, 1988 41X, BiAi Kk N OB D B IA B
g%, 10, 20, 30 /014, 1, 2, 3, 5, 8, 28, 32 K% T-
7o, AR RIRA TIE, AR 30 B LREIOREETT
72. 1989 4EIE, A X I N CIEL B B 25 Al 32 W
B ETHEEOBRBAAT o7, #ifi KIS+ 500m Him Tl
i 80 S ta D, BAR XIgAL 1000m S CrIEkAm 28 FREfH
B LB ORIREAT 572, 1990 4RI, i Kk N Tl
HEHEDOEA 4 B % ECHREIOBRBREITo7, B X%k
F& 500m MR TIXEUAE 10 %50, BAAXKESA 1000m
S I S % 2N B BB BT o 7.

2) M=

Figure 1-2 |Z/RL728912, 1989, 1990 H0D 28 kA A3
ITHOADEANC, B I A I LU IR O s D3
0> 100m, 200m, 500m, 1000m O HIFEERIZS v —L 7%
BL, A (No.6, B 1lem) (L7, AHRITEATBE
BE D3RR £ T [EII LT

3) AHKBRTIDBRERE

Figure 1-2 {Z/RL728D1E, 1989 kAR Xk A it b
TP a OBAR XK 100m Tt A s, #fi Kk
WALDBIDOHEKEE b OB X 800m T it B HiAlIZH
WK L., 80 0tk, 1, 3, 6, 28 KEfM#% IR E/k%E 3L
FREL72. 1990 i A MR B LOHKEE b OB XN C
HIRICIS W TR IEL R, 30 701%, 1,3, 6 FEfHlT%, 1, 2, 3, 4
H#%IC£EARZ 3L FRIRLT-. R CITAK IR, KTE,
FETEEEZBEL, ZhOERC CRELLTZ.

4) HmAEE

SYBT TR N (1980) O IEICHEL 2. HTA
HHEARB L OARITAIGIL, 7'M 50mL T 30 43 fiE
LOMHL, IR E%T BN TER L. YA KK
500mL (2 LT N T A 25g EANZ, T 7rmAZ100mL

M

Re R

Concentration in air (ug/m3)

T 2 EHHAEITY, Bk, BB ERT B TERL.
Zhb% NP-FID ff&DH A7~ 777 (Hewlett
Packard 5710A, /3BT 40 5% V= DC-200) IZHEA
L TR EHA ERLT.

m R

1. [HRE

Figure 1-3 |Z/RL72E Y, 1988 EDO A H I TOFA T
1%, BPMC & H i 1 8oAT X8k PN C I oA B 1% 1T
28.9ng/m3 O @iz R L, LIAEIIHc 8 Rpfftg £ Txi4k
BIEA AR P AR LT, BB BB IRE IR T L2, &
DIPE IR E /2o Tz, WA KIE A THIZIZ RO A)
ZORUTED, e fEiddon 1 REE#% O 6.95pg/m3 Th -7z,
ATV 7B RRR O Z R L, A Xk N i i

50

10 %\;k

\ \ .
fl A X
A NN
\ M N
0.1 ~ N e
\
\\
b3
0.01 g P e
0 8 16 24 32

Hours after the application (hr)

Figure 1-3. Changes of pesticide concentration
in air after the application in the 1988 Imaichi
research.

Symbols denote @: Fenobucarb in the application area,
A: Fenobucarb out of the application area, O-Diazinon

in the application area, A: Diazinon out of the

application area.
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30 /3412 10.8ng/m3, #A XIksh Tk 5.26pg/m3 O E
EEENERLE.

Figure 1-4 (Z/RL7=&H5Y, 1989 FEOFHLE H COME
TlX, BPMC O HREILA T EFRBROHEBEZ R LT,
AR DX PN TR A T 1S 12.4pg/m3, A Xk 4
500m ML TIEEA 30 401212 1.76ng/m3 Ok FiEE i
FAURLTZ. A3 BS80S O R IR EE L, ot
KA LI RIE R E H DN BB EEZRL, B KR A
DS B KIS E L TOAZ LA RIS,
VAT 2 T2 TR K3 N CIE A E % 1C 31.4pg/m3

40

10-i

Concentration in air ( ug/m3)
=

0.1

0.01 s s

0 8 16 24
Hours after the application (hr)

32

Figure 1—-4. Changes of pesticide concentration

in air after the application in the 1989

Utsunomiya research.

Symbols denote @: Fenobucarb in the application area,
A : Fenobucarb 500m out of the application area,

M : Fenobucarb 1000m out of the application area,

QO: Pyridaphenthion in the application area,

/\: Pyridaphenthion 500m out of the application area,
[J: Pyridaphenthion 1000m out of the application area,
J: detection limit for Pyridaphenthion; 0.05ug/m3.

16

Concentration in air (pug/m?3)

D EEZRLIZ. LL, BPMC BLOF AT /12
NTPREOIK T AL, A 6 FFRIZ IR LT &
otz WA KIS CHIZIE RIBR OB Z R L, i fEix
oA KAk 500m #A THUA 30 43 % 0 2.35pg/m3 Th-o
7o BUA RKIBAE Cl, B3 B ICHIRIRE Cldd D03 H
SNz,

1990 FEOFHE T COFERFE Figure 1-5 1T/RL
72, 1990 FEITATFEL FEROHER &~ L7z, BPMC 1380 4
AT, EUX 7= F A8 3 A % TR Kk sk
BRI LL Lo

10 ©

0.1

0.01 \

0.003

0 24 48 72
Hours after the application (hr)

96

Figure 1-5. Changes of pesticide concentration
in air

after the application in the 1990

Utsunomiya research.

Symbols are the same as in Figure 1-4. {: detection limit
for Fenobucarb; 0.005ug/m3,
Pyridaphenthion; 0.03pug/m3.
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2. RE=E
AR DOAEE O TSRS BA Figure 1-6, 1-7 1R, 2
SROFEE BT R D A

BRI, AR T &,
FRBCRIE, A K Ig) D0 BERE IS L 72 23> TR Ra £ 7e
Wb &R Uz, Ei, BT ZE P R ECdh bk
[ THEBODLIL, 1000m HA ThHEShZ. LasL, A
KAk 100~200m ETIEIEREIC U223 > Tl BI%AIC

FRBEREILPRD 3503, Ll EOREEC /22 L) OFEE
1T h&L7poTe.

10
1
\‘:\
W

t ""»r.'k!

) 1 ) B P i,

£ h__ D ~

- \ / '6~\ N 1_“-\\-.\

&£ \}1 RN

£ . A

° \ AN

> N NG

2 “ \ ~a
™ N

c "

5 Y

£

< 9
-]
£ 01 .

] N

s -
(=)

0.01 * A el i
0 200 400 600 800 1000

Distance from the application area (m)

Figure 1-6. Relationship between distance from
the application area and deposited amount of

pesticide by drift in the 1989 Utsunomiya
research.

Symbols denote % :Fenobucarb in the application area,
@: Fenobucarb in the south direction, A :Fenobucarb in
the southeast direction ,¥r:Pyridaphenthion in the
application area, O: Pyridaphenthion in the south

direction, A: Pyridaphenthion in the southeast
direction.

3. Bk PIcE T RERE

FAHEKEE 31T D R EEIR EE O 4 Figure 1-8, 1-9
R, 1989 4E1%, A HILTIIE 30 431412 BPMC T
59ng /L, BVE 7= F 4T 9Tpg /L Oz R, BL
eI E BT, 1 H% Tk BPMC < 9.2ng/L, v
VAT = FF T 16ug /L OEER L. BAR KI5

800m T B Hu STl 1 R4z BPMC T 79
pg /L, BVE 7= F 4T 151pg /L Oz R,

50

Deposited Amount by drift ( mg/m?)

1
| . 3
[ /N
| / N
N\ -
b > SIS
| | F
0.1 \ ,-‘/
1 /
\ /
[ ) /
| I" "/‘v
\ /
|| \/
\ v/
" |/
\ '. /
\ = —i
\
\
\s—
0.01 | — I — a =1
0 200 400 600 800 1000

Distance from the application area (m)
Figure 1-7. Relationship between distance from
the application area and deposited amount of
pesticide by drift in the 1990 Utsunomiya
research.
Symbols denote B:Fenobucarb in the north
direction,J:Pyridaphenthion in the in the north

direction. The others are the same as in Figure 1-6.
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1990 1%, A HuS CIEHARE %I BPMC T 30pg /L,
EVF T2 F AT 88pug /L DlgmifEAE /"L, LIRIER)

W AT, 4 BTl BPMC T 0.9pg /L, BV~
= F AT 6.0png /L OfEZE/RLTZ. C ML CIEHUE E %
{\Z BPMC T 44ng/L, EV& 7= F 4T 129ug /L Ok
ZRL, 4 A TOWT o B Rt b7z o7.

A

NV E8
RBPEES S UCRARE O
BEOKPTREOHE L, AIJEREDHATFH

Rk, [ &M, MIBNERTEORBELZ TS GTE,
1991). ~7/> & BPMC LORAFI TORMENGIT,
FORTHIREDHMEDZITEKEDZEIZLDTENR
BWENTWD (FRIUG, 1990). BUVX 7o FF4 DK
1% 0.00147mPa THY, BPMC @ 1.6mPa, ¥ A7

Concentration in water (pg/L)

\ A -

0 8 16 24 32
Hours after the application ( hr)

Figure 1-8. Changes of pesticide concentration

in water of drainage channel after the

application in the 1989 Utsunomiya research.

Symbols denote @:Fenobucarb (SiteA), A:Fenobucarb
(SiteB), O:Pyridaphenthion (SiteA),
A\ Pyridaphenthion (SiteB).

18

Concentration in water (ug/L)

¥/ 18.6mPa L A THR O TE Y (Table 1-1). =
DZEMD, KFAETOVIE 72 F 40 OB E B O
2 BHIZHE R TESNTHHZED —RITIT A RIE DMK
WZERBZBND. Fiz, FAKH ORI HFA %<
wMEIN TS G-, 1982; FH5, 19865 #iK
5, 19905 MM D, 1990; HAD, 1992). K& I
WELTWDEIEO— IR AKICE > THB X A, Hif
B TLTDZLnD, BWICEDE TR E O T2
THEND. 3 FELLIREXI R /o7 BPMC (2o
T, BOA KNI H T DA X4 B (6 WEfH 1% 7213 8 IFF
M) oA 1 A (24 R BT TOR T IR E

DR T L. 1988 FIXHAAF A I 61mm DO
LWERDNH-72I2b 03051, 1989, 1990 4L D B
%7&%@ o ﬁ)%ﬂiﬁi))ot
200 ¢
100 J
i

\."'L
10 | A
\ ” N S
\\ TTTTT——0
b
\ N\
1 \ \.*~*—$
l\.,
\
B
0.1 lA - § 1 . A
0 1 2 3 4

Days after the application (day)

Figure 1-9. Changes of pesticide concentration

n water of drainage channel after the

application in the 1990 Utsunomiya research.

Symbols denote @:Fenobucarb (SiteA), A:Fenobucarb
(SiteC),O:Pyridaphenthion (SiteA), A: Pyridaphenthion
(SiteC). | : detection limit for Fenobucarb; 0.2ug/L,
Pyridaphenthion; 1 pg/L.
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A X ek P A R B RS 35 1T D B SE oo E 48 IR
BEEMHL, Figure 1-10~1-12 [Z/R L. KPP RED
FWEFELSR O ERFETORBIEZLY, ZOHM
T AR NS BT RE IR A R U, SHIC A M ORER
BEE 10L LLCHEHLEZ (B XX A, 1991). %
7o, AR KA T A E & DS OMRE N TE o7
7o, WA 1% & a5 R) O E W EC & H IR VL TR %
THHEREL TR L, Bk o XS, Hof Xk
D5 KA A ~ D YL R DR LN E - TVWAZENIEE
SINTZEMBREBRBEFTAELRNES 272, BPMC ©
WA 24 FE L FCOBIREL 3 FRHI TR 5L, #
A KA N TlE 1988 478 1989 45, 1990 40 3 L7
ofz. BRIEECEE, Bt 3 RER % CHc 1 B %
DR 50%IZELT-. EikL7=Xoiz, BV Tz F A
OWEILIELHTHAH720D, FFiC 1989 4 TiE, WA
30 /3 HICIXIEIED, WA 1 HHBEOK 50%IZEELT
Wz,

A 24 RpR % ECOEEERIE, 1988 £ BPMC,
EATY />, 1989 4E0D BPMC (28T, HoAi K s+
T KN O 30~40% ChH-7=. —J7, Table 1-
6 IZ/RL72LDIZ, 1990 4£ D BPMC O B &1 A X
4k 500m, 1000m Hi s TZLE N HAT K Ik N o
89%, 67% T B VX T = FF AR I 8 THE

50
e
40
£
Q
=
E 30 } 0
- aT
2
5
©
K-
£ 2 ),
= =
2
S
(]
S
€
3 10 A
o - s
18 24

Hours after the application (hr)

Figure 1-10. Cumulative inhalation intake of

pesticides in the 1988 Imaichi research.

Symbols denote @:Fenobucarb in the application area,
A: Fenobucarb out of the application area, O:Diazinon
in the application area, A: Diazinon out of the

application area.

Cumulative inhalation intake (ug)

Cumulative inhalation intake (pg)

BTa-olcifi 1 B ECOEBREIT 4~5pg &
EThHol=n, W KBNS OEIT/NEShoT=z. ZD&
N, BA RIS THR S, MR DS B VT
PR BRI T T MBAR KN & (R F2 B 0D 2 K4 ER oD ]
BEMENDHDLZENRENTZ. Table 1-6 (/R LK1, #
i1l H CARE CILHA KIN A TORIEBILE O ZEN
A Y Bk R TEBliz/halie oz,

15 7

10 |

Hours after the application ( hr)

Figure 1-11. Cumulative inhalation intake of
pesticides in the 1989 Utsunomiya research.

Symbols denote @:Fenobucarb in the application area,
A: Fenobucarb 500m out of the application
area,O:Pyridaphenthion in the application area, A:
Pyridaphenthion 500m out of the application area.

15 i‘
-
A

10 -
—
57T —0
——a

0

0 6 12 18 24

Hours after the application (hr)

Figure 1-12. Cumulative inhalation intake of
pesticides in the 1990 Utsunomiya research.

Symbols denote M : Fenobucarb 1000m out of the
application area, [J: Pyridaphenthion 1000m out of the

application area. The others are the same as in Figure 1-
11.
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Table 1-7 IZ/RL7EIIE, AR KK NIC R B2
WAMEZNDLA B ETOR AL EEE R, ¥
AT /T 30ug, BPMC T 13.2~46.9pg, VX7
VFFLT 4.5~4.Tpg LE &S, %t ADI e TixZn
Zh 30%, 2.2~17.8 %,10.6~11.1 %Ik 4 L. ZD

T, FRICH ATV 703k ADL A IR R & Do 7.

LAL, Al L7 &1 Ze A 13- Al 8 RFEE IS 1T T
THDT, PKEbBEOWAMET 1~2 KF##ZET
AT X8 B L IR B A BT e, B KRS B A S
IRNZERZITEY, il EbE LB R EITY
Gy &irB. SIHIZER 1 B2 D 2 HEEToxt ADT X
BPMC T0.27%, EVF 7= F AT 1.8%ITE T 5. &
e JITE (1991) 1k I B Sz 2 o &
ML BEL, BPMC © 1 HEREZ 0.54~0.63ng

CEHLTWA., ZOMEHAWTIHRENSYH T 5L
KR 0.04pg/m3 EHEE TX 5. Table 1-7 IZR
L7zdEois, ARFHA TR L7228 dh B g O IR 12
EHREE, B4 3 BRETIIZOMEE LE -7, 2ok
7R 7E AR L B D& R R E OB WDTE D
HELDDTHAID. HALEFEH Y O % 3k o A &

FIERCTHD. L, ElRUEEHICZE 8 Ok
MMEAEIEEE ha ([ZET D, AL T AR X ks
1000m FETLNFHAEZ LML TWRWDS, UM XK ik s+
THHA KN EFREDOBRBEROBENH-T-.
72 AT I BR 0 A AN AL, RIEDOFIERNZ N
LR, B KA E TR PR E A % ETHE
BashaZenBEsns.

Table 1-6. Inhalation intake of pesticides in the 1990 Utsunomiya research.

Fenobucarub (i g/person/day)

Pyridaphenthion ( i g/person/day)

Out of Out of Out of Out of

Period Application application application Application application application
area area area area area area
500m 1000m 500m 1000m
Immediately to 1 day after the application 13.2 11.8 8.9 4.7 4.1 4.0
1 day to 2 days after the application 1.6 1.1 0.9 3.3 2.3 2.6
2 days to 3 days after the application 1.2 1.0 0.9 <2 <2 <2
3 days to 4 days after the application <04 <04 <04 <05 <0.5 <0.5

Table 1-7. Inhalation intake of pesticides immediately to 1 day after the application in the application area

for the 3 years of the research.

Inhalation intake of pesticides from immediately to 1 day after the application (i g/person/day)

Pesticides Diazinon Fenobucarb Pyridaphenthion
Year 1988 1988 1989 1990 1989 1990
30.0 46.9 13.2 13.2 4.5 4.7
ADI x 50( it g/person/day) 100 600 425
The ratio of Inhalation intake 300 78 29 29 106 141

amount of pesticides to ADI (%)

2 RBESLUVERE~ADOZETM

F7Fy Iy AAKE 20 FARL TR LSS,
BPMC 3% Tk A1~2 TEIZH 2L 2B KN 10
BEshTWwd (AR IK E M 22 2 ,1988). £/,
BPMC 50% 3.7 30 & A RK A FBEITAT L —HAmi L,
W THEH AL, 7T & 4.55mg/m2 OFf, TITH 5%
RN 5 HEOWMENRHD (-5, 1988). #
i XA T, R ERAEZ IR Lz 2 FH T
Vil S EI) gﬁx*ﬁtﬂént DL, 1990 £ DJE T 100m Hb
DR THoT-.

20

B.HAHKBKIPICETIERERESLIUVKELEY
ANDE BT
B IR D28 I REISIE, K X B L2V THERA A
WA Sh o7z ,7k%bx6;§%75§%?%f§ftﬁﬁjéﬂé%
andHD (Ju, 1989). B KIRALHEAIT VY A H
FL,C MR OKMEIZAKBERICENRE FLIZEKE LR
A OREZ, ThENOKEPS BPMC, EIX 7=
YFAUEL 1989 £ A M AT 124pg /L OKE
29c¢m), 1990 D A H,5T 88ng /L (K 41cm),C
M5 T 84pg /LOKIE 41lcm) LEFFEEIND. ZhHD(E
i, BIROKEBEIGEVWIEDOE S AP KK IS
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HMPETLEbOEEZONT. £, WA KA
(1980) 13 B Aii % DB FI LY, FRAICHEE Lz p2 38 n
B A it FL, HEKCORKRBENGELZLE
EL TS, APEKBICITMERENEZTWEIEND,
HEE A LI RN R IC Ko TV E i, 1990
FOMATE BB DK P CORE ERRNELE
ZEbE LS.

AT D 48 W[ % o 2k M E (TLm) X
BPMC THKIE 1.6mg /L, V¥ 7= F 4 THRIK
7.6mg /L LOWENHD (HH, 1978). 2 4 THHk
KENPOR SN &EREOZINGOME IR T 5k
#F1X, BPMC T 4.9%, EV¥ 7= F 4T 2.0%E7%k
o7z HBEKEE OKITRAZN Iz iATe. 6 A x4~
Ty I oA DL AT BT, ZIH O EIKRL
SRREBINNICHE 5. L, BRI HPEK K
TOBWMBENECHTHDHIE, HPEARMNIE A T B
JNOFH A H S OB 1L 10.9~86.9m3/s & HEKICLH
RTHFEFIIRE WL (AR & LR,
1989,1990) 7L nbPEKENLOMBIL 10 FLL E&
R0, O ADEBIT/NESNWEE IO, IV amk
B E 1 1 (LCs0) 12 BPMC T 0.05mg/L(6 KFf), &
YR 7z F AT 0.02mg/L(3 B EDHENDHD
(&1, 1996). AFFAE T, APKBICROTERARE
BIIXZNDHDMELL EE/R LA, BT LCso fE%
TES7ZZEND, IV/a~OEBL/ N NSNWEEZLN
5.

V BE

ZE AT 1t O TR E L BPMC, A7 Y Tl
6~8 Wik, EUX Tl F A Tl 1R # £ TR
RIS E DIR T 2R LT, 2R LARRIE T o E 23
e, BPMC I3 4 A, ©V¥ 7z FF00d
WA 3 HE TR Eeolz, FRCEF T2 FFH D
HERDESIFIATEMENZ LR K T 5.

AR KIS BT D22 U B %25 1 BERETORA
% 8%, BPMC T 13~4Tug, A7 /2T 30pg, £V
K7z F T a~bpg ERIEH, 3t ADI e TixERE
N 2.2~17.8 %, 30%, 10.6~11.1 % Th-7-. Hifi 3 Hif
%TED 50%% HdT-. E£7o, B XKIEst 1000m (2860
THEAICIHU KIS G671 5.
FRIRIE R, 22 TP OO 07 3 b o K0 2 O LRI S
Az, ZEHHCA CIX, BiBRmEEDIRWD, DK eb B
PAgAh 1km RS ETRTIR EAE A % FTHERFSNLDZ
LIZLBTENE ZBND.

JEIEORBUT R D BARZT, B FTE<Mmtsh
723, B ETHIERDBLR SN, BPMC O% T &
4.55mg/m? DIF, |ICKHTHLEHED 5 HEOWMENRD
0%, B KA CIofiE EEDEA R HS 20
JE T 100m Hi DA TIho7=. PR KK TIT AR %1
BPMC Tt 79ng /L, EVX 7 -2 F 42T 151pg /L T
BT, BONITREITIKR T L. ZRHOfEIFIv =2
@ LCso iz _E[al> T2y 2R C LCso % FlElo7-2
Ln, IV asOBET/ NS,
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F3fi MKICEFhLIBEBEOHEE
—1989~1992 F£FDRAB X DK —

I ¥E8

EIITR M B OB E LD H RO A BhBR T
2 AT B A S ND03, ZOEE, KEPich
EREICH I SND. £, (B, TR H DAY
HETRB U RRIT, —3, AR HTAITI TR
K[, BT A2 MmO Tn5 (5, 19905 4
%, 1990). KR T, BEIFIRIRICE> T 57
W, LU CRFPAICAFAET D (L, 1991). 74KV,
BHC, DDT, h#7=>, PCB AR ¥tk oA Kt 5
FALE IO T, BB 70 K BEBE R 5 D5 03 %
Hbv, EER~OEEBLEMINT (Tarrant and
Tatton, 1968; 37115, 1970; Munson, 1976; Eisenreich
et al, 1981; Agarwal et al, 1987).

—J7, MRS, WA th OO SE, 2 LTl
(ZRYZ MU= R SEAS A 83 I kb L TR B S O 8%
Hz5856005 (TR, 1986) . KITKKFIZEREEL T
WBELOWEEBIABIRNERE T4 5. LIzn3->C, Hiif
SNTZBIEORZPICRITHEE, fLBCRE M5 BT,
AR O EIEEFEOWEIT —>OEERFELRD. *
ZT, AR, BIRMIX O R EERER Y% 9 WL,
1989 4E)35 1992 AFFTO 4 4/, ZNE ORI
DKICEENDRIEOWRELZFAL T, Hultlids JOWEH
B IR DR EE L I 331 5 S 3R IR DL & o0 BRI
UWNTHRBT 23R 7

I #HELUVEE

1. AEEB LU TEHHORNRAZE

Table 1-8 (/"3 E IO A BT D5 ICEE R
HRZ 1D FT T OREL, THEATRAS T MBI 3~10L
DO EIRICE R 10~30cm O1 — a3t JFHIELT 12
HEZOFEHE L TRAZRRLZ. £, THEITHE B
KEEEEHE AL, BREICERAKLT 5CTHIREFL, 12
A% Eedi-. WAKOWME T EE, biEE, Rk, T2,
RE ML o728, A RIS A 2 8EL, 12
H oI T ESMEE TED ISz,

2 AERREE

A G R, ROA AR, B AU T He i i oD
LT 2= FF L MEP), ~5F 4 (wF0), ZAT
v, 77 HhNvT BPMC), A FuTd T A
(IBP), VA —h, VANV BIOLURNIE B HSNH
B FRAT 4V RV &L,
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IBP, EVx—h, VANV, TR ZERS 4 AlidZe s
AR IR U RSP I S Clh, Bk, REHIC
LA DRSO TV EHERIS N D720 Th S, £
U —MIKBEBREAICTHLR, RL[ENEL, HikicLs
FEFDBEINTEBY (T4,1981), Y AN ATE) R —
ReDIRAFITHY, WAIOWEALEHMIROMEICL D
KOBE R D20 MA T, £z, TAVRVATEHESS
fRPECHY, BEGICRITH HEARE BT, Kap
IR, AKICEDHifebE 20D (F41,1993) 729,
P IR\ Z T, FT, AV T OF AT IR DA
KLU TR, Table 1-9 (245 B3RO BV AL OB
i AR LT

3.9MAE

IINTREEZ DI DT80, FA BRI A T AR HeHt
—L7z. /bbb, fiKk 800mL Z1L D4R — MR
L, ¥Z7aaAzr 100mL T 2 BEHHEITV, BkERHEL
T, ~"F P ERIEIT RO 1~2 mL &k EL7-. MEP,
<~V , BATY ), BPMC, IBP, €U%—k, ¥ AR
X NP-FID ft& A xra~<hro712, T4NVRIy, A7 a
FAZ1% ECD fh&EHAIa~ 7 18 EiEALT
EEL. £, TAI/a~v N T4 EIZEY — 2720807
BRI NE I ISV EANWTAOT A e T T
T4—EATV, KRz, S5IC, R R LR o —
HLIzREHCOWTII T AZr~ N T7 —H By Hrat
(GC-MS) TRIELE.

4. BRHRERORELRENRR

%< OFHEREBNIRRAK DB DT, Wiz K 15
HHBAMIBE L. o REIC LD E A5 R Rk
TEHEIFIWVZ, HRRE LA FICL > TR D RIEN S
fRT DL THSNIZOT, AR TRIMNEERICHITHE
TEMERBRAZ FM L7z, 1991 4 8 ATV AN, AV aF A
T RRWCIRE EE DA 0.5ng & 50mL D2 KIZEIN
L, 2THIRALT 3L OBEARIC AN, SBHRTUHLE S
1m BEN7-GATICEE, 8 A 1 AD 31 AETHEL, &
EMRBROFEIE L.

5. AMERERTEDH#HE

HPRR U7 K T D B4R e FE LK B DR & R, J i
BT EEL. 1 D AMORE KB ERO S TTE
NoETEERHL, Z0OfMERDIz.
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Table 1-8. Sampling location and treatment for monitoring in rainwater.

Sampling instrument

Sampling locations Diameter of funnel (cm) Bottle (L) Treatment”
Yubari—gun, Hokkaido 20 3 A
Kuroishi, Aomori Pref. 25 3 B
Ushiku, Ibaraki Pref. 25 3 C
Utsunomiya, Tochigi Pref. 10 3 B
Maebashi, Gunma Pref. 17 3 B
Kumagaya, Saitama Pref. 30 10 B
Chiba, Chiba Pref. Automatic water sampling instrument D
Nakakoma—gun, Yamanashi Pref. 30 10 B
Suzaka, Nagano Pref. 25 3 E

2 A: Instrument was left in the open air for a half month and samples were analyzed in a lump semi—
monthly. B: Instrument was left in the open air for 1 month and samples were analyzed in a lump at the
end of the month. C: Instrument was left in the open air and samples were analyzed as water gathered.
D: Samples were preserved as a rainfall at 5°C and analyzed in a lump at the end of the month. E:
Instrument was left in the open air and samples were analyzed as 2 L of water gathered or at the end
of the month.

Monitoring in rainwater was carried out by eight prefectural Agricultural Experiment Stations and The
Japan Association for Advancement of Phyto—regulations in Ibaraki Pref.

Table 1-9. Physicochemical properties and application method of pesticides.

Water Vapor Henry's law t1,2 . . .
o B 9 P - Aerial Application )
Pesticides' solubility” pressure constant in air ) ) Formulations
3 application field

mg/L mPa Pa*m°/mol day
Fenitrothion M 21 7.2 9.5x1072 58 O P, U E, D
Malathion M 145 5.3 1x107? 1.5 A P, U E
Diazinon m 40 18.6 6.1x1072 0.2 O P, U E G
Fenobucarb ] 660 1.6 0.11 O P, U E D, G
Iprobenfos (F) 430 0.3 2x107* X P G
Molinate (H) 880 746 0.25 X P G
Simetryn (H) 450 0.09 55%107° X P G
Isoprothiolane (F) 48 18.7 0.113 (@) P, U E, G
2 (I): insecticide, (F):fungicide, (H):herbicide.
b -d)

according to Kanazawa(1996).

®) ¢, p:half-life, according to Miyamoto (1990) and Howard (1991).
? Q:applicable generally, A:applicable partially, >X:not applicable.
€ P:paddy, U:upland.

" E: emulsifiable concentrate, G:granule, D:dust.

M #HR

1. RKOBNRBRICE TIEENREN

BB R BIT DR EMERBROFE LR, MEP97%, <
T 6T%, AT 98%, BPMC106%, IBP105%,
FIF—b 102%, T 4/VRU> 102%D BRI EFHIE.
TV UPRRIRND, ZOMIT AR E R Th T, F
#EHO 8 A DFHKIEIL 24.0°C, Bk &iE 290.5mm,
H FREERIE 109.7 BT CTH -7

2. ABEREORERERA
PR IR OB B O E IR O LB Th-o72.
1) MEP

MEP O KT EOHERB % Figure 1-13 12779 MEP 1%
1989~1992 FICFHEZITSTMIAR, BESS, B E, T4, £
B, (WALOF R LY, T 4~10 AiTkBENn=2, L8
BOTHAEPHBHSE. 1992 4F 1~9 AICHAELEH
FRCUL, AR Pl OREEL, 7 A, 8 A1X 10pg/m?
Pl ke ot-. dEHEEY 1992 4F 5~9 H OFRE TH 7243,
8 HIZOAKML, 30ug/m? Ll EEpro7o., BFEDR KK
&Y, 1989 R EHO 4 AIZ 25.3pg/m?, 1990 F0345
A 6 HIZ 175pg/m?, 1991 3 ED 8 H 1T 111
ng/m?, 1992 ERHFAD6 A1 316pg/m? Th-o7-.
Figure 1-13 |28 921, R SEIFFF AN @D S ToATA
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? 1990 4E 6, 7 A BLTN 1992 4F 6 A, HiED 1991 4 8
A, THED 1991 F 6 AL, R&MEEX 20~40
ng/m*Tholz. A ROFREE T &IL, 100ng/m?* %8 x 7=
Wik 1990, 1992 4, HiED 1991 4F, T-HED 1991 E%
FRNTIZEEAE D 20~100pg/m>THY, HIKE DOZET/ &
Ntz
2 ITVY

<~ TV DRKPEOHRZ Figure 1-14 (IR T. 4 4

AkBEL T~ TV OME LT TR, BEFS, B, T2,

FHRIWC 1990 FELREEZITo 12 ILBLOS RON, 1
AT T, THETH 1992 F0 4,6, 9 Al
1lpug/m? L F RSN D HThHoT-. — 77, B Clifs
12 1992 EDBHENLLS, MHBEb &I -T2 B E, 1L
FLCIEMHBEIZZ L0 o720, MHEBEE X &E -7,
HFRNIE, BRSBTS 4~10 A ThY, EWNCE A5
M2SFRD O, FEOR KM EIL, 1989 £ R ED 7
HEBLO 8 AIT 6.84ug/m?, 1990 EnNEEHO 8 A
9.39ug/m?, 1991 N EFED 8 HIZ 21.8ng/m?, 1992 4=
NEBO 7 A1 53.8ug/m?>Th-7z. FIROFEMBET 71X
EWZRWT 10pg/m2BL FO%E 3% 0 o7,
) FATT/ Y

HAT Y ) DA REOHER % Figure 1-15 173, &
ATV ) ATKBE L ETORTRAELEN, Hi, i
X 1992 FIZ, ZOMo BT 1989 47, F7=i% 1990 4F7)>
Dkt L CGRA L7z, ZOW, ik, FRBLOmE X 4
~9 AETOMIZRHENE. hoFFORHED LI
HIZEHTHLR, LBV TSN, 2, £,
AW TA B O BB N @ h o7z, £z, 1990~
1991 FIZ0NTC, WAL CE RIS S, RIETIEL O
RHELMOKBOEMEIVL Z 0 o7, KAEOR KR
BT, 1989 FEBNEH O 8 A1 5.31ng/m?, 1990 4E73 (LAY
? 9 A1 81.2ng/ m?, 1991 4EANLFLD 10 Az 121
pg/m?, 1992 AR DS A IZ 27.2ug/m* Th-o72. 4 R
OAERIFE T &IE, 100pg/m?*Z2 82 72 K50 1991 4F, (L5
® 1990, 1991 4EZFRT, 10~50pg/m>DEFE I %H -
7=, F7z, HE, TEOLIIC 10pg/m?LL FOENRZ N IEL
Kbz,
4) BPMC

BPMC OAKH EOH K % Figure 1-16 [/~ 7 .
BPMC 13K, #E, EET 1990 10, JLifHE, T4 T
1992 FICHHEEITo7. ZOW, TETEHLAHIZBWTE
MERHINZN, oK RTIEEIC 6~8 Hlhmiish
fo. Fio, M REITARE, IR, HETE ok KED
M BT, 1990 4EXEED 6 HIT 5.71pg/m?, 1991
EDMFAD 8 12 93.0png/m?, 1992 ENEHED 8 A
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Figure 1—13. Fenitrothion residues in rainwater.
Fenitrothion was not monitored in Ibaraki. The figure of
parenthesis means an annual deposited amount

(ug/m?2/year) in Figuure 1-13 - 1-19.
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Figure 1-14. Malathion residues in rainwater.

Malathion was not detected in Tochigi. Malathion was

not monitored in Hokkaido, Aomori and Ibaraki.
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211pg/m*Th o7z, MEE, iR, B EOIIITERBE T
) 100png/m* A 2 DI ETIED LS 10pg/m2LL T D IR
At B ASY gW il
5) IBP
IBP Ofi/k P E&DOHB % Figure 1-17 (TR HiA, B
5, BiE, TH, REOKRT 4 FRfkziL T IBP OFi#
Z1To7z, IBP O HREIE 1989 42728 7~8 H, 1990 4F
2 6~9 H, 1991 4723 6~10 H Th-o7=. 1992 41T E,
TRECIHFEMABL TRIHENZD, B RO SR
11 6~8 H Thot-. EFaHIEaZEC A, T, RY
TR B D2 M IR E LT, S ED R KM &
1%, 1989 238 £ 7 AT 32.8pg/m?, 1990 E1EE D
7 F1Z 8.28pg/m?, 1991 ENEEE D 10 AT 44.5ng/m?,
1992 £EAEFED 6 AT 9.16pg/ m*>Th-o7-. FERME T &
X, T, EHFOIHC 10p/m2LL FO RN E )T,
6) EUR—+b
EYR—MORKF EOHESE Figure 1-18 (TR 7. #iAK,
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Figure 1-15. Diazinon residues in rainwater.

Diazinon was not monitored in Ibaraki.
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Figure 1-16. Fenobucarb residues in rainwater.
Fenobucarb was not monitored in Aomori, Gunma,

Ibaraki and Yamanashi.
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8 TaA4ILEYY
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Figure 1-17. Iprobenfos residues in rainwater.

Iprobenfos was not monitored in Hokkaido, Aomori,

Ibaraki and Yamanashi.
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Figure 1-18. Molinate residues in rainwater.

Molinate was not monitored in Hokkaido.
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Figure 1-19.

rainwater.

Isoprothiolane residues in

Isoprothiolane was only monitored in Tochigi.
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R T EOZ VN 4~9 AL L, SREMIM T, 2<BHE
Niehote=T/y, TRy, BEU 1988 4Ei2HFh
[CHiHEN IBP (3=, MEP (% 6 A, #4470,
BPMC %7 A& 8 A, EUR—NMNL 1989 F&4BR\T5 AT
BT EOY — 7% RL, ZRZhoBIKO M FHREHE—H
Lz, LIe3o T, [RRGMLRE T REOHBEZEIET 57

IFEZEDORICLA THBRTHLERHS. LAL, F
WHNCHIT DR &, B REBIMEN A 2, SFAGR, AR
7R E DR G LR O T EEOMITHBIISEO
otz

BITE, BV — MIHAILL COERITIZEAL L, T AN
Ur, MCPB LDREAINTETHY, BV AR — b AN 1T
RSN TS, TARS (1979) 1F, =X —x N
RUH —IRIZED, BRERIOKBEERNLOERFEEZBEL, &
RUEDFEWEI R — hOEFEENEL, VAN ATTREFETE
DRDOBENIRNIEEIR LT, ZRHDZEND, TY R — MR
[ERNGEV/NEY T JaeteY et A WINGAE G s =Y g WA RSN
WICARENMENZENEZLND. —J5, Glotfelty et al
(1990) 1%, MERIUATHUG LI T NIV U R AR DD
L7z, ThI7V U O7EKIET 0.04 mPa THY, AR D
0.09 mPa L0 (B8, 1996). AN ATHIA
TEHEC M AR IC BT 5720, SAREL TOEFe, 115
B LIEDTEN EAVEE 2 BV, AN OHEh

FIEI AT L B3 5 BF 52
Teto T AR ELTIRWAREOMIZ, Rk &L TS,
BRSEM TSN TOAZENE 2 L. IBP Ojiti i
HRIFNNFEARTHY, BLIEMRNZENSRIAK O Eix
TRNZEMNE 2 B3, 1989 415 1992 AR 0D jit KB )

BEFR LA R IBP &I 5 o 23LA1 - Al 0 E &1,
WA, BE, THE EHTETbT 0.2~8% THoHDIIxt
L, BB TITN 50% THY, HURIZL> TIXRIAILD T LA
LA, BFIOHANRERTHT. BEE, i EOLIT
R RO S W R TIEAE SR L TOINLOERLR
FTWFIRLOM A E 2 S 7. K ERICEA S5 B
OFAKFORIZTTY R —F>IBP> VAN DJEL 2D, 3R
FIOFRRIEEED WA A O ELEZ T HI LM LN E
otz

Table 1-11 |[ZFHEB & T2 41T 5 1992 420022 Higff fR 38

DS TRER L. AT 0FF50%, KBS T
ENOBINEZOLNDLN, EAEROAYTaTFHTTn
7 = /ARG AN IHGAR ~D H it EAMGD T 7gin o7z, L
Temo T, i AR CIIKRR ~ORLAI O 23 £k &7 .
ZOZEND, M EEATICE DA SO BT, 2
WAL D8 SO LEEZLND. —T7, FH
BHTOT X, ﬂ%:?)@ﬁaﬁﬁ%ﬁ TOKFRIZHR LT 1.6%
IEE R0, ZHHDEMIZE BPMC 1 3E S Tna.
Flo, ATV AT, Rbbtle EAKTLSOEMIZH IR
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Table 1-10. Weather conditions and deposioted amounts of pesticides in rainwater in Utsunomiya 1989-1992.

Deposited amounts in rainwater Amount Number of days Average
(ug/m?/month) of with precipitation of I.D:y
Year Month ’ - - s ights
Fenitro— Dia— Fenobu- Moli— precipitation <1 ~10 ~30 >30 temp.
thion zinon carb nate (mm) (mm) (mm) (mm) (mm) (°c) (hr)
1989 Apr. 0 -2 - 24 211 7 3 2 3 13.2 206.1
May 0 - 0 231 4 12 4 3 158 1345
Jun. 5.6 - - 3.7 317 6 4 4 5 19.0 1119
Jul. 20.7 - - 109 356 10 6 4 4 227 89.1
Aug. 11.1 0 - 70.8 192 14 3 2 3 256 150.9
Sep. 0 0 - 0 210 10 8 6 2 228 98.1
1990 Apr. 15 0 - 0 166 5 11 4 2 123 1614
May 6.9 0 - 0 108 5 7 3 1 175 180.2
Jun. 175 29 0 69 12 10 1 0 220 120.2
Jul. 593 94 - 0 155 15 8 2 2 238 87.7
Aug. 08 8.7 0 0 174 8 5 2 1 271 2025
Sep. 0 0 0 0 381 10 6 3 4 228 113.6
1991 Apr. 14 0.8 0 0 76 12 5 3 0 13.6 159.1
May 3.2 1.8 1.8 8.0 80 10 6 4 0 17.3 177.7
Jun. 19.2 41 9.1 0 204 6 11 4 2 224 138.2
Jul. 85 36 254 0 189 13 7 5 2 245 109.2
Aug. 0 0 70.2 0 291 8 8 3 3 240 109.7
Sep. 3.2 0 0 0 290 8 9 3 3 221 84.0
1992 Apr. 1.6 0 0 0 194 7 6 3 3 124 1733
May 14.1 2.0 0 255 196 8 9 6 2 15.1 136.5
Jun. 316 0 35.1 10.2 168 7 9 3 2 19.1 1171
Jul. 16.7 1.9 124 0 126 12 5 4 1 243 1435
Aug. 71 272 0 0 89 17 6 2 1 254 1256
Sep. 6.2 0 0 0 133 10 5 1 2 21.0 157.1

¥ Not monitored.
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MEHENTEY, BPMC X172/ O T &iZZeh ik
HDF ERELTEXDLENRDHD. Lo 6~9 A DR
TEOAFEIZA T 2T AT )3 318ug/m?, BPMC 23
159png/m?, AT 78 29.1ng/m> T, KA AT )
Y DORETENDIRIST. FATY 7 DK TOFEH
1% 0.2 HTHY (Howard, 1991), T, /K HTo -
B> 2 ANTLE~FEL (48, 1992¢,d), /3 RE ST\
TmHEEZLND. — T, AV T aF AT 3K TO Y
50 B (F)115,1992), THEHTOYEH 160~207 B (&
%, 1996) 2338512, BEE P CLRINZ E Th D=0
B T ENEL o EBEZLND.

Wik, THEDOTE M AL TIHEE, <Y 74 LBk
D=z MEP O#ARN 6 AIZiThiv g, —J7, F46

B BIOVELOHTETH Tl MEP O 22 A 134THhn T
BOF, Fz, TETELTIE MEP Oz iz 7 A LU
Bl T bbb, DI ENBEE R T RO LT
I, AR EDOEBICLY, vV IA L BBROFEEN K
EpolmbE 2B, Table 1-12 12, T AVRUZFRSH
A EIEOFAE R OGRS 10 e AR L (B AKE
Wb, 1992). MEP I3, o B3R~ CTHfT &
£<, ik zES /NS, FAEREO R TIIHUIRIZ LA RTE
PEDDIPNEIREE 2 HND. SHIZ, AR O 58
HEREWZE (Miyamoto, 1990), ER L3 WAL, BrAl
OFEAIZEY, ERTOBR TRERNEZ ol BEZBNS.
BPMC I, AEROF CTRELRRE, biffid, iR, HE,
EHFOWTTY, FHE F &L MEP SAfREEIL, £

>

LA EThote. MR, #iE, B¥F o BPMC D%t
DOERHFES MEP I0b 2 W kickbEE20N5. Zib
3 BT, ILAIDME AN EERTHLDIKL, JLiHE Tlds
BIZETR LTV EE 2 IO AID IMAFEIA DS 84%IZ3
LWz, il TiE, BPMC OZE A idfrhbh e
WS, BARIOFERIZLY, B TFENELIeoTc B2 biS.
—J, ¥7V0%, MEP IZHATHE F&D Dotz w5
V% MEP, #4722, BPMC 72X L&\, BIETIEZE
Hh AT 0D S it MU MR L C Y, RN LT
FEzond. T, AAOHEANRFEETHY, KbEKL
FTNEBZLNEMAOER N DN E, i, KA,
A, EER O R A D TV T & (Howard, 1991;
1, 1992¢,d, 1996) 23, B T EBDLRVEREE 2 Hivd.
A SR D R DI, BE AR TS AT
VDT EIE MEP IZl_Th ot ATV
VIAFAR YR D ZE AR DB D LA B4 W ORE T &)
72, ERRD (1994) b, FAT Y/ Off RSO AK T O
M T 823 MEP 0% 30 53D 1 THHZEEHEL TS, &
ATV 7O BT ARIAIOEI A, BAR, WA, W
Fl, B CIE 30~50%, SbicdbiEE, Eﬁ% BE, T

TIE 70~90%IZ:ZL, MEP, BPMC 728 L~ TERD
DI WRIFIDOE AR T AL TNDIED, B FEOD
W—REEBZBND. IR, B TIE, JAHEEILTY A
T DA TOIVTIY, KO RIS THiEL
7o HUR COWAMIZ LA BN RENEE 2 DD,

Table 1-11. Pesticide amounts applied aerially in Utsunomiya 1992.

Application amounts applied aerially (kg)
Month a(;eaa)l Diazinon Fenobucarb Isoprothiolane
Jun. 5300 1590
Jul. 150 38 60 60
Aug. 5400 1350 2160 2160
Sum 10850 1388 3810 2220

Table 1-12. Shipment amounts of pesticides in each prefecture in 1992.

Shipment amounts of pesticides (a.i. ton)

Pesticides

H A I T G S C Y N
Fenitrothion 743 712 - 397 290 237 508 212 337
Malathion 19.2 24 - 74 9.6 7.2 6.2 38 184
Diazinon 516 236 - 207 109 276 28.1 36 302
Fenobucarb 831 142 - 419 138 257 233 14 118
Iprobenfos 1.3 159 - 212 74 279 172 1.3 582
Molinate 126 146 240 306 1.2 80 334 3.1 54
Simetryn 85 19 - 372 29 75 158 08 397
Isoprothiolane - - - 249 - - - - -

Y. Hokkaido, A: Aomori, [: Ibaraki, T: Tochigi, G: Gunma, S: Saitama, C: Chiba,

Y: Yamanashi, N: Nagano.
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FHS (1986) 1%, BRITNBLOKREVHIZBITON
K ORIEG MY TR EREFI AL EML, MEP, &
ATV, =5V, IBP, DMTP, CYAP Z%0HHYF#
BT 8 AICREMERY, 11~2 A DEAIITIHTZEA LK
HENRWIEERLEZ. 2L T, BRIEBRNTEEASNT
WHETRY L RIEIEN, £ AT /2, IBP, MEP, ¥ ALk
R THHIEND, ZZBIRNOM I EEZ LKL TS
LESR LT, £7=, Glotfelty et al (1990)i%, 7 AU L DAY
—Z RN Wye JIFHBIZIBWNT, RAKFHOTRTDV, v
T, TIra—)v, ANTra— )b, MY T 2 OEENRE
DOHIE DR Era N5t 5Z 0O FRILEAEB L C
WHZEEHLNC LIz, 2O L, MK ORIEDTE
RS TRAT HUIBE D 08 R S (R0 SR B ] B D e B a2
FRTNIEERLTEY, AFEOFER L ENETD
IF WA, 54V RY>, BHC, DDT, h¥-7 =2, PCB %0
O IRNE O AR 3R R R RO KA I RS L,
REUCEDBFALHUZLY, RGP Y2 5| EE LY DN
(Tarrant and Tatton, 1968; 37 JI[ %, 1970; Munson,
1976; Eisenreich et al. 1981; Agarwal et al. 1987; %,
1991), AFHAEIZIIT DKM RIIL, SR 03E =D
(LR, SEBE T S BEORELZZ T TV Dbk
HEEINIZ. FUR =M, RS THAFRED D72
B IR/ D B TR SN, T T C O O
T, BAT Y W, R A~ T B oD 720 L FLER
DB RS NTZZ EILRRK 0 IR B SRR 6

BIOG RIS ES T VNI Ea R L TS,

— 7, BEROEY R — N, JHA GRS D6 A5
RE7RNZ &, FRA A R CRy EIRITE W2 &5,
AR O EOZFEIUZL > TRADLB L2 &b
H=nbd.

A RIEON, KL LE AFBHOIR, A7
/v, MEP, w7V A3 %< OFMAE MR TEIIHL A E T
bOMBIIN, F2, BTN TIEHLR, YR — b4
RS, Y3 — ML, BENOHK HEICRNE
80 HHIZEBWTHLIRMED T4%NEH LI-LOHRE
(Imai and Tsukamoto, 1982), /K HIZHi & 7= 75~
85% MAKFMNOLIEE T HLOME (Soderquist et al.
1977) bd5H. TNHDOIENLEY X — M3 Ry, Ll
WCELSEHEL, fignEMME<ItbEZzoND. Fiz,
MEP & BER D IR 2 R RV Eb R I
RYIMWE T2 b ESND. ZNOLS O EIRITE A
G TSy IS (Howard, 1991; HJI,
1990). 7=, MEP 5%, KH, HEEHOEHIAE VG
DNRZNZENDTIE, K, 1EMZREITHFE T DEHELDS,
L AL IICHUA SN D R B K RUHIFA S DT E 342

Sha. i &P TRL, EHE—ZIZE#ThHoT
HEABIZRTIE, ZFFEREZEL CEAIND, MEP, «
TV, BATV 7 DA MBI EREF LBl THELR
fo. Fio, AR T HNCIRHID IO & B o 5
RN LMD, KO B3R S, T A MR ol
FRRIKFL CODIEEIHALTHD.

LD IS, MK o RIS, AR, 228
DR, RENCOREN, AL REOBAM SR
RSB R Z T HEHEES L2, SBIT, KD 23
VX, PR URD CRGIICHE HEN T RS FERE S — 3T
B|ENE ol ZRITHLT, BEFASh QT
ANVRVATWARFIZ BRI ENRD>To. Liedi->T, i
KB END S LD BT, 80 OBAE D 2 IRAE AR
P& WL, SRR IR KO, BRI ST 3k
DOEBITEANLHESN, 20890, AT
R BRI L TEsY, HlkiCds 1T D3 b DU T
BRIERERE L L CHBERIEELRDIEBHIB LR

>7.

V BE
HHEARD 9 RICHWTA RSN CRAKEZHRILT,
MEP, ~5V>, #¥47< />, BPMC, IBP, €)% —}, &
ARV, FANRIBEOAY T aF 4T O G EE A
fEIZ 1989 £ 1992 FEF TR L.

AKHEICEARS D BB BRI IR ORI AKIC LD E M T
BIIEVR—F > IBP > VANV (RHiH) OIETHY,
FRIOARIELEHIT, AR D B AT TODEHESS
SNz, VR NI RS, BB IR REL
TWHZENRE Z BT MEP OFIK ok H BIZFHAE L~
FREHAER 20~100pg/m>THY, Mk ZLAWIEMEIT A
bhvieinolo. ZOERELT, R TOHRMRENEL, FHC
FLAN, MFIOM A%, 2L TEF MmN EmSN TS
ZE, RAPOEFINE NI EENEZ SN, BEHT
OHJFIADRD THEN T X ATV O IR
M 10pg/m>DEA 1% -7-. LinL, BPMC 13i#4 5 IR
DN 3 BLCHEMBE T &) 100pg/m* 28z, 17 uF47
NIMBARD B OFARE RS 300ng, m2 A% TRY, #
ERIOZEFEAAOEANEZNZDEEZ L.

ZL O REORHREITEINCEL, T ol R
IR — 7388 b7z, fEY O A #AO A MEP,
TV, BAT V7T TNER, LBV THRHE
Nic. BEFERSN TR T VR AT ER S e h
ofc. BEOBE T EERL Lo e Lo B X ITo%
DU7ginoToM, & RO AR B O TR AZ D
BHERB L OBRHEHANIEE —HL TW2ZEnD, S
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NTND ZERD AR~ OFR B XA H AR D IR ES N,
SR R SR D I e HEE S -
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(LR JRERRE T 2B L O > 7 A DBRBIEIE &

F4f WMKIZEETh? 5 EREDE=
RYH —1999~2000 £ F=HEH
(RBZX) fl-

I #8

BATSh I BIKE, EENICRK P RtsnD. £,
e, 3K, &)éb\ ESUZE 5 A0a; S Al 3 IhN
—&, BT AMEIZ L s TRAHFITHER, T%ﬁﬂ‘é.
FIo REOEA T ERB I OB SR EFICE R ~D ik
HOBRIERZRY, WK OREREEICERNPELDIE
MEESND. AAROFMIEFEDI S, KHD HDLHEIE D
RN EDD, MK W D 2 BB KRR ~ D oA F2 8 & Bk
THZENEESND.LoL, L7 AUA (Glotfelty et al,
1990; Nations and Hallberg, 1992; Zabik and Seiber,
1993; Waita et al., 1995; Hatfield et al., 1996; Goolsby
et al, 1997) °a—nrv/3 (Buser, 1990; Siebers et al,
1994; Bester et al., 1995, Lode et al., 1995; Chevreuil
et al,1996; Huskes and Levsen, 1997) 28340 ToHY, H
AKTOREFHIIMD THRerole (FHDH, 1986;
Haraguchi et al, 1995; Kawata et al, 1996; # K,
1996).

1989 b 1992 FITHAESNIZH B A TOMAF D
JEEIRE (BAKR, 1996) (T3 LA & D3 HUA KB A I BR S

NTWe. BIEOERRL AR KIET R i/ NRET
DT, BAi & OB B A AH T TO A D FE

%%%Kkkﬁ»\%&@é._mioﬁ_k#%,gﬁkai

D53 R, ZERBNSFEICRERTL, BbETRA
SRR P ORI BT T EEHONTTD

WEERHD. 1999 400 B AR LI H 81X 1992 4F 12
TH 20% KA L7z (B AREG % 2, 1993,2000). 0
72, MK ORIEFRE &EORD BRI, ARIF5ET

FIEEAT I B B BFE

1989 15 1992 F I TONIZAK T O RH L E AL
FERE LT, TOELEBHONELE. 7, WAtk O
BEIEROKFZRET COBREEZ BT I0OI8 ARG Hz
HHI=DI TN,

I HEBELUVAEE

1. REEE
15 BEERRITTHEEITo7-. WRIT 4 B H (MEP,
BPMC, A7/, €VET7xFA), 5 % E#lIBP,
THIAR, TVNF=, =F 47 xR (EDDP), 4V
nFATUIRBLV6 BRER] (FAVALT, =2xTahL
7, BUR—b, VANV, FLFTra—, A7 =T Eoh)
Thb.

Table 1-13 [TRLZESIT, THHDEEITE LM, H
i, WA N RS, 2R DO KT T ICKRGERE
WCHWLNDD, MEP L5 ATV /AT B8 3i7e & £<
OO EMIZHBASND. T4 E 022 o B 3R 1
1998 4EICENETD BPMC, X A7V /) BLUOMY FuF
FIUNHTYTAR, TRT T ay I RATE R LIRS
MEP, BPMC, # A7 />, IBP, (V7 uFA4T ., EUF
—hBIU AN DFEE EiE 1989 40D 1992 4FIT
NI-RAE L BT,

2. MKOEEREFIMR

Figure 1-20 (ZRL7=891T, MZKOEREM L ELTHIA
WRFEHE O 5 MK AT, AR, i s X
O TR LD EE % O B M3/ NSV S, HiNA
B, ARFTIL 8990ha (Z3ELT- (K : 6860ha, kil
#i 2130ha). ZIUFFHLE HOHEFEDOK 30%IZFH YT 5
(RIS R BUR A EHE AT, 2000). A Hi SIS A R 2
ABRLGTHY, 1989 4E7°5 1992 HITFIAK H O 23K E

Table 1-13. Physicochemical properties and application method of pesticides.

Water Vapor  Henry's law . B Shipment amounts in Tochigi Prefecture (a.i. ton)g)
Pesticides® solubility? pressure® constant? Appllcatlon Aerial application Av.1989-1992 1999-2000

mg/L mPa Pa*m’/mol field” 1989-1992 1999-2000 WP EC D GR sum WP EC D GR sum
Fenitrothion o 21 7.2 95%1072 P,U 26 272 95 03 402 16 188 49 255
Fenobucarb M 660 16 0.1 P, U (@] 351 37 5.8 445 57 05 20 83
Diazinon ] 40 18.6 6.1%x1072 P,U O 1.7 76 01 76 169 1.1 23 54 88
Pyridaphenthion () 74 147x10° 67x10° P 19 04 04 27
Iprobenfos (F) 430 0.3 2%x107 P 05 03 08 216 232 01 01 33 35
Phthalide (F) 25 27x10°% 29x107* P @] 104 16 120
Flutolanil (F) 9.6 1.77 6x1072 P 16 05 12 33
Edifenphos (F) 56 13 7x107? P 17 06 23
Isoprothiolane  (F) 48 18.7 0.113 P, U O 23 76 0.1 142 242 20 01 66 87
Thiobencarb (H) 30 2200 189 P 08 212 220
Esprocarb (H) 49 10.1 05 P 92 92
Molinate (H) 880 746 0.25 P 317 317 190 190
Simetryn (H) 450 0.09 55x107° P 135 135 97 97
Pretilachlor (H) 50 0.133 6x107* P 02 07 98 107
Mefenacet (H) 4 64x10° 48x10° P 0.2 141 143

2 () insecticide, (F):fungicide, (H):herbicide.
9 according to Kanazawa(1996).

) Ppaddy, Uupland.

f Q:applied aerially in Utsunomiya.

g)according to Japan Plant Protection Association(1991a,1991b,1992,1993,2000). WC:wettable powder, EC: emulsifiable concentrate, D:dust, GR:granule.
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HEEITH>TWA. A, BRI E HAUTEREEH L NTZE
DUFHALEL Tz, C BLOND #SIT A& L,
FEEHIR L1372 b 2km BL BRI TV,

Figure 1-21 {ZRLZE90C, MiKiE 2 0S5 B2 AWT
FREUL72. 1999 4E 7 A5 2000 4E 7 A28 TORREUM A
T SLOBEBEVIZERE 18.5cm Ou—haftd (FRE A),
HrMER X ONEMERE T a3 G Te ik EERILT-. 4 )
59 AIEAM, £l 1 A MEOFEERELTH
KEFRHL L7, B O R G Stk 3K T oD R 3K
AT T BAHLET D20, 1999 45 7 H H 5 2001 4
1 AIZ A #EDATHAEHA 53cmx35cm DRV 7 =L
UHlm T I (B E B) AW THKZERIR L. BRI
TEEARIZ 24 FEHTITV, RETH 72 FERE L.

0 Skm

—

@ : forest area

. :industrial area

D :urbanarea

O : site of sampling

Figure 1-20. Sampling sites for rainwater in

Utsunomiya.

18.5em

3. AAE

800mL DOFIAKESHTICHELTZ. Zhid, #RE A, B T
BLZH4E, T2 30mm, 4.5mm DR RICH YS9 5.
BEUH R I+ 07 B S R0 T AT, RIS
RZKIZ M Ledsorz, UL, BERTRASHRK o o 2 385k
HEICKETHELZRACNET D20, S B THRELEZ
e B+ BICE LR WA CH IR T 21T o 7.

fiZk 800mL (2 b Rw A 30g #z, Yr/unary
100mL T 2 [EHIHZITV, BKEHEL, 72h @ 2mL %
LT, BIRFRE B, A4 VBT —RFOE B e
Hewlett Packard 5973 MS BXUF v 7V —47 2 (HB-
5, NE 0.25mm, £ 30m, JEX 0.25pum) 243570
27u~<h757, Hewlett Packard 6890- 11 (GC-MS) T4y
Britz. ERoFRETHairLSE, BRI XTo
HEE T 0.025png/L Th-o7-.

T IO 1pg & 100mL OFREKITHRML, £ T
RELTHAE AITAN, 200047 A 16 H»5 31 HET
BAMTIREL, ZEERBRORBIE L. ZOHB O
RIRIZ 26.5°C Bk ®iE 174mm Tho7-. #5H BT
HEEOK g % 1600ml OREKITHFRMUIZIRAKE
2000 4F 9 HIZ 24 RefIENICHEL, REMRBROBE
L7z ZOHMOTHRIEIT 27.4CTHo72. WTFhos
BHRBRO FETHNTEITo72. 15 SRIROBEILRITIRE A
DGET 18~107%, #E B DA T 87~110% Th-
2. ThT7 =T ay AN T AT OREELHEL:
2, [EIERIL 30% LA FORWMEE/RLTZ. 20728, Zhb
2 BEITFERD BRI LT

4. SREHOINE

HRIRAEHA A ISHEL, BTT—SEH. AR
Hi7°E 7.5km HENZ T EHITRE B HRIROT —4
AT

\ z Funnel Palyprogylena coetsinar
/ ’ ’ ™~ L_—:_-"—__ ______---"_%
T—3em | 83w ‘
«— Brown bottle Tl
InstrumentA InstrumentB

Figure 1-21. Instrument for sampling rainwater.
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5. RERTELRAEICHTIBRTEOHE
W R U7 R K R D i B LI K B & DFE AR 8D, 3K

Me N REL. B RIS T2 TREOES (BT 1%
LUFoJECHE L.

RDA (%) = AD (ug/m?xAU (km?)x104/APU (ton)

APU (ton)=SPT (ton) xRAUT (%)x102
RDA:The ratio of deposited amount to applied amount
(K% T 2), AD:The annual deposited amount collected
using instrument A denoted as an average among five
sampling sites (B HAZAVVTEREL7Z 5 HiA TORY
FEME T ), AU The area of Utsunomiya (F#8= fid
i A4, 312.16km?2), APU:The applied amount of
pesticide in Utsunomiya (FHE M 31T 2 BB AT £),
SPT:The shipment amount of pesticide in Tochigi
Prefecture (Mi ARKRIZH1F25EFKO Him &), RAUT:The
ratio of area of arable land in Utsunomiya to that in
Tochigi Prefecture [HiA VI35 & D F i i 7
DEIE, 1999 FITK 7% Tho7- (BIREBURITAR G
T, 2000) 1.

I #&8

1. BEOAMBLUERETE
FREOHMBIOFEMETREEIRRMLLLIC
Table 1-14 [Z/RL7z. FHE TIIAKMEOIZLA LB AT
BliSND., 207, HERREAILEICS Abe A

IZHfisns. #&dAl BPMC, BUE 7o F AU BL U
BANTEC 7 A 9 FICHAisD Zns0% bl Bk
OB AN H~T MEP &2 A7 2 7 OBATHIMIZ R 72
5. AERIRBEBEDIZEAENE, RAKDD O H AN R
L —FL, BEHRLEFLE TH-7(Glotfelty et al, 1990;
Nations and Hallberg, 1992; Zabik and Seiber, 1993;
Siebers et al., 1994; Waita et al., 1995; Kawata et al.,
1996; £ K, 1996; Goolsby et al,1997; Hiiskes and
Levsen, 1997).

MEP (%, 7 A O Fin 2 FRClEkEfeor. &
ORFHIORERT L, 1999 475 200pg/m?2 LL L Th-7=0DiC
%L, 2000 =TI 20pg/m2 ITIBE /o 7z,

1999 £E 7 A7»H 2000 4 6 A ETOEMKE TR (5
MOFHME) 1%, MEP 546pg/m?, 4 X2 L7
196pg/m?, TAZ vl 109ug/m? BPMC, ¥ A7/
V7 TARK 40png/mPONETH -T2, FOMDEIROF
M T &EIX, O 20pg/m? HHVNIZNLL T Tho7z, BV
BTz F A, IBP, VAN BEXOAT7 2y MIEE
HIM AR CTE O OH IR I R) T,

EE T REOMAMICIIT 2EEREL, T4
7 5.9%, #A4T7Y/15.9%, MEP, BPMC, 7#71K%
LR T B HNT 83K 80%HDHWITEILL T Thotz.
—J, 7VvhZ=,v, EDDP, A7 aF4+7 ., EVxr—hrE
FOTVFI77a— N OEBREITREL, BETE (RDA)
BT DITIERE B ENELLIENEESN. FFIC

Table 1-14. Monthly and annual deposited amounts of pesticides and wether conditions.

Av. temp. Precipi— Monthly deposited amounts® of pesticidesb) collected using instrument A (ug/m?)
Year  Month tation Feni Feno Dia Pht Flu Edi Iso Thio Esp Mol Pre
(c) (mm)
1999 Jul. 246 235 237 18.3 72 118 74 05 05 55.7 384 0 0
Aug. 270 153 172 18.3 40 190 47 24 1.6 213 229 0 0
Sep. 241 275 741 52 11.0 71 04 0 0 33.1 214 0 0
Oct. 16.9 88 0 0 741 40 0 0 0 16.8 0 0 0
Nov. 1.1 48 0 0 33 0 0 0 0 52 0 0 0
Dec. 49 7
2000 Jan. 45 49 0 0 0 0 0 0 0 0 0 0 0
Feb. 26 12
Mar. 6.5 74 0 0 0 0 0 0 0 0 0 0 0
Apr. 121 162 0 0 0 0 0 0 0 14.1 0 0 0
May 180 95 21.2 0 0 0 0 0 0 248 159 92 26
Jun. 212 165 416 0 5.6 0 0 0 0 249 100 11.8 0
Jul. 25.7 377 213 3538 1.3 272 9.5 0 17.2 31.2 2738 0 0
Annual results (July 1999-June 2000 )
Feni Feno Dia Pht Flu Edi Iso Thio Esp Mol Pre
Annual deposited am"“"tsz) collected 546 419 383 420 125 29 2.1 196 109 21 26
using instrument A (ug/m®)
Range (ug/m?) 372-744 26.8-54.7 32.8-456 225-59.8 3.6-233 0-8.1 0-39 181-208 83.6-157 0-44.0 0-54
Relative standard deviation® (%) 26.8 298 15.9 329 67.6 116 933 59 276 96.3 958
Ratios of annual deposited amounts 9.62 227 196 161 170 057 0.1 406 5.44 051 0.11
to applied amounts (%)
B/A® (%) 81.8 114 59.7 167 78.7 326 91 111 69.3 115

29Denoted as average valuues among the sampling sites. b)f-'eni:Fenitrothion, Feno:Fenobucarb, Dia:Diazinon, Pht:Phthalide, Flu:Flutolanil, Edi:Edifenphos,
Isosoprothiolane, Thio:Thiobencarb, Esp:Esprocarb, Mol:Molinate, Pre:Pretilachlor. YRelative standard deviations of annual deposited amounts among the
sampling sites. *The ratios of annual deposited amounts collected using instrument B to those collected using instrument A at site A.

Pyridaphenthion, iprobenfos, simetryn and mefenacet were not detected in the rainwater samples collected using instrument A throughout the monitoring

period at any site.

33



WA R FE W 5 85 7

TNRT =N RO A 4 BREISIT AT TR e
SRS ARG AN BT, 4 IO K H ML
LLF LB THS. EDDP: C, E #if, /7 ud 4T 1A,
D #R, EVR—N B, D HiRIBIOTLF77m1— 11 B, C
HhRL

PR B # WV TERBL7-HKOREIT 1293mm THY,
EHIERN D 94.7%ITHY L7z, L Leiis, BREFER
DEFHL2150 K THY, 1FMD 24.5%ITBE 7o o7z,
A HUSTORE B THLNBE T ROME A THONE
B T RIS T 2841, 7Y 74K, EDDP BLOY 7w
FATERTIE 60~115% CTh-otz. ZhbDZlix, B
#f (Nations and Hallberg, 1992; Siebers et al, 1994)
DERVTAERE T YA ERO 2R T B2 HODEE MR
ZEERLTND,

2 BEDRELBREE

#HE B AHWTHELIRIEDORE B IO HE%
Table 1-15 (27~ 7. MHRII= 2T 0L 7 RigbEL, F
FRUIVT RN, Zb 2 BREANIA L RIBER
7o o BIKIT IR BRI STz,

MEPBPMC,7 ¥ I7AREBL V7 NI =/LOE BN

M ERIT 50% L. Znb 4 B3EE EDDP (XI5
Fil, AKFNFIDHDNTIF THATSIDA, K 1pg/LHDHWIE
ZNL EORECHRHINIGAEBRH T2 (T —XAWE).
IHHOBEUTIEICHERES 10mm LU TFOEAICAELE.
— T, BAT I, AT uF AT B LB ERIE T
HATHAASNDD, femiREITWVT v 0.4pg/L LT
Bolz. INHOZETMAT, BHFEDI N —TIERIHDT

N—F AR TR E B L OEEREOEIT NS Do Tz

INBEORERIT, WAKIZEDRED KK P IDLORREHA

DA REIZ L > CTHRARDBTIEERL TS,
=P 7;:‘/%7]"/, IBP, v ANV B ORATZ =Y D
R R R IR T,

NV EZR

1. BEOHRMFE, B HEES RERICRE

T

BIOHmEEEME TR (1999 4F 7 H~2000 4 6
) LORR%E Figure 1-22 (R7. AT - >Ds
N—TICKBEND., — DD )= KA THARE
L, FEEE T RIIHFRICEEEZ TR ole. Zhbd
BERIIKIICEA SN D720, REF~ORARBITEIC
KEDHDOEFITREND. ~U—BIEE A 1x103Pa-
m3mol LA T DEEIT AKENHIFEAERFELRNIENER
NEBRNSELNTERY (Watanabe, 1993), KRR TILZ
DZEEFERN LT, VANV, TLFTrr—LBLY
IBP Of i ITRL, EMfE T &L DD o7, —F, F
FRUHNT 2T uHNT ORI ERITEL, FERE T
% 100pg/m*2 M 7o, EVR—heA Y TaF A7 OF[H]
BT RIEXTLVFII7a— N EeREN o720, HME
2000 4E7H E TR 5L ZDEITRER ST

HH)—OD TN —F1%, FITHA, KFFHDEOITE A
THfENS., M ENDRWe Y27 2 F 4, EDDP,
TN =V OERIEE T BRI e ol Zhbos v
— OB T EIL, FANANT e 2T al T N
FATRIAI THATEND, BIDZ N —F D F RIS h -7,
BPMC L1V 7 uF45r D~ ) —HIERIS L O R

SETHDHN, B DT TANE T RIT L) -7z,

H*¥®{Eﬁ75>74f741\ ETVTFTa— )L EDRTROLIL
%. ¥/, MEP, BPMC, 7#I7ARBLRT AV ET=LDHE

Table 1-15. Concentrations and detection frequencies of pesticides in rainwater collected using instrument B.

. . Average Relative
Detection frequency (%) Maximum . L
. . concentration  standard deviation
Pesticides concentration . . } )
Spring  Summer Autumn  Winter Whole in the detection in the detection

P period (ug/L) (ug/L) (%)
Fenitrothion 250 56.3 20.8 0 329 274 0.907 69.1
Fenobucarb 6.3 594 16.7 0 293 8.28 0.973 205
Diazinon 0 28.2 41.7 16.7 280 0.324 0.079 76.8
Pyridaphenthion 0 3.1 0 0 1.2 0.138
Iprobenfos 0 3.1 0 0 1.2 0.206
Phthalide 0 68.6 16.7 0 31.7 1.87 0421 127
Flutolanil 0 50 42 0 20.7 0.816 0.140 130
Edifenphos 0 344 8.3 0 15.9 144 0.294 120
Isoprothiolane 6.3 31.3 0 0 134 0.126 0.059 544
Thiobencarb 56.3 750 458 500 59.8 0.335 0.163 36.3
Esprocarb 500 81.3 70.8 40.0 67.1 0.350 0.140 549
Molinate 250 94 0.0 0.0 85 0.280 0.153 56.2
Simetryn 6.3 0 0 0 1.2 0.223
Pretilachlor 313 0 0 0 6.1 0.059 0.037 298
Mefenacet 0 0 0 0 0

The total number of rainwater samples was 82.

Spring(Mar.—May), Summer(Jun.—Aug.), Autum(Sep.—Nov.), Winter(Dec.—Feb.).
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Figure 1-22. Relationship between shipment amount

of pesticides and annual deposited amounts.

Symbols denote A: the pesticides applied mostly as granular
formulations, O:the pesticides applied mostly as wettable
powder, emulsifiable concentrate and dust formulations and
A\ diazinon. Granular formulations accounted for 60% of all
shipment amount for diazinon. Abbreviations for the
pesticides are the same as in Table 1-14. Those for the other
pesticides are as follows; Pyr:Pyridaphenthion, Ipr: Iprobenfos,
Sim:Simetrvn. Mef:Mefenacet.

Mok ST R o7, ZHORERITFLAL KF0
FlBDDWNTB A OBATIZLY, RIEBEGITREAT~BAT
FTHIELATRL TN,

2. EEOMEM, ZMHSH

IO KD ORI A (F1)11,1990).
F AR BN T AT TV T O WAL IEF 2R
NTCWD, 2Ok, Zib 2 BREAIOKRHIE, HEEE
KEDBDIEFENEL RN EIZLDEEZBND. —F,
BV F— DO~ —AIERKIZZINOLHTIEFLETHY, AHF
JECIIMR AN RAT BRI IR E ST 23, 1989 s 1992
FEOFAE TR LOREE O T4 A ClRITF M4 i
CTRHER TS, B 3~5m/s O, KKPICHEL
TWDHEHIT 1 B COBENERED 250~500km (ZEET
HIENHEESNTHY (Hiskes and Levsen, 1997), Zh
5 3 BIKIZ DWW CILFIFE E DYEHINE 2 s,

JEFEHAT 1% O KR P IR E ORI AR REDMENEE RL
2% (EMKPERTZE S, 19905 AR5, 1994). A& TYH
RKEMENEVF T 2 FF U OFREDIECHTHHE

oRLTE. 2o, BVF T2 F AU LRIREDRK LR
HI D7V TARDEAR KRN KK 2 AL T 5 0]
EMEIT/ DSV, M T &L bbign <, oL,
HINShodz, AR LIZE91Z, A, KFnFlH DAl
T 2L, REFEGIIRIF~BITTD. 20
MEP, BPMC BXU7YTARDORE FEOH R FZE AN
SN—KIZEI MDA CELOBPHAIN TNDHIEIC
LoEB NS,

3. BROERBTES L UVRTEDMERE L DR
EIEOERE T RBIUWE T2 1989 F5 1992 £D
FEERLEDET Table 1-16 (TR 7. B L7XIIC

1999 450 3 A7 Bl 1992 4R IZHE_THY 20%1&9&7&.
Table 1-16 2OHLHERISND DS, MiARRICIIT DA
BEIROMAELEA LTS, L, MEP OB T &
RTEFAELOL Zh o7, 72720, RiEFEAE T 4 EMO
EEHKREL, AlEL 7 H O T & 2 M TIERE R
ST, XATY /DO T EIL, AiEFHEDK 2 5T
&HoT-. —J7, BPMC DSHilEFAEDHK 4 55D 1, EUR—h
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BRI BHD 1, AVTaF AT 0.7%ICE TR L.
1998 #ELL, BPMC, ¥ A7V /v BLO( Y FuF45
FEHATEF A SN Ae oz, Lol AilEEAEO
TERERA LT 5L, BPMC &5 AT/ DR TERICIX
KRERZEDECIRD T, L, AV 7aTF 370 OMEITH
100 /3D LR FLCWD. RiiEIORE T, ¥147Y /0
DT BIF o 2 BIRI Dl ol SREIOMRMAETIE, A
VFuaF AT ATRIAIELT, BPMC IZAFELTEREN
FITEAEINTVD, ZNEDOZEND, AV TeFHT0
W TSR DR ERIAD T, AT TN A NS RIFNC A Do
TR EM—REEBEZOND. ZOZEE, BAAAIFINFEL TH
X, EHREHRHLWVITH LB OWT I ThoTH R
DOl FRICIIRERERDAELRNZEZRL TN,
Table 1-16 |Z/RL7=&9512, MEP, BPMC, ¥ A7 /v, 7
YIAR, FAERUINT BIRZAT VT O/ T R
1.6%~9.6% Th-o7-. ZNOHLOMEITMHE mEIZHAA S
TTRIVY, TI7a— VIR TIE —X — K&EhoTz
(Goolsby, 1997). F4 = TV 7 OAEIZAK A BN D3
HRUTIZFEC TH-o72 Maru, 1991; Nakamura, 1993).
—Ji, MEP X A7 2 ORI 5H0 F mmik HH =R I
H_THFICED - (Fujita, 1998).

4. WNEMELUVAKRADEE

BEHS (2017) 1%, Mkl TP DDVP i E
EZREL, IV A FERE(ECs) % LE58
BEMBHLIEEWELTND., R TIEIV 20}
IR B (LCs0) % - fE T E IR 2 R 3ILFR O e n
7273, ME— MEP OS2 13 LCso 8 2pg/L % L
[l >7=. PRITHE R LR @ 2o T2 R 3O T iR
ZHEE 500 SRR K PR B LR A IR B 3 TR BRI
HEINTWDT —4% Table 1-17 &R 7. T 4/VKY
X2 PCB O EM:AK Aroclor1242 <° Aroclor1254 |3,
FEBRDOBRE T Whea=R/A (K I8 /R K IR E) R

5500~55000 L7 12k &V (Eisenreich et al, 1981).

—J7, BfTEM A EShTWS MEP, #1473/, bra
RAATF V% 6 IR RIA 1% 0.25~230 Tho7- (i
D, 1994). —F, BERLEOAHILEHDORKIN1D
DOFRFERITIHGH LRk X TrREND (Eisenreich et al,
1981).

Wiheory=GT/H (G: HAE H, T:#axtiRE, H:~>V
— RIl7E %0
T 4/VRY R PCB % Wrield/Wiheory fH23 13~6200 T
bole. —J7, ~VV—HIEHEPINLLIZERETHD
RUTNTY RV I aRAAF LD Wrield/ Wtheory B 1E
0.0006~0.0443 THY, &L5 MEP, #A47Y />,
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Table 1-16. Annual deposited amounts of pesticides and RDA values.

Ratios of deposited amounts to applied amounts (%)

1989
0.38

Annual deposited amounts of pesticides (ug/mz)

Pesticides

1999-2000

1992 Av.1989-1992
474
233
1.24

1991

1990
2.66

1992 Av.1989-1992 1999-2000

1990 1991

1989
3

9.62
227
1.96

2.07

0.50

174 548

74 248 443 365

Fenitrothion
Fenobucarb

2.05
0.69

1.77
0.22

0.61

419
38.3

162
20.1

165 159
10.2 291

21.0

Diazinon

Iprobenfos

11.8 0.11

11.8
0.56

21
21.0

318
58.2

318
35.7

Isoprothiolane

Molinate
Simetryn

0.51

0.82

0.12

2.58

8.0

189

In the 1989-1992 monitoring, the values were calculated from the data for one sampling site.
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MLV ZORARATF )L, T NT= L EDEITED T, 2
T, INH 6 BIEDT —2E AW T FRICR T RERE%
#7= (Figure 1-23).
Y=7.8393X-5.72(x=1/H, Y= R/A)
ERREURXERWT, KBFFRIZIIT DA R E T
BENS T RIS KK PR EO LY HEIX, 7FTAR
0.017ng/m3~F A X H/)L7 26.7Tng/m3 D H ThH-o

7. TROOMEICAB O 1 B Y70 & 15m3 2 5L
TR ABREEZRINLZ. % ADI ix 4~ a1
7T 0.089%, MEP T 0.066%, =A7uafL7 T
0.041%, BPMC T 0.033%, A7 /2T 0.009% T
&-o7=(Table 1-18). BPMC BLOF ATV /0 OZDOfE
1, BERU7-Z8 h A I LW NIRRT L i35 L 2
~3 A —F —/hSWETHD.

Table 1-17. Relathionship between Henry's law constant and the ratio of pesticide
concentration in rainwater to the corresponding concentration in air.

Average Average
chemicals (R) (A)

Pa-m®/mol ue/L ng/m®
Benfluralin 5.8 0.0042 17 0.25 427 0.0006
Tolclofos—methyl 15.6 0.19 27 7.04 159 0.0443
Diazinon 0.062 0.034 4.3 7.91 39942 0.0002
Fenitrothion 0.096 0.078 1.3 60.0 25796 0.0023
Chlorpyrifos 0.44 0.0025 6.4 0.39 5628 0.0001
Flutolanil 0.06 0.073 0.32 228 41273 0.0055
Dieldrin 59 5500 420 13.1
PCB ( Aroclor1242) 58.2 10000 43 235
PCB ( Aroclor1254 ) 280 55000 9 6219

) according to Kanazawa (1996).
b), ¢

al. (1994) for the others.

d)

law constant.

250

200

according to Eisenreich et. a/ (1981) for dieldrin and PCBs and Fujimori et.

according to Eisenreich et. a/ (1981). G:Gas constant, T: Absolute temperature, H: Henry's

150 r y=7.393x-5.72

R/A

100

50

0 9p—e ' '

r =0.641(ns)

5 10

50 L

15 20

1/Henry's law constant (Pa * m3/mol )

Figure 1-23. Relathionship between the R/A ratio and Henrv’ s low constant.

The data was according to Fujimoriet. al. (1994).

ns:Not significant at the 5% level.
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Table 1-18. Estimated average concentration in air anf inhalation intake of
pesticides in the 1999-2000 monitoring.

Average Estimated ADI % 50 Inhalation
concentration average. intake B/A
Pesticide in rainwater? ~ SOneentration W) (B)
in air
Ueg/L ng/m?3 U g/person/day ng/person/day %

Fenitrothion 0.907 11.0 250 164 0.066
Fenobucarb 0.973 13.3 600 200 0.033
Diazinon 0.079 0.62 100 9.3 0.009
Pthalide 0.421 0.017 2000 0.25 1.2E-05
Flutolanil 0.140 1.09 400 16 0.004
Thiobencarb 0.163 26.7 450 400 0.089
Esprocarb 0.140 6.83 250 102 0.041

2 the data shown in Table 1-15.

V BE

1999 035 2000 FIZFHE HD 5 HAIZIBWT, 15
HIOMKFOREEEZ A ZEICHELZ. 2050 1 #
AT, B EOBEELZIE LS.

BRI LU OKBICER SO REDI S, ~ ) —HIEH
PINSWT ANy L FF7a—)v, A7y BIO
IBP %, W HBEE SRR o7, —T7, ~2 U —HIESK
MRENWTF AR ANT 22T mVT I, AR O
7203 B R DUAMCH B K< i Eh, RS R
MEDOZEFEN R IR EDRIBENT-. 1999 4E 7 A0S
200046 H FCOEMME T & (6 HAOFEEHE) 1%, MEP
546ug/m?, FA X H/)VT 196pg/m?, =R a AT
109pg/m?, BPMC, ¥ A7V /0 BIRT7HITA4RK
40pg/m*DIEThH o7z, ZhHOHRIZB T 228 TR
1, K 80%dHHVNEZNLL T Th-o7-. MEP, BPMC .k
OTHTAROEBRED/ NS N—REL T, EEH
ICREREGICRAPA~BATLTWVAKFIA, 2A, B
KOWAT NS NZERBHITHND. T OO EEIRDEH
Me TR, B 20pg/m? HDWVIEENLLTFTHY, Hi S
ZEMREDPSTZ. BATTHHENFEC THHRBIE, 22
Fid DT EHO OWT I THRIKICE DRSO T &
IR EARENE Lo T,

38

MEP, BPMC, ¥ A7/, 794K, FH_ I
TBLOZRAT 0N T ORAKIZEDE THRIL 1.6%~
9.6% Cholz. ZNHOMEITMMZR AT ST~
PUBIOTII0— T NTIA—2 — K& oT-. F
I T OEIRKANLORERHREZER T TH
otz =75, MEP L& A7 Y 7w OfE M5 02 it
HSRITH AR TIEF IR ED T2
FZHAL KA DD VT A TSN D MEP,
BPMC, 7#F4K, 7/ 7=/143L0 EDDP 13 1ng/L
HONIENU EDORETHRIHSNDGERH-T2. Zhb
OBRITEICER RN 10mm LLFOLAICAELK. FH)
ETIEITrad LCso E%x LIFIDBEIKITFEDHIL) o7
23, ME— MEP O @i 1L LCso fED 2pg/L % L[mlo7z.

RRIZK R B 0D SR 0 KA HH R % T3 L 7 T3
%, 7% 74K 0.017Tng/m3~F A4 7/L7 26.Tng/m3 O
#HPHCThHolz. TNODOREOIHIW ARFERZFHET D
L, %t ADI H Tl FA B AT T 0.089%, MEP T
0.066%, A7V 7 T 0.041%, BPMC T 0.033%,
ATV T 0.009% Tiho7-. BPMC BLOF ATV )
DZOfEIE, ZEHEARICIDRARBELHK T 5L 2~3
F—H — /I NSNMETHD
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58 BHARBRWTTORRY MIzH
(TABERED RS

I #8

AR, JRIRICRDKE ~DIG IR 2 B.L AN
STV, Wik, TEEICRE TLREE, 200 1
W& SN IRENDIEMIZH DN, —FITFK M i LR
TRBIZE S TKREE LT DREMENH S, FOkIZRB W
T, REOH T APLOMEFINZL, ZOZLz Kk
L CHlt iR DRI s 2 B K iz C& 72 (Rothschild et
al.,1982; Helling et al,1988; Isensee et al,1988;
Cavalier et al,1991; Demon et al., 1994; Isensee and
Sadeghi, 1995). B ADEEIFITIED D 2EIG1EL,
FOEFEDSEIR DK NG, ARSI MM~
TEDMICELDBEIEPTELRLT V. 207z, AARTIE
IRERFIZ I T DI D ZEBNT DUV TK HZ OISR AE D
fTonTEie, —77, ML KRWHICBE LT
WD T2, EFDDIRVIZIBNT, HATIE, KM
L IZ3517 % PCNB (H#fiD, 1989) R\EFFOMK R
MEBITLMEPRY ATV (R, 1996) 7L
FEOH T IRDD O HEFNIARD Th 7, B TIXAK
B, BT EWT IS BEMNRELST
WS ThoToZlIINA, RIS YRR S &
WA A2 Z S Lo THE R KIS 2V S R SE DB AR RIS
Biishiz., Zolt&o K& BEX, PCNB 2 7.9png/L,
MEP 7% 1.9pg/L, A7 /28 3.3png/ll ThHoT-. —#%
BN TP O RFR T ERDBREINTE, GHE R
TR AF ST <D (i, 19920). AHRFES
BENRRKEIWVERI LR HROMH O 055 EDDHZ e
(RAMKEEAR 2R, 1979), TEESAHCIRIVE, AAIEEK
KIZHATEEOH FARRBIATPNENEF 5.

B35 & SN FRBR C DRI 2 IZ R D720, F N Ehd

AREBRIZ BT D EFEO TR FIIREERLIENEES
% (Bergstrom et al, 1991; Burgard et al, 1994). =N
HBRIZBNTH T AT A T LI H G, B EEL
IEDREREIMETL, EEROBEGEMELITIKORED
KELELDGA 038D (Cassel et al, 1974). JHHti[HE %
TOHEFIZBT DRIEDZEB 2 HANT T DIDITHESL
SN FRIImNEE ZOND. UL, R—FA v
B RS OBIEA B/ NRETDIENTE, ANT DV
(Burgard et al, 1994), 77> (Smith et al, 1990)
BIORZRYY (Weaver et al., 1990) DZEEZ-DOUWNT
OO EBHALNIZEN . RIFFETIX, HAROMH
DH53% HODRAT OB NT, BYLFEVED R
HOHEEIED FHIRFEIZOWTR— T A 7 5% VTR
FU7z. ABFIRIE, WSS D REOREE M A
PR D7D AR a3oZ e AREL TERMLTZ.

I HEELUVAE

1. TES L VKBRS

FERIE, A RSN = T O A U 2 3 3R 5 oD i Hi [
BB T 1993 4E0D 1994 EI Thh-. HHITLIE
WEBRR7 LicmhEsh, ELE (0~15em) O E/E{L
EPEE, ROEEYTHD. pHE.0, BEFE G R 5.2g/ke, &
PREE R 93.2g/kg, HAEHZA R (CEC) 48.6 cmold/kg,
VB IAR SR 2250, TPk HE L CRiL 12.83%, vb
26.1%, 5 61.6%), {ILE 0.65, FLBRZE 75.4v0l% TH 5.
%" (15~380cm) BLUEE =8 (30~50cm) D LK
1% 83.9vol%, 82.8vol% T&H5. 50cm LA F DI TIE, #
FEPFET D (WA R EERERY, 1994).

B AR RBRE IR E L, BRT —2% 572 &
Brhnn 7.5km HEN-FHENE HUT KRG EORIROT —
T

Table 1-19. Physicochemical properties and application conditions of the six pesticides.

Water ti/2 Application
Pesticides® solubility” Koc® in soil? GUS®  Formulation” rate® Treatment™
(mg/1) (day) (ai.g/10a)
Pendimethalin (H) 0.3 1570 30-90 -0.52 MG 80 A
Dimethoate () 25000 27 16-33 3.90 EC 86 B
Iprodione (F) 13 410 38-48 1.15 WP 100 B
Linuron (H) 81 860 38-67 205 GR 60 A
Acephate ] 650000 8.7 2 0.92 GR 330 C
WP 75 B
Prometryn (H) 33 400 40-78 258 GR 40 A

2 (I): insecticide, (F)fungicide, (H):herbicide.

b-e)

“Koc:soil adsorption coefficient.

9 ¢, shalf-life.

according to Kanazawa (1996).

“GUS:Groundwater ubiquity score. GUS=log #,,, X (4-logKoc) , according to Gustafson (1989).
9MG: microgranule, EC: emulsifiable concentrate, WP: wettable powder, GR:granule.

“Normal recommended rate for the tested pesticides.

I1)A:applied over the soil surface by hands at seeding and planting, B:sprayed to crops with an electric
pressure applicator, C:applied in planting pore with 10cm of depth at planting.
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2. HREESLUHBREOER

FRRESBIC =Ty, ANTHARIBRBIEL, Y EWIC
BERDBHDH T A AR VAT —, AT avty, V=
any, TEZz—h, TEANCO 6 EEELEALE. it
PRI FL 36 L O 4ot % Tablel 1-19 (27”7
B2, IR X OVEREIE Table 1-20 (2R L7- H B Cii
LT, REFFETIE, ALFEIEEO BB T Bl L7 A
BIOHE#EIEH X A% E L. A E X2, 1993
5 ABLU 8 AlICihbHEILE, 1994 4 5 ALV 8

AR LA R F U=, FebBHERORERIE, %44
7O TT =T HE%# Timg/lkg, MBAHE%E 3 1290mg/ke,
4% 3 18.6g/kg, 42 223g/kg, C/N . 12.0, HM 47~
VTIKSY 65.6% Ch-olz. JEEET HITERIEEY 60%, <
B L% 3% EATH. IhbOFKEMIT, FnENIg
ITRAPEREXIZ FRE ULz, fbbHEE, 10a 4
V=0 D UMNET 1, NI HAET 2t OB A SRR L. &
MRS 0%, WINOERTED 10a 24720 30kg & HiE AL
7.

Table 1-20. Time table of cultural manegement.

Date Treatment
Aug. 1992 burying of porous cup at 10, 20, 30, 50 , 70cm depth.
May 17, 1993 plowing from surface to 15cm depth, application of chemical fertilizer and rice straw compost.
May 19 seeding of carrot, application of pendimethalin MG.
Jun. 24 thinning of carrot.
Jul. 22 application of dimethoate EC.
Aug. 20 application of iprodione WP.
Aug. 30 harvesting of carrot, plowing from surface to 15cm depth, application of chemical fertilizer
and rice straw compost.
Aug. 31 planting of Chinese cabbage, application of acephate GR.
May 6, 1994 plowing from surface to 15cm depth, application of chemical fertilizer and magnesium nitro humate.
May 9 seeding of carrot.
May10 application of linuron GR.
Jul. 1 thinning of carrot.
Jul. 6 application of dimethoate EC.
Jul. 13 application of iprodione WP.
Aug. 25 harvesting of carrot.
Aug. 26 plowing from surface to 15cm depth, application of chemical fertilizer and magnesium nitro humate.
Aug. 29 planting of Chinese cabbage, application of acephate GR and prometryn GR.
Oct. 7 application of acephate WP.

3. REKELIULEDEFER

REX Y720, Figure 1-24 |Z7RL7ZMSOH 7 3R X D>
DIRLNTRE K E, REZLIZEDE THTEITo7-. W
THEBRIXIL, FHEDOKOHBE O W REMEA D 572D
12 1m L, EHICTTAF v IRER 15cm DIRSET
ZUIAATE, R—FA8>7 (KiEeib) 1%, REREpished
% 9/ HETD 1992 48 8 H Tk k% T, 10, 20, 30,
50, 70cm ORI THARMNIZHEE LTz, RKZRET 5720
(Shaffer et al, 1979; 05, 1988), {EfHTZ&IR—F
A7 JE A DX [E DT

FREXOHE KD T IIHME 18mm, £E50mm THY, [
RO ASATICHRREN TS, B AOME 1IZEKD YT
WA DEE A HHL FE A EED &y 7 ETIENTWD. =
BAKIL, 60mL AR DT TAT w7 RIO RS ERITEEL, &
YT L TR L7, SR KT & TR O T #%121To
7o FTo, RETHBORILEZRE/NRET D012, BRE, IX
FE, =T ORSIERLIAMIIL, FHA MM 28 C TRl
KPIZIEA DR,

FhE HIEPORERRIL, RERREF— DR E
AT T-BEE B2 A L. B3RO BAmEIC, ]

40

2m
A 3 ‘ %
i |
O l—— Plastic
o o plate
depth 10cm depth 50cm |
|
L ® %‘—— row
i
(@) o O
depth 20cm depth 70cm
2m
° ‘ o |
i
(0] () ®)
depth 30cm 2
. |
i
o (0] o
‘ 1
1 |
|
v

Figure 1-24. Arrangement of porous cup and

planting pore for leaching test.

Symbols denote @: porous cup, O : planting pore for

Chinese cabbage.
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BB EEAIZEKEDD bem DIESETAT UL AROER
1 (B bem, M Sem) 2 AL CERIL. RERX
+& (B£ 5em, HS 5em) 2 AL CERELZ. SBRIX
W720 5 DEFI ORI HERENL, KB EL S5mm @
SDHNTELE.

4. DWAHE
1) BEKBELULE

RUTAAZN ) AT =, AT aVA L, Y=an )k
2iEK 100mL 12 10g OAEHEANZ, 50mL DY rrmA%
VT 2 ElH A Toln. SrmamAR O E%, REhE
AT ENACHERL, RRBUEE R TIT T A r~< b
777(GC) 4T o7z

77 z—heTaAN AT A - H (1992) D FIEIC
- CRIBFICHTLZ. 2B/ 100mL & 80g DAL T
F=ULEMZ, 50mL OFFETTF VT 2 [ElHA{T 7.
Kk =T L DB £, FREWMET B RNAAZERL, 7 axR)
>0 GC HFHrEdTolz. D%, 7T ENARRD 5% (viv)
YEOFREZNZ, 77—k GC HHrEiTo7-.

— I HE R O BT, TR AEE TR
TD. ARBRTIE7 ' [ ¥aEMEE 4> (Acetone Soluble
Fraction, LA ASF L3R5 ([2MA T, HEOLRES I
ET DK AEMEE 4 (Water Soluble Fraction, LL T
WSF L350 OObiTolz. U T4 AZVAE, KIEMR
FEAMERN =12 WSF O T I3 To otz 77 =—h
i, RANC XD RFTHE A ORI EBS T AT T

ASF O3 #ricdhi=->Tig, 50g »4E+% 175mL O7 &k
v —KOEEY (6:1, viv) T 60 SrEHRES LT, HIEAI
#%, B 100mL o7 THHL, e A bET.
TN ZEEL, EBolKEIZ 10% 8K 200mL 270
Z, 100mL ©¥7rurZ T 2 mifiHEIT o7, Y7raR
XD ERK, VAN —NIVIATNVT, fTavAdr, U
Z—any, TaANATTaIY LT, XUTAAZYNT 5%
viw) ARV TENENEREIT ST, WHIEET
YNATIEIRL, HAIu~T 57 (GC) SirEiT-T-.

WSF O#rEZ 15 (1990) OHEFEEL TfTo7z.
50g D4 +% 150mL O/KT 60 EHREI LI, BEAiE
%, O 100mL OKTHIHL, AhE7oKIEIC 25g D&
a2z 100mL O raaAz T 2 BiiHEIT72. ¥
JanrR e OEER, BREWET R NAZERL, GC T
{107z,

2) GC&HH I UmHRR

RUTFYARY Y ATaTF s, Vman LB TR
HEB LSy 7Y —5F 4 (DB-5, A% 0.53mm, £&
15m, J&W ) #3EEF LIV Ar/u~h7 57, Hewlett

Packard 5890 IC/o#rL7z. YA —h, TET7=—h, 7
AN IR FEHE R B L OF YT — 7 4 (DB-
17, W& 0.53mm, £ 15m, J&W #H8) 2455 L7 0
Ara~<h757, Hewlett Packard 5890 A THr#rLiz. v
AN —ReTBT72—NI P 7V F—, TRANIZS 70
NEZ—ZANTHRIHLEZ., 7TE72—NIPAF LY Iaay
FUTRIER LU~ mi ) DB — M AW,
ATV R AEANE T/ LI (B H - 28, 1992).

RUTYAZY | A=, AT aVF, V=any,
TRANORERE, 2EKTENEN0.1,0.1,1, 2,
2pg/L THY, HHETENEI 0.2, 0.2, 2, 10, 4pg/kg TH
S, TEZ7=—ORFEKOBEHRI L 1993 £ T
1ug/L, 1994 4 TiX 0.5pg/L Thotz. BHIRA D 10 £
S BEORIMIES 6 BEEORULRIY, BiFHEKTIE 87~
101%, THETIX 92~96% Th 7=
3) TEDFFEHADIHE

KW CTORIEDOLHINL, RO—KRXNEHNTE
Hahs.

C=Co-e 4t

InC=InCo-kt

t2=-0.693/k
CHHlA % OFRIE R A2 331 B EE, Cotfita A BREm A1 1
B, eI DI RER B, e T RO

BI5GB DR O EEREUT S (Shaffer ef al,
1979). 207, FREHIE, & RIEOBA% RO E
RE% Co kL, /b 2 Feiha HWT R o #ENFLY
L.

5. [IRFHDINE
1) BRELVERE

H LN RFH ARG ISR B L RN T —2 21572, &
BR7 D 7.5km HENZTFHE T KR BOEIROT —
SR
2) TIEKSEHDEN

B 51T oRDIREE, Bl (EARD, 1975), B
IR (Z M- ARFE, 1984) R HiTRE (Beven and
Germann, 1982) LISMZ 8Ky (EARD, 1975 &
R 12, 1989) OEBAZITDH. 2O, Kig L
% B BRI LTz, B3k 5y (&%) 13, 105°CT 24 IFF[H]
L, EEORDICE S TROTZ, SHIKIEE 0.65 %
FeU TRy (BFR%) 2RIz,

1.5mm ORERREOFEFIIIELE (RS 15cm) @ 1vol%
WY 95, 20, LT ORDBNEDILDL.

EAR (mm) =AR (mm) —D (mm) x[FWC (vol%)—WS
(vol%)1/100
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EAR: The exceeding amount of rainfall over field water
capacity in the plowing horizon ({E+J& To &Rk &
Z B9 DRI ), AR: The amount of rainfall (i &),
D: The depth of the plowing horizon ({1, mm),
FWC: Field water capacity [[H3¥5% 7K &,52vol% @ik
IR 2308 1, 1992)], WS:The water content in soil
immediately before rainfall (R EL R 13K %)),

H 2 BUTIEBREREWZD, ELE TOREGRK
B BT AR EUENECTZEZIIF ST EA~DKD
RENEEDHEE ZHND.

M #HER

1. ETTCOREREDNEL

FNENOERT AN LR ER B AR 5382175
T, RBERBEIIIR SN2 o7z, IR BT
DHEEBIOR G %M % Table 1-21 13T, XU T 4 A%
VPO EFIT— RS T DA LTz, T o
AZV L D JIF R ERNITHEH G T/ F— 2R LTeD
T, BAT 5 ABLBEDT — & TR AR, REeE
Wi U7z BAR 7 135 CRIE Lo & B3RO 3811, Table 1-
19 IRLECHMBE L R TEN -T2, £, EHEX LA
WX TORESRZIRDOLN 0 o7, T rAN Y
OMRFIN T CH X &S 72, A O TS RIE
DENN 1994 FEDSHBATTIF L, AT —hEd 5
13Tz,

TRAN L EERE, FAEREIKD WSF/ASF HLIXREF O
BLHEIIKTLE., 2L AT AN — > AT aoF
Y>V=manrOEFTholz. A7 vt D WSF/ASF
i 2 T REL BT,

2. BEKFCOERERENEL
N OALI—F
RIEX TOV AL — DR FKPIZB T DRE LA
PRIk B LN 8K e IC Figure 1-25 (2777,
1993 4, #fi 2 HZICY AT —NE 10cm ORI DIE %
KD 62.5png/L OFFETHME NIz, LML, T0cm DOIRE
Ti 1.6pg/L [ZEEh o7, Dk, FEfOREEIIZ
FEOVANT —NREITR TLED, TRORET EFL
7=, B 12 B #121E 50~T70cm TOHEET 6.4~15.0ng/
\CEELTZ. 1994 4R, B
12 AIZY AT —NE 70cm DESHHS 6.1pg/ L THH
SNz, UL, 10em OFRFEIF 0.9ng/L i X720 o7-. 7
HEHIW, ETCOESEZBEETOFELBE L, 1993 £ T
4.7Tng/L, 1994 4£ Tl 2.1pg/L ThHo7-. VA= —h, 47
aY A EH 2ERIC O VIR ME X LG M i H X L DT,
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ZFRKPTOREITIIRERERDFRO LN -T2,
2) 47ty

BHEX TOAT BT F L ORFBRKFUIEIT LR EZE
PR L O LBk L EH 12 Figure 1-26 2R 7.
1993 4, #Afi 11 HZICA 7 rY 413 10~30cm DIES
DIRFEKDE 3~bpg/L O FETHRIISIZA, T0cm D
ST Ipg/L Tholz. 1994 4F, 50~70cm DESTHAT

RUA L ORI EIL 28~384pg/L Thotz. FHAE B,
ETORSEBETOVHRER, 1993 4 Tid 1pg/L,
1994 FCi¥ 13pg/L ThoT-.
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Figure 1-25. Changes of dimethoate concentration in leachate for the standard plot in 1993 and
1994,

Symbols denote O:10cm-, A :20cm-, < :30cm-,@:50cm-, and A 70cm deph in leachate, o:water content in soil,

bar:amount of rainfall (mm/day). Detection limit; 0.1ug/L.
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Figure 1-26. Changes of iprodione concentration in leachate for the standard plot in 1993 and 1994.

Symbols are the same as in Figure 1-25. Detection limit; 1ug/L.
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Figure 1-27. Changes of pendimethalin concentration in leachate for the standard and addition of rice
straw compost plots in 1993.

Symbols are the same as in Figure 1-25. (A) standard, (B) addition of rice straw compost plot. Detection limit; 0.1ug/L.
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Figure 1-28. Changes of acephate concentration in leachate for the standard and organic
materials amended plots in 1993 and 1994.

Symbols are the same as in Figure 1-25. (A) standard, (B) addition of rice straw compost, (C) standard, (D)
addition of magnesium nitro humate plot. DL: detection limit; 1ug/L in 1993, and 0.5ug/L in 1994



e R, IRENRH A4 K OWEEE >0 L OBREZEEE & FIHIEAIC B 2 bF5E

) YZ—amrEiUTEARY Y
BRI K E BRI LT3, i K eb 2 TOWRS LTI =
2 BRI AN A< mitsnihoTz.
) RUTFAARYY
NRUTAAZY L DIRFE K P IBT BIRE 2 b2 BRI
BLOHHEAS LEHIT Figure 1-27 17T, FEHEX T
I, i 15 B2s5 22 HIBIZ)T TRUT A AZY AT £
DIEREDRFEKRDS 1pgL AR OERE THhiESh, 20
BAME o7, LanL, HUm 80 H#£I21X 10cm 75
50cm DOHESPLEFORHESNTZ. FbbHEIE X TORMH
RIFIEHEX IR T2,
5 ZtJ7z—+
T 72— DEFEKFIZEITHREECEFERR IR
FOEHIK G EEBIT Figure 1-28 1T, 2 4ERA@BU T
77 = — ORI K57, 1993 4F, EHEX T
WA 4 BRICTE72—ME 70ecm DOIERSDORFHB KD
1lpg/L OEE RSN, 10~50cm OFESTIE
1pg/L LT CTh-otz. —F, faboHEIE i H X ORI,
WM OESTH 1pg/L UL F Thotz. 1994 H13IR T KER:
BB Ip o7z, KFAIA 14 HZIZ, 7EZ7=2—NMNT

10cm DRI DFFHBAKRPOEERERX T 2. 1pg/L, EAEEET -
T X T 4.4ng/L ORE THRHEINZZT ThoT-.

Vv EE
1. BERBICRIETREREHKD
Figure 1-25,1-26 |{I/RLIZV A —h, A7 04 D
BOEIT, 1993 FIT L REOBENIMEELLAELE. Figure
1-28 IZ/RLT=491Z, 1998 LT B 7 = — b A 2 1R
DEEF LT, 072, Zhuh 3 RO W #% 5k A )% 5
IKEGI DN 85~40vol % THERB LT=. —J7, 1994 4ETlT 13k
3N 25~35v0l% Th-oTz. VAT —hET BT =— DI
FAKIREIT 1993 FEOFTH 1994 ELVLFEI 1208, 47
BUA AL TH T
Table 1-22 IZBEMSMIEONC 6 EIRO HRBLI RS
KBEEZ R LT, 2 FR O RE T 5L, VAT —h,
AT aVA L BEOT £ 72— OFEE K E T RS RE
DL Z T2 ho7-.
T RAN AR B AR ORI N2 572, 1993 F DA
OV LR T Y ALY, 1994 FEOT® T =—MNT, 125
KRDOBIRRE TRISZ. 2o, MUV ER

22488

Foa

Table 1-22. Rainfall conditions, concentrations of the six pesticides in soil and
leachate for the standard plot within early period of monitoring.

b)

Days Maximum®> Accumulative Pesticides concentrations

Pesticides Year after EAR? amount of amount of Soil Leachate
application rainfall rainfall (mg/kg) (ug/L)
(days)  (mm) (mm) (mm) ASF  WSF 10cm 70cm

Dimethoate 1993 2 1.3 6 235 915 276 625 16
3-4 19.5 10.5 56.5 799 264 379 15

12 -17.3 2 725 240™ 0357 191 6.4

1994 11-12  -29 175 425 148" 105" 09 6.1

Iprodione 1993 0-1 -16.5 2 9 296 025 <1 <1
3-4 17.3 6.5 475 259 031 <1 <1

11 -22.3 15 66 160 0.27 4 1

1994 4-5 -2.9 175 325 302 142 26 28

Linuron 1994 1-2 -10.6 25 215 594 124 <2 X2
5 -14.7 6 38 578 085 <2 X2

Prometryn 1994 4 -29.7 12*° 12 096 0.70

13 2.3 235 815 018" 013" <2 <2
Pendimethalin 1993 15 76 14 575 3900 -9 04 <oi
22 10.7 16 109.5 345" - 0.9 0.3

Acephate (GR) 1993 0 -62 145" 145 - - <1 <1
4 23.6 20 725 - - <1 11

(GR) 1994 4 -29.7 12* 12 - -

13 2.3 235 815 - - <05 <05
(WP) 1994 14-15 7.7 5 36.5 - - 21 <05

2EAR: The exceeding amount of rainfall over field water capacity in the plowing horizon (15cm
depth). YFor 1hr. *:These amounts of rain fell within 30min from the beginning. 9.Caluculated

values. ®-:Not measured.
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S TROONTZ. V=2 AT O R T THi
Eiainoto. Y ASF, WSF b6 38 T i
BRI CREL, WMLWBERNREN AT EXIRFE KD
BRI 10pg/L HDOWVITENLL L eoT-, Zhbo
B3, 1993 DOV AT =D II/E LB TORIGA K
EX IR T DM R D ECTZGE,HDHNIL 1994 oY
AR —=IRAT BT F L DI, BRTRENKEN -T2
BB BN.

RIBIE DA = e T ud o D FHEO - F I
L7zis, BiEKBEICITREB LU ol TR7z—MNRE
D 2 ERDETRIL, WAt OB LW ERSEOF A7
FBEEZONS. LHL, VAT —RD 70cm OIREDIRE
RIEEIE, MLUWERI S DZ A T DRI %
RLTWA,

2. BEOBILEMNZIBICRITTESE

AR CITERET LI A BN RADI0, RmiREe
R E DR — i EHT-VOEEFE L, BEREED
HC Table 1-23 (Z/RLT=. XU T 4 AZ YL DR M H T EE
X, IRVKIBEREICXLDEE 2605, 7TR7 2 — O/
FPMEN—RELT, RAIZR—T AR T LB 5T
WRFTHEALEZENE 2 b5, 1994 FOATaT A %
BRNC, RBEAKPORBE X AN — > AT rvF
>Y=any (RiEH) Thotz. 2o I WSF/ASF
g L LB L, BE KR ORELFUIEF Th-o
7. BIEOLEA~OWEITHMOHEBLIITHmRD

(McCall and Agin, 1985; Pignatello and Huang, 1991;
Beck et al, 1995). ZD7-%, WSF/ASF i+ 1R
FEWEE Koc LADHBENRSHEE 2 LS.

Table 1-19 |TRLIZ7 BAN VB N = 2w OH#E K
RTEFE% (Groundwater Ubiquity Score, LA T GUS &
FR) IR R E VS, B T LT TR
BRHONTZ, TaAR L, SCEEO P 40-
78 HICHATERAMEA 4.7 A EBRHIZENZE, Y=oy
1% WSF DR Koe WRENWZLITERAL, Bi&AKH»
SORBRHIC DR M oT B2 BND. ATV F L DRE
KBED 2 FERICOIDE BTN TR,
WSF/ASF LD EAZITHEEZ LS.

3. EHMERADEE
OHROBEITEEBITRBD DO SRR FEREITH TS (Dao,
1991). HERLZREHOLHEEIZ C/N 23 12.0 THY, 52
LCWe, ZhoDZenh, ARG OHEIE I E
#H L LRRRICRIEOWAE NI TED. L, BEREE
et FH X L DT LD RIEDRFE K T O HI BT
R THY, LHIREELENRoT. B O 2
W EDRIIAEYEREDNBEOEETIBEETHS
(Guo et al, 1991,1993). UL, BARY FidirskfRiks i
WAL, H W O BEIEOIZFEMH O RS I Rl
ol EZ LN,

Table1-23. Pesticide concentrations per the unit of applied amounts and frequency of
the detection in leachate for the standard plot.

Maximum Average Frequency
Pesticides Year concentration concentration of the detection
(1 g/L/10g=10a) (1 g/L/10g-10a) (%)
70cm depth 70cm depth  whole depth  70cm depth  whole depth

Dimethoate 1993 0.74 0.15 0.54 100 100

1994 0.71 0.31 0.25 100 100

Iprodione 1993 0.10 0.020 0.096 20 32

1994 2.8 1.3 1.3 100 90

Pendimethalin 1993 0.04 0.003 0.008 7.7 23.1

Acephate (GR) 1993 0.33 0.091 0.019 50 133
(GR) 1994 - - -

(WP) 1994 - - 0.019 6.7

Linuron and prometryn were not detected throughout the monitoring period.
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fLEREREE R BRI 23 L O 3 7 A DB EEENHE & IR I B9 D Fge

V BE

BEARZMHIZ BT 2 Ff, T aAZY, VAT —
k A7avAty, V=any 77— hBLOT B AR D
RiBKER—TAA T IETERERL, BELE.

TAT—MT, MiA%EE B ICRS 50~T70cm DIFFEK
FOK 10mg/L RSN, HELHESLHTH -7,
YT AARV AL RS RSN, AT et T T
= —MIBE KNPSRS, BRI IR C
Bipotz, V=anl b7 u AN U ANTRE KD 6@&5%7‘@#
ST, KB i%*@ﬁ;ﬁﬁfﬁﬂg (B N B T
(ASF) E/kmyEdEm sy (WSF) Z23E L7z, /%ki—l\,
A7ty V=avrd WSF/ASFE TR E LS 238
L, BHEAFOBRBBEOY AN~ > (Tultr >
J=awy (RfE) ONEFE—EL.

JEHEDY ASF, WSF Lb 3 TP I Hui Ry @ R EE T
BHL, WMUWBERNEENAELTEE, BBKO IR
9 10pg/L HHWEZENLL EEiroT-. ZhbnBi 5T

1993 DV AT = D EHITAE T TOEBGE K EL I
TOBENEER LG E, HDHOE 1994 fﬁ@y%br—%
AT F DI, BERIRENKED ST LE IR
bz, WSF/ASF beld 50 45 &4k Koc }:ﬁma FEAPN
F, V=anr BLOT aAN O GUS fEIX R R E
DY, ARWFIECHEM L7z FE T O B LY Koo
(WSF/ASF HICEDHIW) ICESTIE, b 2 BIEOR
A7 LW TO GUS EIT/NEL, =RFEBKNLDORFE IS
RN oTe.

BT AN — A T aTF 2 D HHED ) 2
L7e, BiEARBHICIZE B L e olz, VAR —ReT &
7 == NORFE KRB I OWER B IR IR LG
BT, ATV F T ThoT-. LsL, BEEN
BITZND 3 RIEDIR T KB :%Z?é%um:of:

F“Eckﬁ%&%ﬁmﬂﬂ KEDMIT, 2K ORI

ZIEFCTHY, Lk E%?‘SZJVZCVJ‘OYL
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Fofi 2EHENLEICEITIHAERED
HRIZRETHERIEHRAERDEE

I #E

AR, BEEAFEOBIGICRBWT, BRI o6 A
BREICKIETHEB~ORLREESTWS, HHEYm oA
D IEIRE A MR HE T 57 DI B R A K ThD.
Lo, AHEHOEAIZEL T, ZhET HEOH L
FHEOELBLOEH ORI KT T L FREL TR
BT TET (Saffigna et al, 1989; <SAK, 1995;
Eilin, 19955 %S, 2001). FEIENZ R, BEHDHOIE
PREZDREZFETDITE, HOIREORBEHIM N LETH
B3, ZOZLF T CREEGROVAZ X DT L2 Bk
T5. BREOGBIIMAEMEBIWNEROZELZ TS
(Moorman and Harper, 1989; Pothuluri et al, 1990;
Mueller et al, 1992). /-, Aok IS EMER
JOEMEE NS5 5 (Sakamoto and Oba, 1991;
Felsot and Dzantor, 1995; A H b, 1997), FHEDI iR
HRHHFEND (Anderson, 1984; Felsot and Dzantor,
1995). FEIOMAEM iR, RO EOE Mm%
IS 57D I EBER T a2 THD. Z0=H, N
Tl IR AN T D RIEDOR R A I/ MRET 5578
BLED DL AN OFMASNDERETHD. A5
X, BRI, (MRS IOVEMIER RS 2 B O HHEA
AWT, AR O R HHE AR RIEOWRICKIE

HELRALNETHIEEHNELZ. bR T, BED
BRESG Y e/ NRE T B 72D Bl 35S PR AT RE L 72
LIEHREFDIDIATo T

I MEBELUVAE

1. HEF
AT, AR RO RICRT T s —
WAL T DIDIC 2D 5 SOOI N—F 2B T5 6 FEKE
iz, BB ANT—NMIEHI RIS, 7=/ THNT
(BPMC) 13h— " A—=FRIZ, ZRERTZANT7= VTN
Rz, BEAI~Yy, TaAN TN
TYVRIZ, TI7a— W ET =R RIC

2. et

R, A O RIEREZTT>T0D 2 DO,
T E T OMGA UL SBR[ 55 46 UG A T o4 A B
BRI A S B S SR L2, T e o L5
L EME RAT L, iR BT RAEH - THY,
WO RO H O 2<% DTS (K
PER R, 1979). W o B b A #Y o 5k
1 1977 EITHREY, KBS INEEEMTLIZ, AT T
IEAFIOKRBAEEMA T L, FEHE T CIXEFEICE A RL
FEfig 1997 4EETHEZ LIS, TNLIBRITL Z A% BT
L.

FNENOEYETIE, $7eb 3 DOMEEHEEZT>TEH
v, 2000 4F 6 H B, /INEOINHER IR LA R ILUT-.
UTIRTRBRXKIT, 2 CESEIE A BT &M L.
FHLE T, BIEORBRIE, (D MR RO 28T
EMiALZX (A-IF plot), (2) fabbi4SAMEIEAEITE
ETYEATZ 21 1500kg/10a) EREHEHA LK (A-
CM plot ), )4 5AZ B CTIEMITZ LI 2400kg/10a
Tl L7-X (A-CF plot ) ® 3 > ThD. 728, A-CF
RoO45A0HEE, A-CM KO45AHE B i E &)
FCLARDINCREEL CTHD. MiATH, KA 0B
X%, (1) FEEE AR O 2B T B L7= X (G-IF plot),
(2) AT XA SAHENEIETT R (BT 1000kg/10a)
EREMALIZX (G-CM plot), (3) HHAMEITE (&1E
Wb LZBLY T 500kg/10a, BEEIZZDLLEIHY T
300kg/10a) EFetii L 72X (G-SR plot) ® 3 D ThHs.

TEEEURHE, B S 7-0EE O 10 2 pEroiiL7:.
ZOIHLONE, BHELRIEL BRI IER LR NS —
B, AEKED 40%ETKDERL TS, 2mm D55
W LTz, Z0%, RARKED 60% 12K EHREL.
BRBUC LD B ELE OMAE DGR L ELSE 5720,
25°C 10 AMAEEREZITY, REEYE, MEMERLIY
TvAat A 2 FEEE (FDA) OIN/K > il s5 15 20 E
L7z, 70 oiENT, REL%, 2mm D5DVNIEL, o
L DMIE AL

Table 1-24. Physicochemical properties of the pesticides investigated.

TNENGEIND. Zhb 6 RFEDOH
{b7F % Table 1-24 (TR L7z, fEREK

b 7ed bl £ BRI S L, FRiy  Dimethoate
Ui B fittishien e,
RS L O F IR TRk Smazine

Water t1/2d)

Pesticides® Chemical family squbiIityb) Koc® in soil

(mg/L) (day)

Organophosphorus 25000 27 16-33

Fenobucarb Carbamate 660 51 6-30
Flutolanil Amide 9.6 457 208
Triazine 6.2 580,140 72

Prometryn Triazine 33 400 40-70

Anilide 242 145 42-70

SR XS DIEAL, 27T 97%  Alachlor

YL EOHECTHT-.

b-d)

9¢, ohalf-life.
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@ (Diinsecticide, (F)fungicide, (H)herbicide.
according to Kanazawa (1996).
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AWAHE
1) MEMESLTEHE

# 1 10g MY EO R R LI IRE A A~ AR BB X
OEROHGHIHELT. 7aad ASAZEIECHAY Sk
DRFEBLOEFR L AEALSE, 0.5M Ol Y ATl
HU7= (Vance et al, 1987). A4~ AfRF#E L, RWTHE
I LBERIVIEIZL > TEEL (Vance et al, 1987).
AF~AEFRIT, VARV 2hEEERR L (SR, 1999),
WNTERT VR TTIEIC IS TERLE (55, 1997).

FDA [ZZ<DOBEHE LTI ESND (Rotman
and Papermaster, 1966). 7=, % O 5y f7mEFE G M
X, MAEDES LEOMWIEE S TEDOMEMEZ R T
(Lundgren, 1981; Schnurer and Rosswall, 1982). FDA
DI 5y il Fi5 M 1% Schnurer and Rosswall (1982)
DOFFEIZHE, WIEL-. # 1 2g HE BOFIRGELZ -
8% pH7.6, 60mM DOV BEAEMETHK 100mL (ZEBS 7.
1mg/mL ® FDA Z&#e7 ¥ N ta#i% 1mL #AIL, 24°C
THiER L. #5380, 1, 2, 3 FFRICBOt &R (A 28,
U-3000) T 490nm DOWGEEARE LT, 1EHITHR/) 2 3
R, B HE RIS IO 2 720 DR E OB (A
Aggo/g-hr) TRLT-.

2) BEREE

it 20g Y BEORIEEELZ 5% 100mL O 5725
AT ALY, TAZHRD T RE L7202 KO IR T A IR A
NTESIEUI N TN OBREIRITT b fRL,
200pg/mL O EITFHEEL 7o, HL+ 4720 ORI E D
2nglg L72BEDIC 200uL DT ERAEA HEHICHIL,
HIABETHAIZREEDOE, AiESEEFUE T &L
c. BRI E o TR LK, I 2(8], ZERKEGRM
L CHfifa L7z, %%@i@ﬁma IZBEH (Suzuki, 2000)
([ZHEVy, ASF, WSF 23 #r L7z, /o#rid 28T 1, 4, 7, 14,
28, 56 BLU91 A#IfT-72. ASF 2OV TR, Y AT
—MITVB TN TTLT, MOREKITTa) DTN TR
L7z, REBEEEL, AT VRRE—NOE RS
Hewlett Packard 5973MS BLUOF vt 7V — 174 (HB-
5MS, £t 0.25mm, K& 30m) ZHF LA A/a~v R
77, Hewlett Packard 6890- 11 (GC-MS) TH#HL=. &
HIR UL, AP —hET~T 0 0.005pglg , DD
BN 0.001pglg Th-o7-.

§7.1 20g FH Y B ORI LT- HEIC A EIRE 2ng RN
LT, ASF OO HATRRIZIIT HENGGEBRZ1T o7, & 3
DOENLHEE, BART7 1T 89~97%, REIKH 1T 94~
106% Tz,

3) T3 DEN
THEPIZ BT DI OW RE L, i FERIC FRRD

—WARITHSE, F/2RIEEAOTHEAELE.
C=Co-e X
InC = InCo-kt
ti2=-0.693/k
CHHilcA £ ORI IR ] A 31T DR B, Cotfi F WIHAR B,
kIR DI IE L TR, bz TR,

I #R
1. TIEQMHEE
BARZ 1%, TR O 12.3%, Yvh 26.1%,
W 61.6%), VB IREDS 2250 Tho. JREAKH 1T
T L CHE 1 16.8%, V1 29.1%, ) 54.1%), VU
Vﬁ&%ﬁ%—?i&z’ﬁ‘ 1160 ThD. THEDOMOKFFIEMEIL Table
1-25 \ZmRL7z. &%, £uH, BEERAE (CEQ),

INAF < AR f, NAF < REFR, AIFRHEERBLION FDA
AR FREESRIEVEOMIZ, KKt FnRRA7 50

NS ot BEPERICE2EERBLOLRFEOEM
(R Ak e X _xf‘é‘éﬁ*é%%ﬁm)ﬂ XDOZhs 2 Ky
OFNENTERY LR AR TIHIFEAL R TH T,
L, "AATARFEBLIONANAA v REFOERIT, K
BRI L OFBERT LL0/hSh o7z,

2. % ;"iid)mﬁt,ﬁﬂeﬁﬁiﬁi

BEAR7 LB IR A M 1231 D MErg im ki H X
(A-TF plot, G-IF plot) @Eﬁé@?ﬁﬁ% Figurel-29 (/R
T PRSI TIE R F — D 3 DITKBIISNS. A 7V
—7FT A= EETe. WSF ORI KD KHE 5%
D, Wb R0z, BZL—7 [ I7A N =L BLOER
R LICB T D ~vY &G Te. WSE TRV K HETHE
BL, HRITIBAE -T2, C I —F O I £k
WX EZ R L. 207 —712i% BPMC, 7 aAk
Vo, TI7a— N BIOKEEKM BT~V rEs
ATV, WSF 3B 1%, IAIORA [ TR Lz,
L7L, ASF 1%, WSF 23 L7372 1 b 97, WSF 2»
5 ASF ~OBATHHELE SN, WO B CHFHE RS

AT, i 2 FRERCH BB ALEHX & A AR OIS 2 —
CERLIZ.

ERWIMEZ B REDORMEIT 2 WUGRITHE-T-.
D72, AR TITRIEOMH I EEIL, FREENIR
MED 50% L FIIK FLIZEEETOT —F &M/, — K
FOSHUTEVE L7z, Table 1-26 (ZRL7ZEDIT, HKH
FEERIZATA—T>C O >BIA—TF L0, KEHR
PEITHERE ST, ZORERIE, BEEOEIEEL WSF O
IS EEZ T DR TS, HREE BT
AR O FRERART RSN RKE N7, %ﬁﬁj: z
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%9 DI AR OV AGHEE E S (3FRBRK D)
i, BPMC 2h/h&E< 0.98 THY, IRWTTZ VR T=)0
D 1.08 Tholz. F7=, U~V UM 1.83 TIb K&, RV
TTZ77u—L0 1.60 Tholz. ORI EMICLS
IO RMEED RIL, BAR7 LI TR AR T
INEDNo T, TEREL IR A KAk A A B it F X O 1
SR E RO, BARY FICH AN TR G+ T/ h &
7. 6 EEOVE)EIE, A-CM X T 1.36, A-CF X T 1.24,
G-CM [XT 1.24, G-SR X C 1.12 Th-7z. BPMC % it
X, SRR I Table 1-24 (R U2 SCEkE L0 E
Ntz

3. EE® WSF/ASF tt

Table 1-27 IZRULIZEIIZ, /LT =L B LUK MK H
TOVAE— MR, FHA IO WSF/ASF Lg%
1 A0S 4 BRI TRIBIZIETL, ZNARRITRES
MnEipotz, ZNBDOZE{LIE WSF ORMARBAIZEDELD
Tho. BRL72EOIZ, HEAHEEEIL WSF OBfEDR
BrZTDH, 20w, HKREETEHE WSF/ASF Lo
REFMUDT-DITIE, B35 1 A% WSF/ASF xfAvs
MERHD., WO L THEEE 1 A% WSF/ASF it
%, RERXEOEEBD/NS)Ho7023, BB EL D25 H)
T REL 2T, WSF/ASF i, BARZ HIZ TR AR
DT RKRE ST

V EE

Table 1-28 17 L7-8912, BRI HITB 7V T=1,
KEMEHTIck T 5y ~Yy, TrAN BT 77r—
NI, Z<ORIEOMREELETERIL, N4 AK
#, NAA ARG, FDANUKSREERTENE, RREB X
ORERYTVICBE T DL, ZNE N0 T3 0L X[
OEFHP/NSL etz 72120, JKEE LB iTsr <y
VBIOT I — VO IR E BRI, FEEITNED T
ZLICHETORERDD. — T, REBERBIOAE
BBV WD T-DICHA T 5L, B XHOEB T RE o
7o, TEPORRFBIOEERE RIISAAVARER
FOEH (M5, 1997), FDA Nk figieistt (Tokuda
and Hayatsu, 2002) L EOMBAZE T, A4 ~vAEHR
AR ERDOZLDOEEGE HDD (FHD, 1997). Li
L, Table 1-25 (/R IOICAGRERTIE, MR AR
AT TH DM X0 )7 B3 A A~ R R R sE
BHDNNEhoT-. Znb0HERIT, B (Anderson,
1984; Moorman and Harper, 1989; Pothuluri et al,
1990; Mueller et al, 1992; Felsot and Dzantor, 1995 )
DEFVELDEIEDTHRBAEY &, IEMEBIOZENSLIC
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Table 1-25. Soil properties of the six plots.

MWHC?

FDA
(A Agp/ghr)

0.046

Available N B/A®

Biomass N

Available P,05 Biomass C

CEC”
cmol,/kg

37.1

C/N

Total N

pH Total C

(H,0)

Plots®

(%)

92.8

(%)
95.1

mg/kg

61
125 (2.05)

mg/kg
58

mg/kg

410

mg/kg

g/kg

g/kg
89.7

69
156 (2.26)

16.1

5.6

6.2
6.7

A—IF

(1.06)
(1.04)

98.8

0.056 (1.22)

74.1

(1.60)
(1.44)

(1.42)

(1.36)

586
560
296
367
379

(1.22)
(1.03)

45.3
3

13.7

(1.27)
(1.21)

7.1
6.8
1.7
2.2
2.0

97.4 (1.09)
100.2 (1.12)

A—CM
A—CF
G—IF
G—CM
G—SR

96.9

0.066 (1.43)
0.026

124 (2.03) 675

90 (1.30)

84
276 (3.29)

8.1

14.8

6.0

49.6

95.7

56

54

16.6

11.3
1

19.5

6.1

(1.04)

(1.01)

51.8

0.036 (1.38)

74 (1.31) 88.1
94 (1.67)

a) A-IF:The plot only received inorganic fertilizers every crop in the Andosol, Inorganic fertilizers were applied at recommended rates for the other plots as well, A-

(1.21)

(1.28)

(1.23)
(1.28)

(1.12)

18.6
17.4 (1.05)

1.1

(1.28)

(1.14)

24.4 (1.25)
20.8 (1.07)

6.3

50.1

0.031 (1.19)

73.2

69

92 (1.10)

10.6

6.0

CM:The plot additionally received a compost consisting of cattle feces and rice straw at a recommended rate ( 1500kg fresh weight /10a for both crops ), A-CF:The

plot additionally received cattle feces at a rate of 2400kg fresh weight/10a for both crops, which is equivalent to the rate in the A—-CM plot on a dry weight basis, G—

IF:The plot only received inorganic fertilizers every crop in the gray lowland soil, G-CM: The plot additionally received a compost consisting of cattle feces and saw

G-SR:The plot additionally received straw at normal rates (rice straw: 500kg fresh weight/10a

dust at a recommended rate ( 1000kg fresh weight /10a for both crops ),

for winter, and barley straw: 300kg fresh weight/10a for summer.

Maximal water holding capacity.

d)

b Cation exchange capacity. “The ratio of biomass N to available N.

The figure in parentheses denotes the ratio of the value for the plot amended with organic fertilizers to that for the corresponding inorganic fertilizers—treated plot.
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Pesticides remaining (%)
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Figure 1-29 (a). Changes of pesticides remaining in the plots treated with inorganic fertilizers in the two

soils.

Symbols denote O: ASF, @: WSF, solid line: Andosol and dashed line: gray lowland soil.
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Figure 1-29 (b). Continued.
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Table 1-27. WSF/ASF ratios of the pesticides.

%5 85 &

Andosol Gray lowland soil

Pesticides Average (%) Relative standard (%) Average (%) Relative standard (%6)
162 4d” 7 1d  4d 7d 1d  4d 7d 1d  4d 7d

Dimethoate 582 482 420 7.3 65 253 79.1 807 649 3.9 77 133
Fenobucarb 596 464 423 9.8 79 100 69.7 593 580 11.3 8.1 56
Flutolanil 20.5 19.8 16.2 14.0 17.9 140 25.7 220 20.7 45 218 12.7
Simazine 36.9 130 11.8 11.1 42 7.2 66.6 234 19.3 18.6 212 433
Prometryn 436 310 253 149 220 415 659 571 418 42 120 252
Alachlor 50.7 240 237 4.1 9.2 107 627 49.0 209 1563 171 213

a—c)

one day, four days and seven days after incubation, respectively.

Table 1-28. Relative standard deviations of rate constants for dissipation.

Relative standard deviations of rate constants for dissipation (%6)

Soils Pesticides
K1c Kin Keee  Kap Kse Kan Kan  Krpa
Andosol Dimethoate 251 20.3 15.1 231 28.6 9.1 8.1 145 133
Fenobucarb 183 154 8.1 88 222 8.2 99 282 178
Flutolanil 133 98 142 197 388 178 229 38.1 103
Simazine 267 211 193 285 363 15.1 162 189 9.6
Prometryn 199 187 13.8 85 243 162 179 354 239
Alachlor 212 160 140 231 342 112 142 237 3.8
Average 208 170 1441 186 30.7 129 149 265 13.0
Gray lowland soil Dimethoate 179 124 9.1 138 471 64 78 13.6 7.6
Fenobucarb 114 6.0 29 66 466 49 58 17.7 54
Flutolanil 16.4 47 46 105 422 116 129 224 3.1
Simazine 41 8.3 84 27 495 9.7 9.1 220 123
Prometryn 198 142 172 16.7 451 235 240 345 188
Alachlor 6.7 122 111 76 515 8.7 7.6 194 143
Average 12.7 9.6 8.9 96 470 108 112 216 103

K. KK cee K ap K Kan K an @nd K pp denote rate constants per total C, total N, CEC, availavle P,0s,
biomass C, biomass N, available N and FDA hydrolytic activity, respectively.

B L7 B OB 22 T DT LARL TS,

WA B S K ONEME DB IRIK AR M 0 5 S BAR S +
FVINEHroT2hy, TH IR E B iréﬁﬂﬁi@ﬁz’)\k%

o7z, Figure 1-30 [Z/RL72X91T,

TIra— L&k

BRI 92 K EAR L 1 oD 1 280 B TE 2 oD SR fiE

BAR7+
5 Y /KUETHERFHBINTE

W% 5K (g > WSF/ASF o s
BH B, Figure 1-31 1Z/RLTZ

JOT, HREEEERDONAAFT~VARBRBLONERZHZVO

Guerin and Boyd, 1992). ZNHDZENE, HHERICEE

FHRIED

Ezohb.
ARG B O fE
(Rouchaud et al, 1994). ZD Xz

TR K

j‘

Y

s

TR D Sy i A3 55

13 7e<&b WSF/ASF Lo

B9 2T
ATty

BRata

BbdHD

, AR R o R

N—ELTWRNZED—RITIZEED

fREL BIEAOWAE LD THAEBBREH LI LE RS

N, LinL, ABRCl

I L > TEIRO SR EIND

BUREIE, 5538 1 H1% 0 WSF/ASTF LAV IEARBIEE AL
X B D2 B3NS 720, WSF/ASF Fl3Z@a it 1 %
KRIECHBERADOMHME Rz, ZOHRITERER7 LICiX
BOLNTED, IREEH TIZIERDBNRh o7z, PR T,
WSF/ASF A REWVNEE, BIEORZEARPOREIRES
WhE<RbZ a2 "Lz (Suzuki, 2000). {LZWE O
A ~DTFHENE, AV IR SIS
TR P OWRE DR ER 1T (Ogram et al,, 1985;
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ZliF o7, WSF/ASF HhoMBR X A @A/ S &
NoE BRI SROAFITEH TEHLEZ I OND.

GO RHERIC LD ERIEOW RMEER FL, BAY
TR TR BRI L T/hEh o7z, ZoZeix, BAR7 L+
AR TIRGEEH DT BCECH/ IS L, $720bbh ik
WD AT BT FLER A D72 e td, DR
BRNENWZLICERT5EE 2505 (Sakamoto and
Hodono, 2000).
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Alachlor /
1.6 ®

1.4

. y = 1.300 x = 0.605

1.2 ' e *
" R*=08/0" (,<0.05)
L ]
1 /
08 1 1 1 1 1
1 1.2 14 16 18 2

(WSF/ASF)q/(WSF/ASF),

Figure 1-30. Relationship between A/ ks and (WSF/WAF)e/ (WSF/WAF)a.

ke/ka : The average k value in the gray lowland soil to that in the Andosol.
(WSF/WAF)s / (WSF/WAF)a: The average WSF/ASF ratio of pesticide at one day
after incubation in the gray lowland soil to that in the Andosol.
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Figure 1-31. Relationship between the WSF/ASE ratios of pesticides at one day after
incubation and standard deviations of Ksc and kg

Symbols denote @: Andosol and O: gray lowland soil. Regression equations are for Andosol.
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ADRERBE S UHEAE

F1Hi KEAMSRETIHIAZ2DOEH
WMEID E L=FEAZE

I #E

AR, 7ar L L AA Y VB OREE, BEIEN, IRE{ER
R B R AR BRBERIREA S I L TVD.L 1970 4ERETO
B~ % 5L IX LR EOEE D& ST,
1980 FARICADE, Ay, HEMELESR, TRl O
AL ZALIRFEA~DFGRMIUE 1:1 2720, I E
HADFGRPIIDPIZEL DI ENTRINTND
(Ramanthan et al, 1985). K& H D AKX AR FEIZAERIK
1% DEETERLTWS (Blake and Rowland, 1986).
Lavh, AZ2 1 3 TSV ORESRIT MBILRFEDOR
20 FICHY 35 (GBH, 1988). %7, HiEk L& D4
%4 BT 515Tg THY, KHENLORAEIT 60Tg TR
D12%IZH Y35, LaL, TOHEEHPHIL20~150Tg T
BV, FERITIRIENE D LR > TS (Watson et al, 1992).
ZhuE, BB, KE R, iAo
FEBLOE, BEREKENLDAZ A G54
MERBRNEEEFEET DO THD. £z, MHTOE
BN DTN L HEEHIPAZ AL TWD— R TH D.

ARWFFEIE, HIARRONREN HECTHLEARY LBIVIK
EARHL LD D AZ B A B SO A OFEIEIC L
DRAEBOMEEHLNI U, £z, AXUREICRIET
TR DB OWTEREMAT-OTHET 2.

I MEBEIUAE
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R E S, PiARREERBRENOKE A LA 2
5% 100m LK E B, 3 ONC R A D H N WA
DOKHE C THD. ABLOBINEEZEHE SRR+,
KFGHAETHY, C ITHRLK AAKH HIR1E R, ARE— 5
KEDO BIETHD. KO GFIL A a2 e0Y, B
MR, C BEOKXKTHY, HEHEEITHTNL
30cmx15cm, 1 ¥k 4 Az TH5. KH A BLOC 13+
BRI AR A IS S E B A SR BRES THY, A 1
1983 b, C L 1977 0 BEAF R CAB AT Q5.

B3R HIRBE TH 7ot DI L DK T 21T, 1970 42>

SAKTBOFKETRBREIT> TN,

K A, B, CIZEBITDRBREOMILNE, HEEEEED
W, $iRAER O, REaio RO LA
ZHER Table 2-1~2-4 (2737, 7235, Table 2-2 [TRL

72E91ZKHE A, B, C OFEEH, KEHIZZNZENOH
LCHERELILBELTWDS, L R E I fbo 4 &

AFIRE—EBORIET CEIMLIZGE DRI, TyaNy
VS X 44 & RO LT,

K A TIE 1992 4E5 1994 )T T AR A
X (CF plot), #JE X (CM plot) BLUfEHHIX (SR
plot) ZER{EL, 1994 F (21T b + A K EFH X (SR+LN
plot) &% L72. 1994 FE/EIZXILC 1993 4F 11 H 8 AIC
fabba AR bbb, bbb+ AREHRRK), £D
BUCRIKEHR A AL bbb+ Ak EHEX). 1994 54
A 22 BISRLAEAITY, fabbHEEAiE ALz (HEIEX).
5 A 6 HIZHLAZITW, EEAMALZ. 7 A 12 BICHE
JE%, 8 H 1 BICEEEMALK. L BRI bBT,
BRITEZ, VBBIXIO0 A, MEBIIENE V-, K
DAL 5 H 11 B THY, AT 4 A 22 A5 8 H
30 AETThoTz. BB, ERORERNT, [ESM Lo
THEFEB OEVEL, 1992, 1993 4E1T 1994 4EITH~T
10~17 HES KK TR 8~9 A7, FT,
1992, 1993 4% 7 A 10 A 20 HETF THTLE
1TV, £tk 8 A KETHIBEKRZIT 72, 1994 413
FOLZMRICED o7 FUIIITA e >7203, 7 H B
5 8 A RIZNT TR K EITo 72,

KH B CTrEHEIEMEH &3 AX U RBAI RIE T AL
T BT, 1992 FEITRbLHEAEX (CM plot) BLUHE
fEfE & X (DCM plot) ZF%E L7z, 1993 FITITHEIEDIE
REP AR BN T TR BRI 572012 CINED
R HEEA i L7z —>D X (CM-a plot, CM-b plot)
ZREELIZ. 1993 4E1F 1992 IZH~CHIIET 8 A RS, i
KIETIZ 6 AiENoT-. Fiz, L BB—C046 (EH
10%, VW 24%, INHE 16%) %, FELIE BBNK—C707
(ZFH 17%, NHE 17%) ZJH72. 1992 AF I E LI-HE R
XOBHIIIHERD a X%, HEARRE & X OBFHITITHEAD b
Xzt EnREL.

KHE C Tl 1992 5 1994 FILFZIEEHE A X (CF
plot), HJEX (CM plot) BL UG- ZHHX (SR plot)
FREL, 1994 FITFf-ZDL+ 74 AV X (SR+CS
plot) ZE%{E L7z, 1994 FF/EICXILT 1993 42 11 A 9 A
fabbrdEiAsh FE-ZOOK, fii-ZbO+7AHVX),
1994 45 6 H 7 BIZ LR RICBW TR DA T ZIAAL.
Table 2-1 IZ/RL72IDIC, ZOEBE CIXRBRX T LICH; - &£
POLORREBRITTEIT > CNDT®, FED O H BN EH
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X) BLOTAHV F-FEbb+7A0NVIK) ZhEALE.
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Table 2-3. Chemical properties of the organic materials.
il H a) | | — _| b)
Paddy Soi Year Organic pH NHi=N NO,-N T-C T-N /N P,0s Ca0 Mg0 K0 Water
groups materials (H20)  mg/kg  mg/ke  g/ke  g/ke g/ke  g/ke  g/ke  g/ke  g/ke
1992 Rice straw compost 8.2 57 157 272 16.9 16.1 5.0 9.7 3.5 19.4 796
1993 Rice straw compost 7.9 12 271 325 17.2 18.9 16.8 15.4 6.9 49.3 806
A Andosols
1994 Rice straw compost 9.0 5 475 233 16.8 13.9 8.0 12.5 5.6 30.6 678
1993 Rice straw 385 8.6 44.8 2.6 1.7 1.5 34.0 134
1992 Rice straw compost 8.5 70 2070 254 19.4 13.1 6.4 26.2 4.5 35.7 715
B Andosols 1993 Rice straw compost (a) 7.9 12 271 325 17.2 18.9 16.8 15.4 6.9 49.3 806
1993 Rice straw compost (b) 7.9 n 1290 223 18.6 12.0 7.0 31.2 5.1 24.9 656
1992 Cattle manure compost 7.6 86 158 246 18.8 13.1 7.6 37.5 5.0 27.5 525
gray 1993 Cattle manure compost 1.7 95 112 179 13.2 13.6 36.0 32.6 1.2 14.7 565
C lowland 1994 Cattle manure compost 7.0 615 1350 191 16. 1 11.9 46. 4 63.2 17.7 15.8 361
soils 1993 Rice straw 378 6.5 58.1 2.0 2.5 1.7 25.8 145
1993 Barley straw 436 3.2 136 1.3 4.7 2.1 22.3 150
The values are based on a dry weight except for pH (H,0) and water.
 On a fresh weight basis. pH was measured in water (organic materials : solution =1:2.5 [w/v] ). ® On a fresh weight basis.
Table 2—-4. Physicochemical properties in the soil before the first pudding.
Paddy Soil Free Easily Bulk
pH T-C T-N Available N )
groups Plots (H,0) C/N Fe,0; reducible Mn A/B® density
2
(Year) g/kg g/kg g/kg g/kg mg/kg kg/ m°®
CF 6.6 86.5 5.6 154 334 2.69 101 331 750
A CcM 6.6 91.0 6.1 149 376 2.66 121 311 720
(1994) Andosols
SR 6.5 86.8 5.9 14.7 31.1 2.77 143 217 760
SR+LN 6.6 89.1 5.9 15.1 35.0 256 141 248 750
B CM-a 6.7 704 53 133 336 1.74 145 232 650
(1993) Andosols
CM-b 6.8 733 54 13.6 333 1.68 140 238 650
CF 58 17.2 15 115 135 243 102 132 1170
gray 6.3 234 2.2 10.6 131 2.35 141 93 1110
C CM
(1994) lowland
soils SR 6.0 19.8 19 104 144 251 121 119 1120
SR+CS 6.0 191 1.8 10.6 13.8 240 135 102 1120
a) A/B : Free Fe,03/Available N.
DRAEIZ 6 A 21 ATHY, #AkHIMIZ6 A 16 AH9 A N7 ERNTAY L BERER L. E#ET Hewlett

26 HETTHoMz. /KH C TIHAEEIZIATNSOMELRE
HINCREIE T2 72 F 2, KH B,C IV HOFEE
LT U FEM L2078, BiZ 7 A EfHDH 8 A THIC
C 138 A b9 A FalcENENRIBHEKEITo7.

2. A UREEDREAE

B AR (1988) DIFIEICHESE, 8 BROKARIZ K H
60cmx60cm, =& 100cm OF ZY/VHEIF L /R —E S,
0, 10, 20 HHBRIII=FR T ZHNTTF o N —NOEXKE
T =By 7 (B T RT — 3w 7) ICEREL
L7z, BBLZZ2ER0E, I=Rr72H0WT 5mL OFF &%
EEHF I IV T VAT ME AL, FID fH&DHR7a~
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Packard HP—58901IC, EL-¥=25—3—7 5A (60~80
Ava) BIBELIZAT LV ART A (N 2mm, £&2m)
HEL, FYVT —HALLTEFE% 30mL/min D&,
HEAH, AERULE, V74, MEHRORELZZNEN
100, 100, 70, 200°CIZFEELT=. 0, 10, 20 532 DAX L PRE
POEA RS20 DAZ A RBEOEINZ KD, B AR
(1988) D FEICESE, B, mEL7-VDOTTv7
AEBEMH U, ARIE B HROWPIE H ETORFFIEZ LD,
Z O T OFIEL T T Z2F OREEIEEZ L, T

é.\?rfs‘é:a:wﬁﬁaﬁ%éié»%tljbf:. HIE 134 X
H, K 1~2 ORI CIT o7,
THEDBRTTALDHEITITHE, KEPDAZ L R8T HT



e E, IRENRH A4 KO > 0 L OBREZHEEE & HIHEA I

R ESNTWD (Takai, 1970: Yagi and Minami,
1990). F7z, EEOKEPICLYAZ S RABITE VDA
CAZERHAEZNTHHUUAD, 1989, 1990; dLH, 1991;
RERD, 1992). 22T, AXRAOFELFIRIZ O
(L ENMN (Eh) OREETT-o7. 3 Eh i, BHICT
W E&EME 2, Sem OWESIZA X 3 R DML CHIE
L7z, F7z, Bio/KM#ERE L CHEARMLOHEZIT-
7-.

I #%R

K AIZETD 1992 FOAZ 7T 7 A, HE KM L
W2, 5cm @ 15 Eh O#E% Figure 2-1 127§, KHD
BOAZ L DFEAITIEIK 44 BHED 6 A 3 ADbIED, 7
T A IR, BT LEFEmLZ. 7 A 13 Be
520 HIZNT CTAX U DIEAEITIZEAE RO 7257203,
ZOHOWAKICEIVHERT Ty 7 A FHIML, 7HRICE—7
Lipote, FD%, 7Ty AW ERT, HKETo 9
H BRI 2 AbN e 7. 6 ABLONT A B
HTWRA B AONTACIE A KA BRE, o X Rlkof
MARO LN, £z, DR OT7 Ty 7 Ao KIZ it
RTHIZKED o, HRKIALREA XA R T 5L,
IR ORT:TIIHEIE R DT T 7 AN REN ST,
FLUBEOAEBF R TIHERHEA K D7 Ty 7 AR K ED
ol AZCOEMFEAERITAVIER AKX TIE 5.3g/m?2, H
JEXTiZ 8.8g/m2, FRi>H X ClX 18.7g/m2 Th-o7-.

fig o5 XD 14 Eh (LK% SR TL, 2, 5Sem &b
K 50~60 H#%T—200mV IZEL-. TO%, MIifKNE
<% T A EAIIS R LOREIC)NTCARIZ R L.
HF L O B K B IR T L7228, Wik o

JECXVEIT R~ 1 ER L. £33 Eh DK Ferzr 7
T I ADEENE—HTHERE R LT, F2, {LIEEAX,
HEPEX D 18 Eh 1 3fHOOLRICHTEHRBL, HHL
BOFEIHKERZIZ Sem OYEST—200mV (HTETE FL
7o, ZFORITHELNT B LT

IKHE AIZEBITDH 1993 FEOAZ T Ty 7 AR I 2em D
+3 Eh O#eB % Figure 2-2 [T . AX 7T 7 A 34
BRI TN TREL, 19924 L p B85 — L %R
L7=. F7z, 13 Eh 0K TLHEVETLRD -T2, AX
DI AL, (LIERAXTIE 2.4g/m2, #EEX T
1.9g/m2, fHHHX TiL 6.1g/m2 ThHo7z.

KH AZEITD 1994 FEDOAZ L T7Ty A, HEKNME
L2, 5em D15 Eh OB % Figure 2-3 12777, 1994
IH IR Db+ AR ERR AR E L. fBbb+ AKE
FX O 13 Eh O Fidfibs KIC R Th LN AE
Y, 779 I AOHBL R Th-o72. THITAD LD
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Figure 2—1. Changes of CHjs flux, depth of rice
field water, and Eh in the 1992 PaddyA research.

Symbols denote O : SR plot, @: CM plot, A: CF plot.
Original abbreviations for the plots are shown in Table 2-1. (a)
2cm-, (b) 5¢cm depth.
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LA AREFRRXROLE Eh IIMbOLREVHRLD, 7Ty
IAHLREVMEZERLTZ. Figure 2-3 [IRL7ZE51Z, L
DR+ Tho7272I12 7 AlZkiFd 18 Eh o EFi3H
FORET, ZORBICEKITDHT Ty 7 ADWANE 1992 4D
JOITHARETIE R o le, AR T T I RAIERELAETE
AT THR R EL, 1992 AL FEREOEIMEZ R LT,
2, (LIEEAREHEIER O FR LSBT AL TTy
IATIFFE L) T, AZOERMFE AR, (LIEEAX
TIX 8.9g/m2 HEAER X TIX 6.5g/m2, fib b X TiX
14.0g/m?2, FEHob+AIKEHR X T 16.4g/m?2 Th-o7-.
KH C 2D 1992 EDAX LTy A, BEKNME
X2, 5em O 1 Eh OB % Figure 2-4 127”9, KH
MEDAZ L DFEAETHK 16 HEO T A 2 B0DRDHLA,
FRIHK 6 BRNCEDOE T AL - EDORDOT Ty
JABKEDoT. Fh-EZbLOKTD 7 A 2 HOfEIX
14.4mg/m2-hr THY, 74 10 HIZi 100.4mg/m?2-hr &7
v, EFRAEHIF, SLEXEBLCORKMELZRLEZ. Z0
W, K MO S, THORITTALHBAIRT
LRI TETZ., 72k, ZOBARIL 1993, 1994 FIIT b
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Figure 2—-2. Changes of CH. flux and Eh (2cm
depth) in the 1993 PaddyA research.

Symbols are the same as in Figure 2-1.
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Figure 2-3. Changes of CH, flux, depth of rice
field water, and Eh in the 1994 PaddyA research.
Symbols denote A :SR + LN plot. The others are the

same as in Figure 2-1. Original abbreviations for the plots
are shown in Table 2-1. (a) 2cm-, (b) 5cm depth.
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Figure 2—-4. Changes of CHj; flux, depth of rice
field water, and Eh in the 1992 PaddyC research.

Symbols denote O : SR plot, @: CM plot, A: CF plot.
Original abbreviations for the plots are shown in Table 2-1. (a)
2cm-, (b) 5¢cm depth.

B35 i

otz MWEKEEMR L8 A EANLF IS — Y
\ZT TV I AR LD, 9 A FAICH O — 7%k LT,
{EIERLA X, HERX CiE 8 A UIBED T T 7 A/ NEh o7z,
AZ L DFERBE AR, LIEEAXTIX 7.3g/m2, HEEX
TIE 11.1g/m2, Fi-£ZDOHX TIL 74.5g/m2 ThH-o7z.

KK+ CTHhHKH C THE, &RELHAZESCHIC
15 Eh MEFLZ. UL, AZUREDBREIND —
200mV IZEEL7ZKIE 2em T ZOLX DA, 5em T
G- ZOORBLOHIER ThHoTo. i Z OB TIXM
Wrg Kk OYIHIC +3 Eh i3 20%ic E5-9750, BOvais
K FZE/7RL, FFIZ bem TIXBE KO ET—200mV &
Bl LioL, (BREAIX, HERE X CIiH K £ o
AR 158 Bh 3 @<HEB Lz

KHE CIZRITD 1993 FEDOAZ 7Ty 7 AB LU 2ecm D
+5 Eh OHRE% Figure 2-5 (I T. FREBAXTTy
I AL BRI O 8 A HAaZREL TUITRIFE L7225
INE =R Uz, Fiz, 13 Eh O TTLHEVEITLARN
ol AR OFEMBEAEEITALIEEAX TIE 4.3g/m2, #
JEXCIE 10.6g/m2, fii+ ZHLX TlE 27.8g/m2 Tho7z.
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Figure 2-5. Changes of CH,flux and Eh (2cm
depth) in the 1993 PaddyC research.

Symbols are the same as in Figure 2-4.
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KH C 28D 1994 FEDAX LT Ty A, HEKNLE
XUV 2, 5em O+ Eh OH#ER % Figure 2-6 12787, 1994
FEITHTIRG DS+ ANV K ERBE L. TR £
+AJVIKD 1 Eh 13 - 205X~ COEFERSHE
BL, FNEXETDINIAZ L 7Ty I AT REVEETRL
72. Figure 2-6 [Z/RULIZEIIT, 1992 410 MMk o 48
Ol DIC8 A FAID AR T 5y 7 21381,
BHREGBTIRDFEA T — 2 BIR LT, AZ L DERISEE
B3, {LIEE AKX TIX 6.0g/m2, HEINX TiE 11.6g/m2,fE -
EOBLXTIX 36.9g/m?2, fE-ZbLb+ 7 A /VIKTIT
42.9g/m? Th-oTz. Fio, AFRFIHER DT D7 Ty
AR K EFSEFE, FNLLUT & mIiE 3 2
LR OHBIRN T

KH BIZETD 1992 FOAZ 7597 A, HEKA I
X2, 5em @ 1 Eh OB % Figure 2-7 1279, HEJE
X, HEMFEREbAZL 7Ty A, T3 Eh OHERBIZFELC
PRBE— R U, T HIC A TRIWHE K 2 EM L1260
2bhbT, 7 A MAICHXEL bem TiETEE Eh 13K —
270mV THBETE/RLIZ. FRFIZAY 7Ty 7 Ab i KiE
oL, #EIE X TlE 26.2mg/m? - hr, ff & X TlX
25.0mg/m2-hr Th-o7z. 77y 7Rk 6 A TN T H
AUZNT TRERRBE T REVEZRL, A¥ 2 OFER%E
A BT, HEIRX TIE 17.4g/m?2, {FEX TiE 20.6g/m2 TH
-7z,

KH BIZEITH 1993 FEDAX 7T 7 AR LN 2, 5em
D+ Eh OB % Figure 2-8 12~ 7. HEE a X, HEE b
KEbAZ 7Ty A, 4 Eh OHERBIZIZIERET SZ—
ZoRUiz, THRICHEE a Ko+ Eh 1 3&E<HEBLZICH
DPOSTT T 7 A TN Z OB EITHEE b KO8 A
THOBAICLH TUTE T, AFOEMIEAERIT, HEE
a XTI 11.9g/m2, HEJE b X Ti% 7.8g/m2 TH-o7z.

Table 2-5 |ZAX L FAEBRELBITIKMONEEZRT. |k
W5, BARZ+oKE A IR AR+ 0K
H CDDOAZ U FERNE -T2, 3 EMTEHORE RS
FNENOBE AR T 2L, KH A TIIHIEXT
0.75 &%, faHOLXT 2.05 fETho72. —J7, KH C TiE
HEARIXC 1.88 fi, fiidbEDOOLIX T 7.83 {5 Tholz. 1
B EE L TWAKE A, C OHEER, bR OV
NHPMEIEEH K TEWIREZERLZ. L)L, Db
i KON BT HEE X E R %L T Cho7-. —J5, /KH B
(2 F T D HERE O HE 6 L OVE BVE O 72 1T IN B B A
FAF ST ot
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Figure 2—6. Changes of CHj flux, depth of rice
field water, and Eh in the 1994 PaddyC research.
Symbols denote A :SR+CS plot. The others are the same

as in Figure 2-4. Original abbreviations for the plots are
shown in Table 2-1. (a) 2cm-, (b) 5cm depth.
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& R W \ 2
°] ¢ .""-L K | /;\' P Figure 2-8. Changes of CH,flux and Eh in the
| ¥ H'\ /,:’ 1993 PaddyB research.
200 x '-{';:" Symbols denote O:CM-a plot, @: CM-b plot. Original
q“ abbreviations for the plots are shown in Table 2-1, solid
line:2cm- and dashed line:5cm depth.
5 6 7 8 9

Date ( month /year)
Figure 2-7. Changes of CH, flux, depth of rice
field water, and Eh in 1992 PaddyB research. Ty I ADEEAINT— BT DN Tz, A2 DIFEEIFH
. FA RN, BRIV L TIEMmbLX (11.8g/m?2) > {LRH
Symbols denote O: CM plot, @ :DCM plot. Original
abbreviations for the plots are shown in Table 2-1. solid K (5.5g/m?) > HEEK (4.1g/m?) DIAL7RY, LIE

line:2cm- and dashed line:5cm depth. HAXIZH LU THIEX TOREEEIL 70~80%, fibb

X TIE 1.6~2.6 5 Thole. —J, JREAKH - CI3fG- £

IV %8 HOIX (46.2g/m2) > HIEX (11.1g/m?) > (LAEH H

1. HHMERNA 2 VREICRIZTTEE X (5.9g/m?2) DALY, (LA XKL THIEX TO
Wk, AZOFRAEITETHHBITERARZ LTl 30~ FAERIGIX 1.56~2.5 fi5, fii- ZOBXTIX 3.7~10.2 5T
40 H, JKA[EH+TIX 15~30 HTHolz. AHLTTv/ 7. Yagi and Minami (1990) 1%, A¥> DERFEEE
AUX, BAIOFAEBEMER T, TEERTOMETLZE— EfODLX > HRX > (LIEHEARXOIEEZRY, Fiftich
FHTDEMZRLE, BEE—200mV LU FOETTIREEIC HeWa Nz 52 LIZERAE ‘N ZE LM D25 RLT
TRDEAR PRSI, REWT T IR R TIENRES W5, E7z, BEOKERTO LERICE END G 0 R B R
T3 (Takai, 1970: Yagi and Minami, 1990). AAF5E FEAZ AR A BITHENH DI ELRL TS, BAD
TIHMUIEE A X, #EXICHWTEE Eh 28 —200mV (2 (1980) 1%, fibobA& /K H IS &AL, 5oy itk A %
FTRTLRWIEAE N L7, 1 Eh K FEAZ 7 WMThoLm— 2~k La— 2R E m)%ﬁgp%yﬁu,zb
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TW5. 10 ADDIKER D 3 ARKETD 6 22 HH
T —ADFEFRIT 44%, ~IBLa—ADFEF
BT 51% Th-o7=. F7z, Table 2-3 (T/RLIZEHIZ,
ZHHOD CINEIZ 100 BLETHY, fabb0k 2 5
DETHD. ZDOZEIL, EOOLOGERTRLHLID
BNZEERLTWD, EHIKE C TEEIETH
D, ZLLTEALPLIEKETORMAHER L
FEF N D I E D RVER B N Z L AL RS
NTNZAZ L FE BN EF L EL ol bEZE 2 BD.
KEABIOCIZBWT, AZORERITRRDOLSR
oo O A TR Z T2, HEREOHE o
WL/ NS oz, Fz, KH BIZBWTRFEDTY
W -0hE R, #I8 a T 9.5kg/a, HEE b T
11.5kg/a THY, KRALRHEAL a DREMHEN D72
WZHNb BT, AZURE RIS o7 Thbo
ThIX, RFBW DB ZERPBAZ T T I A5
B RIFLTNDIEERL TNV,

Yagi and Minami (1990) 1%, BR7 2BV TA
B DEMFEAEBEBIEL, (LRIEEHX T 3.6g/m2,
a5 60kg/la X T 9.8g/m2, fabH 90kgla X T
12.6g/m2 LWIOFERES TS, FRbLRENABLEAE
BHXOFEBEEFZLSIKE, FidbD 60kg/a fii fHicds
AZFEAEDEENT 6.2g/m? L72%. 90kg/a Hii Tl
9.0g/m? &72V), A 7p bb Z O TIX RO O HEH &
LA A BT BIBMRIZH DT EN D, AIFSE
TIE, KH B OHEE 100kg/a X TOAZ AR AL
T 17.4g/m2, 200kg/a X TiE 20.6g/m2 Th-o7-.
—J7, KH A, C DILIREH X TIIAZ L DFHFEA
BN 3 IMEEZEL 10g/m2 22 AZ LTk oTz. &
ZC, AR O A A L7 5E OKE B b0 A
SR AEREE 10g/m2 L, FRENDORNHEL
gI<L, HEJE 100kg/a (k0 AKX %A O BN
7.4g/m2 &720, 200kg/a i X TlE 10.6g/m2 L7225,
ZoIIL, HEROlEAEE 2 FICL T AX R A&
L2 LIV e ES . KT, EF0
WD T0~80%% 1 S IHKAF L T D& F D, KEHD
HIHEEFOT=DIZE MO II R A R THD. HEIEX D
KFEA~OHIUN R 3 DMELLRBOLNTZ. F, FRbHR
OO T ZIABRTI DN RO L D BOONDN, AZ
DFEAE B DS HERESE F I b~ B2 2 <70 D, KT~ DI
ZhER, AZ I RO s HIK A~ O A I8 o
WEATZHERESZ E L. F72, HEAE O B3I M T
LW RO DD EPRAZ L DI AR TV IT 5. BRI L,
JREARH L2, DOiEHRIZRIT T, HWEEKE
O+ Eh © EFIZ—RRb O THDHIEND, Btk

Table 2-5. Amout of CH, emission and rice yield.
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B O RNEOEIT T B2 i mans. —7F, H#
JEX o +5E Eh 1%, L, BEERZRICE<HEETLIL
b, TNHOKEHIIAZ L FAERBEOTDORTELT
HEE A L7 B 2 ChHEE 2 5.
BHOLDOTEIALTHIREREZHHTHLDLDEHIT
BED, =D (1994 OHE T, MbboRKIZiAH
K COAA L DERFEARIN 6.2g/m2, TEIAL+AKEFE
X TlE 3.3g/m2 THY, AIKEFMHITEDAZ L DI A
FIZHEDIREN TS, LhL, AFEOM R TIZZ D%
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RITROENZ2 0T, FRDbLRBLUORROO+HAIKERX
2811518 Eh OB O AIKRER A ICLMmbH0
SIREDPEES I TR NI ERHEE TE, AF U TTvI AL
ZOEIHISL TV, bbb T EIALBIOAIKEFR
OEHZ 11 A 8 B THY, HIRAME T 3 2ETONH 234
WEEZIOND. TAINTBAEER Y% OA —% —TH
H, BLAIEL COERNRE 2D, T ANV ERibHT
ZIABLRRITHE AT D228, #KETORK 50 AT
—AD 55~8T% M HKT D (ElaKIEEHHS, 1978) =
Lon, AEMORAREES RLRDOND. Ll, fIK
EHR LRI ATV DA H M T XD S ens
Stz ARV DK B ThoIz, FHEm o
G Gy R B D 53 fR S EAT LR o T2 2 ed — DD B
EEZDIA. AR (1990) 134 KN AIZ LD B LU
AW kD 5 RIEA D O AR ELTRY, 2hb
Sy IRYEA B OB BL AL L CORREZFTHIE LI
ZEBRBEIND TANNT RO ST ETIZ—ED
W BMBETHY, HARETOMBNENEAITITTLS
ABREEETDHELHLEEZLND.

2. TIEBMNA S UREICRITTESE

TEOMEIZLAAZ U AERITTTAT > REOEKRT
> Bl chorzenmiE s s (RIRG, 1989).
Fiz, KDL (1989) ERE L > F/I94 1 >BKR7 -
> YRR LOIETHY, Tk Hixke BRs Lok~
T 40 BE3ERNZNIEERL, SHLIZERY LAz
FAERMDDILNZEO TR LU TL L O LUK RO
RESEZHF L. @I (1980) 1T HBICE ENHMETE,
WER, St~ Ay, WL ek DG BABLA &,
SOy RIE AR & BA R A ELL, SO HE Ak
S TR UTBRICR A T 5 LR SR AX L DN
bR B,/ BITRBOMRE KT HZL%/RLT-. Table
2-4 \TRLTEEOIT, R LRI LT H R~ T
GRITEAS -, KRR o 14 -4 —LL B, &
R L7 B CHEER, i, BBtk e
moie. ThbOZEnbIlEHERE L # O AR KL TR
RWREHIRTIENTES, 2, BN, BICERZIRKIC
IROIRWEREE D 5 Sy RV A B 2R 5 T T, =5
RV AR A B O L AT LN TED.

Table 2-4 (Z/RLIZENT, BARZ 1, LB EH X OBk
Fa{bek/ FIHAE R ROMILK AR -0 2.5 {5 THY, H
JEXTIX 8.3 {5 Th-oT-. Fio, LINBEHKICEIT DAY
OVHERFEA R, BARZ 1T 5.5g/m?, KEA[H 1T
5.9g/m2 THY, IR THoT-. —F, HEEXORAE
X, BAR7+T4.1g/m?, [KE(EH LT 11.1g/m2 Tho7z.

Table 2-3 2°57K H A, C OHERE H ki 85 R i H 45
BIpL, KHE C X AD1.6~28 5 Ths. Lo, 30
FE2WBUKH C OHEIED C/N HuidK H A (T ART/HhED
Sfz. HERENE F OB 5 A% L F A B OB MO E]
BN, BRPEATZHERR AR LI 503, AZRAE
WD EnD, KH A KT HKE C DAXFEAE
BOWFRITRFEM A BOLRINE/NSLRDIENREZD
NH. BT, 1993 4L, KH C DR FEMAHEITAKE A D
1.6 fFICBE 720 o 7o M, AXRARIT 5.6 fFICEL. 2
NHOZENE, BAR7 4, IKEARH L OHENESE HIZL D22
VIEBAORET, RFEBEGOENRAERBIORE
i & LA DR 23E 2 5%, Kimura et al (1991) 13,
THEEE R SR DAL F A BE O, RRERIR
DRBBLOMLA R BEEENDHEEL, RAX
ABOR 10%FEEE REb o7, —J, RO KE T8
A O KTRARD S DS II BRTHEHEEL TS,
ZOZEND, BEYERHOCBEEF XTI, AZCRAE
RIIMRE R BB REOREINNINEE ZOND, —
75, BT EREAT ST GG E DR BRRELRDIEN
Ezohb. F-, HEEAE 50 F R 72K HOBRLE
B R BTG S S WSS Ml E R LT (T
M, 1986). AW CTHLARHEA KICH AR THIEK, Dbl
FROEANSL, AHEMOE I LD RENT-,

BRI L TIHEBARRICHEIE X DAZ L 7Ty T AR RES,
EBFRFETHEHERXKOT Ty 7 AR K LR % £
X, TNLLTFERDZENRENTZ. AAD (1989) 13,4 F
AT A H I TR B ALY AR DB L LT
DI, B IR O W IR BIEE O TR LT
LHIEEWLEEL TS, oL, IR T, BAR7 Lo
FORMBEMITRED BT, B o fEVEA M) D oy RN B 1
FFETHIENB DN,

3. BENAR VREIZRIFTTHE

1992 E225 1994 FEDHFARTIZHIT D H B KR D
H % Figure 2-9 IC7° T, WE TH-o7= 1993 FF11E
A4, REEH EoWTFh bR TORBRKIZHEN
TAZ L DM EREITDRD o7, 2000281 DA%
AT THY, 40°CTHERBEN i KiGFHEZ -T2
LA EN TS (Yamane and Sato, 1960). £7=,
HIE 23 20°C06 25°AC ER-T2L7 Ty 7 A3 2 5108
Mg 2zEbmbitTn% (JAUK,1991). 1993 4%, HiAT
T 7 A5 9 ADIZFEAED HTEHRIRN 25°CL T
HY, LA 20°QTEM o7z, 25°CERA TR 7 H R
F4), 8H FAINH 9 A —ERIIHMTTTHY, 30°Ca#E
2T BT~ H bR o7z, ZOMORE-FEDLIX TOAZ LT
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TP A THWHRER OO 8 A 10 HIZ 8.2mg/m2-hr &35
TR FL7EH A2\ T 18~20mg/m2-hr THotz, —J5,
1994 %, 7 A2H 9 H EAETIFEALE D B EHKIRD
25°CE#iz, 8 H LRI 30°CEBAT-. ZOMORE-Eb
LXTOAX 7Ty 7 AL 18~26mg/m2-hr ThHh-o7=. Zi
HOZEMD, 1993 & 1994 FDAZ L FEAEBDE IR
BoOEKICEZbOT, s E—EL7~ (Yamane and
Sato, 1960; J\K, 1991). 1992 HDfE- £ bHX T, 7
H 10 BIZT7 Ty 7 ANEFAEMN, AKX AWM COR
KIE 100.4mg/m2-hr Z7RL, [RIFFZ kDA EIES
ni-. =ot%, 7 H 23 HIZ 67.3mg/m2-hr, 8 /] 3 HIZ
30.2mg/m2-hr &7 77 A3tk 2 @ Liz. LinL, 8 A
3 DT Iy AIMOFED I KIELH~TE, Z2d603DK
FUVMETHo72. T AE AL E = R ETOFEHKIR
1%, 1993 4F& 1994 FOFRHIDOETHY, 7 A THIE 1994
ELIZIFRIC TH-7e. —J7, 1992 4k BtED 6 H 15
A5 30 B ETIE, 1FEAED AFEHRIEDN 20°CL F Th
D, 155CUTFOHL 2 HboTz, ZOHMICR->TIHET
Ho72 1993 FLVH KIRMESHER LT,

WEKE S, KRS T ClIAY Y ORI E T HHEE
D EBPICERTIIENREN TS (FRH, 1991). i
K 15 B#O LEEP ORI, 16°0D &M F 05N
35°Q0 150 {5 THY, LHbilAK 30 HBZIZILMHE LG
TIERWRBEICIRT2ZEbRmEN 0D (HEE,1976). £
72, HEBRHEFE DK T R L CAZ Y A S AT 23R
INTWD (Takai, 1970; dLHD, 1993). IHICAXARL

oo 35
o 30
S

>

=)

° 25
[J]

£

g 20
ol

X

© 15
=

S 10
8

) 5 r
[J]

>

=3 0 .

IZITKSE, Xk, CoLl EOfRNERE KM GARL 92 bk
EIEMSBEL, FEEE, A¥ ) —NVERE LT AT VIR
PEIED ZODORBENRHDHZENRIN TS (Takai,
1970). Fiti- 2o RKITHAKRFIC K ED 5 43 fi G 03
FETEL, 22D, 1992 FEITHEK B2 1 F IS ERIR S5 e
W, OIS K EICEREL, ZOBOKIED b
FHTEONAZ A RBED R EY, IREEE SRS D3I 2
TAF VMBI G Dy S ERESNDTE TAZ B KE
W ESNDICE ST EHEEL T0D. — 77, 1994 4R 13K FS
RO MM ZEC CEIE CHER LA, ATV ERN X
IEDY D IRNTE T AL AT D IR o T B 2 HID A
27T AN 100mg/m2-hr B2 5EBTEE D
FRO72<, AARD (1989) DIFFETHIEK LOREHOHX TD
B KDY 67.2mg/m2-hr ThHov=. KA SRR 1T
LI T2 SN S £77, Yagi and Minami (1990)
%, 794 LB IOVER 70 & Ot Bi3ok LK Bl kb~
T, LHOG S REE R R IR T IAX A BDOEE
MRENZEZRLCND, FHWE I L7556 B b2
&R EPAL R~ REGEBET HZLITRTIRO L
NTHEZR LTz, LIeido T, LA & B ENRENE
AT L TITHAKBERNZOO T EIAREIT > THAZ L DR E
AN DRI/ SN EEB 2 LS. AR T, K
M ESNA TR OZB CHKERIO DL XA LE
10, RERMEBRIS T35 B 1A D REFAEDELDE
Bz oD,

Date ( month)

Figure 2-9. Changes of air temperature in Tochigi City (PaddyC)

for the 3 years of the study.
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4 KFBINE L A UREFMEERILT B1=0HI

FRU72d90z, R - TIxERT LERRY, B0y
FRVEE ) DI R AEB 1 ETRKCEAVRIBI I, A¥
VHREBNEL ot BUE, KRG~ REEFR S 00 fi A
eI g, LEERNICEDHILTWAD. Lo, HEROiE
FIEAEZIRN T4 1t/10a THY WAL, 1980), 15
BOKEA & RELAGLIETHD. BARZ L TIFHEAE 1t/10a
Ol i TIXRFEEEMEFLTLED, Thebbit O
FRREECHS (KM, 2012). —J, RFFECRENTZED
WA L CIRHEIR A I L > TAX R A B KIBIZIE
MU o7z, ZRHDOZENLEAR 7 TAKETIE, Y
HEAE 1.6t/10a DM ZARET L. 2720, BRADEATZHE
B> i A A HITHE Tlddn 5.

V fBE
FHERE 0 BAR Y + WiATH O PR AR 12350 Tt
AR ORI LD AL 5 AE B OMEL iRz BAR Y
T TOAZ L OSBRI R BT DX (11.3g/m2) >
EIEH A X (5.5g/m2) > HEJEK (4.1g/m2) DIETHY,

JREAKHL &= CIERE - £ 51X (46.2g/m2) > HEE X
(11.1g/m?) > fLIEEHX (5.9¢/m?) DIETH 7. 2D
W, FRK AR T2 HOf ZOORHOFA ER L],
FOOTXARNPLIKETOHMA 1 BELIEFICE N
LIZED G R B DK EICFIET DI EE 2D,

IKFGDUL &, AXFEAEBD  Soh, KEIZIEHEE
FARLEEL, Fo, HIEEHEA T 855 B ROMEATS
HOEFMIEREZTEAL, &bt TR TLCRWERETT)
ZEILE S TAR U H A Z LD T HTEN A REL 2D, IR
AR T, AKREOAEH B ICHHEIE O 5 55 e
W D G fR B HETT 9 A ENES AL, THERI O HE R e A
FEERTRSLT DN ERDD.

P (bR AR TR BV NS WK AR - TR - 25X
DINTHAKFHI K ED G 3 RIER M DAFAEL, DOl
KEZIE R ERIR S e 2 K T3 S FEEE
T D, ZOHOKIRD FFITHEVRIER TS DT
MNZTAF IV IRAENLSUE D533 LR SNDE TAY MK
BIHSNI EDHEESND.
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E2fi MMICHTIEREEROREE
& wl#ETE

I #E8

1970 FEARETOHIBRIREAL ~D %7 5313 "R FE D
BIE B ED 7203, 1980 FERUCADE, ¥, Hilg{bER
(N20), 7ro7el DA AL LR FE~DFG-E)RUZ
F L1 &Y, FERIIMEN ADE 5 R NI ELI2D
ZEMTHEEIN TS (Ramanathan et al, 1985). Zhb
DI ADIH AL F L N0 1L FEFIFENCH R LT
FET D, AZAL, WG T CHEBW MR 3R T DRI
FHAETD, —F, NeO [T EITAEMTEEN L EFEORH
\Zko TSN, BiZE (Wijlteer and Delwiche, 1954;
Burford and Stefanson, 1973) 3 X O'#4 1k (Yoshida
and Alexander, 1970; Bremner and Blackmer,1982) 7%
FHERAI =R LELTHES OIS, P ITB RS T T
7L, ERRBIIROIDITREND.

NO3; — NO, — NO — N20 — N2
—75, W LIRS T CHEITL, ROMREE T/RENA.

N20
i

NH4+*— NH20H — NO, — NOs3~

BN AR O IR ER, A B L UVNA A~ 2D IR BE, fi I 72 &
DNAHTL BTV KE PO N2O 13 1980 FEITaIL
(2 EH-L7= (Khalil and Rasmussen, 1992). % D5,
H£# 0.25~031%DEETO LHFPBRESNTND
(Prinn et al, 1990). A% 1454470 DIRELHE)N 1
LR FE DK 20~30 {5ITABS 35 (5 H, 1988 Bouwman,
1990) DIZXIL, N2O TiE, ZoOfilE 150 fFICET 5
(Bouwman, 1990). £7z, AX L DRKGT TOIREEN 8
~12 FETHHDITHL, N20O TiE 100~200 F L7420
(Bouwman, 1990), K& H TOWEMNIEFICE/LD.
NODRHEND, 5 %&ITAZLLEIZ N2O DIRBR{E~DFF
HRNEEDIENEGH ITHRIND. EF, HiEk ETo
N20O DOAERIF A BEOHEEDTHON TS, Seiler and
Conrad (1987) (% 14+7 TgN, Prinn et al (1990) 1%
20.5+2.4TgN, Watson et al (1990) % 4.4+10.5TgN,
Khalil and Rasmussen (1992) 1% 22+1TgN LH#EEL TV
03, TNHOFILRE. F7z, Al ki L D4 %
A BIZOWTIE. Conrad ef al (1983) 130.005~2.2TgN,
Seiler and Conrad (1987) % 1.5+1TgN, Bouwman
(1990) 1% 1.5TgN, Watson et al (1990) % 0.01 ~
2.2TgN, Eichner (1990) (% 0.02~0.3TgN SHEEL TV D
D, ZNHIEDIRNE D LIRS TS, Zhud, O
P, pHZ2E OB, IR, 3Ky, A ORI

70

BLOE, EFMHERE N20 HAICBE G T 51 E
RN SPAFAET DD ThD. iz, N2O 12X 4Y )E
OREL RSN TEY (Crutzen, 1970), F D3 A
BIRRO BTN,

ARFIETIE, MARROREN LIETHLERZ 1260
NoO FEAERA~DRBIZOWT LKy, IR, L%
i HEROBEBRERALNILT. ST, NoO FAEIZKIT T4
Fha A&, EHAEERY ORI OWTEREINZ =D TH
HID.

I HEBELUVAEE

1. HEES S L VHBREDOE/K

HEEREIT, WA REERBRIGN (FEE ) OMihT,
RBLEWE RN+ TH5. 1T L, (RIET0.60,
KAEKENLHE =T 90.8% (A L~_—RT 52.4%,
wiw) T b, 1993, 1994 FEII NIV A— " FHREO _EAE
KR T N2O ORAZREL. NI AOMEGFEIE CR
FEFECHY, wAlIE 60cm, BEEIIE 50cm L7, 5 KE
OB EFEIII VI — AT THY, BRI 60cm, FFfE
Hid 6kg/10a LL7-. (KIS TIE, 1988 4005 1991 4F
FTLERA—/NED ZFEAFHRFRT, LRIGIRO AR BR%
FEL TG, BRI XL fEAE 26kgN/10a D% R4 fit
LTHIFIL, ZhEhoOXIZ 0, 100, 200, 600kg/10a D5
Vel A ERETHF TITbhilic. (HIROERE BT
B 2720 38g/kg THY, 6t/10a X TOERM DO EHE
FHHIT 49kgN/10a ICEELT-. 2072, 1992 4EIF [0
B)—bDTsd, VHEA—I/INED " RAERFR TR R D
DOlEAEIT>72. ZDHER, Table 2-6 12773 X512 1993 4F
DRI D HHh O 2R FEE BITHBRX T
FiTHieor M, pH, BRUnEE (BEC), REXGHE, ©
HREBIVEMEEHZSEITIITE Lo, HBRK O
RLER PN 25 35 O F B HE Db A 2 24 Table 2-
7,2-8 1T 72k, TNENOERDORBRXIIIT VLT 7~
Y MINCFEAF L. SEICBWT, H—FoRBRX
IR —HUS TOEM T AT ORI AR L TN,
IARIZRBIT AR BEOHEM? N0 FAICKIT TR
BEATR D720, NI ADOIERT TIE 1993 4EITHi % X
(AM plot) , K% 1.5%X (1.5AM plot) ZakiEl7z. Fiz,
) DHEFFIZIZA B ORI D3R TR TdY, A ¥ it
BORBELERT OO LHEEX (CM plot) &
OFfnbbH#EfEfE & X (DCM plot) ZF%EL7Z. 1994 4EIC
V3 A B OB 72 R AT KD B AR T 57201,
T HHERE (S B X ORDVICHEK S A X (FP plot) %7%
BLiz. Zorx, AHEHHRKICLDIBEBENFRICICRDE
WZRRDODHENR, R SAOABEEH ELZ. £, &
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Table 2-6. Physicochemical properties in the soil before the cropping.

Year
pH EC T-C T-N Available N Inorganic N Truog P,05
Crop Plots® C/N
(H0) dS/m g/kg g /kg mg/kg mg/kg mg/kg
a. AM 6.1 0.17 915 5.4 16.9 54 38 52
1993
o b 15AM 6.1 0.18 90.1 5.3 17.0 56 37 63
hinese
cabbage C. CM 6.2 0.17 945 5.3 17.8 51 33 63
d  peMm 6.2 0.18 90.5 5.4 16.8 51 32 65
a. AM 5.8 0.18 92.6 5.6 16.5 46 34 69
1993 b 15AM 5.8 0.23 87.8 5.6 15.7 42 30 82
Barley o 4y 6.0 0.15 95.9 5.8 16.5 50 21 86
d  SRN 6.0 0.17 87.9 6.0 14.7 44 18 83
a. AM 6.2 0.18 88.8 5.7 15.6 41 22 112
jo0a B 15AM 6.2 0.18 88.9 5.4 16.5 39 30 117
Chinese . oM 6.2 0.18 92.0 5.8 15.9 50 36 114
bb
o4 6.2 0.18 93.8 5.9 15.9 45 27 109
e NF 6.2 0.18 94.4 5.8 16.3 26 17 59
a AM 6.2 0.18 89.8 5.4 16.6 40 13 17
b 15AM 6.2 0.18 915 5.8 15.8 41 12 150
1994
Barley Cc. CM 6.2 0.18 94.3 6.0 15.7 36 17 155
d. SRN 6.2 0.18 94.3 59 16.0 37 23 140
e NE 6.2 0.18 94.2 5.8 16.2 27 17 60

a) AM: The plot received ammonium sulfate as nitrogen. 1.5AM: Ammonium sulfate was applied 1.5 times amount of the AM plot. CM: The
plot additionally received rice straw compost, DCM: Rice straw compost was applied double the amount of the CM plot. FP: The plot
additionally received fermented pig feces, NF:None of fertilizers were applied. SRN: The plot received slow-release nitrogen fertilizer as
nitrogen. The same letters added to the head of plots denote succesive cropping in the same points.

Table 2-7. Application amout of organic materials and fertilizers for plots.

Application amount (kg/10a)

Crop Year Plots Fermented Basal application Topdressing
Compost .
pig feces
N P,05 K,0 N K,0

1993-1994 a AM - - 20 28 20 5 5
1993-1994 b 1.5AM - - 30 28 20 5 5
Chinese 1993-1994 ¢ CM 2000 - 20 28 20 5 5
cabbage 1993 d DCM 4000 - 20 28 20 5 5
1994 d. FP - 314 20 28 20 5 5
1994 e NF - = = - - - -
1993-1994 a AM - - 6 9 8 - -
1993-1994 b 1.5AM - - 9 9 8 - -
Barley 1993-1994 ¢ CM 1000 - 6 9 8 - -
1993-1994 d SRN - - 6 9 8 - -
1994 e NF - - - - - - -

Table 2-8. Chemical properties of the organic materials.

Year Crop Orgar?ic p H? NHs~N  NO3-N T-C T-N /N Py05 Ca0 Mg0 KO Water?

materials (Ho0)  mg/kg  mg/kg  g/kg  g/kg g/kg g/kg g/kg g/kg  g/kg
1993 Chinese cabbage Rice straw compost 7.9 12 2717 325 17.2 18.9 16.8 15.4 6.9 49.3 806
1993 Barley Rice straw compost 7.9 1 1290 223 18.6 12.0 7.0 31.2 5.1 24.9 656
1994 Chinese cabbage Rice straw compost 6.9 245 2160 252 20.5 12.3 13.7 12.5 5.6 30.6 678
1994 Chinese cabbage Fermented pig feces 8.0 2850 102 361 55.3 5.5 82.8 62.5 25.17 441 267
1994 Barley Rice straw compost 7.3 9 1180 260 21.6 12.0 14.5 57.6 6.8 37.5 683

The values are based on a dry weight except for pH (H,0) and water.

a) On a fresh weight basis. pH was measured in water (organic materials : solution =1:2.5 [w/v] ). b) On a fresh weight basis.
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ToICHERERHX (NF plot) #3%fEL7-. 1993 41X 8 H 81 H
WZHNEE, 9 A 16 RICEIEZ ALz, B, BARZ)7):
bod, BREGERITME, Vo RITEA, BRI
VAW, Fz, H#IEOKEH, B 8 A 31 HITITW, X
L 11 A 4 B ThHoto. 1994 FETOEIE, FbOHEAR,
FEEEIRK S A DB L OVERIL 8 A 29 RIZ TV, BRIX
9H 19 H, INHIL 11 A 4 BIAT-7-.

T REOETTH 1993 4F, 1994 FLb TP A 1EL
FERICHTZ X (AM plot), HiiZ 1.5 %X (1.5AM plot)
BLORDOLHEEX (CM plot) Za%E L=, ¥z, —5K
ZIXAEE WD RV ISR 2 R IR RO M 23— %
&> TED, NoO BAEBOERBAHMESNTNDLIEN
5, Bt H#INEHX (SRN plot) 2% E 7. 1994 41T
XBEAEAELX. (NF plot) ek L7z, 1993 i 11 A 9 H
IR, HEROTEH, AT, BMEEFINEIX T
IIPETBIRFE 40 BAATHREFED 20%F 5 L7 L886 =
(AR B EMRMEAES, 1993 £ 8%, Vo
18%, ME 16%) ZIRELTHEALE. 7o, L886 Bk
ERPWELTHICHRZ, Vr—ZMRBESN TN, ftho 3
XTI, 2%, VUmk, MBEHAZVAELRICEME A
7. BEIEATHT, I 1994 45 6 A 16 H ThH-oT-.
1994 “FAETOENR, HROMMH, HFRIX11 A 7 A Th
v, I 1995 4 6 H 16 H ThoT-.

K313 NeO AT K &7 2% K1 T (Freney et
al., 1979; Ryden and Lund, 1980a; Aulakh et al., 1982;
Mosier et al., 1982; Linn and Doran, 1984; Goodtoad
and Keeney, 1984; de Klein and van Logtestijin, 1996).
WEBRTIE, LK B K OVEE S i 15 0 % B [ 28
N2O FAIZ KT THBEEZIALNIIT L7120, REBMO 2
EMZB T GEKIT TR o7z, £, ~THA,
SRFEOM /LTI PHIL6.0~6.5THD Wik, 1980)
2, 1993 40D "SR EMERT LML E T 204 FREIA XL

NZpolz. LML, AKIEAIZEY TEB L OMAESN DS
DG RIEA R ORI 3 A S TRY GLARD, 1990),
MR REEROAKICE ST NoO BAEDBESNAZENE
ZBITz. 2D, AIKIEMIZED pH OFi%EE 2 H /]
1TbiEn-oTz.

2 BERELERREZEOATEAE
AR A DT ¥ N =X 100cm DESTHo7
(BHAR, 1995) 7%, N2O JRJE OIS THELTHD
7o, FXN—DFEIEZREEETILERHoT.
B, EBOHEIIEM O E JZO“C?‘?//\—O)%EZ
BINRATREIZRDIEMMEZBNTZ. Z2T, Fyo " —H%
BRI T A DR T ZATDR o7, ZRKE
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fETIE, N2O ORELELIMIN2H ETEL, Fro—
BB H S T O X AN T EAT 7.

SERNC 2B LT B2 60cmX60cm, HS 20cm DA
TULART x N —F 5, 0, 10, 20 RICI=AUT
ERHOTF Yo N—ANOERE 7 b = LIRSy 7
(i - 7R T — "y 27) \CERILT-. SRIL 722250, 3=
A7 T bmL OFFREZEAHT T2 S VT VAT 4
(EAL, RS (ECD) ff&omArn~hrs
ZEHANVTNO RELZERELZ. &L Hewlett Packard
HP-5890II'C, #7/3y7 Q (80~100 Av=) & FEHLI
ATV AHZ L (N 2mm, RE 2m) &Z4EEL, $rU7
—HALLTEFE% 30mL/min OFEIZ, EALD, 3B
b=, #7456, HHZOREZZHZH 100, 100, 70,
330°AIAELTZ. 0, 10, 20 738D N2O i EED 5 HALIFH]
720D NoO HEDWENNZ KD, B-fmt (1982) DJ5ik
\ZHEOE, BARER], EAN7E0OT7 Ty AR L. %
HIE BB OWIE B ETORMIEZEY, ZOHEF O
A 7 Z 7 222 DR IRZ R T, ThbaaiT 5
ZEIZIDFIE IR oA AR H U, JIE A X 2 8
) 1~2 BEOHBTITo72. ZEREZDOEMTTIE, 12
ALBEICIZRERMBE? 1 22Alkd8a6bbolz. 721,
FEREHEH Y B IZiE N2O OBIEEITORn -T2, 2 H
DT7FyIAFERELTEMALT.

+ 82k 43 (Greaves and Carter, 1920; Pal and
Broadbent,1975; Bremner and Blackmer, 1978; Fi2&
1981) , pH (de Klein and van Logtestijin, 1996), 1@
(de Klein and van Logtestijin, 1996) 235 Ll 24512
FEAE T T 720, N2O OFAEL[FIFFZ R E DD Sem DR
SO TEEAREL T Ky, pH OWREEITo72. Fz,
BN ET R A LR EF AR EL TR EORIEZIT-7-.
EHIZ, HRLREFEZREL, 2, 5em OHESOHIRAHIEL
7-.

I #R

1993 FFIZRIT DTV AEFHTIED N2O-N 7T/ A, &
Bk, 18 pH BIOVREOHER % Figure 2-10 (2R,
FLAEE A A o B SEHKIRIE 24.9CTHY, 2, bem DIES
O BB IR IR TR 26.7C 26.9CTH -T2, K%K D
THEKYIE 836~38% (EE~—2, wiw, LITHE) Th
0, ZNHDIEIX R RKAKED 69~T3%ITHY LIZ. Zok
XD N2O-N 7Ty A34 K EbFs Wi o i KA E 7R
L, ThENOMEITZ X 15TpgN/m2-hr, % 1.5 5%
274pgN/m?2-hr, FEHOOHEIEX 291ugN/m?2-hy, fabHHHE
JEfE X CiE 231pgN/m2-hr Tholz. 7T I A FZF D%
AR, A 10 BEOMITEREERAD T~



(LR, IRERT A d KOS > 7 L OBIEENE & HISI B I B9 % HF5E

3T%L7eo7-. 2D, HIFHKIRIL 18~24°CT, HiRIX
2, 5em &b 19~26°CCHERB LIz, DO MBI E A i FH 22

HIZHEARDEE T/ NEoTz, FT, HHKD IR RXEL 34
~38% CHEREL, RAEMEAEH LFRE Chot. 2014,
SHIZAREL T Ty 7 A LA L, e 12 A% CidigsA
LRI~z Figure 2-15 2783 8£91Z, N2O DK
R EE A AL TRY, Fs i o A BlZ
KT DERFFARIE, EIEEH 5 H% T 37~53%I0i#
L,10 H#: CliX 61~74% 72577,

HEMEA 16 B0 9 A 16 HIZBIRE Tz, BHOZ
Ty RO TREINERD I, FEHE A RO LS
MRENEII RS2 o7, BIEE A O B FEHRIR T
21.7C 2, bem DOEEI D AYHHIRITZNZ N 22.7C
23.1°CCTHY, FAEHE LK o7z, £, HREO

HHUKSIE 83~37% THY, FEILHE LRI Th-o 7.
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Date (month /year)

ZDOIOEM T TBIEE T Th 7 Ty 7 AT K E e iz R
P, BIELEO SRR A B COT Ty 7 AD R KEIL,
iZe 1.5 fEXIZH15 9 A 26 HD 28pgN/m2-hr THho
7z. F7z, 10pgN/m2-hr DL FOBENREL, 7797 A0RE
nOEFELH -7, 9 H 14 AD 24.5mm, 15 B® 0.5mm
LIB%, 22 H TN, Z0M, THIKSIZ9A 17
HIZiE 34%, 9 17 BIZIE 31%ICETIR FL7Z. HHk
X, TO%RITINFHERFET 35~38% CHER L7-. &R, H
HEH 9 H 16 H2D 20 HETIE 21~24 CTHR L1223,
FALABEIL 20°CEL FE7RY, DABRILHERF ECUREICIR N L
7o, Fiz, HHpH T2 AWLT5.5~6.3 THBL, 0
IR, MHODHERG &KX > FbLHIER > fieX
> % 1.5 EXOIETH 7o, WM F O N2O RAE R
1, BiZ2 X 27.5mgN/m?2, Fii% 1.5 f5 X 50.6mgN/m?2, i
DOHHEE X 42.8mgN/m2, Fig o O H B 5 & X T
42.7mgN/m?2 Th-7z.

6.4

6.2 i

6.0 L
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58 0]
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5.4 " 1
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20 ~
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00— —clk

1993
Date (month /year)

Figure 2-10. Changes of NoO—N flux, water content in soil, pH and temperature in the 1993 research

for Chinese cabbage cropping.

Symbols denote O :AM plot, @: 1.5AM plot, A: CM plot A: DCM plot, bar: amount of rainfall (mm/day). Original

abbreviations for the plots are shown in Table 2-6.
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1994 EIZBIF NI FAVEITFRED N2O-N 7572,
+3EKsy, £48 pH, EEBIW) EC 0% Figure 2-
11 177, MZKX, i 1.5 FRBLIOFEOOLHEEX D
N20-N 777 A1% 1993 FL B RDWEA /R L. Bk
A A OB FHRIET 27.1°C 2, 5em OFESO B
EIXZNEh 30.2°C 28.3°CTHY, AFEICHTHTh

500
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Topdressing
- {
£ 100 F \
';E =5 =
~
o 60 r
x
=
-
Z
%
4 30 ¢
Basal ~
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L
0 o N 4
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40 0
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—
‘N 1%
3
3
: 34 - <430
S
1]
s + 40
= 32
=
Q
E
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1
3
g 28 4 60
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Date (month /year)

Rainfall (mm /day)

Average daily temoerature (C) pH

EC (dS/m)

mmole. — 4, FROTEKFIT 24~27%THY, Zh
SOMEITIR R KRED 46~52%ITHY L, BI4EIZHH~NT
BWETHo7. EREAERO7 Ty 7 AMEITME X
50pugN/m2-hr, fitZ¢ 1.5 %X 43pgN/m2-hr, faboHEm
KCiE 60pgN/m2+hr T, RIFED 15~30%DE TH-o7-.
ZOt%, FIEMA 7 A% ETH PRI 25~30°CT,

6.6

6.4 -

6.2 r
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56

5.4
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20 [ W j WSV A VY
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Figure 2-11. Changes of N,O—N flux, water content in soil, pH, temperature and EC in the 1994

research for Chinese cabbage cropping.

Symbols denote A: FP plot, o: NF plot. The others are the same as in Figure 2-10. Original abbreviations for the

plots are shown in Table 2-6.

74



(L IRENR T A5 L OWGHEE > 0 A OBREEENRE & HlEEIC

THEKI T 30% LA FCTHER L7z, AR~ TR A
<, HHEKSOWEIT/NED 2T, MER DT Ty 7 ZTHE

Hif 14 B#120% 12pgN/m2-hr TR LD, o 2 X
&, BTFOEHBROGNLLODIZEF L~ THERBL
7. KEAE 14 B FCIRE T 1998 £ MEEE A L0 &
LUV THERR LT, if:, ZOMD 96mm ORI LY 158
KI3IE 38~40%IZiEL, IREE, 1Ky DOEMICIRIVE
1993 FEDORABME A B DL ~UUITELZ. LovL, MifE 14
HBOT7 T 7 A2 1.5 RN ETHMLZZ0 T,
oo 2 KiZTeLARA LTz, BIRLIRERE, X EbRERT
TP AERAELT, 1993 FLRABEDH R AR LI, Fiz, T3
AKar, AEEIRIR, HRLFREE Cho7. MR o4
HARICKTARMBARY, KIEKA 4 A%T 11~

Basal application
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B35 i

23%, EAEfEH 14 B#% T 44~59%THY, £FREICE
JDRFERIGE 1993 FIT TR T2,
FEERSAIKIZEBITD NoO-N 77w 7 A% Bt 3 KR
TeolziERE/RLUEZ. JRE A O7Ty 7 A% 53ugN/m?2-
hr C, kig 3 KERIULLTHo7=A, Jfl 4 B
154pugN/m2-hr, 7H#% 219pgN/m2-hr SH#INE#HT, 14
H#121% 467TpgN/m2-hr EANFZEO2RERMN, 23k
REHELTORNEEZ TR, Z0O®RIT2E 2D ZRL,
> 3 RERFREDL L THRS LT, HEFHAR Foo£%
BT THRERA R, EEMA4B#% T 5.5%IC
WEF, tho 3 KIZHARTERWEIG THo7223, 14 HE T
1% 54%, 23 H#TIX 93%IZiELT-. — 7, HBERXDOT
Ty ANIRRD T/INSUMETHER L, R b5 31 1 vh o0 i KA

6.4

6.2 &

pH
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11 12

1993 1994

<o~ air
{i - soil ( 2cm depth)
| kAl — soil ( 5cm depth)
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11 12 1 2
1993 1994

Date ( month / year)

Figure 2-12. Changes of N,O—N flux, water content in soil, pH and temperature in the 1993

research for barley cropping.

Symbols denote O:AM plot, @: 1.5AM plot, A: CM plot, A: SRN plot,
Original abbreviations for the plots are shown in Table 2-6.

bar: amount of rainfall (mm/day).
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11pgN/m2-hr Tho7z. FEFHIRI PO N0 FAE R, B
%X 16.0mgN/m?2, Hi% 1.5 {[X 36.5mgN/m2, fai>HHE
JEX 17.9mgN/m?2, FEEEK AKX 145.4mgN/m?2, fEAEEL
X Tl% 8.9mgN/m2 Th-7z.

FENEE AR A O EC I, MiAERELZ KL THRZEXT
0.77dS/m, fii% 1.5 X C 1.07dS/m Th-o7=. iz, Fi
DHHEEX T 1.29dS/m, FEEK S XTI 0.69dS/m T
bol-. A% 7 BREIIL 1.5 51X, FabbHEnX
D EC B IRERKITHA_RTEHERB LD, AR AR 2
KL EMEEA 7 B #2514 AR OMOBERIZEY ECI1X
ELETL, 14 A% TSR EBITITELWEEZ R L.
BRI A XD —REANCE LODEINE R LTZN, D%
1%0.2dS/m BL F AR L~ CHER LT, 8 pH I EEAE
BIX T 5.9~6.3 THEBLZ. o 4 Ki3FE 5.4~6.0
THBL, TOMIIMA, BEKESAX > fRbOHEE X
> LR > B 1.5 G ROIETHT-.

1993 EICBIT 2 R REFEMITED N2O-N 7T 97 %,

N,O-N flux (pg/m?=hr)
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Date (month /year)
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Rainraul (mm /day)

T3k sy, 14 pH BIONRE OHER 4 Figure 2-12 [TR
F. N2O-N 7707 A34 K EBRALE A CTlEmsd T/hSu
EEITEaTholz. Z0LED A EHRIRIL 9.6 CTHY,
2, 5em DS O B EHHIRITZIZEN 10.3°C 9.3°CTH-
7=, F7, FEXOEEIKIFTE 2% THY, ZNHOMEITHRK
FKED 61%IZHY L. il 6 ARIZITHRELTTY
AL, ENENREWE T ORKEEZ R, £
NENOMITHMEZ X 106pgN/m2 - hr, ii%Z 1.5 FX
163ngN/m2-hr, fEHOOHEERX 106pgN/m2-hr Th-o7z.
MR FIEBHX OEIIM D 3 KITH~TRED T/hEL,
27ugN/m2-hr Th-o7z. HihE3 A 2356 H%ETO A ¥
RIRIE 10~17C H FHHIRIL 9~15°CTHER L, HEifns
ISR TE TR L. S, B IEE 6 H
BITIE 39~41%IC EH L, ZNOOMEITRKAKED 74
~T8YITHIY LT, 7T/ AT T DORATICHIL, &K
L 20pgN/m2-hr L FOL~LTHER L. 12 AIC7 5y
JANE, THEKLLBITE T LA L. ZolED ALY
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Figure 2—-13. Changes of NoO—N flux, water content in soil, pH and temperature in the 1994

research for barley cropping.

Symbol denotes [1:NF plot. The others are the same as in Figure 2-12. Original abbreviations for the plots are

Shown in table 2-6.
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e E, IRENRH A4 KO > 0 L OBREZHEEE & HIHEA I

RIRIE 3.5°C 2, 5em DOIESO B EHHIRIZENE N 1.4
—0.4CTh>Te. ZOIHRARB T TOT Ty 7 ZADOEENZL 2
MEZBL IR O LR o7, P o 2384

BIOHTORBIAERL, ML 6 HET 16~21%, Ml
14 A% Tl 45~51%Th-7z. 13 pH T2X%iE
5.7~6.3 THEREL, ZOMEIX, MAMEERIERIX > fiib
BHEIEX > BRX > #iL 1.5 (GXDIETH o7, Fih
O N20 AT, MEZK 35.9mgN/m2, %l 1.5
%X 47.4mgN/m2, FabbHELK 37.6mgN/m?2, FEZIMEE
FIEEHX TIE 9.9mgN/m2 Tih-7-.

1994 FFITIBT D R RENEMTHRED N2O-N 7T %,
+Hksy, B3 pH X, BEOHE % Figure 2-13 (2
AT N2O-N 7Fw 7 A1%, MilEE B CidfiboHEix, %
IMEEFIEEHX TIEER T, %X 29ugN/m?-hr, %
1.5 %X TiE 53pgN/m2-hr Th-o7-. ZD&ED HEWR
ilE 10.4°CTHY, 2, 5em OIFEIO A FEHERITENE L
8.7C 10.3°CThH-7=. £7z, KX O THEKIT 37~39%
ThY, ZNHLOMEITR KRB KED T1~T4%ITHY LT,
ML 3 B2 ITIIMZ X OT Ty 7 AR LTz, Fe,
FRbBHERX, $EMEERIERHX TH 7Ty 7 AR b
723, ZOMEIF/NSD 0Tz PIREZNGD 3 KOT Ty I AL
10pgN/m2-hr DL FOL~)LTHEB L. % 1.5 X T
VIR 3 B #0777 278 59ngN/m2+-hr S5 THNL7Z.
Z D%, MEE 14 A #% £ T 30pgN/m2-hr 2 Tého7-43,
12 H EAJLIEIE 10pgN/m2-hr LA FE7eh, oo 3 K &R

B35 i

B CHoTo. ARG O A BTk 45 BRI A RIX
fDAEAHT E SR, B X, B 1.5 1% K Efrb HHEE X,
B E R X DR CEBKREN T, MR 7 H%T
i, EK, iE 1.5 f5XT 37~39%, fabbHEEX T
11%, FEPEEFIEEIX TIE 25% CThote. £z, Mife
14 AT, ZK, & 1.6 f5X T 51~63%, frﬁ'zbra
HEOX T 30%, FERIMEEFICEIX TIX 73% Tholz.
HEEHX. DT T 7 ZV3 D T/ISUVMETHERB L, Fts 1
DEKAEIT 16pgN/m2-hr THo7z. FHIEHAR H> N2O F
ARIE, LXK 5.0mgN/m2, FiZ 1.5 %X 19.7mgN/m2,
oo b HE P X 7.6mgN/m2, #% %) M % # BB X
5.2mgN/m?2, #ECEX ClE 2.56mgN/m2 Th-o7z.

Table 2-9 {12 NoO FAREEDITNT YA, FHKREDIL
BERT. BRL2E5E, EHROLEAICEY N0 F4 &
HIRLTZ. 2 FERPFERORERERL X EETDE, b
%2 1.5 FRNSOFRAE L, ~NIFAET 2.00 5, &K
FIET 1.64 f5tinoiz. —F, X T, ~NIVAET
1.39 f5, Z&REMET 1.10 oML Eolz. ~IH
AETIE, i 1.6 5 X, HEXOUWET, iZX0 1.05
~1.10f5ThoT-. —F, THREMETIE, HEIEXA1.34
OB AR UI-DIIKIL, i 1.5 X CIELX
? 0.81 f5ThH-o7-. FriZ 58 pH 78 5.6 [T T L7 1994
IR, R REEICBWT, BEEHR
JEEFX 250 NoO FA®|IE, FZEZXO 0.37 FI12EEFED,
INHEE 1.10 fFEipotz. NIV AEIZBWT, EEEKSA

Lybblpolz, E72, 12 A THRBEC 1 A RAicid 158 X160 NeO FEAERIL, MLXD 9.09 fFEFITELZ,
KETD 40~42%IZ EF LT, RTORDOT Ty I A TR AT 1.07 fFiceEEoTe.
Table 2-9. Amout of N,O—-N emission and yield of crops.
Amout of NyO-N emission (mg/m?) Yield” (kg/10a)
Crop Plots 1993 1994 Av s?:n'z:} 1993 1994 A S?:f::::)
1993-1994 (%) 1993-1994 (%)
a. AM 275 16.0 218 26.4 5090 5730 5410 6.9
b, {5AM 50.6 (1.84) 36.5 (2.28) 436 (2.00) 16.2 5220 (1.03) 6070 (1.06) 5650 (1.10) 75
GChinese  ©  CM 42.8 (1.56) 179 (1.12) 30.4 (1.39) 410 5030 (0.99) 5720 (1.00) 5380 (1.05) 6.4
cabbage 4 ) 427 (155) - - - 5990 (1.18) - -
d P - 1454 (9.09) - - - 6130 (1.07) -
e NE - 89 (056) - - - - -
a. AM 35.9 5.0 20.5 75.6 263 309 286 8.0
b 15AM 47.4 (1.32) 19.7 (3.94) 33.6 (1.64) 413 311 (1.18) 154  (0.50) 233  (0.81) 33.8
Barley o gy 37.6 (1.05) 7.6 (1.04) 226 (1.10) 66.4 398  (1.51) 372 (1.20) 385  (1.34) 8.4
d  gRN 9.9 (0.28) 52 (1.52) 7.6 (0.37) 31.1 291 (1.11) 336  (1.09) 314  (1.10) 7.2
e NE - 25 (050) - - - - -

JRelative standard deviations of N,O—-N emission amout and vyield of crops among the years, respectively.

weight for barley.

® Head weight for Chinese cabbage and graine

The figure in parentheses denotes the ratio of value for the plot to that for the corresponding AM plot.
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WA R FE W 5 85 7

NV B

1. 138K, RESLUVEEZZERMIERIEER
REICRIFTEE

ARFIETIX, F v — M U TN A DR AT
JERITORholz. M ORE TIEBRFRIEEICIDHED
fieitt (Christensen, 1983), /A7~ ADEMIZ LS 1L,
B DfEE (Klemedtsson et al, 1987) 72X 2ky, FEAR
BEIZ T NoO BABEDHMARESN TS, LvL,
KIFFEDLGE NI NT I A ZAFEREL THEHEM E TOHER
15 HREETHY, REBFEL TWRNIE, Ak L5
N2O HADKPEH BRI EHDLIEND, AT E
11172 Ch N2O DI AL EA BV FAG T~ 52 & ITIT/R B2
LEZLND.

AL EHRRE L TR E M A L7720, N2O F8AED
H—Be ML UCRY LS, 8 B L O iz ko TAEL T
NOs #EBTZH/EELEMENE Z5ND. BRAEKED

65%LL FCIEMERIXID TN THS (Bremner and
Shaw, 1958) 7%, ARHFFECIXEEKGNZOEE L6555
HlID7RL, MEREITDARNIELE X HILD. Sexstone et
al. (1985) |XFRIA#E N FE L 7o T CIAF RS T T
TR 6 K ONEDRLI 72 & O B/INLBR TR A IZ K 2
=S, RGO RECRENRIHZLE R LT
ZOZENLERYE B KEN TIEOM N TR
WO RE LN, AW E &P RIVER7 TR
IFREM T TbENEILENBESL D (5D,
1983). ZNHDBHIZ LY BAR Y L THEMLIZABIZETS,
HREMG T TRENEIVIDEEZEZLND. THIK DK
REKED 50~60%DLxE, fLEEZITRAERD (Pal
and Broadbent, 1975; H #£, 1981). Goodroag and
Keeney (1984) (%, @ik &MoEE NOs ARk &I}
T2 NoO A mD LERPFREAYTIE R T DT LaRL T
B, Elo RKERED 60~80% %A HLREERIC N2O

Table 2-10. N,O—-N flux and weather conditions in the ammoniumu sulfate plot for Chinese cabbage cropping.

Year 1993 1994
Av. Av.soil temp. Water cor}tent in N,O-N flux Av. Av.soil temp. Water corﬁtent in N,O-N flux
Date air temp. 2cm 5cm soil air temp. 2cm 5cm soil
§) §) (%, w/w) (4 gN/m?+hr) §) §) (%, w/w) (g gN/m®-hr)
Aug. 29 24.3 23.9 24.6 27.3 29.2 28.0 <Basal application
30 23.5 26.2 26.6 271 30.2 28.3 253 50
31 245 23.0 24.8 —Basal application 274 30.6 28.3
Sep. 1 24.9 26.7 26.9 35.9 157 25.7 29.7 27.7
2 23.6 25.6 26.3 24.8 27.6 26.3 26.9 18
3 20.9 22.1 23.2 253 26.9 25.6
4 23.2 22.6 23.3 25.7 27.2 25.3
5 23.8 24.7 25.2 33.4 72 25.6 27.3 25.9 28.5 31
6 21.6 23.5 23.9 26.1 26.9 253
7 19.1 20.7 21.5 26.3 29.0 26.7
8 18.3 19.5 20.3 23.7 26.0 251
9 18.0 18.6 19.6 25.0 26.6 25.6
10 21.8 24.4 243 36.8 29 26.1 28.0 26.3
11 221 24.4 24.9 26.6 29.5 27.8
12 21.2 23.2 23.6 22.7 24.9 24.8 38.3 12

Table 2-11. N,O-N flux and weather conditions in the ammoniumu sulfate plot for barley cropping.

Year 1993 1994
Av. Av.soil temp. Wate'r cohtent N,O-N flux Av. Av.soil temp. Wate.r cohtent N,O-N flux
Date air temp. 2cm 5cm in soil air temp. 2cm 5cm in soil
(°c) (°c) (%, w/w)  (pgN/m’-hr) (°c) (°c) (%, w/w)  (ygN/m?-hr)
Nov. 7 135 124 12.2 15.0 14.1 13.8 <Basal application
8 8.5 9.7 9.5 10.4 8.7 10.3 37.3 29
9 10.2 11.0 9.6 <—Basal application 9.9 8.6 9.8

10 9.6 10.3 9.3 32.1 5 12.4 10.1 10.4

11 11.0 10.7 103 14.3 12.5 12.4 36.6 7

12 13.1 12.3 11.9 144 12.8 12.7

13 15.4 14.7 14.2 13.7 11.8 115

14 17.0 15.4 15.7 39.9 106 9.5 8.0 9.6 344 5

15 15.2 14.5 13.7 6.4 3.2 6.8

16 12.8 13.0 121 44 1.0 54

17 11.9 124 114 7.3 41 5.9

18 12.8 124 11.6 12.5 9.3 8.9

19 12.7 12.6 10.8 40.6 15 16.1 125 12.5

20 9.8 10.5 9.2 12 10.1 10.6

21 12.3 144 12.3 11.8 9.0 9.8 36.5 2

22 11.3 10.1 9.6 8.8 1.7 8.5
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e R, IRENRH A4 K OWEEE >0 L OBREZEEE & FIHIEAIC B 2 bF5E

ARSI, KOOI EAMAEMOTEE L L O E
DI T BLEE OTEMAL B ZZZ TS (Freney et
al, 1979). ARHFFETIL, AN, 2RBRXAZEC T
BEKTIIRREKRED 84%ITFAY LT, L EDZENG
ABFIEOFIPATIL LA PR EVEE NoO OFAEENE
IpdbeEZLND. Wkix 256~35°C BiZElx 30~45CHT
BCRKIEMEZ R T (F2E, 1981). 10~30°CD 5Tl
30CTHYL N2O @ % 4 2 % 2 L (Goodroag and
Keeney,1984), {5 100D _EH-T N2O—N 770723 2
~3 BN HZEIVREN TS (Denmead et al., 1979;
Blackmer et al., 1982).

ARG TH AL, N2O OFAEITITIRE B L O K5y
DRENRKENZEDIRENTZ ML XIZEBITD N2O—N 7
T ALIREE, LK EOBREAN T AE, “KKRE
FEIZOWTENRZR Table 2-10, 2-11 1R NI I A1E
TIE, 1993 EOREIER A O £HEKIE 35.9% T, ZOfE
TERRARKED 68.5%ITHY LIz, —F, 1994 FDfEhL
BHOLEAKST 25.3% T, ZOMEIXRKEKED
48.3%I\THY L. —7F, HUR, KIREH 1993 it ~T
1994 ED I A3 7> o7=. Goodroad and Keeney (1984) 73
TRy, IBIEDEMENLTHRi-7-EZIT N2O—N 757
AMKELILDEMEL TNDHINE, MEXOMEIEEH D7
T AIE 1993 478 1994 4D 3.1 5 THY, AIEDIIIC
HOFEEOIE DRSNS T HEIK T DR BN K
TNZLAEUD TRLTZ. 1993 F12IE, FD% HHEK T
A MEZHERF L2203, 7T v 7 A AR B Uz,
N:0—N 77y 7 AFHE%ZMbRNIAY — 72 TE R LT
%, B ELERTIENRMESIN TS (Ryden,
1983). —77, 1994 12T KT L~ L THER L,
ZIUHESTTI TV I AL/ NSNS ZEE EoT-, Jifl 14
A#D 9 A 12 2T HEKR BRI EF-3508, 757
ADOENNIFRD SN2 M T2, T XTI L 12l
LB OBEIC BRI R R R ST L XTI Ty I AT RE
REERRT A, RHAHLBE R T2 FOMEITREIT
2070tz ZOEH7 NeO—N 77w 7 2D ahE i DR
REEIIRDINZE 26D, 7, LB T
WA SNz NHa—N 1330002 NOs—N 1285 (B
W5, 1992 ). ENEFEIRFICHELHET 5720, bk
BHELTHEEZ NHy— N IR ofRE & 235, &
WL ZEDORINZIE N2O OFAEFIGHREVD, FEF O
WEINTE BT ADEIEG R, BERIILER T AT
BAERESNG. ZOJFKIT NOs BT, N2O EeiE#0
TEMEALDOHEFTIZE 5T N2O A kg% N2O 3R IthEA Elal%
Z&izdh % (Firestone et al, 1980; Letey et al, 1980). £
7z, BLEEIIE R R B AR L o (F2E, 1981),

22 8L oA & B L3R KkE (Burford
and Bremner, 1975; Stanford et al, 1975; Myrold and
Tiedje, 1985). £338FBR T/ Lo — A& HMLT- LD
FHEAEL2DI1EE (Limmer and Steele, 1982), IR
NEL2DI1EE (Breitenbeck and Bremner, 1987), iz
REIL, MEEH DO XX - THDH N RIEA eIz
KT 2ZEBHLNERS>TND. 1994 EOILEHEH 14
H%OIREE, +5K537% 1993 0 HARkE A% B oL~ v
IZEELTZICHD D00 T, 7Ty 7 AN TNSholoZ e
ILZDIH72 B H TRl &5,

TARREMETIE, 1993 FORIEFE H O HHEAK T
32.1% T, ZOMEITRRAKED 61.3%ITMHY L. —7,
1994 FORENEFE H O +HEIK /31T 37.3% T, ZOfEITHRK
BKEDTL.2%ITHY Lz, F-, HR, KR 1993 4F,
1994 F&t 100G CThorlz. MEELT Ty I AF/NE)
ST, EAEE B IZBRAVUE K03y 1994 0508
KEDo72. 1993 HE13HENE 4 A #0356 AR ETH EHR
RS 15°Ceitdz, KDY 839.9%IC LA Lz, Zhicft
STI7ITVIALBBIIH I LTz, Fz, 7Ty 7 AR KA
R LT RIS T DI AED GG LR
BChoTz. —h, 1994 = TIIAKI T 35% LA ETHERLT-
M, IRERSHED FH LU eh-7-. Kai et al. (1969) 1%, %=
FOHEMER 10°CEL T ThHEVHFEI NV DIZHL, &
AL 20CLL T CH LB EBEBENDZE2HREL TN D,
1994 FOMZXBLORE 1.5 X CIIMEF A IC7Z
VI ANBOONIZDITH LT, ML TIETZ Ty 7 ANt
T THholzZbiE, 1994 F4% 1993 R~ THMLLL -
WCHEBEDHEITL TV D BT L0055, IREN L5
L7ahao7z 1994 FIE b0 E ThD NHa—N A E AL
WZEo TR L2280, REEHIRZ B TRERT Ty 7 AL
HEURD 0T B2 BND.

Ryden and Lund (1980b) I, iBAE#, Kor& B3 Hy
MU TH 7T 7 AU N2 EZWE LTS, ~THA
VEIZ 81T % FE M I 0> NHa— N 28 1 3B e & % 15em
LTAL, EE 0.60 NOMEZX T 220mg/kg, A% 1.5
fFXC 330mgrkg LEMRIND. Fo, LKA~ Th
1.5 ERDT Ty I AT REHERE L. 2O LI, NHa—
N #OEA 200mg/kg £ TIEAYLHE B 238 N9 5723,
300mg/kg WM TIXPLESNLHZE (Malhi and McGill,
1982) &—RPETSH. LL, BBIWAEShDEbH
D, £2TH NHs—N DA ALENTHD DT TIER. 2
NHDOZENLEMBMBGIZBN TS, A2 1.5 5 KR E O fii
BT b ETHIEE NHa—N RENEIIRNIE
BEZ LD, Al (1992) 1%, EIECIERERMICLY
TR DERHHRLHNHEIT T HDIHL, B TIERK
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R THHI-OWME DB BENDILEBLEL TS,
X5, BIERICKE NoO—N 7T 7 ARAEL2NZED
JE@@~0&L(, K AIckd NHi—N D142 1bd
BANBZOND. UL, BIE%, HEKyofmestic
N20—N 7797 ADFELNEIIb WG S TRY (RiF,
1992), HHEEOFEME, ERFEOME, [KEERREEIHIC
FHELSIIE T DU ER DD,

FRU=291E, FEfRE % O @O K132 <D N0
FAEELTZLTOT, @R KEBRNRD LI, KHERHR
TP KR BAB COHEARR R B LD, —RRI/EH O
A FEVETA E DT IHFRIZ R WK TH DA, PEAR Bk

DR ML EAE E22 B LU TAHHEEIG A T 5.
S CIT SR IC R o T, REHZIZZ K DREE R D,
N0 OEFEAZLT-LTEOWELHD (Aulakh et al,
1982; Linn and Doran, 1984). —J7, #htick~>T+
DG o R D RIS G 720, NoO DFRAENS
70 ELHD (Li et al, 1994). HHiL, RHLMN
N2O DFAENKIETHEA~OFEMRRFAPLE THD.

2. ZREAESLUVARDERANERILZERREICR
FIEE

A RERX T N20 F A IS L Vi %% Table 2-12 (C
AT BRI R OR A ED IR X DA EEEL
FlE, ENAEIERIB L OB O RHEIEZE RO S B THRL
TRDT=. 1993 FITEALBHX AR EL TV RVz, 1994
FOAREH X OEZ W, [J— X TOFRERIT AL,
ZHRREEOWT G 1993 DT 1994 FITHERTE
W, 1994 EOfEE FAWVIUIZ I R E BT 52k
TIFE BV, BURIZ AR ZHEE T 0.03~0.5%THY,
Minami (1987) O#MELIZIEFEL ThH-oTz. iz, FI—KX
BT DL, BAERNE -T2 1993 FXBERD D
Motz 1994 D 1.5~13.3 {§ Th-o7z. NIV AETDK
M, BERSAX > MK 1.6 FX > fibbdtin
X, bLHEILEREX > WMEROIaLRT-. BEHRD%E
FEARIZ 0 N2O %84 B3 £<72% (Cochran et al., 1981;
Ryden, 1983). #ifiZZ 1.5 {i XD F & Tl L& HEF 35
128 NHARENE TR DN EERHRO LB R LT
& 1.5 (EXCTORIENREN-T2Z8IE, BiZ 1.5 5K
? EC 3 EJEMEA 7 B % ECTHZ XIS TREHEB L
TEPBHERINDIOIT, BT D NHet B DWW EE
IBITD NOs RENENENOKGERELRWREED
FPIZEB VT (Blackmer and Bremner, 1979; Lalisse-
Grundmann et al., 1988), B DK NPIELIRDI=HTH
%9 (Cochran et al., 1981; Ryden, 1983).

HEAR XA ZE KATKT U T AR EL AR DT EITIRD K
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NZEZLND, WLEILT =T B LE, iRt E
LHHSLRBE LD, TR MED RO E HAF
1£3% (Papen et al, 1989). BZEFEITIFEA L DIEIE X
HBHETHD (FHE, 1981). T/, MbOOMMEHIX, &
e e iéﬁ&ﬁzéﬁ%i@iot/w ZASRIE IS L DT
X —JROEIELT6L, MERFIZEDMEER R
T25 (BEF5,1990). DL ﬁ%—é%ﬁmﬁﬁ IAEEE, B
WA O OIEMEL m e, MRS L, HERE R
DHEEZLND. BERLS IR Y & LD BN
BNV SR L., fb b BRI, KVaiIiod
Wa—2J0bEm — A0 RIS EER TN
5. ZOZERTOLHERIX LG HHE G RIX DM T
NoO HABICENEL RN EOBBEEZLND.
NHs—N i3 OHERD C/N s 17 L o LT a# L
2, 13 LU FOLX XML ET TS5 (LI, 1973). £ 0
AT T D5 AR OB L > TH AR IO
AL HHIEIND. T7ebh, NHa—N OF#E{bE ik
b DM I E B MW R A SN DY Lo — A
WRTDHEETHY, ZOLEAKLIZNHs—NiT'LE—2R
BIFTHEAICE, e — 2AON RPN EELLHOH
BbEhns (R¥H-REH, 1970). ZhHDIENBT L a—A
e —2% L BICELROOHERITZOBRAE I L
THBLERRWETHER ORIV RNEZZHND.
—J7, 518 (Mosier et al, 1982), =¥ (Rolston et
al, 1978), #7U— (Christensen, 1983) D fHizL0#
L<ZLD N2O B35 AET B, o, BEKRSADELE— R
EHEVEET, LROGDMIERRME STIlnG, —
BEBIEINDZ LS BEOERPIEHLINLELNE
2D, ELICHEFE O R BEIEEIZL DML DR HEZF M
FROLHEILLVIZ DM RENEE 2 HNS.
TEREFETORHERIT 1993 FERFRL X, iz 1.5 7%
X, FabbHEIRX 23 0.50~0.56%&1EIE FRE Th-12.
L7225 T, 1994 E@ﬁ%qﬂmcbftﬁi#ék, % 1.5
X > MBbLHEIEKX > LXK > SEothERire
X DIEE72Y, /\7*%4’1’E<E|:JD{EEF‘1%?L7L: W &%
i L= 3 5121% N2O OF A B3 7220 (RIEF, 1992)
M, 7‘21\7/&71:]\%/:;\ #FTH5 Cicrodiurea (CDU) &
M L7285 BT e L AR A BN S50 (AbiEE 7P
%r%.ﬁt%ﬁi}% b ~TIE R R Y, 19955 #EHD,
1995) BREIN TS, RIFFETIEL, 1993 I3 IR FE
DB SHL TV DR 2P 28 R IR IX oD 5 3 i 22 KA b~
TIEBMITHEHRITE -T2, T 1994 1T K &6 F A &
72 3B B R S M R AREHR O J7 A R I )
BRBREDoT, Thbb, LRIV D5 TILhk
XD ST BRI E B ILEHK LV E R~ TEm 0, (K



e R, IRENRH A4 K OWEEE >0 L OBREZEEE & FIHIEAIC B 2 bF5E

B CHBAL DS EIT T 254 TR ITREAMEE R IEHX O
HIRERL N EGSHERFT52LRERLND. ZDEHIT
FRAMEER M ENZED, FRIFICL - TIEZMEIE Y
b N2O DR PERDIEBMESND.

. IEMEENLEERIELERFELERHEEILT 58I
pH 23 7 fitg DEXITHLAS, pH 23 6~9 DEXIZHLEMN
e HETT TS (F3E, 1981) 2%, AMFFEOHPE Tix
pH & N2O 34 ELDR THMERBIRIIR/ONR o7, L
L, WEBEOEMTTHD 1994 £0 _FLREFETIE, &
FOZHEANL > THIL 1.5 XD pH 28 5.4~5.8 THE
BL, NoO JEHSRIIMZ X D 4.5 fFIELZ. ZOfEidfh
D 3ETD 0.9~2.6 FIZH~_TRED 72, K\ pH TlE
N2O DOEREHA~DIBILNESIL N2O BEHATD
(Focht, 1974; Firestone et al, 1980) Z:nbbEFE DL
fi A ZEZ HRETHD. 1994 FITIX ZHRRKEOI RN,
WLT=8910, — RIS CIIEM O E T T HIH S
5. 207 pH Z AR CTHIESTHIENMEITRDIN, 5

SIRIEE R ORI CLAD, 1990) 12XD N2O DA A
FOTDIEBMEEND. ZOIHRBLENL—JBEFHROF|
MRoOm EPRDOND. I T, 4%ITEIMEEFRIEE
DEERBE RN e FB LD, LinL, K&, IERofEE
REZEZSTIRENZLRDILELE 20N, GhE T
I COFMANLITRD. Fz, HSRITHESARTHID
FNCH I IRIEA N DL AR ORI ARSI 2L
WY REND. Gt A L% BICETRER S AT
LSRR I R TIED2NMTEL<D NeO & HHI L7z,
N2O DR EFRAEZ IR RESYE, 5 oIt ark
WE BEY LTI+ 5728 OEENRRDOLNDE
NIRDTHAD. FEBER ST NI AR L TEE 7R
W RAE RS2 o723, N2O DFEAITL o7z, FinbhH
JE A% i FH 2 LBAE L ZHEIN L7228, N2O DFg A idE
EAEEEIMU 20Tz, ZHDZEND, {FMOAFENEE
N2O DFEARHO — > DB DI RADE A TZHEE OB
FDEELL.

Table 2-12. Ratio of N,O-N emission to application amount of nitrogen.

Organic Basal Top N,O-N  F=E—(E of NF Emission
1o icati i D=A+B+C issi ) Q)
materials® application  dressing emission plot) ratio
Crop Year Plots
gN/m? gN/m? gN/m? gN/m? eN/m? eN/m? %
(A) (B) ©) (D) (E) (F) @)
a. AM - 20 5 25 275 18.6 0.074
b.  {5aM - 30 1.5 375 50.6 41.7 0.11
1993 c. CcM 0.11 20 5 251 42.8 33.9 0.14
d DCM 0.22 20 5 25.2 427 33.8 0.13
Chainese e NF - - - - - - -
cabbage a. AM - 20 5 25 16.0 71 0.028
b. 1 5aM - 30 7.5 375 36.6 27.6 0.074
1994 c. CcM 1.5 20 5 26.5 17.9 9.0 0.034
d FP 0.68 20 5 25.7 145.4 136.5 0.53
e NF - - - - 8.9 - -
a. AM - 6 - 6 35.9 33.4 0.56
b 1.5AM - 9 - 9 47.4 449 0.50
1993 c. cM 0.82 6 - 6.8 37.6 35.1 0.52
d SRN - 6 - 6 9.9 7.4 0.12
e - - - _ - _ -
Barley NF
a. AM - 6 - 6 5.0 25 0.042
b. 1 5aM - 9 - 9 19.7 17.2 0.19
1994 c. cM 0.78 6 - 6.8 7.6 5.1 0.075
d SRN - 6 - 6 5.2 2.7 0.045
e NF - - - - 2.5 - -

a)lnorganic nitrogen.

b The amount of N,O—-N emission of the NF plot in 1994 was substituted for that in 1993.

°) Ratio of N,O—N emission to application amount of nitrogen.
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V HBE

1993, 1994 HZFHE HO BRI LB W TEHA
&, AAEEY B IOEt oI LRI ESR (N20)
ek B OSSR LTz

NIV AECTOREREHREITHT2 N2O ORI,
RS > fii& 1.6 5K > MOOHRX, fhbH
JEfFEX > REZXOIETHY, ZHEREETIIME 1.5
B > ROLHER > FiEX > EMERERX
DIETHY, EHRMEERIER O EHICED N2O DI A&
N otz TR BHENR O fits I VEY DI 0338
HOHI, MZERIZHE~ST NoO OFAEBEHING /NED o7z,
—77, S RIEE R EREICE TRBER S A XD Bk
HTELD NoO BHAELTZD, NI A~OEh RTINS
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Mmootz

YEMOAEFENEE N2O FEAINHIO D OBLENOS 53R
TEEED DD IRV EROEA T HENON AN LEEL. 2
DVER], 2RBRIXA B TO N0 Ot 1T 0.03~0.5%
Tholoh, FWMENREL, FeICHEEEH B#% O &
BLOTEAKINCRE R BA S T, B B R
H, BEAKDERMENESTZLEEIC NeO—N 797 AT KER
2R3 0, FEPHLIRERETHL, @i, @mKo%
2= L ChEDOEIT K& bl otz BREO L
F%EYEZ DT ERRR M RO I L 3R o7
EoTHERER, HBEEROREZKGERTLIE0, @
G707k B B NoO OFAEMBNH B THS.



{bF I, RERHRA AR L OWIREE U A OBREEEIE & HISEEA I B9 D 78

FIE HMHAEEIVLOLIERIKIC
BT 5EE

F18 2011 FITREL-EBRE-RF
NREBREREO L4 3 FHOMKRRIL
B-EtBERBEFIRRILINGKEXR
KADEHEL S LDOBIT

I #E

2011 4 3 H O EE—R T I IEFHE, KEDHK
SHEEREA RIS BRI TL, @RI
BT DA R A G To RO CYH YL AN T84 L. F 72 i
PEREREIL BT U 20134 (134Cs) BLOET Y A-137 (187Cs)
THY, WIS LR RV B (FnEh 2.06
BLW30.17 ) 20T 5. ZNSOZEND, 2L gk
PERERRIZ AR RERIZT T, BEDPBHTFEIThlzo TR
WIESH DG G % L C A OWERICH RERIAZEHT-H
FTIEPESN. BEPEZREOR T /I, 2011 £ 4 A
KICAMIZHA L~ (Ohse et al,2015). FiLLL%, fiw
IZED IS T DO, 15 LORIBICLD
WIS E7p o7, T AT A RO ERIEW THLT-0, i
FEET T O ANE~OERHFHERERD. ZNHOZED
B, BEMOKES (FH5,2015), HiARBREE (2012) (2
£V, BE TERENERSL, HARRO 715 23Fio
BBV T RO T ARENAIES N, 2
T w s (1B4Cs+3TCs) WD D @ 0T DIE, HiA LR
MO MWAMBOBE NS THoT. ZOMEITH
4000Bg/kg THY, B HEOHR RS Y ABE 5000
Ba/ kg DEFHFHIBRIEZ TEI>TWe. 20 5000 Bg/kg
DIEIFR D Z S DOERICHESNTND. (1) FHIEFEHRTIC
SN T — 2% HL, ZetEBELHEEShB
1T1%% (Transfer Factor, DL F TF &350, TF=%kF o
TR LT SRR R O T AR EE) 0.1 B
L @ZKEE RSP OS2 D AW EFEHE(E
500 Ba/kg (2011 4F). ZOEEHAHEIT 2012 4 4 Al
100 Bg/kg IZEET S TUNVA,

BATREUT, AR O ~O ATia & #EE 35
BRICERbEAD, ERNRETHY, EMEHAIN TN,
LinL, BATREBITRE MO BRI Lo TRECH
7GR HD. AVvA (K 1, oy A8 E
LILTNDT2D, R ZDBUR S AW A i 5
HEEDH5 (Shaw et al, 1992; Shaw, 1993; Zhu and
Smolders, 2000). JAFEFEH %, BARTIHIY L HEHICE
DATELEY O FUF Y > 7 ORI B>V T, K
Tt (Kato et al, 2015), <X (Kubo et al, 2015), fEHE

¥ (Harada et al, 2015) Z 5 ICEERINOEPHIC
35 R BR AN TodT-. Lasat et al. (1997) 1%, HULLISL
S T BEBA T DT BT AREE R O N &
DI, BFEED B TR M T DR D3
MF BT AR U, K EHWI3RS VoY ADO BB
EHITHHZED MBI TND (Cornell, 1993). %k 4273,
ELICEBEARZ LTSS T AOREY ~O AR
TEELET, ML OMENEE AR A Rl T
BZETHD. —75, BEEES T AR ~D FTREVER,
AR & RO E>TRE2S (Van Bergeijk et
al., 1992). Staunton et al. (2002) 1%, AT EE
U LDORE LG O AEEHANL A~ DB YT 52T, K
FHEET T DO ENEE AW~ A FG I E B R E 2 R
7o ELTna.

BRI, AARO BB O 5% EDTHD (
BEMOKER BERER, 1979). BR7 HITA#EHE &N
KEL, ZOZEIEEL T EERAE (CEC) HRE],
BN DOABRAFRETHIEERFRET D, GbET, AN
VRN R T (E1,1984). 7r7 7R ETT7A
ML DIEREROTaARE B LM O ERTHLT
T=E BT 203, ARE SRR OERARS 10
KA HDTND (F21105,1994). HHEMICE T 13D
P T ARG - B E R, SEE T HEE TR D,
Al L CEC 3@z, WERE b @<, st oA
BB AETHIENFHRETHD. LovL, BHITAIHTH
WP 7 DA~ DRI AERE 1T, ARE HIETIX
NSV, ZNBDTEND, WA SIS Y 23T
HNZAZHA FTREZR IR BE CIFEAEL,, BHIMIZhTz> TS ~D
A FA MR 72D (Valcke and Cremers,1994). — 77,
FVE IR, FRIC 201 BUEIR S ABRRIE THDHAT AN
—IF 2 TAMRE B LT ERERGETIE, BID AT
DU S T B~ OBIRAI 72K AE BE ) D3 8 WML AT
LTEY, 7LAK-zyV Ak (Frayed Edge Site, LI F
FES L350 LI T\, e v A% FES (I2H)
ETHETHHEEOHEMEET 52 (Comans et al,
1991), ZOHEBALCIEBS T 2D LD AR AT 720 5 3
EZy, EEICETED (Comans and Hockley,1992).
Cremers et al. (1988) |ZX> THEREINI LD A
iR T +¥/L (Radiocesium Interception Potential,
LLF RIP &%70) 1E, FES ICRB D5 EE Y D ADEIR
HIZRRAERE ) LWV BLE DS T A Tl CE LR B2 fE
5. Vanderbroke et al. (2012) 1%, H/R7+o RIP
fEE 3R O RO P C/hSWNWZ &R LT, Yamaguchi
et al. (2017) 1%, HALAAROERZ £ RIP fEIE, ik
TR T ROB NSV BHY, R FEE R EO¥EIN
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WS TN B THDHZ LA /R LTZ. Delvaux et al.
(2000) %, RIP & TF fEELORICAOHBE RELE.
E oA, Smolders and Tsukada (2011) %, HA
DO FEIIFICER7 LOEEDOZDIZ, 9—oy k0L E
HI, W ~O G RSN D LHEM L7, 2011 4FIRE
ST, WA AR IR ZE k) , Ak vE sk (B Yei) o
—H OB T, AT AREDK 1000Bg/kg LA
ETHY, ERoBHIZEVZ L O MO X KiX
100Ba/kg D EIEREZ T RISV ATREMEASRIZS A7z

G TN SRR~ O T AOB BN T 5
THHWIE, R TR B OKR A B ofmE R (2
MOKFES B R 5 5,1979) TEESH M ENLELN
TWb (s, 20155 &7 I 5,2019a,2019b). 7z,
Kondo et al. (2015) OfEFIE, 5 RO KH 3% v
TRy PR LELNTWA. — 75, MR R TIX
BARZ LK A A THD (BHOKEY BE
B35 /7,1979). A C, ATEIZIRALES, JbvbHigkok M+
HTIX T0%% DTS (AR BB, 2017).

AR O &S, RIP X TF %&b K< T& 5
ECdHD. RIP v 71, #AL B AO L5 7 L
[~y 7 EEBIT, SRR P O RO ST A0 B I
@ OF A A REIC L7z (Yamaguchi et al, 2017). L
2L, RIP OOHHIIER I CEMETH Ha BT 5. AREFEO
B, —fRiCorans BB EFI 5281k >T
ST 2D ZBENE T OARE R B AIRD LI
WD, FrIC, IREJH L3528 T, BAR7 Lok
FHEES T LD ~DRHEHICEAE Y T TS, 20T
IR, )R B ot 3R A T D72 O FEAE WA
s, BARY +THEF LK Z KOS L L
JENEL IR DY AL % R I AR T HZ LA AT REL 72,

I #EB&LUAHE
1. ZXB LV TEDORER
ffgea £l 3 4R/, 9 A 10 HITHiARALE - 16
PEHUIE DB XK 7 VAR L T2, 2011 & 2012 i

1%, ZKITESBEENRBR LTSV b AFLE.

2012 HEIZAF LIV T Lo—HEE 20183 EICAFLEZY
YIVAL, AEEGO 5 FTNLERIL. ZhbiEAEbET
JEEZL, 1.8mm D550\ EELCHOPrIcLz. KRGS FE
DREBFTZ ) ThH-T-. W%, HHEY 7
VRV L E AW THE RO OB, KBS D 5 oD
YTV T NEEDET 1 o vel, gk, 2mm 5
HDVE AL TotTicfk Lz,

2011 2%, Gt 256 By O ZORE TV TV EAR
HL7-. #%ib3 25510, Fl~= 2 BE R HERIc LD

84

MERE RN, R L2R D) FTREZe IR R REMICER EL
7. LinL, KOs T AR 2B ARl E TS
VWD ST=T280, BUR ORERRIL 1000 IR ESH,
BHBERUEIR 4Ba/kg ThHolz, D7 7 HOY 7
DB Y AR ENRh 5T, 207, T
BT SILFRHRAT DX G BIZERAMN L7223, TF EOF K
O CIEH AL, kD 11 'oh (L5 7
REEL) OV 7NV, 3HFEMITHIZVIELTZ, 2012 4F
I21E 84 By RDHF T IL, 2013 4EITIE 16 By DY T L
ZINSELTE.

2. 9WmAE

32 pH %, (BHEEH=1:2.5lwn]) CEERERL, 1 B
RIZICHIELZ. &2R#ETC) BLOEEHR (TN) &5
¥ CN 777149 — (E{bmatri-—e R, NC-220F,Hw)
THEL: HEBERAE (CEC) Xk®I/m-va—Lv
SOV H—EICIVRIE L. 2 HiE LT A (Ex-Ca0),
~ 72y h (Ex-MgO), #V7 A(Ex-K0), 22 #ath it
P (134Cs+137Cs, Ex-Cs) 1, 1mol/L DFEEET >
T AR (BHEEE=1:10[wv], pH 7.0) Z MW T
L, Bi#E O 3 FIITE BRI ER (RN AT 74—
B X, Z-5310, B0 CTHIEL. BHMEET DA, #ik
FTHINT N~ =T SR TRIEL, AIFGIEE R, 4
HM 30°C, BREGAM: FORIBRL, ERUZ. RRMAIT,
kit (0.002mm i), /v 5(0.002-0.02mm), il b
(0.02-0.2mm), HL#» (0.2-2mm) TX4L, fiBHEL LR
EIZLoTERLE., BRI 00D 1 > ThHDLY
B IAREE, Ve T e ARIRIEIC LS TERL.
THEERIY, HHEEAE, FEESE~y T GREREEH
22T, n.d.), Vo ERIAREUZ IE DWW TR EL T,

TR OB LT A (134Cs+137Cs, T-Cs), 2ZH#L
PERE RS 2 (134Cs+137Cs, Ex-Cs), BLOZ kD4
Tkt 2 (184Cs+137Cs, R-Cs) DY 7L, Th
Z 1L BLO 2L =R —h—IT5ED, YL ~v= A
PR A (X 2= 21.4%; SEIKO EG & G
ORTEC, GEM15-70 ) BL O~V FF ¥ XL TFFA4HF
(MCA7600, SEIKO EG&G, #Hi0) TE&EELZ. FH&rE
ML FTREZR IRV AU M D A N TED LD, RRHIC
FELE (EFROIHIC 1000 B TRIESN 2011 FO X
KA INEERL). F2, 2011 4EL 2012 (I2BWTIE, Zok
DOFHEFEMITRE T 10000 B THY, ZOLxOf R
13#9 0.8Ba/kg Th o7z, BURD MY 7 /O T
1%, ZOMHRA 0.8Bg/kg ZHEHEHRICH .

TF [ZROIHEELT.

TF =R-Cs/ T-Cs,



e R, IRENRH A4 K OWEEE >0 L OBREZEEE & FIHIEAIC B 2 bF5E

R-Cs & T-Cs I3, ThEhZ ke LEP ORI EEL Y
LR (MRERAS—R) IS T 5. ST 7y =T,
o= AR F 2 I, S E LD SRR, BN MR
Tl 0D R 2 FE SV CERE HIC A IE L 7=

3. MR

HERHIEATIZ R R 7 Ry =7 Statcle 3 W, 2011) Bk
O Microsoft Excel 7’0/ L& W TITo72. FEMEfEN R
R LEREARM EOWT NG IER AL R L2561l
N—THOEFEE) (AM) ED7E% Student O t HEE
721X Welch @ t HEE AW TERE 5% L~VLTREL
7o, B7eEb 1 DOT N —T DIERIERIAAL TR

&, ZN—7 RO RfED % Mann-Whitney @ U & 7E
ERWTERE 5% L~ L THRIELE.

I #R

1. TEBECLOXKDOBHAMEE L VLRES LU TFIE

Table 8-1 (& TEERED LD Lk DB T AR E
BLOTFEOFFEEZRT. WIhb, ZERESH0 1.0
HEINIENL ETHY, BEARKRED T, BRI LK
IR AEH L0, 2011 SEDOZKDOHE T LB (
AM ) & 2012 40 TF fE (FaRfE) 73
AM fEIZRRAUE, IR X0 AR+ T 3 /i K
EpB M TH T

BElzmnote.

Table 3-1. Statistical values of radiocesium concentrarions in brown rice and TF values among the soil groups.

R-Cs
Statistical values TF
Year Ba/kg
Soil groups A G R W A G R W
2011 number 10 8 18 10 8 18
arithmetic mean 320 a 140 b * 240 0.061 0.031 - 0.048
min. 3.2 <08 <08 0.001 0.001 0.001
max. 64.9 38.1 64.9 0.231 0.170 0.231
RSD 0.63 0.95 0.81 1.10 1.81 1.32
median 356 82 225 0.042 0.010 ns 0.024
geometric mean 0.031 0.010 0.019
95%ClI(lower) 0.010 0.003 0.009
95%Cl(upper) 00%0 0038 | 0042
2012  number 66 17 1 84 66 17 1 84
arithmetic mean 19.0 115 - 765 18.2 0.019 0013 - 0257 0.020
min. <0.8 <0.8 <0.8 0.001 0.001 0.001
max. 65.9 62.0 76.5 0.115 0.117 0.257
RSD 1.01 1.53 1.10 1.12 2.11 1.68
median 11.0 5.1 ns 95 0012 a 0004 b * 0.010
geometric mean 0.010 0.005 0.009
95%Cl(lower) 0.007 0.002 0.007
959%CI (upper) 0014 0.009 0.012
2013  number 10 5 1 16 10 5 1 16
arithmetic mean 71 12 - 3741 71 0.016 0.003 - 0212 0.024
min. 05 02 02 0.0008 0.001 0.0008
max. 334 4.1 371 0.054 0.007 0212
RSD 152 1.30 1.67 1.09 0.889 2.18
median 15 0.6 ns 1.1 0.009 0.002 ns 0.004
geometric mean 0.008 0.003 0.007
95%Cl (lower) 0.003 0.0009 0.003
95%Cl (upper) 0.021 0.005 0.015

R-Cs: Total ("**Cs+'*’Cs) radiocesium concentrations in brown rice. The detection limit in 2011 and 2012 was about 0.8
Bq /kg The value was used for statistical calculation of the nondetected samples.

TF:Transfer factotor.

Soil groups were based on the classification of cultivated soils in Japan (third approximation) , by the Cultivated Soil
Classification Committee (1995). A:Andosols, G:gray lowland soils, Riregosolic lowland soils, W:Whole the samples.

RSD: Relative standard deviation, The ratio of standard deviation to arithmetic mean.

95%CI:95% confidential intervals.

—: Arithmetic mean values between Andosols and gray lowland soils were not compared using Student’ s t-test or Welch’ s t—
test because the values of at least one group were not normally distributed. In this case, differences in medians between the

groups were compared using Mann-Whitney’ s U test.

Values within column followed by different letters are significantly different at the 5% level. *: significant at the 5 % level.

ns:Not significant at the 5% level.
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ZKOREHERS T AIREE T, 3 45/ T 100Bg/kg Fit8 %
otz BeRAENE, 2011 4212 64.9 Bg/kg Th-o7=, 2012
FEDRKEIL 76.5 Ba/kg, 2013 T 37.1 Ba/kg THY,
REH LD TH-72. 2oLk, TF X 2012 4
0.257,2013 4£(2 0.212 THY, LROFE TR T LR E
DB E O B S T

WH - E (2007) 235 L2890, TF i, #F7emiE
D 3 FEMEBLU TR ER MR-, ZDOZEND, TF
HZFMT5I21E AM L0 &Y (GM) iz v
v Ths. TF HDO GM fEE 95% fFHEX i (CD
L&HIZ Table 3-1 12777, 2011 4FOHEAT 10 GM fi1E
0.031 T, 95%CI i% [0.010, 0.090] TH-7=. 2012 ED
GM i 0.010 ~MK FL, 95%CI [0.0073, 0.014] THY,
ZOHEPHL o7, LasL, 2018 4£0 GM EOK T i
/&L 0.0080 I2EE Y, 95%CT 1% [0.0030, 0.021] TH-
7. Rl 580 GM fEiX, 8 T~ TThRA7LD
GM ELDH /1L, 95%CTL HITHNIT/NED 572, 2011 D
GM f#i% 0.010 T, 95%CI % [0.0027, 0.038] TH 7=
2012 “ED GM fEiE 0.0046 T, 95%CI % [0.0023,
0.0094], 2013 £ GM i 0.0029 T, 95%CI I
[0.0009,0.0049] TH-7-.

2. BRYVLTLERBEBIFHMTOLIEPORSFELS D
LBEL L UVTEFEELE

2012 EIZBIT DI T A0 R, R
BLOE LD ST LOKEFHES Table 3-2 (T/RL7Z
(FiRUL728912, 2012 i3t 2 FFEL0H L DY T LR
BHTVD). 2012 40 2 SO HHERERIIC 31T HHEE
DFFHIEEME, tho 2 FFEEE L Tz T-Cs
BLO Ex-Cs I3, ARV LKA O TH BN
IR LRI ST, RS FRINDEIIC, VeI
#2354, T-C, T-N L0 CEC (22oW\W T, 3 EfV-F b B
RN LOFNIR AR L0 REpo7-, Zofmi, £
RZ7+0 CEC 2AREW=9DIZ Ex-Ca0, Ex-MgO b[FkEIC
AR £ TREDSTN, 2013 FEITIZZOMEITRD B
7pinot-. RIRRIS, B E728 OBHIRI 1%, 3 /4~ TT
JREAH LIS BAT L TEmholzolzktL, b
2011 4E& 2012 FFIZITH O A R L2, Ex-Ke0 E1E LI
1% 2012 T 2 DO THBECH B EVRD LN, o
2 R CIEERD L2 -7z, pH LG HE N OfEIE, 2011
FEIZOHRBRT 0T A EICRE»-T-.

3. ZROWEMELVLRE, TF EELUVEHLIE
FEEDR &R
ABFFE, IKREARH LT 52 Licky, BARY 1
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BUBBAEE LY AOREY ~DFHGIEE LN T 52
LR EMELTIThIE., ZOZEnE, © 7Y OFBIRE
DREIL, 2 DO THEREC OV TR & IZEMELT-. 2011 F
& 2013 FEDOY T NEUT DL, HRHA EMEOR LA
HETHD8, 2012 FEDORERDH% Table 3-3, 3-4 1T
~T

BART RIZonTE, HEFMEEOH T, Ex-K0 1T
LAOHH LT MREBI O TF &6 BICAOMBEZ
KL, WIZADHBNKEDST=ZOILk+Tho7z. —7,
I Z R DOB 2 7 A EE RS IOV TF L IEDHEE
RUT. o LRI TF S B HBENTR
b o7z, ExKe0 13k & IEOFIBI% (r=0.330, p<
0.01), T-C LA®DHHREE (=-0.278, p<0.05) ZRL7-. =
DZLIZIY, Figure 3-1 1275912, Ex-K20 &5 +/T-C
LOMICAERREOHEANRBED LN =0.405, p<
0.01). LvL, BURIZFEIREMRNSIA LG G R H T,
VTR IA%%, CEC, Ex-Ca0, T-N X Table3-3 |T/R”&
7pinotz. f/il 3 1L T-C LA EICIEOM A R LA, Ex-
KoO EOMENTFROH LN -7 —FF, T-N X Ex-K20
LEDFBEZRLEN, T-C O IEDOFBENIER IR E -
7= €¢=0.962, p<0.01). ZDOZLIE, T-C 75>+
EEDE DN DBIfE (Ex-Ke0 &k H/T-C LDBI%
728) &2 TNIZROoTHMTELILARL TV,

Figure3-2(a) 127771912, Ex-K20 & TF 0T
BRI AEME (R2=0.320, p<0.01) 2@DHLNT-.
L, BHRREH20cid TF LB &AL -7,
TF fiiZ, F712 Ex-K20 & &7 200 mg/kg UL FOHA,
A RELIR D TH -T2, F2, Ex-KoO & EN/NE
WA, BUR OV L0 TF EA RN fhf DRk &<k
A A ND-T=. — 5, Ex K0 &8 200me/kg L
FoHA, TF EIXREAD LR, TOREIT/NSL, 8t
INEDoTE.

Ex-Cs fHi% T-C LEADMBEZRLz r=-0.445, p<
0.01). Figure 3-2(a)BL UV 3-3(a) 25RT 1512, Ex-K20
& TF LOBRIE, Ex-Cs & TF EOBREFELIL THRY,
Ex-Cs 7 ExK:0 CARICIEOMBEEZAL TWAILE
FBRL TS (6=0.317, p<0.01). Ex-Cs JEME
WZH b b, —EOY 70 TF Ay K&
WIEITE R ICET S, B LE R, MR EREAEERA
OBz RLE (=-0.579, p<0.01).

JREAEH T, WP SRS kO U E
SN LA BB E RS R ol MO HN TF &
HERMEEZRLE ¢=0.522, p<0.05). ZNHDIED
©, Table 3-3 [Z/RLI=b DL R CHHEEMOE TV OFH
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Table 3-3. Pearson’ s correlation coefficients (r) among radiocesium concentrations in
brown rice, TF and main soil properties for Andosols in 2012.

R-Cs, TF, Soil properties = R-Cs TF Ex—Cs T—C Ex-K,0O Clay

TF — —

Ex-Cs 0.091 -0.157 —

T—C -0.004 0.027 -0.445 ™ —

Ex-K,0 -0353 ™  -0426 ™ 0317 ™ -0278* —

Clay -0.334 *™*  -0334 ™ 0.084 -0.054 0.330 ™

Coarse sand 0412 ** 0.264 * -0.013 -0.019 -0.197 -0579 ™

** and * : Significant at the 1% and 5% levels, respectively.

n—=66.

Table 3-4. Pearson’ s correlation coefficients (r) among radiocesium concentrations in
brown rice, TF and main soil properties for gray lowland soils in 2012.

BEMEWVIZL D5 TF B2 0.1 O KEh-7-.
BAR7 LLFBRIC, K H & BTN BEAERADH
& /RL7Z (r=-0.632, p<0.05).

Figure3-4 |TR4X912, 2 oo +HE#ELE TF 13 T-Cs
NSV SVAPR QY
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R-Cs, TF, Soil properties R-Cs TF Ex-Cs T—C Ex-K,0O Clay
TF — —
Ex-Cs -0.246 -0.260 —
T—C 0.406 0.044 -0.190 —
Ex-K,O -0.301 -0.400 0.121 -0.033 —
Clay -0.345 -0.396 -0.092 0.019 0.085 —
Coarse sand 0.265 0.522 * -0.199 -0.318 -0.126 -0.632 *
* : Significant at the 5% level.
n=17.
MR Table 34 1TRT. VPO LEsEL Bx . o Andosols
KoO LHERMEE RE7e) 7= . F7-, Figured-1 (RT O gray lowland soils
600 |- PY : ;
1512, BEx-KeO I, i 1/T-C 7507 LTV 7=, Figures- 1 Oregosolic lowland solls
<5 500
2(b) 1TFRT IS, Ex-Ke0 & 230 200me/kg M ko £ o g
[T
&, TF L2 0 %8, BAs BichTlonichan 40T ,5 °
o
7=, LinL, ExKeO &7 200 mgkg S Fos4, 3 & 300 ¢
X
BOVT A0 2 4 (1 AIEARSE ) 1%, TF fi " 200 f y =38.932x + 208.3
. . . = 0.405%*
750.1 LVKEHo7-. Figure3-3(b) 12735512, Ex-Cs 100 | '
H TF oM LTz, Eit 2 Sovr 7 E, Ex-Cs 0 : : : : )
0.0 2.0 4.0 6.0 8.0 10.0

Clay/T-C after the harvest

Figure 3-1. Relationship between the Clay/T—C

value and Ex—-K;0 content in soil after the harvest
in 2012.

The regression line is for Andosols. **:Significant
at the 1 % level.



0.14
(a) @® Andosols
0.12 Py
0.10
0.08 * y = 0.0564¢-0-006x
= ® R2 = 0.320**
0.06 PY
0.04 ,
0.02 " - ; ..
' Y o
0.00
0 100 200 300 400 500 600 700

e R, IRENRH A4 K OWEEE >0 L OBREZEEE & FIHIEAIC B 2 bF5E
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Figure 3-2. Relationship between Ex—K;O content in soil after the harvest and TF in 2012.

(a)Andosols. **:Significant at the 1 % level. (b)lowland soils.
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0.06 ° °
b [ ] 0.10
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Figure 3-3. Relationship between Ex—Cs content in soil after the harvest and TF in 2012,

(a)Andosols, (b)lowland soils.

030
4 ExK:O EELRIETHIEEDNDERI L LERERE
025  ©O @ Andosols
D TF ED LR ogray lowland sol
gray lowland soils
BRUL7=391, BARZ 0l Ex-Ke0 (X H#EE o h 020 o e lowland soil
regosolic lowland solls
T TF fE&ixbm<ADHEALRLIZ. 22T, BAZ o £0.15
TF ERK K 0 TF L0 KREWNEIDEFRER 010 | ® (©)
BI0lC, W50 ExKeO &5 2 S0 L HEH] * W
O TF E% L, HH/T-C, T-C BLOM & B el bic 005+ ° ‘.. LIPS
5 % ;4 &0‘0 3, ..
Table 3-5 ({Z/RL7=. Bk L7=k912, TF fEIZER 542 R 0.00
Shhote. kD, 2 SOFERBO R R EDEY ¢ S hertherarvest g
Mann-Whitney » U BEZ A TRELL. FIRER Figure 3-4. Relationship between T-Cs

ALYV DI, FRETE=DE 2 FHl D
HTh-oTz. 2012 1F, Ex-K20 &7 400mglkg 2% 2
P70 TF fEIZ, 2 SO BRI CHERZITE05
ot LnL, ExKeO & &2 200mg/kg ~ 400
mgkg OFPATIE, BRI+ TF 1%, KEAEH+
O TF HEEOAEIZKED o7 AM EIZRIVUE, BARY
T TF i, FU Ex-KeO & &®af 9 5K EMH -0
TF ELVb RELBRLEAMPBHHIELETRL TS, 2012 F
(2%, 5 MOR A 7R T-C &8 T 60 glkg

concentration in soil after the harvest and TF
in 2012,

LTV ZRbOY 7 A0 TF L, 13EFR%D
Ex-KoO & % AT Ao R Ak 37 1 kb
MR ELRDEM D o7z,
BARY LORLIT-C, T-C BLUKE LOfEIE, Ex-K20
BEICED3 OO N — T TCHBERENRD D)
o= AM EIZRAUZE, Ex-Ke0 & &A% 200mg/kg A0
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TN—T Dk HIT-C fEIFD 2 SDI L —TLHEL,
T-C g HEIZE) o7z,

5. ExK:O&BEL TFEEDBEROEREL

3 EMD Ex-Ko0 & #E TF Mo R1%% Figure 3-5 (a),
3-5 (b) TR, BAZE T, Ex-KeO & &L TF fEOfR
BB AR, M4 3 AERIGRD HALZ. 2011 DY
YINOHFNZIE, ERLTZEIIT 95%IFFEIED IS E A
ML C, BB R ESM DT T b bhoTz. 3
EMZENZROEIFIE, TF 225 2011 4555 2012
FIZRIBIZIEA L, 2018 FITITHD RO ThThHILE
HBEICRL TS, ZoZkid, ERolis) GM o
{bZ LTS, S5, BFH#RIE, 2011 425 2012
FEORTIL, Ex-Ko0 & £ 200mglkg A D Y7 /12
BWTCTF EOWABRKENZEERL TN,

HURDIRAMEH 7o TF 1% 0.1 T RED-o7-.
L, oY 7o TF ET 3 4£RZ2mLCHEIZ
INSD T,

6. TFEIZxT 5 ExKO, #itHE L UVRFDELE
SEMEBU QNESNI=T T MBS TFEE Ex-
K20 DZAk% Table 3-6 (Z~7. ki+/T-C, T-C, #it5
BERIOTF 23 0.1 282 - F6H &8 COrRy. TR E
W01 EBLIY TS, BRI LE (FUF v A), RE
Tt (7L M) BIORAMER L (7 N)

030
(a)
0.25 | o ® 2011 y(2011) = 0.2501e 0008
R? = 0.505(ns)
020 |
O 2012 15012)= 0.0564¢ 0006«
R? = 0.320%*
'8
015 | o
= y(2013) = 0.0337¢-0-005«
o R2=0.810*
0.10
0.05
0.00 -
0 200 400 600 800 1000

Ex-K,O after the harvest (mg/kg)

Thot=. ZNHLOV 7L, WIind Ex-K0 &8N
200mg/kg Ajiii ChH-o7z. IHIZ, U7 IVLERTIL, #h

FEHERNEDD TN, 10%LL FThotz.

2011 FEDBARZ 47 A, BBLOC O TF i
0.1 LAFHOLNIZNLL EThHoT2. o7 A Bk
U'B @ Ex-KeO & &i% 200mg/kg Kiifi Cho72. b
3 MOV T NMIT AT, #iL/T-C D 2.0 KiiTho
2. ZNHOH T L, 2011 FD 2012 4FI2)TC TR
ENZE LK F LA, 2012 45 2013 OB DK T i
BIELDBIEDNT/IEL, 2018 FI2i TF @43 0.01 (2%
TIHE FL2h o7z, —J, 2011 4E T 7 vV E, F
BLOG @ TF i 0.03 K CTho7z. Zih 3 ot
Y7L Ex-KeO & i 400mg/kg L KEL, Hit/T-C
DfEb 8.0 272, ZOZLFRAMH L7 H, T,
J BIOK LERECTHHTZ. E~KT OOV 7LD TF &
1% 2012 4EITiF 0.01 A FITIE FLZ.

ABFFECIL, A BB D KO i &% 352

LIITE o, BAR £ K AE YT RO
2B W T Ex- K0 & BEOERLENEIESN. 2011 £
M5 2012 2T, KA EY 70, K) D K0 &
#3 300mg/kg UL BB LIzoizkiL, REMRH LY
>7v H, J, K) ® K0 & #iZ 2012 425 2013 0
MK 200mg/kg LA SN, RIEEOBEMNAS, BAR2 +
P70 E THBIERESNT.

030
(b) . ®2011
025 |7 O 02012
: 02013
020 [-O..
N °
t0.15
o
0.10
005 L o
oa®
000 L O%came® & ' o,
0 200 400 600 800 1000

Ex-K,O after the harvest (mg/kg)

Figure 3-5. Relationship between Ex—K;0 content in soil after the harvest and TF for the three years

of the study.

(a)Andosols. Regression lines: solid line: 2011, dashed line: 2012, dotted line: 2013. ** and *:Significant at
the 1 % and the 5 % level, respectively. ns: Not significant at the 5 % level. (b)lowland soils. Regosolic

lowland soils are encircled.
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NV B
1. BRYVTERBEMTMICEITS TF EE LEHE
DELY

TF % T-Cs &3S THY, Nisbet and Woodman
(2000) OFEL—FHLTWD. 51X, ZOMSIIED Y
(ZRD B HERZFE O W O TRz W, TF EAH I
e 2R ST TS, ZoZinh, UTo#EimiEE
I TFEICHESE Y TN ZEET .

Delvaux et al. (2000) 1%, RIP fi& TF filie D REINZA D
FHBE% R\ L7-. Vanderbroke et al (2012 4F), 1A
(2017) 1%, BAZ Lo RIP fEAMbo - HEFED RIP LY
HIENWZEERLE, UL, FEFEOMDIRYTIE, BARs +
THEB LI AKTEZ KD TF l)Mbod HHERECAE B LK R
ZKIDH RENZEZ PRI T A T8, TF 13 4%
ERSHZERT O, BRI LEROKTEOMT AM |
ERWTRENZA BE2E2 TR T IR TH 7. LvL,
2012 FETIZERYZ 10 TF DO P RAEIE, 2012 FEDIKE
B X0 HHEEICRED -T2, EBIL, 3 FMZEUTERR
7+ TF o GM fEIE, KA BRIV RE o7, BAR
JHIZBWT, TF LR REWFHBAEZ R LIZDIE Ex-
K20 (r=-0.426, p<0.01, 2012 4F) Th-7=. M—DZHEH]
TiEHHD, Ex-KeO FRBFAZEDRE, BAR7 10 TF
IR A b A RICKEL, RO RIS
Zellpote. BARV L TAEB LK Z KO Bttty
LAREL KA I KED -7z,

BARZ 2B 0T, Ex K0 12T TF fEE K& FHES
ERLI=ORK T, AOMBETH-o- (= -0.334, p<
0.01, 2012 4F). TEOFEEICHLT, TF fHA 0.1 2
ZIZHEHNT 4 TN ThoTz, ZhbiE, Ex-Ko0 &8N
200mg/kg KW THY, DD 3 MUILK 15 & 10% K
W Chofz. ZIHORERIL, LA T LORAE
FTHHEVIFERE—FH T2 (Cornell, 1993). BAZ 1,
JR AR T LML TF LA BRIEOMBEZ, Htd
AOMBEZERLZ. ZNHDOZEND, HD IR - & 250
BIZLITRY, BT AOWAE T TR 2%
Bz Rl rREMED S,

BRI, FURYEE S Aoks 85 DL 35 E AT ~D
T IR REGT B LI, OB ~ DT
D RICB W THEE2&E %R L WD (Staunton et
al, 2002). Yamaguchi et al (2017) 1%, B+ 27 1o RIP
182 T-C & BEOWINI LS TRV § 52 EER L. AHF
JEDFE RN, HE RS AOEY ~D RN, FFIC
K20 OBEMEIC T-C NEEREF L LT ZLEPIRIC
RLTWA, BRZHIBVWT, Ex- K0 LR H/T-C (2

ERMBENRDBN (r=0.405, p<0.01, 2012 4£), T-C
GRBKRENE KO DR BV A h~DOWAENTHED
AREMES R E. ZNBDOZEND, K H/T-C B/ hSNZ
ENBER7LolERE G TF 2 552608 T
&%, 5% (2008) X, AEMMOTFMAT T 7 BIO
JERZ B ST 5 R 1, IREMEHTIC A~ T K0
BREZTOTOVIEEHBHL QD REFFETHE, BR
7 L ORHI R A RE L2207, EiRoXoicE
Bk LR F TR 7 THSD. B DR
PHENVETHH), Ex-KeO F EOFERM LB S ERARY
&, REACH G DRERES . ZHKOB Y
DREZAR TS50, fEFTHT 1O Ex-K i3 200
mg/kg (Ex-K20 T3 250 mg/ kg I[ZHH Y 9°2) IZ5%E
e ONiED, 2015). 4 #Hb LR THREN MY U LR
DEVERE TRIBSNO5 AT, O Ex-K0 v
DRELBVNETHS.

AR ERREOR W LENLIE, BN EOT
oV LBERPIK S T TR KtEhD
ERTFRENS. RES (1961) 1%, HiRE&MTTiE7ry
FEUVLRBERICLS T, KOS D DRI
H#ENHZLE R L. LinL, TF HICxT 5 iR eEH O
BT TR R T2,

2. BARYTEREBEMTD TFEQERELDEN
2011 4, BRI LRG3 TF o GM
i1, FREKNCHRESNbOLE 1 HrkEh Tz,
PH-[E L (2007) X GM fE0.0033 2L CWD Bkt
5 (2005) 1%, GM fE 0.0047, 95%CI [0.00057, 0.033]
EWEL NS (COMEIEF, HFHEG (2011) 25 1990 4F)»
5 2000 EETOBOLOT —HZESWCEHEAELZLD
Thd). REEH 11T, /S0 Ex- KO BLOM L& &
D= TF D 0.1 KO RED -T2 5E5 2T, TF E
X 3 EMEEC THERE)~T. TORER, 2012 40
GM fiiiX 0.01 Z T [E1Y, ZiT EFEOISITFEIEE B AT
WA ELES TH-o72. 2012 FFICBITHERA 7 0 GM &
DRABAARTIL, WSS T AREREN ST 07 77
E DR IEWTRAT LT FTREMEZ 7 RIBL CTD. 2R
T, Ex-Ko0 & &72% 200mg/kg KT, ki +/T-C fEn3
NSV TR, TF RS BIMICIE T L2, LasL,
2012 4ED5 2013 ORI TIE TF O T idfid /&
Mot TNHDY T VO BEEEYTAX, TaTy
L DOAE R E B L OEE RO DI R BIE IChTz -
TRFE~D TGN FHE SN D EE R HILD.
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3. Imol/LEFEE7 v E=— D LBRTHELZExCsDE
RO LI2H 1+

BOlT UL, RO HEEERAL T Cs ORBIK~O TG
MeA T VY DO FHEHEEAL A G, ZDZRIZOWTOHE
FNHED LTS, ARFZETIE, ExKeO & &I TF ik
OB BT, v fHIE 2012 £ TC1E-0.426 (TEE
7pipote. TF RO FREEZ 1 ESE 572010, EEIFY
MraE{To7=. Lol kit H#P, Ex-Cs fi&“ﬁfﬁ%%"&ﬁ(% 5%
LAV TTIBINT 28R TERN-T2. —F, R7IGL
(2019a) @ Ex-137Cs & Ex-K20 @ 2 DAL EE >
ET U, EERNOZKD 137Cs R EDOE B %I F 2L
<FHRBAL TV, Kondo et al (2015) OfER1E, & B RN
? 4 SO 5% T, Ex-137Cs (Ba/kg)/Ex-K20
(mmol/kg) MFHAKRD Cs WU AEHEE TEXAHIEERBL TV
%, EHLHEOHMEITBWTY, Ex-137Cs B O - T
TR Cs WXL ML TV 5, AAFSETIE, Figure 3-6 IC
AT LIS, Ex-Cs/Ex-K20 OfElx, HA7+, KK+
Wit TF HEA BARMEE RS-l ALt
BT 2 SOWME LD OFERDENT, —EBROELHIC
FoaEZLNS. (DAMFRICEITSD Ex-Cs [134Cs+137Cs]
TR O RAEE, Table3-2127~ % X51237.9 Ba/kg (2012
) THY, K7 (2019b) HD 2012 035 2015 FETD
Ex-137Cs J2 £ 0 flf 28~80 Ba/kg L~ TERWEE T
Hotz. QARMIED Ex-Cs/Ex-KeO TR K 20 THY,
Kondo et al. (2015) 235 L7-fc KAE 250 LD T/
V. AT, ARBFFEICRBWTERZ £ T Ex-Cs 13 Ex-Ke0
EHERMBEA R, IKEKH T TIIMBEEZ RS2
ofc. ZOZEE, BAY RIZBWTUE, Ex-Cs Tid/e<, Ex-
K20 78 TF [EOEEMARAT22LERL TS, Z0Z
L7235, 1mol/L BffE 7 &=y Az L5 Ex-Cs 13,
AR ISR AHEE TF OEEPEEZFHI 4572012
BB TIXAR VO RTREMEAS E .

LB (2000) 1%, BEREANERARZ LICIIT DA HAR
REZR B L 7 SV D EMISEE T IE VD 5 & 25 5 (RIS
ZEERHLTWA, Ex-Cs 8L Ex-K0 OFEET v E=
U LR D — etk d HHERE S LIS E T AT, Sh7R
DRENKE THS. BR7 Lo Lol ik, £
BN S WIS T MRE D WG B DY A 2S5
(AR D7, FEH AR R R A E M+ 5720124
Th5.

V &R
TF i, Kk -L0s BA7 - TELRAEmBHY,
HAR 7+ THEE UK Z RO RS AL &< e
ofc. RFROFRERIT, KBS T AOLEY~D AT,
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%5 85 &

FRIZ KoO OB T-C N E B FI 2 Foo 3 2 e 2 B
{RLTWA. Ex-Ke0 L85 +/T-C LD IEDF BIBFRIE
, BARZ £ TIHRD LN, KA+ TIEERO bR
S, ZOZEE, B E/TC EMENZ LR BAR Y o ik
RIEW TF 5% — 5 C& 5, LK TEWHE YT A
BEMRIREL TRSNZSE, TR0 Ex K0 &
DOHUET, SORAEGETHUETHS. Ex- K0 & &4 200
mg/kg AT, 5 L/T-C EMRWESRZ 11F, BHIMICH
T AKRFEASDO B> T DBATICH L TR IESS Th e
%2 5%, 1mol/L BEfE 7 = AVEIHh 2 15 Ex-Cs
i, BARZ LIZEBITD TF HOEEMEZHI T2 cxi
THY TRV EE LS. BARY Lo L0 5
X, ZKROSEES D DERORHIRI AT &5

IS D7D I EH ARk R 2 R T2 DICH I ThD.
030 o @ Andosols
0.25 o O gray lowland soils
020 L Oregosolic lowland soils
& 0.15
[ O
0.10
[ J
0.05 ¢
i a.ﬁ U Q" K]
0.00
0 5 10 15 20 25

Ex-Cs (Bq/Kg)/ Ex-K,0 (mmol/Kg) after the harvest

Figure 3—6. Relationship between Ex—Cs/Ex—K,0
in soil after the harvest and TF in 2012

VI &

2011 FOBEE —RBEFHER, BAR7 LFEOHYR IR
DS EAEY ~D T U AT R R E R &L 5T,
BT R AR RALE - AL oK H HHED 70%% 6,
ORI D — BB 5 D T TII B T AR A
1000 Ba/kg % 7. AWML, ik 3 FER, BA7
T CORG ST AORY)~D R IR AR T b
B9 HZETREL7. BATHRENE, IREAKH 20 R
7 L TEWEITHY, KL KOSy AR ED R
R7 L TEBLET NG aolz, BARZ L CiEscate )
A (Ex-Ke0), RWTH 03B ITREEADFBEN &
o7z, Ex-KeO & &I L/ 2RFLEOMBEZRL, 25K
FOHENEOERE LI TO KoO WAENTIELTEDR
WA, NSV HE /AR FE BRSO L E AT
R —EHBL TS, Ex-Ko0 & &7 200mg/kg Kiwh
T, K/ RRBEIDNSOERZ TR T, 2011 F05
2012 SED M TRATRED B IR T LS, RO 14EM D
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RTINS 0T, ZOZEE, Ta7yr Ol wiiy7a k55 TREOEBZHATIOICHI TIERNEEZLNS.
PED DI T LD A G HEN B IRFFE LD P HE BRI TR, Ex-Cs RIELE Ex-Ke0 & BEOM THER
MERENZEEZRLTWA, JRERH 020, 3 FiEb THRENRD B, Ex-KeO BRZOEF 2T HZLaRLT
BATRE N IR 1K o7z, BERT v E=0 A CTHIHLT WD THD.

Rt Cs (Ex-Cs) X, BRI/ LTORSHERL YLD
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FAE REBEW
ABFFEIE, FREE, REZRT A IO T A
DOBRETIZBT 2EEEZHA SN E L, ZORHES AR
~OEREZHINT 52 E2BNE L. ZhH =20
RXI G OB DN TIEENENOEIR L UE THE
L7zDT, ZITHEHINOGPHEELLS Z L ahbicd
R B RS 5.

1. AR~DREEROLIE - #E

1990 4E235 1995 AEITHNT TEMLIZ N — 2L 4 ATy hA
AT DRIGEIKT, V%) F 4, DDVP, DEP, V*7,
ANV IKI, ATaYA L, MEP, TV, BATY ),
TPN BL T 0 IR Thote. ZOHILAETH 4 BIKIZoW
TIEEETORMHENPORMRN Tholz, —J7, %E 7 BRI
ZOWTHEW T O R SEE SRR S, 6 &3 ik
HFIZWZEICER L., BREDBREICEBWTTrIINY,
TPN, A7 av%, 7Y AR E ORI AN
YFENTWS (B RAEWIEICEZE. BERTNTh
HE% TIEHD) . BEEOR ADI T, YA D
9.3%, ftho> 6 EHIX 0.1%LFEL T Thote. ZOZEI
MORN—=Z N AT NRE T AL DM EFH TT K L.
Fm, TS T BEIEDIEL DRI AR 6 FAIRIZHOWT
i, KBE, HELICLD OB EE TR T 5720, Kk, #
A FHE LWV EERL T LTZ. MEP, <22, A7)
VIEEEICH A SN TRY, TALBSEEICERLIEA,
BRI NS oz, —T, RFE, BERFIRE LIS,
B XD HRIT LLII K& o7, I TPN O
IFERICREL, KRR DD TNENZET—HHHT
%5.2014 4 9 AKX ADLICIZ T, BWE—EIZL RIS
EWML7-5GA#HEL-2E2 AL (Acute Reference
Dose, LA ARfD L3570 I EEOTHIIZI A5 T
W5 (BEARKER, 2014). ARFD TiE, BHOEREIZS
WT 9B X ANMEERAL D (BT EIE EIR R,
R4S, n.d). BRICEBESER A LIZ5EE T,
97.5% A NMEIZ B+ (FEVER 72 Ex2.24) [TH Y 752
Lns, SEIFHE O ADI FEOEIE, ARFD 1ZHESWTh
FE EREE 220 0TI (55 13255 1),

1988 £ 1990 AR IZ /K HHZZE AT S - R I DO KK
H A IR E L, KRR LD AR~ LR
AR LTz, 22 H A S AT SR D R A Hh R B VR P L e
U B 7MK T AR LTz, &72, BPMC, # A7 /v
ICHARTEVE 720 F 4 ORI AR R T 2R,
ARREMENZEICF Lz, KR REICESE, WA
EARD 24 Kt ETOBUN KIBNICIS T DRI DB A

96

AT DL, 3 ADI L CiIF A7V /2 30%, BPMC2.2
~7.8%, EVE T2 F 4 10.6~11.1%E725. EROE
Bud, B#kmE0b REBEHIZEDH B NK~D 8T
KENWEZBZLN TS, LvL, ML SNZiRBRIEIL L,
BEEOR A G ICBT DR KEER &2 8 Ofiix | A%
BOMETHHAITEE |, (RARFEOM) =0 &
HOfE)x1/4 L3056 0385 (EMOKEMZEHS, n.d).
ZDOEZILTE, ZATY /D% ADI e 30%I1%, Wb
D7 W ANZRFEOIME ] ZBADHZEERD. 12771, B
HEZD 3 REHHUR KIS D AL T, BEE
Felrbied, IHITHANT 1 A%EDD 2 B ETOXE ADI H
& BPMCO0.27%, YUVX 7= F Ay T8%IIE F L. £
TARRE, IR T OE;IHH A, B XKkt
1000m TORIEBINET, A KIENO 50%IZET 2.
ARISA99)1E, 22 PR FEEE DR B 2 B IR B LUt
PRI AN I B W CRAR L, KA IR B, O Xk
DHO B IS U TR 3B 52 85 L T
%, ZOZEE, AHFRICBWTRYZ M XA &L A
KA DO BB IS U ORI i LicZ b & — L,
KA TR B BB A R E NI EERIRL TN, 2
w, AR SO SRMGEB BT DNERHLD, BATKIRNE
DEEEEA R T2 DIFE WA R EIIHEBRIIE T 02887
% (5 1 %5 2 ).

1999 235 2000 IR O RESRE AR E L.
FATH K H D B SR FE 3 OV D 2 S E 2 TR R LS
HE LT EBADEYRRAERL, ABFEIZIV TR
MO @ T BIEDO KRR PR EEHEE LTz, RIFFEIC
FUF D 7K I B S D HE TE S D K S R S P i
%, 7% 74K 0.017Tng/m3~F 4707 26.Tng/m3 O
HPHE 72D, ZNHOMREORICR ANRBREFI R TDL,
% ADI L TiE FA A7 T 0.089%, MEP T
0.066%, =A7’1/L 7T 0.041%, BPMC T 0.033%,
EATY )T 0.009%, 7HTART 1.2X100% Lieb.
BPMC BLOZ AT/ DZOEIE, ik Ui=Ze h i
LA ARBEREL T 5L 2~3 A —F —/hNEWVMETHS
(55 1 %26 4 #i).

FROMREFELDDHE, —~RHRE RS ERT DRI
FEEYRBICELbOTHY, EAEOLVEEIZE N
THEATx ADI ) 10%RBREOLEOHHLD3, 0.1%LL T
D IR L\, 22 IR TIE, — RIS
(RGO FEREN ) 2R 2550385, i EEUE O
LA LB IR AR T RIT/ &< (BPMC Thikd
oL, REFEOZE UG TlExt ADI BT 2.2~7.8 %, fifl
B AR Cidoer ADI FEC 0.1% R E THD).
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2. BEOHHEFICEDCBEHROFE

AWFFED B ) D— DI SEEE DR Z AV TR DAL
B RO LA DY DL TRET OB M T2
WD, AT TIE, ROZENHLNEIe ST, 2B AR
BORKHIE ORFEIIARREIRTTD B 125 2
). FERLA it S B 7Kk H BRI O Y K7 £ O #
T~ —AlES CERKIEIKEMRE) kFT2 &
1E-45 31, % 4. MAT, F—ANEATYIREZT T
I, BIEOKBEREE D KYE, FHEICIDIEEOBREEY
—EBEATS (BB 1 ®-5 1 H).

—J7, BEfF ORI D A CITBIEOBREE T ToBiEE
Pl CEZR VG A LHH. 1980 HAL, T AUL TIEFMEN TR
WT DT — T B ARSI E 7R o7 (R
5, 1990). 7V h — T 1L K VR E DS 4930mg/L
(Table 1-1) & K&, Hi FANLOMRHNITIER ITHFC&
. IO T A~DRBELOTIZRTIHEELTHET
KIFTEFR %L, GUS »3%% (GUS=logtizXlog(4-logKoo) :
tuz 5 HHEPCERE, Koo HHEARRFWAEE) . —
VT A VA AR EE 70 TR 2 N S 388 P >3 23 A VB T 23
5. Kocl3 THELKED W EL ThHDHIEND, KIEME
DREVEIIL Koe DV/INS<7eh. IKBIRED /NSRRI
WZDWTHE, WTFNSW D[N THD. 7TV A3KERR
FED 30mg/L &SRO P CIEFRRETHDA, HHEF R
1725 60-150 HLEEAIRE =, GUS 13 3.45 THY, 7
NTT—T D 3.46 LIRS THS (Table 1-1). ZD7d, 7
RV UTRCK DO R AR DOB R &L, SO
1T T5 (Helling et al, 1988; Sigua et al,1993;
Isensee et al,1988; Demon et al, 1994; Isensee and
Sadeghi, 1995). AMFFETIE, GUS My REW ==
2 (GUS:2.05), 7'mAR Y (GUS :2.58) 1XiZE KD
EMENN T, Koe 1353 EDMEMETH D20,
KWF2ETIE Koe DRHYIC HHE5% R > WSF/ASF % v
c. ZOEEY=anr® WSF/ASF 13/h&L, RBRESICH
75 Koc ISKENWZENBES 2. T RANAE, SCHkE
FORERE 55 Tt RN SR I Ao 7. 2 R
DIFFEARDPLORRIHIE, ZHBICKERK$THEHETES.
WATmU A (GUS:L.16) 1% 2 FEREHIRENRH LN
72 ZOIIIL, APV —=TFTIVTHD GUS TIxHE
B35 COFERBLIIRIBREENROOND (5B 1 E-5F 5
i) . AT, PCNB OKIEMEFED 0.6mg/L L/hSWZ &,
s TS GUSO0.04 (2SI T, 5 1 545 5 &
OREE Tz, EEILEIZI51T5 PCNB O FK»HOD
BHFEGNE, BELCT WSS, EHERZ N
ZLICERTAEEZLNA.

KB LA T, IROZENH LG ST2. FITHA,

FLAL, ARAITEAAINIEBIL, BHICRKRKHR~BIT
FTHILAREEND (55 1 =55 3 fi, & 4 ). 2ozl
Wz, FERENS N ERFRAKFOEE ROLICMR
MABO/NSSITKBMEIN TN (5 1 =5 4 ). 797
ANIEVF 720 F AV ERRENRERETHLZ LMD
KEF COMERERITENIEMEESNZ. L, 73
FTARIZOWTH ERRORBIBELNZZ 81T, HEIcks
TIXHEPEAE LA L il B, N CHIR, ot kel
DRFEDBREEH TOBEVRRIZH A RF T ZEa R TVD
(3 1 %58 4 /). 20O, BEfFOSCEkEZ VWS
TILEIROBREFEIREL TR CEAn BN b7,
1999 6 2000 FIZEfEL 72K R OFREFAD R
TIKHEBEREETF A DT, =27 R )7 LA B
DISMCHBEEE L<BHEN Tz, 12T, 1988 4Fhsh 1992 4F
(S L 72 AR A CIIK FBR EAIE ) R — MR A S T Lo
T RFE 2 JRIEE R A R LT, T DT~
U— RIS IR R EL, &S R 22 e
ROBSIIHMEND (G 1 =5 3 #, & 4 f). mAH
D JE JRP JEE | B~ TR AR 0D S SRR JEE 0 7 4 A
D770, BREURHICHITDEIEOFRICL OB R EEZE
LT AU b DB, S5 1285 T pg/m? FLE
ETOHMREENRRDONATDTHSE. EiRLIZEIIZ,
WA B EO% ADI #F A4 BT T 0.089%, =AS
BHVT T 0.041%EHEEL, AMEA~OEEIIHRD T/HhEN
LU, 2hb 2 BIRBIOEY R — O KK FIREOH]
EBHNIER OB, RIFFEIZEBNT, WATO
EIRRERE, BEABRAREDOO T AEA~DO B
D ThSNEE 2 DD, AFETIE, FUZMIIVED
HRER~DEBENRKENEEZLNDZEF A TH, fH
IV AFEAOEEIT NSO SR (5 1 e 2
). —J7, MAKPOEBHRAEICIBVT MEP O @il
IV ad LCso A BB LI (55 1 &5 4 81). $7=, &
i FOE S TIEH D3, BYR—MNIBEIZA/—-RY Tk
WCEOEIC IR E AR L FHIbHD (TR, 1981). €7
VBAFEIE, AELDGEEDOREWBUN YIRS ERER D
TeDIZHHEEFITE 25, BEITEROH TIREOH R
TEHOFHE T VBHREREA THDH, LERRTA—H
—bZ<, BUGOBGLITRERRHEND L. AT
T, BN LHEO R SRS, B~ L5
HEHDHEA TV WL CTHRENREVER S ST 5,
HEBE R O R TR AR KD BRSNS Z L AR LIZ
(% 1 =55 5 ). 4R, [EHEIC— ] L5 oET
WP ETORIDOINCHERET DI R>TND. 7
IO RITN R B L O D fED IR THHZ LD,
— B RS ETIR B UL, B AER0H FKIC
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BIFETHIEL A BIESN, BT U4 OFEEEA N
272%. F2, RRPOBEBARE LIS TR 5E T VI
ML ->TEV, HIE 3~5m/s DI, KEPICHEL TV
DEIOBEIEREY, A MT 250~500km (ZETHIE
DHEESILCOD. BATHIE DM B K<t s -7
FRUHNT, AT IV T BILOEY R —MIOWTIX
FFEEE DPERINE 2 HNDN, R ~OEEIARHTH
%, KWZEDRENE RSN, BT A ORE _Bic—Bik7R
NTENTHS.

B TR, @ ASF OBNHESH TV, F
7z, FEIED HHAOWAEETHET 535G, Koo 3—i73
FEiEL2%. L, GUS D/RFA—2 —Thsh HHE
46 X OIS FE 23 SOk & K [ 4 T O FEREE D T
TeBERAECTZ, ZOZEIZEYCHEMED GUS 233K %
K IR S R o T, ABFZE T, RO
WSF/ASF % Koc DIVHEL, ZOMEBKRETFIUIZRBK
O EIRBEL REVE CTho7- (3 15 -5 5 81) . WSF
X THEA~ORE RTINS, MAEM OB BEEZZITT 0,
WDIERLERE Y ThD, AR IE O &6 A
DI KIETEBIZHOWTH WSF 23D —o&L

THWe, JREAKH I BRI RBEER/NS .

DT, PREAMKHTIZIBIT D IO E L RAR Y 10/
&<, WSF &2V 8A7 LIV ELRFFENDZEA KB L T
7o, 2O, KK 0 ST AR, BAEWTENEDR
INSNZHED DL T RIEOHRITIESCH Tho7e (5 1
5 6 ). WSF 2Ll L7o@lmind, RO -HEEREE
BT DE O A% Figure 4-1 (RL-Z. 2092, &
WFZE Tz WSF 13, BIEDORESDR/RE TP Dz
AT 5720 Th-o7z, Iz T, WSF O4#i%
Koc |2~ CThad TR {ETHS.

3. BRUTERBEMTIZETEZIEE, BEHRAR
BEUBHEE Y LORETSHEDHEES

BRIV TOBHMELT, ETHEBRYEENZNIERHITH
N5, ZoZEnb, CEC &b REHERORFEL KE
W RICERL XS T, RAKPEICEEIL, HEAKMES B B AT C
HY, HRIBENREELLT V. ZAH0ZENnD, B#HE
IZEND e S RIT L TR ERFEE RS, —F, Vo
TR IAR BN R EL, M L7V g8 Il B S hed
WZENRERRRELTHIT NS, AR LR
R7 L0 EDDHEIGNREL, KBIZBWTHR S E BARY
TREDTND BHRKEERZER 1979). 2o T, &
AR oo B H Hi A O KR TR O AR FEAVEE, Wb THHH
W51 ARAEL TSR, 1960 HERITLIVADLHEH T

98

RL7Z (FEFD, 1967,1968). Fi-, ¥t nTer o
FRTHY, ERFBETHLH-0, pH ME T T 58 EHH
NEEITIRET 5 (5D, 1992). ZOZinh, EHEIEE
DL N IR THEE0IC, AIKE B O IS5 d D2
ETHRIGLTER, SHICBERZ RigERKHENEZ V.
DIz, KFEI AU TIIEURBG RN Eojed, 7
Ry BTSN kD=8, 22 #E i &4 K5
VBN BT, BARYZ 11X, ZOLRKAEITET50 L
TR I0ITEZ R LT W EHTHHEN R D,

AWFFRICBNTHLNE R oT2, BARY LR A+ b
DOFE R E RIS T, (1) AXIERITRART LD F IR
TR X0 DI EMEES T, ABFZE TR (K i
TR TEBAEKETHY, EERREITEL) -2, +
BOMBLE R,/ RBILEENDL LRROZEE SR TED (B2
BEE 1 H). (2) RIEOWHIIIIK AR L33, L
ML, WSF O RIFBER 7O BEC/MCAELD (1 3=
B 6 ). 2ok, BR7EOFPIRAE L0 TR
FBLKWEEZBND. (3) Ama R A 5L TR
BT LTI AMEES LS, KA TIEs R
RO, JRERH I AE N HFET D20 DL
BAVD IR N LA B LT (5 1 %5 6 ).

Pl 3o, BA7 - CoR AR ITk 8%
BRLIZN, ME—B0 RSP v AW T 52
LThotz. HIEOFHM G EOMI VIR YD
DO ~DFFEVEL T 5. ZoZlix, A HER
P AORE LI DR AE TN~ DOBSR Z W F 5281
X%, MAT, BARROERRY Rk LR 77 =0 F
BThd. Tr7 =%, TF EEOADFHBARERIP E
DR O LT/ RS WEICB T 5. ARIFZE, BRY
TlzBFBLZKOHE Y Y A TF EK A 150
ELBRAMHEATHHZLZHD TORLEZ, TERPDERT T
JR AR I THI T DAL oW D SRS
T, ARBFFETIE, BARZHI2B VT Ex-Ke0 &Hh /4
3% (T-C) LOMICIEDMHBBIRARD OIS EERL,
g L AO RHEPEIC K E IR B E R T HIY L0B
BEIC T-C NEEREEZ R ToEE R (B3
1 fi). ARROFEHEHEAKE (BR7 1) 2k
T, HEEHRE T Z 4 ERI P IEL7Z2 82k B o Ex-Ke0
aEMEBEHXER%ELRY, KEOBAEE YA TF
BT FRE LR o7 (FikD,2018). ZOZLTEARY
T TOHITLAOEBLSLT S22 R T 46 THS.2IEICE
WTIE Ex-K2O/T-C 23/ &W e TF B S/ 5 2 8% 7L
7L TWS CRHEER).
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4. SEOBERMERIZDONT

KENEDAZ A FEAERNT, FhbbX > HIEX > fk
B X Thotz. —F, (EWARE L, HHHORHIER
FRTHY, RFFEIZBNTH, AZ R EmRE, KHIEL
FET DS S ELO SRR LT, HEARHE T
Thab bl 7D J7 AL o F8 A B3R B N3 5. AT
JETH, MmaflE LT R AMRK BIZRW THEK 1A AT
ICEDLTEIARETDHIEICLOAY A BENF LK
THILERLUIZ. B fRIEA Y OFTEILL D70 ThHD
(& 2 =3 1 #). REARNRELUZREICBWT, bb
MEMAZ 2 CHREAICESRI GG, AXURERE
16%HIK CExHEDORENRH S UK, 2001). —J7, JHHs
TIE, FREREF B ORI LY R L 2RO R A ZH
WCEBILE R, 2720, KEAEEERE, MATHERRO-
(IR N S A TR T D, ARBFFETH R EEIK S AR
B i FA I X0 #l el 28 B8 AR BRI KL, 26
SLO DA RRLE OF 2 %9 2 f). &5
PNTIRHIFNIRAEL , HEREAL S 3 ISR AR IR AR Cia Rl K
HENDHEH L. ZOLHGE, M AKIGYET Ty,
LR OB AL ETHILLRD.
KNI HHERRO i F 13X, 1984 445 2015 40 30
ERITR 450 1IZEP LTS (EAKES, 2019). —
75, bbbt BTN TD0S, AW O 5 2R i )
R, Thebb BN fIEa s OB RE2H{T D7 AN
S0 LSRR O A EIXIRA LTS (@D, 2015).
ZOXIRUTIE, EaR U757 K FRI E 2R L DDA
SR T 2D EBUTH LW E T I DE 2720,
KHETHEAEA G H L7V EL TIROZENR BT HI TN
%. (1) @iz k9 AR, (2) KMoMEKAETHY, He
EONEHA = AN TR ED R 2720, (3) HEIEDOMERAEEL Y,
(@) ThoDZETZ, TED O E NS &V ) _E %)
ERHEVHFHTERVWARLEDE R LD D BAKRKES,
2009). ZNHOHTHIZERXIS TEXZMITEIC WIZET
HZETHLHN, TNETHREORERRS DAY E
RO RE I LB TE. HENFIRT 1975 F035
1998 (ZhTco TiThoh e L SR F R A SE T A A&
(403 5558 BR) 12 W T, BRI 3 4R X Dk i
I EFEEIT, (LIRE A =100 95L&, LR+ HEIE (1~
2t/10a) =108, {LE+FfEos, (LIE+HEME (16/10a LLF)
=104 LOFFERDELN TS, FrioIbyEE - BAL T bR
+REHOHITNZ, LAR+HEE (1t/10a BAT) THEIIC/RS
Ba <, IRIRICE DA M O oy iR IR IEC H 35 00 55 8
TENREEE 2N TS (KH, 2012).

Fio, HARDOIEZLN DT 1T HENE O Jiti FH 23 R 7 — A
LlpoTWD. HEEIX, BIEHM O &, HEIEDK,

100

HE o> B 5 vk (HEREIIR, BIVIRL 472 L) A3 1T
WD, ERENFECTHE (R EHELEE)
DRI ERRE(Figure 4-2,4-3). HEAE T AEER R 23 D
i (EREFESOEBFHRE R T®E) L FROL
RS ND.

1o DA B (kg) = HERE O it F B (kg) X i 20 &
(%)/100X AE2H3:(%)/100

50
2.04+0.41
40
S
> 30
o
(-1
%)
2 20
9]
&
10
N | i =
<15 ~20 ~25 ~30 3.0>
TN &)
4
2.31+0.73
%
g
>
g 2
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=
=2
g
£ 10 I
0
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Figure 4-2. Frequencies of T-N, KO and P,0Os
content in dairy cow manure in Tochigi Prefecture.
The wvalues in figures denote arithmetic mean

+standard deviation. Samples were collected from
2001 to 2004 (n=82).
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—7, FA—E &N ORI T HE AR o> 2 ) RO 4
MEIT/hEL, A 1TE B Oz IRIcL, Feekitetmir
IS TR B A BB O HEIR A F v i3 B ffie A
THIENAREL2 D (Figure 4-4). ZOZLiX, BEICEHE
DEHRIEIEL D (ALK, 2006 ) 23, 4 bkl C
WARETHAD.

AF (1993) i, BARZ BITELo 1/10 A8 OB
B LA AL, 27 ORI CARBEROK FICAHT
HOIEEREL TN, —JF, AR CITRARS LICEHR
25 T AABAT R AL T B3O 1R E ~ D2 R ITH
ool (B 1 %5 5 ). MiFRa ik oL,
HHEMIRE I BICH REREDNDD. £z, BEDO LR E
VI R ORGSR ORBERREND, BRI

30
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Nitrogen fertilization efficiency (%)

Figure 4-3. Frequencies of nitrogen fertilization
efficiency of cow manure compost over paddy
rice.

The values in figures denote arithmetic mean =standard
deviation.Samples were collected in 2003 (n=42). The
efficiency was obtained from pot experiment.
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Figure 4-4. Yearly difference in nitrogen
utilization of cow manure compost over paddy
rice.

The utilization was obtained from pot experiment.

B AICEDIRE, W ORE RA BT 228138
LW L, ZOX5REEEL T, Db BRI+
WZBWTIE, A AIEITEAL TYREEICB TS
IR OB AR R A R T 52T REEChHHEE
z5.

AHEIE I OWTIE, HERRE IR D0 fiRE M5
BB LA TEER N L > TO A RET 5405
5. FROMRELEBLLADEDE, BRI HIIAK, RHE
GRBRENZD, GHEMNE I X > THERAE B KIE
ICHINT 5281335 2 1<, e LAMAEDTEM OB A
Wi cEd, AR TIX, AMYEZRINER (817 &
M) LB LI W TREOMEREHEN mEL L%
AL IREASH TRz IR H 6 g, #%
EYMOEIFTHE LT O L FI I Db DLHELE L (5
1 %% 6 ). i (2005) 1%, MkiFE OIS
40t/10a fi AL, EHIMICHAED SR, A SRR S
WMICEEDZEEREL QD SO EaEHYIIR S
WA OTYLIeBOT, ZEICEALIZSE, RIEO
FRARHERN BB IR TS, L LI DL EEIAREZE H DM
TiRFERELFLIER L. S, &5
DO TA LR DT ETIAEDTEELH KL, ERELTH
FEREE RO AT H T IR B AY Y, (b E R
REOFALELIIMRKLTLEY (Figure 4-5). ZhbH0
ZEMD, M DMERE, BREEA~OAREIEOMAY )y
fRA RIRFICEER T AL, FSICHRAGERSS. i
SRR AU, T8RS T A 72 H R 2 108 1) 2t
FTHZEN, MDEHEFFL D DIRE RS ADERBIZ D72
WD) ZEEMAR RS R L7, 2o &, B
7 LR D IO RARED FICH D203 D, — T, K
M, 3 O HERE i L YE X —f 1t/10a THY, 3R
OEHERELNLE TS, BAZ L TITHEAE 1t/10a
Oft A TIXHL T ERE IR EECH D720 (KH, 2012), H#E
M 1.5t/10a OlEHERET 5. 72720, BRDBEAIZHE
FEOSE A3 FT#R TIEdH D, ST, FIKAKH 1T
SEFFR R ORJENE TS E120E, B E R o I
FOWAEZRHE T HZEERET D, EAEREE M L5 50 fif
PEGHED DD THR\NTZ, IR RN ADFE AN
Bty N/

UTAE, HERIRIBLIC X > TR O3 RS A, Hi T
DR THIE LS ZEnBESh TS (KRS,
2019). UL, biRU7250 (AR HE A B e 2 1K T Lise
TS, HHEWE T OFE RO JE Fn LM SE TR T
D FRIZRNDOTHAID. AP ONE A FIL, WEHE
LS CITMEFEIC D RA ML TE, AMICLDT
BHREON R B R PR A KR D T I B A 5.2
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DR, Vo RRHHR O ST ERFICEIRL TOD LD RLUAF
BELNTHNS (B, 2018). —JF, JTFEITIRE/IZL
TaAADIELRE AR TS5 H R ARLC A FIRL S R &
po TS, ZILBIE, RIEOFELREVR, WInbAE
BRILOEZARICER TS (AAR-FH, 2018). ZD7z
9, HEEME AR ZNHICREFIE T HLE 2 HND.
BARZ £3K AR RIS THYT AR L0
LiE B U=, Fe, HERR OB A A [ b & Ll
DINEN VY L& BNKIBITE 52 bk~ A%
XASHIE AU Y NG BN DINEE, —IREEMERIREL, W\
DOLIELZHE VY 2ERINTHRENEHTH. M2 T,
SR Y B el o) halvigh = 7S N == Vi 7 ol s SRE] B O 1 S e Y4
BEREEBL TS, 207, OB MMk E R
RANEAI VD NG BHGRD TR L ST 5 G, JFR
HH DBERGE L B AU I\ Th ZoK O it
UARENRE LR T DA T EILTE 2. HEEITHY
ULAERICE LT, LKROHEEE T LR A K HE
By a0, #IEo#ANEEE 2D, BFITH O
KT 2EMIIERE TERNTHAY. LinUIRE LS
fTLTWDEITE, [N DWEbI &S M E R T L
VO HRRITARD D R, ZOLEIZKR SV THERZ S
B TAVUTE LW RE AR L2, KRGO H AR BN,
IRERLC B M o AR 72 & il H L7 23, AF9EE
ILERRANCE Z DI U TEMRREE o221,
B A Lo TSI A>Tt F 280 SR % F2RE L 72Kz
TR STV ERRDHNS.

BT, BhERMEABR T 2HFVEREA RSB T
JEBERLAL IR I E, Bk 2 iR EA ST HLTE.

I T, BERCL R OB AW RBICBEL T,
BELTTRLBEDOEBLEEDLLLIZ, ZLOEHMRN
BIFESITWD. — 5 CHERRSE, R o fi FlIE AR & J8ird
LiEiT Tnad. TE3<0) I, BAEMD 150D 5
b, FEFITHREOENRVIATIEHD. LoL, i
BRALDOEATREA T, EILLIBRHANE T LIZEEIZ
XFENROTHD. BHEE NS LB, BRE—RER
STHEER NS T30 LW RIEAFEDFRIT
B RDRERETIA > TN,

5. R&IC

BEIOFEICEL T, Hic b ok REORY
~DO A FEMEE RN T 5 ET WSF 23F T % (Motoki
et.al, 2015) 7R E AN FED R DB AS TN, IBESR)
BAACEAL T, [BRABSEA T HIRE @A 4252
L, N EHERFL D DIRE R ADIRBUZ S22 35) 2
EEMAR R AR SEHE (B AR U, 2006) (ZKBRUT-. i
YU AEALTE, RO T8 &V NS T, By
U ANERICIA TSV ERIE T HZETHRETEEY T A
DVEBRIR ZARIE S % 1 B FT A R lE, BB %
SRR SRAE S (AR R R BOES, 2014) (TRCMELT-. Ji
FeHB AR, HEA RIS TARRG Z K TR i o o S
Ty AEUEE 100Ba/kg ZEELIZFFILEN. 208D
\Z, AT RRITBREBS TIRANLI, BI5E B O
AP =R o TNG, O TELN-E RN, B R4
TRFEHMNE L TESOITIEHSh, —BDR4A &L RE
WIEEICE R CENEE N THS.
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HIEE

R EPET DY, IBEK P AEMEL R (5
BRBEZIIL, THICOP, AT BRI TK
MaEB-oT-. £, WICEE~OTEEE -7, ZIIIH
DIV OB EERT 5.

EBORFAMBEAN A1) RFEERI, Z2CoHh,
TRME G-I, £z, BREITDIZVEDT RAALRE N
PE, WICEE~OITRE O E BT, IR M
FH A B, Z2toh, ZKRBEB-T-.
IR D OB A RS .

WA R AR BRS JURBEEITE R KA BRI
TERE DD 3 O SCHEN R 2 L THEER W, FiC
FERBRS RSFO W72, j(ﬁﬁ%@ﬂjcﬂf, WA 72T
IEAGR SUTSERRITIZE SR T2, OISR DR O
R D,

1O REIICBE T DRF50 T, #RE RO B3k
BSHTE M F L L DS THE R RSE TOE V.
B, BERBRERBRSG ORI E L, TERRER
BRIGOH LI Z DT RAL REN LSBT

(CHUD R T e BBAE 2R T2 WTe, Fi2, KO
f%;%‘?;%éafﬁﬁ VX, AbiE ok B AR BRSO IERRE R, &
W —, HERBEVATHBRIGOK)IES T, BB IREERE
ARBRG O E T, OB, @ 2, 58 EIR AR
SohRsE T, ZILIESE, FRERBERBRSGONL M, #
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JEFNT-, % DECHE, (LALIRAR G R BRI O 2 —

fr. 57, ﬁﬁ%%ﬁﬁﬁ%ﬂﬁn%%#&ﬁn%@#@EEKE@%E&
O HEFTEmSN-. £z, FHERSE KeHE-HL
(BUAGA IR B 3R BR ) (TIT AR R IR T IS T STz 72
Wz B2 EOREREN AT HHIETIE, BEBREE
BARBEFET (4 ) B BEATIE L, e ke L, Uk —
T LI RR B R AORELEET G2V, F
7z, WERF RO Y FH L ZFOL TR & 08 A E S
TN, AZ U DORIEICHT=>ThE, ik R AR
B THEIERRE, BREGE, WA (YR Ok G A
PRLTIRBENZ I, 5 3 ORI 5%
T, ARRNDOEZ DT 2 725U BB E 3K TR
AR TIEORME LB ITH WA NIV, 22T

TR O EART 5.

WA VR 3 BR S BREEOR A, TIRIEM B TEE,
BREREIIICE, HHREIEERS CICHIZER MO
e g, HE, MRFRE O 2 130T 3HE, ik
TpTeiZniz, AR T I, SRS IR, 2EFEFRITE
IBDIHTICT W =20z, RE BRI S S
TRNWIZIZW e, Z2IZR U CUESEH L BT 5.

Bk, AFREBRRL, AR SUHEL X TN EIC
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Summary

Chapter 1. Behavior of chemical pesticides in the environment and actual state of
the intakes.
Section 1. Actual state of intakes of pesticides via agricultural products.

To collect data on the intakes of pesticides via agricultural products and their processed food, pesticide
residues treated with the usual cooking procedure were investigated on samples from market commaodities.
The samples were classified into 8 groups; rice, cereals except rice, potatoes, pulses, fruits, green yellow
vegetables, the other vegetables and tea. Eleven pesticides were investigated; isoxathion, dichlorvos.
trichlorfon, zineb, disulfoton, iprodione, fenitrothion, malathion, diazinon, chlorothalonil and procymidone.
None of the former 4 were detected from all the groups. The latter 7 were detected from any of the groups,
which was ascribable to result from the relatively large amounts used. The daily intake amount of each
pesticide was calculated by multiplying the pesticide concentration in each group by the standard daily intake
amount of food in the corresponding group. The daily intake amount of disulfoton was 1.4 u g/person/day,
equivalent to 9.3% of Acceptable Daily Intake (ADI). The ratios for the other 6 pesticides were about 0.1% or
less. This was a level which did not cause any health problems not only based on ADI but also based on Acute
Reference Dose (ARfD), an additional criterion. Additionally, the residues of these 6 pesticides without
cooking procedure were investigated to grasp the reduction in residues by cooking procedure such as washing,
peeling and boiling. Small amounts of insecticide fenitrothion, malathion and diazinon without cooking
procedure were detected at 0~0.06, 0.51~0.53 and 0.06 1. g/person/day from rice and cereals, respectively.
The cooking procedure was not effective on the reduction in residues of these 3 insecticides based on the
comparison with the samples without cooking. Fungicide iprodione, procymidone and chlorothalonil were
mainly detected from vegetables, and the daily intake amounts of the former 2 and chlorothalonil without
cooking were a few u g/person/day and about 10 u g/person/day, respectively. Especially washing, however,
removed most of the residue of chlorothalonil; the result can be partly explained by its quite small water
solubility. It was concluded that pesticides used in large quantities along with the relatively large water

solubilities were potentially ingested via agricultural products even in small amounts.

Section 2. Behavior of pesticides in air and water following aerial application to
paddy fields.

The aerial application of pesticides to paddy fields was an effective method to control of rice plant pests.
However, public concern has been growing about the influence of applied pesticides upon human health.
Following the application, the concentrations of fenobucarb and diazinon in air decreased logarithmically till
6 or 8 hours, gradually decreased and became undetected after 4 days. That of pyridaphention decreased
logarithmically till 1 hour, became undetected after 3 days. The fast decrease of pyridaphention was ascribable
due to its small vapor pressure. The inhalation intakes of these 3 pesticides at a point within the application
areas for 1 day from immediately after the application were estimated to be 13-47 1 g, 30 x g and 4-5 g,
respectively. The corresponding values were equivalent to 2.2-7.8%, 30% and 10.6-11.1% of ADI. The half
the amount of them was ingested till 3 hours after the application. In some cases, the inhalation intakes of
pesticides at a point 1000m out of the application area were nearly equal to those within the application area.
The drift of the pesticides was significantly affected by the wind direction; however, the deposited amount of
fenobucarb more than 4.55mg/m?, a criterion to refrain from feeding morus alba for 5 days for safety of
silkworm, was observed only 100m outside of the application area in the leeward side. The maximum
concentrations of fenobucarb and pyridaphention in water of the drainage channel were 79 1 g/L and 151

u g/L, respectively. These values were above the median lethal concentration (LCso) for daphnia, but the
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concentrations rapidly decreased to below the LCso. The effect on safety for daphnia can be quite small.

Section 3. Several pesticide residues in rainwater in eastern Japan, 1989-1992.
Residue amounts of 9 pesticides in rainwater were investigated monthly from 1989 to 1992 in 9 prefectures
of eastern Japan. The year basis residues in rainwater of pesticides applied in paddy field were molinate >
iprobenfon > simetryn (not detected), depending on vapor pressure and formulation type. Molinate was
detected still in winter, suggesting its long-term persistence in the environment. Fenitrothion was detected
evenly as 20-100 1 g/m?/year. This was resulted from large shipment especially from dust formulation, aerial
application in each prefecture, and long half-life periods in air. Malathion and diazinon with extremely short-
term residues in the environment were detected less than 10 z g/m?/year in most part, but fenobcarb was
detected more than 100 1 g/m?/year in 3 prefectures. Isoprothiolane was detected more than 300 x g/m?/year
in Tochigi tested, because these latter 2 pesticides were used in large quantities by ground and aerial
applications. Pesticides in rainwater were mostly detected in summer with the residue peak at the main
application periods. However, fenitrothion, malathion and diazinon applied to various crops through the year
were slightly detected in winter as well. Although the deposited amounts of pesticides were not clearly related
to the prefectural shipment amounts, the detected periods of pesticides were corresponding to application
season. It was concluded that pesticides in rainwater were only around application areas, and few pesticides

were diffused widely in the air.

Section 4. Monitoring of 15 pesticides in rainwater in Utsunomiya, eastern Japan,
1999-2000.

Residues of 15 pesticides in rainwater were investigated monthly from 1999 to 2000 at five sampling sites
in Utsunomiya, eastern Japan. Additionally, the residues for each precipitation were measured at one site.
Among pesticides applied mostly as granular formulations to paddy fields, simetryn, pretilachlor, mefenacet
and iprobenfos with small Henry’s law constants were infrequently detected. In contrast, the herbicides
thiobencarb and esprocarb with large Henry’s law constants were frequently detected outside the application
periods, suggesting that the volatilization from water and soil surfaces had continued for a long time. The
annual (July 1999-June 2000) deposited amount as average value among the sampling sites was largest for
fenitrothion at 546 1 g/m?, followed by thiobencarb at 196 u g/m?, esprocarb at 109 u g/m?, and fenobucarb,
diazinon and phthalide at about 40 1 g/m? each. The relative standard deviations of the deposited amounts
among the sampling sites were 30% or less. Fenitrothion, fenobucarb and phthalide were applied mostly as
wettable power, emulsifiable concentrate and dust formulations, allowing the pesticides to easily enter the
atmosphere during the spraying or dusting process. The less variable distribution of these 3 pesticides is
ascribable in part to the application of the above 3 formulations in large quantities. The annual deposited
amounts of the other pesticides were about 20 ;2 g/m? or less, with marked variation among the sampling sites.
The above 3 pesticides, flutolanil and edifenphos, applied mostly as wettable power, emulsifiable concentrate
and dust formulations, were occasionally detected at concentrations of about 1 n g/L or higher. These
phenomena occurred mostly in the samples corresponding to less than 10mm of precipitation. The average
values for all the pesticides were less than LCso for daphnia. The maximum values only for fenitrothion
exceeded LCso for daphnia. The average concentrations of pesticides in air, which was calculated by the
average concentrations of pesticides in rainwater, ranged from phthalide at 0.017ng/m? to thiobencarb at
26.7ng/m3. The corresponding values of inhalation intake amounts to ADI were thiobencarb at 0.089 %,
fenitrothion at 0.066%, esprocarb at 0.041%, fenobcarb at 0.033% and diazinon at 0.009%. The values of
fenobucarb and diazinon were smaller by 2-3 orders of magnitude than those applied aerially as describe in

section 2.
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Section 5. Leaching of several pesticides in Andosol upland field under natural
rain conditions.

In Andosol upland field, leachate samples of 6 pesticides, pendimethalin, dimethoate, iprodione, linuron,
acephate and prometryn were collected using the porous cup method during two years period. About 10 n g/L
of dimethoate was detected in the leachate from 50-70cm depth during a short period after the application, but
its dissipation was rapid. Pendimethalin was detected at the low level. The leachate concentrations of iprodione
and acephate differed markedly across the two years. Linuron and prometryn was not detected in the leachate.
The pesticide residues in the surface soil were analyzed for acetone soluble fraction (ASF) and water soluble
fraction (WSF). The WSF/ASF ratios of dimethoate, iprodione and linuron decreased with time, and the
magnitude of corresponding ratios were the same order with the leachate concentrations; dimethoate, >
iprodione > linuron (not detected). The half-lives (t12) of dimethoate and iprodione in the soil were dependent
on temperature, but leachate concentrations were not affected. The leachate concentrations of dimethoate and
acephate were higher in moist soil condition than in dry soil condition, but the reverse was obtained for
iprodione. The leachate concentrations of above 3 pesticides were not dependent on the accumulative amount
of rainfall. The leachate concentrations and soil residues of most of the pesticides were approximately the same

between the plots with standard treatment and amended organic materials.

Section 6. Effect of long-term successive applications of organic fertilizers on
dissipation of several pesticides in two soils.

The dissipation rates of dimethoate, fenobucarb, flutolanil, simazine, prometryn and alachlor were
compared among an Andosol and a gray lowland soil subjected to different fertilizing practices over a 20 year
period. The rate constants for dissipation of most pesticides per biomass carbon, biomass nitrogen and esterase
activity among the plots in each soil were less variable than the corresponding rate constants, indicating that
the dissipation depended on microbial amount and activity. The rate constants in the gray lowland soil were
similar to or greater than those in the Andosol, despite the smaller values of microbial amount and activity in
the former. The long-term successive application of organic fertilizers was less effective in the dissipation for
the gray lowland soil than the Andosol. This is likely to result from a less effective accumulation of microbial

biomass in the former.

Chapter 2. Actual statue of greenhouse gases emissions from arable land along with
the control method.
Section 1. Control of methane emission from paddy fields with a focus on organic
matter applications.

This study was conducted from 1992 to 1994 in two Andosol fields (single-crop rice) at Utsunomiya site,
and in a gray lowland soil field (rice-barley system) at Tochigi site, Tochigi Prefecture. The average annual
emission of methane (CH4) was the rice straw at 11.3g/m? > the chemical fertilizer at 5.5g/m? > the compost
plot at 4.1g/m?in the Andosol, the rice and barley straw at 46.2g/m? > the compost at 11.1g/m? > the chemical
fertilizer plot at 5.99/m? in the gray lowland soil. The significant emission from the rice and barley straw in
the gray lowland soil was resulted from a large amount of readily degradable carbon due to a short period
between harvest of barley and flooding for rice. In contrast, addition of compost was significantly effective
both on rice production and depression of the emission. Additionally, the application of well-decomposed
compost in appropriate quantities along with water management such as midsummer drainage or intermittent
irrigation enabled further reduction in the emission. However, the emission amount from the compost plot in

the gray lowland soil remained large even in the latter half of rice growing period, indicating that readily

123



124

WA R FE W 5 85 7

degradable carbon remained still; therefore, the application standard of compost in each soil type should be
established. In the gray lowland soil, the ratio of oxidizing capacity to reducing capacity is small. The rice and
barley straw plot having a large amount of readily degradable carbon along with low temperature for half a
month after flooding may enhance the accumulation of acetic acid in the soil, resulting in a significant CH4
emission with rising temperature by way of transmethylation of acetic acid in addition to carbon dioxide

reduction.

Section 2. Emission of nitrous oxide from Andosol upland field along with the
control method.

This study was conducted to elucidate the effect of fertilizer on the emission of nitrous oxide (N20) from
1993 to 1994 in an Andosol upland fields at Utsunomiya site, Tochigi Prefecture. The emission amount in
summer for Chinese cabbage cropping was fermented pig manure > ammonium sulfate (1.5 times rate) >
rice straw compost > ammonium sulfate (standard rate) plot. The emission in winter for barley cropping was
ammonium sulfate (1.5 times rate) > rice straw compost > ammonium sulfate (standard rate) > slow- release
nitrogen fertilizer. The application of ammonium sulfate with high rates enhanced the emission. The
application of rice straw compost was effective on the yield of both the crops, while increasing the emission.
The emission from fermented pig manure with a large amount of degradable carbon was significantly, resulted
from the enhancement of microbial activity such as denitrification and nitrogen mineralization. The application
of well-decomposed compost with a small amount of readily degradable carbon was effective both on the crop
production and depression of the emission. The ratio of the emission to applied amount of nitrogen varied from
0.03 to 0.5% throughout the experiments. The temperature and soil moisture immediately after the basal
application increased the emission significantly. The nitrogen application in appropriate quantities, slow-

release fertilizer or the appropriate water management were also effective on the depression of the emission.

Chapter 3. Behavior of radiocesium in the soil environment.

Section 1. Radiocesium transfer from Andosols to brown rice in the northern and
northwest areas of Tochigi Prefecture, in the first 3 years following the 2011
Fukushima Daiichi nuclear power plant accident.

Following the Fukushima Daiichi Nuclear Power Plant accident of 2011, the potential for radiocesium
transfer from contaminated soils, such as Andosols, to agricultural crops became a significant concern.
Andosols account for up to 70% of paddy soils in the northern and northwest areas of Tochigi Prefecture,
where the radiocesium concentration is 1000 Bg/kg or greater in the soil of some fields. The present study was
carried out in order to determine the phytoavailability of radiocesium in Andosols by comparing it with that
of gray lowland soils in the first three years following the accident. The transfer factor (TF) tended to be higher
in Andosols than in gray lowland soils, leading to higher radiocesium concentrations in brown rice grown in
Andosols. The exchangeable potassium (Ex-K20) in Andosols was highly and negatively correlated with TF,
followed by clay. The Ex-K2O value was positively correlated with the clay/total carbon (T-C) value,
suggesting that a high T-C ratio could weaken K20 adsorption on clay mineral sites; hence, the low clay/T-C
values can partially explain the relatively large TF values of Andosols. Samples with Ex-K2O contents less
than 200 mg/kg and with low clay/T-C values showed striking decreases in TF values from 2011 to 2012.
However, the decrease from 2012 to 2013 was quite small; radiocesium in these samples was potentially
available for rice uptake for a long time, likely due to the reversible adsorption and fixation characteristics of
allophane. Most gray lowland soil samples showed very low TF values over the three years of the study, except
for those with TF values greater than 0.1 due to low Ex-K20 and clay contents; the geometric mean (GM)

value of TF was below 0.01 in 2012. The extraction of exchangeable radiocesium (Ex-Cs) with a 1 mol/L
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ammonium acetate solution may not be an appropriate method for explaining the variability in radiocesium TF
in Andosols. This is because the Ex-Cs value was significantly correlated with Ex-K20 in Andosols, but not

in gray lowland soils, indicating that Ex-K20 explained this variability in relation to Ex-Cs.
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