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BT, BEAEYHERTHI L CUERTRZEMT
H5 (., 1998), —F, BRIF, —EREU LORE
WA ERERE T TERLENMETHS, 2D,
ZOERITE > T, BEBICHT2EERCEE LY
. BHPEOREDCHYLR, FENEN~OREE B
ERFOEREZENICEETILENDD, 20D
Wit BRI 2B EBRE~DAROER L Ak
DA, HHEHMRORELCETIMENEETH S,

Rachel Carson (1989) iX. 19624Eiz [SILENT SPRING
(FRER : kB DF) ] % L. DDT. BHCED{LEME
WX ABRBEERMBICEELZES Lz, RBETLERE
HOEYEICKT ARG NED b, BE, BRCH
BT 2b0L LT, KEFBRIBREEE BRET.
1993) | TR DK EIFEIZGR 5 R U (BREET. 1997) .
AEHEICB T2 REERBEREEE (BEFBEEE
BAKERE. 2003), Y BREECBITERILAF
NOIRTE (FRL 6 FHS, 1994) R ERBEENL TV S,
E, 1999FICIIPRTREIENEA S, (LEHWEOHE
HIR L HEHES L0 B ICER T2 EEAELND X5
27207 (PRLLIEETE, 1999a),

19964E{Z 1% Theo Colborn® (1996) %, TOUR STOLEN
FUTURE (FRER : b LENR) ] 2RBEL., NOWE
EAFYBEIC L 2MER TCOABBE R OMBELRE
L7z, MAE T, Z OIS T 572919984 (5]
BT EREEHEISPEED 98] 32 h bif, Z o
T, EROBEN TNHWMBEIEREET S LEDLD
{LZWE] L LTURMNT vy &R (BET. 2000),
BRELBT REOTREICK L THENELEE D,

BB OHDBLE & IEHEOE» b X 2 D BB E
. 1MSE IR EMBRAEORMY & TORER k%
HEYE LTHIEES Nz, Linl, Bk & 5 REEER
FREICST T 2SN RBELOTED L L LICHESH,
TEMER M, TR, KEBBMEICHERH 3 BK
DRFEAVBREESND L5 o7 (BH, 1997),
A BHIT, 2003 IZHEIT S - WIEBIERMKSIE TIE, B
DEREFICR L., MEBMAEDO KU 7 b, [EEIE
BLERBCTEATIEORY 7 M. KE»L DMK
H. THRHEEROER) L THHEEHELD I oK
DTS (BHKES - BESL. 2003),

(7o, BREAEETIE. KECERT 24 LO/RE
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DREZIET D720, BEREEELZED TS (A
B 1997), 2006 I F O BERERBIIRST 47
YR MHENREAZINZZ &2 5 (R 16FEER, 2003) .
BRI L FY 7 MLEBRRIC LY BIEYOBRERE
DEEELZERETHAEESEE ., BEBREOCMT
BEERBEL2->TN3,

— A BRLIATEERREGH THIIEROSE,
i, EREREZBRERECEREBT L. BRE
BHE R Lot h b R4eT 5 EBLER (N0) 13,
BRICART v v nd ZBR(LIRR D2961% &\ 2 3 AH iz
BEHRAATHY ., ZOREMENLEENS (Bl
2005), E7o, 1999FIIKEFBICHRIRELE (BE
JF. 1999a) EHITKDOKEFBIIGIRELE (BRE
FE. 1999b) & [HERMEER R OEERAEEEMEZESR) 3B
S, EEEHSI0m L'UTFTLED SN, 199925
ITENTREBHEOVETIE, REHEWOH BRE
DIEDN TR Y (CERLLEERE,. 199%) . 4%, B
HEEMBROFERMEM AT HHAENEX 5
LEzZbND, MEIBEBPOFEHEERIT. 7rT=71k
B (L) LB bR 2B TERICRIN S, —EDS
BEEAEZZITS (FEE, 1994), ZOF T, BBELA
. HTRIE SN D BIEMOS  NIFRBEEY TH
D& (I - Rk, 1990), 7 U E=T hHEEEICE
T2 LI LV BERPRENE LT RB L, ¥
7. RIGRHPCHBRICERELE LD ENOEETHS
B o, 1983), RE~DERAMERD L, &S 2 HET
LB b BRAEERZMERT I, EREBIOFELFE
WEYBRAELEINRT 2 L3 (A, 2003), EHEF
RIZBITOEERADOEEEZENICEERET ILERS S,

F28H #EHER yopao=-))

FHERRFZFER 7 on ¥ o=, (tetrachloroiso-
phthalonitrile, BHKESL BHELTPN, HREF a2 =—
Moy B A VE) i3 RS N TAREL BE,
fE. &, KRG, Rt CIRBREDOREHRIZAVS
T3 (F1-1R), FBIEHET, AfaFl, 7a77
AL AL SABRIZERB S CEILG, 1990), %
ELEA L LTRSS ER LTS, o ¥y (B
KEEBEZKAPCNB) ORIERGLT) (BHKELLE
. 2002) LETEICHRAZEAAFAORENS, i
MHEFE L TCHLEEEEH LT3, EHICELEICRT
r7unZu=VOERN~OHFRIL., BYRSBRET
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445, 4Mg. BUKIHE T1912. 8MeTH Y, [FHEH) & I
BAREHF OEFICED BEIAT2. 1% (BFI®RE) T
H5 (AFEHPEH=. 2005),

yunFu=F, KEHEBICRBEREEICEE
EhTBY., AFKER L O TAICET 5 HEEHED
50ug L'AT &2 T3 (BEAKRETR. 2004),
BONEICBITAERICLAMTABRESAE LTI, &
IR A HIZ 1) HEDBIE Y (K BIRTTH TG RFES,
1990) . ERLALEICRIF APCNBIFEY: (A5, 1989).
ok BEBICRIT AEEEO BRI 2EE (B - A
L, 1996) 2 ENRBEINTVD, ZDH, BHIILE
FA/7uuo=m LOREREICOWVWTEREZIEET D
VERD D,

b /oo X e = pd, EEEEREBICL ST
SREENDN (Katayama®, 1991), ¥ L2558
BBz oW THHEENTWVWS (Katayamad, 1995),
sunZa=, i, ERCLY TEFOSMREENET
TAZLERBREINTEY (Katayamab, 1991 ; Takagi,
1991 ; BEA1991) , F O EE A L O S fEEY (4-hydroxy
-2,5,6-trichloroisophthalonitrile, LA, TPN-OH) »%
BIcL 32 LM ER TV S (Motonaga b, 1998),
IhEDZEMnD, 5%, EREOBHSZOBIREIC
BOWTEEROBELFETHICYLY, BERBOEE
LAMREEROBEEFA LN T A LNEE L E LD,
IDEDIT, BT HRNEFEO—ON, WEOKIGHE
BB 3 EERMEARFEROEL, $bb.
RS BIORBTH B, AL, BELERNER
FAEMFHRCB VT, BOWRINELZ & Te0-FDRIG

®1-1% oo g o= Lok

—i%4 chlorothalonil
BRI EEE B R4 TPN
b4 tetrachloroisophthalonitrile
TR CsCLiNy
SR 265. 9
CN
Cl Ci
{LEHE
Cl CN
Cl
B 250-251 °C
i h 350 °C
ARRE 1.3 Pa (40°C)
18] -w- Ky BRAREL 4.34
TR AR 0.6 mg L™
BIEHEE i@
sk CH
ADT 0. 003 mg
*ER D (1997) 2 HaIH,
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% (2 - R, 2005), RPLASAIOREIR. RIGOE
Bk —EOHEICNESZ &b, BREBRILE
T EMEREROBTECH A S T& i CRIL, 1987 ;
ki, 1994), L L., fEk, BRRICBEBET DHED
WEOLERMEBARGFEEREREST D Z &1, BHBE-
BROBETICRMESZ4E LT, EEEBHE
EEL, BE, 2O LEBESY, A< 7T
7 /R / EERME R E & 5HTE (gas chromatograph/
combustion/isotope ratio massspectrometry, LAF. GC/
C/IRMS) DBIFSIC & 0 k&7 (HF 6. 2000 ; KL,
1996), T Fry 7 unF L EOEHBERRLEM T
BRI T AROBERHCIX. BEROEIZALD
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FBRICB T DRSS Z#HE L EILRY,
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NERB D, BEETIZZ un ¥ n = L TEEBILRIZK
ETREICOVTE, BA (1991) e fo=10
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Lz aHE L, HEOKERICLVEELEZZ 28
LELTW5S, MNEE - BE 0991 ETu(1993) ik, 7 m o
Z o=V & B SR OEBMEDEE~DEEETHE
TAHRT EEBEREESERED AR T LTS,
Plokoic, AFETE, BEEERBECTEHEM
Eh, SR LBEAE LTEERUBREDDLZ L, K
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BT BB, SREEY OB O EA
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INETIC, HEFICBITIRREOBEMIT. B0
FRRESENDRVIEEREL B EBFEENT
Vo (McCallh, 1980 ; AR - HIR, 1990), FHRR
DIFKH 2 SRR D — of%é@ﬁﬁ%@i iy
iz R TR RS BAL S . FROMR, D AR
BHMERBELLTVWEEX LN, o, EROLER
HTIHLTEFORKRILBORERNZR L, BROHER
BRLVA LT VWRENEET S,

ZIT, AETIR, BEEMMEIICBNT, JooFno
SNERDETIRENERBOERERELHLMNMITH

DT, TRORBEELHIEYT. BEOEERE N,
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AR S, 1997 5 (A, 1999a ; A, 1999b ; (LA,
1999¢ ; WA - &F. 2000 ; (LA, 2004) %AWV RBR
EM LTz,

B2fi MHEBLUAE

1. NoTA A= DEE
R A—FOEER., TEBEFAEZERTAX
TV AROEKRSRER) = F LU BMORTAE I %

AV IARKREBEIURKD

BHBERRS

it N
T

Gt.

El:aaam

|

LI DT

-1 R T A VA= F S

55

BISBREAN /7 mnro OB EABRERICET MR

MIRIZEBTH/INTA D A— ’5'&!;&:%)
AO0ZI)ILMMERBEDHIE

BRLEZbOL L (H2-1K), £/XK/51X—3030m®
EFFET, —AIEES3mDELYYI T, FOEASFHS
RE2EOAETHY I, BERRIIIREZRTTE
BI3mDEEHEREL, Aoy 7 7V — A2 FHE L TR
KEL Ui, KRRV OBREFEIZ, HEREEHIE, H
ST 5 & 500m 0D HHBFE 40 5 OBRE - T
ALTe, BkE 7 NOTEBFZKOFTAIZ, B=—
Fa—TE2ERKEROEME=ABA, I Z s
EECEL, BERST (hrd 1 B RISK-54013)
T L TITo 7%,

2. RREBLUHENE

RS TERBERRE (B TERRHRS
gt & —) PR SRR S E G (T EE R T BE RN B 52 AT,
B OTERMEET) & Uk, 2EEFHBaELt (B
) ThY. TOBEFEMEZ, EHEIWE, BERE
EEBMN12¢ kel 5T EEA41g ke, CECHS 9 cmole ke™,
2FBREN0.547n m® RILENL. 264 TH D (FER,
1978), REBREHEOEMIXBi (7 X 5m) & L, @
RN TA A= FRFE LT (1995428 A23H),

BRI, BB ABAT L7219964E 6 A18A 25
10H21RETD126AME L, Bk A& BIEEH 3., 10
20, 24, 34, 62, 94, 101, 1258 & L7,

HREMER, X AVELICERMIBT AL ST, B
F30cm, BEMIL00cmDEENT TAH L, #HRBELHEHE,
BITORBEFEIZ L VY~ T 2HE L,
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HERERL, 7ooXo=140.0%7 a7 74K (HE
BEIIMSHBE T80ng m?, KEME? Ing L (&8,
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P21 0%KIK (80me m®, 6.2mg LY, #A 7 40,0
%EF| (80mg m?* 40mg L), A FF 7 m—/145. 0%
Fl (180mg m?®, 488mg L*), P4 hx— 143, 0%HLKI (86
25,000mg L") ZAVWE (F2-1%), AL
u 7 7 AEIOERAIL, KILTHERL CRBRERAEIC
¥—i2fT o7, ,

Tl BEOTEPIIRIT BB EZFMET 51201
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THEH% A — T F T4 P — (77 == VHBETRAACS
-800%) ZRAWTEELT,

T, RBETRIZ, VIV A—FELOTES
EE10nZ L ICHRR L, HRBEO TBBEERELZAE
L7, SHREEIL, £430eh 67 b EARDRE
BCHHL, 7R bEBERY I A X CTEEL,
Bk - EREZ. 2nlOT & P TERE L, HEEREK
LRI ERE L BEBRIIZ e u=140ug ke,
vePr 7 ug ket FATV) 0. Tug ke’ AT
7a—n40pg ke?, VAR —b4ug keTThHoT,

E3EH B B
1. TEBRFEKE

HEBERYE T ICERESN R HEREKEL608. 2mmT
HY . BEKREIBMDE5%IIY L,

¥ HREFKEORENLRECETEYT D DI,
THBBEAELFRARBAKTRL, BFYIEEFK
BEAEHLL (F22F). RBABFIcENT, KER
AN BEMmALIB % LR BIZFEEL, BNEKILE
R TETOBRKERIZ, TNZ1266. 0mn (FEFHEA19
~22B 1) 295 Tmn (BEBEMI~IHE) ThHol,
INHEDOREBRICE RERAEA L, RERHEAKDFE
AL, BEHTERBEAKEIL. 2HOKREERRNICSHE
L., BEHBA2BE#NL24BHB LU BE %A H101H
HiICEE ML (F22R),
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D, MHBIZZERFN35%L0.4% ThoT,

Fho, VA b= U=V DRERBED R
REEFMET 572012, MEERREICAFYLEES
KEZFEL, BEHHERFELEM L (F2-4K),
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FICHIS LT Lz, i, BERMA218%2 5248
BIZBITAVA N — FOREHHEBREET. B2l
A% ORERENICRHS L CEEICHEML 2,
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Bo2BREA /v o= LOBE L EABERICET AHE

HERBREO T EARRE LS LBORM L REELR
C. 5 BoRMEBREMERD-Y OLBEREXE
L, BEMAEICHTZ2LEERBERBEOE A% 118
BERE L, TORR, TEBRBEREREIVA bo—
F231.5mg m?%, A FTFZ o—A320mg mE AT
J U 30.53mg m?, P83 4ng mEl el | B
BERIIFNENL 7%, 10%, 0.66%. BLRIT%T
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FEAFH F B

1. BEBEMBICSIT3RENERBRR

Zrufnu=vd, RBRHARPICEREEK» LR
ST, F2, BRBETROIBIHS BRHE IR0
DT, TOTENL, BEEHMBICEN T/ urFa=
NHEAERE L, HTAKE CRIET A TREM IR & E
Z b,

BEOTBEERIRRREELE (Koc) & L JHH
3, BEOMERBICKELSEETI b TN3
(Gustafson, 1989 ; &% - LA, 1998), —F. FEA %
BRI, KAME LKocHBIICADHERS S = &
BE BN TWD (Kanazawa, 1989), ABFFTIZWTHHt
Hllrzuonfo=, ¥A4T7P)0, ANSZ7ua—
BROVA R— NI A HBETHY . ZOPTK
BRENRLEVY A b — MIKoch &R bIEWVWEE 2
LBIvd, LLEdbh, VX bx— M, BIZEEINI
LWEDIHERESRO ORI L EX b, E,
VeV, KBBERA NI Iu—N e FAT )
LV EVZLPDLTHERENRD N, Z0OH
BELTE, P robBhlEin, RRETHO
TEERBRNOERBEOF TR OEVEHESNG S
LR U VYO HIBRERE RS RISICH DNHEOK
BTHOHRBELBRRIZEREBEIOND N, &
BRETIMLERD B,

AR NTHL—H—& LTAWEZCTIE, +E
FIZRBWTKEIZIERFICBEITS (EAR L, 1976),
TEEFREAKPIIBTEIVA M- ECLTOREKRB L
T aL, VAP —MEEIZ, CUUEEXLE LI
HIEREMBAARBICKEES. 4ug LUTEL, C17A
EREICELZMBBLUBREREICEL Lz, Thbo
Zenh, YA MT—bE, HEFOEBEFIRICENT
BRETh-oILLEZ LN, BEEMMIZRIT 2BEM
BEOTEWEEZ DN, Zhigst L, LERFEKS
WZRBITDV UV OREHRIL, UA Pz — b EHRT
MRS B AR %N HI01BH% EBEL, BE
DEEMETLOug LTEELS, ¥—7 ORI FRHEET
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bHol, ZDZ e, YUV AII—FEDD
WETIIBITBBEMENENEE X DN,

¥/, VA M= FOREHHERERIT, RIELEH
21 %OKEERRICHE L TEHEICHEM L, 2ozt
o, WEBHMICE Y 5 BENERECEELREYT
BEEAERE LT BREERAZOBNAGIE A b,
KRB THICRIT AUARBEDO TREBRIL, v
VEART =R EE BT, ZTOZ L
5. BEBHMICIBONTINSEBEOHERBELZAE
THHEEAIE. RRUMZIDUERSTIOILENHDLE
Z bz,

2. RUSA VAR FEOFEMELRE

A% VBRI X AT ARIBRE RRICBIL T 57291,
BROBHIBVTRECHERZELWET ILEN
Hb, LML, ko LEBHEKERFETHDITAY
A—FZEiE, NENH EICEHRTA7-DEE O AE
ERTAETHY ., BROBBICBITHIRABIIEAETH
ofn, Elr, T4 VA —FIEFTEORBEESLHET
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3E, BEOFE LY BRECHEIREE 2B KFHME L
RLTWEFRH o (BADL, 2001), ZHiCsFL, /8
VA Y A—BEORINIL, BEOB D AEERFRET
BEOBBICBTIAENELE THDZ &, LEOKE
MEZBELRVW & BROBENENT ENETH
B, NI VA —FEOERTIL, K EETR
A LEEAKBOLBREKERRLTEY (&F - 1L
A, 1999), FN LV BV PO BRRFEKEZ TR LIC
{WZ e ThdB, LinL, BEEHMEH AR
BWT, REHEBFEKEIIREKEDS%IHEE L, H
T HERE KR A BRI LA RRD b
72

BEDZ edd, RrIAf v A—FEL, DEEHMA
CRITBENERGELRETOIFEL LTENLE
Zbhiz, 5%I%. BEOBBICBWTHRATE 258
EENPLERL, ATV A-FIEOEKFEEESD
HEBTHIEBBLETHA I,
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—fRIZ, BRIEPICRIT 2 BEOHRBREIZIL, &R,
WC, %, BHROERIEETE (&8, 1992),
DL REHOBERMPEETAIHZIIBWNT, BED
EROFLEEWET B HIEO—2D, RAESBEF A
THEHETHD, ZOFEL, FMNESBORELRT
BHERE (enrichment factor) Z VT, [IALIESR] A
FOEROFEEZWHET D (F+ 5, 1996 ; JIIFE 5, 1991),
L2aL, BEETIZ, BEFICBIT 2 EEOELRBRIZ
BOTRALESIITHERINTRB LY, Mo T, BHEEG
BHLBASMTERTVZRN,

ZIT, AETIE, HEEFOInn ¥ o= LiHEE
BIZBT I2RBFNMESBOGEELHERTD (LA,
2004),

E281 MBEBLUAFE

HREHT, JuoFo=L (FrMiEds, BEE
FEABR . ME99.0%L ) & L. E#EL (VARIANH:
#l CHEM TUBE-HYDROMATRIX) & 3&iZ#FEE LT
1% W/W) OBElE Lizb oz Bz, Rt
WERAR s £ (RNo#, 24 CL, pH(H0) : 5. 39,
T-C : 53g ke™'. BLEUM : KRS IEHBESR) & L.
2mDEFEE L HOE AV,

BH10glY o LEL 10l B —F—ic & v, it
REH = H 5 TO. bngiRMBIRA Lz, ZOWRMNE
X, Z7oua#e =110 0%H% (Eask ¥ 40)
OWEFAE (0.40Mg ha®) ZEELTWS, &5, &Y
KB TEEOKRG FHEEEREKEDE0% IZHE
L., BTHPEEZECHEYTAHMEET T =7 A9, 43mg
ERMBREEG Uiz, TVIBETR SE LTRSS
T. I0CHIEEB/ANTHEE L, BEYFIL, BEp%
M0, 7. 21, 35, 49, T0H & L7, EEPOLTES

BIsBEA /v o VoBREEABERACET IHE

MEEROI OOEO0ZILAEKBIEICE TS RERLLES

AKER, RElocEEFHE2EAEL THIE L, A%
LBABOEEZH L, RRIIETIRETITo 7,

WEROLENS /7 unF n= L BT 3 BB,
BEFICREBRMASHINE LD Z L AERET 5720,
UTFOX o ieskiE (EEL, 2001) &H_TTEHKE
BolLibol Lz, A 1glEHE#EL0.2¢ (VARIAN
#:# CHEM TUBE-HYDROMATRIX) % 10mLZ#a U 04t
THBREICL Y, BFBR=F A5l T2EEEE SHIH L.
EARBT N v LARLDEMXZABERVCTEHA, 5
B, WERHEL CEHB=FATILKERELE, B8
Wi, AR7 < 75 7EEHHTE (GC/MS & =—
vy kot — FHBIHP-5971, 538 A F AUltra ALLOY
-5) AW, RMEILRI50mg ke FANHE Y T47%.,
10mg ke "FMNFEY T42%., 2meg ke 'URINHEY T50% T
o7, EEMIL, 50mg ke ' FRINAE Y DEILE THE L7-,
GC/MSIZ L D EEHR., MEE /7 n o & o= LEER
#30~50mg L'E A TERIR T CREL., RER
EFRAMAEDGHICHE LT, RELERNMEEAREFEELD

#3-1K GC,/C,/IRMS
E3-1R 7/ EBRZ oo VORBEERMEE REEL S &M

EERNARLLEE5 83t Thermo Finnigan DELTA plus (GCEB  Agilent Technologies 6890)

EAE 4 uLl
Xy VT HR He
EAO

IR

T—7 R

FREFRER 692 s
BRBEIFIRE 850°C
BITIFIRE 650°C

250°C, A7°Y w bR, 1.5ul mint, 2 R&Z o b7o—
HP-5, PN# 0.32mm, & X 30m, FRE 0.25um
50°C (1 min) - 20°C min®- 250°C (5 min)




TERBWR S L v & —FehlsE

SHFIZIE. GC/C/IRMS (—%F - 7 4 = #BIDELTA
plus) ZHAWE (H3-1), HHTRMFETRI-LIRLE,
REZERMAEBREELIZ, ORITLD 5 CETR
L7 (BALIZ S— 3k, %),
§3C (%0) = (Rample / Rtandard — 1) X 1000+ - - (1)
7 2 CRample & Rundardl . FIVENBE} L EREHE DC/C
AR L, EEMEIZIIPDB (7 AU I AfE#LPee Dee
8 D% B {L.A T % % Beleminite, CaCOs,*C/*C =0.01124)
W Gk, 1987), GC/C/IRMSKX, BIEEZ § *°C
EAREEEDCO THIE Lz, GC/C/IRMSDHTHEE L,
rapgo= VBRSO § CCEOEBFRETLI%TH
ofr, HRICHMATE FME%O I nr Z =10 §5C
BIZ. ZH2H-26. 4% & -26.5% T 0, TEH 5 OH
Hi & RIS & B IRKRFEMASAIZEETE D LE2 O
B

E3H HBEBIUBE
1. WtEPOI/ o020 )LELBRICES T ARER

R A OFE _

GC/C/IRMSIZ L B 7 mu ¥ v =)L Otz 53-2X
IR LT, a) l3EHERIE (50mg L") THY ., b) LR
HET708 ORETH D, ruuFu=LrOr—riF, 1
HER R OO E— 27 Db oHE LT,

FiEPIcB T o nF u = LV ORERBE EK3-3IC
FlL7, ZunZu= VORE L, HEHFIEIRD
FELET L, TR (K. 1991) 12.58 TH o7,
suugua=LOBEPEREYIEE~36H0 L VWb TE
Y (British Crop Protection Council, 2000) . AL
Bt ARERLEOHEMNICH 0T,

R BITA o o= 0§ P CEOHEBR L E
33EICRE LT, ZuruFa=/L0§ i, BEMRK
B TIE-26. 5% T - - B REFRIICE < 72 0 | BERER
708 T3-22.5%F CEH L, $742bH, HEFICK
Fts/7vpuFuAHhoREE, HELzZoodno
SAPORBEHRTHCOLEREL £ofi, 3ED
BEAERICBIT S 6 CENEERZIL, HRAMMS
B RBBREL oo hd, HRMIAE L ERAF2IE
PO § BCEITBRIZENH - 72 (Scheffe’s FIRE. f&
BR1%), Utz tob, HIBIkiTs/na X
o= A OBEEBREICBODTREBRMAESHBELTHD
LEZ b,

thOFERILEHOT I T /nnnF LR 7
poxF Ly Tk, eI L AHEROIRE CRER
MIESBNECDZ EBMBNTWS (Bloomb. 2000
. Hunkeler. 1999), MATEICBIT 37 oo & o = L3 M

60

%15 (2009)

Reference gas {(CO2) Chilorathalonil
13 } ) {

5000
B
z 4000 )

N a
2 300
2 2000;
ﬁ 1000
250 500 750 1000

12500 ©0
E 10000 - Refarence gas (CO2 .
E ' i 4 Chlorothalonit
5 7500~ b) }
g 5000
£ 2500

250 500 1000

Retention time (sec)

®3oK swomu&Zu=,LDGC/C/IRMSZ a< k77 A
) EES (50mg LY. b)RAK GEEHMT0H)

60
50 I
40

30-§

20 e

BE (mgke")

s
b=
L

20 30 40 50 60 70

&3¢ %)

-27 cl) 1 1 ' 1 1 1 J

20 30 40 50 60 70
R W)

waa3K sunFuLOHEPEELRELZERN
K OHERS

ds=-26InC - 164
R? = 0.9624

8C (s, %)

0 1 2 3 4 5 6
BEE (InC, mgke ")
-4 MEBICBIA/upFu=LOEEL §YC
& & o BEf%



WA BB T 28FR /oo VOB ABERICET 2H%E

KT DERO—OBMEMIC L 25ETHY (Katayama
B, 1991), REEHME LT 1ERPOHEICER Lz4-
hydroxy-2,5,6-trichloroisophthalonitrile A3 £ k3 2 (F
(i, 2000 ; Motonaga, 1998), ZNH DI b, KHF
RICBIT DREBEFRMESINIL, 7o VOeEY
SIRIZE D AU AR H D, KRBRMESHBET
BAA=ALELLTE, Znafn=LOHEKRICEET
BEMMLICI T DICOREE AN, “CL TN &
Ex 5405 (Hunkeler, 1999),
2. BEEGO/OOFZOZILELRBRICE T SRER

Lk 5 B O F A

REFRICI T D RBRMESOBRELFMET 57
B, BRERE ¢ MariottibIiZ L VEhhi, Wb 3
RayleighDFUZ L VRO 7= (Fh 5, 1996 5 JIIT L, 1991
; Mariotti® . 1981 ; Mariotti®>, 1988),

8s = &sot e 1nC/Co+ = - (2)

T
§s : HHD § UCE (%) .
8 so: PIERLEREDOBELD § “CIE (%o)
C:H®Bnr/uoFu=/LEE (ng ke®).
Co: BIEBIMBEORED /7 nn Fa= LEE (ng ke?),
a=§so— ¢ InCok TH5L@2)XLD,
6s = at+ eInC- -
e IIERTH D,

- (3)
=L, a,

61

AHRICBITHREREZ Q) RICY THED DI EROBRE
BB/ LN D (FE3-4R),

§s —16.4—2.6 1nC R*= 0.9624
LoT, BRI« i1-2. 6% EMEEIND, ZOMEIT.
Bloom® (2000) 2k bV s/mn=FLrofilEsf
ERRIZRIT 2 BEREK-2. 5% A% Tho Tz,

BT, RERMESBIOFAFZ LU TFILRT, 22
Tt RFRIEBIT I 7enda o VOEER L RERNA
EHHDB, HDALVWIBRTORELLKET 2,
FREOBRHEMARE : # QRICUTIEIDH B &,

6s 8 s0—2.6 1nC/Co
Linh, Thbb, BEGMLOGETHI/InogFu=,
HRIZED CEOEEASCELE TS &,
A65C (%) = 85C: — 5%
=2.6 1nC2/C1
2%, BERICRBITZ/7un o LOBEKICERA
LD RBRM AL 2 HEDRWERIES LIZHA.
ZORXESUCHEDE (A57C) MOLERAICKLDHEE
EDHEZWETED (FtH. 1996),

AMEICLY, BRI /7 nuf o= 0k
WRIZBVWTRERMAESHAE L TVDB Z &SRR
Nic, 5%, RALESIEVWIRSERETICBIT2E
KOBBHREICAATI 0. ERBREOHKER LR
MESRIE OBGREBROMCTAINERD S,




THEBEHRBREME L ¥ —HBIRE F15 (2009)

ENE 0040 )LIC&kbTEROT7 OEZTEIERTE

fefe

1))

e

|

£ 1

ERLARIE, R BERTT V' =T ASHBR IR
LENDRETHY, KBILT2Oo0KENLRS, T
Rbob, TUrE=TBGHAEICEST VE=T 2 0B
Be~DBEL &, TAEEE(LAEIC K 2 HaEED b iEEE~
OB THD (FIE, 1994), HBEFOMEELRIE, M
TR S B BIE DS < PEFRNBIEREY TH D &
Db (T - ZRIR, 1990) , #BD CEERMAEHRIGT
b5, WERLER 2 ER & AV CERICHET 5 2 &3,
FICEBRRREIC L D ERIEEOBREH ST HITIT
bh & (ERE., 1991), BF T, BB EEROR
BRI THBEND, MR bRICEET > ERILE
FOREZIFIT 5 B R CREBALRIHIE OF H 23 3= 5
bRTW5h (FRHES. 2001 ; EI5, 1999),

TEHARRIRETEREOREL HBHEI 1S
K OWENTHLNTE R (Hellingh, 1971), FFIZWHEE
fbRiE, BEAEFBERIN T2, DEICRE:
BALEZREOEEBPRIBERBRELINL TS 2,
TETOREBREKIE, IRICRERCR BA L T
FHENC L VB AEINS Vbt TW 5 Rk, 1994),
koL oz, BIEHOEEELBRERSOMED O
Bt EEICEHTANEEREEL . BEORA
RO MBI E BRI T A Z LB R ThiER bR
W, FOTOIE, BEPHEPOMBILRICRIETE
BEEETILEND D,

FIT, RETHEREOREIIC LD HEFOT
ToTEMGEEESE MR T L LI, EORTHEE
REMEEPTRLE ou Z o= ) VOBEREIZ DN TEM
WWRE L (LUARD, 2002 ; IWARS, 2003 (LAG,
2007),

E2fi MMBELUAE

1. THERO7 O E-T7BICEEFEFEE

ZRBRICBVT, #HREAIC LD HEFOT EST
B ERE ML, FRICRER LR WIBY LT 05 T
L7z (E4-1K),

R, WeERs L (RKJIo#, % : CL.pH
(Hz20) :5.39, T-C: 53¢ ke, T-N:3.7¢g kg, 7%
STHRERESE : 9me ke, EHBRIHEREBEERSE
1lmg ke, BREM : RIFESETHES) &L, 2m
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100 mLAE —AICER LR

OEFEEBELLbOERWE, ERIBEORBUGETIX. /b
FEE20EMFIE L BY (EIBZEHRT0ke ha', BIEER
30ke ha'ZBifE T v E=U ATEERA) OHMRNOHRE
X20mETTHD, HREAT, EEL (VARIANHR
CHEM TUBE-HYDROMATRIX) & & biZipfe - IRE L.
1%DBAEE Li-box AT,

B 10gf Y oA LEF 10mLAE Y — B —Iiz & 0 | it
REAZHBME, BRE L, HREERORMET, FZ
BRI HRE L CE LS~V k' THB, TDORME
X, R UAEZREFOF CHEAENSZ VW ur o=
10. 0% EHHE Fafsk : FayAn) L RA7 kA
AFNAE 0% EFHH (BRL : VY vy 7 2BED ©
HRAE. N0, 40Mg ha'd 1. 00Mg ha’ZfBE L TW
% (Katayama®, 1991 ; Takagi®. 1991 ; EA, 1991 ;
Kilis, 1990), X bz, HEAKTHEDOKDFM4E K
REKEDO0%ICHIE L, WMEET LV E=0U LT EME,
BALE, MEBT VB0 LORMEIT, ERIHBEL
TEL Y720V 200me ke TH B (KK, 1986),

ZFO%, THIHETELS 52 LTHESEEFT., 30C
DOIERMBZA T2 HBIRE® Lz, BEFOLEEKEIL,
HEloeEEFHE 2BEREE L CIEEL., &ARITX2ED
ER2EREAKTHE L, BRREIETIRETIT-7,

FHAEANC LA LR OT =7 B EEME
i, EERTHRICBT 2 IEYOT UE=TRESR (U
T. NHeN) B EBROERMHE - MEEEER (ULT, (NO=
NO3)-N) & & Tl L7z, HEHONHN & (NO2+NOs)
-NiZ, 10%3 e U U LB Tl L, NHaNiZA o F
Tz /=T, (NO2=NOs)-NiZ# - 7 FI U AET
—FTFATF L VT IVIETEAFNREGE (TIE
B, 2005), == RT7FTA4Y (FF - L—~EHETR
AACS800E!) Ic LV EE LT,

(ReRRoL)EETiRE
T10 4B MES

HEEEMEERLEY)
Ba BRESL. 1% HEIET
lln B, 8t 81150 mg ke

LHBESIHE

AR EBRABAKED | BB g7+ 27 UNT200 mg ke’
60%IZFRET HEBK EHDEREETUR-IA

BE

|

FREECHIEL.

3

[

10%KCITHE |

TIEDONHA-NERE
(NO,#NO,)-NE &%
A—bFFSAFTER

F4-1K HEFOT = T B EEMEME



(1NN nk = el 5] BEA I/ ensn
2. 10EOREA-LZLEROT7 V> E-FRILEE
HEREANT, BEVRAEBRET 2BANOEEL,
gumyn=)b (FAMELE, WME99. 0% b, Ak
BHRFR (AZBIEE BRI BN - £25E. 2004b))
FU T b (FYeriEa sy MiEEos. 0% LA E. AHMER) .
P ZNMIY— (BAEELH, #ME9. 7%,
AT uo—VESHBERD. MrarAXAFL (FE
L4Es, ME9S% UL, HHY VR, A7 avty
(RHONE-POULENC#:#, PHhLRFT A4 I FR), 7
NEF=v (AARREME, #iE99.9%, ILRFTT
I FR), ~FYary— (ICHER, MET7.5%, —
NIRRT —VESKEER), 41V eF4+T5 > (H
BB ME. 9T%, VFFT R, N I (F
2R, MEI%, XX A IFY—NR) BIW
AEITHF IV (EREFEEHE, MEY%LE 7=
FTeA FR) O9ORMIOEE Lz (F4-15%),

)

Y I

=VOEREE ABERICET 2R

LT, BE, MEBLRIMEFESERC R b E < ER
SNTWBDYT T IN (FATAT A7, Wi
9%) FHRMTHI LT I7 2 FEEB L UEKELRM
X& L7 JARBTIE, 2006), P77 3 ROk
M, MoOEREREFUELYE D50 kelTh
ERIIHBBETILERNTIEEREDI4%ITHY
L, filRENTWBEI L7732 FEAERD10% &
HELTHLEYTHD (WO, 1999 ; JAZETIE 2005),
3. ﬁ%m&ﬂﬂﬂtanuan_wiﬂﬁmmbt%
AEOLTETOT oE=TFEILESE
HRERIL, Juonfoo e 7T P TINEL
Tro RBREORTEIRX. VU7 V7N sourum
N&50mg ke' B EBICHRMTAOY T P27 IR+
DU VX, VTV TIREIunFoo iR
WMTHENMT ROV T P TIRR, ZJunfo= KR
UERERMK E Uiz, HBRUBIE2IBHE U420/ &

RBROMRIZ, ThOERENERNTBRE, B Lk,
Fa-1Fk R L% %M@ﬁﬁkﬁ%fﬁ% T A ERASERL L UOHE XY F T A
— &% % Y HER? TEFIsE" Y HHE AT k5 H0
CN
Cl Cl
yawru=L MR R m[:]w SHEESRIL B#iR 2 b5 AR
Cl
5 _— s s S REER, . .
e AR (CHQ)ZN—E—S—S—"C—N(CHa)Z SHEESRMAE A7 b7 AR
CF, —
o TATRTFE—)L NN TATRFo—L HBYE., FOOHE.
DR sapmEn N ™ oon AR Rl
2 37
s BRI L, R
RV Z BARA A F L Y VR (CH;0),P-0 CHy  HEBDPIEMAIR L BT
d TR B,
CONHCH(CH;;)Z s
MABEOBBME LM .
o BE Dk 2 TS IR BN UIRE,
L TaT /WWT%/4\F+ [ﬁ¥:> %ﬂmam&mm# R
CF, OCH(CH;,)Z
TNRT = BARRYT I KR <:>mm<:> PRI 5 878
OH N= N ,_v : [
~ g TAIRATF T —L D TAFRTF - HFE, FOOHE.
FYETS= EAFRIEH m<:}ggﬂ&1 EEHIEE Ao
Cl 4t g
S n
SV PEFET CFFT LR [ﬁJmmsz UUVISEAREE  EA R b LRE
s GOCH(CHy),
)
., = . N N-CONHC,H,
~) 3 LRI —LF SRS TEE iil N %, :
J 3 NRURALIH IV N)‘NHGOOCHs RS HE BYHE, FOOIH
Wmm? - .
AFT RN T =T A FR 'CHCOCH, RNAG ARFE = ZFRE. PythiunBH,
' M%HWH - S ERE
if 2 3
CH; 0

1) JAZ RRAEBHRIRAR R IR BN - TR (2004b) XV BIA.
2) x5 (1997) LV 3IA,
NEEZL (1995) LY 3IH,
Hkbs (1990) LV 3IA,
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FERBARETE L & —Rhl#mE

4. HYOOAAZNICKZEEROT OE=TRILESE
iR

REREII08 & Lz, RBRROERIL, Joodn
=AEENTS s unuFum X, ST rUTIFK
BLOERERME E Lz,

5. Y0040 LOENENLEFOT L EZTRIL
ICRIFTEE
HRBREO#ERIZ, 7onF oo A 2EEH7200,0.1,
0.5, 1, 5, 10, 50mg ke WmII$ 2 7TRB LT T
7 INEELYY50mg ke RINT ROV T VTR
FX & L7,

6. yO00420-ILOTEROSBREWMTPN-OHIZEL S
FUEZTEIEERE

RRXOERIZ, MEElckds/enfo=rnE
B REEW T & 5 TPN-OH % #1395 TPN-OH[X (554-2
X) (Motonaga, 1998), ZJmuF =LK, JT
P73 FRBLOERERNX E L,

CN

Cl Cl

Cl CN

OH
#4-2 TPN-OHD{LFHEE

7. /00420 )LDEEEELLTEFOT U EZTR
LIS & OBERF

WREX|E LT, 7 Fa=AORAFMO=F)I
ERANTAICERM L EEREST V7 7unT LT X
o= kU CGRRLERALE, #E8%, LAF. TTPN),
= Y VENBRBELL 2,3,5-T7 ]\59 (=R =R
(Accu Standardttfil, LLF. TCB). HIZHEBISHIME L
t:buw%m%%®4/75u#b)w(ﬁﬁﬂ%&
B OMEIS. 0%LLE, LUF, IPN), TL7&u=hJW
(Fnyepigistfl, #iE95. 0%LLE. LAF. TePN), 74
o= kUL (RS, MIEE9T. 0% LAk, LLF, PN)
BLUORYY = b UL (Fuesige i, #Z98. 0%LL k|
LT, BN) 2w, Zh b7 »rE=7 BIGEERE
Fruongu=,L Bl (F4-3K),
RREOHKIL., LEBEOHENTEPOT vV E=
TEAMLREEHICRIETREELRIT OO, #EEEA
ZE4 Y710, 2mmo0l ket (FmE & o=/ T53mg ke
M) RINT 5 REUCEABRMEKLE L, SHIT, ~»
Y= hMUATIE, BEPO=FIANERLIOTHDLHT L
7350, 4mmol ke WA AR EFRIT 2 (LATF, BNO. 4K),
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CN
cl cl
Cl cl
CN cl

FhHARTLZE0=ZMIL  1.235-Fh5ARRLEY
(TTPN) (TCB)

Z40=kIL  RVJZBIL
(PN) (BN)

%15 (2009)

“ eN :

c a c cl

oo LJ
¢l

) Pj=l=F"1==4"

Oa Q

4/79|:|_|~'J)b -rlﬂsu_wlb
PN) (TePN)

#4-3K uﬁbk&uuﬁn:wkﬁﬁm%%®M$

1#i&

CN CN CN
cl cl miijm
c@ CN B Br

cl OH
ynnsn=p 7'RERY-A ¥ hoa’zh

CN cl cl

ciijm mfilm
c cl cl cl
0 OH NO,
(C;H,0),P =S
YP1I1R A'vionnzz/-p MY
W4 MR LI uF b INLVERERFETHE
DL EHEE

8. NOFVEZMILEZSHETIEEICLSLED
D7 vE=TRILHEER
BERIEH T, NP VBICERNBER LR PP
(BEH ., BHKESBZREALPCNB), XvFranz

= /= (BREH - ZEA). =t rFEE vi

ENBHRLEZToEexv =L (REHR)D.,
(REHD) ., = U LVENBHRLEYT ) 74X (R

) Bt uoorzu=Ld Lk (B44RK), RBREO

BRI, Zh bR EH 2R %720 0. 20001 ke HRAN

THRBLOEFERMEE L, 512,

LT )7 RREERO= NI NVER—DRDT,

0. 4mmol ke'HMEZFRITZ (LLTF, ¥ 7 u~=,10.4K,

LT ) 7 F A0.4K),

9. /ARZOZLALEFOT VEZTRIEMEICR
ETEE '
HRTIEICTFORB T 2= 7 A 4B R T 3 EEE

ML, TroE=T7BCHBEERMIEE L, IN1ES

O OWHBT T2y A0, BERICHREL TELY

7 0 200mg ke’ Th Y. T OMEREAKTHEOKRS S

HEEREKBEDEO%ICHE LI, 7 E=TBRILEE

#£ M OPH (H:0) 134. 62 ThH o 7,
KBEROERIT. LE7 e 7R CMEERTIEIC

sunXu=LiE+%720100ne ke RINT 57 on

o=, FUNTBERBER I/ v AT 2=

CruaR= )L

TruR=)l



(1T i o < - Al

NES00me ke HRINT A7 0T A7 c=2a—ARBLT

EENERMIK & L7z (Kuroshima * Hayano, 1982), 7 &=

m&u= VORMEIL., 7o EoTBRCHEER T8

BMTHIL2ERLCHORBROEEL LT,
£, HEIhO T U= TEMLMBE L RREEEIC &

DRE L7 ORFF, 1986),

E3H #H R

1. 10BORBFRIC L3 TEDOT7 E=-F7EILEE
BREOTEONHNEEIZ, ZJunfo=VREF
VIARBRRLEL, VYT YT FREBERST

oty WNT, PUTZAIV—LE, bV TEFERRA

FNIVRE, A TFaVFEROTIL T = VRBEL, ~

FHaFy =R, £ 7 FEI UK, R IAKK

VRAZ T FINRIITEANBERME & ZR e h o (B4-5

&),

Eio, BBEHOLZEDO (NO2#NO:) -NEEZ, 7o
AR EFUTARBELELS, PVTUPT IR
REEETHom, RNT, PITAIV—LK, b
TRFRRAAFVRERENA FaPF U ERES, 7T
=R, ~FYaF A A TFuFFT R, R
JINERVAZ T H I VEITEFIERMEK & Z87370
-7 (4-5),

PEnD, srufumpeFus s, £8bo7
VESTEBEEEERBNI EREHOMNE o, E
BoEFicBTs7oufuVoBRAEIL. S5
(LB L TR R40ke haTH Y, F U T AD12ke ha'd
Ty Cklun, 1990), ZNbDT b, 71
uFu=ik, BRI CEEFOT =T EB(bE
FAETDARESEAR bRV ES I b, LB ORER TR
EEHEORE L ERBEIC OO CEMICRE LT,

(o, BEROTBEOBHREEZREE (NHINGEL
(NO+NOs)-NEEDEF) ¥, F7U T AKXM244mg ke™
TRbEL, #RLBOBKBERSELTNEDS
Bt (220mg ke?) LV BT, FOMORRBRK TIL,
zsonga=)VED216ng ke'hH A X T EFIILKDING
ng ke'ETOHEICH Y, KETHEENRBD LARN
27,

2. HEERMHFEI OO0 L ERBERAL S
BEDOLERIOT OETFTHIAE
TEEONHNEEIX, HE2UAHLE TR I TIF R
F+rppfu X Zoegd oo VREOVVT Y
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Summary

The Behavior and Physiological Actions of the Fungicide
Chlorothalonil in Upland Soil

Yukihiro YamMaMoOTO

The present study was undertaken in order to clarify the behavior and physiological actions of
chlorothalonil (tetrachloroisophthalonitrile, a major fungicide in Japan) in upland soil. In addition, the
physico-chemical and physiological properties of chlorothalonil were compared with those of other

chemicals as controls.

1. Measurement of chlorothalonil leaching using the pan lysimeter method on a sandy upland field
The extent of chlorothalonil leaching was measured by using the pan lysimeter method on a sandy
upland field. A collecting pan (30x30 cm) in the lysimeter was installed into the soil profile
horizontally at 50 cm below the soil surface. The total volume of leachate and its ratio to the total
rainfall during the monitoring period (125 days) were 608.2 mm and 65 %, respectively. The test
chemicals were chlorothalonil, simaéine, diazinon, metolachlor, dimethoate and Cl" as a tracer.
Chlorothalonil, diazinon and metolachlor were not detected in the leachate. The maximum
concentrations of dimethoate and simazine were 18.4 ppb and 1.0 ppb, respectively. During the
monitoring period, the total mass of pesticide leaching and its ratio to the application rate for
dimethoate were 2.99 mg/nf and 3.5 %, respectively. The corresponding values for simazine were

0.33 mg/ni and 0.4 %, respectively.

2. Carbon isotope fractionation during chlorothalonil dissipation in an upland soil
A change in the standing of the §°C value of a pesticide during its dissipation in an upland soil
was investigated. Chlorothalonil as a test chemical was added to the soil (light-colored Andosol) and
incubated at 30 °C in the dark. The §°C value of chlorothalonil in the soil increased from -26.5 to
-92.5 %o during the incubation period of 70 days. The enrichment factor in this study was -2.6 %o.
These results suggest the occurrence of carbon isotope fractionation during the dissipation of

chlorothalonil in the soil environment.

3. Inhibition of soil ammonia oxidation by a fungicide, chlorothalonil

We investigated the mechanisms by which soil ammonia oxidation is inhibited by chlorothalonil, as
well as the degrees of inhibition. Chlorothalonil, thiram, triflumizole, tolclofos-methyl, iprodione,
flutolanil, hexaconazole, isoprothiolane, benomyl, and metalaxyl (50 mg kg”) were applied to the soil
(light-colored Andosol) in combination with ammonium sulfate (200 mg N kg”). Chlorothalonil and
thiram strongly inhibited soil ammonia oxidation among the fungicides tested. The duration of the
inhibition induced by chlorothalonil was longer than that induced by a nitrification inhibitor,
dicyandiamide. The activity of the inhibition of soil ammonia oxidation by chlorothalonil depended on
its application rate. The inhibitory activity of 4-hydroxy-2,5,6-trichloroisophthalonitrile (TPN-OH), a
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major metabolite of chlorothalonil in upland soils, was lower than those of chlorothalonil and
dicyandiamide. The activity of tetrachloroterephthalonitrile (TTPN), an isomer of chlorothalonil, was
lower than that of chlorothalonil. Isophthalonitrile (IPN), terephthalonitrile (TePN), phthalonitrile
(PN), benzonitrile (BN), and 1,2,3,5-tetrachlorobenzene (TCB) did not inhibit soil ammonia oxidation.
Chlorothalonil (100 mg kg”) and chloramphenicol (500 mg kg”) were added to soil in which
ammonium-oxidizing bacteria had been accumulated by repeated application of ammonium sulfate.
Both chemicals inhibited soil ammonia oxidation. The number of ammonium-oxidizing bacteria in the
chlorothalonil-treated soil decreased from 10‘ g* to 10° g* or less for 14 days, while the number of
those in the chloramphenicol-treated soil was maintained at 10° g" for 21 days. These results suggest
that chlorothalonil inhibits soil ammonia oxidation by acting on ammonium-oxidizing bacteria
lethally, that both nitrile and chlorine in the structure of chlorothalonil are indispensable to its
inhibitory action and that their arrangement in the molecules significantly affects chlorothalonil's

activity.

5. Influence of chlorothalonil application on the growth and quality of crops

We investigated the effect of chlorothalonil on the growth and N uptake of turnip (Brassica rapa L.)
and spinach (Spinacia oleracea L.). Furthermore, the effects of chlorothalonil on the concentrations
of nitrate, oxalic acid and ascorbic acid in spinach were analyzed. These crops were cultivated with
or without chlorothalonil application (4 g m® in the soil (Gray lowland soil). To determine the
difference in the fertilizer nitrogen absorption of the crops, *N-labeled ammonium sulfate (3.10
atom%, 10 g N m® was used. The growth of the turnip was reduced by chlorothalonil application,
and the reductions of plant length, fresh weight and fertilizer nitrogen absorption were 8.49, 23.8
and 22.1%, respectively. On the other hand, chlorothalonil application did not affect the growth of

spinach, nor the concentrations of nitrate, water-soluble oxalic acid or ascorbic acid in spinach.
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