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Abstract Ecological risk analysis of soil pollution for soil animals.
Nobuhiro KaNExo (Institute of Environmental Science and
Technology, Yokohama National University, 79-7 Tokiwadai,
Yokohama 240-8501, Japan)

Recent studies on analysis of ecological risk to soil animals
caused by the soil pollution were reviewed. Individual chronic
toxicity tests on soil animals have been extrapolated into commu-
nity level toxic effects; both growth and reproduction retardation
by pesticides, heavy metals and polycyclic aromatic hydrocarbons
(PAHs). An increase of ecological risk for soil animals leads
ecological risk of soil ecosystems, because the soil ecological
services, such as litter decomposition and nutrient cycling, organ-
ized by soil animals may be lost due to loss of soil animals and/or
changes in soil faunal composition. We need to collect basic data on
ecological toxicity of Japanese species of soil animals. In the same
time, the system level assessment method should be established for
risk analysis of soil ecosystem.

Key words: soil pollution, ecological risk analysis, soil fauna,
bioindicator
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BEERIAENSIEZEILELLDTH-T, ZOBRMERBAENESH TR SV, BEIEEYLR
KHLTABDEBRESIFIEIHROPT, FRICHTIBEENMORIEEEL CIBEL, &-
EHLEMEFRAZERTZILWEEENRT 7 TH B (P, 1995), TEBICIZZ LD TEBHLAE
VIBERLTOVT, BRYMOSBOBAERNE EOEBENCEEL Yo 22 H-TWVW3, BELA
REO—KREEDS S, 0% ERBELOHMICFHEINE I LU IEANEBHL TVL
(BEGON et al. 1990), TBICB U A2EROBEHD > b0 & 630%EYICL > THbATWVS
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(VERHOEF & BRUSAARD, 1990), # 7:, TIBAREZ %S Yo Y@ dEREL S Fofio
EYDENEBEYEZVACEA LS 3, TIETHERYMELERY O LIRS S h THEN
BXic VL, MAEYMIC L - THRRENE—FT, BEMERNICOFICHERYENSRELTI I X
DS UTEBYIC L Z2BYEE D ED I HDH B, DO L, TEFROVRIVEBEEZD
BEETHD, THEBYSHERICL > THHEERZTELE, TBHYOETFL Y Tal, B
R EER T A MOENNOFEL VA F LB T IMEOHEADEELHRI B LTV,
TS AERCEEARR TR TREOEBHSED & & bic, BERETECHIEHYERDY
FF2 LoV TEREINB L DT o> T&EF (VAN STRAALEN, 1997),

KRTW, -0y 2duld LTHEIOMIOEORICBATON TV 3 LEEYOEES
HEEHIRFZ (Ecotoxicological study) IC2WTENFEEBHEITI, T—a v N TREEDESRBIGHR
ZRUDELTREFRICNT 23 EHNARENLROMES0DH 5 (HoPKIN, 1989), 1-1EH4Y)
~DEED, JILPHEFREDLE L TELTERELBOBEROEBII>LTIRE L » SHERR
HHINTVE, BELPESBICL 3B REIBEDERSN, HAKCOHEET 3, —F4, KHIZEAE
OTIEEROBERMNEBEE LD S, 3 —o v ilR/KENEEALERVWOT, KBICEET3ERIZ
3oy NOFBREFET L EMTELL, FHRCMIEREO LETH Y, KB LAKIKET
BHEET AL bH T, TEOHE, TEEHYHEE DICEHOTEIIREZ(RE>T W5, KH
B BBROTEAY~NOLEFMIRZRBEETH IV I LALPFRIATORLOT, KF/T
BERMR &S 2 ORER S, T, HESEYVRLBOYWHAEROMLTS 55, HEHEYO
LR ESMOEBEELE TER T ILENH LD T, KimTlHRETIESWICRES 2,

TIEEYNIC BT A AREBHENATIR I LA LITbATOE LY, FRran T HiEEZR-
F2ESHELLB->TETOVIHEATHE, EMORLBVEEEFIICERT 5 ovic, £ESH
FOHBOBEBE®SBLTVWEEVZ LS,

EREMFLE

HEHEHF L, BUMESENCEX 2HEBEHATOLEESIRICBOTHTT 2 ¥/ TH 5,
BECZOMOFBFEMESREDTEDO L D EMNL, ZEETIEMcEDL > BEELEEZ
B0EKLNFEREERCTHO,ILT 2, BROERNL T LT, WRETIMEOSEM 7 X
FAiB B, HREBMENL Y R VBINEIASOF -5 E b L1, BATLHEOHETH A5 FHA
BEAZAREICE > THET 3 5EBHLTH % (VAN GESTEL et al., 1997),

{LEMBOEYP~OBWT X + TR, —RiIcBWUEN (2 &L AERBUBEBLINOTETRH50% D
BE%ZLC, L £HT5) R hs, Lrl, BB A MIBATERICDK - THNIE
BEBZ ST R LI NYHORYOEEERT CENTEL Y, COXIBEHORBLIEMENY
LR, pkEPER (ER) ~OBL L THET 2 EHhTE S, B UEEKEBOLL TS, REUC
W BREULBEPICREZ0T, FAEHOS0%ICHENTLEE ECOMNLIFLEZ Y FEL Y
b OGHEERE) & LTHEDLRZ, ThOD/N5 4 -9 —CEEBNTHEEDIZS BalEEO L,
DEELD BEVZTHOT, EColdT v FEAL Vv FELTREETH 5, EBEITIE EC50 Tl EH
REWL, FRIFZEBOHLTVWEETH Z2BEEREYE (NOEC) bh b LEAEHMN KA, NOEC
RERFECHITNBNET, ABHEELLPTVDT, 1008DFEDH S ECo, H5VIE5%
DFEDH L EC, # NEOC L[EFEEREL LY, EComEE NOEC Dl HAFRT B EDHE
& S5 B (VAN STRAALEN & VAN RN, 1998),

TEEEYIC BT AL EME OB A2 E AL BRI BB 2 RECEMIC > WTH S C EARAR
5, CITHEESHFTI(EONIED > bARICEFRTSHE I DL TRIICELEHTEL,
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®1 AESEYCEONBESORE

Eoy= HiE A
BCF Bioconcentration factor HUBROES
CF Concentration factor BREduc x4 2 EMkdhoaBEE ot
EC, Concentration causing p% effect p% DRI R % T B
ETC External threshold concentration HEYNCHENS D EXOFMORBER
ICs Concentration causing 50% inhibition 50% O %R B
HC, Hazardous concentration causing effect on p%PEPLAEER 7 0t R ICHELRIFS
p% species or process BE
ITC Internal threshold concentration EYOREBN S B & EOHYOENEE
Ko Soil organic carbon to soil water partition T iR — KAEEEL
coefficient
Kom Soil organic matter to soil water partition TIEEHY — KOEAEL
coefficient
Kow Octanol to water partition coefficient x 05 v —KGBEIRE
LC, Concentration causing p% lethality p%DMEENIEC T 2 EE (GuEk)
LD, Lethal dose that kills of p% of population EHEMEAD pB AT otk sE
observed
LOEC Lowest observed effect concentration HEDH - b THRLEWVEE
NOEC  No observed effect concentration EREED S b THEN TR -1 RbE
WEE LOEC & NOEC & ORIz 8h
TAENH B
PEC Predicted environmental concentration FrEE h ZRIEERE
PNEC Predicted no effect concentration TN ZBEEORENEY
TEBEONEHY

TEABEE L BHEROKE GMESE, KEEMEE-T, FRYEOBREMSTEhTED
HTARE—EBBIETHB, KEEYIBATHZKEFEELTOVT, FFRPER, oo
W& - TEH AL YMBORENHBNRE TH 5, £hicxt LT, HIBCTLAEML, KEDELK
FUBYEENE, HELOEMOBEAEVASIEIETHEL, HERELOYELBRVATRET 3,
EUtETS, HEAMOATFERIMEEYE~ORBEOREEZRE (LR S, HERICHMShL
YWHEHSIERmMCRESNTELE > TS, DLEVBIRAERTIHMICL > THR LA SES
DIV, HREENE THHETEATARICE - TREBOBRESE 851255, TOBE,
BT &g S NG A O BRMEICY LT, HESYoEERSEAERE R ERE b0 LT
% (VAN GESTEL, 1992), L7:45->T, RBOBIcHBEORIIBA LD, 5 —FEOESOL
BICBALZZOd, d2VEEMERIRL L SBELLOPICL > TEEORPRLZZ0T, HBR
TEONIHBEORBEOBRICEENSLETSH S (vaN GESTEL, 1992),
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B HIBAEMEBYCRFET ZHEONS, REARARIEEMELEFETE I I X%2ED
¥BEHINHBERESTEE, —FHT, TEIZhEBO L >AE—IELES( FRIOBEVOKRE
S (LERAFEBYPHLEER) VBV LH>ORRE LT, HEEALMICHELZAT
+i (EAEL %) MBS N TE I (VAN GESTEL ef al., 1989), AT HIEIZAERT0%, H4 ) 8
120%, #LTCTIXIT/REIOBERSL, KEHI VY ATpH 2B L bDIFbN S, AT
THRIZNBROZYHICKELUEE LD D, SOIHAOTIEEIMILVEL TS, LHL
FERITBATIIECHATIEZE S FEORY MiIFEN 5 X 51018 > TE 7 (VAN GESTEL & VAN
Diepen, 1997), ZOHEHIZTIELVOIRBOBHICH 2, BE, HFEVEOEE I THEOER LK
HalooBEE L TERBINED, ZIREETIEMOERNOFLRYEEE L HEFOBE LD
BRI EA TRV, EMIROREPLEY, &2 VWEIFRICK > THEMEARICID Cb. ThE
TIIIXDEH LI BEERBIEBRTI2EYTH, BYHSOMDAL LD SARELSOHD TH
DRZPIBVI EARENTWS (Belforid, et al., 1995), BHEHRO LCs & 1ERI1, (APIEEE%{E -
THEM A KRBT 55 1:H LBC (Lethal body burden) & 75 3, LBC ZRRIZMAAEZL, bEL Y
(Orchesella cincta) (354 F 3 v L DEREBREEDS, 37 ug/gTHRTT 5 DIc, ZEBRIED Oniscus asellus i3
4000 ug/g THHLIL 18 - 72 (VAN STRAALEN, 1998),

THKFOA A VBRERA A v EBET SERYOMK T OB LE, TEOpHALIKL-T
L5, T, BYOBRANTHREINIY, BERICHHINW2MEGH 5, Lich->T, oKk
NBEERIE-TBK-FWo =80 HLEHRKELKEL THIEI N TV S (Equilibrium
partitioning model) ([X] 1) (VAN GESTEL, Leon & VAN STRAALEN (1997)), I I X rEALYTIH
SOEENTTIENROATVWT, AMBELEZ 5 3FERMEO LEhOBE TR, £
KRBT I BBEELHICLBERTHIIENRENTVS, EZAF, 2BDI I X
(E.andrei & L.rubellus) iZ PCP (Pentachiorophenol) & TCB (1,2,3-trichlorobenzen) % 5.7 - &
HE % LCy TRE LIS, 1 HLRORE THEKT 3L ZDENI4N S128EEEBE DI, T
BARROBEICRE LB T L1120 524f% L 70 5 72 (VAN GESTEL & Ma, 1990), I I X4,
BHOLOLITHEBRYICHRIBEINIZVERRYRBOBENE VW EBbh->TWVEYN, 20
FERIBENEL, 50%%#2 72\ (BELFORID et al., 1995),

HEBB OB I 5 HIEER I Capacity Controlling Parameters (CCP) EMEiFh TV 3
(VAN GESTEL et al., 1995), CCP I THOFHY L LOEER, 71 =Y A0%OKIMOR
PHE E L - TEAINEDT, THIRBOEZ(LLBIERTYIC KL 3 BBt CCP 2 £ A

7 N Ko Ko
TIRERPORE < TIRERPORE
) -
TIRBYMDOURRE

R1 TEEHEAHOEZICE ZEEYMEOBERTEORMZ. BCF IEMOBMHRH. Ko 3 T
NORENEFRE. Ko 3EBI~ OIE N LRI
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Bl B, BEYR7OEMTFMICIICCPAERT LI LMRH SN, CCPEIPASHITT B
BB EINTWVS (VAN GESTEL et al., 1995), E&EDHE, 1IEARTOBESTBERNTALS
ha bz, ML 3 HEBRBRL SOOI CH A4 VKPP pH I BB VB KEWI Ehbhb,
KB EHNTEIRELHET 20102 { OERDSLET, biocavailability & EERE TOHED TN
EEIEZLDICOVTEARLE L TRIEREZ VWL 57 (VAN GESTEL et al., 1997),

EYORGNEEZ BBEEICIE, FOFEYOBEEEE (External threshold concentration: ETC) % %t
FL4EN, EYICHENSEHNLIBER, ERELHAOTELRET 2L 0 TOWESREL > TH
% (VAN WENSEM et al., 1994), EEICIZAEMICEENBENE0E, EHNOBENH 2 L XV E
(Internal threshold concentation: ITC) %(# X 75 TH 205, RIEBROER IIEY O BREREK
(Concentration facotr: CF) 2 L TIAREBEICRMS N2, # FI v A2 TOERFE S L IcHES
H7zCFiR b & LTI 1 L 0/N& L, ETC &0 ITC OBSHBEL - f2h8, #4355 =, BEH,
FHETR1IELORELS, oY TRREDL D SEANOHEYOBMBGBELTVSE Z EMb
A% (VAN WENSEM ef al., 1994),

HALERZ TOREBEFORENPTNAERLE LT, BATREABELEPEETHLHE2HT 3B
ZENTE D, ERETCHEREMRBERALZGTHEIN TV S, —F, BAoLzEY ORI
FoHHO b &ic, RBWRO | BEOBWICK FTRBEINTVLIOTIEEL, ©LAEKOYED
5ZMLVREZI TS, ZOEYMBHEYICHT I2HEIEE LTS ELALLBEERLEOEHO IR+
PHEFLE AL > TVE0T, BATIERE L VEBECEENTEN 0L H 5, —F4, BHT
@ bioavailability BWEBRE X DK -0, EYOBRIBEGNEE LD, T TICH 2 EEERICHE
BLTOWTAFLREZRUBVEGS, EREIVSVEETOEREELLEII L5055
(VAN STRAALEN & DENNEMAN, 1989), HA CHEHFREHHEIL T e, BATOBFERYED
BEL ZIERT I IESMOENOFLAMERE L ZHEL, ANBESBREBELILNTE
DOREENEEZLDLIEN, HEBY X IFMOVE DL B (VAN STRAALEN, 1998),

EDELSEHYEFMURETEH

BYI OB AR L NVTITH I, BREBIFMONEHO ML, EERTOHR
EOn L 0HEL, FREREZEHICOVTOMIRE Mok (ERISHOEZIIII, D 2RA THER
T5E, BETBOVEIICEERNLZTHHD) OBVEMEL SSLELH B, LiL, £
I RHABOBE LI EF AL TH B, CNETICY< I 3 X (Eisenia fetida), X540
2 3 X (Lumbricus rubellus), b+ & & %8 (Orcesella cincta, Folsomia candida), 7 5 ¥ & v ¥§
(Porcellio scaber, Oniscus asellus) ML {ffbhTETW3B, Ll, -0y LS HHTE2 Y
Y29 ) 33 X Lterretris 3fABESE L Lo T, REFIDEVENS (Win-Cheng Ma 1, #i
8)o Lo TIEWIL Feandida ZIRVWCHRICERB LBV, BABTH 20T, HAD T
HYERET 2D TRAEV, BROTEITE I 2FMEELITS o0, HAROIEICEELEY
ERWR T - OEEMBBETEH B,

VAN GESTEL et al. (1997) O#iGiciR i h cicEBRah Tt 1EHME 2 0HBROEAE(LIEE
DEBESVHIRENTV S, —fRiC, BECEEHYO & 5 CEERBEVEMIE, 20804t
Fichlo - THERIELAEZE LD, FECRCICL32BFROETTEY btk soT, &
BRELTREDEVODICHZ B, —F, KB I XEPLEMEL & 3E « ERICKEL EokRH
Bhpb0T, MED IR MHEPIE, 5% RBRAZOEENMOLDIRD LS BHEBIZSVTH
BULEITY, HMEESZ 3 HEBIRBENTWAS (VAN GESTEL et al., 1997), Z#DIEH &3, HBO
a2 b PEREE S0 [EITaREM ], EECHEBRM, HEHUE, BELV - ERO [Zi AT
Btk ), AEREFMRBHENCAYENME S W - 72 TERBFNEEN | R EPEE sh, BEEARE
e LTOREH®E LD EMEREN S,

S, RRCOAEOEER W HEHERO T — s 2 NET X ENHZ125 5, BHE, HAERY
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B LTW3 b EA Y (Fhidakana) %, BEAOKBETEHYHOTELRSELEDE 7+ 3 I XK
(IsHIZUKA, 1999) ©BEAZRIEE (Fif, 1999) ZMRicHEHRBRETOCERKDONGE, £/, &
hETCIBONTVAMOTEREOHEKD DI, BHEATLABIHEEMNESH, HEORELA
7 x> &b E LY (Feandida), ¥ < ¥ 3 X (Efetida), 7 5 Y &Y (Porcellio scabar) % {#iF
LTF—9%2RDBIENBTEEIZAD,

TRFEOLEHYNORE

AFIV L, §H BHEV-KBELBIEECPEENON TLEEFLEL TV 3, BELEOEEA,
TEHYOEPLBOEEIC L > TREN B, ELY (Feandida) OEFEHRIZH F I v L DBEIC
L TXFXEH BCy %5 - T/ (CROMMENTUDN et al., 1993), T b b, & - & RIHH
EhotDiE, BECBVIHIC, BAEOKERE, HREAGISEBoTHE, BEEEKE, 35HHO
&, SHEDEERTH 1, SEEOA FIv20FBRIAERLD b, AEORESENID
ICATERIA DS BN B S ICHNT VW, FEA Y (Ocincta) IR L T, #FIvARELLSI
L bREICEEREZ TV, —F, 99355 = (k5 9% =%=) (Platynothrus peltifer)
ICREE LD SHERHICH ¥ L TUW - (VAN STRAALEN et al., 1989),

HEIVLOFHE, ZOoBYAL FIvaHiltT s, BHL T VAICkoTTENS
(Crommnetuijn et al., 1994), b+ E 4 > (O.cincta, Tomocerus minor), H+ 5 % = (Ppeltifer) TIIR
Lo ARIvAEZRDAGEE bICELSPEM S 205, FMEE (Pacaber, O.asellus) & ¥ 27
(Cylindocroiulus britannicus) TIEARICEZLL TEATLE 5, Th3ENOMERMICEREOE
TIhODLBERFET AL LT, BNIKEELETHFBLTCVEEELALATLS
(HopkIN 1989), 2BRMSEMT 5L, ELEAHMT 570 — 7 TREVAS BHHEEE EE 2
CETHENBEMSETOIR LT, BETE 7V -7 TRENOEREENE Lol > & A, FMHEHS
BB Liclid, oD LGy 3RV — 7 TRIEEMORBE & SIRXITET T 3D L
T, FHEI V-7 TR—ERMER, SdicoicEo LT B,

HEBUEOBRIF, —RICOESOFRWEL G TLENBLRINTVE I 3D, B0
MBI L 2EAFEPEETH I, ELBOFRRITNTLOESREO boEM A2 FMHAL (Toxic
Unit) & LTEHBETENIE, HBLPT O, I I XTRA NI YA, i, EHOHEMEEHMGCHE
YERM 2K, TONRCEENED -/, $18b5, FUBHMEICTSICIECd: Cu:Zn=1:2:10D
WG ETH - 72 (KHALL et al., 1996),

G EHEERILKFE (Polycyclic aromatic hydrocarbns: PAHs) 13 7 3 ORI BEHHOHZH X
DPORETIERILEMT, XYY ELUVBERRT VAR LI TV, £ 5 v 5 OBEFR
BOXBEFEEIPAH T L > THERINTEY, TOBERIBEIFRLTCEL, BRsEhiicoh
THEHEIMATIC L L Tz (VAN BRUMMELEN et al., 1996a), £ ZTD 3 3 X (L.rubellus) &%H
¥8 (P.scaber, Oniscus asellus, Philoscia muscorum) & PAH 2ENICE&AH, TOEERITEOFLRE
KB L TW 7 (VAN BRUMMELEN et al., 1996b), SR TEOXRBET) ¥ —2BNIZ3DTHELZ
FRTVEEZ SN BN, ZHEICHT S PAHOBMRSEVE b ok, L L, BBEOE
BTHESRESNIDESS LN, ANMBELSRE (WHWERERLVE V) HEbA TV

(VAN BRUMMELEN et al., 1996),

TEEYOEREY X T DR

HREY) 2 71Ci3—#EY X7 (potential risk) &, ZDHEEAHED Y X7 (realistic risk) 2dH b, Zh
Thbi3 CTEABLENS D, — VA7 EETRRIEIB—FOFMEIC L » T, ZEHERETHSX
HLTEhbDTHb, LrL, BATRLELEFRLTORVIE ST LERSEEL T, —i
VR ICLZEEEABITHHIEEBIEONTVEAbLH 5, Hic, BEELVEVETEEL



BRI L 2 HIEFYOEREY X 7

HBEAEBHUREL SN S,

EREF— 9 Ic L ZBEBELBATHEA EAI, TORAKRBCERERCANEE I 500 TR
TETVWAL, BEFDLI TV TNTOERNE > W IEHRRF - BbsbdTREVLL,
BATORBR T — s 2ERBL SEBRLNVETHAE L TERAZDOHESHILTOREL, %
NTHHREOF— I OBIFICL > T, BATOREENET I2HADPLEINATETV S,

aiEte, REPEMICETAEMEBETICEL TRRIT T ZIAREEATHE, Ihb
OO F—~ 4 EHOCTHERBREN DL S CEBESIELEEZLBHIC, H5EE CHER
REDfE Y — & v b HBWEE D B %RT 4k (Distribution based model) (VAN STRAALEN &
DENNEMAN, 1989) #S7RENTWV 5, CHidE4XOBD b RIS L2EE L T—FEDHNH CIE
#H, Ao vzFy 79/ 2375 EDREEBVTV B, TDHAIZ ALDENBERG & SLoB (1993)
LEBHBERT, 5 VSOBEBRELARDLZLDO—DOREELIEZ SR TWVWE, —fiCiZ
HC: 2E50T, COBAHEESED S UHEELZTI2hbLABVEATOHRREBE S v

FHEA YV ETBEDTH B, L, COBETHT S WOBPEBEZ Y Tt 5 - L2 EK
THEDLYTERBVWIEIEBTNETHS, blL, TITROBILSUBOBENICEDFERERIZE-TE
BEUEHEXA2TIE (F—2+VE) PEFRTVWESEIRBDTHAIN? TDHEITODVWTRIRD
HTHURY EF &5,

V27 DORBRFRAEH ZHFADEBE (PEC, predicted environmental concentration) & Filll & h
BB (PNEC, predicted no-effect concentration) & DHTEEHE N B, §HbB, PECH
PNEC L) b REVHEIERREY R I/ BEL B EEL S, £/, PEC & PNEC DM A EFE L THK
HHNCEO RS HE ORcESCAERE) bffibhz, L L, BAOBEREELEOBE, &
RIS LD HMOEL O bR L TV, BRIEHERIC S - & HBEXNEL, HECBEFOBE
BETFTLTWS, f-T, PECAEZ 2L %I, BIBENEILTEC L2 EETILEND B,
b LEBEOHMME, BEORBEENSETL, #VMEKEOBEYMNEIET 2055, HEE TON
Ay 27 & UTERlE N B3 XX Th 3 (VAN STRAALEN & VAN ROON, 1998), Hijizkd NOEC %
ECy, 5 Z2fE\, XLICHATOBERBEORBENEST 2L, HEMLE LToOREE COBRMEK
WBEIENTEL, ThETNOBERERZETAEL TH 5, HATOEROBIEHEEORME & ks
3E, BLALOBAEIEOE D PEEIEL, FAMERERMCHAL TV LS ERITE -
oo THIRBADBEFE IOV L OOBALSIRTE 5 & &, ERBHFHIEIEER A RREY
EIEER L DBV D TH B, HERIZI00KEIETZ2OBHE L1720, 100BEIE LT EERTT
EXRHLVOT, BELTVWEVWED SYOFEFBIZE - TOBERL~NVE S - TEEICEETZEL
TWa,

FLRBPEHE, PAH LB EWHZEIS, REVEEOEN, EMKORDE L IBEBEOEEC
EIRBTLONES S, BERT o -F CRBERBEOBRERET Z/7 XA ~5Th 5 r (BN
HEN®) %K 35 (VAN STRAALEN & Kammenga, 1998), r OZ L3R O RKIEREL AR T B &
EZOoNBDT, BAF—shor 2K EOMAERIEETH S, @, EYMOEEKRHITHE
HEREETRE I RN, AL LRARE, BRU-hRAF -V b3EELOHREINTVEOT, #
BEEGOBEKBELEVASL, JOLS BHELE - LEAFHOTEL FT O ZEE Lesllie D5THIHs
{5 3 (VAN STRAALEN & KAMMENGA, 1998; Hh, 1998), KLOK & de Roos (1996) 33 3 X
o 2EERZOEHRRBRF - s AAVT, I XAKESBRRICU D O BREBE L Lesllic 1T
FIEAWTRDIZ, DI XOFE, EWicHdT 2EBENEPREEEOEME /5L, Z0
R, REPBIRZEEZI SN, REREOETIK 200 o FHMBBMNAREL K544 XH
—ETHHDT, BRVPOELNLZLIIZXOEFERDI BIEWEYA XFTELEVEALTTL %,
TDEHICLT, BYBEBIER N LA E b0 LR, BEROREEEMSETL, 2wicid
REEHSOFTETLTLE s 7

W7 Yo —FRIEBR EOoS XU AEMOLEL, BEBORERECEHL
TEEHTZ2ETEN TV 5,
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BEMEH LBV OEYIRRE

T B 2 BYESICET AR, 1980EMRER S BHICHEA T, WL Dh O KBS
HE, d20VEEBMITRYVBETSITONh, B, A VEF—-0ROUMBFTEI LTS (Moore
et al., 1988; MOORE & DE RUITER, 1991), 1 Th, IH O OHTIIE L DIREEFHRIC L LEEN
BHEDTHY, FRIER S FIFBEERIIOVWTORYBEERBEAEPEIL IR TV Y,

—7%, DDT Ok 5 HBATLEESHEN, EVMERCL - TEVEHD LiioEE2E»T &L
TELOMEFINDH 25, ELBOBEICIAVMEREEHH 2 I >NTOHENZENEBED LRI
—REHISARE & I3 E 2 7 (JANSSEN et al., 1993),

THE- 12X -3 I XOMABE, LVIBKOAYERIET I I APEOLTETEY NI F RO
FTELEY 503 LEFY THELE2ELDE, BELARERTHELVEIE, ANITVLOD
bioconcentraion (+3#E& 3 3 XDH) 139.6(%, biomagnification (3 I X& M4 Y 2 X3 D) 13046
{7 & ) (HENDRIKS et al., 1995), I I XHA NI 92 tELSGVEIETRBEEZIT-TVWEI &
Bbhrsb,

I IO RERA VNI b EE5ZB3F -2 vETHD (LAVELLE et al., 1998), % 7-fthd
ZLOHYOEE I >TVWE I EEER B E, TEFEN I I X8 L ThOERRICIEE L T L
T LS AN B, VANDENBRINK & MA (1998) 5134 5 v 5D 54 v IED THBEGIERIREECH -
fod—ua g7 F 77 (Meles meles) MEEVWREHEICO b ST, BEEKEHEERESRIRNICC
ENBTLIEBL, RUERARKEERL D SERBELR BHCA VI L) OEWBREIC L34
WEEENDIET TH BT E AR LI, TH 7 TDBEBA R IHHOFE O X 2 AR A MG L CEMZE 2

o= LTVW5, EEMPEVA R EFHOBLLELVELLIC, W FIVLIDERGELL S,
Z0®, TFHITFRBON F Iy o BEEEABHORERICIEELSAOHEMMNED SN, H F
IV LABER)INCEVE S IR SRETHEEL, feREEIIAmL TV, TH e
ZXEFBEREETEIENS, TE-IIX-—TFIANEN VIV LBEYBBEN, TH IR
HRHEEELGZEILEVS, TOLIIKTHETHKRTHEU L& S R RAYHEGNIC & 3 - YBREH
HELTEBD, TEEVEELTIHFEBMCEEIRNTVE LR, BRIBOEEAZ25 LT
EhDTEELES VI TH B,

EMiER

BAEYONHPHELRIECHEROEELT I L1E, £ OEMERRICBEAIITODRTE 2,
EEEMOEZHEMER IS ot EEM oA BB LHEERE L TEANS booT (BRHA,
1994), £ OEORHIZ T h SHEWBE QMK Yy — v 2RI TV 3,

—%, FEIHPHBEERT 2KkEAME, KEEM KB L THEBECEERMSELT 5, Hic
HE i pH 23 < MM L TEREBRHSZE(T 20T, AEOBRER T L 28iBoR bic X vl
BRAZERLTWS, EEICHE L EROMKREBITT 2 L ZhEhOBEESEE THIBEROKD
pHARML TVWT, BERVEICOI > TO pH OZILEHR T 5 T LsTlfETch 2 (B « BH,
1999), $7:, KOZHBIIE, EYTS5 V7 b vOSEPHRETLE €, BXEICEHR OB
BELRD, LELEREPTA 3LV - BhOBOAFAEIREL 55,

T EYEECHVE I R, ABOREEATATVWAHIED TR 2EET 30K
Vth s, TERIRLERL THR) TH, BEN (BR] Tbd b, HFROETLEIESED T
BUkREEL Y, HEOBRPHILRENIBI L, AELHHETH B,

RVERTOEYIEEICE, EMICL 2 LFYWEPRER P L ADOFMEDLBII>EDLH 1 HD
hid B (VAN STRAALEN (1997),

1. biomarker : Z b L RITH T BEER 2 O RWHIOEALE, EEERSRIEME,
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. bioreporter system : & A {LEYE A B BEICHIETRERES ICAEME RV TEE,

. biosensor (bioprobe) : (L ¥ H £ YEKIE (BR) 55 & L CRIEGEICT 5,

. bioassay : {LEVIE O E S (G AEBEMFNICHBREST SR T 4,

. biomonitoring : &I H 7 B EYNC & B A,

. bioindicator : AW BT 3 HRRETOEGRPHEL NV TORIGERH, V-3 glER
LRLVDSDBEZLNTWV B,

4,5, 6BRLELEEBRILCEDLDATVE, 2CTR, ALV TOR b LR EELENLIR

T cEA S 2129 % O & % biomaker, fEik, MEEH, HELVNVTOBEEREERNRET I 0%

bioassay, EFfEPLHHER L~ T DM % bioindicator & L TE £ TH I H (CROMMENTUDN ef al.,

1997),

BEEHON TV 2 HEEHYE BV IAEYISER, 6108350 T, HEFLDOEELPHRREED
FRcEDN TV bH 2, UL, HESIc L - TEESh 3 b0R’, 70& 2K ERRNK
BEICRBMLTOADIENTHVEVWTHE, HEBYOBORENRELSE SO TERE
HFTtwsEbEI OSN3, L L%ikd 3 Mature Index (BONGERS, 1990) % 5% L 7= T. BONGERS
Hhick s s, TEAGEERIEREAICH T ZEEGEHMCIBETRET, & ICHMNRFEE L
FELWVWEWLS (T. BoNGers i+, FA(Z),

VAN STRAALEN & VERHOEF, (1997) R b E ALY EH 45 5 =2 EBREICHELLTE pH O ER
BHiEAFEIRNE 5T &Ik > T, Arthropod soil acidity index &R L 72, EBRZEICY 7 > T pH
DADEROREEEBAS T 212010, 1BKS, BEESLSCODVTTHERSSh TV S, B
Rz, s o7 o U S T pH O®IRM A RS b0 L, pHICKIIRIGELA VLD
FTRON, ERMEEHETOREED SIHENRD oI, HFAOHECML TERMOTEpH &
EEOHKEIT-12E 05, EEEMEICPH A 1 S B 2EEBR SNH, pH ONER IS
RtasnTwiz, BlEE7 «— NNy 29 5 FESREETE, HEICK 3850 pH HEE &[G,
TS OBE T - I SREOLIEpH 2HET 5 LN TEB159,

AN A WLN

BFAD MBIEZH | & BONGERS (D Maturity Index

FHA (1979, 1989) DERIEZHr I KBIL BV AR LT E2HHEE, $4 55 =2WNRETEHE
ey, EHE5LHYRELALES LVWHIATLI=—7ThHb, HAK (1979 F+EEFYLHEED
BRESMHEEETLIE VI LD TELLTWEV] REZFEIDIEUTH D LEZ, BEOR
PEERTIENTEL L L, TOEZRBRICBNZAEEROMEHE (Ecosystem health) OEZ 4
(RAPPORT, 1996)i2#51F % EDS &AM L b0 & LTHATNEHDTH 5,

BHAR (1979) 3EEHYMO ISV -7 (B EEPHOBMNOREE) b5V Ey4 55 =0 EE
B E LT THRE] 2RDB2HEERER L1, TORNTIR TERIEK THARKE MFRE] o
3ODEENF - Y ELEBIIRINTVS, ZO®, 1 V7 v 7 AOHEAFERIFIFHRELS
FTW3B, HA (1989) TRIEEMEIEIEL T3 L0FE%, 1 ST LBECHEMNLL
DT, TEHYAVKELTA Y Fy 7 ZAEFHBETERVEVLS T EMRW, 2. BEMLDEL, £
1EEUSB VO T OBORERAEERDICKMT 2, 3. FHEAGDLL, AREOBEPOHIRE
Db, ELTVAR, 51T, MRHMHERR, TIE R, #Ho—MicK-LT, #EEE
B skbk SBM, i ToWRIcHS, ThENOHAEDS S, BREOSVWREICOALET S
B (B caLlsat5R, SESEREERES AhT3BEEVEE252 1, »5R/EMTO
BHERABVTFWFhOEKAERET S L, 208F0 THRE | PHETRIN S, HARKTIE
TRTOE (BE) »hEL, Bifbicoh TREERMEFVE» S S ZCHEEL TV 0T, Bl
BIEWEEICEREINTVE, T4bL, Nk (HRK) ZBKT28EHELLT, HFHhro L
NEFREEBRSRI - TV r2dobTHEL VWL X D,

Tk, BRTREVEREAER TBRE »FEL50K5I 7 WHHoEHEMoLEIc X HR



&S

TA54HE) 34 % 5= (Oribatula sakamorii) E\V5 4435 ¥ =13, BEOREHICLE 4R
THETHIOLV (FAR, 1988), fcLinic, Bt TBRANELE] BREGELL VA, A
BBEPIEVEHRTHEE LS, TOBHOERRIIDVELLEORLLEDTHD, Lith-Th
BEMS OO TRENEFELELTVIETTH S, —R, KELEBEHLHD, RERES L
HicBA BEROTESHREAGHEE L THE EVIIEHIEETH L, HERMORMcH 58
BEBEZA00TIRS A, FICEEMNBREICZ LVEREITVHLL, Thid, HEoEw,
HHVITEHROBEN S, ATKTEBVARMER OGO E T AMEBRARMLZbDEVL &
S

HEEBBELESELRAEDE, BROGEER2FET L2 ETRKELERA VI THSL S, THbL, —
WiCELIZRICE IEERIABII OO FEBLT, HIAEREL2OLH 227 —VTREFRK
HE & 15 % (BORMANN & LIKENS, 1979), BESHIMH TRBEEZEBOAEMKEBET 2 L 3EYT
BAHD,

BONGERS (BONGERS, 1990) @ c-p {8${i3 T3 D H AR N ZHYHFE (colonizer) »» & EE
%UARE (persister) ¥ THMLZ O AT, SEEICHFI) AL THRLEE 5L, H2EFOLTERE
DIz OREOBEEKEDL T TR LA DO ERBEEKTEH - /25D (Maturity Index) & L T/RY
bDOTH D, CORMFIBRIBTROFEL ZIEFE LU TH 545, FHEAOEMMSEYEENEK L O ER
KT 22N FhOBORIEE L THBISRINTVAENREL S, TEEROEL XLV TcoORIEIR
WEETdh 205, FOR L HERERAIBEHRT I2EPZERCARERED, SEYHNREEN
EESTVWBEDT, cpfEBERTLICHD BT &MHETH S (BONGERS & BONGERS, 1998),

MI 53U BB R A IR L T %, BlAEERBE BT T, BKOEkOES
IR BT LTV R DT, RHOBEREEMTETIAMCEMTEX 27 ) —=v 7 FiELLT, &
B MLIEMEERERS RV, EA0 TBRE] bLEEMCy v 5 V= 0AEREs & &k
BLEBTIET, EHRELTOEEIEZETIENTEEEAD,

EREROEE (Ecosystem Health) & T

HERFZROME & (I RaPPORT et al. (1998) ik B &, 1. AHEZOF BRI (Ecosystem Distress
Syndrome (EDS)) #3783\ T &, 2. HkinlfE (Self-sustaining) THHI &, Z LT, 3. fhoERESR
WEBEEEBLRITXIBVWIETHD, Tk, THOBBELGAEROBRE LRBICELZILNTES
A, WEOXIBEEADBEVLETORETHY 5 55, —F, TEBOHE (Soil quality: 0
THOLOEENPZTOMO Y — 2O WHDEBELY SHFEROESEV, L L, TEOHEEDS
FOREF THEERICUNED, S3VEEELITOVWTDEZIRETKE Y, i, YR F A0S
XA BEWIERICE - T, MRESTNTHLERDH, () Ny MRED &50WIEE L o/ AgsT
BT, LDAOBEOBLOB YR 7T LADMEHCE > TS L TEETIIH Y (Redundancy fREE) D hic
DVTHEL b > TLHVY, BEREIPIVBEOREBCEECHIIEPbhL->TETVS
(TILMAN, 1999), .

TIBAEREZO b OBEICIE, BRYMONRE, REEHOFR IR, BROL S LEELKBRIER
DOEIFE « ML END B, TIEERRD Y X7 LOKEZ LIS EEHTE60E LT, BEMOSER
BAESBEB THEAB LPT VOO TH A ), HRICIMEN L TIBHYSHEERNCBED - TH
H (&F, 1999), TOLThMIIHELSH 5L, FREEMETT 5, LrL, HFHOEE, #HK
DEEODRIEODOT, FEICIERS L2 L, 22T, BEUAObOEH, HENEDRKT
SREES) 2B 4 5 Ak L L T Bait-laminer test X E U AFE L L THELRIILH TV S (VAN
GEsTEL F1FAME), ARROFHP <V Fa— MEE[E - HEL H 5,

TEYRAFL0BERMOBX, HoTLWARIKEOES2EL 5L, BEERT LKL 2 L0NH
ORENERTEZIENHETN B, HGIF— X b YESET L TVLARESIC, Y257 408N
MorOXEEE2T I LBMBVAEV, LhL, ZATREOEBEOXE (/12L& A THBEOET
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KANEKO & KoFun (2000) 13 X ¥ic & 3 1O ®BMALY, TEBEMOEHET, 455 =0
HEBEOTbE bSO L, ABRYOSRBEEIBETLTVEIEEHSHICLI, LbL, T
DS BIEHOBETEHRARE LABTKOBROE Y KREI TV 30T, Hkeke LToN®
ROBETROITPIAKTH -7 DT, YAORE) R 7 EBVEH LI, TOWETIE, 445
S BEORBRABIbIc L > TRO LTV RV, SHEEBEE OBIRARARE L TIR- 5D
LTWRWEIRTR, AYBEOBELIEELD, BROEIERAL TV LI VIS,

THEERROU XTFEHEATIFT

1999 » S48 E » 124 5 v % @ System-oriented Ecotoxicological Research & W H B 7o ¥ = 7 b
T, BAER, xVoXa, EFVEFZELCLEOBMVWERELZ XIS ELTWVS (vaN
STRAALEN 312, FAE), X2 LI hEFTHEANREE LTRSS TEEREEEOBEL, £
VIOWEHEE ALY TREL CAI, &Y, @KCEMZBEL TEEEZMNGHALSR S — +
U EREEY S RBE 2 DO HENRERREEAE TV B, U &DId, biomarker 2L KT
(Kammenga et al., 1998), fAEOBE P EFICEZEMSL 2 BRIOREL, BHICEMNT 2FEE LT
DHFMBFLE LA TVE, —F, BATOEYOZT 2 B2 EEL ~LVOBERRLZ LSS
LRAEGEP LV, BiED SHEER, BEZ L TEEREVSBEBRELELEMBEDOEE) R 7 &
LTRZBED0O7Fu—5 & LT, AEEe L vOEH, AYHEET 7 VO, S£YREORA
(VAN STRAALEN, 1997) & o 3B AEIMGET L TW B,

FBREBEICbLLO S, FELTOEHEHYIEE W, L0, TOBRRETHERES S &M
THAERHESE O, THOLERTIE~OBICIHHE OGN LSV TV AIEES, BUWE
Pz L TEOBENIEMEE S - BRI BEKSNWEEE > TOARENHET S (van
STRAALEN, 1999), Z h A BZEHIEE (genetic erosion) &IME3s, 0D & 9 B IRMHRO WA S IE
BEICHELBZRA N LATHAEEBDERBEICL > T, BHREZ ZIEFORVEKKORDE &%

®R2 IEARROMBHEEG S TEARENEFOFE L 0BG
WMELEo= BEET BZH

P8 U Z 7§ €7V HELES FAEA b Je AT
HRER Bioindicator HOBEE TV KEHEEOTLEME  AEREEE HRERARE
IR B E 7 HEERRORE BT ¥
HENE
B Bioassay BYIEEE 7T HREEZROBE  HERE B
Distribution based LEME, HC,
risk assessment
et ied Bioassay BABREE SV AES MR EABEERE
(Matrix model, de- BIZHIZHEME  BHER £
terministic model) ~ DEL (R4 H: BE2E
ik Bioassay P E T EYI~OFIH  NOEC R e
ahekE, A LCyo LN
H#h
fke Biomarker X kL RIWd B X b LRI, NOEC L~v  Afps
AL AU SR EL P

B
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ERRITAMENN S 2, LEBYBEABEOBZNIBEIC DV TOHREBBE > 2EP D THEH, @
hfeF v EOHHICE D, BRAKBOBREY X7 2 ZEZ BOEERERAEMI I TH A D,
BAQ HEBYIFIIEYIERICEL TE 07—y 0ER/NI D 5, EMIEET BRI, REMFR
DOTAHEE LV, BEELF -2 vEOBRLALVTOEHRABASH T, ToRICRLELEEX
FRTSOo—FHREROTIEBYHOBBERMT 2L 5iTbh s EMECEENS,

WO

KR IBEERIRBEEM (CREST) OMERMERINE [REEZELVHO LK E SV
rALEME O EBEAL, B LU EORIERRMFTICLE 4 5 v & Viije RENOREICL B b
DTH 3, Vrije KFEBFIBLEREY: « BYFPIZE D N. M. VAN STRAALEN (%35 L U C. A. M. vaN
GESTEL BIEIRIC I3 RO N & & bIcAEFEYF BT 20 THELHRBEZY, BROMFE
LTV, &L TERET 5,

wm R

TEERSEO LSRR Y X 7 5 TIEEYIC b1 5T O ERIT T A HREICOWTOHREL Y 2 —
1T~ 1o, THEEYOEHRBRIIEHBEEBEE L AV THIEL, BELVNVICARFT 2 5E L
Thd, BE BLRE ZBFEFRRNMKFZOBRZHLT, BE FEABEI LI LL-BE
KHHEsh T3, TEBHY~OERE ) X7 ok, TESMOBDPE LickD, BESREILE
OL DO SO —EREKD T EICOUMNBEDT, TIEHEER~OEE) X7 L LTIRAS
TENTE SR, 5%, TEEERRO Y R 7FMABTEEEIICYRT AV UVTORRL AL
3lEE, BAEOLESMCET 2ER T~ s 0OERMPERETH B L ER T,
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