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E B & i R M 3 Z(Concise International Chemical Assessment Document)

No.63 <~V HVBIUO~UHAEY : RE~DEE

(Manganese and its Compounds: Environmental Aspects)

FFE
http://www.nihs.go.jp/hse/cicad/full/jogen.html
g 31

1. EH

< U AU BLOEOILAEY BREE~DRE) IZBT 24K CICAD 1%, F& U CRERELE
DEALE OKE TR EEST Agency for Toxic Substances and Disease Registry 23 E
Lol E, v omEET e 7 7 A V(TR (ATSDR, 20001285< D TH S,
%2 OFRIEIL, v T BLOZEDOILEMIZET 5 CICAD No. 12(0PCS, 1999a), 725
Z 2D 2 O EERBICAR S-SR E R T 5720, 2002 4 12 HE T
ITONTBEET — 2 XN—Z2OWUFER SRR IC L VR INTZT —F Th b, v~ D
b N OREEFEA~O BRI BT 2 HIC oV Tk, CICAD No. 12 (IPCS, 1999a) % £ i &
M7=\, CICAD No. 12 TiZ, ¥ H U RFHEHNITEAR LEMOFHROHIY LT 5T
BY., ZOMFEWEROREREZ T 2R T2 S TRy, FEROERSCE T
L E =2 —ICT 5158 % Appendix 1 (2. & CICAD Ot 7 Lt a—IZHT 51EH%
Appendix 2 12779, A& CICAD (%, 20034 9 H 8~11 HIZT/WH U 7 O30 ) THME S
NlERERNZES CHEEFEME L TARBINZ, RERFIZESOSESNE %
Appendix 3 (2757, IPCS 2D BT L B 2 —i@fE(IPCS, 1999b,c, 2001, 2003a,b,c,d) T/E
A L7, RER~ & T AbEMIC BT 2 EEM b E 22 2 1 — R(ICSCs 174, 175, 290,
754, 977, 1169, 1398)H, A CICAD IZHE#T 5,

~ M, RERICES 520K T, Ha, HE BIWKTICRO NS, BREE
HOEDLFTIAAE L, HEROK) 0.1% 2T 5, ARIIRKTISRObNL < T DE
BRFEERTHD, W LSS, RS, A, BIOKITERX, RAf~rTrox
OMDFBHRBRBEEIRTH D, WAF~ T DOEEFARIT, HKMERE TORFIR~
VB OETT, RN T DR R~ o e o EHE T, Mo(DEA
J D BINEYL, B R UMM TH D, TEPITEM Lo~ 0 ORIk 2 iR
&L, ZOMOMAETRITII RGNS OEHEDOILRE, M2 EORENL DWW S L,
Wik & DR, T - FERL 2R - B ORI e EOHCHEH AN D D, BREE T



DEZRNFBHPFEAERICIT, WA TROPEH, TG, $RIL - BIL, 54 - AF—/L -
FOREZ X DT, ALABREIOREE, B335 2D 2 W SREHR N O R EE W X 2 Bk
HREND D,

U H B HITRLRE L L TCRERTICH I &, R OEMSCBENX, KL DX
XX, BE, UESCRMICAASND, v U T ALEMIZBRS KB T 200 d 5,
KAEBRE T, £& LT MaIDB LR MnIV) W) 2 BETHEL TS, Zhb 2
e COBENL, FHFEMH., HLWVIIMEWE N LcBbECIC L > TRZ S, v
DOBELFET pH LR TTIRIBIZ L > TRE S AA SN, pH L BLETENMN R &
Mn(ID2S KB E S, FERESEFE KT T pH 28 5.5 225 & au A MIROA KR
VOEIGRERT %, WETO~ T AARRZELAT 26 2L, EEE LK
DEEFE &, KE~OMBEORGE, BLOEAEMIZL > AHRELHEETHD, T
MO~ T ATRFIRWE E L TRRTPRAKRT~BEHTLZL6H0 ., miatto~ T
bEMNRHENORET 22 bd 5, HEFICBWTL, v T OBMREIL 2 DDF
A, $ebb pH M ETENMNIC L > TRE D,

KD~ 2 T T B TRV RBEFE O K EAEMBIC L > TE L ADiRiESN D
AIREMEDN 8 %, AWIRAEFREL(BCEIL, W KX ONRKAEY T 2000~20000, HEHED K
BT 300~5500, AR DA H A HEHT 800~830, FMIET 35~930 LHEE SN TWVD, /K
BRI ERBEICL D~ U T BBITRE ER E EBICEF LML, pHD ER & &
HITWAT 20, BFBRIITIZEERREEL TSRV, v BV BOARITHE O
KTFEEBITHRTHZ ENToTVND,

KREF O~ o HREL, EmRITH o & B8 CEEH 0.5~14 ng/m3) | A Hdk I
£ 0 &< CF¥) 40 ng/m3) , #RTH T E DIZEWOEEK 65~166 ng/m3)EA 13 H 5, F4
EORELHITH - & b @mWKKTIREZ R T2 0 . 8000 ng/m3IZETHZ L bbb
%, IR, S5 TR O KK T T 200~300 ng/m3 (ZE L, v~ H kB IOV
AF~ U TETDORZTTH00ng/m3 B2 5 EEZ2HN5,

FEARHIT N BB AR 2N KRR T DVAF~ o 1 41 10 7> 5 10000 pg/L 2482 %
FHICKSZEEH D, LLRRL, BAROMBAKFOEF~ > U EEIX 1000 pg/L
HHZAHZ EITMmTHY  WHFIE 200 png/L AW TH D,

TOEE RO~ > T 410~6700 mg/kg MR EBEOFHPE TH > 72, o VHEILEE
LHERESG N DR TEIZNAMED 72 53, L¥E - EFHEN O OB AZZ T 2EH O
DEEIE, HH T 13400 mg/L iz E &% 5 H L T\, 100~1000 mg/kg #Z/8EED K



B~ o A RENFHEO TR THRE SN TEY, REROKR~ I AERILT BY 7
TRO DTz, 7V MEORBIEEIT T 3550~8960 mg/kg #fEEL &AL T,
Z ORI —~ o 0 HR SN AR RE S 5 & B 2 b,

TR~ T DBER( Ry 7 T R )L, <1~4000 mg/kg ¥R EET
HY . FHEITE L 300~600 mg/keg W REETH 5,

WEEE T Oy~ A7 R EIE 130~735 mg/kg A EOHPHICH Y | —J7, HEORE
I% 3~660 mg/kg HREETH D, HEORBENRSVOII~ T AZEAZIRE L BR1 S
%o MR & KB O O~ R, <0.2~19 mg/kg PR EEOHRPH TH H =
EME, TEY LT-iFKICAERT A TIE, 100 mg/kg WM EE A B 2 Dm0
ENTN5D,

b AAl Y R D~ o T PR IE % < DY 20~500 mg/kg OHFPHIZINE->TWD, IV ETE
BV UROMEMIE~Y T B ERET S EE 2 BTV S, 2000~4000 mg/kg i % 72
WP~ T LIV ORENEEH D, SEIERHIBEO S THOLND FHE~ o H U RE
L. JFC 1~5 mglkg ¥ E, KT 3~11 mg/kg 2/ E &, PE T 0.3~40 mg/kg iz
BERETH DL, F I E MR FARMILBEOMMBRGTIR, Bk, BLO0ec, kK17
mg/kg HAREBED VL~ o W BENRED ATV D,

< UH R, AW, WY, BEXOEMIC L > THERERZETH D, BAERDORE
D~ A BRI K% 10~50 mg/kg #lfk T D, EERREFHE L-VVIHEHF KOl
MCIHFEICRRD, AKETHETH EIHKRRETEAMED TEIX, v~ H o RZH
WEERT LA TOEETH D,

KBy DFHERBRIIA A oAb~ o T2 HNTIThL TS, arA Rk, kifIk,
FOSERAb D~ o T DOKREBEIZ O TIZ E A LB TR, L, —RICH
ALTINLORIZRLEROFMEIL, KA A VBEBOLDOLVIERNWEEZEZ LA TY
%o WA LAY CIIAWEHOBFHEMENTE O b, b o & bSO mWE I,
WEEEROT 4 TNV« 754 v —Ditylum brightwellinF . OB DA J1 7
£ (Scenedesmus quadricauda) T, Ri#E CIFAERREIZILSL< 5 AR O ECs0 2% 1.5 mg/L,
%A TITHRIERRANCEES< 12 HE O ECs0 28 1.9 mg/L Th 5, AKAMF MR IZEET
LHRBRIZ L0 | 48 BEf] D LCso/ECs0 1% 0.8 mg/L(A 4 X ¥ 2 [Daphnia magnal)7> % 1389
mg/L (o —Ff Crangonyx pseudogracilis) DEFHIZ KON, KD LCso IF#K ST
(25 mg REEH IV T LIL)THHND Z ENbhoT-, #taE(Cancer anthony) DDA
FREFUEROAE LT, BE 0.01 mg/L 12X 2 7 HEOWKRBR THALNTZ, HE



D 96 HEE LCso 1%, A > K+~ X(Heteropneustes fossilis)® 2.4 mg/L 756, $R5-/7
(Oncorhynchus kisutch)® 3350 mg/L OHEFHIZ KLY, LCso Fe A IXHK G4 T (R EE 7 L
VUL 25 mg L) THELNTWD, HLWHROEL KRB g~ H > 1 mg /L2 29 HE
#& L 7= =~ A(Oncorhynchus mykiss) DIFTFR®D S 17z, MAKHIZ XD 1 HHOIR—ShAEH
BT, 7 HRE LCso ™D 1.4 mg/L DR S iz, KAEMEHERY) & aEIC 1 5 2kt
I, KOBEED EFIZONTKRTT 5, ¥ b— MIOERINI~ > T O@mEzEE st 5
ZEWTED, v AT EDICAHABERESBOIENN AN ZDIHT 2 LD RN H D,

A ClE, &BIEYL U723 O C7 44 =(Callinectes sapidus)|Z i E CTHA L T23% DI
BN~ W DRMEIFEONTEY, EBICAT=—F Y OMBRAT I v MERIZ
HIEFEFIREED: . I —11 v X7 IV ¥ (Nephrops norvegicus) D — it~ o 4 L8
WHEL, AL LRIl La s, FRICBEVWEE 2 SE, ML
=~ A(Oncorhynchus mykiss) DIE1-F 5L~ 7 VRE(<0.5~1 mg/I)IZEDFHES
PR D Z LA LT, FRYERIEMEM LI L @ RIRE LR ORI >Tnd, # 1
W77 v T v MSalmo trutta) e W=7 — VU FEBRIZ XL 0 | pH (4.5~5.4) L REZE 7
e~ o T DOREE0.1~0.4 mg/L)723, BIESNIETROETEHMA L TND Z L3N
LTI o7z,

BRI x T %~ o B EOERIIMEIC L > TRIBICRZR Y | BICEKZS O ao
A, BEFEIRBE, A ENRAET D, EWMRKICIB T DM~ o IR EIRIE IR
0. BEEEIX 100~5000 mgkg TH D, ¥ B OFPETEEM, %mKE\&émiﬁ
KT LIIE TECEROAEREZRIRT 2 FERER CTH DS, v AT Dl
T OFEFRI L OFEN CTRIBICER 2 D, < 2 F VMRS 2T 2 BRI, UK%’*”(@FH .
FENZE) . A FRRE, WE, ORE, APFRRER, WMAEMTEE. B X OIREORMEL H
Do

MWROEKT — 21 bi%, EOSMPICEIDHKRE, MEOZ W~ T RE
I <70 IKEOEEBOEE 2RI TMHO Ti TR R 2135 2 L BRES
D, KON, W, BEOMIES - & BEZHEORWVIRKRE S 2 b, ER
FlBr & FAMBIEIC LT, BENB XL T 1 mg/L OIRE~ TNk EEY CEEEM %2
GIEE T AREMED B 5, RKREEDHOK DA 50%DIEFHE T 95% D EWTE 4 (R
L1 DFREHEIZ~ T 0.2 mg/L & FE STz D EK T b 2 ek N BREIE (LR
TR, B T AROPEL e Eidn T~ T L vE RS, FRck o TELITHR
AKIEDORSZ O NVERTRICK T DY A7 2K EED, ARROEWICKIT H~ 2 H
DOIEAERFEEO TN TIX, 3B X OB/ O N FIZBIT 5 AR — 3 Ok
B BEICANRIER G20, FEREOSEA, ~ U UV ICEAEIEEN O O~ 7



¥ DIRMRFR IS & DHHRFIC, AL > TRV AEFNER SN D, BARREICET 21%E
JEH, o, BEOMSR LIV K DBBIEMZ R L T, IFREICEIT 2 AETE
TR LN TN D, RO G, 50%EHE TOAEMTD 95% R HT L fadHEIL
<~ H0.3mg/ll EREINZ,

~ U DNEIHIC X DEABRSE~D ) 27 25T 28, Fx OB - (LA
NI A=HZ Ko THI SN DHILO BR( Ny 7 7T 00 R )REZZBET H0LERH
%5, HMHASAERRRNRLNIE, v T ICHTEENOORED “@F 0" Z#EICk
STHIEHRRDTHA D, LIBno T, ARSI LHE—OEHEZ & ET 5 2 L1
YT,

2. WEORER L UMM -{LFEEE

A BLOBEO L - &b EER~ U ALAMICE L, %4 e S NS O
X L OMEEICBE T 21 % | Table 1 12733, ¥ W AL RRIHFAET L 08 T A5 A,
+HE K, BUHICROOND, —3 b +T £TOD 11 OFLIREETHFEL 9 55, bo
EH R DIE+2 (eg. HiAb~ 2 7 [MnCle]), +4 (e.g. —&{b~ > 4> [MnO2l), +7
(e.g. W~ H AV U ARKMNON)THD, v W b Z2DLAEWITERE LT HEEFIC,
WES/RIF & L CKPITHEET D, = DI E A SITKITET 0T BIRED
BV ) VERER LORBIEDO R Th D, ~ o T A it~ e MEgfh~ v
T NIKIZEEFIZL WV, w2 H AT RGP IGEBRRAL - & L CHRET D22 b b 5.

ARSCEIHEH LI EBRM B Z 2 — RIZ, v W BLORERW R~ T AbE
WD 2 OO PR LRI E 278 T,

8. Atk

ARERECEREE B P O~ U VB, RS ITER S o L IR VBT
WD, HOE - et s PRI, BROT T A~ FH A REELRIATE S, v
EELSMIROSHIIL, FEES T 7 XA~ ACP)R T RIEIIENEA SN D, 1FEAL
DYE~ I DRI DIBAVIRIEE KB T 5 DIIARFRETH D120, i~ v ENRHE
SN, ZH6DOHEOKRHRFITAMGES L OERK T<0.01~0.2 mgkg, KX T 5~
10 pg/m3, 7K C 0.01~50 pg/L T& 5 (Kucera et al., 1986; Abbasi, 1988; Lavi et al., 1989;
Mori et al., 1989; Chin et al., 1992; ATSDR, 2000),
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<~ A OPEITIE, ARSI IRIR AN LETH S, FEMITEEEA OFFE
WL - TR DN, Z OB IXE T B TR COMBN, WELAKFRIC L D8, NEY%E
brET 5 72 O Cm L B2 3 E £ 415 (ATSDR, 2000),

Meneses ©(1999)% L U Llobet ©(2002)1%, 58k JOFARIZE L HRA 0.02 mgrkg
DFEFES T 7 A~ ACPYEESITEE W=, Pandey ©5(1998)i%., WBEH T 74—
% F Tz Etfe ICP FOb ATk &2 M R 0.001 pg/L CREFRI IV, ICP 77357
Witz KE k1 (Brewer & Belzer, 2001; Espinosa et al., 2001), EE (Leivuori, 1998;
Leivuori & Vallius, 1998), H#%}H(Blackmore et al., 1998; Blackmore, 1999; Rainbow &
Blackmore, 2001), ¥J=E(Connell et al., 2002), ik (Mason & Stephenson, 2001)(Z >
7o

Beklemishev 5(1997)i%, K~ > OGHTIZ LSS IEEEZ VW2, 2 Ok
Mn(IDIZ & 0 filfif < 2 FERBOGGE = U &8 U 7 AKIO4Z £ % 8,356,567 7 A F /L
RV OB EFIAT SO T, BR—RAOWER ORI TITOND, BRHEAD
0.005 pg/L 1%, KV EFFDH MO F1EL VIED IR,

IRPEIEAR T D~ 7 2 Dl - S5 A A L RPEIC, ERERIESTE(Kellar & Foster, 1991)
%i@ﬁyﬁ47%%%®%mg&Mmﬂl%ﬁﬂﬁw%ﬂko&%iﬁr#m< B ER
ﬁ&i 36 pmol/L(15mL DK % ks L7=%5A1E 1.98 ng/L) TH -7z, Sarzanini ©(2001)

. BEVE AL AT E T r— A vV = s v a VRIEMEEE O L, YK TR ORI
@ﬁ%éﬁbko

A CORMBED~ DA — 3 502, DGT #%E(diffusive gradients in
thin films)2NHW 5 CTW%, Denney 5(1999)1%. *@0) DGT #&i& # W b ooyl R %
ELWTEE L, BB AKBICB T 2R LER~ U DRE-TREDOT 0 7 — V215
7z. Gauthreaux 5(2001D)iF, HFHEHIHIE(ZIR Z IV, 7 L — AJFRFROESHHEIC LD K

B o~ I DICFTREE o LTc, SaBHTBI L. ZHURE, [REBIRRE, ~ v 8k
Felbanie., AHEMRE, REMREL WoTc B0 b Wy CIRENNIE Sz, X s
RS NIER EOFEEZ A WS & BLIREED~ > F v 2B/ CE B/ TX % (Bargar et
al., 2000),

4. BEOREIR

4.1 HARRTOREAR

10



< U TR IR FE L, HIFROIZIE 0.1% % 5D T H(NAS, 1973; Graedel,
1978), AR & L TRARICHFEL T DD TIERL ST EReh. Bk, R,
TAMRE., VR, R U 8 100 FELL EOFI O 1 54y TH H(NAS, 1973), Ho &
L L AOND~Y U T U EHEIEME, R~ T b~ ), E~ o T IR EE
~ 5 [MnCOsl), NTHEA(r A~ ), N A~ UHEUER{L~ v 4 2 [MngO4l) 72
£ TH 5 (NAS, 1973; Windholz, 1983; US EPA, 1984; HSDB, 1998),

BERSCT VD VANARED~ U U BIEAIZIZ~ T NEBICEEN, v T
WCE B <ICHEHRTEPEIZ A B IvS, Schiele, 1991)72%, 230 b, =v 7L BEW
gL & IR TR BTV 5 (Reimer, 1999; Ahnert & Borowski, 2000), [k, ~
T GERIE, YRR OFERLIZ K > THEM L7 OmE R i, fERogk- <~ @3
e od s 7 2 b & LCIEET S (Ahnert & Borowski, 2000), (ELED)KE~DZ DD~
YHUERIE, 7T v 7 AE—H—RENDOBUKOMEH T, BHIic#kB X Ot &
3 5)Toh H(Gamo et al., 2001), BEEe~ o HURAPRITIEL, THE, EE, ZRoE.
RS 72 E 03 H 5 (Reimer, 1999),

REHF~ HrORGBRBAFRITHEA A THDH, TOM, F LSS, FRASE, A,
KITEE 72 LR KRK T~ oA 0 BIRFEAEPR T d % (Schroeder et al., 1987; Stokes et al.,
1988), Stokes ©(1988)1%, KR SN~ T D 213 3, BIRFEERIZH KT D
LiEE Utn, BERRME CERI S M7 K& T R TR BT, ~ o DR AEBAAL L
e E T ITHHECTH D 2 L b o T-(Zoller et al., 1974), KKUZ X DM E - THOEX
EF O REP~OEERMHIFETH 58, ThHIZ LD RE~OHEE R EITMR T 7
225 7-(US EPA, 1984), Ef7F~ v o O EERARIL, ~ o T o Bbhi 2803 5+
B, T, W7 4 I FOBRRMEEAKE 2 P oEEE Ch 5, FOMORE
L LTiE, SAROAEICED LT, AMBERE COARMIC L D~ T BRIk
DEHERET, Mn(DEAHA O HAROEL, BEIEHKZ O omIERE R ERnd 5, +
BHCERB L~ U AT E s L CHIRICHET A, KA D OEEORKE. s & o
RENPODO T4 v ¥ =7 v b HPHD DO, 1E - JEW L 2B - B O Pkl
72 8 OWMHRPYEHIC &> Th~ o 2 B HEICHEFET % (Stokes et al., 1988),

4.2 ANAWRAIR
BREEH~ v W DB G NAPPRAETIZIEL, T FRPEH, TG, BRIEEBIL(E <

=y ), Bd s Mk - BRAEED S OPEEY, (LAREIOIREE. BT 20T
PREHIRINIRBE\C K D BEHI DN & %

11



1986 TS CRE LD~ o T A &ld, 880 I b e#EI Nz, v~
PLOEHERS L OZORER~ VR EIT, 1990 FRZE U U LA EEILh o
72 CKIEIN#4 [US Department of the Interior], 1993), 1995, 1996, ¥ XU 1997 4FI28
FAMROPAFEHRITDT NS L, TR L TREB~ TV EFRLTLEN
800, 810, 770 Ji hZid L7IZCRIEINEEA . 1996, 1998 ), FRIEFIRE/R~ AT « 8%
PRI IBY © MEF FALT 7 U U KL A v RO EZR EITAEIET 2 (Schiele, 1991),
FEAED UL, BRILOE ARG THAE S 415 (NAS, 1973), B0 REGRHE A A3
VLT D~ o ORMEEEITD VA, Bk, HRICRIT 28 ~DFER, &<
IZHERIE EETO L0002 BT 5 & PRI CRENEE. 1995, 1998 4), £ DOfhd
FEETHLY U WU FEM@EBEMIEII EFT2LE2 00508, ZhNEHES IO &E
OHEFT 5 B RIF TR ILEERI T d 5 (EM, 1993, KENEA . 1995, 1998 4),

VU HALEWME, v T aRER~ AT N BEESND, R~ (T
YOI, E& UTHIBRAEFE~OMH & L bIT, BEEE - IR - SREE A S 0 D T2 O IC BRSO
A& &5 (NAS, 1973; US EPA, 1984; HSDB, 1998), KEB/(1EIE 90%) D~ > A
NEL BT~ v RIS L. &5 (Schiele, 1991), <> i ALAWICIT S E S E 72 H
BRD D, b~ T AT RN, BB, ~ v T K BT T A DS
TAPANAZ AR SN, o~ o T AEWEERMOBFEEE L LTHHNWLRD
(NAS, 1973; Venugopal & Luckey, 1978; US EPA, 1984), Hifb~ > H i, o~ T
LG ORIEEYE ., AEALE Y OEFEACAE, & 5 VI AEE I X T VAlifa D 72 D O fil
BHRM) & L THWS L, HEMIC b 45 (US EPA, 1984; HSDB, 1998), fitlit~ o
77 (MnSO) X, JEERCHEEDOREBMA L LT, HOWITHEE, A, Iy, &
# A2 b v B 45 (Windholz, 1983; US EPA, 1984; HSDB, 1998), ~ ¥ % 7
Maneb(manganese ethylene-bis-dithiocarbamate =F L > B A F A W/ Vg~ v
TNE JRIEAR 7 N T LOEMMEREAIE LT, S 61T a AF0 LD /i ofE
TABEIC O HWLND, LR Ty rx7id, THEBIOHWY T~ T OBERTH
% (Ferraz et al., 1988; Ruijten et al., 1994), &~ > H A U v A%, BELA - HEA -
FEAIE LT, SHICEREE - D L - EAMIZ. 2 WITKAF T KO 208t
B DUl LR ORAFH & L TEH S 2 (HSDB, 1998), #E§h7 Y U D7 o F
J oy 7 HThDHEM~ T LS Y MMT(methylcyclopentadienyl manganese
tricarbonyl A F /Lo a R H VT =)~ H Y MU VIR V)DOERER, ET ATV
IR AERT N U AEREMNA, ATV 7R = R T A
EARSEDL, WICHK I~ T 2MATAFA IaRX o E ooy %
AR, RV T I E R bR & RS SH T MMT %243 % (NAS, 1973; US EPA, 1984; Sax
& Lewis, 1987; HSDB, 1998; Kirk & Othmer, 2001), MMT |, 7LvE>F | F—A
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ZUT, IAHYT KE, 7T A vy T EFTCHEADNRO I, =a2a—Y—TF R
TIEEMAT TR BTV 5 (Zayed et al., 1999; Zayed, 2001), fxilt. KFAEEETHD
Ethyl Corp.i%. MMT 2% 25 #[E THRIE STV 5 Z & 3Bz (Kaiser, 2003),

RGP ~O~ T DF G NARFARIL, PFEEENERE A ER LU MmEr o8
AT, BT, a3 — 7 AFRE) ALABREIORREE, ~ o B A HEORIKFER L ThH
% (Lioy, 1983; US EPA, 1983, 1984, 1985a,b; Ruijten et al., 1994; ATSDR, 2000), & < I
Zgfb~ T RN b~ W B OB BN K D REIGYREEN . LA O
%-%@-%ﬁ%ﬁi@%%&%ﬁﬁ%iﬁé@mmm1%Do%vyﬁyéél%ymé
PEIZ, IRE 2 DO~ B giamyagE s S5 (Schiele, 1991), AT CH b AL DR 11k
W' ¢@v/ﬁ/®£témmﬁi PERPER N D OPER TH D Z & VM L7=(Sweet et
al., 1993), v UL, BHERLRERIOBM R L, 2o A DOITAI XK > TH KA
Wt &5 (Ferraz et al., 1988; MAK, 1994; Ruijten et al., 1994), Nriagu & Pacyna
(1988)1%. 1983 FFD~ A v O FHRHEH & IX 10560~65970 > T, I 2PEHEITA
fRINE, FEEREIB O " IRAE, BIOTAKIGROBEATH LD EHERI L7, 1978 4F, KET
D NAZHPEATR S ORKF~OMPEH EIX 16400 h> T, 2D 9 B 80%(13200 + )
MHEFERIRR . 20%(3200 b )DMEABRELOBRBEIZ X2 & D Th - 72(US EPA, 1983), A%
b g PEH B $%(Toxics Release Inventory [TRIDIZHE X5 KEOEERAIRIC I D
KREHEHEIE, 1987 42 THagt 1200 b > T - 72(TRIS7, 1989), 1991 4. K[Ed TRI
SR L IR D PEERRR S OREHMHIZ, 0~74 T, JEHERLEBRE LML H -T2
(TRI91, 1993), 1996 ED K&k &% 4000 F > EHEE SN TEY | BE~ORBKEED
15% (240244 % (TRI96, 1998), Table 2 DET(§ 6 ZHDIX. KEITH T H~ L T DRR
PEHED, KKIGLHENC L > TR L2 2 2R LT WA,

MMT OBRBEIZ L > T, v T DU CBEOMBE ., S OICIIMER S Th 5 Uik~
YH IR E D~ T R b HEH &5 (NICNAS, 2003), KA FIZHEH S Dk 0K
T XE, 0.1~0.45 pm & X F & F Th H(Waldron, 1980), MMT ORREEARDIC 1L, ~ >
T DU RSO b & £ 5 (Zayed et al., 1999; Zayed, 2001), #1158 D K&IEGY)
BL L TOEE~ OB R3ERICIE, E<ICKBEEDOL VI TO MMT ORREE
N 55 (Sierra et al., 1998), MMT 1 K[ETEES VU U RINAIE LTHWSL, £
OfE R~ BN &7z, Davis 51988 LiuX, HEHICK vk ans~ 7
VRKRFT B AATEDBEEIT. FlIZIE~ DTV A~OEINEDINL D DN
WHB I U 74 =T LT 5 &, BA Y 740 =T R EOHIRTIXE LK
EVWRKRTR~Y U T AREDOBLZE 40%). HEHRE S OMEHET VI I, Y 7
FN=T O~ BEIEIC L D EISN 18 ng/md EER S, PR L OdER Y
TAN=T TCOHBEOBELZ 45 ThHoT,
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12T, BRBHRINA E Lo MMT Off &L, 1977 LR A ITHEML T2,
TV REEC K D~ PRI, 1977 025 1980 AT T TR L., 1985
HITITHEE 220 b U2 L7-Jaques, 1984), 1990 4EIZiX, BT X TH Y U HOHMN
MMT (2522l @E & 2z 7= (Loranger & Zayed, 1994), MMT Offi &%, 1989 #(Z
400 > EZBRDHE—ZIZE L, 1983 FEDOEHED 2 £5, 1986 FFD 1.5 5 & R L=, A
VU R ORBEIZ LV | 1992 4 F TIZITA 300 h KT L=, LavL, 1989~1992
EOPFEERER O N FFH T ORK T~ e =2 1 v 75 =4 12i%, 2O MMT
@ﬁﬁ@ V7 i3 EN e o tn, KEF~ 0 EEPM2.5, 1722858 11 F A E

% 2.5 LT ORI IR BN 72 < /T T 11~13 ng/m3, KABTiC 20~25 ng/m3
’C“?X?)of:(Health Canada, 1994; Egyed & Wood, 1996), ~ > # U HeHEIZ, Y U o Ho
MMT RBELLIOT VU o OHFBREIC L > TR 5, %é%ﬁﬁ%&i XX T H - E
/b)ﬁ~wm®1%0$@kﬁﬁﬂ$7yﬁyﬁﬁk AR (BB 2N A D LT
(Loranger & Zayed, 1994), L2>L. [ UHF9EE HIZ & é%@ﬁ?@ﬁ}ﬁﬁf“ X, AV Y oo
MMT 726D~ PN 252 EA L HEESNTZIZ 00063, 1991 B X
W 1992 FE1TITE Y R U A — DO KRG T~ H U REIIIK T L7z (Loranger & Zayed, 1994),
FOFHETIE, T MU A= BT d@E0~ 2 T, 1991 FICEEEIE L7 A
Tk~ TR —KTHD Z EoRg I n7-(Egyed & Wood, 1996),

MMT 76 O EN R~ o o REICH D 2FEZ2 R T 5 2 &1, B 608
REETHDL, RKRF~U T E&O EORREN MMT (SRR T 25 %, opEEEE X
OVE B BESR B CIE XAV BB L 2 KRR IR EE AL D 72 O RBARRIZ 72 2 ATREME DS & V) |
ﬁ?’éﬁﬁ FIN#ECH % (Bankovitch et al., 2003), L2>L., E> b U A— L EOEHTHIE L

IRERL IRER, ~ o T OEDLEEIT/NI VNG LW A, RIEERLIRY

%Vﬁﬁ?bfwé LN LT, ST RENETHHILEERLTND EE
Db, RERFO~ 2 HUBEIZBITSD MMT 76 O EIFRE TE 0, RFlex 5%k
HERZWAZEE R EOFERD, MMT IZER T 5~ o T AREPM2.5)D EAH-Z2 672 597/
HEMEY & 5 (Wallace & Slonecker, 1997; Davis et al., 1998),

U H K, EEREDOPEHIZ L 5T, HDWVITHNI IO NS ORI E LT
AKHIHH &5 (US EPA, 1979, 1984; Francis & White, 1987; TRI91, 1993), & Dftl,
PRI RIS DOME~DFEFE S | MR CH & TR Cld~ v W VAR & e -
TW 5 (Florence et al., 1994), Nriagu & Pacyna(lQSS)@T’EE FAUE, 1983 4EiC
IKFERER OB D~ o 77 o D N ARk A& 1X 109000~414000 k> T, jb%ﬂic
PEHIFIIFERE K ALERL R SOV F ARVBIREE CH ~ 72, 1991 45, KENZBIT D~ T DFE
FEPEFERIT, HIFEAK~0~17.2 b, AT AKR~OBEBER 0~57.3 b, HIFEAENO
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~0.114 b L85 SN 7= (TRI9L, 1993), 1991 I KETl, #HERE 85 Fo. HHWN
ITEBREA~O~ T R ED 1% K FIZFEZE X 7-(TRI91, 1993), 1996 4 DK H ~0D
HEE T 81T 870 v Tdh - 7= (TRIG, 1998).

M EBEIND T EREFTYDN, THEABHIND Y T DB L RBARTH
%, Nriagu & Pacyna (1988) DHEEIZ LALIX, 1983 FF D HFUZ I 5 LHE~D N &)~
T AR B 706000~2633000 kT, FE7ZHAERITARKIK CThH 72, 1991 I
s SN KE O E~OEEKRHEIX 0~1000 > ThoT, BRE~O~ U H Uk
(3753 b )P 50% LA EIEFEE A~ S 472 (TRI91, 1993), 1996 4D -~ DHEE hig
B 21600 kT, BREE~ORELHEO 80% 24123 % (TRI96, 1998).

5. WETOBEH - o4 - B - EM

5.1 HEROBE) - oA

ALETEHRTEDIEETHIN, ~ U WU BB I OEK~ T ALEWIE. PEEE
T OE FIFICHRT 2 Eh - IRE & L CRRPICSAAET S alRetend & % (US
EPA, 1984), xfliiEllcisTid, b4 - BifslE - R & W I iE, D WIEZEDH
RFEAEIRThd D TS A LB L - EEE AR L L CRD LD ATREME D & % (Stokes
et al.,, 1988), ~ v AU EAHK 1L, F& L TENEBRSCHERNICE > TRATNLRESR
% (US EPA, 1984),

~ U HERO R R KRR AEIN D ARERH D, RAFICBIT A2~ T
L BENL, FTORESEEE, BIOREEEMZICE s TRELLEFEIND, B
BRI IKEF O~ T OHETE 80% HVH & A2 (MMED) <5 pm ORL1 &G
LTEY, D95 50%75 MMED<2 um ORI L fEAG L TWA EHESND, ZhbHD
F— B ORLIFNEHTERD & DNEADO b DI AR TH S, L, KT~ H ok
TORE XL, BERIZE > TRRLMEANH D /R I3k~ > F B L O E T
SO, KRR IEES LI Z < b b 2 Enbho T A (WHO, 1999),
W 22 CERIR L 72 PR 1-(> 2 pm) 1203, SRR EE 1338 mglkg D~ U WU NEA ST
W= (Lee & Duffield, 1979), 60T —ZIZEESL< &, RAFT OSBRI ST &
NE 2z 55 (IPCS, 1981), Fergusson & Stewart (1992)12 LiuiX, #i. 4. 7 KI 7 A,
BXOMHERR EMMOER EIXRRY, ~ 2 T OWRFEITITEBTER « BB THATIC L D
X0 MFEAEALNRY, LrL, Mielke 5(2002) D& IC L, KELA DT
FIN=2—A— U AOETERO~ I AYREEL, B ORED 4 f5Tholz, v
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Y DORZSUMNIEI L CAFTE BIERITIEFIZD 720 (US EPA, 1984), ~ > 4 o id ik
AFT, TREEREIETDEN, ZORIGDOREF TORAEIFTEIEI N TR,

< U H R OERREMTEMEIL, KEF = E— 2T 1190 pg/m2(Scudlark et al.,
1994), A=z 72 KO AL T 1900 pg/m2 ToH - 7-(Hall et al., 1996), 1985~1987 H D
(=L > B ARPE) ~ D~ T ORKILFEIEE L, 0.0023~0.0072 pglem?/ H Th - 7=,
BIEWERF LN ATBEOMREIT, KESmEO~Y U T RRLBEE5 &2 L
(Remoudaki et al., 1991), #F+ % « 7 U7 1 v =2 2w 7 MO Burnaby Lake THfH
SNTe~ A REREEE L, 350 pg/m2/H CTholz, BFROFERILE R&IX, 7.7 ho & H
E X172 (Brewer & Belzer, 2001),

KRBT, = H3EE LT MuIDEB LG MadV) &5 2T THET 2, 21
5D 2 RERITOBATI, FEEWH, B WIIMEDZ I LTRbiE e k> TAEL D &
#% 2 515 (Nealson, 1983; Thamdrup et al., 2000; Heal, 2001), ~ > 4 > OB k54213 pH
B L OWE CREBIC K - TR E A4 S, pH 36 L OWLE CEAMAMEV & Mn(ID A K
B b, FEEHEGEKP C pHb.S A2 D L an A MIRAF KB OEIG N LA
% (LaZerte & Burling, 1990), #LL2 5 OFEMEPEKRBZ AT HKIKTIX, WFE~ > TR
JEIL pH 5.5 #8825 & <40 pg/L TH 7225, pH 3 Kiifi Tl 250~4400 pg/L TH - 7=
(Filipek et al., 1987), [FARICHIOFTE TE ., ~ o H o OEFEPFRIEILILPEK DB Z 1
L7200, JREH~ U BREN pH 5.6~5.9 T® 400 mg/kg 7°5 pH 3 £iifi TId 8 mg/kg
\ZAK T L72(Cherry et al., 2001),

Mn(ID2AFRERBREECAFAET 5 &, —HOEMERIE(LTERES K OWRERISAE LT, #E
BN AW FNC R RRE 2 RO b~ v T BEKRT 5, LavL, pH 8.5 KD
AKAFZE 5 Mn(DORRAL S EE X M (Zaw & Chiswell, 1999), ~ > 4 v Ofg{bds &
OVLRE IS LB RERIL, RIRK T OEH D> & & oK o C O R O #iH C & 2% (Stokes
et al., 1988), LU, B{LiEE 1T pH O EFIZHEW, HDWIT @b~ > B o7 & ofilil
FENFET D L EH9 5 Huntsman & Sunda, 1980), BEVESLILPEAK S D~ B ACE
AT IS FRAVIA T /INAT) T Tl ”%Liﬁﬁééft}:V‘/if‘/ﬁzf%ﬂ:%@mﬁ%?b%kEné(scottet
al., 2002), Mn(IDDE(LLEUTHES b~ > H o DR EO—#HO G T, WD
MOFGRED ~ 77 (A7 Mn(D, Mn(IDKFEE{b . ki72WeE L7z Mn(ID, Mn(D-
Uy REER)NBFERETEAT 523, AUREEIT pH, MR RS, AR, MBRE, By, &
FEL B IO & W o BRI A A S D (Stokest al., 1988), FRFEIEEE DKV HE /K Tl
MoV LFWE & M O 12 X - TiEoe S, B{b# 2 © Mn(DIZ 72 % (Jaudon et al.,
1989),
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KIKFNZIE, ~ o T L AEWREE OFHMIIFE L A L7 L IBFABRIRE DTV
ANHEENDDHTH % (L'Her Roux et al., 1998), L7=3-> T, KARKF DO~ A A~
VE—a YORBENIIE, BHEY & OSEERITEE A& E 2 R S, RIROEITFHE
IRFIWENEL TH, AEMA LIz~ W 3b 202 287 0 —)L KA TR S iz
(Laxen et al., 1984), Mn(ID1 4 > 1% Mn(IV) X 0 FE LTV, L7 -> T, pH BL O
(BB ITTEMNPENNEES U T DA FT XA T8V T 1135 < 72 5 (Heal, 2001), HLY.,
THERIE ., WRIRIEFIE T D &~ U W OBRMREIT EF L, K TOBEMELCHMIC K 5
IABDIMER T 5 (Reimer, 1999), Hart 5(1992)1%. #viidb4— A k7 U 7 ® Magela Creek
TY U A DANRT— 3 CEFE L REDNE < B0OMBIZ X oM (b=:n EHT5 L.
Z OB D OKFPIHERFEN T Mn(ID & B EHICZET D & ORGELZ LT,
ZhiE, aud BRI UMEFIREE TEN 2 SO DIZEDL AN =ALD 1 DOTH D,

EHOMKAE KO~ H U BEL ERSETHD LW IFHLR S 5, 1988~1996 4F
(CHEE TN - BHTE Tl SO TH~ o A LSRN & 5 R L S
WIEDOFHBIREMR 27~ L T % (Heal, 2001), @V~ U T REORKAIL, HENDHORMB X
OREARD KK DI L7272 X A MR FH O~ B OBV L Th 5
(Shanley, 1986; Heal, 2001), #HEERIARD D OEIEFL S £/, LEMSHHK~O~
VIRMEMARIE D LB OND, SHEEMPEA SN KR O TS K OEEMEIZ DV
TITRHEPHIC DT> THESNTE Y, HEKOFEW~ U T RE LBEF TSR T0 D
(Heal, 2001), +HuFI| 3 mHDE KR DO~ o B PR EEIC E ORERE L 5.2 5 00%., K
WOKITHEFB L OHED ¥ 4 7125 > TE - TL S(Heal, 2001; Heal et al., 2002),
Heal %(2002)1%, HOREJEHER L OE~FKOKTZIBITH, MHKIZBIT 2 E 0~ v
HoREDOERHTH D Z & 2l Lic, WREEHONRD RV, W0, 3 X0V
v U B U DBRA L THRD T, ALESUG R BEZEFIZ /2D | KRD AR T — 3 VS EIT
1#T-3< (Laxen et al., 1984),

VU TIREIREICWAE L N EBE T2 B2, 77U - UFT Vv A1
7 Paraiba do Sul-Guandu River Til H L7z pEFERAIGEEI LML T 6 D
~ U DKL, BRI A LTz (Malm et al., 1988), [EO S E JE ) INTH
L. o R L IR R L & OIEOFBIPILR 2 A ST (Laxen et al., 1984;
Neal et al., 1998, 2000), [¥EME~ > U ALEY O LECRE ~OYWAEHIIZIFZFE LWIEDS
DENH B, E& LTHEDWA 4 v AZim & LOEHMEIC A &4 5 (Hemstock
& Low, 1953; Schnitzer, 1969; McBride, 1979; Curtin et al., 1980; Baes & Sharp, 1983;
Kabata-Pendias & Pendias, 1984), Laxen H(1984)1%. )l “ki¥” B L “VA1F”
D EACAER Coyfl S v SRR IEE R, S OICIE MRS S 0 THEOH T K2 Hig HI§ 2 Mn(ID
FOWAIRENHORND EVIBziR Lz, WIOARYT—g 0043, FL LT
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7 TR ORI O AR SCHE ERPRIBIC A SN D, BARBOHEICL > Tv o &
HEORRDFEIEEN, SEIEREATMuIDELRAT O TH D,

JEE CO~ o HARE AT D586 2 EFRERIL, EEE KT oORERE, JREA~
DEEFIZHEE, BLOEAEDORFIGETH 5 (Lynn & Bonatti, 1965; Grill, 1978;
Balzer, 1982; Sundby et al., 1986; Hunt & Kelly, 1988), /K & EEM D~ > B o AZHIIAH A
KFE7 A THDH, W Ma(DITRRIGETH D720, IKE &K E DM OTEERILHERE
Eh 2 (Hunt, 1983), OL7mWEEICIRVIAEND &, EHO~ T Bk ( "t~ >
TN R D BKNE S T2 AR Mn(IDIZ 32T S 415 (Pohl et al., 1998), JEE FHIRI/K
LREK E DR A 1L S AT MDD SRREARN LI, ZORERE LTOYLH T 7
T AT X o TEE DB AKRA~D I U % (Balzer, 1982; Kremling, 1983; Jung et al.,
1996), MRILIETTHEFUCH T 2 BIERIT, BER~ TV EORMICEDY 1dH 5, BLE
TEROFRBRNILES 2~ o VAT~ o T AIVN D> T D, ZOERNEE
R STARKEFA~EBEIT 5 & BT aiRISET - oS s, MEAKF O MnD)
FIEHIC LV o VEREISN DD, KIBE ORI & RS E 2 /R H Y | A~
ERFRAC DN Z B TR IR I A S N D, Wit 72 R FIRRE Tl AmRMICHBIT S
KEED S O b~ T DU, EEA~OMHE | I X OURIERE ~D LI L > TEILE
NETESIND EE 2 55 (Schaanning et al., 1988), VA/KIE A HF K 55 (<7.5%0) CIAAT
~ A DR BN EEDFRD b iz (L'Her Roux et al., 1998),

THER IR, ~ v W ORI pH B8 XL OWRLRICENM E VD 2 2O FEEEHKIZ L 5T
RFE->TL B, HEFOKEM~ B BT pH [CIELRB] L, BRLIRREN ~ o T VAR D
b9 1 DOFERER T TH D, BICHESRME T TIE, RBRIREETH D Mn(IDH KB % 5
D57 gk Uiz B2 EOESEMEIRIL N TR~ v R E 0 E < 72 5 (Stokes et al.,
1988), ZAUZ LV, WHEEKLIZEEFTE o o ONL AT A T YT 1 dm< 72
LW, BEIWC Lo TUIBRIC L D BEANA LN DD, WM XD~ o H o WIN &R 3
DNETATTEARDOEEAZ T2 &3 % 5 (Adriano, 1986), TR L OEEH~ T
DOIACIRREII I AEWIEEN IC K > TEALT 5 WREMED & 5 (Geering et al., 1969; Francis,
1985), Geering 5(1969)i%, /b m— A4 1B 0 — A ORREIR ' O Mn(ID23MAEMIC
FoTmibah, v~ T BB 20285 Lc, EEITMERBERDO A AT
ATV T4 Z@mDLIERMBNTWVDS, ZRICELET, KREFE MY a7~ -
N T F A(Trichoderma harzianum)\Z X 5 $EAVE b~ > 7 ORIE(EDY, Altomare
HIZ k> THE SN TV 5H(1999), Herzl & Roevros(1998)(%, ~/L ¥ — Scheldt )| Tl,
AT X 2B AT D3 A ORLFABICBAT T D87~ A DIEIE 60%ICHYET 52 &
AR, KERRIZB T D~ U TR TMAEMO R THENIEE CTHLH LEZ LN
TWDHR, T OERRITFA ORI T 21T ST 72 (Thamdrup et al.,
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2000; Stein et al., 2001), THEIZ L5~ U T UARFFICED D A =X LIE 2 DI KB &5,
FT. BA ARSI L > T oA F v & TR OfERmN -~ F > Ok
Wy, KEEAES, AL KB ZETER L. 20 D3O &R IZ 5T 2 WS 2 TR T 5.
2 DHIL, v U BMLOBE LY, KEBE, A% KB EIZ ) T RASHRR NI L - T
%759 5 (Evans, 1989),

52 ZE#

KIRDOW KGR L OEERICEBIT D MMT O fi#i, Bt T CliidER Iz - < vk
T2 Z ERHALNIR o7, MMT 1%, RADKAES X O TEEREE TR E K< L ofif
I, HEEREER FICIUE T ABIM AR Z LR a0 o TWD, KAER LR
\ZB1T 5 MMT O0d1% . 25°C TIlEIE 0.2~1.54F & HE & 17-(Garrison et al., 1995),
t®ffTTiMMTi% AR L, Wb~ v o~ RGICmbshbd~ v
HNR=V IR EERERT D 2 L3RS STV D (Garrison et al., 1995), MMT (L K& H T
HYGIC K v oI U, PRIE 2 ok & FEF 12V (Ter Haar et al., 1975;
Garrison et al., 1995), & 512, HRIZIE S =LA KT Tl — e - TR
o L, R 1 R & BUE &5 (Garrison et al., 1995), KFICHH &z~
YRV, EEW G IRE T D LB 2 B, R IR OBERER X O pH ITIKIFT 5,
SHIZ, B TFOKPTEN 2N MEZITDEZEADLND, ¥R T71IKN B KIE
IR THZ LT Wbk EZ BN 5D, v 2 7 (mancozeb) i, K TAEIZHARSREL .
R pHE5~9 T 1~2 H AR T % (ATSDR, 2000),

MMT (X% DBKMECE 7 # 7 — v /K55 ERE log Kowl=3.7)71 6, THEESEERL 712
INET D AREVENN B B = & VRIE X1 5 (Garrison et al., 1995), MMT (38551 ]
IREETIILELTWDZ ENHH L, o, KEP IO EnneE& 2z b,
. JRERRA, BRIOKHEICK T~ T O T MMT BN Efazfr>EE 2z b
(Garrison et al., 1995), Calumpang 5(1993)1%, /v MNEHEELFCHIE Lz~ atE T
OHE 2.9 H EHE L7c, BIORER T, HEPO~ 327 O 20~60 H & HE
E SN 7= (Rhodes, 1977; Nash & Beall, 1980), Beach ©(1995)i%. ¥ « {LF2AOMEE %
AnTtEFo~w o 27BN~ aB 7o %2 70 H EH#HEE L,

WA D PTRIER S OER~ o BT 5 Z ERERETIREN TS, Ledo
T, WEMITRTE~ & T AFBRIZ R OB % KET RN H 5, FRETDO~
v DEALFF L ONETTH O AR - AL - ERMEE ORI KRS & v~ T
TEERICB T DWMEMBEDET VPRI TND, ~ A DORREAIR L OETCH O 5y
BT 2B DT, ~ o T RBY ORERIEE ., 36 KOS TOIGHERIE IS X |
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BREZIC L o TN~ > T PFBRIZ BV TR A R Ao E 2 Fod= 3 &0 5 (RGN AT
5215 (Nealson, 1983), #AMIZ L5 Mn(IDDOERLHEE X, HEAEMIC XL D5 DRK 10
T T % (Tebo, 1991), Johnson 5(1995)id, EFEDIRKZ LOFKE FEHIZBIT D5~
T DORAIZIE., PRAEMIZ X AN ERICEE TH D Z & 2R L=, Bargar &3
XY T 2 (Bacillus))g& D112 £ 5 Mn(ID® Mn(IV)~DiE{b % #8122 L (2000), Stein
(200D1E~ > U EELRE A A T D WK /o Bk 3 AR L7z, MAKY Y =Yt —
(Cherax destructo) D FIZHHLNDEIEED~ T 0%, ~ U B BILEIC X D A
R OFER L& 2 51TV 5(King et al., 1999), Nealson H(199D1E, T~ H U iE
TCHE & oy - FERR L2, 80~90m(= > i D) Y — v in b oy LI EEAMRHE, v 2T
2 7 (Shewanella) J& DM T - 7=, ME I L7z Mn(IIDSEAROE T HAFRE THIEZE I
T 5 (Kostka et al., 1995), OO BR TlX, MEEEE ., W/KEO ARSI, FEERM
W OREE 7p & T~ o V&t 0N o Bl S u7- (Posta et al., 1994; Bratina et al.,, 1998;
Thamdrup et al., 2000),

5.3 &M

VU ATMETRETH Y (§7.1 ZH), TP 2T & B DM K > TIEIEITIH
LRI« R S35 53, ARSRFEBEME OKFAEMIT L - TE L EWiRNE S D rTREEN &
%o EWRNERE(BCE) L, EER L UWOKAEY 2000~20000, i ~7'Z > 7 | 2500~
6300, KEGEHEIH 300~5500, #ifH DA A 800~830, I 35~930 LHfEE ST
% (Folsom et al., 1963; Thompson et al., 1972; Bryan & Hummerstone, 1973; Pentreath,
1973; Rai & Chandra, 1992), #E/KAITICREBEFEOAMIT Eld~ 2 T 2 EMET, @H
7 BCF 1347 100 T 5 Z &A%, Ichikawa (1961)(C K - Ty S4L7z, KAEBEFHEDY IS
FOMIEIC L D~ VY IAREITRIR L & HIE L <8 L Miller et al., 1980). pH
& & BT T 5 (Rouleau et al., 1996)73  IATFEAR I K 2 BHE /2 B3 A4 b 72 (Miller
et al., 1980; Baden et al., 1995), ZUKMEH LT < IZAEET LR Y ~ AU Ay
(Lamellibrachia Satsuma)® BCF %, 140000~300000 & #4 Xi T 5 (A A, BEVE B595)
(Ando et al., 2002), ~ > W DMV AZEITHSFORT & & HITHINT 5 2 L2453 oT
W% (Struck et al., 1997), ~ > H > OAEWIRME(EYEE O FANE ERE EF)RE L L0008
DIZHOWT, IR T H2#ENH D, Kwasnik H(1978)1%, HfliZe kK EWasH CI3 MR
fElEHA T, WE, A 41V a, 77 v b~y R Y (Pimephales promelas)?> BCF
ZZNEH 911, 65, 23 THDHZ LaBDI, KxHT, MOWTEE BIXTHAEWE 252
W TV 5 (Stokes et al., 1988),

BB D~ o Mn(IDIZAEMFIAFTRETH 0 . EAEBMRIC L > THESICIY A E
NDe AVz—T v, AT Hy MEHEIEO~ T A E TR EEOWREE JEE 25 &
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THRT AL —IL, *)(@ﬁ@di?«lj( REfR o~ v W v &7 5 (Eriksson, 2000a), (7~ >
AT FEEL L THEN LEZBEIC LY Y AL (Baden et al., 1995), FHFE R &N
Mn(ID1.8 mg/L ## 25 &, ~ o Hrnn 7 AX— |2k v E S 5(Baden et al., 1995;
Baden & Neil, 1998), WIEETOEF~ > WL DHERTIE, 7 A2 —IZWViAEH
Tee U ORNEE, VEER” WAKFTO 5 B ORI IZ PR D RbihvTnb 2
EM5rh % (Baden et al., 1995, 1999), 17 A X —DIRNO~ > 7 JREEIL, IIREETERS X
OWRTERH DO RFZ208 L, 1FIE 5 mglkg %E%f‘ﬁﬁz LT, BRI TIREIC AL
. WHLEFIZIE 120 mg/kg #28E &(25% L TV 72 (Eriksson, 2000b), b k7 (Asterias
rubens)iX, BCF 7% 19 1272 % 23 H 1% F THAF 54Mn Z 2R - EARAICEET 5, ik
bEMINTo~ Tk, —REHERITHE - TRt =4, R 36 A Th -7, 54Mn %
BUHEZER LI FTIE, 69~83% & WX « ik Lz, BMhLERM LI~ T O
HE 2-3 0 R— A FURAT AL LTRSS, FREIIE 1.8 8LV 256 HTH-T2
(Hansen & Bjerregaard, 1995), #/K% U =D ¥ & —(Cherax destructor) % i\ 7~ 2%
AR T35 b OB K D AEYERABR CIX, YY) =D~ ‘/7’3\“/?)}%&*753*5 LTEmWnwz
EMNFRES NIz, L LEFEGIL, BlIEIn@m LY U =2 X 5EMmAY 72 D A
HTIFRL, ~ U T UBEHEIZ L 2 FE EOEMER IR b~ o 0 o OWEIZ &
HH0EDF z %2 LT=(King et al., 1999),

AL, FETHEOM TRO OGN D RO RKRIRE L —HSERRET, 770
N I\(Sa]mo trutta) D SRR S\ CERE S T, K 0.1 pg/L @ 54Mn ([Z2# L7 b
Z v ME, 6 EEUNIZY T 1.78 mg/kg( LR L0, 2T EFIRERED
95% AN T %, HHLEE TR . 1 EERICIIBEER L~ o T D 22%03 %0
7= (Rouleau et al., 1995), 7 2 ‘/Eé%:]bct()\7/1/ﬂ<ﬁ&7i’7][lzf b~ I BUABA~DRE T
FEAEBLNRP DTN, ZFAXFH L NS UBA ) O L VFAYFAY RS b
VUL, VAFN -BIORVZFNIT AN T M) LR EDOF L— NI AE
WERE % 40%BY S 7-(Rouleau et al., 1992),

PR I IREIC K> T~ o T BFERENS KIRIC R D, Wk, T~ 0 v Ot
BEE, pH. BBA A ZSHiE, 1Z0DOBA A ORE, AREER. KR, L OMEME
ML TRED Y T OMMEIF ETEMIC L > TEETIE 2V, MY~ Tz
F & LT DR EBTERY AT, MWIZLD2BIRMEOET, ~ T B DR E L &
BT ORES) 72T L > Th HFEEFIA T X 5 (Stokes et al., 1988), & L — hA|IDfEH
WZE D~ RE 500 8 X1V 1000 mg/kg THA 7 7 (Abelmoschus esculentus) DR 54,
BEDO~ AV HY AR BN RIEIZHD L7 (Denduluri, 1994),

PP F D 54Mn 1T 20 A WM& U= 2 I X(Lumbricus terrestris)® BCF 1% 2 & & iE
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S, b EIE 40 B ©d - 72 (Sheppard et al., 1997),

6. WEFORE

National Research Council of Canada ®#5(Stokes et al., 19831 LiLiE, K& f~
T REITEFETH - & B < CEEH 0.5~14 ng/m3), EAHEEOIE D 2358 < CF#) 40
ng/m3), T TILE HIZEWVOEEH 65~166 ng/m3)EH[A 238 5 (Table 2 &), iTH
HRILZRENRESNTWDLZ EnD, v U T OFEREYRBE L, BERMORAER NS
i < BEAL7Z U T 10~30 ng/m3, AR 72 W I L OYRA il € 10~70 ng/m3 &
V) fEwICEE L7 (WHO, 1999), K& IR EE (338 £ IR 0 830 Mk (859 1.3 D & % it 7 &)
Tho s bEmWEMZIH YV, 8000 ng/m3IZiET H Z & b 5H(US EPA, 1984; Stokes et al.,
1988), K& HIEEDOEMEMMIL, $% T8 T 200~300 ng/m3 £ TEHL, v
VRO A T~ W TERI T 500 ng/m3 #HE D B 2 HLH(WHO, 1999), KA H
IREITZ < ORFEDOSEHT CHIE SN TWD, Bl2IE, T X DN 7 —/S—HURTIE, 1984
FED AT IR 1L <10~30 ng/m?3 ToH > 7= (Stokes et al., 1988), Loranger & Zayed
199Dz L V| 1981 0D 1992 FFIZNT THF X OEY U A — VT ORKBERED S\
W& D IR HIRIC I T B PR ENEIL20 BE 60 ng/m3TH D Z Enbnol,
L0 RIr(1997), R UAZER SN E Y b U A — VAT ER DR~ > B IR HER 27
ng/m3 T 5 L WE L1z, 1960 X OREHIFIC BT DAEMTEERE X, KA Y0 2481 (7
T TR ERI 2 NY)T 3~16 ng/m3, ~ILF—T 42~455 ng/m3, HADHLHI T 20
~800 ng/m3 & #HE S L72(WHO, 1999), & HIZHFIEOH iD= —1 Vo5 T, )~ v
HUVREN MV adH A+ ) fiT 80~350 ng/m3 (Kartal et al., 1993), f > K™ Bhilai T
154 ng/m3(1995~1996 4E)(Pandey et al., 1998), A-<XA L ®OEE Y ¥ T 16.5 ng/m?3
(Espinosa et al., 2001) & [ L 7=,

Table 2 TR K912, KEDORGZH~ I REITRE 30 FMICHOIZVIET LTS
23 (Kleinman et al., 1980; US EPA, 1984), Z Ofaix £ & L CEEPEHEFI OB ANIZ L 5
HDELEZ LN TWSH(USEPA, 1984, 1985a), 4042 U AMTH, KK~ H
> DR B I IR TRIER TR E & & HITIEF LTV 5 (Stokes et al., 1988),

WP OMESBICEAT MR T -2 DL v a—T, WIELEWT O~ T IRE

O HGLAE X AR TS AT, 38 L QR T2 23.5.7.0.19 ug/L Th - 7= (Galloway
et al., 1982),
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Table 2: Average levels of manganese in air.

Average
concen-
tration Range
Type of location Year (ng/m?) (ng/m?)
Atmospheric air  reported in
(worldwidef 1982
Remote
- Continental 3.4 <0.18-9.30
-Oceanic 14.2 0.02-79
- Polar 0.5 0.01-15
Rural 40 6.3-199
Urban
-Canada 65 20.0-270
-USA 93 2.0-390
-Europe 166 23.0-850
- Other 149 10.0-590
US ambient air®
Non-urban 19531957 60
1965—1967 12
1982 )
Urban 19531957 110
19651967 73
1982 33
Source 19531957 Mo data
dominated 1965-1967  250-8300
1982 130140

= Adapted from Stokes et al. (1988).
® Adapted from US EPA (1984).
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SR~ o PR EIX 0.4~10 pug/L Co 5 (US EPA, 1984; Zeri et al., 2000), L1,
JEHRPELE, FEAUERE, A > FPETIE, ~ v WU aAEN 0.03~4.0 pg/L & @& Sz,
T AT v RHEO R FRSCHENE O b TlX, 0.2~25.5 g/l ORENED LT
(Alessio & Lucchini, 1996), #MEOEREFEE Tl &K 500 ug/L & W) @ERENRE SN
TW5(Lewis & Landing, 1991, 1992), fafiZR 16% A0 OIKEERRERE TIX, BF~



HUREN K TR RO ONILEELZE %, 1500 png/L 128 % £ T EFHT 5 (Balzer,
1982),

FERINT N BT AETR D IR RIRK P DEEAFE~ o T PR EEIX. 10~>10000 pg/L TH %
(Reimer, 1999), L72>L. HiF/AK$ Ti% 1000 pg/L 282 5 Z L 13 T, @ 200 pg/L &
i Cd %5 (Reimer, 1999), 1974~1981 |2 T DAL KENIIK D 286 DOFXEIFHA TIE, &
{7~ U AT PRFEIE 11 pg/li(25 73—k > ¥ A V)R D 51 ng/l(75 /3—t& > ¥ A /B OH
PHC(Smith et al., 1987), F &A% 24 pg/L Th 7=, KEH Y 731 =T MDD 2 >DOHE

BT D H FAKFSEARE X, 20 B L ON90 pg/L Toh - 7-(Deverel & Millard, 1988),
KE D fERA EFEFM LIRS T, @K REREEAN (1000 pe/L 28 2 OFZ < Mt &,
FEIATRN O DBEFM DK EE L IHRT 56055 & B2 515 (ATSDR, 2000), B
(pH < 2.5) DFLILHEAR B FEAT KI8T, Kk 4400 pg/L DI~ > H VIRENGLER S Tz
(Filipek et al., 1987), ¥ = — /L AOJI|OMIFKIT~ L H 2 0.8~28 ug/L # &6 7T 5 L #
XN TV 5 (Alessio & Lucchini, 1996), Neal 5(1986) D& L, 7 =—/L XD 2
DO/ D~ > T YREEIE 41 35 X O 30 pg/L T B H ORI E T 2 pg/L L HlE S
Tz ETo. BKOKITEEMETPEH~4.5), A~ T ICEATHD L HIEL TV D,
HEDO 37 W, 2ERICTA ), ~—RANBLOENL DD~ T PREIX 1~
530 pg/L Td o 7=(Alessio & Lucchini, 1996), Z:[E 6 {7[)I| DR AF~ > H I 6~
117 pg/L, Kiffk~ > T PREIT T~93 ng/L TH 5 Z L 3o 7= (Neal et al., 2000), &
W U PR, I OTREEINC K-> Thl & 2 S 2 BREEE &EOHEMN & BEER1 H
%o KEF = E—IETIE, BMERFINRER TR 237 pg/l O~ U B U RENLEE I
(Eaton, 1979), SV MEQERFEKE KT O~ > H L, 700~800 pg/L FLECTH 5
Z E MR-z (Kremling, 1983), HEO#& vV 1Zix, K[E = v 7 KN Horsetooth Reservoir
FREEICRERELLLTEBY, 2RO, v T, BIXOERICE TR F-OKE~DZE

W72 AN BN D, Stein 5(2002)1%, 1999 O EIC~ L T BREEZET=4— L1,
JE T IEAHTIC K B LRI O K T~ o B P EEIE 93 pg/L T, Ko rkiEs% . Himss
77 X< (ACP)E I W EEVE THIE Lcih~ o T IR 218 pg/ Th o 72,

e 7 ) —2F > RCTEREL7Z 1967~1989 FEADE a 7k o~ > 4 1d, 0.016~
0.236 pglkg EME S NIz, v T DOREBFNIEAB LI OTES X MK 5 Z &34
L, Bx bbb MR v ORAERIE, Kb, BRMEAEKSK, REEMHIZED
PEH, PEZELEHS MMT 72 & D AN & 154N 7e & Th % (Veysseyre et al., 1998),

K[E D South Platte River Basin 7> HEEHL L 72(1992~1993 4)JEE T DO~ o H B I

410~6700 mg/kg W H 8 T, % VH)E 1260 mg/kg i E & CTdH - 7= (Heiny & Tate, 1997),
KEF = =27 BITHAT DN ORE R~ > H PR IE 940~2400 mg/kg #2H £ T H
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- 7z(Hartwell et al., 2000), T.¥3 X OMETHIE. D OFAIIM A, L ‘ffﬂi?’?ﬁﬁ%fﬂ
25 R TIEIXN D BEN AT 28O T 7 U 7 Germiston Lake) DJEEIZ1E, 970
~13400 mg/kg FHEED~ > T RGN T 7= (Sanders et al., 1998), 7 7 & 7?@0)? N
70 —7 OHEFEYIL 29~170 mg/kg EBEO~ AU 254 L, @WIRE L BFTHH#E |
BEE A3 A B 4172 (Shriadah, 1999), #E MO FIE T, EZH 100~1000 mg/kg #.H & D
< U W URENHRSE S 72 (Jung et al., 1996), FEBIOKR~ > R E 200~800 mg/kg Fz
FwENILHT RU 7 2 U 7)TRD B, ¥ 370 mg/kg #.H & Td - 7= (Fabbri et al.,
2001), 7NV MBEORBIEE O~ o REE, 35508 2 =T7E), 5070(7 1 > F >~
F{B). 8960 mg/kg W EEGR A =TT, @mWIREIIS~ U EEEY (= > 7 HB1)
BIOYINEAMIZL D &EB 2 bivz(Leivuori, 1998), JEEMRAIL, EE 0.2~24 mg/L
DRIF~ > HorreEdl/qT b E% 25 (Bryan & Hummerstone, 1973; Aller, 1994;
Eriksson & Baden, 1998), — 5 CILJEEKH DOPREIX F1F 0.2~17 pg/L TH 5 (Hall
et al., 1996),

TR o OHKR( Ny 7 7T 0 2 R O)IREIL<1~4000 mg/kg HEE T, FH)
EIXIFIE 300~600 mg/kg . # & T& % (Shacklette et al., 1971; Cooper, 1984; US EPA,
1985b; Adriano, 1986; Schroeder et al., 1987; Eckel & Langley, 1988; Rope et al., 1988),
Reimer (1999)iX, # X D7 VT 4 v aanr 7 MOIEFRLEO VR~ o TR
JE% . 284~1359 mg/kg W& LG L, SORBIIT NG SESEREHICH LV —~ =
7 OKLME BT, BRI LR~ o T U RERFE S Hi7z(Donisa et al., 2000), Kk 1980
mg/kg HLEBEDO~ T REFRRAED, KEAT A MNE 2 VL OFHEH THES N TN D
(Sutherland & Tolosa, 2001), ~ > # U NEET 5 LHIX, B TE L Th-> CHRELTIX
72 (IPCS, 1981), #REHAMA & LT MMT % 25 /I L=, 77 & O K7
DHE M T~y U o PNEmREICRED b, LiL, 2oV oefiflick> T, =
%¢®%7Vﬁyﬁﬁﬁévywy%ﬁﬁ:%mbfim&w FERE B S BENL D (2D
N~ o T ARBEOR TN DA, ZAUIFHIC TlX72 5> 72 (Bhuie et al.,
2000; Bhuie & Roy, 2001), = 3 7 ##H = 7#%@1@@4% YA REIE, I 100~
500 mg/kg ¥ B2, MEITEY LA RY V@R = v ﬁ/v%ﬁé\%ﬁéﬁ@?)@zﬁ YN
R Ui 83500 mglkg M & A STV 7z (Barcan & Kovnatsky, 1998), BatE -5l @i
ERFESINDZENHY | BIZITKENT AINAT 7 5O REHITRF0 XA E kD
32 L (oxisol) THERL SN THED . e~ T EE T 10000~40000 mgkg TH -7
(Fujimoto & Sherman, 1948),

BEEFE P O~ o YR B O A 1L 128~392 mglkg MEE TH - /-

(Bryan & Hummerstone, 1973), #FH Fucus vesiculosus 3 5 OV 7 Y5 A 7 A (Mytilus
edulis) D~ > 1 PR, dLHETENL 350 B LN 29 mg/kg HEE, /3L MET 735

25



B X146 mg/kg #EHE TH - 72(Struck et al., 1997), K[EIL D v F A FINDEJEIGY L 7=
IO CEIR L 72 7 A # = (Callinectes sapidus) D&% (Weinstein et al., 1992), 3 X Uk
HMIEBBEREZROA Y 2 —F T Ty NEED 3 —a v X7 5 % = v (Nephrops
norvegicus) |\ EIRE D~ U T BRRD bz, vV HACEREEIZAERT I 7 A4 —
X, BF O~ o H U PRED 92 mglkg #E 5 Cd - 7= (Eriksson, 2000a), [FIEEIZ, EE
N~ A ELRERTE OOV U B =(Potamonautes warren)L. XJIEE 662 mg/kg
W EBZEA L T\ /=(Sanders et al., 1998),

v RKREHEDA B A (LT Y XA T A [Mytilus trossulusl 5 X O\ = V' A 77 A
[Crenomytilus grayanusl) DY)~ 2 77 2L 2.8~9.3 mg/kg #H & Tdh - 7=(Kavun
et al., 2002), E[#k(Xiamen Harbour) B L OFHRDINEKT O 7 OV R(EZ TV~ T Y
R[Balanus Amphitritel}s X O\ 1 7 2 iR[Tetraclita squamosal) D~ > 7 ¥EEIL 5.9
~277 mglkg §iH & CTd - 7= (Blackmore et al., 1998; Blackmore, 1999; Rainbow &
Blackmore, 2001), 1990 FRIZIZ, BEEHRBIGHTIC L > CT7 VY RNBICHERED~ VT v

DROHIN, BEOLS KAER T 27 MIEIREBLOTHIZEY, @RICEATL
JEE NP L2 2 E DA &5 2 515 (Blackmore, 1999), BUKFLAHTICAR T 2 8BE
WV~ o~A U b (Lamellibrachia Satsuma) D FiFRIZ 1T 5 6 mglkg D~ > H
FE2, Ando 5(2002)1C L - THE ST,

WEPER L OWK A ORARIZED DL~ v T BRI, KIA<0.2~19 mg/kg ¥ B & O
PHC & - 72 (Greichus et al., 1977, 1978; Capelli et al., 1987; Sindayigaya et al., 1994;
Heiny & Tate, 1997), k([E® Lower Savannah River 7> HHE L 726 T, K 40 mg/kg
IBHE&(>100 mg/kg FLH I M) &V ) BYESLILPKRRR & B2 b bmun~ i
TR DN S AU(Winger et al., 1990), (Y O%A 1L, FENFIHIRE 54 mg/kg W H &
DA &7z (Saad et al., 1981), EEMIH(PH 5.2~5.5)0 5 U~ A (Salvelinus fontinalis)
DR LD~ > 0 R, FERRYEHI(pH 6.8~7.0) D555 0 1.6 £5 T o - 72(Moreau
et al., 1983), Bendell-Young & Harvey (1986)i%. & DA & U AN HFETERDIEHD
‘ﬁlﬁ(pH 5.0~6.0)ZLbiEs L., @i (pH 4.8) Tl 7 A b v I —(Catostomus commersoni)

BT T REDRE LS @ENI EERDT,

FerEta D~ o 0 PRI, KRIE 20~500 mg/kg D#iPH TdH 5 (Stokes et al., 1988),
Rautio 5(1998)1%, ARG (Z7 4 7 FOT v 770 REBX R v THEFD 27
B)Ins S F S ERBHECH D 9 —n v XTI~V (Pinus sylvestris)) DEEEE SN LT-, ~
> T PR EEIE <B0~>1200 mg/kg HLE T, RUHATIT TRKREN A B2, T
END ORI, A A VB XOHESEOHFEIZ X 5 13 FEEN D OBA 4 iR OHK
DR EEZEZ HND, A1 L Montcada DB Z ABEEIF TN O H3EE L O O
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~ W UPREIX FNE I 390~420 mg/kg 2 E EIS KO 49~54 mg/kg #7 5 £ C(Meneses
et al., 1999), = v 7 /L EREGRFTITL O 7RO~ v 3 2 /b— AT 11~67 mglkg =& A
L CWz(Barcan et al., 1998), 7/ —_VJ —%[Z U O LT LYY UROMEMIL, < T
EERTLHEINTWD, Eitu—T vy v a7 —_Y —(Vaccinium angustifolium)¥
F 0= EE(V vitisidaea) DHETIL, 2000~4000 mglkg %t 2 5~ o 7 VIR OWE
%% < 515 (Korcak, 1988), 1w HHE(pH 4.0)/ HEREL L 7= A / —~_ VU —(Gaultheria
hispidula) L O T )V—_V —@ 15& V. myrtilloidies 1. % L2741 3000 35 L UV 2200 mg/kg
D~ H o E2EH L TOT(NAS, 1973),

Menta & Parisi (2001, dbtA % U 7 ORI TR L 72 fA 0 2> 2 U (= A1
=[Helix pomatial X O\7'F 7'V [H. aspersal) CT. ~ > H 2 200~300 mg/kg §7H &
ZHAEIRIZ, 10~20 mg/kg % RICROT=, LnL., 27T F A7 0 1% Arion rufus O
BrA i TH bR T 92 mglkg, & T 394 mg/kg Th o7, fMID~ T PRED 150mg/kg D
G C, AR LRENR =3V F v 2 75 27 J(Arion aten)| 2580 Hivl=ns, &/ din
DFEFLATIA OIG Y FT (A TR EE 1% 207 mg/kg) Tl MLIRE RO~ U REIZZNE
H 210 B L 1Y 26000 mg/kg #EE Td - 7=(Ireland, 1979), HEH HIT. T A7 ViIckm L
TAZY LY DRTROONTARREIL, ZEOI NV Y APRIBRIIKELSND &
WZBBRR® D & DIRFE L Tle, 74 7 ZHIBOILER? IR LT X 3
(Lumbricus rubellus)\ 2%, FYEIPEE 100~120 mg/kg W EED~ U T U NEF STV
(Hendricks et al., 1995),

S F I F MR BRI 72 BOIIO R~ o U RE L, 1~5 mg/kg ¥ B (Hothem
et al., 1995; Hui et al., 1998; Burger et al., 1999), AFlgH#EE L 3~11 mg/kg f2EEETH
- 72(Hui et al., 1998; Burger & Gochfeld, 1999, 2000b), Burger & Gochfeld (2000a)!%.
AERFFED 12 FEOWE R ORI EZ o L, FIRE 0.3~2 mglkg D~ W 20T, [F]
— T O a7 R Y K (Diomedea immutabilis) DED~ 2 H U PREDIE D 3@ - 7z
(4.5 mg/kg) (Burger & Gochfeld, 2000b), =¥ ¥ (Egretta garzetta)}s . N3 A ¥ ¥
(Nycticorax nycticorax) DI EIZIE, B 1.7~22.6 mg/kg B2 EED~ U H N8O LTz
(Connell et al., 2002), V)~ U PREIE, 1990 FERAFIC 2 FEB L OVT A - FTH
HE3NzH0(4.2~63.1 mglkg) LV {KH > 72 (Burger & Gochfeld, 1993), vV = U7
(Parus major) DPIFTNE, PR E 17.4~43.8 mg/kg 7B E RO Hv7=(Janssens et al.,
2001),

KE T v U XMPEOWMOT AV BT V47— 2 —(Alligator mississippiensis) Tix, ¥

~ PR 1.2 melkg WME ST T, AmIEE 3.1 mgkg NHAELLZETRD LI
72 (Burger et al., 2000), 7 5 2 2 H A(Trachemys scripta) DINZIX, 4.5 mglkg i EHED
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<~ HUNER I TEY (Burger & Gibbons, 1998) . /%A > ~ v (Pituophis
melanoleucus) D5 ORI 11.9~17 mg/kg #. 5 & CTd - 72 (Burger, 1992),

A TNT Y Z L (Phoca sibirica) DFf A - Il - B O~ o T AREIXEAE
100.12, 2.1, 0.84 mg/kg I EE T, MEIZEVET L7=(Watanabe et al., 1998), = —7
7 Y v Y (Lutra lutra) O g -~ o H O REX, 83.5~T7.4 mglkg M EHE TH 7=
(Mason & Stephenson, 2001), JE{LOF-EJYRE 7.3~8.8 mg/kg FLE &3, I —1 v/ U %
A 2 (Crocidura russula)}s X ONd —nv v /X N4 U 12 XX (Sorex araneus) DENHE T HRD 5
7= (Hendricks et al., 1995),

7. ERERBIVERROEM~DF

7.1 WERER

AW KLY B & > T~ U ISR FR SR T d H(Underwood, 1977; Woolhouse,
1983), MMH/EE HOR:#%SL (McLachlan, 1973)%°, fifi# L 7-ffi(Satoh et al., 1987) * &
1 - FLE(Underwood, 197N ORI, MESREFR L L TIRM L2 TIRL 20, Z< O
LIRE T AWM O R#E B D= DIl~ 0 EESLEE T o D (Woolhouse, 1983),

LNV U BB LT KN EE £ THBA LI Tl ~ U 0 U R @D EEE
W77 7 b DEREEZHIBRT 5 2 &ENEIFEIN TV S Huntsman & Sunda,
1980), ~ W REEIL. NI OB IMEMTE DARRIZ B E 5.2 2 TRetEn 5, FBRT
(. =T REDERN & (<0.04 mg/L)F kil L ORRBE BRI 20 | RENS
7% LEERIEN KRB AE 5D 5 2 L NIGFEE L7 (Patrick et al., 1969), #klB L O~
IREEDN @ WAFPEO/NIITIX, v T BRIEEME O 7 L — L0338 A L, Bt
—UMHHND, ZID DT I— ANTIL, BEO & 3JH 7 5 (Wellnitz & Sheldon, 1995),

B/ NN GEEO W = — L X L N3 — 2 v o L) Tk, KR HETN R O S
IRRERIE, U TR, pH. RYERTEEE S ARG H 0 . B O R a7 REkE, Mo
INE L BEEMIT~ v PEEE D F5F(0.003~0.6 mg/L)IZ LI 5 (Hirst et al., 2002),

v HURZRE(~ T 4.4 mglkg B % 60 BEM R L=~ A(Oncorhynchus
mykiss)Z, AR & BHENFBL L7203, REISEWIZA L V) - 7z(Yamamoto et al.,
1983), Knox 5(198IC L, &~ W > (1.3 mg/kg BEHD D 24 B OFEHIRTIC,
Y ADRESDEEBITFRD LN ToD, A A, O IR T AE, HFOREFETE
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PRI BN A DTz, BERIZE Y . i U7- 21 (Cyprinus carpio) D1EF 72z D7-%
i, A AORE(~ > 2~3 mglkg BANI~ T 10 mglkg  (WRlg~ o %
Wt b~ A E L OMRBHENRD D Z &b hyo7-(Satoh et al., 1987), A A
BEDND ZBfb~ U R REE~ W A AT BT, ARV T LI LT,

~ AR, AT EERERZ SO LB x D&RIEFRD 1 e LT, Mo AERIC
ARA[ R 725455 TdH 5 (Clarkson & Hanson, 1980; Woolhouse, 1983; Burnell, 1988), [E4:
MY ORBELEET, v~ H o TiEBXLZE 10~50 mgkg ik TH 5 (Hannam & Ohki,
1988; Reisenauer, 1988), KFEDOEE L~LjE, FEMEH L OWLHEIZ L > TRIBIZE# 2> T
% (Reisenauer, 1988), AIKE THETH &V bIFHARE CAREICEL LT, v~
YRZNENEEHRMTIATOEETHD, 2L DO T RZHINE A TH LN
%o KEFEE O R O—H o L8 Tix, ©—7F vV (Arachis hypogaea) D~ > 77>
RZWDAFHREETH D, pH6.8 T AU RZNHA LM, 1HO pH % 6 1T
&L U VEROBEL R EYOERIZE S TEE LW EEE ko7, EITKITD
<A DEELULE 12~15 mg/kg Th - 7= (Parker & Walker, 1986), Hifg~ > 5>
(> 15 mglkgzma/KEHEIIMZ 5 & A X(Glycine max)fEMIE D LR D Mg
S 7z(Ahangar et al., 1995), & F & E P CHEHEENHE I TS, MUEra
2 (Zea mays) TIZEET 10.6 mg/kg, KT 4.9 mg/kg(Uribe et al., 1988), 4 — k A ¥ (Avena
sativa) ClZy=F L F U7 2 5 EER(DTPAH~ > 5> 4.5 mglkg 38, lEIESZ
I~ H > 19 mgkg #EE, Y9/ (Vigna unguiculata) TiZ DTPA #itHi~> 4 2.4
mg/kg T HEH T~ H L 41 mg/kg ¥ HE £ Th 5 (Bansal & Nayyar, 1996, 1998),

T HAAZ=T MY ORERE(EAEEEZ S S EZTRB) T ORRENS L Z LR
Wilgus 5(1936)(12 & » THEIEI N TLUERITIE 50 £/, BRI T 5~ H o o BmEEMN
ROHNTND, TOHRDOFET, v T IR, EIN, =7V M ROEFRBEIC L
STARAIKRTH Y, $x OFEEDOIEHAIZKITH H 2 & 3R &= (Underwood, 1977),
HPA - T RIEBEZEETH=0 N O~ H o /NAERIT, 14 mg/kg BFffCTH D =
EMFEBRIZ LV R &N TV 5 (Halpin & Baker, 1986),

BT, LIXLIERZIBRE VDN S —EREE T, LARERL LT T
AL T D, L, ZOLL R @EWRE T, BERRDOLND T ERE0,

7.2 KABREZEM

ZEAEDBENRRIZA A b~ 2N TIThbRTWnWs, A KR, kDR, B
FOE R D~ T DKEFBHIZOWTITIZE A EH LTV, LAl L THA
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LTCINODOREIZR 28 RO@EMEZ, KA AU REROLOIVIERNEZZ 5N TWD,
A CICAD Tid, v > H o REBANZ DWW TIEF AR X ONEMIZET 2 fF Mo Az Y k-
T BREEASDOREFNIIAT > TW RV, KA A~D~ 9 DB 5wtk
#., Table 3|ZF L5, BWHIIXT D mMEITMEAR < . b o & BIERZMEO E ORI
B D Ditylum brightwellii 3 X ONE/KEED Scenedesmus quadricauda & % z2 B, RBiE
TIFAERICHESL 5 HE ECs072Y 1.5 mg /L, %A TIZ7 mu 7 ¢ VIFEICHESL 12 A
ECs5072% 1.9 mg/L Th 5,

ERICHBETHETHIN, BEOFIZII~ Wil THRZEFERIND
ORHY ., ZhiZkoTrZru 7 4 VERLENAE U 25 AlgEEN & % (Csatorday et al.,
1984), DA N =ALE, HWREOMEICHEZLE L T DIHEERIGTDHE L BEZ LN
T %, Csatorday ©(1984)1%, Bl (848 Anacystis nidulans D7 4 2 ) ¥ v
NWIBEERIZBNT, 7 F 78R — L ERRKO~ 737 LIl B G- 2 BB ERAL~
DEDOEIAT T~ T BIET 2 2 L 2oic, ZOEMMMIT. v hALr7 4
B TR T ABFRA SN H DOERE T 523278 572, Rousch & Sommerfeld (1999)
%, 2 FEO SRR Ek#EE(Ulothrix minuta 3 X O U. fimbriata) D7 a1 7 4 )V o GH &N, 15
HRENZHOTZD1RE 20 mg/L D~ o ~DBBIZL- TP LIZEWELZ, Z7ua7 g
Va DT, AREND7 007 4 ba~OEBIZLDLZbD0, HHWNFZrr T 11
a O+ 28EI/ nn 7 07— EBOEEERIZELZ2bDOThHoTEZEZLND,
Abdel-Basset H(1995) 4 | BER 7 nnw 7 1 7 —8B(2 D kk#E Chlorella fusca &
Kirchneriella Iunaris 7> & 53 BfE) DIEVEDS . in vitro T~ > > 0.1 mg/L OIFE FIZBWT
WRLEEZEZRDT, BEIILPEKDORAT /M) T X< 605 R ETE
(Ulothrix minuta & U. fimbriata) Tlix, ~ > o it~ o 2 & L OMRE 20 mg/L 12 &
% 15 HE OB CHERAERMHINAFRD b, 159 Lo/l C—fi&ry7: pH L1
TITFEA~ DT A 5720 > 72 (Rousch & Sommerfeld, 1999), Wang (1986) D #4512 &
AL, — 72w & 7 Y(Lemna minor 2 7 % 7 ) DA RIZEE-S< 4 HE ECso1d.31 mg/L
Thotl, v~ Wb~ L O10mg/L X5 5 HERER T, KEMBMDO Y oE
(Hydrilla verticillata) DER\Zxt T 20 B/ BTG O AL > 72 h3, 1 mg/L CRESRIE
PENAREIZHE R L72(Byl et al., 1994),

~ T DI EE RIS T A B B OB AT 5 2 E N TEDL L WO MER S
%, #Hlz1X., Sunda & Huntsman (1998a,b,0)ix. # R U A EEEN T~ oA 4
TRELNEBIT D720, w2 B NEEEOD Thalassiosira pseudonana <%k D Chlorella
pyrenoidosa D71 R I U LELUC L, BiEEHZ & >Z &L #3%5E L7z, Skowronski &
(1988) %, ~ > 4 50 mg/L Miiikisi D Stichococcus bacillaris TH N 7 LD #EM %
B L7 s L7, [RERIC 2 7 2 FEF RJE(Chlamydomonas sp) T, JAHD~ 77
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Table 3: Towicity of manganese to aquatic species.”

Manganese
concentration
Organism End -paoint Salt {mpilitre) Reference
Microalgae
Marime
Diatorn (Difyum brighfwedi Sday ECy, (growth cL, 15 Canterford & Canterford
inhibition) {1980
Diatomn (Nizschis closterium) BE-h BCs, (growth inhibition) 50, 25T Rosko & Rachlin (1875)
Diatomn (Asterionefla japonica) T2-h ECs, (growth inhibition) cL, 40 Fisher & Jones (1081)
Green alﬁ {G:I:lhieﬂa ﬂm%a&ﬁ]ml Ch 50 Christensen etal_ (1978)
Freshwarer
Alga [ Scemedesmus quadncawds) li—i;( ECs; (growth S0y 5 Fargatova =t al. (1988)
on|)
12-day EC, (total S0, 18 Fargafowa ot al. (1009)
chiorophyll reduction)
Alga | Pseudokirchnenela T2-h ECs, (growth inhibition) a3 Reeirrer (1009)
subcapitatal”
14-day ECss (total cal Ch N Christensen etal. (1879)
volume reduction)
Protozoa
Ciliated protozoan | Telrshymens :IEhtEE%:'EI'IﬁbitIDI'I:I S0 7 Bogaerts et al. (1008)
Bh ECss (proliferation rate S0y 210 Bogaerts et al. (1008)
inhibition)
Ciliated protozoan | Spirsstomum 24-h LCay Ch 148 Malecz- Jawecki & Sawicki
ambiguuni (1eag)
24-h ECs, (defurrations) cl, rel] Malecz- Jawecki & Sawicki
(1998)
Invertebrates
Marime
American oyster (Grassosirea 48-h LCsa Ck 16 Calabrese et al. (1973)
virginica)
Softshell cam (Mya arenana) 188-h LGss Ch 300 Eisler {1677}
Mussel (Mytilus edulis) 48-h ECs, (abnormal lanvas) S0y 30 Morgan et al. (1896)
Sea wchin (Heliocidanis T2-h ECsp (abnormnal larvas) h2e Doyle etal. (2003)
fuberculsta)
Brine sheimp (Aremia saiin) 48-h LGy ClL, 518 Gajbhiye & Hircta (1090)
Copepod (Miocra spinipes) BE-h LCen 70 Bengtsson (1978)
Freshwarer
Sludge worm (Tubifex fubifer) 48-h LCay S0y 2081 Khangarot (1901)
BE-h LCan S0 1708 Khangarot (1901)
48-h LCas S0y 1714-3502¢  Rathore & Khangarot (2002)
BE-h LGy, S0, 184.8-2757¢  Rathore & Khangarot (2002)
Daphnid {Daphnia magna) 48-h LCyy cl, ] H{?ﬁﬂﬁ'ﬂﬂmﬁl‘lﬁﬂ]
21-day LCyy clL, 57 H;?E?Efﬂﬂmsﬂl‘ls&l‘l
48-h ECs, (immobilization) 50, a3 Khangarot & Ray (1088)
48-h LGy 0e-78.3 Reeirmer (1909)
48-h EC,, (immobilization) clL, 47-58.7 Baird et al. (1881)
48-h ECs, (immobilization) cl, 20 Sheedy et al. (1291)
48-h ECs, (immobilization) cl, 40 Bowmmer et al. (1928)
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Tabile 3 [Contd)

concentration

Organism End point Salt {mgiitre] Reference
Taphmid (Dapimia magna] [corid]  36H By [rmotiiemion]  Taciate T} SP—r Y
24h EC., (immatilization) oL, 56 Sorvari & Sillanps (1228)
Diaphnid { Daphnia obiusa) 4B ECsy (immotdization) 50, 274 Rossini & Ronco (1908)
Diaphnid { Cariodaphria dubis) 4B LCsy a1 Bowcher & Watzin (1200)
4B LCsy 50, 57-145  Lasieretal (2000)
Amphipod (Hyalelia azteca) B5h LCs 38-31°  Reimer (1202)
BBh LCs sq, 20-137  Lasieretal (2000)
Riotifer (Brachionus calycifiorus) 240 LCay oL, 287 Couilard et al. (1982)
Copepod (Canthocamplus spp) 48 LC., B4 Rao & Nath {1983)
lsopod (Assilus aquatics) 4BHLCs Ch 1 Martin & Hoidich (19586
DEh LGy ol o Martin & Holdich {1988)
mphigo (Cangonyx 4B LG, ol 1280 Miartin & Hoidich (19586
DEh LGy ol B4 Miartin & Hoidich (1956
Midge [Chironomus tentans | DBh LCs 5E-DT  Reimer [120D)
Fish
Freshwarer
Rainbow trout (Oncoymchus DEh LCs 48" Diawies & Brinkman (1024)
mylzs) zmijay LCse (embryolanal Ch 2g Birge (1078}
test
Brown trout { Saimo trutts) DBh LCs Ip-d00 ?S;'ﬁe}sa Erinikeman {1024,
Cono salmon (Oncamynchus DEh LGy 24-174  Reimer (1902)
Kisuich)
Goldfish Garsssius suratus) ?¢-?« LGy, (embryodarval oL, a2 Birge (1078}
test
Indian catfsh (Heteropneustes DEh LCsy Ch 33850 Garg et sl (10826}
fossilis)
Incian freshwater mumel (Ghanna  Df-h LGy Ch 010 Gargetal (10523)
punctafus )
Giant gourami (Colisa fascisfus) DA LG, 50, 2850 Agrawsl & Srivastava (1980)
DEh LGy 50, 1230 Nath & Kurrar [1283)
Amphitians
Narrow-mouthed toad 7.day Ly, (embryolarval ol 14 Birgs (107E)
{Gastrophryme carlinensisy test)

= All freshwater tests were performed at pH 7-8.
b Fomery known as  Selenssium oqn'i;uH'mm

MNOEC = 1.3 mgllitre_

Range of mean LG values for iemperatures ing from 15 to 30 °C.

Range of LG, valwes for hardness ranging from 25 bo 250 mg calcum carbonateditre.
Range of mean EC, values for six different clones.

Range of mean LG, values for hardness ranging from 26 to 184 mg calcium carbonateitre.
Sioft water.

Tm =so n

REMET 5 L a0 sy &2 0 L7-(Sunda & Huntsman, 1998a), ~ > 4> 4 pug/L
(X VEFEEERSE Nitzschia closterium \Zx49 28O FEME LT 2 2 & A3470) - 7= (Stauber
& Florence, 1985), ~ > # VERALMNTIRMREE MK BEAED K E W2, 2hEM 7248
WAL 2%, L, KT TO Bt~ v B o ~OBLITERIC LMThiawy, ik
WMz bz~ AL MaDOKRBIZHEE D . 3 » AT 10% LB b I2nz &7
ALz, LovL, BENGET D&, BELUFA——FF T R L > T MDD
Jam < MnID~t@ibansd EEx N5, MIICHERSWz~ 2> H o MnDX
Mn(IDDOKEEEY) & L OIE, % W E U CHIRE~D#EI DR A Z LI U7z, B Nitzschia
Tik, MifaRm C~ o Ty EHOBAREE N DIV, SFITMIRN O~ 7 32
Hh 2ol SIS AT, BRI FDIRTIC K » TERKRTERSND Z—X

32



— A XY - TUHNOHRBBRIRATH D Z &b ool BRRLKECHERE ~D A
—/R—F %Y OB A L, SEOMIZ FICkiET D,

KA HEBh ) O BR T, 48 K] LCso/ECs0 X 0.8 mg/L(A A4 2 ¥ 22 [Daphnia
magnal)~1389 mg/LGRH¥ED 1 78 Crangonyx pseudogracilis) T, - & HKW LCso 1
HACIRBE(REE 1 Lo T A 25 mg/L) Tl Hiv7=(Table 3 &), v H &R H - &
b WK EFHEEM TR M H B LOFBIA T, RAHREMEEEHDO LS TH D,
UL LIBFEREClX, =D Z RS & FEdEIL~ v T o ~DRS M LR, R E)
W% =38R C, Palladini ©(1980)1%, Mn(II)75 jFEFw"% Thy, VT AREO K32
VI ABRE U, BfERIIS R3S AEE MR WHEEE 525 Z & 2 EiE LT,
~ 2  100~1000 mg/L %Hilig~ %7 ;,ti’f-{l:v VHELTMASE, R
R L > TEEHIZZ ORFEEMIC & AR OEB DI FHEFR S 41, fitl T 24~28 ]
DRNIZEEE BB biLic, A4 I ad 24 W] ECso 1, =F L2 U7 IV IUEREE
(EDTA)10 g/L #/1 % % & 56 75 940 mg/L (2, DTPA 100 g/L /% % & 2300 mg/L (2
5 L72(Sorvari & Sillanpai, 1996; van Dam et al., 1999), - k 2 X A (Tubifex tubifex)
W RBHRBR T, ~ W O@EMEIT 20~30°C ORIRICITE S LR 7223, 15°C

TIEEMEO EHNE D 517 (Rathore & Khangarot, 2002), 2WEEEMEIZ /K ORHE S EH-5
HEIRTT 5, HlziX, a2 d 1 #E Hyalella azteca ® 96 K] LCso 1L, B D FH-(R
Fehivy o A 26 005 164 mg/L)IZFEV 3.0 7°5 13.7 mg/L ~¢& 5 L7-(Lasier et al.,
2000), [AERIZ, A I Py a0l EERBR T ENRED LT T A 25 925 250 mg/L
W EFI DL, 48 HFH LCso b 0.8 205 76.3 mg/L (2 _EH- L 72 (Reimer, 1999),

vt b7 (Asterias rubens)iL. ~ > A Wfb~r o L L1010 B LV 25 mg/L T
L7y o 72, 50, 100, 200 mg/L ([C & L2t M F OAFEHM PR EIZ, ZhFh 72, 18,
14.4 B[] ¢& - 7-(Hansen & Bjerregaard, 1995), 6 H F'Eﬁ?iﬁ%ﬁf“ ~ > H 0.5 mg/L X,
Jax bR 1 M Gammarus pulex DIEEERIC TRk 5z 7p o 7= (Maltby &
Crane, 1994), Macdonald »(1988)I2 X% 7 H F'Eﬁf@?kuit%@ﬂiif X, ~ vk~ v
v LTC)>0.01 mg/L 1%, #H8E(Cancer anthonyn)RDELFR LR 2 HEIIK T S
®7o, UL, ZOMITES CTHRIMEIL ST D70, IRITKFREE F O E ITHE 2
M HBEIND ZLICHETOLENDH D, IRE>100 mg/L Tk, =D THRILT
HREIT 100% TH -7, EE 0.01~10 mg/L TOILERIT 27T~45% CTH o772, Z DG
1L EERAEME Tl > 720 0.01~10 mg/L D~ v H > Tld, BMOW{bEL 2 ha—Lic
g U TR R L7z, 2 R U H=(Carcinus maenas) DINL, IN1TERRRZ~ > 72k KO
O&RMEEERE L, FEINRFIC L~ T 3% T VB OIVEFIZW 5T 5 (Martin, 1976), =
D~ T DAY, Mo HEFHEEY K 0 ARRE T =T L, SER G
2T HEHATH D,
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Lake Champlain @ Outer Malletts BayCK[E/N—F > M)DOJEE X, #2E I iz)8E
HA RTA L EBRDREDOME, ~> T, = heGALTND I ERbhol,
JEEERIBRAKICRTE L=t x 2 ¥ I v a(Ceriodaphnia dub) DREAMILTETIL, <~ T
TG~ B 23~39 mg/IIHE L T /o, EDTA 2Nz 57>, £721E I pH %
T 11 ER ST L, HBRAKDOEMNFIL T Lz(Boucher & Watzin, 1999), kK[E / —
AH a7 A FINOERIFY Ui 0T, 7 4 H =(Callinectes sapidus) D% DI 22 I3 i V3
EREZRL, v UBENRKE SNz, BELIE =T~ T URENTICREGEZ
RLTWENDTH DN, FEHIIREEERII R S 7)o 72 (Weinstein et al., 1992), A 7
=7 DOHT Ay FEREITIE, KBERFRERICT —1 v T I ¥ = v (Nephrops
norvegicus) DRIZHERE LTz it~ o W oW, BRIz B CRalcfass, HRICH
WA ERNL & 58248 8 % (Baden et al., 1990),

FJEHD 96 FFf] LCso 1. & > W 7 (Oncorhynchus kisutch) >~ > 7 > 2.4 mg/L /oA
K~ X (Heteropneustes fossilis)® 3350 mg/L & CTC. LCso sISME TR T (REE S
LU A 25 mg/L) TR Hav7z(Table 3 2/, WAFHOR - HiERER T, 7 HH LCso !X 1.4
mg/L RSN, 7T T 8T v MNSalmo trutta) DWMAEIEELFERER (62 H F) TIx,
IKORERE N~ 7T I BB e 5 . W& ER(REED VT D A 30~450 mg/L)IZ
PEWNEEME IR T L 7= (Stubblefield et al., 1997). AfFE L OREIZEES < 25% AN
(IC2) %, KEEH LT 7 I 30 mg/L TO~ 2 H 2 4.7 g/l 5 EREE A1 )V w7 I 450 mg/L C
D~ Hr 87 mg/L DFPFHATH 7=, LovL., BEERENOECOIZIXFEEEDOMBBILA D
N, BRI EE S R LS 7 A 150 mg/L T~ A v 2.8 mg/L THh o722 LT
HMETOVEND D, RBE~OD~ T DA N = ALIET H1T L A EDHRE T,
BT RE 72 B A 18 5 12 OIIEBLEM I E W~ U T VB ERH VLN TV 5, Wepener &
(1992)1%, M7 7 VA TT 4 7T )EBD 1 Tilapia sparrmanii \Zxt3 5~ > 0 Wik~
YA E LTHIMOBEEE T, mEORER & TR, ~ o T 3R ENICZ Y 72
IR T o 5 Witwatersrand HUB O K DOSFELJPREE 4.43 mg/L T, pH7.4 & 5 Ol 5 Tkl S
iz, 96 B OBRBZ I EHNIRD SR oTom, RILER, ~EZ7 vy EEHE
K, ~~ r27 Uy b, BIXOAMKROENA BB L2, KRB IO~ 27V >
MEDIRBUZANHIMIZ & 5 6 DT, ikl L OBIROEIEOF R EB X 6D, v 7
VHERMEORMBBE TH Y | MR L BRoOE OB EGIZ L b0 B2 b, F
PIAIARFE DA R, T K0 RV RAR MR B SN/ TH D, ~LAEGHKD
FEMRTHLTNET I )T 7V CBKFEREEALA-DIEEN EF- L CE V| Tilapia
sparrmanii O JEHOIKIEFIKE LM > T\, FE LI KL, BiEROBDIT=a T2
AT aA ROWEOHINIE DD T, RBEA MR 2IFFRIMUSEZZBND,
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HOKEBR T, e~ > > 1 mg/L (2 29 HM%R L7 =~ A(Oncorhynchus mykiss)
DINIT, FLWIRFE TR B O H(Lewis, 1976), 77 7> b7 7 ~(Salmo trutta) JP 5%
Fef i, pH6.5 TV v Uifh~ v H & L 10)6400 nmol/L 12 30 HM##E%, L
TABXOT MY U AMENEEIET L7-(Reader et al., 1989), =~ AffAlL, &K 10
mg/L & CORifg~ > o =/ REIZEGEET 5 2 L1705 7= (Lewis, 1976),

1966 FIKET — 7 oV —M OIS T, =V~ ADETHE LHNRBO b, 5t
CRE~ A RE(0.5~1 mg/L)OMIZIEFBNRD v, WiEE Y — L EfkHE Y —
OHEMEIZIT D~ T LR OFTER, SWEETEEZFIIL 9 2 &E 2 b/ (Nix
& Ingols, 1981), AV = —7 > @O [LEHIBRO/INAT)ITIEL, BEVERE RN B ML B 5 (acid
episodes) 5| Z L, gk, 7TAVI=U A v WU REOERBRE FAORRKRE 25T
W5, 1980 FRUCT T U b T U hOH 1l Ty — Y EBRPMTONIZ, I/ =T V5040
ST TCIE, pH4.5~5.4 THEFE 0.1~0.4 mg/L D ARLEE R~ T2k » T, Bgsh
T RTOFRCRHITE DI ERbhoTz, v ADMNI~OERERIL, REE 7o Heh
~ AR L FRES L T 7 (Nyberg et al., 1995),

7.3 [EABREEM

B ~D~ 7 BHEOIERITIC L DIE6SENRKREL, EORKT /7 na v X
BEAEVEIREE, A7 E03d D (Woolhouse, 1983), 1EMIC X » Tik. ~ v H v B3R OMEEESR
(Adams & Wear, 1957)X° ¥ /' A & DIER D Z:BE#E S (Robinson & Hodgson, 1961)72 £,
HICARZDEEDRKE D52 bH D, TDOL D RGAEITIE, BEOETH LN, 8,
NIRRT L, TN T LR EOBERREERAEOFENELE L TWD, EWlE~D~
YA OEMEREICITELWES DX N H D | HEfEIX 100~5000 mg/kg T¥ % (Hannam
& Ohki, 1988),

~ W UL BB, HEKRR, E7EAREE LR L E O OAEE HIR
THEHERTHD, e~ H 2 15glkg BAHT 2 KEND A MOFEMEQEH 4.4)4F >V L4
Bk, AA B (Citrullus lanatus) % IEH\ZHE CHIZDICAIKTUE L T pH % 5.7 LLEIZH
. KEEME~ U IR E A 2 me/L R & T AMENDH S Hue & Mai, 2002), HIEOmEEME
BT A =T AR H R EOEROKEE @D D, THEEBE(LIX, BELEY,
@7 m Y s FTHIRICE N T PEEIC X OMMIEE I Sl ko Tl E R
SNDHFREMEDN D D, BEREO~ 2 GHT 2 1O pH(<5.5)1%, HEEOT VI =
U LEATHEO pH(<K4) L 0 L L TEW(Foy et al., 1978, 1988), ~ > H 3t E 0D b3
WCEETAEmAHY . BIZAZDEOER%Z 5| & Z 9 (Loneragan, 1988), —J. 7L
=y AEMEE, o XV LEEOERIT R, B LTURICEFE 25 23, K
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BeRO LN~ W mEOREDER L LT, 50 mg/L THEREO 7 na v A(¥F
/N Betula platyphylla japonical). >1 mg/L T\ IEDJEZEE L OZERR D8 GBS
B 7= (Kitao et al., 2001), Kaus & Wild (1998)1%. #kKkZ 7 v a2 2 LHELORER &
RT_A <V (Pseudotsuga menziesii viridis) s, 7 01 v A& RS IRVIAR L W HZ- T
ZRO~VUH U EEBRLTND Z EIZRMW T, LA AROAIERE IS OZEI X TP O
Flig~ o HoNERBET DI EN o TEY, fRE LT, HHKIC L 2MEEBORE N
K F L7=(Kitao et al., 1997),

R A AbEs~N—V (IR D ER A MK 7 7 v =4 (Hypogymnia physodes) DR L |
* v 2 b (Picea abies) Dt~ 2 A i EORICAOHBBBZRRD b
(Hauck et al., 2001), H#EERTIE, 727 035 ORFEOEENRERED~ L F 2k
STHEIND Z ERHLNT > TS (Hauck et al., 2002b), 77 v 72T 535
RBEIERIRT, WY T AL TR Y DO I EIEBBIEMIE, 2L DD
BEX~ TR IAREOICE DO THD Z &Moo 7-(Hauck et al., 2002a),

<V ~OMYEIC L, MWRER S X OFEN TEH LWIE S 2 X 235580 5415 (Woolhouse,
1983), ~ W UMHMEIC B L 5 2 2 BRI, B AR FER - fENE), 7 R, <R,
JEOREE . AEBEER . METEE, IRE OMYEE 2R & CTh S (Horst, 1988), 1 5~ A
(Phaseolus vulgaris)(Foy et al., 1988; Gonzéalez & Lynch, 1999). V = 7 ~ v (Vigna
radiate)(Rout et al., 2001), = A (Oryza sativa)(Rout et al., 2001; Lidon, 2002)73 & D{EW)
W2, Bl rIc o~ T UVTHEDO RIERIZ S SE BB LND, VY PROMEMIT~ 7T
VEEWHTLOLENTVD(85.3 2H), MR~ A RE(2000~4000 mg/kg PLE)
N, BIZARZZ2BEERSCKAEREZM#HS 2 £ 1372 W (Korcak, 1988), # 4 7 (Vigna
unguiculata) D~ > VTHMEIL, EOT R 77 A MBI 25 Mn(ID#EE R L O MndI)
WA ERAIR TSRO T X - TR 72 2 (Horst et al., 1999), A= R OHIHIBLRE TR~ > 1
K95 3 AOMHEZ, RS OHEER, 3 I OKILEEOZ BRIz BT D A~ DR
OB & BB L Tz (Lidon, 2002), 7 A FiL, b DO~ B itE
BEd D ENS o T (Bowen, 1972; Horst & Marschner, 1978), Rogalla &
Romheld (2002)i%, & = v U (Cucumis sativus)D’r { &%= Lic~ > H o ~OfittEix,
ffE~D~ T GG Db e > T A NND~ T AREIRTORERTH L & iam L
7z Hauck ©5(2002b)i, FAEMAIHD 7 7 v T3~ o 0 @Ik 2 B2 50 2
L&, FERELHMOMG THOIZ, N YVIBANA—=YIUROA T 2T b7 e DHRTO
BEICLy, MRS~ W EBREB IOV T A - w73y AMEREN DR M
FARND~ T X T L~ T s En & BN D[E K Lecanora conizaeoides D~
UM Z E D D AREMEN B D Z & bbno T,
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48 REHHEfEER C, 2~ X I X (Kisenia fetida)\ 2% % LCso |ZAillE~ > 4 > 230 puglem?,
W~ A Y T A 600 pg/ cm? T - 7= (Diaz-Lopez & Mancha, 1994), &5 %
W 8 I RERER T, BB L RERE (< > H > 22000 melkg &g~ H L LTO)
Th., VI I RXDOME~DAERERFEIIZED b2 h - 7= (Hartenstein et al., 1981), ~
> (4.3 pmol/g) &N Z 7= AEEHZ 8 MM ZEFE L7z~ 2 2 XZid, 9.3 mgkg (KENGH
Sz br—iE 1.9 mgkg (KE), RO E LWEED A 5172 (Reinecke &
Reinecke, 1997), H HAE 14 A (Caenorhabditis elegans)~" 24 B[] LCsold. #a~
VI 98~132 mglkg, WEHEA A (fHEE~ > T L L T)76~108 mglkg &t iz
(Tatara et al., 1997, 1998),

Y 7't B A(Larus argentatus) DS ~DEEE~ > 47 (25 mglkg KE) D H[AIEZEN
EA%., E EITENCA B A EREN AL 7-Burger & Gochfeld, 1995), Sierra &
(1998) DI KX, ~ > H 2 239 pg/m3 DR L~ > H o O¥yEEIC, 13 @M1 B 7K
i 5 H)# Li=h U Z /3 MM Columba livia) TiL., HE2EMEITZRD bR oTz,

8. RERHE

VU HIBRETOED L ZAIFE L, HEOK 0.1% & k3 5, #iEds a8 K+
_Mb%hév/ﬁxmz%é%iﬁf%é ZOMD KK T~ T DI 7 HRIEAE
T, ELSE MO, A, KINEEICTH Y | ABBIKHICIE, &4 - S8k - 84
)ﬁ K OHEM. ALABRELOBREE, FREE ISRV REHRAINF OBREEIZ L D28 B 5, KK
< BB, A & L CmE T o & K CEYHK 0.5~14 ng/m?), BEFHETX
D & < CE#) 40 ng/m3), ZRHTEECTIE S BHIZE WG 65~166 ng/m3), AR TH -
ELRWRRTREZRTEAN S H, EWTIE, RREN L~ o T OEIRCEEIC
B9 D HMA R D7, LasL, RRUE, KEBLOREAEA L N—F X baD~v
T DFEERAEPRE 12D ARetEN B D,

KAEBRBICBIT D~ HrORE(LFT, pH BLOB LR TIREICKRES KR END,
pH & bR cEM MRS 725 & Mn(IDMESS L 70 0 | FEERERFE K C pH 23 5.5 Zif 2
HElavAf RNR~ T O F KB OFEIG BT, FEARIC AN BRIFEATR L O
Y DIRNRKRIRKF ORI~ > 7 B IE, 10 pg/Ll~>10 mg/L O TH D, Lol
Do, RIRHFAKPFTITREN 1 mg/L ZzH2 52 LA ERL<, BH1E 0.2 mg/L R
WCd D, BMEILILPEKDFTAKIE TIL, K 4 mg/L OWEAF~ o T RERHE ST
b, WETO~ Y HAERE AT HE S I LB ER T, f“’f*f Pk ofRmERE, KY
~DOEFRGE, KEAMORFEMERERETH D, KBERETTIX, KEE O~
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HAZENIERP T~ U REN EF/ L AWV IAE N D TSR H 5, K
D= HAx, ARRBEBEOAWMIZEE L AWRNE SN D alieERN S 5, KA RS
PRI L D~ UEBIER, RIEE EBICELIEML, pH EFICHEWED T2,
Fio, WHOIKRTE & BICEBRENENT L2 L b 00> Tn5,

F A EOBERBIL, FEE Mn(DEE AW TiThhlTng, aaA R, k7R,
BLOBE A~ D OKEFBHEIZOWTIIEE A E Do TR0, — &Iz, AL T
INOOREIC/RDERBOFTMEZ, KA A EEOLOLIVENEEZLNTND, &
PER L OV MEFEEMERBRIC D T Figure 112F & 95, BtERBRITIZIZHS 2 < FrEICT W
pH TiThit T\ 5, BESCFATY CIXEEEOFEMAITIA, b o & bSO &I
WEPEEESERS L OWRKIE C, i CIXAERICES< 5 B ECso A~ > 4 1.5 mg/L, #h#
Tlix7mra 7 4 VHEIZES< 12 B ECso 23 1.9 mg/L Th o 7o, KA HEB Y2 BT
%R ER T, 48 B¢ LC50/ECs0 1Z 0.8~1389 mg/L & B L 7=, #E/AKH >0.01 mg/L D~ >4
VT, DEROEGFRB I OWEENE LK T LA, REEBERAED Do
el Znb DT —2 % ) AT G Loz, BB T, 96 Kff#] LCso 1% 2.4 ~
3350 mg/L OFiPH Td 5, BMEFMAERER T, it~ 2 1 mg/L T~ ZADIPTAHE IR
FECENRD Bz, WAEOIR « ShHAERFERBROMER, 7 HM LCso 2% 1.4mg/L & iR
i, RABFHEDY L L ORBEO~ T o BIEIE, KOBEEIZL > THE L LT
%, Figure 2 1%, KOBEIZKHT 2HERBOBERE T2y LD THDL, botb
T MED R IKAEER X, IREE VYT A B0mg/L A OFEE T~ o OFMEIEREZ S -
EBLZIFRT NI LN, ZORNLLHETH D,

BATIL, @BRIGY LT OO h =X ST D DIREN~ v B o HIEICRER T 5 & &
N, AV =—=FT v OHT Ty NERETIE, KBERREZICe 7 2 ¥ —Dfl~D gt~
YHLHEL L o THNBEORE~EEG L, BREICERMMNE L, FtEco=
P ADIR EFIE, U EE(<0.5~1 mg/L) & TEAP AR L, BYERITE L
B4 (acid episode) & &BIEED LR AL LTV, FH1MOT IV NI T R TOH
— VU EBR T, pH@.5~5.4)8 L ORLE /2 M~ o 7 3R E(0.1~0.4 mg/IIZ X > T, #l
BINTHTCOTRTERMIATELZ LDl

MR DWAKT —Z 0 BIE, FEOEMTITE DMK E WMEOZ VIR~ T RE
X< 720 KEOTEEROEE 2 RO Tl CIHE < R B3 H 5 2 & AVRE X
Do BAKO/NAIL, WL W7 L1 o & I HEOEWVIRKEREE B2 b, FEBR=E
RERCHEAMEZE S | WFREN 1 mg/LIRED~ VBN, KEEMICEEZFI &R
AREMEN DD Z E RSN o T2, ZOMOERTH HERNER, BRrESL LK, THF]
. #H FAROEE 22 P13, BlE~ LV T Lb~Ubd FR S, ZhIC L - T L <28k
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Fig. 1: Toxicity of manganese to aquatic organisms

DEZMEOENEICHT DU A7 B KRT 5, BIAOEY~D~ T OFIEREE DR
ik, B & BB MO F 1B T, Ay —3 g Vo DOREEZEET D MLERN
D, ~UHAATONWTHFRBE CTH—-OREMEZRET D5 2 &1L, HEVMENR RV E
EZ NS, WHERETIE, ~ VA CBAREEN D DEBEBEMICB T DEFE~
KRS, = T DNEMIZ L > TRV IAEN, EEINDLARERHDH, T=ICLHFE
BRasaklih Cld, 0.0l mg/L E WO IRBREO~ U WU BNEEEREZS| SR LS5 2 L3R
ENDHR, ZNZE~ > HUoEROBEG RSB 2 b5, BMEBIKE, By, BRREREIC
LB RO REELEZ B/ LT, A TOAEERTR DA TN D,

VLETE L OIHEANT, MR L OWKREICE T 5~ v U BtEICBE L, fERimn

FEEZHOORBHYRRHEZESHT N TE S, 2N, 7%ty MRS S E
WZHHMNHThHDH, HnizHFikiw% Appendix 4 IZ5ERT 5,
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Fig. 2: A plot of manganese toxicity against water hardness

MR T, fREHMEZEE M3 720I10 9 FEOFEMMEZ BRI L7, HEEORILE
B LOKEAE[EZ Appendix 4 (2509, AL ORAMMEL FFEMEHEMICELL L, DXIC
Appendix 4 |58 L2485 % T NOEC OHEEEIZZE# L 7= (Table A-1 £/8), 50%D1{5
FEE C 95% DU ERE 2 (R 2 72D OFfa#HEIX, ~ > T 0.3 mg/L & HiE S 17z (Figure
A-1. Appendix 4 ) 1,

YOKBREEICBE L CIE, 21 OF —# KA > FEHWTHEERICEH Lz, & 672556

L R L B 2 — O TRRICHIOFRE R S =20, EOREHEIZ 4 >DOT —X
KAV EDRBBIMEND, ZNHDT—HRA L baEdbbd e, WBEAYICKHT 2 EEHEN
0.4mg/L & 72V, RHEFBREIIIKR T 2(X 572 51 H 1T Appendix 4 25 ),
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L Cix. Appendix 4 & Table A-2 #&MoD = &L, #WKkFOWKMEIZEET D FEEHEIX. 0.2
mg/L T % (Appendix 4 @ Figure A-2 & 8),

T~ L OBER( Ny 7 7T R )BEEIX<1~4000 mg/kg, TFHIEITIEIE
300~600 mg/kg TH 5, LHEFTIX, v~ B OBEMEIL 2 >OTEEK, +72bbH pH
LAV ICENIZ L > TRE D, AWM O~ T REIX, 20~500 mg/kg DOHIHHIZ
HOHEANREND, TNA—_Y =% F U LTV UROMEMIT, ~> W 2T
% EBZ LTS, 2000~4000 mg/kg % EEIADHER~ L B U RENES < 5 ShTn
Ho ZOEITEWVEFREN, HCTAXZHEHERSCRKAERELZSI T2 LTk,
~ U TR & o> TRERERTH Y . LEEIIRAE 10~50 mgkg Mk TH 5,
HERE LIRS L O CRIEBICR R 5, AKETETYH & ITHKRRTH
BWYBEICE TEIX, v W RZEMEENT DX A TOTHETHY . 20 L 7tk
TliX. IEWOLEBEED D=0~ TUERN LS FEHEND,

BEANEY ~D~ 2 1 o BEOIERIFFIC L > TRES R | EAKRSOZ aa v A,
BEMEIREE, B ENRET D, FWHBMOEE~ o REICITIFE LWL SE R D
D, EEEIT 100~5000 mgkg TH D, ~ 2 Homtid, BB, KRR, &2 WIEARK
HE LI E T, IEMOAEBERIRT 2B b RERTH DS, TRIGIEDFEIEL I
%W®i%@ﬁ FRE T, W~ DI 7B~ TURAERERD 5 5, ?/ﬁ/«@m

HiX, OB L OMEN CTKRIBIZ® 2D, ~ U UMMHEICEEE 5 2 5 ENIX, &
iﬁﬂ@%'%ﬁ%%7%%%5\im\tﬁg\iﬁ%%%ﬁ\ﬁi%ﬁﬁ\WIG%ﬁ
mETHDH,

N~ o T LAY A7 FHMIICEE L CiE, S £ S ERaWEn - (L% 7
A—HIZ Lo THIEIENAHIRO AR Ny 7 7T 00 R )LV EEE LR IR D
B, I BT, B EWE O, THFIH ., BRSO NBRRIEE L, v T DA
RyT—vay, ILIKEAASFTT AT EY T 4 ZRET 2 HIRSGMFICEEEY 52 5,
HI AL S ROARER N R D L. ~ o Ho~D W D" FHBEREICL > TRIGH R D,
L7723 -> T, BRABRETICH L TH—OfEMEZ FET 5 2 SIXEY TRV,

9. EBHEENIC X B 2k TOHR

BRE~D~ B T ALEMOFEZIZE L., ZivE CEBEEC X 25X
ol H>Thsb,
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APPENDIX 1 — SOURCE DOCUMENT

ATSDR (2000) Toxicological profile for manganese (update). Draft for public comment.
Atlanta, GA, US Department of Health and Human Services, Public Health Service,

Agency for Toxic Substances and Disease Registry

The Toxicological profile for manganese (update) (ATSDR, 2000) was prepared by the
Agency for Toxic Substances and Disease Registry (ATSDR) through a contract with the
Research Triangle Institute. Copies of the profile can be obtained from the ATSDR

website (http://www.atsdr.cdc.gov/toxprofiles/) or from:

Division of Toxicology

Agency for Toxic Substances and Disease Registry
Public Health Service

US Department of Health and Human Services
1600 Clifton Road NE, Mailstop E-29

Atlanta, Georgia 30333

USA

M. Williams-Johnson, Division of Toxicology, ATSDR, and K.B. Altshuler, S.W.
Rhodes, and L. Kolb, Sciences International, Inc., Alexandria, Virginia, contributed to
the development of the toxicological profile as chemical manager and authors. The
profile has undergone three ATSDR internal reviews, including a Health Effects Review,
a Minimal Risk Level Review, and a Data Needs Review. An external peer review panel
was assembled for the updated profile for manganese. The panel consisted of the
following members: Professor M. Aschner, Wake Forest University, Winston-Salem,
North Carolina; Professor C. Newland, Auburn University, Auburn, Alabama; Professor
D. Mergler, CINBOISE, Université du Québec a Montréal, Montreal, Quebec, Canada;
and Professor J. Zayed, University of Montreal, Montreal, Quebec, Canada. These
experts collectively have knowledge of manganese's physical and chemical properties,
toxicokinetics, key health end-points, mechanisms of action, human and animal
exposure, and quantification of risk to humans. All reviewers were selected in
conformity with the conditions for peer review specified in Section 104(I)(13) of the US
Comprehensive Environmental Response, Compensation, and Liability Act, as

amended.
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Scientists from ATSDR reviewed the peer reviewers' comments and determined
which comments were to be included in the profile. A listing of the peer reviewers'
comments not incorporated in the profile, with a brief explanation of the rationale for
their exclusion, exists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are also included in the
administrative record. The citation of the peer review panel should not be understood to

1imply its approval of the profile's final content.
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on environmental aspects of manganese and its compounds was
sent for review to IPCS national Contact Points and Participating Institutions, as well

as to identified experts. Comments were received from:

dJ. Ahlers, Umweltsbundesamt, Berlin, Germany

M. Baril, Institut de Recherche en Santé et en Sécurité du Travail du Québec,

Montreal, Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency,
Denver, CO, USA

C. Cooke, Health & Safety Executive, Bootle, Merseyside, United Kingdom

P. Copestake, TAC Ltd., Surrey, United Kingdom

J.M. Davis, US Environmental Protection Agency, Research Triangle Park, NC,
USA

I. Desi, University of Szeged, Szeged, Hungary

L. Fishbein, Fairfax, VA, USA

A. Juhasz, University of South Australia, Mawson Lakes, SA, Australia

U. Kierdorf, Justus-Liebig-University of Giessen, Giessen, Germany

M.-T. Lo, Health Canada, Ottawa, Ontario, Canada

D.R. Lynam, Ethyl Corporation, Richmond, VA, USA

M. Nordberg, Karolinska Institute, Stockholm, Sweden

S. Schmidt, Fraunhofer Institute for Toxicology and Experimental Medicine,

Hanover, Germany

P. Schulte, National Institute for Occupational Safety and Health, Cincinnati, OH,
USA
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Following the advice of the peer reviewers, the Final Review Board recommended the
generation of a probabilistic risk characterization for aqueous environments. This was
prepared by the authors and then peer reviewed by Dr J. Stauber (CSIRO Energy
Technology, NSW, Australia) and Drs J. Chapman and M. Warne (Department of
Environment and Conservation, NSW, Australia), and Dr R. Smith, Hydrobiology Pty
Ltd, Brisbane, Australia.
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APPENDIX 3 — FINAL REVIEW BOARD
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Hanover, Germany
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APPENDIX 4 — OUTLINE OF THE SPECIES SENSITIVITY DISTRIBUTION
METHOD (DUTCH STATISTICAL EXTRAPOLATION METHOD) USED TO DERIVE
GUIDELINE VALUES FOR MANGANESE FOR THE PROTECTION OF AQUATIC
SPECIES

Introduction

The traditional approach to using single-species toxicity data to protect field
ecosystems has been to apply standardized assessment factors, safety factors, or
application factors to the lowest toxicity figure for a particular chemical. The magnitude
of these safety factors depends on whether acute or chronic toxicity figures are available
and the degree of confidence that one has in whether the figures reflect the field
situation. Most of the factors are multiples of 10, and larger factors are applied where
there is less certainty in the data. For example, a factor of 1000 is generally used for
acute data, except for essential elements, including manganese, where a factor of 200 is
applied. This factor of 200 includes a factor of 10 for extrapolating from laboratory to
field, a further factor of 10 for a limited data set, and a factor of 2 for conversion of an

acute end-point to a chronic end-point for an essential metal.

Concerns have often been raised as to the arbitrary nature of assessment factors
(Chapman et al., 1998) and the fact that they do not conform to risk assessment
principles. OECD (1992) recommended that assessment factors be used only when there

are inadequate data to allow statistical extrapolation methods to be used.

The following sections briefly outline the statistical extrapolation method used to
derive the manganese guidance values for the protection of marine and freshwater
aquatic organisms for this CICAD. Much of the text is taken directly from the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANTZ, 2000).

Use of statistical extrapolation methods

New methods using statistical risk-based approaches have been developed over the
last decade for deriving guideline (trigger) values. These are based on calculations of a
statistical distribution of laboratory ecotoxicity data and attempt to offer a
predetermined level of protection, usually 95%. The approach of Aldenberg & Slob
(1993) has been adopted in the Netherlands, Australia, and New Zealand for guideline

derivation and is recommended for use by the Organisation for Economic Co-operation
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and Development (OECD). It was chosen because of its theoretical basis, its ease of use,
and the fact that it has been extensively evaluated. Warne (1998) compared in detail the

risk-based and assessment factor approaches used in various countries.

The Aldenberg & Slob (1993) method uses a statistical approach to protect 95% of
species with a predetermined level of confidence, provided there is an adequate data set.
This approach uses available data from all tested species (not just the most sensitive
species) and considers these data to be a subsample of the range of concentrations at
which effects would occur in all species in the environment. The method may be applied
if toxicity data, usually chronic NOEC values, are available for at least five different
species from at least four taxonomic groups. Data are entered into a computer program
and generally fitted to a log-logistic distribution. A hazardous concentration for p per
cent of the species (HCy) is derived. HC;, is a value such that the probability of selecting
a species from the community with a NOEC lower than HC;, is equal to p (e.g., 5%, HCs).
HCs is the estimated concentration that should protect 95% of species. A level of
uncertainty is associated with this derived value, and so values with a given confidence
level (e.g., 50% or 95%) are computed in the program by attaching a distribution to the
error in the tail (Figure A-1). The ANZECC/ ARMCANZ (2000) guidelines use the

median of 50% confidence.
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Fig. A-1: The Dutch statistical approach for the derivation of
trigger values (from Aldenberg & Slob, 1993)
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HCs is estimated by dividing the geometric mean of the NOEC values for m species by
an extrapolation factor £ (OECD, 1995), where:

K= eXp(sm xk)
and where:

*  Smis the sample standard deviation of natural logarithm of the NOEC values for m
species,

+  kis the one-sided tolerance limit factor for a logistic or normal distribution (from
computer simulations).

- Where acute LCs0 data are used to derive a guidance value, the acute data are
converted to chronic values using a conversion factor of 2 for essential metals.

+  The Aldenberg & Slob (1993) extrapolation method is based on several critical
assumptions, outlined below. Many of these are common to other statistical
distribution methods:

- The ecosystem is sufficiently protected if theoretically 95% of the species in the
system are fully protected.

+  The distribution of the NOECs is symmetrical (not required in the
ANZECC/ARMCANTZ [2000] modification).

- The available data are derived from independent random trials of the total
distribution of sensitivities in the ecosystem.

- Toxicity data are distributed log-logistically, 1.e., a logistic distribution is the most
appropriate to use.

- There are no interactions between species in the ecosystem.

- NOEC data are the most appropriate data to use to set ambient environmental
guidelines.

- NOEC data for five species are a sufficient data set.
Modification of the Aldenberg & Slob (1993) approach

The Aldenberg & Slob (1993) approach assumes the data are best
fitted to a log-logistic distribution. For some data sets, however, a better fit
is obtained with other models. By using a program developed by CSIRO
Biometrics, the data are compared with a range of statistical distributions
called the Burr family of distributions, of which the log-logistic

distribution is one case. The program determines the distribution that best
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fits the available toxicity data and calculates the HCs with 50% confidence
(ANZECC/ARMCANZ, 2000); this method has been used to calculate the

HCs for manganese.
Application to the data set for manganese

For both the marine and freshwater risk assessments, acute LCso values were converted
to chronic values using an acute to chronic ratio (ACR) of 2 (normally an ACR of 10 is
used; however, because manganese is an essential element, a factor of 2 was used
following ANZECC/ARMCANTZ [2000] guidelines). Both these extrapolated acute values
and chronic ECsos were then converted to chronic NOECs by applying a factor of 5,
according to ANZECC/ARMCANZ (2000) guidelines. In other words, each acute LCso
was divided by 10 (.e., 2 x 5) and each algal ECso value (regarded as chronic) was
divided by 5 prior to the species sensitivity distribution being undertaken. It would be
better to use experimentally derived acute to chronic conversion factors, but these were

not available for manganese.
Marine guidance value

Nine marine data were used from Table 3 (see section 7.2), and from these data
were calculated chronic NOECs (see Table A-1). Non-standard test end-points or

end-points of uncertain significance, such as total cell reduction volume, were not

included.
Table A-1: Toxicity end-points and calculated chronic NOECs
used in the derivation of a marine guidance value.
Manganese Caleulated
concentration chronic NOEC

_Organism End-point (mg/litre) (mg/litre)
Microalgae
Diatom ( Digylum brightwellii) 5-day ECs (growth inhibition) 1.5 0.3
Diatom (Nitzsehia closterium) 96-h EC;5; (growth inhibition) 257 5.1
Diatom (Asterionella japonica) 72-h ECx; (growth inhibition) 449 1
Invertebrates
American ovster { Crassostrea virginica) 48-h LCs 16 16
Softzhell clam (A{ya arenaria) 168-h LCy 300 30
Mussel (Adytilus edulis) 48-h ECs; (abnormal larvae) 30 6
Sea urchin ( Heliocidaris tuberculata) 72-h EC;; (abnormal larvae) 5.2 1
Brine shrimp (Artemia salina) 48-h LCs 531.8 5.2
Copepod (Nitocra spinipes) 96-h LCyp 70 7
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Using the calculated chronic NOECs, the HC5(50), i.e., the hazardous concentration to
protect 95% of species with 50% confidence — a "safe" value to ensure protection against

chronic toxicity for most marine species — was 0.3 mg manganese/litre (see Figure A-2).
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Fig. A-2: Probability curve for manganese in the

marine environment using actual and derived data from Table A-1

It should be noted that further Australian studies were provided after the cut-off date.
Adding these data — a NOEC for Nitzschia closterium (algal) growth rate inhibition
over 72 h of 18 mg manganese/litre, a 96-h LCso for tiger prawn (Penaeus monodon)
survival of 26.1 mg manganese/litre, a 96-h LCso for Australian bass (Macquaria
novemaculeata) of 100 mg manganese/litre, and a 60-h NOEC for rock oyster
(Saccostrea glomerata) larval abnormalities of 1 mg manganese/litre — and converting
them in the same way to chronic NOECs (18, 2.6, 10, and 1 mg manganese/litre,
respectively) gives an HC5(50) of 0.4 mg manganese/litre. These extra data points
improve the distribution of the data (the method requires unimodality of distribution)

and decrease uncertainty.
Freshwater guidance value

Twenty-one freshwater data were used from Table 3 (see section 7.2), and from these
data, chronic NOECs were calculated (see Table A-2). Non-standard test end-points or
end-points of uncertain significance, such as total cell volume reduction and
deformations, were not included. Geometric means of multiple test results from the

same species over the same time period were calculated.
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Table A-2- Toxicity end-points and calculated chronic NOECs used in

the derivation of a freshwater guidance value.

Manganese Calculated

Organism End-point concentration chronic NOEC
(mg/litre) {mgllitre)

Microalgae
Alga (Scensdesmus quadricauda) 12-day ECs; (growth inhibition) 5 1
Alga (Pssudokirchneriellz 72-h ECzp (growth inhibition) B.3 1.7
subcapitata)*
Protozoa
Ciliated protozoan (Spirastomum 24-h LCsp 148 14.8
ambizuum)
Invertebrates
Sludge worm ( Tubifer tubifex) 96-h LCxp 168" 16.8
Daphnid (Daphnia magna) 48-h ECs; (immobilization) 9.4° 0.9
Daphnid ( Daphnia obtusa) 48-h ECs; (immobilization) 374 3.7
Daphnid ( Cerfodaphnia dubia) 48-h LCx 79b 0.7
Amphipod (Hralella azteca) 96-h LCsp 5 gt 0.3
Rotifer ( Brachionus calyeiflorus) 24-h LCxg 38.7 3.8
Copepod (Canthocamptus spp.) 48-h LCx; 54 5.4
lzopod (Assllus aguaticus) 96-h LCxp 333 33.3
Amphipod ( Crangonyx 96-h LCsp 694 6.9
pseudogracilis)
Midge (Chironomus tentans) 96-h LCsp 5.8 0.6
Fish
Rainbow trout (Oncorkrnchus 28-day LCs; (embryo-larval test) 2.9 0.3
mykiss)
Brown trout (Salmo trutta) 96-h LCsp 3.8 0.4
Coho salmon ( Oncorbynchus kisutch) 96-h LCx; 2.4 0.2
Goldfish ( Carassius auratus) 7-day LCsp (embryo-larval test) 8.2 0.8
Indian catfish (Heteropnsustes 96-h LCxp 3350 335
fossilis)
Indian freshwater murrel (Channa 96-h LCx; 3010 301
punctatus)
Giant gourami { Colisa fasciatus) 96-h LCx; 3034° 3034
Amphibians
Narrow-mouthed toad ( Gastrophrine 7-day LCsp (embryo-larval test) 1.4 0.1

carolinensis)

2 .
Formerly known as Selenastrum capricornutum.

® Geometric mean of LCsp values for this species for the same time period.

* Geometric mean of ECzy values for this species for the same time peried.
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Results from Distribution fitting
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Fig. A-3: Probability curve for manganese in the freshwater environment

using actual and derived data from Table A-2

Using the calculated chronic NOECs, the HC5(50), i.e., the hazardous concentration to
protect 95% of species with 50% confidence — a "safe" value to ensure protection against
chronic toxicity for most freshwater species in soft water — was 0.2 mg manganese/litre

(see Figure A-3).
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APPENDIX 5 — ABBREVIATIONS AND ACRONYMS

ACR
ALA-D
ATSDR
BCF
CICAD
DGT
DTPA
ECso
EDTA
EHC
HCp
HC5(50)
HLC
ICss
ICP
ICSC
ILO
IPCS
Kow
LCso

MMED

acute to chronic ratio

delta-aminolevulinic dehydratase

Agency for Toxic Substances and Disease Registry (USA)
bioconcentration factor

Concise International Chemical Assessment Document
diffusive gradients in thin films
diethylenetriaminepentaacetic acid

median effective concentration
ethylenediaminetetraacetic acid

Environmental Health Criteria monograph

hazardous concentration for p per cent of species
hazardous concentration to protect 95% of species with 50% confidence
Henry's law constant

inhibitory concentration at which a 25% effect occurs
inductively coupled plasma

International Chemical Safety Card

International Labour Organization

International Programme on Chemical Safety
octanol-water partition coefficient

median lethal concentration

mass median equivalent diameter
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MMT methylcyclopentadienyl manganese tricarbonyl

NOEC no-observed-effect concentration

OECD Organisation for Economic Co-operation and Development

PIM Poison Information Monograph

PMa2s particulate matter with an aerodynamic diameter less than or equal to 2.5 pm
TRI Toxics Release Inventory (USA)

UNEP United Nations Environment Programme

USA United States of America

WHO World Health Organization
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