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Recent Research Activities and Future Subjects

on Stable- and Radio-isotopes of Chlorine in Environment
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This report reviews the recent studies on the stable- and radio-isotopes of chlorine from
a viewpoint of environmental science, partly including historic references on this element.
First, general properties, occurrence, and utilization of chlorine are described. Secondly,
current status and research works on chlorine-compounds, which attract special attention in
recent years as environmentally hazardous materials, are reported. Thirdly, research works
on stable chlorine isotopes, *Cl and *'Cl, are described with a focus laid on the
newly-developed techniques; isotopic ratio mass spectrometry (IRMS) and thermal
ionization mass spectrometry (TIMS). Fourthly, recent research works on chlorine
radioisotopes, *°Cl etc., are described, focusing on the development of accelerator mass
spectrometry (AMS) and its application to geochemistry and others. Finally, taking
account of the above-mentioned recent works on Cl isotopes, possible future research

subjects are discussed.

Keywords: Chlorine, Stable Isotope, Radioisotope, Environment, Isotopic Ratio Mass Spectrometry,
Accelerator Mass Spectrometry, **Cl, ¥'Cl, *Cl.
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1. IZU®IZ

HFEIHRE B THED CEBPIZHFET D LHETH D, EORKOIMEIIHEETHD,
AEMOWIE ELNHMWOERN—HE (LT M) v A) BRAEMIZE S TR ZEDTE R
VB TH D, WEIZFXICI0 HOFE] THDH, (FEFED chlorine IZEFBOTLEDE,) L
DUEENIZBWT, H5WEHBEZOMOBRREFICEIT L LROBE, ZEBEFADL 0I5
A, BE T RV U L) ZOWTELIELIEZDOBA A (cation) O THDHF RV T A
WEANEMIMLTEXE, Tht8bdbd L TiEbolon, 2 G A 4 (anion) DORFZE
KON CHEBRICMAL TP RETHA), —RBR-BohzEBLVWI ) LHERIILHD L
N, EMBREED- R OBRE, K3 ZOFHIT, BBEONT AOEIZRYI>TWD
DTHHND,

WRITEF 2 RS, CFEERCBVWTHEEREARFZ R L TS, HEE) TR
ENBEIRTTAF v 7, Flh o TRKEELR-7a Y HDWVEFEBECHRHANICE
WTHRBRREERBELZH> T 5, L LRETEENLEMOREOAOENE I 1 —XT
y7E&NT&, RV 7 == (PCB) HD\ViiH bEAROEFEL VWbID 2,3,7,8-lUk1
DR NRGOFF T (FAFXVr) b, EENRTEZOMFEY - ARSI S GE
5T B, BLELRY, FEBURENSDLIOLTHD, ) EE-OEHHIEHOERT
HHMN, B ORELLBEEOH EICB T, HEFAMOBEEIIENOR TH Y | HEKR
ORI > CEOEE 2\ FMER D oo, FREZ, £ ORET 2EFEOFEDA OME
OWTHHFICEE L, BECH T HTER/DRIZHE Z TPRRITFNIZR LR,

AMETITETHEE RICBETHIEANMRE 2EICE L0, HEORBELENAORIE % 3
BICEL D, TNOIIEFORBEMFMEOTSSEBEL R MA - T—4THY ., BEICHFED
LB Y Z OEBEHE R 2B LT T, FIZOXBFO LA RENRIZBELDH 3 H ik
EE4TURESRIOTZ,

CEFICET S AR, B, BELE, AEEZE0SFICBONTEORERNMME (SI)
FRHOEMRIZEERT —~Thd, KAROHEHRIL PCl & "Cl o ZFEED SI by, 20K
BATRD Z LIS L B2 R A RDERE & 72 5, 128 Z O F O STRIE Rt TED SI
RIE AR THIFOE#ENH Y . T OFHARRIIBD TRON T\, L LITFERERERR
ERNLE LRI EESBZE S, HHE S FIAMRIL L SR thE - 7=iE» Y TH D, ZOFHED
@A 4 BBV CHBRT 5,

— HIEFE RN (RD) Tk, 8 30 THED *Cl MFICEEREM TH D, £t
155 WERA—F—OERHO RIE0 THhDH, Zhbd RIOHEZIZENENOKFEICE
BOREEX B3SO . FFIZ Cl 13H B B THRYTRRRIE S EEZ Rl Thotn, Lo LITHEMHEE
BEROIER (AMS) OFZEIZL D ZORAIRERILK Uiz, *ClLIXTHRIZE > THERLFIZ
RETFICMEGEET S, COHAMRIZVOIVERSETERATHDLI, AMS LV 5 Bkl
BEAULELTHEDHEEORBLREV, HFEDO RI BT IHRICOV TS EIZB W TR
~_23,
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2. BRO—RHMEHE - F1E - FIAES

2.1 HWEORRLEE"

AL OB ST E 1L HiSOs, HNOs, EKRZRE L - TV, FKRDOMS Th HEBITH S
o, 18 HAZIZV N o T R.Glauber (& NaCl (& H280: #Efl &# T HCl #2< 52 &2 RR
L. £D#% HCl OMEIXE OFFIZL > THFE I N, Lavoisier @, BRI T X TEERT*
EATND EDENG, ZOBUBELE L & B X ORI AD3 0 77, 1774 4F Scheele i3 HCI
& MnO: OUSIZE Y HkBOEKICETZRIEZBTIVADORAET LT L AR LT, 1811
# J.L. Gay-Lussac & Thenard (3@mIRCIZ L DBITDORFRER I ENOLZON AEZBELE R | H
Davy I3RS DT L2 E LTRIRL, —DDORETHIEDFEwRET L, ZOFRRTEINE
FETHDHI NS, ZOREEKRTEIXY >V TFELY chlorine &%k L7z,

HBEAR T HCl NP BAKUTAFIZRNEEINDH, Cl iZ52 9B E LTHEET D, HiEkF
DIFEEIXE 20 61T (130 1 g/g) TH D, g E L TIAEE NaCl, » VY = KCI, 71—+ /LA KCl
‘MgCl2+6H:0, AERIL AgCl, HFE Y VKA Cas(POs)sCl R ERH B, TWRAEICHFEN TV CI
2 HCI & LTt En, BZLERANSTROIZAER L, BEITTEEDO S ONRZVO T
THEHR DL  ITFEKIZE VERESH, F)IEZRTHEEICEV - Bx 65, #iIEk i
BT Cl DEMBIIEBETHY, BFNZL o TR, WK kg P ClOEFEIEIN 19 gl
YD, BROERIC L EKRORIRS EIE TN (BEE) | BRIC L » THRIZIES Tk,
S LI ERCTHEIEIN A D, LEN- T, RARKIZE CIEEER0nboidRnetnosTE
W, BER, SHRPICENRVZED CHEELHLORH Y. AMEOFRLMEIZEH CIREEhn
TkY, BIFE T HCL, #%3& Tk NaCl & LTHFET D,

22 WAKFOER

HMEOHE—DOIBHFT CH Y ZTORERTHIWAPIZITE, BMERLOLEDDILIFEA
ETRTOTHENBEFEL TS, Table 2.1 CHKPOFERNSBESOT —F %17 2, &b
ZVBA U N A A THY, BB BVRBAA VD CIA A THD, MIFOLA D5
FEBEX, EALHIN, TOMNNE— 3R> TEY, BANEIZHIIKDO R DE
BTzl Evbns,

23 RIHFOEFR

BAOEHE (FEFH) THTREBLOHTRAROEEZOMO b o edEOERERES T/
Tk, BFIREE (BLURKE) ORESAFIIHECEH R3MHmMERL, FYARERT
XM EHEHNRA LR -7 Y (Fig. 2.1),

2.4 HBFEORMIEK
ERIZIZ PClLBLOYCl O Z>ORERMAE (SI) BRRIZEFEEL, T OMIZ *Cl, 3Cl 24~
FRETHNL O0DBEMERNE (R BFEETS Y ( Table 2.2 £8), HEMEERITI—KRIC
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HBARIZIZIZEAETIELR VN, *Cl 02 BB LV BBEBTFEL W5, LER
PR FRIZBAT D 0F5E013 4 BT, MEMMEERICET 2 EFIL 5 ETHEMNT 5,

25 HEL L CToEHE D

BAL LTOERE C IRIGHNE L, A, C. 0:, N2 DL & IBEERIG L, Bk,
EASH, BEHIPH D, Chid. EBREMIZIT KMnO: E 721Z NaClO (ZIH BT T (iR) 4>, MnO2
EHEEE ML THL Y BAELILKEZ K THESE, BMEETHATS, R0 Ch ORRIZ
iX CaO & P4Ow FEIARIE LI FT A7 4 ATHRIL S D, TEMTITREKOER AR
BE) 72, NaCl OEMEM To< D, M EOXTIRE T, WARIKRLF LAY 2 EDRISIZEY Cl
BERTHRISEERE LNV CEIELEZRELHD Y,

Ch [JHER D H 5k Eard, BN WAILAER, 3 ppm TRVWERKLC, 4 ppmiZ72d
ML DOEELRFIERZ L, 50 ppm Tik 30 ~ 60 D THEMMPGRE D LS5, Ch i3
EFHUERAKIC 25, BEITREBEAR T, BUSHERIRLS | FARADAOEL OEBLHEGRE
CHEBRIGT D, o7 Ch FTIX AuRPtbREIND, HELZ C L Fe R P 2RI RVD
T, Ch IZMERAL L TERREA L ANCHED TR S 5. He & ERFET CIIRG LRV, B
RKIETREINALE T D, 20 COKIZ 23 FED Ch BT, H0 + Cle & H +CI" + HCIO D
TR HHHMR, BHTIX O 2RETH, HFEAKE O0C (E721L96 CUT) 275 &L ClnH0
(n=6~ ) DAFEEMHERERKIHE S LN D)NTEDS, ZOBRBICLVERERTZ%
BOBECHTATA L OREORRICARDZ END D, WERATBCE, EAtk, ZEMEIH D
Br.I'.H:S 7°5 Br2, . S #H49, Clz iZ Hz02, NH3, CO, NO, SOz 72 ¥ & & L T Oz, NCls, COClz,
NOCI, SO:Cl: #AEKT 5,

HWHE (Ch) X, TEMIZEELE =L, YZ7onxF L, CCli, CHCh 72 ¥ O KERE L
EYOERICEREDN D, BEAR., HEE AREFILAMOGHKR. Ti B2 EDESEIZHE
bivd, KEKOEE., #L/ UL 7ol ERICER SN,

2.6 HEREREW A

BEOERLEWIZI LEOBKERLAD, HILKE (HC) Z20MEL Obamnd 5,
BALABIIEAHIBROHIKAET, BomZBRPTRIE, TENCIAEKEHETTES H
& Ch ZRREHTOL %, EREMIZIZRAIBICIRER %2 T 20>, NaCl + H:S04 T2< %,
AER-1142°C, ¥m-85°C, d=1.187 (-85°CiK), 0°CDK 100 giZ 82.3 g imiF THEEIZ R B, T
N LRI —T /UG BIR, K HCI-nH0 iZn =1, 2, 3, 4, 6 2 EBH D, ¥ HCHIX
HEHIRIEE S Wb a2, BEIRZE 0&BRXERRIL ERIGT 5, B, B, MOEE
T MEBRBRME =R DR E LTKRICEESNATWD,

HEE (HCI - aq) 13 HCl O/KBEHK T, TROBEBEIL 372 %, d=1.19, ¥1 12 M, BEEDHIIK,
BolZBRTHRIE, TEHOLORFRHPO FeClh TUIELITHEMA. HIBREYIT 108.584 C,
20222 %, 6 M, RELT (0.1 M DOFEBERE T 92.6 %) %< D&R & KIS LT H2 217, Au, Ag.
H&#, Nb, Ta, VIEEIELIZ< VW, KMnO: 72 & CTEE{E &S T Ch & H T,

Z OO EMIEFRILAWITIT, BEEE (CLO, Ch0Os, ClO2, Cl0s, CLOs, ChO7, CLOs %),

.._4__
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7 v {tE{LE#F (CIOF. CIOFs, CIOF, CIO:F;, CIOsF %), WHHEFEM (HCIO), KK
HO(MCIO). HiEREE (HCIO02) . HIEHREEE (MCIO2) . HERE (HCIO) . HEBE (MCIOs) .
WIERM (HCIO.) . EHERREE (MCIO.) | IBERMEFE (CICIO)) . 7 VA il (CISOsF) .
7 b F#E (CINs), B # (CINOs) R ERH B,

2.7 BEHSERIEM 7

ERRABOBERBERICL Y., BAL. FHEE. &S, 2 OFHRMLEBESEOND DS,
FLALIAERTHY ., BOBCIEESLETHS,

BOHEMAREBERICAWELL ATV (F/ 700 X)) CHCl . EREE CilEfilsE
IT—FNVRTHERROTIEEDORETHD, FRERBEICRMT A, KiTITFLALET
2, ERREBCORBIZECHBRE TH D, [JUKIIFRMETRIERKELS, ERLEBR
HREWEERT D, #a-97.7 C, #8-23.73 C (1RE). tE (23.7 C) 0920, TEMNIZ
IR ARR LAY ) —NVE O CTRETRIGIY 2 HE, HHVEIKMTA Y LV OEFEILEITD
Fikle L CRET B, BRI D&V (Table 2.3 ),

vruarfy (BEAFLY) CHCL: T, RbRERBIRICKRBHROUNL ST, T
PET—FNROTHECFR CHEBEORETHD, #HR39.8C (1KE). BERER-96.7C.
HE 1320 20°C) TKRIZOTMZEMT D (13.2gkg. 20°C), HRUIKEHEYH D,

EhiZ, PVZmeryy (Junakivs) CHCh, 7 b7 uu & (WFLRE). €
OARVBILE T ==/ (PCB) RF A 4 F 2 U Bkkx RABERILEDEH DI, Zhbilid
REBEFLDEDH D DVIBEFRALE L LTHBEIZRZ > TWVD HORD 2L 20, FONLDOMZ
DNTiRR 3 E TR~ 3,

BRRHFETHABERILEMIT 100 L EHONTHER, #<iX7vvn 7z /—VLEY
THdH, TOFE LUTiE, BB (Aspergillus, Penicillium 72 &) S RO b7 arT v 59
A7V rHBNET VA7 T, ¥EE (Anaptychia, Buellia, Lecanora 72 &) b RO H
NEFRIHA 2V RTVEFTSELDFFU FRET, ThLIIRAWE L LTOBESL
FoTWnadeEZXLND, FOMT Y FYEDERFNE L RIAVEY I X7 ROMYHBAERKRT
LEMEME. HOVIIEERZOMOENH) O L ABERILEWBROD > T 5B,

28 HWEOERES

HEIIBEOMIREL LV, BB —1 OR{kAKFE HC)., 0 (EF Ch). +1 (KREHRF
B HCIO). + 3 (HMHEFM HCIO2). +4 (ZE{LH#E ClO2), +5 (HFEM HCIO:), +7 (&
HHRM HCIO) Db TS, HRATCLIXIZEALHEME LTHEET S,

— AR R EREICIT (1) HBEER AgCOs I L V(LR AgCl # IS 2 HEE, QWM
BRL 7 o sl ) U A KCOs SBREEZRAVHILEREIC L 2FRE— Mohr i, Q) F AT
VBRI, HE5WVRT T2V AN O-b IV AFLUTA—REERNEERE
HEE., WOBREEREAVD A A ERE, O)BEMERA A OERITShizA A2
uw NI 7 40—tk REVBDHDB, . (6) £ LT I Cln,v)*Cl S 2FA UL otk

_5._
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HbHd, SHICARNVF AN — Z7—a A M) — RFrva 2 U — 4 XERTH. EPMA,
ESCA., NMR, SIMS, ICP, ICP-MS FOFELH D, B ()X Br, IMREDHEA A R0
&, HAINVEBYHEA A ERELTOLIT) ZENLETHD, BEFEME L L TOEME
#EW (PCB, ¥4 AF %) OFHIZHOV TR I FE TN S,
KREFOEBERLAM L IRBEFROE=F Y 7L LT, Kylin b i

Fio, RERE L LTEWOBMIZE EN S FHERILEY. FIT PCB D434tk E LT, Petrick
5 "X HPLC Y A7 AL WIFERF &2 26 EEREL, £D#% ECD-GC IC L HE L& 5
fRRE & M EX ¥ PCBEORPEELEEZBEL TV,

29 B GRE{bFrUon) W

HEOMEEHE LTHICEENSEV LD L LT, ETE—IClT U oA (&) AL
b5, HKEOEERL L ThHLDAEMBICHEERBX28L. AMEICE > THLRAXDIL
FMETHD, LT, BREICHOWTHGHT D

HAEORS IE  FRBHFNRICHETE - vbh, 4 —X h U 7O Hallstatt T2 HFHFIEREFL
RIADFTCHT 1000 £ TANSEEATE L TV, 18 AR T 7 UV IENEHAIA, (%D
ERHBRE U CTHEOBRMBRIT 2, HEEFZIZEHOT, 19 iRz Y A _R—iENFEH
ENTHLAFICHEESEML, (LETEROEELRME L7270, Lk, EERITF 88N
L, BETIIEOTH tITELTND, TOARIL, HH31 %, RAKH3IT %, TATHH6
%, DAK26%THD,

L, KRS DRI EEBENCIEEL TN 5, 41 2000 4 F TOMBAEER OB,
F£RI19 % & RIATH TS, BHOEMEI—a v k7 AV %L, RBEOEMTF
H, AR, Axva, A=A FVTHETHY., CATIHEOZAERIT AV A, A7
¥ AXI)ATHD,

OB SO T, SHEEEMICLOMENRAR Y BF 88 ~ 99 % HWT, HEDEW
H O AL EHRF O OBKERIZHEDND, 99 %L EOFBHEOROMPIIT EEITR
RicbiEbh 3,

WORBRITESR - 7AH ) TEAPESU LR EDTEY, XH, TEORBE O HkiF
EZDOHRPEL RO TWS, HE-TLHYIEOREZER L L THESNILERLLE
DD EEORRIT 14000 FIZHLREE Wb, BN AETREORRYMETHDLZ L BLND,
AAREEBRERGIBEON 132 A%V a AR M7 YV TREOEENOERARTEAL TV,

REF B
(1) DAK ; T AKERA EFAEHE L, BRICKEEAL TEEEED U BMRERE
WL BDAKDEERD B,

Q) B4 BHOBREGULAREL— LT FEF— T, BHEB X157 — (Xk) %
BLTHDEATITLS,

(3) XKBH ; AN RBEL AL VKRS ZEFEEIE T, B THEE S DA KARE L
L, CEHEZRAKL V), #HRBERKOXRAKERIZ, AXvanszlbuRX/atfATHY,
FEdh A 2 800 ha, MRAEANLY 20000 ha H 0, FE 600 7 t DEAEEL TWD,

— 6 —
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4) TATHH BRI LTIEDAKERER L THONLY T A, v TR L, REBEREEL L,
BERERE L IRENMEREREE, SOOI OBEDOHEE THAKE o LE A X
5,

(5) A A MBS AKX AARTHBICHEBRINT-HINTH D, HKE A+ THRIEERE
HETHR 7RI TREL, BonhrAkeBERARE CRGLIEAITHSES, 14 KH
BRI AR D ORIEECIE, HAED U U A030TH LA 2T E TR L TRET 5, bET
i, TOFRTTHIEH LU TEM 40 Tt OHAEEL TS, FHELHEEERBL S -
TRY, BERSLT—OEKTREL, HoNEENIERSENT. THEHICHEHL, REZO
AR 2 BERAREOBIRICHA U TER A ORI Z I > T D, Z ORBEEHIIEE.
B, 70— MIEHIN, FALOMTT 7 FRBEIL WD,

FIWEAREERE LTI LA %O 2R LT, fEx ORIEDZRBT 21280 TEMN
BB, DMETITHAKBEENS A 4 BRI ED > Thh, BERENE LTELA TS
DITRF, LDV oA BT 2V UL BEBEINLY T LRETHDL, BRKPLOEEYT
HOHEDIEIMT, KB~ 7 XV T R H D, WKTOZBMERELZREL, ARALEFMLT
KEE(Lw RV T AEH/TND,

210 Al ANKLEFR

HEREBRIZAEMER D & BROOAEMIS PO ISEFRNICHE THRAELZEEZEXL O TN,
MO ERDE VNI BB EAR, BEETXARGESD (77 V7)) BREAEL, Ak
AWy, BERAEM~EHEEL T BT, ~KTXAX—FEGTHD AR BhE -7, &
NEKIUEN A TH DEAKBEEZRNTIRBAT 2% 7 FUBEZEBRT 2 HEMBETH 725,
OB TAKOAFZEZFIHTHHAREDVBEN, ZORFBR TR PEEIND LI TkoTz, 30
BEIZERID DB E > ZBREOMIMZE Y, KEPBEREIIS LR 48 2000 FERTIZHIE
OBEFRE 21%) O 10%E THEML, ZO/BRRELEEIC TV UB) BEREnEz, Zo
AV URBICE YV HBRICEET AEARBENET L, P TOEEL TE ATt E~EHT 5
TLEMAREL o T, RN TR, H EOMYIZ L DA RFBEBHOKIZEL Y., 3{E 5000 FE
BANCEKXEPBERENBELIZIERCIZRY, ZORETOEETIHZ2LODOIE—EDR
BEIZfRizh, BECE->TWS,

WHAEEREOD THABREELEZZRT, 4EFEFERNCEICER LT EmEsThiE, M
WEEMO TRECSTbNRD, O OOEMEEEFRTIRELEVO—DL LT, BN
S EA~EMERIOBREB L L X1, B VE FWVWOBERARNICEELTCLEEL, B
BENEBREBRTTE I, EWHTENEFLNE Y, LT ) Thbbifigs >
PO LARABEZGTD~A T AERFIILNRER, —FEFLET N O LBZEMIZE->TE
BERWALRETHY, b FEELEHH —ARICE > T Table 2.1 2T LN TWAHEAD O FER
BT _RTHATHETH S, Table 2.4 17T L D ICHIRENEIL, Na & ClZHERR L72A Y T A
Bzl >TW5D, ML ZORIZR L THD, —FHMlaMRIEF b)) v aRTHY), & ol
AEMOBBBIELFRUCL O M (BREK) ] CEPATHEOTHD 'Y, MK DO REEK
BEZHAKOHNIZTO LI THAN, ANTIOREI—EIZRIZNALTEY, TOT U AHEBN

_7_
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MITEMOMER P EEC /05, Hide FBXUEMIZE > TEGOBRTHY . £OBEFREEY
BELTERDZ LITTE R,

O (BIZHEET R Y L) OAEREENE FOBRICEBL T, ZHE T Nat (B LUK
BONTF AV OEERNICB T OBBEFIIRINICHREINTE N, OEOT7T =4 D4LEFEN
HEENZ O W TOFFITRAYNCEBN TV, 724 B2 Cro AMERNIZE I 2EEDME, &
BIZIZEM— B S OWS I BE L 72 CIAERNEBIOMELHI-ND EZATH B,
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Table 2.1 Main chemical components in the sea water”

HE/K D E BRI L S35 B s )

VR R R ¥4y 35 %o DA D SRR )| K

R 5 x4 5 b FIR KPR i B R ]

(mg/kg) (mmol/kg) (mg/kg) (4F)

Na 0.5561 10,760 468.0 6.9 4.8x107
Mg 0.06679 1,294 53.2 3.9 1.0x10’
Ca 0.02127 412 10.2 15.0 8.5x10°
K 0.0206 399 10.2 2.1 5.9x10°
Sr 0.00041 7.9 0.090 4 x10°
Ci 1.0000 19,350 545.0 8.1 7.3x107
SO4 0.1400 2,712 28.2 10.6 7.9x10°
HCOs 0.00749 145 2.38 559 8.0x10*
Br 0.003473 67 0.84 1 x10®
B 0.000240 4.6 0.39 1 x107
F 0.000067 1.3 0.068 5 xIo*

(LRSS BHAFIZIEN: 15 mgkg, Si2.9 mgkg 4. D% OB NEET D.)

Table 2.2  Isotopes of chlorine ¥

¥ D RN

B R HEaR A mER FERBHBR T RV X — &L REE (MeV) .

(FFEH)  AMeV) SV F 41— B L ORIz x4 5 UG KT (b)
BCl o 2.511s 21004 3/2¢ B* B*4.51;y 0.841(0.54)#th
MCl 1.5262s  -24.440 0" B* B*4.50
¥mCl 3223 m  -24.294 3" B*53%, IT47% B*2.47(3414h, v 2.128(42), 0.146 (IT) fih
BCl (75.77 %) -29.014 3/2 o 43,115;0 0.48, Ip 0.59; 0 «°0.08 mb
*Cl 3.01x10° y -29.522 2" B98%, EC2%, B* 8°0.709; 80.2; no v
Cl (2423 %) -31.762 3/2F o (0.7 $)0.005, ¢ (37 m)0.43, I 0.32
®Cl  3724m  -29.798 2 B- B-4.91(58),2.77(11), 1.11 (31);

y 1.642(40), 2.168(55)

BnCl 0715 s -29.127 5 IT v 0.671(99.95)
®Cl 556m  -29.804 3/2 B B 1.91(85)fth; v 1.267(54) fih
“Cl__1.35m  -27.540 2 B- B ~15, ~32; v 1.461 (77) #h

T olIN FIThcutt off TRAF—EFORETOMBENEHE,., o 38PHFICED0,0) KR
OWEE., o 1 XEFFRNTORRY MSHEFFOPHETF L O M, o) KIGWEHE, 7 X 0.5¢V LLE
DOBSETF (6T 5 ILEFESY . Ip (3F O T (np) KISOIBHES. ()PNIE%, [ TPITHEXEAE,

— 9 —
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Table 2.3 Symptoms of poisoning by methil chloride'”
Wb A F AL OHREER

(DWHER . BREEFK, Bl B, FTH, BE. Leo<Y0, A, DEV, HIR,

Q) REMUESR - HEIR, FIR. RCERREE. RYMIEE. BRMWMET. T, SRME, BE,
BEEL. TAER, OE, B

G) AR - TR, BIEEREHE. IRR, MEEE. ANIRE, SE 558,

(HBVER : B, wiE, HE¥RE,

5o kA - AFR] LCLo = 3000 ppm. (LCLo =f/NBOERE)

Table 2.4 Na, K, and CI concentrations in the human body'®
E NOBEAKG*FDOF NI oA BV oA HERE

JTLHR AR kRN K
(mg &) I #§E HERR TR £ A e
Na 151 144 8
f‘?‘ (12)
+ K 43 > 1639 4 > 152 160 > 205
- 95)
£ Dt 8.6 4 37
r C 109.7 114 2
’2[ (53)} 163.9 } 152 }205
L EOi 54.2 38 203*+
Ne/K 35 36 0.05
(0.13)

() AIFRIEROE,
* RNAK K E D 60%% 5D B 03, TSR (45%) & MR (i 5 %, MKk 10%.
i 15%) i bh b,
** IREE 8. U B 110, Hilg 10, FEES, ¥ N7 HT0
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Fig. 2.1 Atmospheric particulate (@) and gaseous (O) Cl, Br and I concentrations from June 1991
to February 1992 in Chiba sity, Japan.”
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3. REAFYHLER

R L T DI AMABEAMNME L LCELOND O, 29 () WHIEEZ O S. 2
LT Q) BEREER O MAILEN - MR BoBA Th o, B) & LTI OmMER
MRDEABT 7 —2bH 0 9 52, BECIKIEEALELORAEN, 77 L—ROEELEY
DG RTREE £ T D B I R R OB A 2 FIRT 5 7 — A3 b 72 < s,

(1) DIRSHEEFICONTIE, RRICEBBTIET S °Cl HEARRIE A CE DT H AR
RI THaHN, TIABEFEBAELLZVFZEY RIIEELRDIZEFTBZEALE D, ELR2S
DI T TAR DTSRI B - TR LI ABERO *Cl ABEH ISR SN B B8 Tho,
B, HE. A%, TEEOSFCHERISANCAV B *Cl 550 "Cl AEEICL
B AP B P ICR S U A BB L LRI E 5 Th DD, bR
DNTHSETELERB S & & LT, &2 TH—IRO GERSED) EELAWIEET 5
S IE Y 2 B U 7 FIE A DA RIS

3.1 REFORBER ~o s ALEW

IR ABEREEDER DS AP FELTND 9, J ) —=U T DR
B KA, A7 L—Flip L, AMBEEAHTLOIIMZ, RROEMFEVHTHELZ .,
WHITABRDE W nu A5 CHICL &, HRBAEM ORBR/ A A~ 2 OPMBETH 5130,
HBOEH LR VHLTHWEL LW, BOEMIAEHORFEEW I VR LEWLHT, 0
I H I VALATFIV CHl iE, RRFOHGHETIVE L IZR> TOOMICHE T THImC% L, +
BoY—8moL— b T, WHLEICLAREOI UVERLED, ErolEnbEVHNET Tt
DRRZIZLDRRBIEORENE W,
KEFOERERNAEMI L ABREBROE=F ) 7L LT, Kylin 5 "iIREDICE S
NOEBERRZRBEIB LV PCB O0HEEREL TS, fbidyrzam A& 2k 0 g
oaxfH L, YU BF L E T LAEIZLY HCP (hexachlorobenzene) , PCB (polychlorinated
biphenyls) & DDE (1,1-dichloro-2,2-bis-4-chlorophenyl-ethene) , ¥ & UV Dfth DFRIE A MR 7 R 5%
BERAZHE L, HR7a~ T 57 14— (GC) HIZLY 65-90%DEIUNETI b DRI %
SR LT,

3.2 BEAKIZBEES 2 FHIERLEY

THHDVEREEN GBS A2HKPIZE TN LB FEHECOWT, BREERIESE 16
LIZESE, BERER XUHKEENRRIT O TS, FED B AR OISR OBREFYIRE O
Bz, ERSE3A 18 AT RETERE 16 FI2LD, HILOREEEOLRBRERRX
N, FHUWPEKREEITER ST 12 A 27 BN TAMREN, FRE6FE2AH 1 AMLHEITS
iz, Table 3.1 \ZHAEIEDKHR L R HILFEMEEZTT,

Table 3.1 D5, ZZTCREFRCEADLAEFHHEOERLOL LT, ) M) suoxFL
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v, G)MERE, @Y r7un & 22)PCB. BLUNQ23) Zama iR/ LiZHONT, 0D 1)
B LFERMEIR, 2 AEERR R, 3)RES TOZREE), 4) 3, 5)KEEY~DOFE 6) LR
HE Y 57— %md 17, '

(1) hYZwuaxF L Trichloroethylene

CAS Registry Number = 79-01-6
1) B b MR

WEFBF OB, TRET, BAE LTOBMAORT Y ) AR5~ TEdH D, 7ok
LI RENRH D, ®BEBRET D Z Liddhn, KIZEFIZ <, AREE 2 XRf3 5,

{t5# R : CHCICChL, %2FH : 131.40, LI : 1465, @ 5% -86.4 °C, WA :86.7 C, #KKE
: 69.0 mmHg (25 °C) , KIEMLE : 1,100 mg/L (25°C), 5IAkM @ 322°C, BHEBR : 2.5 ~ 90 %,
ARRBE © 454, [PEFRE : 102 % (25°C),

2) EFEER O HIE

TF L OEFEIC LV AEE, 1990 FOLEERIL 56.850 t. ERMRIL, BEMEEL E
ORLMAEGTEE . £ a, Qe BEH WAL FHEERPRIE,

JNRER TOXH)

M) ZpoxFLrORERIZNEFERTLITEH CHD, RE~ORA%RIE, AKEORS
D&, BHLTECRE~BITTE, —FH., LESE LEEREENMEV DI T AR S
BlxRZ Y, MY ZrrxF LrOkp TOENSREMEVCSERE R RO L, ©o< Y
LU MRBREZD, SHEREIT 40 BB R LIZEORERH B, r) ooz F L OEE
EERRICBWT, 1, 2 —YZ7unxcF LoD bR VARKERERIR, Zhbix b
VZooF LrOAFRIL > TERLIEEEND, REFD MY ZaazF L gk, OHZ
CHNEDRIGIZ LV SEL, IS AREL AL O TW5, BRETFHBWMIIZEOREK
395 RIBICOWTHRE LRI, 7S RETHRIBESh, £ORE#®MIZ029~12 20 ¢g,/L T
Hole, T2 192 FOREFIZLE52EH ISHHTOMTAFTAETIE, FVs7vaxF L i4E 1,360
BRIED S 5 379 iR GRS, 05~ 1.0 g g /L O 179 BRI, 1.0 ~ 10 1 g /LA 195
Bk, 10 ~ 100 u g/L 2% 73 BR{k. 100 ~ 1,000 u g /L7 13 #Rf&. 1,000 ~ 10,000 p g/L 75 1
BRIEOEREZEB TS, TR 3IEEDOAHABR TORHREIL 11,528 B{E$ 003 mg /L%
W Ui 1 8RR, ERE 3 R OH T ABER A T 6158 MEH 27 BREDS 0.03 m g/L #4818
L. $EEME=4 Y 7 TiL 2571 Beikd 289 1623003 mg Lzl L7,

4) HE

T v FOED LDso (50%BWHEEGE) 13492 g/ kg, B6CIFI vV RICTEM MY /ou=x
FLrME 99 %L E, 7o M) L oMolbEmEEte) 25 H, 78 AEHR D&KL
T 5L, BERIFMEAY L ORAEP B TR b, (NCD IS ML, IARC @ 3
USEPA : B 2 P AEXTE LI Wyeast # AN ERFEHRBR CHBMEORKRE/RESI A THEN
B,

ADBMWREE CIIPRMRERICHT 2MEERNRS . SRECEIERALLSGE, Bl
x5, ADKIER : 857 mg / kg,



JAERI—Review 2001—043

5) KEAM~DORE
Daphnia magna (A I a) 48-h LCso 94 mg /L
Salmo gairdneri (ZY=2R) 48-h LCso 120mg /L
(LCso X 50%ZXSTIREE)
6) IEFM%E
LWL 2-105, HBZZLMEE  FRBE S0 ppm, M B, KEFBBEYVILE BB
HAHE 003 meg L, PkEARE 0.3 mg /L,

(3) kiR FE Carbon tetrachloride

CAS Resistry Number = 56-23-5
1) E{LERMEE

TAFHORE TRBRIE. KZEFIZ <, AHEE L BT 5,

b3 CCl, 77 F B : 153.82, 4% #: HEAFHIRKE, B & :-229C, # K= 654 C
(760 mmH g ), LHE : 1.594, AKJE : 1152 mmH g (25°C), K{AREE : 805m g/L (20°C),
HRI]UEE 53,
2) AEERURA®R

AZOEFEN, = F LS OME, ZHGRBOEELICK VTS, 1990 E04
FERIT 50,547 t. EAED 19,868t, ik, EloTvAAub—RUEOFER, FREORA
3) REPR TOEH

RREDEL, KRICBITT28E3E . KB TOHMRITDP-L WV THD, HMEHIZLY,
FRBEEIT XL 75 ~ 95 % DOHABH/E LN TV, MREOME/LRE IL— I3 TI2RE
L, ZBCEBRE SN TICHITKICET S, T AP COMBREOKREMRITED A» o8
FERERBLON TS, MRE T, MERFIIHREFHBLICE DD TEETH Y, Cox
HIxFmAS 330 £LL £, Molina &% 30 ~ 50 & B> T3, sl cHfgs iUl
RFIILIZ L > TRBE~BIT LAY VEBELTT Y, AFAKEIZE T 2BHRE X, R
3 3922 R A BRERDS, F oM TR A TiX 1965 Bk 0 Bk, HUTFKEHE=4Y
v JFRE T 803 MR 20 BRIRAS, FEME 0.003 mg/ L 2EBATHRIHENA TV,
4) FHtE

Fw FO#END LDso iX2800 mg kg, ¥ VA, Ty hERBANLAFZ—IZ30 mg / kg bw Bl E
6, AULERETZ L, MRV DREET L ZEMRESNLTVD, YALERT ROKBGH
OERFHRR, BIUOREARFERBRTIIBETHI, —HMORBRTCHEKERLEOLTH
b BT PEOFEIXIARC : 2 B, USEPA:B 2,

ADHPFEFE LT, PRPBICTTHERAEROHES, BEENSE LV, MWEREOFEED
BB, BELEERUBEET S 7 U ALVOBEEREZX RT3,
5) KEEH~DEE

FAIva 48 B[] LCso (mortality) 35mg /L
=V R 96 F¥Ff] LCso 1.97 mg /L
6) IEHLH%
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HEGIE IR CORH 2 BT 2WHE, SMEIMIFNIE « B, bFE 2 - 38, H@Lak
Al AR, AEMEAME LR TTREFGHE Y FARE 10 ppm, fERPAMOERER O
SRRl - BEY, MZEE  AEY. B AR A EY.

AEIA Y CBRECETAEY P A AEEEBICLY, ABREENFILEENI LD EE
Zbhd,

KEBEBGILE - BEE40002mg /L, HkE#002meg L,

@Wrrsan A Dichloromethane

CAS Registry Number = 75-09-2
1) bR

e FEHOWNKR, =T ARORRERFO, BLE 50 HEOKIZ &, BHRE & XiRR
T 5, RRMETRBRAN S D ERXIZNAKSBEEZEZ 30T, HRGICIESEKLBEERBTME N
T3, ZRFTIHIEAEFAET, BIRT THEER &S LRV,

L% CHCle , 25 T8 : 8494, M A :-968, ¥ 4 :3975°C, & HE: 1335, RRE
:349mmHg (20°C), A¥EMEE : 13,000 mg / L (25C), KPEFIRE : 55% (25C),
ARREBE : 2.93,

2) AEERURE

AE R AFNVERFRLTRT D, 1990 EEFTO, £PERIT 77,466 t
3) BRI TOZEE)

EREREHNZ L0 KEBSRIKRICHERT 5, Y7na A2 - OKPTORE. BV, X
KP7uu A2 EOHT UHNEDRIFIZE T W LRSI, FOEFMIT 53 ~ 127
ALEFEINTWS, &Y UIBEEII 7D 1,/ 1000 BETHD, 1982 EEEICIREETH
FABRFALE, HFK 1360 BET6HRENS T /nu 27 P& h, ZOBREREIX 2-6
g/ LThotz, 1983 HEEDLFWHRELEMERARFAETIL. XK 101 BiFEDHH 99
BRIEND 0002 ~56 ppb PEHETOY 7 B A X URRHEN TS, AAAROBRERG
X, BEFD 63 EE~FRR 4 E TT 527 Hatkd 98 BB bR S, £ OFEFAEIL 0.00004 ~
0.012mg /L,

4) #HE

< U ADKED LDso 1% 1987 mg kg, 7 > FC2,136 mg kg, F344 7 v NZ 78, 5~ 250
ppm DY aa A 2 EHAEE LERT, FOEBHEREE LMY O I E
bt o0, HTIHFEREKFEHICERIZEMLTHNEE LTS, Ames KB TIXBMH,
NEBMERE O ERERITFFER THh 5, 20,000 ppm 30 /3O RTE THEESH S, 1,000 ppm
2 BFORET, BEODEVWRORERER EOPRABEMEFERARA LR TND, B %
i IARC : 2 B, USEPA:B 2,

5) RS
{LBIE © 2-36, FBLLBAEE  FRRE 100 ppm, GRPHAGERS &K CERA - H5W,

(22) PCB  Polychlorinated Biphenyl






