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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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BEBEL FRINIFEBREICOVWTERT D,



JAERI—Review 2001—043

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,
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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
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CAS Number = 92-52-4
D) Wb E R MR
BARE~BIEREE AHEER
PCB IFHFE 7 ==V OREMTH Y . BT 210 MO RMEDOFEENTRTHD, K
BRIEDIZE 6o & LR TEERNEMT 2 L THENE L Kb ORNORIER E 25,
PCB IR EF RIS U THEN D L3280, FThFhok@EOFmZEbNS, H37
o—/L(KC), 7aZa—/,(Ar), 7x=/7a—LVEORRNS D,

¥R F RSy 5% ) AR
KC - 200, Ar. 1232 TS 1223 ~ 1243 270 ~ 360
KC - 300, Ar. 1242 =k 1310 ~ 1322 325~ 360
KC - 400, Ar. 1248 ik 1376 ~ 1389 340 ~ 375
KC - 500, Ar. 1254 B K47 1.460 ~ 1.475 365 ~ 390
KC - 600, Ar. 1260 AN 1539~ 1.555 385 ~ 420

REE KICHEE  BHISEEIC A

{LFRRENE BOTEE

Gty AC vy
2) AEERUHR

1971 EEE COAEMRER 57,330 t, BIAR S0t & &ND, AENEAIZELR 1970 FEXAERET
11,000 t, FARARIZ, FTF R, IUT b —EoMGE, A, gl TTE8AR Bk
BERETHD, 1972 FLUBEENFEIN, AEHRO NI U 2AFIFEEIRLTWD, RES
NTWE T O PCB OMEZIZL D, BEH~OREPBESINTVS,
3) REP TOEH)

PCB IBREX LA 5T 2HNMEEEEDE TH Y . KEEH~ORMEEX, BTG
WETHHEERH D, TEEOEEREFTOPCB ZABHLIZ K., Sz W,
4) #HE
BHEFHITHERNTFVS, EBEND I OBEFEERS DD, vV RAEFAVWREER
T 500 ppm #5-FEIZ 32 BEATMEIAY > OREEH TS, PCBOFIZEENB a7 5 ) — PCB
RO RV 75 3EESETHY , HEBEINTWS,
5) KEAEY~DFKE

T LCso(48h) 03~10mg /L
A LCso(48h) 3~10mg /L
6) ERIHI%

KEHFES L - B E(LFWE, PRELEEE  FELCEDE FAREO0] mg/
m . BSEERSHE : PXE 0.5 ppm. 4% 0.1 ppm, HES 1 ppm. BHRAKIL 0.2 ppm. J 0.2
ppm. f GEHEME) 0.5 ppm, A (NHENE) 3 ppm, FEEE 5 ppm,

(23) Zaunak/bs Chloroform
CAS Registry Number = 67-66-3
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1) R bRt

BEAFROBETHREREEFLZAL, KT, BAORKEMERLZE LT3, FRETAKIZ
BEETIZ WA, ARIEILCIXEMT 5, BXNO T CE# LIS L TRAIIHMBL, mAF L%
AT 5720, HRBIEEE S~ 1 %D FAT L a—LELTAE L THEZ TV,

L% : CHCl , 73 F 8 : 1193, HHE : 148, @t /1 :-635C, # 2 :61.7C, BZRIE : 246
mmHg (25°C), KEME :7950mg, L, 5kl : 2L, ARBE 41 (25°C),

2) AEEKRUAZ

ALy A FLOEFEL, HEINETE R TENTATE R, 77— L KREHE
WL ORI L VBT 5, 1990 FEDOAFERITHTE T 37,000 t. 7rrOREIRLE AN
bihs, HMBEABIZE>TRIEL, KEAKP TR RN g4 LTELS, "L TOBEKE
AR S AT D,

3) RIEF TOEH)

7 v a ARV SRR < ﬁﬁW’EALt&mmf»Aik%*K%ﬁ?éokﬁ*m
BEEhEs mab Vv A G ECHEBICHEEL, OHZ YNV EDKISIZ LY 5ffd 5, 0¥
B 80 R ThDH, W ~DORIEME i%ﬁf%é&ﬁﬁ&éo7umm»A@i@mm&%ﬁ
IS, MITFABIZELRET S, 7 uafRL hRESEHEICSOWTIZRBRTAMENRZIN
TW5,

BRELTF NI 139 Az WD CTREERIT 29 % T, ﬁ&ﬁl101~13ugLrhé 1982
EQREFFIC L 20 15 MO T ARETE, 7 oaki Ak 1,360 BIED S b 305 ks
SREEI,0.5~1.0 u g/ L OFBEMN 112 A&, | ~ 10 u g/ LA 182 Kfk, 10 ~ 100 p g/L
W1 REOFHEREHF TV D
4) #HME

F v hOFR O LDso iX 908 mg kg, 2FOMKEREOEE THT » MIE LRMIERES,
e~ o ZZIFHIR S M &R LTz, (NCI 1976) Ames 588k Trlfatt,

RAOEE, Z7anak/ b 200 m 1 OBKEEFEMNTHD, 1,000 ppm 7 SEORTEICLY
DEWV, HE, HEKEE L, BRFB®ZICOEFTK, FRZ2EBES,

5) KRELEY~OFE
Salmo gairdberl (=< &) LCs0 66.8 mg ./ L

33 KDOEFENE

KPR OBRME L L bz, SHICABIZESELLEA»L, BEEIL TWAKEKDESR
HHELRRT 2 EEAMERLAMORELEERRBETH D Y, AAROKE T, KEES 22
B L UOKEERBTHRAE 16 £RICESE, KEKOEFRIZLIHEVPEE ST oh T3
EHRRFOWREIREEFE T0.1 mg/l, BABREER T4 mgl ZHERE LR T RS2y, s
ETHBICAVWONTWAEERIEL UCREESR & REERET ) VL THEH, #HNE
TR IZBLEFERA Y v AR ERFUANOHEELITORTND

WERLBORIRAEM L LT, KBRS 2EE - ~ar AbEEBYBGTET 5, AFEY
RHOELTE, M aAxy (Jaadiih, ToEyr/aargy Y7aoxsoard
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Y. 7uaEhAsE), ol (ool U/ uoliig, M) /o ofBE), e T
F=hU (FYZmaTe h=hUAE), ~asby (L1 —Y7aarasy %) T
Fe R, saurv=/—AH, RENH S, Table 32 ICFNHORER L EKEE LY R,

3.4 BEBALVE EXAA RV

BEREOMFEDED 7L TREMBICEELBL LV Fzb s H— Y o OHHMPESE
MPEBROF) 9D 1962 #EIZT A Y W THRINTLE, {LEDER L O T REREEN LS
cRBEEOLZLTHE, BIROMRTHIMEHR SN, REFREOBIEXNENRINTE L,
L LZEDOEDI S EEE LT, TETIIVWbWABEER/LVE S (Environmental hormon)
b HARMEN B (L FEWE (Environmental Endocrine Disruptors) & FEIEN 2 HHLEY (—
HMEMLEMLETL) PREZBEL RS THD M, Zh o0& L, EFEHFIZEERZED
TWBREFEDFAAX L 280, ABREELEDTHD,

1998 FIIFBETH D A REAS BRI LW E BB~ ORET OXE HF Iz >N T—5R
BEARNVEFE ; SPEED9S) LRET 2 XENH S, SHROBER/VE KT DREHEN
fibansz?®, ghic i, 9 BEEASBEEEEDE RESRLVEL) ] L,

‘B OEENICIRY A ENBHEIC. AREFOEBANTEEN THSIERERFIL

EUERICEEL 5 2 5 50REOHME”
EEBINTVD, AMBRIZOWENDZFTAVEANIZET Yy (BEEALEY), TR
Yz (ktEdrEy), BIBEERVEY BRIBRLVEY RESALEY A Y2 ¥
ERBHY, INOEIBBENMIRT AL REAVEL, 72 BBEERLEY, RTF RRLE
VEIISEEND, BESLECVRAEBRRICBWTINOOEFE 2@ % Z2AET 5, 1998 EH
ECTAHPIREEREZETHLEZON{LFEME L LT Table 33 IR TH 10BN LT 6T
Wh, EDEEFNCEUVREL L, ETERMEEWTLELLIN, ZORKB A AF v b0
RABDEAHS,

FAAFT o id, 75 BEORMEERORV B R Y =5 - V4% (PCDD) O
TLTHDIN, FAAF Y UEERH LT, PCDD (2 135 S OR Y LYY 75 (PCDF)
&, BREEDO=27FF—PCB (Co-PCB) #&Tp, TLTZDOPT2378 -7 h77un—7
—VFF T (2,3,7,8-TCDD) MBEbBRALRBELZLDTOT, F1AF VU EOEES D WVIT
FAZFUBIC L ABREBREIMETIHBAIC. 0 23,78 TCDD OFiEE 1 & LMt
PERESEME (TEQ; Toxicity Equivalent Factor) % W5 Z & 23580y,

FAZXL 2, PCB FDMO Wb ARERNLE NZET AHIELKE 09 ORFAEILE
EAMREME RETND, ZOHMLWNL OMOBEHI 2 LTIk~ %,

BAL IEAOFHHOLE, KR, &% (~F) 3B LT PCDD & LU PCDF % B
FRNCHIE L, BRICBTHFAAX T VEORM LGB AR~ T, BREKE L ik, B
G2 ¥ OMRBEBRE 2 £ 2275006 L LT, CNP R PCP 72 ¥ DB AR5 R L HEE LT,

HEICBITAHRAEO A AX Y VEHER L~V E 2 DRETME LR TR P, BmeE
L~ULix DDT>PCBs>HCHs>HCB>PCDFs>)PCDD DA T, #OBE IS E AR & A MM
ZRLIZ, TROLEMENRZ N NERTTEADREN, A VEFLF TR ELVEVERmZT
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L7z, PCDDs/PCDFs D#FHEEA M T 5 L. BEAK (AARALREKD) REOBEBRMBIN
LOBKBIRE LTEERBISEZRLTWS L,

W (EEW) OEH%E YPb LV ERBERZITV., BERICEENI X4 U HERO
BE b LY RET 21T 2B 2 Tid, CI2 19 tHEISOEEEN O ¥ 4 4%V VB OEE
BROIL, TOHR 20 MEBLIIRENRKES LR L EBHALE,

35 FAAXL LV EORIE

RERK L LTEBOBRBHICE SN2 ABERILEYOENLRSITEL LT, Petick b 2
IXHPLC VAT AIZE W IHERTF L 2 2BMEEREL72% ECD-GC 2L Y PCB EEAET S
FEERE LTS, £/ Quintanilla-Lopez 5 i, ZH T TIZHEIN TS ECD-GC (2 &
DR OABERRBR BRI O EL LLBRET L. 88%LL EOREINE T 36-80 ppb L~V TD
HENTRERTHY ., RENRELIRVERER»->E LTS (Fig 3.1),

Nakano & V%, 40 FED A 4 % FEIRFHIE FTRE/2 HRGC-MS/SIM (& fEREN A 7 u~ 75
TEEMEE A A4 EIRRHE) 2HAVWT, FTHAICEIT S PCDD. PCDF, PCB 0%
EEBERICEYOZEZTRELZRE L (Table 3.4 BH), FORKE, 28 D FH#E X PCB
T 2.8 ng/m’, PCDD ¥ X T PCDF i3 %12 8.6 pgm®. 8.8 pg/m’ THh -7, Z M PCDD & PCDF
OBELVSNVIE RS Y OEHATOREF LFA LA E NS, FEELE. T bORBERL
BYHOREEARE — O NG, EHEORREFRL TS,

3.6 Jur Ay EE

1974 RV T A NV=T REFEe—F V FEBBLOEY —FHELICL > T, 7o HAEHDOK
HIZX > TREEAY VBB L, i E~OBRARKEEREML, £ERCAOREICYES
Bz HAEMESER SN Y, FEAZEL ALKERMFZ, =T oL LTO Ty
DEMENEEILE 1977 FEICBB L., SORBEIR 7 v 2BHAL Tz 7 o/ AV BGORE
HIEICEEAG) > T, TORERMICL ZORBERBR EIND X D272 0 1980 4 EC i2HAREIC,
7y 1l BLO 12 BERMOMME TRV, =7 a /A RGIERTI7ar 11 BX
12 % 1981 FERE TIZ 1976 FEEZBITH L TLRL< &L 30 %HIBMES D 285 LE 9,
gL sy EHeAY VkEBiE (7uy 1l OV UBBREAR 1 L LE L XM
Y BRI % Table 3.5 (2”7,

1985 E3 A, AV VBOREICHTH Y 4 — U FOBERINZ, ZHTEBMICHAL T,
AV UBE LAY B EET 2WEICET AMROHE, SENEYIEE X ZHROE
BEEDTVD, EHIZ, FRBFEEFVABINLDL, ZRIEEVWEELBOMREITOIZ L%
RLTHBY ., BMEEOWH 12 BRI EDTHMEAFHOERE L DL DO Tholz, D 1985
FiZiX, I XV RAOT7 77—~V OREBEZRED “Fh—N" BREB L, < 1986 FEIZITX
E NASA R=URRAERICE DAY VBREHARREZLEL T, BBIZL>TAH S vER—1D
FHEEZHRL., HRICERE 5 2,

IRODORFERRRIZE T, 7 EHOBRRMBILERD HHIRAWMEY . 1987 £i2ik “F
VURBEMETAIMECETAES P A LEBER MRIREh, SO oL 3FEED
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~arEREHRIZLTVWS, 70lo0 T, FEOEEREHEES 1989 £~ 1998 (2
D3 TERBSRIIZEIR L, 1986 FEDERFITLRT S0 %O K#EFE TRV SBL I ETELDTH B,
B EEIE, 1 ASTVERENDRWZD, —EMIRE THREE LORBIRRINEZ L
W2l

L L, Y VBIIELARD LTS 2, EEBBNZE b IZMbIh s Fmiciz> T3,
1990 iz v FUCHANTZE MR ERFBE TR, ROMEEZIZRL, BAxtga Lo
WHT7 o UEEES E L 2000 EFETIIEETHZ LIV, AREARRY BRI o b 25,
KRG A EEYE O, E LETOMBEEDTZDOEEEN R EIZH>VWTHRF IR
Too SHIT, 1992 FIZA Y VEORERBOVAEEK THLBRINBD -2 bH-T, 7
VR 1996 FEETCIZ, Tk 1994 FETICRFETAI L L L, UERFEE 1,11 - FU Y
ooyt 1996 F£F TICEETLHZ LI, £, e oo gdab—Ryr, B R
n7aE7Atah—Rr e B{EAFALHRRRIIME b,

— 5 7 v 2 B, HCFCs (partially halogenated hydrochlorofluorocarbons) . HFCs
(hydrofluorocarbones) %, KV REIEKAFNOILFHE (REZ7ey) baIhEREH
BEOTTRoTHEN, ThODKRIFTOUERE L TOLER L THBILERH D, Wu
5, TRORBE7a v ORI LD T VANBELBRLORILEZR~TND,

BB O T4 V@) BEEREMENPOHEBETFH- TN TS, ZOREEOL Y Vg
BERFEEOHGE L TDEEIITZ-723 mm LRy, 7o 0BTty gl
RN TETNBOBRON-TLNR, 7oL VERIAZRLDIZR 72 163,

FV 0, R 242 nm LT O%IMRE BRI UTZBEFE ST O R L C 2MOBERT 012
£ 9)IN

O: + &5 — 0+0
COBERTVBESTE/AELTAY BN TEDS,
O+0— O

ARRKZFA Y OBREZI—EZDDL, AREDMOEIITHELY, DEREO Y HTHHIE

AKEDCDIIERARBED DHHRIZA D,
Os + 5 — 2+ 0

L LAY 0L — MIEABUMI L NDENEH D, KELAW. ER(EW. HHEL
AT EN B ILERIGOBRBTHEORZOE 2L TEY Vv O 25T 5,

WEITHRR TIRE, HREEOAYNR S ZEBEOEL A F/L CH:iCl OFT, *HiEE
Zpo< D ERLTRBEICADY, £0OEIT, BHEBICALZEREEOENE L 25 %< HW
L7,

T UREMEBET A ANTEYEOREN 7y (EX4 7 Qu7bAdah—R = CFC)
TH5H ¥ T, 1970 ERPONH G AT L — OEKFEIRCHBREOBIEIZE A L AMSD
h, HEECIED N, HOASARERSFENL, SRETIRTEAERR LAY, &2
AN, PR THREBEIZET D L, BMOEAREZ T TS, & 2iE, CFCh (Zrr—11)
& CRCl (7ar—12) %, FE 190 ~ 220 nm OENREZRIN L TKRDO L S WHE L, KIittE
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OEVERRET Cl 24T,
CFCl + 844 8f — CFCL: + Cl
CF:CL + %5 — CFCl + Cl
ZFLTRIC, ZOBRBRTFBA Y VERIST S
O+Cl — 0:+CIO
CIO+0 — 0:+Cl
209 &, BERMARRR
O:+0 — 20
W50, BPCTEEERF Cl NELRISTL2DOTA Y U OGRTEA AL, 1ED
WEEFN1 H~10FHOF Y N FEZbTénd,
Hho b HEREIEET VAL CIO %, BEFT O EETRIST 20T TR, RITHEY
EM (KEOHEZE) BEFTE, ZBIEEENO: DL REFLEMERE L.
CIO+NO2+M — CIONO: +M
DEHI R HRE D, &Y VHEOFERRER % Fig. 3.2 1277,
A DRIRIZIE K OB F ORI/ 2>V /K & S5 LI BUS (R —BUS)
HENRD S Enbild,

3.7 MiEROBERE L {CFEME

HERBBRALICHE ST ALEME L LTI TBILRFE L EE TH D0, Table 3.6 DIRELIEE
WRT LI, 7arhEOFBERILEYMOFEE L DRI,

HERIR AR (L BE IR B4 2 EEEA B A X, 1970 EROK DOV IZFREMNHHEE Y, 1980 4L
%R o TAEIZBUREICERY T b, 1992 EDV A F Vv 2A ud “EERELHEES
F TS AED RBEEBAARKN KB LTI LIk T, KRB IERICEE
DRI Lzl D,

198846 A, E> b U A —/VZEE > - HEF/BURRESE ORE T, BR{EOBIEZ®IT T,
SHEEIL LR FEOHEH A 20 %HIBTRLEWVWD BEEBNRESH, BEBLOMBEZ—EEE
L Z I OB Z Lo T,

1990 £ D F _EIRIUESKFBORGICEINIE, TOFFREDRTZAOBMHE>D T AL, 21
HRERICIZERA T TR L Y STCTRECRE LABL LN, ZOBRERREEN L ITH
FEHIZABRD EWVD, 1992 £6 AN “EHERKEFERERE T, “BHLEN NELAED
Eizk»TEL N,

LinL, BEPRTAOEERTH S ZBLKFEOHIRBIL, SEOEEL XX TR LX—HE
CHEBICBEFR L, BFFEBOMENZ SR NBEZ L EMND, FEORYLIZADT. 8L E
L& LO TRERZRRIZH D, 1991 FREROMILADO— D, RE(LOETIEROE
Fizhs T EEE, REEOAD, BEOHOCICLIBRBILOMEL B EFN S 5EHEE O
HILTHY., b9—2F, WEFBBICOWTRAMERENSEL , 2 HICHIBE L THoD
IRENL A —VUBRETED LT HKEEL, TR ARET 28N & OB D 5,

AABFIZ, 1990 4 10 A “HEKRE(LBIIEATEE A" 2R E L, BER2EES OB L A
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A T TR FEHEH & 2000 FEE TIZ 1990 ED LA HELOINEDLZEEEE L, *
ORI Do THRERPRE., BERRHNE1T-> T3,

BB RET IO TRILKRE, A ¥y, mERER, 7o8, dEEL Y 2 EobT =R
ThHd, PCCE-RBEEIZLD L, ZhOOFELERT 1980 ~ 90 F TLRMLKRFE 55 %, A ¥
V15%, BEBLEFEE6%, 724 %R ELERSTEY, TNETNORICEEREZBE L
TTIREZEHRART 2 v /Lid Table 3.6 D L 5 IZHERI S T 5,

IPCC METI., RRFOBREDRAIARELZBRICE DX, BEVAOKMESY, Z8
{LIRFET 60 %Lh b, AZ 15 ~20 %, WEELERIT 70 ~ 80 %A LAIB T OLERHD L L
T3, ROAAHY, BRERBEZEZEETHE, TOFEEORYPETIX, 2025 FIZITZRL
RFEVEHBIIH 2 5IC2 D A0, BEOLEMITITHERED, FiLABREHEHEDOHIR
ELEETHN, TOEMIITHEEOBEROEREN D & PHRaND, TOMEDTZDIZE, &
OBRBOENREFROIMRE & EHRNRTRNREENS,
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Table 3.1 Chemicals listed in the drain standard and water environment standard*®

PEKERELS L OKERBEEETHT LN TV OME &

I Hra#emg

(1
(2)
(3)
(4)
(5)
(6)
(7N
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

N7 =R= = S
FrZ/onxF L

el Ao

Viuau A

1,2 -YZunxcyy

LI,1 - P ooy

L12 - Ry oy
LI-¥ZunaxF Ly

VA - 12-¥VuauxnF Ly
1,3 -Y7uuara~r (D-D)
FI7U AN

vV (CAT)
FARVHNT (RN FAH—T)
N

L

0 BLEHEH

(16) §

SR

(1) FI v A

a9 7v

(20) 7 v &GS

QD ARBRER DT VX KR
(22)PCB

M EEHRIEE
(23) 7 @ a R /b A
24) bT L AN2- VI naxF L
25)12-v7anrasy
Q6)p-Y7uuxrEy
QNA Y xHhFAr
QYFATV I

(29) 7 = = 1 F 4> (MEP)
BO)A Y FuaFAT

(G1) A% 8 (FHER)

(32) 7w &% =,L(TPN)
337 IHFIFR

(34)EPN

(35) 7 1 L3R & (DDVP)

(36) 7 = / 7 /7 (BPMC)
(37) A4 7~k A (IBP)

B8 o=tz

(39) hx

@0y x>y

@) 7 ZNBEY T F )~F UL
(42) FUF

43) 7 vF

(44) = v

@s)ye V77

(46) 7 v FE

(47) I E R R O TRt E
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Table 3.2 List of possible environmental endocrine disruptors?

NRWBEERZH T 5 L Bbh D {LFEWH

No. WE4 REHE A&
] A A ¥ M ® GER XSRS
2 ARV T 2 =—H (PCB) o Bk, 2 =R UK, BREGS
3 RY B 7 c=—/8F (PBB) O HERA
4 ~FHFroo~r¥r (HCB) [ A, e RIRE
5 Rygruazx/—Nn (PCP) [ BHREAI. BREH|, HEH
6 245 - NV Zoa7 = ¥ EHR @) R ELA
7 24 -Vronvx) xR O bR EH
8 73 hm— @) BREERI, H#geR, BHIs omELA
9 VN O R EH
10 T I a—i O REA
11 e O B ELA
12 ~FH oo santt
TF NIRRT FH ® Fx Al
13 R L O Fx Al
14 A=YV o 7 Al
15 e =V [ 7 a7 v O
16 trans - J F o)l o A
17 12 -Y7u%-3 -ZooFar O Al
18 DDT ® Fx A
19 DDE and DDD o Kl (DD T ORHEY)
20 ks O ®RE=Hl
21 TRY v @) 7 Al
22 Tz Ry O 7 Al
23 FANVEY v ® FHAl
24 T RALT 7y (RS TEY) O 7 hAl
25 ~TE T an [ Fr hF)
26 ~TE T LT RX AR o ~TE 7 a )OS
27 ~FFA O B RA
28 AV I O R hAl
29 A RF TN O A
30 <A LY7 R O Fem Al
31 N = B A [ BB
32 472 O i A
33 FUTFARRX ® RIEEEEL, BROBEER
34 FY T x=RAX ® ISR, REOBLEA

1
%)
s

|



35
36

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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FUZnVZ Y O
TNENT )= (CE5DHHCH)
J =T )=

4 —FT7FNT = /) —I)b
VYRV /) —VA

TENERY (2—TF N~F L)
TENBET F R UL
TENEEY (n—TFN)
THENBRY T ANF IV

T HNEEY T )L

<Y (a) BLv

24— 7wV x /) —)v
TUOEVEBEY Q2 —xFAnF )
RS T )

® Ceg CO®O0 OO0 060 00

4-=— ko b
FyE/aaAF L
TIT 4 —"T

~J I

F—Ry (Fupisal)
<P (wrra¥y)
<z RT

AF T b
ARNYTVY
LA MY
TRT7 xR L L— |k
TNk
NIRABRY
SN = D7) VG
URT

U7 A
THENEE R TFN
TENBRY~F I
THENEY S a e
AF L O_BERVCZERK
n - 7FNARB

BRELA

S ETEHER OFEL 3R AE R

S uTEMER DR 53R A R
g o JER

TG AF w7 DA HBE

TG AF v I OEERE

7T ARF v 7 OREBA

7T AT I O A[EEA|

7 AF w7 OB
(FEB B ERA)

guhrh &

75 AF v 7 O

EF G REE, RERIE

24 -V = hua bzl FohpEE
(ABEFR RS ORIERY)

7 Al

HEA

7 hAl

XA

REH
XA

—

Al
FHA
A
A

RF VR ORRIGH
el TEE, BERER

#HE (1) LRPOIFHEDIZ, 7RIV L, 6, KBLRSWBERELIEASEDh TV 5,

(2) BIEFRATIE. @IBREBEHIOHI L0, OiRBH. Hio2nwd O BREFRA R,



Table 3.3 By-products of water chlorination and their effects on people
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18)

HRANIRIRR Y & T DEKEE

EEs Al AN R HE s AREE
ZA=R=F: YN CHCl: I, BEME, BN
TueYrsaa iy CHBrCl RraEtE, BEtE, REH
rd-E VA== B CHBr:Cl JFEE
VA=E 3 9N CHBr; it
AR (H: CH:CICOOH FFIER
o u OFiEe CHCLCOOH Mg 7L o — AEEER OB, ik,

TR, IREE, FEE
N =R =y e CCI:COOH g, A% — AR,
Rk REFHEME
LI-Yraorsasy CH;CH:CHCL:  JifBEE
vr/uvarE b=k CHCILCN TR, LEERFEHENE
C7uETE M= CHBrCN LeFREHESE, RBEME
AR /A =0= g A = D % CHBTCICN TRIFHE, REKRREFLME, REE

R A=R = A = % CHCI:CN Yo th (R R R A AT T
w7 o CNCl ?
suaa’yy CCINO:2 2R RME
Ny ZoaTe hTAFE R CLCCHO I BRI et (R R E
#ruaz—n)
2-Z/uaurx/)— CslHsCl fRIEHEEERE ot —4—
24 -Yrumuaryx)—) CsHsCl2 FERENEE ot —4 —
246 - NV rmar=/)—n CeHsCls A
RALTATE R HCHO 28 SR R
TERTATE R CH3;CHO R RIFME S
MX (3-Zonp-4(¥Z7uan ERIFME

FA) -5k Fafxi—

26H) - 75 /)

RFEME HBrO, BrOs 3 E
K H20: ?
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Table 3.4 Levels of chlorinated compounds in urban air of Kobe, Japan %

MREHARPICE T 2EF LAY

Compound Range Average (ng/m®)
PCBs 09-11.7 2.8
trans-chlordane 0.06 - 0.30 0.16
cis-chlordane 0.04 - 0.22 0.12
tans-nonachlor 0.03 - 0.17 0.09
cis-nonachlor 0.001- 0.035 0.014
chlordanes* 0.12 - 0.50 0.34
o-HCH 0.01 - 0.29 0.14
B-HCH 0.01 - 0.52 0.16
HCB 0.01 - 0.15 0.04
p.p-DDE 0.003 - 0.010 0.006
PCDDs 0.0014 - 0.037 0.0086
PCDFs 0.0022 - 0.022 0.0088

chlordanes* : chlordane + nonachlor

Table 3.5 CFCs and their ozone-depletion factors
FhTva ALY R Y

WHE A A L REIRAR K
Z7u> 11 (CCLF) 1.0
712 (CClF2) 1.0
71 113 (CCLFCCIF) 0.8
Z7um 114 (CCIF:CCIF2) 1.0
71 115  (CCIFCF3) 0.6
~ua 1211 (CFBrCl) 3.0
s~2 1301 (CF3Br) 10.0
Nt 2402 (CoF4Bra) 6.0
PiEibR#E  (CCls) 1.06
LLl-hY oo ¥ 0.10
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Table 3.6 Principal anthropogenic green-house gases and GWP'®
ABTEEICAE D BH RIBEDR N R & Z OIREBE{LIEE
TEMERE AL Tor 1l 7vyv 12 —EECER

KRFPBE ppmy _bpmy ppty pptv ppbv

PEE A LI (1970-1800) 280 0.8 0 0 288

BTE (1990) 353 1.72 280 484 310

RIEDFEER 1.8 0.015 9.5 17 0.8

(0.5 %) 0.9 %) (4 %) (4 %) (0.25 %)

REHICBiTEEM [yl 50~200 10 65 130 150
1980 ~ 1990 2 /T T 55 % 15 % 17 % 7 % 6 %
D RE D OF S
100 4F A 7 — )L CHT-#IER 1 21 3,500 7,300 290
R (GWP*)

* global warming potential : & U A BLEE &H 7= ¥ OHETAIMA MG 1O K E X
) ppmv : parts per million by volume, ppbv : parts per billion by volume, pptv : parts per trillion

by volume
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Fig. 3.1 An example of gas chromatogram of organochloric pesticides™ .

temporary active chain temporary
reservoir reaction reservoir
CHg
————
B ———
e
HOC| O4 0, NO hv

&
NO
. —2 . |{clono,

Fig. 3.2 The most important chemical transformations among inorganic chlorine species in the

stratosphere except during the polar winter. Ozone depletion ocurs only while chlorine is in the forms of

Cl and CIO™.
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4. WREEFRLAEIET HH%E

KE, KE. BR, BEDHDVEAMHEOREFRMKL OO B IIHRAOR VS, BHE
OEERNLEZFIHE L7FRIE, BICHEREIFEOFRICE L TRITHSE il L5425 %9,
CDT—<IZ X DRAOBFEEE LTix, % Cik~<% Kaufmann 62 L 2 ®EFNH D ¥,

BRI T TEDO—DTHLN, NaF o AFEORTEOLERMLELRIHTE D H DI
BERBLIOCRFLZT THD, ZNHIEFWTRY ZHoOLERNE : (°Cl; 75.77% & VCl; 24.23%,
"Br; 50.69%¢& ¥'Br; 49.31%) A £, 7 v #E (F) L3 vk (D Z—2oORERMLIKE T BFTE
L. TREZF > (A) (ZITRERMEN 2,

5”amsmmMMmemammdﬂ$¥WWﬁﬁfsmmﬁ&mw&fiénéswx
IEAKOELE TRV, WETO S 'Cl BENIRO T/HhE <, MIEBRENTIZIZIE-EL T
W3,

WRENLALLRAEE T EZ Z>OFERH D, BERNAKLL TR 7 a~ 77 7E &I
(stable isotope ratio gas chromatographic mass spectrometry: IRMS) 8 & U1 A (LB B HATIE
(thermal ionisation mass spectrometry: TIMS) T# %, IRMS Tid, HIEIZEE CH:Cl 5B 5 %
23, TIMS TiX CsCl ZFH 5, ThbOWEEC OV TRETHELSE~D,

4.1 LERN AL & FMESHIREORD LS
HOENREMAEMBOEE 2 O LT < KLT-DICRFRAHREEDO LD LY, & HIE
HERBNT R 2 BT D T4 RIRZE (%, 25— I ) Z W FRERTH L Y, EARRTE
ORERNLEFR % Table 4.1 2R LA, ZZTKREOHREEFZESD, KFEILEHADE
AFE (D, HDHWIEH & LR ORMAKRIZIKNTERSNE S (FAFE) TEbEhb,
8 D=[(Ra/Rs) — 1] x 1000 %o
AL, Ra, Rs T NENA EEHERE S ORNMELED/HTH S, FURESMOTHEIZDONT
LHWENE, BLEMEN3IHEU LHATETIIROEEEOE ORMEN R OS5 L 25,
EREA 2 B A ATREIZ T 57201203 Rs & U TITEBAICHED b7z @ o FAL A3 A v
b5, Table 42 IZENENDITLFIZOWT—RANZAWV LN HHEEHEREL % £ & D72, Table 4.1
OENLAEMR T Zh & OB EREHZIXT 25D TH B,
£72, @ Ba = Re/Ra ZWHA L BOBORNMAESHIRE EPES, AL BORICEALAZR R
B ASERAL L TV BRI 3BT AR P ER LS Z L b b D, RN A IR —KIZ
LIGEWEELY &5, A1000 21 L9 +5/0hZ0WEEdThid, RMEIIREE. REZH &
LT, ROESICRLTZENTE D,
In @ 84 = In(1 + 1 8-4/1000) = 1 5.4/1000
FIFOERRELRTRNDL
o Ba = (148 "Csa/1000)/(1 4 & "Ca/1000)
Thorhb, —RIZEROEBIEDAL D L.
1000In @ 84 =84 (%) =6 *Cs -8 "Ca
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4.2 HERDLAEE AV : S OH

SO OAFESI T, KEPO SO b SO&E, EINER-OMIDLILRY, 2508
WEDOEERNMMAL S/ 2SS oFh (8§ S) #JIRL N T, BAEREDEXLOAHILENT
x5, :

KIIBEBRROMERNLHS SO2 12, 6 MS N0 ~+ 5% CDT 12725 (ALKFEHE A FY X
TOFER, CDT L Table 42 #5H), —F, WKIZIETIZ SO HlEH T T 7 oY A F LN
FHDMS o< BEED O § MS {3UTIF+20 %o CDT ETWERAED, ZOMHEERATHIZ. K
K[UCEENDMBANEMORBEN 20T < bnd,

—fRIZ, BERE (=700 WA, REAK) POREBIEL, 6 S fH23+20 % CDT 72 & DMS
AR, F72 0 ~+5% CDT 72 G{LABEIERIZE B Chv, PR EICR 7256,
WHOHRBE L AERBEOMEN —EORER TR > T35, L, BRTIIREEEEN
20bh5b, BEDiE, FARLABEGIZIERIC S S HIZRZ0E 0T, WET D ZITE
BINLRLREY 22, ZLTHHIVOED, AT THED SOF—-DMS &, KRF Ti#ELrDMS —
(802, SO&) L WHLFEEALDRETS MS ER—EDEENEINEWVWHIZ L, YEIZED
HBHLMBREIZEZITEN, bo b I<FHARNTHENIDDILELDH D,

TDEINT, WAWAREFHNPLDORERD N> THRLITH, HDWIETFREEDEWE
FUEHEEZ LR TH, MEORMELZIIE, MEORERNS1D, Z0OK 5 REERIL
EERWEFIRL, AERBRENRICETEIEHEINDLIEA S,

43 BREFEEMECET DB OB

1919 4E\= Cavendish AF ST @ Aston I3 Nature 2512 EERNMAICEA L TEWVWERE A LTS 9,

W TIZ R A (Ne) DWVEEE 20 BL 22 ODRNIENLRE D L ESH, TED Tt
WZOWTELEED TV, Aston FHEDOH T, KFE, KE, BRIZOWVWTIMOFRNLAEL L
W TR TR THDBE LT AD, HE (BLUOKE) BEBROBMENSE Y I->TEY,
WFIZHOWTIL, HEE (HCl) HAWIFEAS Y (COC) DEEENS L RBEND LI, B
BE IS BLB37 ORNLENGHER I N TWD ERRTN S,
- BREERNMMEICER Lo O#MIEK(LFIHFZE L LT, 1923 42 Dorenfeldt ¥, Bample @
Odegaarden #LILTRIRE N7 734 4 v (appatite) Fifa P OBBRINLEL S, BHE OEFEFRA
LR S TNBO TRV E WS BANLBILESIFT 2T T D O, FiEiE, EEED
BT MYV ABLOT % A FRENGHFAB L - fafAE A ThE, D) 2ETH LD
t, D72HY, D (for standard NaCl) = 1.202867. D(from appatite) = 1.202855 £\ 9 T —F i, .
FOBIZERR NG hoT2E LTV A,

1926 2 Harkins i, fRAGE LW D0 ORI P OEFRFNLx & KRB OZ L I
BLTHOH LTS W, FEIIMEERECL VSR OB U HILBOBERERNETH
D, FERIX. appatite, wernerite, sodalite POEFEN OB LN T-ED 35457 + 0.0002, [8
F 5% 354580 & 0.000s, &WVWIHHT, AEODETRVELTVD,

% D% Hoering HH 1960 I, ¥ 7z y ¥ —KiNGBE2FE->ERSWEBRE MV, Rehsp
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D FE & AN HCl DALFRE TRIE T 5 TR L0 | e 2BROERFMIEEZRIE L 2,
HCl O THESITZ1T 5 T L3RR (memory effect) ORIEEHEIMN, 77 oF L %
—UPBEMTHDENIFREDEH D, 51X HCl & Clz, NHsCl & HCL, NaCl & CI, PtCls* & CI',
72 E DRI T D RNEIIERSUL ORIALIAR S BIRE A K, 1.0002 76 1.0038 DIEA 1TV D,
EDIZWANWARUEEOWEAK, AL OEK, FREEEY, . 2 L THAEEZEH 100
LLEDREHZ DWW THERRN AL 2 JIE L2203, 37T 1 %lANOEB Loz &5 L
TWa,

Nier H{Z#0 TEFEHEA A ML FRNOERESIIEE 2 AV C - HEORNRLLRIE 217 -
7= ™, HCl A A Abiz &0 . HCIY, HCP*, H', CI'. CI*, CI', CI*', CI*, BXVCI1 A
ERH L, 20A A b= 2 AF— &K, PCIACl L% 3.07 £ 0.03, T2 5 3Cl = 75.4%, ¥'Cl
=24.6%& VN HEEBTND, Fig 41 1045 OBT~ 2 AT MLERT, 20k bHERE
MR DN TITN L DD ERDE T 9,

— 75 1947 FZ Urey 13§ CTIZ B EEERNCRIZEAT 8P E2HE L. 20N AS 5
IZOWTERm LTS *, T D0 TiE#gil 4 5,

1954 {7 Langvad 134 AR o< N7 7 4 —IC L VIEBRMEOLBEZRLTVWS 9,
1% & (X FHEETE O Amberlite IRA 400 & D M EMOBIEZ AV, 43 m OX 7 L% EL TKCIE
WHo Cra A 2EH L, BEEMORLL 757 v a OB RELAFLOETERSY
L, BEE—I7FOKT 57 v a o ROBRRNEMEBEOECEFTH <7, SBEE+55 Tidden
ST, WEOTZ a3 TEICRRD BPCIPC LR A TR LTz, %12 Konstantinov 5 % M
#{bAa% (LiCl, NaCl, HCl1 %) OERKEIZ L0 EERAEOGEEZRL TS 7,

1962 {2 Shields B, BAA A ALEESVIEIZ L Y EMLEREZITV, SB0OT7—# &1%1E
LW 3CL=75.770s%, 'Cl = 24.2295% & W\ H {EZEIF TN D 9,

RINLARBF R ORERIZIBUV T, 1980 R E CIZHARRICB I AR KL O BB & FH /2 AF5EC
i, RECHEORMALE L ENTHEBEOZNIZESIIE—ETHD LW ONREBL-> TV
oo LDOLZENETOSYHEEITE 1 %fRE Th 7220, BICERD L) RRERIFO#ESRIC L
Y Kaufmann 5% 1984 FiZ, DHTHEEZ = 024 %oF TRDEFIECTHELx K (Axv BB
FOKRFEHE, TRE600 mET)., HHWVITHITAK, BEK, K, HEECHE O TERR
R ZREL, MO THERRIZBITA2ZOEEZHRA L P, BAKIZOVWTEENICL LT
EIE—E T, "CIPCIELE LT 0324, 8§ "CEDEEE LTXE0.12% (o= 0.05%) LWVWH1E
ZH/THEY, ITEREEETROLIEETLSEAKEFEORMAL (SMOC; Standard Mean Ocean
Chlorine) & LT3, ZOMORETIXZ D SMOC (8 C = 0) (IR LT-1.29025+0.8 £ T
OE®;BH D Z L& R L RN OB HERICFBIEIZRI A T& 2 rfetk 2R LT,

4.4 BEREEFRAELBERMN (1) : IRMS

R FEAAELRIEEICE, FERMREENEEE L TR Tl KB 2O EN
b5, RERNAKLT A7 a~< b7 T 7EE5H7E (stable isotope ratio gas chromatographic mass
spectrometry: IRMS or GCMS) 3 L A A AL E B3 1% (thermal ionisation mass spectrometry:
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TIMS) ThD, LT, EZInoOREEOENTNE &£ ORAICE L TE~<%, £7 IRMS
(ZBE T S AFEHI G,

BN RIE DB D FEDLEF TN OO DOERINEZE X S5, HCl, Ch. COClh, 5\
XCHCI 2 ETH D, TOHRTEEBROBMER D 2NN CHCl (R A FAE/3E b A ¥
) ThDH, B LIEEA FA~OICFEEBBIEIZN S ODOFERHDH, A F A
NT7zA MEBET VB LADBAED HE, HDWIEI UL AT EEBLIRY KIS X & 5 FHik
%ETHD, Taylo'™ b EIE /AL AV EESHTEEZ AV, A FCER LT-EERB O
FENLIERIE #IT> T3, ETEHRICL VA A AL LI AF A%, +3000 VB L3000 V
TIEL, £7 5772 bERELEZ, BONET T 7 AT —3 ai3%i% Table 4.3 (R $
B, EHIX BGOERSREAAN A L AIEEOR R EZRLETWDS, £l A4 ERFMOERE
BOYE L LT, capcitive integration circuit 1= & W FFE % _LiF 23R A 05 Willey bz L > Th &,
HAL A FA-ORE TEERZ 13x10° 37205+ 0013 %2 BTN 0,

Long &% 1993 £ DR °V T, (LB EL & THEFEOHRERMELBEE R HE L T2,
HoOWEITEINT, LERIELSDIREMSIREEIZIS £ 009 % T, HRTIOK~ 2R
B OERENLALL (8 7Cl) OEENL 3.5 % Tdh o7, LATFHDDIBRRTND HEEZORLEL
ik~ B,

AL A FNVORE) - BEE 50 & 52 OFA 4 2 E, EEREO CH:Cl i3—B ZE, #K
MO UTELATF LV E LB LT,

(HFHEROFR  BEREHIRTL, KB WIIMBRR Y OB Y 2B TIEM Lz, BED
FWHIEDOT-DIZITRE 3 mg D CIBUETHD, REMN< 3 mg CVL OERITMBL TiRMEL
770
(AgCl DFHRY) : v —h—H O CIIERIZIEEE 2 INA<pH2 & L. EHEBL TCO: #RET 3,
THE Ag:COs DEREH SO THD, T2 AgNO: BIRE Mz, AgCl DILBEA*HE S, O
B, WO EB SO E—H—% TN T4+ A NV TER, BETIC 2RI E BT 5, L
TOBEIZBONTH, RICHTHI LITBHRIT S, WRSBATELD, AgNOs 1AK% ik
b U, FlBRER LRI L2 HRAT5H, £0O%, 47Tmm ¢, 045 ¢ m OREEEE/L O
— A7 4 NH—TRB|AHEL, FHEEET (WAkTiERL) 79<,

(BB DR E) : MHFDOEWARD XL 9 2B A AV 2% ELREHZ OV TiX, L#% NH«OH T
VERE L. FREENY U A% AWV THEE NN Y U AL 2 BRE | H(LSRIEE OBIEAR RV IR LT > TH
RIS %, EHEICHLERE & LEIT concNHOH & concHCl ZHWTA AL HBEZEHTE
{Z &N, OBETONEELELS T 5,

(CH:Cl ~DZEH) : 3-10 mg FROFEE L7- AgCl # Fig, 4210”1 LI RELET 4 LV ORBICA
h, AT 2 CHil & ORBRISIZ L Y CHiCl #1855, CHIBRITEAWEEZ L TWAEERH
LR, THEFEE L THD, ZOHE, BEEREZMOIEZARBIZLY, $175%3 8 CHl %
BRLTHWS, ZOCHI Z, YVar¥xy vy 7MbLiEATDH, ZOFRF, FHIE20 mTorr iZ
PR LTERE, REF 2 —7H0REERERZTHAL THL, 72 CHl OBIZTROLFERIG
DR 8IEUBREEANT D,



JAERI—Review 2001-—043

AgCl + CHsl — Agl + CHsCl
Bz X, 10 mg @ AgCHIZIE CHsl % 0.02-0.03 mL AV 5, E/2EAMY Y o PidmEEH LS O
AT 5,
CHil B CHAMAKRERTHEAIL, BRI LIELZEWKLIRET, TYVaA v bOTE

5 cmiBYVEAZ Y FBREA—F—TCHLB, LN AITIAFa2a—T2FETT=—V 7L, 7
W7 ANTEAR, BZLTA—=T AR, 110-125CT 2 HRlBW THa RIS St 5,

(CH3Cl & CHsl 438  SAEHARE T A7 o~ M7 71250 CH:Cl & CH3l %5384 %, GC
FEELHEZET A % Fig. 43287, # 7 Lid Porapak Q. 80-120 mesh, 9 mm ¢ x 1.5 m, ¥
¥ U7 HRiE He, BMZEERNBICLVELNT CH)Cl OREZE=#—35, INEITI9% TH
b, F77 CHiClEARE S A B AR OBF CHE L TR 5,

(S : CH:CLIZHBWT, CH H HBEEHN 238 ) KERMIKIIGFELRVO T, HEH 50
L5204 A T T RTCTBCCl OFEWICHETLILOTHSL, LEN-T,

8 *2(in %o) = [ (52/50) sample/ (52/50) reference - 1]10°
THY,
CH:Clsmoc (in %0) = & *(sample) - § *?(SMOC)
Thbd, 7-77L. SMOC: Standard Mean Ocean Chloride,
HESWREICERL CixE R EYET 2, SMOC A #RIE L., KEMLHRT S, NEHI%
EKS5EERMELT, 0 £007%ThhEL LE L, EWHEE L > THOHEE T2,
Long H23&7- 6 'CHEDT — 4 % Fig. 4.4 (2737,

(EAEREHC SWT) : 3HODEERKZ AW, Thbbh, (EREEL LTHEESHHO CHiC
AR, iz, BANGLHRE L7 CHCl R, AT DS VCHEE, FRLBETIZEL Y 22 <
BEOHIHEE,/ SHBZEOHBANT—ENELEXOND, ZOZ Lid, EERBLESICA
FTEXDHILEABWRTS, 20O SMOC Ofi% 8 Clsmoc &4 2%, 328 & LT, NIST OEEEE
HEME & LT3 SN TS NaCl(NBSIT5) st T D, AR5 72 6 YClsmoc & NBS975
MOE S CLE % NIST ~BETHZENEFE LY, ZOERTHOLNI NBSITS § 'ClIE,
8 ¥YClsmoc 12X L T+0.52 £ 0.02% TH -7,

ERERENMARLRIEDO IO, BEOWORBE & £I1I2, EEOREN S DEFEMBO 70t
AHLEETHD, Musashi 5137 vibAkFEEE (HF) AV THRRE»LEEZHMETHH LW
FHEEFRLTND D, ZHEEROT VA BREE DRMEIC X AERCLEVBORETE
fRTE, F/ HF EBENMI SRR VWOLLR LT, 7 v ROCFEREENEFZE RV R
BB, HOSBBRENRSC) T W EORENRH S, HF THARE 2/ L%, 8k
A A kg (Dowex-1) (CE VW F & ClamnBtd 5, £D% Cl ZRHE L. AgCl ILEH> & CHal
EDORSIZEY CHCl WL, FaT7 A by FHRO IRMS TR AL EAREST S, =
DFFECEVEBONISHEEEZS Cl (£0.12%,2 0) Thot,

REPHEEHMEEL U THEE IR T HEFEREREMEFHY (VOC: Volatile Organic Compounds)
PORBELVEFESY CO: & CHiCl O L TRINLIESHTRE L 5 F k% Holt LA LT
WA W, CruopxFLy, M rZunxFlLy, Mooz, MERELEOEE
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& VOC I ORK[TUIC—RANZR 5N DME TH AN, T OITRBHESCEARERFEMEO S
SWMHE L LTHEREATVD, Holt bDHiEIX, CI/VOC % CuO & 34T 550°C, 2 h B L, CO:
& CuCl iz 25, S OIZRI CRUSE T, CO: #FR\N -, Fig. 4.5 12789 & 912, CuCl % CHsl
AT 300°C, 2 hBEMAL, CHiCl 282 HIETH D, Boiiz CHiICLIZE 2 § "CLMEDH
FidX01%Thorz, /2, CH:Cl & CuCl IZE A2, FE CH:ICHIZEB L THhHHLREL S YCl
i3 offset & LT-023 * 0.05 %o Th o7, & CU/VOC ooz s Cl BLUS BC %
Table 4.4 27R7 23, § BC OEHHFF 34 %’z DIZFF L. 8 YCHTDT DM 45 % TH - 77,
Ll S "CHRAIEDHKENR L 01 % THY, +REOEBZE=F—FTHTLNFRTHD, §F
128 BC OF—F L TCIRAZ EIC LY VOC ORFEHRSCEREF TOXMERICE N /2T
EThortEx LD,

Jendrzejewski &I RIEF LW O O FE IR KL ORFEOFENLARIE DD D CHiCl B L
CO: HAFHEEEZWE L TWD P, 122 u LOKFELEFLIRIEE CuO & 31T 620-820 CTMEAL
CO: HAEMIHE, o7z CuCl b CH:)CHIZEWA L. FZIERIE 21T 9, BIEOHE% Fig. 4.6
WY, ZOFEICLY  ERORBEELEME AR TT> RS T, § Cl Tk 0.08
%0, 6 C Tx 0.05 %oDHEETH o7z, FrITHODMBREICL D SEOEEZHEE L, 16X
OHREZH 572 550 CTRATZTHDLAMEMEE R L TV 5,

4.5 WFREEFRMELRERN (2) : TIMS

A A ALEBHT1E (thermal ionisation mass spectrometry: TIMS) {ZB8 L T, Vengosh &% Cl
BEOBr OEEHEANZ L DA1 4V BA A AVEESHE (NTIMS) 2R AT 5 %9, 3k
EEATOLFRER LT, BEEEOWIEE OA 4 U TRIZEBA L CRNMELE JET 5 ik
FEEN £ 2% & IRMS IEIZLE LT 508, REFIRUEERIENAETHD = &c;tﬁﬂf;ﬁf&)
Do

W (1991 4E) TIMS OF LW FiEE LT, Xiao HIZBEMEBAMA LT 4 7 A2 FbInE

WL TERT D MoCIlP L A (MiZRb, CSHDOT B V&R ZHIE LT Cl ORISR %K
bb‘éii‘(i‘:’i’f%% L7237, BEOBATIE MoCl A A D T2 DA A4 AL R T v 3 % )V 2 KT
DHREFEL, LVIEWVIRE T, MCl OS5 T MCIP A Ao BE L0883 H D, M &
L ERERPLAE D2 Cs (BCs) #8AL., SHIZZOFEEMBE L. EREOREIZS
HLT,

Xiao HIXEFWEAKRMN S Ba? BIDM A A L MG CTHFAME L T, 2% HC BB 4 i L
72 ®, PTIMS (Positive-TIMS) ® Ta 7 4 7 AL MIFEBRHAT U — (BEHHE+ 80%TF / —
V) B8 LT, HCL & CsCOs 705 CsCl I 2 ICIXIR G 2 TEIZ T 2 BN H 5703, Cs:Cl
A AR OBOE R, pH 25 2-5 DEF, 377220 H Cs: CLEEMR 1 : 208 ThHHo 7=, RMAL
i mle 23 301 (Cs2®CI') & 303 (Cs2’ClY) DA A vEL AT 52 L2k BEonD, 20
FHEIT, CHCl #FVDHAA A RE IRMS L O ETFRENRE L HLOO, fEKD TIMS I
NTHEDNEDTE < (£ 0.34 %) . 3K AR IRMS KV 35 MZHEZE W HFIERH 5,
Xiao 5D 1995 FEOEE P TiX, PTIMS OREREEZE 01% (1 o) L LTW5E, EHIZHED
DI N—TFAREEZ AT Qaidam &Mt (FE) OFEAKMO S TCHEEHIE L1z @0, FoER
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BRI TIETEI42.94 %o, TJIATIE+1.35 %o, MIHHIAK TIE-0.38 %o, KM TIE-0.63 %ot & D
MxE7-, £7- Fig. 4712778512, #HAMO pH, CIEE, BLOEEL § YClHE & »E
BfREZ R L, BB OB LNRELY 206 OBENLIRLETWVS Y,
% D% Magenheim B3, Cs:Cl'D PTIMS JEEHEZHWT, HEREDOEWT M BECT T o
SNUREF DS VC PIEEERRBELTND D, %ﬂmgmﬂ%mkéwj%%mmbtﬁﬂ%
B EmfE L, SOFRFEZREL, BREANI CCl DL EMIC L TPTIMS ICL W llE LT, 5o
FEICENE, 2p gD Cl CRILIEOFINFRETH D,

4.6 FRIHIEZHR

WEOFEFEER S OEEET IR/ NSV, EFEBRLUCET 5 TCL & BCL BoRNE
PIRNHFEIND D, FFEHITZAIEEL L R, £ O—RITE R RN ORI E A BT

WREECH-T-ZEZhdEEALD,

1954 42 Bartholomew HiX t-7F /L7 05 4 | (CaHoCl) &ML D B idkEE(EF F Y T A
EDORIGIZB T AEBORMAEZI R ZFR, PCl OISEE L 7Cl L h#EL, 20T 1.008
(-0.001 ~+0.002) £ WO EEHF TS 9, fif & OEBRMMALREE T, EE»OEALT
=V L, HILKREZETHEHENAZARL, Ck OFTHRANTLFIETHH. £7 Howald
FOKBERS 12 TR L 7= AL & HCL 2 & OO Cl ZCHSIE 515 2 AR A B B~ ok
FERETFIZER W A E D CIACL I & LT : HCI(dissolved), 1.0050 %= 0.0002; HgCl, 1.0061 *
0.0009; HCI-H:0, 1.0039 £ 0.0003, SrCl, 1.0042 = 0.0003; LiCl, 1.0040 £ 0.0003, 72 & D %15
TV 9,

AL AF IV (CHC) D7 a b R RIS YCl & P Cl OFRNLEEN R AT T8
T, 'HB LV "C BRLBIZE T ARIMET 7 ME, EARIC C-Cl B LU C-H #H OERE
BLUOAEOEWMIL>THELENE ZEMRDN-Tz, CHCl 55F0 ¥Cl % 'Cl TEHB LI
L&, CCl MEMOENEZETNMHETSE 000041 nm &725, ZhbORMEDRIZLS
FfLfAS 7 NOERMBEIZ, BESNZEFTVICEDMEE S0 —FER LT,

Eggenkamp © (X IRMS OFH O F1ET, #EKNEAE L UBR I N EBREE P OB ERNLIEK
DEEE (o) ZFITVD 9, i, = -("CI/CI) precipitate/ C"C1/*5Cl) solution TEFE XL

LOMRETH DA, 5 IE NaCl, KClI, kaMgmémok%@@ﬁﬁﬁﬁrmmim TH
BOSZR1T 5 a iz 22 CTERIIZEK D, NaCl Ti; 10°In ¢ (NaCl — solution) = +0.26 = 0.07
(1 o) EVHEEB TS, Fig. 481257 L9112, & "CHEIXEOLE & #H£iI2& ()
LT DT, 6§ Cl HEWKDERYA 7 NLOEIEL LTRWDZ ENRTEETH D, 12770
Fig. 4.8 W1 L 91T, MBOEKBEPHIR VTS "CHERARERICELLT 20T, ZOEMET
X6 YCHEDOFIRIZEN W EF 2 5D,

4.7 HUERELFERBTSE

HER BB TFTES DB ORERN A E AWV IER(E NI FEIT R 1 EZ BN D
ETHoTN, WiFER L ERRVBERIMAEDEOMHEET B4RV A 2 Mz L BFEE
m&%w&wtb\%@mm¢m®§@#m5<\_nifiﬂﬁm%wﬁﬁv”mﬁuw(%
20X S CH ) BIER ISV, L LRIEOSHHETTOESRIC L AIER
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EAm EL, BRAICKIT S "CUPCI wEEBZEHITX 52 E0NalfEL eV . FOMHAT & IE
KL22H 2D, .

Eggenkamp S1¥, 4 K37 Halmahera @ Kau & DM P OEFEN S YCl #BMEL. B
SRR DTGB ORMESR A RO TS P, Kau KT E TSRz H -
TR T I > 7o h, KD 0 T A LA U7 R DSTRA LB & 7o~ - RS ) s 52
EoTIHH S TS, £ ZCHBAKOHRM LY, WAWARIEIMLERL, ZOHhoEH
D6 VCl BHIE LTz, ikl AgCl iL2>6 CHsl 2V T CHCl 238 L. IRMS H#rd %
HETHD, 513 Fig. 491777 85 RREHREOEZIC L5 § "CHEDEE MM LA RAED
JEBARECE SR, ¥CL i VOl L 0 IR HERE P A <R L . & DIEBARE DL o (=Dss/Da)
i 1.0023 Th5H EHRELTWAD, ZOEIE 1947 4412 Madorsky & Nz L » TEBRIIZRD b
7oA (1.00207) &LL< —HLTW3

Magenheim 5 i3 CsCl % AV 72 PTIMS  (F5E 0.25 %o) TEIZ & 0 VRIS Mt b O B (71K L
FREL, WRICBTDIHEEFORFEELHEEL TD 9, Higsleho § YClL #i1X9 T 0.2-7.5
%oDFIFH TN L T\ e, HIERBIRE LTE XD &, ZOEBORMIESOBENEG, <>k
NMPIZHFEL T RKE OEFEOK 0% BERE (HEABRE) KHELTHIHEICRS
EWVnd,

—J7 Markl 1%, / /7 = A Lofoten Islands DR EH OER FEEE) 708§ YCl#RE L.
HMBOMBKIFMIRBELZH/BETVD 0, #5137 vbAKkFB TELZAEMREL T CHCI 2R L,
IRMS {5 T 6 'Cl KD D FIE HEIE 0.12 %) MWz, £ ORERMEE P26 SMOC &
FIEELC § YCLE (03 22H+0.11 %) %137z, #HOE, T RBOMBF OEFIIEHE~
NMPBERELOTEZL, AT (SMOC) &R URINMLAMIKOEZEDOITERE THD &9 K
EXFL TS, F% D% Eggenkamp H 65 F (carbonatite) S DOMEFRFBINMLIESHT 21TV, H
FORFEERBLETVD ), #oDBHAIFS YCLREEKIZS "0 BLUS C dRELIT-T
Wh, HHOMETHLHRAETD S YClix SMOC LRBETHY., <> hMFonzh (5 7Cl
5 447 %) LV BV ENoT, HHITV SRR A ER L -BICEZEORMESRIH
TolttEZTNHD,

WTHIZ L TH R, K, < bt POEFEOBREBRIZCOWTIE., 5% I LR 50
ROERBFHEZND,

4.8 AKIE, HITFAKR~DIEH

WARIEDE. WK D WVTHTAFICHMERP OEFBIEICHELET D, TOHFBORNMKL
DEENS, WTKDOFENRCELIZETHEHREED Z LD TE B, Desaulniers &b+ %, %
Y H ) AT DK OHETERE OB RRE & BRRMKL ST 24T, T KkoBE) %
PR P, ZORBIIRIBEMICEEE ST AP HBA LB LU TETEERH Y, HRNHEL
RODWCENTHERRENREL R0~ TRALRMETH D, T OIBUZ >N THRRIG AL
ME LTS, Thbh EEOMEIZITVETIIEV PCl AR S, =TI YCl 23 RHE
LTW3B, [FRLIRSHTOER. Z OHT KD EH~OILHBUIA 15,000 E£00F TiThhi—Z &8
M SN, THEHEEOIIED HE LA T AEIMKTHICET MR L b AKT AHRT
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o, £, GAEHEEEO~ 72 IZE D BKICHEKT 280/ P OBRFHEAKIC O THEERNL
HrEREL, TOmRERCHELH B 70,

HF A DWITHKICEEN A HFES B L @R, BEITORRCRMLESBINEEX S, ZOHR
%% Phillips Hid, HEOR TR A EFEKEE L TE X, EE (BLOKHE, BFE) Oonh%2E
MR L OVERICELE L T, HICEEOHETERDS B Tk, a0 1445
i (ion filtration) ] AL LTHOG X T D, A A DOEIERT X (mobility) 1XEREE (K
WO AL BRI ks L TOEREEX D) LEKMORE JITKEFET D, b
% ion mobility iX/KFI DOE B L D WO V- FHRIZ BT D, 51X, Fig. 4.10 (2R3 L 512,
T4 — NV RERT—F LETVHREILL > THONERELERL, J0—KEHFTWD,

Ransom & X AEER L OKEHEOHKEB TP T AKIZONTS Cl KD, — 8% FE THDL
BROKXKELREHEZEI L P, HEEIZOMBIZESOTHIEYE v FAHOERE (BLORE
1 D5 KRL ZBLIRFE) OWBRIZHOVWTERL TS,

F 77 Xiao Hid Cs:CI'D PTIMS 1% H W T, FIZhEANOIEAM 28 T2\ TE O pH,
B OHEBRE, BIOVCACEEERFEL, EICPHENTRIS LS 29 e D C14C)
ekt LT 7, FREICERE ORMELNES , BB L CTEEEYBTERINTEE
ARLTWA EE2 6N,

HTFAROARREROALH T, ATHEFE(LEWIZ L DM TRIGEE ZOECIERORE A E
FEMESTIC L > TE=F—FT 52 L L HETH D, Sturchio LI LFETHEMIZI N THIR
B L UM T KA CAH (chlorinated aliphatic hydrocarbons ; i1tk FEDOELE) =&k ->TH
QLINTGEEREL, TOMLOMTRPTOEREEY /A A % Ofh pH 72 & D434 & iz
WFRIZOWTS CL ZRIE LR O, CAH ik, ZHb=7 > MEbR#E, =K
=& &R, ZAHELIELEEFE SR EICKIDIREHREME & U THRRE 2 2{LFY
BThbH, EOITKIC =7 2 (trichloroethene; TCE) & #EHE R OBE L HERMIELD
ZIiCER L (Fig. 4.11 B3/8) . CAH O RIIMAEMFIZ L > TR HEAZRE EEiC T
TL. TOTOHKETIRIZEAVEDBPEZ RV EETRBLTND, ZOL I RABERD
BRICEMOEBHCE L CEERERMEINTOFELHATIME TS % —BIE BAINS
LOLEZBND,

49 BE, 2 ofth

ZERNAE (S BREREINFIEIIEE > 72HH (1947 4£), Urey I H, Li, B, CI, Br, 1 %
DEFEEEFNITERICE L T2 ORI RIS S OB EHEE R S E L. SEE LA TV
KRB LBRLTVD P, HEEAMEDIRIIL-TRIVEIARR TCOFR - EOLE)
ZPHIL, HEOHEIE 0031 &0 ) MR X REZTR LI, & LIZRERNMEKLOEENE %
WRDT LWLy, HEREENRER A 7 — L iZB i A RIBE OMOBEESRAICET HEREHES
D AREME R R LT,

WA (1991 4F), Tanaka HiZ 7 o VDO AN THFLEHPOEERMELEZREL, TAHER
BEEEMEORFHEDOREZM LU TS ¥, HoMEkAF A, THifkx & | SRR
F. LA -12, NV ZuoaxF Ly, Jaiyd U EORBENSMO S TC A#RIE L., -6.82 M
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54261 L WO REREBMARM LIz, TROFREDRI RS 2V IEEIC E>TAY VE
BRORRE 2 oMETH DD, BRIMIIBTDI0 0 DILEME S D\ ILE OO DK
KENIRLLEZRET D22 L8V, TOREZHET DL ENHETH A, :

—77 Price HIXEBRIMADEF~DIEHE LT, Cl & ¥Cl O NMR S34ric & 0 & Mg T
N7 2y (HSA) 25t DHHE A A ORGRIELT TS 2, #5613 HSA LOEERKEY
it & LT strong site & week site WFET DETMZEDE | ZORAGHE, o 4rv—%
ZRD TN D,

F 72 van  Warmerdam & 138k~ 2GR C A PIERIZ OV TE#ER L OIRFBRNE DM 217
W, ENROOEWEIC L DREFGROERREE &5 RREORED AR~ 2, G
HELEHME L THWE O perchloroethylene (PCE) | trichloroethylene (TCE) & L O
1,1,1-trichloroethane (TCA) T, I b ldlUttofpEEnStr ot n=H0ThHs, HH X
FTEBEZILA Y% Parr 1901 Oxygen Bomb {2 & BREEHE (ASTM method D808-91) THisE %
SYFRIREE L. BfRAIC CHsCl OJE T IRMS B2 LW § 'CL #RE L, 8T Co: DTS °C
ERIE L, 205077 74 —n5, Fig 412 27T L9112, FHEFLAEYE L7 ofliE
T L - TRE 2 SHOLE L BN/ S YCl vs & "C OMBARREE, Zo X574, B
ICL & BC o THEEORNMELE DT D Z LI LY, HERBREGRME OB, 15 YR
FRVFELGBBIT D ERWRETH D Z L AVRI NI,
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Table 4.1 Isotopic ratios of some important light elements®®
biuks e DI O 3 ANE AN STV S RIDEVALY (i
H C N 0 S
'H 99.9844 %  "C 98.89 % “N 99.64 % YO 99.763 % S 95.02 %
H 0.0156 BC L1 "N 036 "0 0.07351 BS 075
O 0.1995 S 421
S 0.02
(#5128 L TIZ Table 2.2 )
Table 4.2 International Standards for stable-isotope geochemistry
%2 ERINL A HER (L 0D 72 0 O [E B HE )
m¥k GLe) R liiked
H(6 H*) SMOW FEHE LY /K (Standard Mean Ocean Water)
Cc(s "0 PDB KRER A A FMNE—T « —EEFA{La (CaCOs)
N(8 ”N) RKEREFR RIEAHEL BN (Ar 25t
O(8 ®0) SMOW,PDB Lt M
S(§ *8) CDT Canon Diablo [E#EF D 1A F 1 | (FeS)
CI1(5 ¥cD SMOC IRUESE )Y K 3 (Standard Mean Ocean Chlorine)

(*6 D&EELZIELHD)
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Table 4.3 Mass scan of methil chloride reference sample

49)

Positive ions

Negative ions

m/e Relative intensity Major species Relative intensity Major species
35 2.8 BCl 100.0 B3l

36 1.2 H*CI -

37 1.0 Cl 324 ¢y

38 0.4 HYCl -

47 7.7 ccl 0.25 cCl

48 3.2 CH**CI 0.20 CH*CI

49 9.6 CH.”Cl + C'Cl 0.50 CH2*Cl + CV'Cl
50 100.0 CH»*Cl + CH*'CI 0.10 CH*CI

51 3.4 BCH;¥Cl + CH:CI 0.14 CH?'Cl

52 31.4 CH5"'Cl -

53 0.5 “CH:YCI —
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Table 4.4 Yields and isotopic data for duplicate analyses of various chlorinated compounds

54)

CO" CH:ClI
Compd. yield (%) 8 C (%0) yield (%) 8 *7CI(%o)
CHsCl 99 -58.77 93 -0.25
98 -58.03 91 -0.26
CH:Cl2 nm -34.17 91 +1.56
nm -34.21 91 +1.55
CHCIs nm -43.25 90 -1.51
nm -43.17 89 -1.53
CCls 100 -47.18 91 -0.02
100 -47.25 92 -0.01
C:H:Cl2 nm -27.34 88 +0.35
nm -27.37 88 +0.51
C2HCl3 nm -27.17 91 -1.32
nm -27.19 88 -1.51
C2Cls nm -24.06 89 +0.49
nm -24.09 88 +0.56
C:HsCls™ nm -25.49 80 -2.86
nm -25.58 79 -2.87
CuCl na na 99 +2.13
na na 98 +2.10
CuClz-H20 na na 95 +0.44
na na 97 +0.40

*1: nm; not measured, na; not applicable.

"preservative".

*2: Uncorrected Cl yield.

*3: solvent grade, containing 5%
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Fig. 4.1 Typical mass spectrum found in the region of HCI" . Accelerating voltage aplied to electrons

was 100 V, and magnetic field was 1175 gaus.*?
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I Vacuum

Cajon 1’7
) '« —~— Syringe

tee-join f"\

Silicone septum

Pyrex sample tube

Fig. 42 Vacuum line for the preparation of CHsCl.>"” S = stopcock, P = pressure gauge.
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Hood " : Vacuum

0 Y
LTIV e yeoo
[ ] )? &) I
CF . : : :
s GC o e b A
S CS? ®S O
) &7 n 1o el 0
G - LS g
? 14 l A g 84 & =:E,
) 3 3 § 3 & [T
% T4 TaT2 D T < £ 8 ¢ & L]
g Reference s § ; f z
2 CH3C!; 5 s 6
£ z
7]
——— Vacuum line S = stopcock M - manometer
--------- Helium line V = vaive T = cold trap

GC = gas chromatograph P ~ pressure gauge CF = cold finger

Fig. 4.3 Vacuum line for the purification of CH3CI.*"
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—+- SMOC
_f:l_ Other seawater (1)
— Marine evaporites (1,2,3, 6,8)
wa B Lakes, tacustrine evap. (3)
— Shale leachats, Milk R.(10)
GROUND WATER
o B Milk River, Ontario (10)
| I Geothermal waters (2,6)
Rl Tucson Basin (3)
ol l Stripa, Sweden (5)
T 8 Canadian Shield (4)
[ W o WS « s W N N ng:\et;rr\%ry(gill.
BASIN BRINE

Michigan (8)
] o e T
) Palo Duro, TX (9)
Gulf Coast (8)

0.0 H] AU Gutf Coast (1)
ORE DEPOSITS | m==_M_._me__=_ porphyry copper biotite (9)
. L Porphyry copper fiuids (3)
,_*L Mississippi Valiey-type TN (9)
H 1 1 1 1 1 i
-1.0 0.0 1.0 20
53 Cl, per mil

Fig. 4.4 Ranges of 6 *’Cl in natural samples studied.’” Data are presented as histograms or as mean
* 2 o, where data are more numerous. For solid histograms and bars, precision = * 0.09 % (1 ¢) or

better. For others, precision = 0.12-0.24 %0 (I ¢ ). Numbers in parentheses indicate references.
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52
G, 60
I
8 ® Reagent grade CuCt (300°C)
O L
O 40+ O CuCl from combustion of CH,C1,
;‘—_’ » (300°C)
r ¢ CuCl from combustion of CHaCI
— (250°C)
20 f
r
OL PN NP EPERTE SRR R S
0 5 10 15 20

Fig. 4.5 Yield of CHsCl vs heating time for the reaction: CuCl + CHsl — Cul + CHsCl. %

Heating Time (h)
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Boruosilicate or silica glass sealed Tube

[ CuO = 1-2ul sol @
Under vacuum

(" Cracking under vacuum
k and phase separation
as phase

Cryogenic separation .
and purification of CO,
RIS SH—

Pure CO,
A

(;hss Spectrometer )

n j}zqu”eous solution |

27 Solid residue
.. (glass + Cu0O, Cu,0) -

o 3 Dissolution G
ST of CuCl, CuCl,
" Solid residue : -~ Cl- insolution

- ' Added 10
,,,Df,“v""f‘d_"[ > _(KNoﬁ pH buffer )

AgCl :
‘Pmap.:.guon. @gCl +ICH,— CICH, AgD
: ( Gas Chromawgraphy )
—
Pure lcchJ

-----'-----_---.---d-—-‘--v-—-.-.-d

(_ Mass Spectrometer )

Fig. 4.6 Diagrammatic summary of the procedure for stable isotopic analysis of chlorine and carbon
from chlorinated solvent samples.”” after infection of the sample, the products of the combustion at
620-820 °C are treated first under vacuum (shite domain) and subsequently in aqueous solution

(gray-shaded area) .



JAERI—Review 2001—043

9
4 a
o
8 8-
£ a
o 1 a
© o)
%] i [0] a
g o]
T 64 =
> o}
35 ) o
5...
o)
1 o}
4 - T . ; . . . . .
-3 -2 -1 0 1 2
w
£ 300 g
5 b og
"6 - oo
S 200 o
= g °
© o]
Pt i
= ol
c
S 100
5 a
Q
© . o
o
o)
E O n g T g T v T . g T N g
®) -3 -2 -1 0 1 2
1.4
- C m
o
1.3
o @
o]
> A @ o
7 o o] o]
c  1.24 e
Q
O ) g
1.1 - B
. o)
1.0 . T . . — —
-3 -2 -1 0 1 2
§ 3C1(%o)

Fig. 4.7 Variation of 8 *'C] (%) with: (a) pH; (b) chloride concentration; and (c) density of

brines.tV
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— —

0.8 — \
: [
!

-1.0 T ] T ' T I T | T
0.0 0.2 0.4 0.6 o8 1.0
Fraction chioride precipitated

Fig. 4.8 Calculated & *’Cl values of the precipitate and the remaining brine.*® The bold lines indicate
the average values. The area between the short-dashed lines indicates the error for the residual brines
and the area between the long-dashed lines indicates the error for the precipitates. Note the

discontinuities in the curves for the precipitates.

0 — = -— —
[ ]
] : 7/1 :
: —e i
2
[}
e -
£ 4]
Q. L !
1) ! !
0 _ ;
L {
I B B B LA R
04 -0.3 0.2 0.1 0.0 0.1
537C|,

Fig. 49 Best-fit diffusion line for core K11 of Kau Bay, Indonesia, for the calculation of diffusion

coefficient ratio.®”



JAERI—Review 2001—043

2000 ® 6537l colculoted using
3-loyer model
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\ Koufmonn et ol (1983)
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67 Cl (Yoo SMOC)

Fig. 4.10 A comparison of calculated 5 Y'Cl as a function of depth’” with data obtained by Kaufmann
et al.’?
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] o = 0.999475
_20 [ R R I EE R B A R ST AR T B IR YT A S B
0.001 0.01 0.1 1 10 100 1000
TCE, mg/L

Fig. 4.11 Diagram showing & *’Cl value of TCE (%0) vs TCE concentration (mg/L) in water
samples.*®  Solid line is exponential best-fit yielding a = 0.999475.

PCE e Dow
PCE ® v ICI
—24 TCA A = PPG
kv Tca * Vulcan
o TCE n
O _28+Y TCA
o A ‘TCA
g -30F
X
> .TCE TCE
o =32t °
- PCE
T _34fv
=361 PCE
_ | L™ | ] 1 L
38—3 -2 -1 0 1 2 3 4 5

d37 Cl % (SMOC)
Fig. 4.12 6 *Clvs & ">C of PCE, TCE and TCA from 4 different manufacturers.®® The solvent type

is noted beside the isotopic field: Dow; Dow Chemical Company, ICI; ICI Chemicals and Polymers
Group, PPG; PPG Industries, Vulcan; Vulcan Chemicals.



JAERI—Review 2001-—043

5. BRBUHHERNKIZEIT DHF%E

M DR BINLAIL Table 2.2 (7R3 X 512, ERHIAK 30 H4EO *Cl, W 37 450 *Cl
FUHD, BEEBPOLOLEDNIES YU LEDEET OAT A Y b—7 (RI) BFEET S, F
THRIERAMAEOR G L 2D *CLIL, FHRIZ LD CAr OBRR ETER L, B s
LTHFLR2ED 10° A—F— W) BEMEL AV TCARRICELSFEL TS, TOXKAD
BCl DFERITRE S F L— 3 a VEHEEE 2 CEF OB EMEEC L 2RBBRE X550
WEBATEY, UTICBRRDMEREBOITERE 2 EORERFIETRINIEHIE TE 2,

WSHERRRNAZ KT 5 &, BARRRE (FHHAER) Obod, AamicfEshizdo
(BABENEHEMTICEDL L0, B HRECHETA L0, BLUKBERICER2ET 5L
D) Wi ens,

LUF, MEMEERCETAIMEEZONFIZL > T ORIERKT. OER, OFRFHRE,/
T N1, @FHBRER, OFRME, Ok, OEZE THHEERML MTEL BLUE®
FOM, OFBIZST TSR EE~5,

5.1 SCl U E Hefiniz B4 2 W48
715 # @ Chalk River BFRFTTIE. 1982 1 LEI AT LIz ¥ 7 ANER A BEE Y 1
/1 b (TASCC: Tandem Accelerator Superconducting Cyclotron) % V7 IESSE &R

(AMS: Accelerator Mass Spectrometer) (2 &Y, Cl ORIEAZBRIE L T2 '9, Fig. 5.1 2% D%
REERLTHDHN, 20 TASCC-AMS VAT AT, BET — & Lk X ONNE &
B, Bragg BRI, VAFERE —-LAT A VAL DHEA A S OEBH#ELR &2k x
TWb, ZOEBIZED, ¥SNRAy I 7T 00 RE+HSTHFDZ EBRTE 0, MESROEM,
AEY PR EOMBEALERHRL T3, Z0REHFEFT TIL X T 20MRemM E4R Y |
EREHEICEB T D BCOER., ZREREHOBEML, BEOR EE2FEHR L TWD, MY
AT LAOEENT A—F LIEREE Table 5.1 & 5212777,

Rochester K% (7 A U ) THERN S “CRIER EIZFIAL Tz AMS % Blt TIXFFIZ Cl
OREIZEA LTS 8, S OEE % BET 5 72 ¥ gas-filled magnet isobar separator % {5% L. *Cl
WX DEMRAE, KX, FHOF. BEEVORERBED 2 WIIMEEER E~DORHEZ K -
TWd, BT “CREDPOOLZ 7 ha AMS 2% L. 3512 "1 ORES TEE/ &
INEEER > TVDEN, 50LZANCIAER B LAdEDTEIXA 59,

Australian [ENL K% (A — A ;T U 7) TIX, Rochester KFEEE 4 A 7D AMS 2R L T *Cl
OREWCFBLTWS N, Fig. 52177 X512, ¥S & *Cl OnB»EBR L, BEDOHIEC
WART O *CLAECEM LR E2T> T 5,

E72 ANSTO (A—X +Z VU 7) @ Bird i, AMS (2L 223 (0700 3K 0 *Cl #lE O
BRIZESE °Cl OBREFRMBEZRE L7z ™, £OFERIEE LT, 1950-1960 RO FERIZ &
0 EDEROKRLTIEN 2HRES WV *CLRELF Oy — A, EFFICBITHZERF 3Cl O (n,
y) BRI LB, U7 VERPO *CL Iz L 5FEYE, 770 7R B 5 W ITIEERE ORE
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FOHEGR RRAH), A FVRO7 0 X s—=71Ck 5155, 2 8% B, dREMREI L,
Zurich (AA R) @ PSIUETH AMS Jizk Tix. **Cl AIZEHIZ AMS 28t H L, 48 MeV O b — 4
TRNAX—TIOP UTFTDONRy 7 7700 R~ ER L, —HIZ 50 B _EDORIE ST HE
b2 ¥, AgCl HILBEIC LD HFAB O EFRRELZHEM L, AERKEE, 10Y L1 *Cl o
HE W mgCl) DIOHWETE%, VAT LATT— il%tﬁﬁ%ofwé BB IZ T Y —
¥ 7 RO Summit WOKFEOSH 72 SIZ@EH S, FHHAIZL D °Cl Ao ZEHOBR 2 i
BRI TV

—% Purser X, /MEOZ T LAMHEE T2 *Cl OREEEREL T D 0, —Iz S
DY EZBET D103, TTESBERIET S 2BEL, 4142 % 30 MeV L EIZIEL, &%
FREEA A VBB TRIETASLERH DN, ZOHFXTE S A A% 15 MeVIZIIEL, &561C
TETEMEEPLL, 3 MeV IZRo oA A URIBE~RKINZHRA A% 21 MeV F THHA
LCTHIET A kxR L >T0d, ZOFRIZLEY, *S OEBENIK 1000 ZFEHR L, 10 L
D PECICI BB E K S/min OFHEERTRIERRR TH 72, LOLEL 10" LA OKIFEED
RERB~OBAIEL N E LTS,

5.2 BClLAE I B4 5 78

Tamai &1 8,y B TH D *Cl W= ERICB T DEIE, HEHEORIEDZHD
FVF e AF v rae ST T 4 —OFERRERE LY, SN T A1 TSK-gel 1C-Anion-SW
BHiEZ2&EW- 46 mm o, SO0 mm OB 7 LEH N, pH6.1 D 10% 7 =K/ 10 mM & E
FRED Y U LAORBIE CEMEHEFEA A (CI, ClOy, ClOs) % /i UES G EER & T
Lz, £OF EICHRE S 472 Nal (T BHRERHER T 2Cl oD v AR L, *Cl ofbER
RS L DA ITH> TS, £FOREE, KCl, KClOs, KClOs O hitE-FRBE - LV ART
LZECIDIZEALRICIOLFERTHET D Z LR ENHIALT,

53 BEEBRICBIET BT

Ogard 513 Nevada (7 A U h) O TFEERGMIEOH TARFD MY Fva CH) LT C
%, LSCBX W AMS OFETHIEL, BAA LD SCIrihESH B0V IBA A0 H EV LR
<HERLE B & V9 anion exclution HBEZHERLE Y, Eoni-BRE2ITICL T, kTN
EE L EBREHOMPILHRET L 2RI LTS

—J7 Phillips % {% New Mexico (7 A U ) (/)WJ/‘(ﬁG BT DHKDERROBE Y, EIERHKD
¥Cl & SHDA/XA 7 (Fig. 53 £8) % hL—H Rl L7 L TAMS 5L OVLSCIEIC L W~
7= *, Anion exclusion R & L THIHN D TARIZK L, *CHET £ 9 #1300 < 1241 LT,
THNIEWESAEORBR UL, BRLMPOEES A, KEREEEBHLLICLD b0 LH#
HLTWE,

Synal 5%, Dye-3 %A F EBEIEN A (65°11'N, 43°50'W) OHUEOKIFOKIEIZE 5 *Cl
Z 1945 N D 1985 FDOKIZHOWT AMSICEVEEL < #r L (Fig. 54 2, EERIZLIVAE
L7z *Cl REHREROETN IV INREZ VN &, REEBIZIEH L 72 “Cl OX B ER
MBR2E03FETHDZ &, - “ClOHRBRIRIZBITD FL—H & L TORAMELR £izou

1)
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THL TS ™,

KRIZHP TORERNFIE S 7285 30 7L L, +oRFR R - g0 REH ORBEERB X
Cl D434 & 3 L < F~77 Cornett 513 %0, Cl AMEMCHMAEY . B D biosphere (ZHE D
BETHEELTVWAZEFRIELT:, 513 Fig 55 (O T &) RIEZEBITHREHETLERL,
FEBEFEN) OO SIRAL 50K LFEA~ DA OB, 2O X 5 72 biosphere & & 2 BT E ORIk %
ERTHLBEMEEAERL VWD,

¥ 72 DeWayne Cecil Hid, 7 A U P REREHIB ORI 2 HEE L 72 KE O {7 DER % *H
ThHHNUDEE L, FOESD Cl IR % AMS THHT L. ALKHURIZ 381 B EBRE KO *Cl
OBETRREHELTND *,

Kato &%, EEDEBLHIZH 5 7-EA T O *Cl % Munich TRKZFED AMS # Tt 4%
Y, REFBOM MR TORFHFREFIML Y, TORFBR. Fig. 561277 &
T, FNE T Pace 72 8T Ko TEROIZEM S TE BV EF U fm & 13 R 72 2 KRR
215, MRV EOT-DORBRET — 2 2 RETHLELWRE L,

Comett HIFERBLIMEA L LTEZ®Y (AHEEL) OBLHIZEENS “ClB LTI
D AMS S EIT-7 ®, ETEEHOOERE I UVEOHMBEL BRI L. AMS OHTIC+5
ORAENL L=, AMS ¥ OFER, Fig. 5.7 23T 8912, BREWOF /O CIUCI Hix,
bFETDOENERRB DM ERL, BERBERD *Cl ~OBREORENSMIKNOE,HIZHE
S TWHZ xR L, FlbfRosmba0FERMEOTRREZERHL T 5,

54 R HRE/TRTFHEEYBES DR

JRFHREBICEE L TAERT S XCl Ik, EAMIC 5Cl OPEFMERISIC L > TERT Db
DTH DN, —RICHEF IR OBRTRE TR AHME LTHFEETHILOTH Y T *Cl
PR THDLZ &b, INFE TREVLEASOB AN P2 "CIEEEEHINT
Z 727z, Sheppard HIXEREAREIP CARK L. *Cl ODFELHERE L., ZOREIIHTD
WELZIHEL TS P, O, BEFICKRHINEEO *Cl O ARIZxH 2 3 i LB
IR, P10 20550 1 RRELE AL > TWD, 1 LEM~OBITIE 1 LY *CloF»RIEs
MIZEL, *ClOEPR~DEBIIFBERS BETRETHD L LTNA,

A4 XY A0 Parry i, EEEHNSOBENG, EHEEWE L LTo ' & *Cl OFH) 540
BTo-0, BFEEERMEHFICAT v L ARF—)bH BT Magnox A& T OEROKSLS
B LSBT K 2 ok 2 et U, BEEHEROZRWFEET T mgClkgBulk LT
DRHEBEZ/TNDE 9,

BFFORBEMEICHD a7 ) — FHIZAKT S *Cl BLO I oHfriEbBREISTH
%, Ashton 5%, Fig. S8IZTRTLHIREETa 7 ) — I olEFRLavELZHBEB L, HELZ
DUV TIE 95-100%DEINERTa L 7 U— hfio *Cl 2598 L2 ', FEFFEREICEHSRT
W7 U — FOEREITIR, 122 Bg*Cllg OFREH/HTHD, £z ar 27V — L WOs
2 : 1IZIRAELIOCTEHELZMLANLERL T H51EFEEL 6 mM NaCOs HIZHiE L, &
% - B, LSC THOHBERIEZ1TV, JHFAFEMEl a7 U — hRIZEEND *CEHERL T
W3 1,
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FEBEIEY SRR L D BREEI5 Y, FIZ °C O ~DBITE . Thi2RT 28 AM®
¥C IR &M d 5 7=, Sheppard S ITBFEEAMMDE L OEEHHRIZE TN IEFREHES
ERLE ', ZOMKEO % Table 53 (23T, SHYOEEREDO LEFERERIEL O
e (CR ) BRELSELRLZOT, RIBREGEOBRICREDOHY & A TR0 &H 5\ i3
WAERIZRT 5 C OBBE P RE S RARDWMEELEHL T 5,

5.5 FHTBREIRBOR MR 31 B 4 5

FHBIZ L > TKREF TERT S *ClLIL, B2 AX—FHBRIZ LD “Ar ORERER (spallation)
s, BIMEZ I AF—FHEFRIZLE D PArnp) *Cl BFUSIZHFET D EN TS, ZOEE
X, HEDRTEO 13 RE LR BTV 2, Jiang &% *Arln,p) **Cl BUS O % Fig. 5.9
DEHTHAELTNWD M, Fhbh ZoO/RRICED CI OERZ, FHETFZRAE - 5-10
MeV DRI 600 mb 1F & DK X AelrmifE % &,

Elmore 537 U —2 5 ROHFD ¥Clis LU Be (Tie = 1.6x10° y) % AMS THRIZE L, HuEk
WY ECTHBROEE 2L D & L2, LavL, 1700AD o> Maunder A 2% (Maunder
sunspot minimum) (23X T DWAMNTBR XN m b 00, R EENIHB TER» o7, Kby
TEENT 1 AERBCERT B & Sbhhss, Priller 5, ZOEEE KA YO Rheingau #1512/ TF
ENTHWEHNWTA IZEEND *Cl N7 LICLVBETELDOTERVWMEEZER,
Bl O ERLUBTOU A ZEB L, VA o OREE & *ClEBOBREF 7 (Fig. 5.10) '°9,
BoNF—0bid, EERBROL—I7ZHAONIRONIZLO0, BAOEEEEE L
KEBTEBOLEBER & U 1 v ¥CICI H & OB BRI R O ho Tz,

BC I FERL, BRIz TE, FHRO-ETHImIRALF —Ia—A L %Ca & OB
KR E»THAERT B, $42bb, (1) I a—Fr EOEERIE : “Calu,a) *Cl, BLUQ)
R a—F N Ko TR AERR U1 & 3CL & RS - ¥Cl(n,y) *°Cl, T3, Stone
B, FBAPTOIa—F 285 *Cl EREBELZFH~. ()OSR E2EMT e —FEdH
729 0.012 atom/u " TH Y, KO m OIS TIEHAEAP O CaiZ L5 *Cl AT 2.1 atom/g/a,
EREEH T Tt Ca DRERBUSIZE D L ON 11% & RIEDL > T2 17,

SR REMIIHFET D *Cl (T & A CHBRICL > TER L L OIS, TOEEEFITZ
EANETRTEERLNTNEDOT, BTHE (EC) BENYT o D20, BRI TONEH
113.08x10° 4E & &< 2B, T DER *Cl % Connell 513 NASA-ESA Ulysses THANCHE#H L7-5H
SfRFER T XX —p AR (HET) (L V@ISR L, 2 TofFfErtk s LT Table 54 O X
FRF—ZEH/BTVWE D, Fi- 3Cl ORI TOEHT R/LX—|% 238 MeV/u, SR TN H &
f 18 Myr LFHE LT3,

KEFTERT D ¥Cl DF 65%ITHIBHE THD “Ar ODBMEFSIZ L D b0 LHEFEND,
DEBRBIIHBEROEEIZ L2 FHBRARIC L W EEKREENH S, *Cl OB TERICEL T
JLEERFREEH ST DT — Z BE VA, Keywood HIXEFHIKTO *Cl B TREZ, A—R 7V 7T
NOA#TERIL-3REE AMS D95 Z LI L V- 19, fekTo *Cl BT &b
HRICHERT2~300 1 BETH -7, FORRITACEER L FERICE T D REE & 5HikE 04
AR DRI LEA LD THD MR LTS, £ °Cl BTROEHED, &5V ITBERK
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OV THRRTN D,

5.6 AERBIEIZBI T B HFSE

FHBEROKRD Cl #ERPECIEA LML E 0, LIELIERIA SR D “C OFEAME
EVL 500 A5 50,000 FEALATE TOFRBHRTH DAY, 30.1 TEOEHM A *Cl A

ITE D EHOEREBOERUESFREICREEBE 2 LN,

Leavy 53 E#RA9H Ly kILE S D Cl1 & AMS 1I2L 0 247 L, °Cl 12 & 2580 0ERRED
T%ﬁ%ﬁﬂtt‘w,mﬁkﬂwmﬁ¢w“a¢mﬁ' . BCI O TSI D B OM
T BESHEEMNM BV Ca & YK OBIIREIEN & WTL 5, CAr OEBEE LU
BAr OBBGE, BAPTIZEHRL O 5, K-Ar EZ OMOBEIEOERNIEE THE Ui a A8
K&, BCLIZ & VHEE LIZEROBR% Fig. 511177, ZHic kv, *Cl 2 AW ERRIERE
DA AR EIES -, Kaufman HIi3R7 7 Y 4 ¢ Magadi-Natron 22 #iD K S D CICI t %
ANASIRHEE DOREHZ OV T AMS 947 L. Magadi IO HI1IE 760 k FEICEIERICL D
HLOTHDEHE LD, THITHEFERES &RE-8L T3 7,

Plummer &34 THIEERIDT v kORIt bA S 2 AT *CICL 4T 24TV, 11,000 FiF
ERNTIXFHBRIZ L D *CL AEREN S0%BEEH N>R E2IER LTS ", ZOKFRE L
T, YRFEEZELICL>THC VLV OERWTEBEREOHINENTZr—R, HDHVIEERBED
EEZLD *CIBETOWKLEE LiFTuna,

Zreda O (IO FIETENRDEE L T L EREEAH O *CUCI tbE AMS THH L, WAWA
RRREEIZ L D XCl DEREERD T W, BAWREHI T v (bKFERE CIMBEMRE L., HILBOF T
AM S#¥E L L7z, Fig. 5121077 K512, “CUCI O EE L ERE T LW —FERLE, #
Hid, MR LV-ZETS Cl AREEROLIISFHE L T 5, « YK OERERETIE 4160 +
310 atoms *°Cl/y/mol-K. “°Ca ORAEFETid 3050 £ 210 **Cl/y/mol-Ca, ¥*Cl O ¥t F1#3% Tix (3.07
+ 0.24)x10° neutrons / (kg of rock) /y,

BCLIZ K B H T ARDENRRE 2 BEME L7z Mazor 13, $HICHITADRS ., K%, B, S0
OB+ ZETHLENEZERLTWD ", E1IE, °Cl DI & 2 ERBIEZ Do S
L) EREICEMT H729, Br, *H, “C, ‘He % — IO L, ThLnLBLNBIERE
ZAMNTAVTHET5Z L #IBL TV A,

BEORL - BEREORELR L, Dep Hld ¥Cl OEESFAEIC L VHEETHHEEZBRIL T
Do FRIZEFERN 1 mmky LTOBAIE. HE30 cm BEZT TEHA g 4720 O *Cl E&EMNSIFE—
ELTWDZENHAL, FRAEICRIHTCEL 2 LN Do Tz,

Phillips & X PUKPIIAOHEFE 2 306 E LT, *Cl B LT "Be AW T 2 T4EN G 27 T4ELL
LS A DAV TERBIEZIT>TWNS MY,

Zreda 3 Hebgen Lake Wil (7 A U #) OFEFHFO *CLAEIZ CEREmR 2 E NG 277
4?¢@E%Tfﬂfwt:k\?&b%%%%_L;ofwtﬂ%ﬂﬁwﬁﬁ%%EWKbt
115)

Milton 52N FE THEINTE L CLIZ L AERPIEELZMIEL TD 19, 5 134y,
B OWLE OA 2R B E LEERRTIEORREN | hoRIEE & ik LS L5 L (Fig.
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513 28) . “Cl ERUEHEOFPME & W< S DHEFREEHL WD

5.7 KIUEIZBET DM

SH R MC L3tz ¥ClHigAX%E (hydrology) OB THLHAMAR RI THB, FOMA L LT,
WHIZEVERS (3.01x10° y) . HIEK(EFAIZ B b E 28, T KD TCOMIEME &KV
M, FREDOBRTIA2BICEHATHEBEERS OMP TOEMRBEBIRCELZ L, 2ENHIT
bnd, FOFHMEEZRIET D9, Bentley LixA—A T U7 KED Great Artesian £ o> fh
TAROERBEE, AMSIZL D *CLOMFEIZLVIT-72 ", EOFEE Fig. 5.14 IR XL 9142,
:@@ﬂ@ﬂ?*@ﬁ%(*%)i#ak%<\ﬁmm61wokmmﬁwﬁTmmumﬁﬁu
FEORMZEMTTEREL TSI ENDMh o7z, ZOFIO L D2, *CUHIETTENS 100 HHEA
—H—DH VT ARKOBEREEHTHOIZE L RI THhbH, 20 *CLL B3LV "1 OAITERF
FUNZBT DA A OV TIL, Fabryka-Martin & & F U E TOPFFRFN %22 TER L Z DR ki
FEmLTWD )

TAVA, oy F—MEROM Tl E Ty Ol HiE (pH = 0.1) B 1000
235 2200 m HETFOHFIZ KBIZKHBEE XN Z L0355, Vourvopoulos &1F, £ DBETRATEE
AE L GRENEHBOKD ETORKBOKEBIEENTVDONENEBLREAELTHNLOMN
%, %Cl OKRILFADOIEHE L TLLAT ", ZORR, L & bRRIFEE & LHORK
BIZLTOKRKOBERHD O LN ENDNoT,

Balderer 5% bV, 4 AZ T — MO, HEMEFOIZIETN LB O TAK (R
A, BokE &) ODERRAEZ. SCIHEIZL > TIT2 TW5 ', ZARMIZ *Cl OFRINK (mass
balance) I

RC = RoCoe™ + ReqCo (1 - €M) + Reg (C - Co)

1 () (3)

DEITEED, TIT, R;EFEE CCUC, C; Cl BE mgl, R ; thoDFEFEE, Co; b4
DO Cl BEE. Ry ; IR L CEENI R - R ROFFHEL *ClC, «; B, THD, 7=, (1)
HIFKA»LET L THTAIZA-T *Cl OFFE, Q@ EE#HF o *Cl AR, G)EILEA
50 ¥CIOBA, #FRFNREL TS, ZORE tIZHOVWTHEL &

t=-N"In {C/Co(R - Reg)/ (Ro - Reg) }
LR, KOERMEHBTAZENTED, HOIRIOTIRIZLY M af RO M T KOFER
ERSTER, Fig SASIZRT LY ICHTFEND 80 TEROKE B TW5

5.8 EF EHICHT LR

AENTHREZ A LZEROBBITERRERNICEERBEICERL TS, JHE T
2N LA A OB8T Nat, K, Ca'REDBFA A ZBELAET LT, UL LR
BA A OBENT, B FRFHOFESCEEN. WA pH O/ SIZHEE &S 42 R LT
WBZ LMo T& 72, Korbmacher Hid A10 #HR OB %/ L T CI7HCOs DRSS X T
WHZLERH LN, ZOMHEL “CraflVTSLIZHELIMAL TS 2, Crofifan
~ DB Y A A X, SITS (4-acetamido-4'-isothiocyanatostilbene-2,2"-disulfonic acid) *° DIDS
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(4,4'-diisothiocyanatostilbene-2,2"-disulfonic acid) 7¢ & OFEEIZ L » THEEN 5, £7- Fig. 5.16
WRT LI, hoaF oA+ B> TOEEINL I ENHIA L, bbb, Zhb
DA F2 b CliAF 2 OMA~DERVIARPEE L TWND I ENghsiz,

BEATHHEOME TCOBITICEL T, 7IVEBEBL U7 VRBOREIIRE &S 2R/ L
TWAHEEZXLNSD, £IZTCarlsen HiL M, "I "CBEUN*Cl TINLOBEE#RL, T0
EHERE Rl ZEOFAMREEFRET L ™, ZO/KE, CEREIC O W TIERNROR
EMEZTCh, FIAMEAES VS ER D, TALSMIRET TOREMIZRIT, ¥ RI
ELTHERZ W EEHBLTWD

HMEOBKISCLDHR Y N7 FNLHROMEFALHD, bEbedhy T A% Szilard
& Chalmers 2% '"7L(n, v )'®I BUSTAERK L7 21 2, BEMHIZE Y 3 b FAns 5L =0
DIEE VY Th D (Szilard-Charmers £h5E), Muller Hid. KaSnCle-K20sBre DIRA & D 4R
FHZE > THRE L7z 3Cl OfbEREBAMA, BFRIEL~OMER, WUEEZERIS, B 21
DEREORKEEZRTEERINDZ EEWEMNI LI D,

—% Berei HIZRILAKBOBHZ TCOREOR Y N7 M LNBREFTL 20, iikdh D0k
BERO L,1-V 7oy et FRFHL, =8/ —A, 6 70 (b_X BV EDET L—X1F
EFT/unryy, Jooxd EOEREERR, KELHHVTEZFOBRBRD K *Cl ©
Ry MRS L TREAZ LEEHLMMZ LT,

Lo HixcF Lird CFClh H50WiE CRCl ORATAZAF ARV y—E LT L HDHWiE
HI 2z, PHEFERE LT ECI 2ED, By b7 MAKIRIZE > TERT BE¥EE R~ 1,
BCOl EFALEWIZITF L DEAFEBLIO HI AX R P —DE N & S ITAERBNIH X,
F72 CF:Cl £ 9 CFCl D DMEBABSIE LTHEDNTHDI e EEREL TS, 2
BHix BCl EFBL A ORMIELE LT, FR7a~<w 7T 7L 7a—HR5ER L EIRHE &
lieovtrdrra< b7 7 4 —%BERELTHWTWS, FRRRIFIEIE Chao 6 HITH
TWD ", 51 CFCl — CHe IBATAIZ, 02 HD VT HaS DAF v R V% —ZME TH
HFRE L, Ky N7 FARISICEVERLUESREKE S VAT A~ N TTT7 4 — (2805
L, ARy~ Py —PREZFHITD, ZOWRITHEEIZB T D7 LA HADENR
PRI E DN ERIEEZ 2 I L— b LTIEERTHD, —F Wang S3EMRIZEIT S *Cl DRy
N7 N ARSI, TUAREK I av NS T 74— RO T T2 TS 1,

h

59 ZOMOBFE

BCl T L ABRERURREHROIE, HDHVNE Cl OHIMN TOMEEMRRZEOBE NG, iy
DEREFRA DT HLENETSH, Ghosh LI *ClE FL—H & LT, ¥ (FvED
D) Mo DEBERHIEL 11 BEIZOWTHEBRE L THE 1 Bk, Buk, gk, 550
CTULETOK, WM., ZomoESIC L 2MBERETHD, ZORKR, 1ZEALDFE
TRERBOEE 7203, BETHARMESEEAT IR TN FIEE LT, GRhn
L= OBKHE 2 HERE L TV D

WEOHMSFHESHT & U TIEZ@E YCl(n,v)BCl BUSIZ LD ¥Cl # WD Z & B3EWVs, BAK
F AR OYKERHFIERF 45 JRR-3M IZRE S - BEHE ek (PN-3) 12k, BA4—
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F— ORI ORI ZRIHT 5 2 LA E 220 L IOV TS 53 0.715 £ #*nCl (y
B : 67133 keV) ORENAIREIZ A2 > 72 (Fig, 5.17 &) 129,

Berei Hid, L AN Y —(FHET T 7Cln, y)*¥Cl THEM LIZR Yy M7 h & BCLE BRI~
PUrEOHFFERIMORFE L ORI, BERHREFHATND 0,

WSRO T, BEFHRIEETH D “"Cl (33.99 min; B+ 53%; IT 47%) OF|FTARH
HWT&HDM, Table 5517 F & 92, MOBEFHIL TS KR EREERIZ, PETHRI & L
TOFRMEIEIENEEZ BN D, ¥ ClIE S, P8, ¥S, P, £LTYClL, "ClizE~DFa b
HDHNT R TFRIIZLDERIGIZ L > TRUET 5 Z A TE DA, Lagunas-Solar & L K #K[H
MAHBERO 7 0 b B (B — 27 I T30 MeV) (ZX 2 ¥ ClAROKmfEsE I~ 108 =
146 mb & WHFREREZB/TVD PV, FMOE, *Cl OBHEEES~OIAAEMEIZ DV T
Him LT,

800 MeV OFETRAX—T7 1 b % SFe (TR L, BEAEF: (spallation) (24 Y #kx Z2iifl%
K& L/-5EBR T, Vonach HIBEFE ORI & LT 2CICEMH 0.3 s) . MCIOER 32 min), *Cl1(¥
BWH 373 min), PCICEEH 56 min), EEMHL, ZOWEBL RO TWD W2,

Kozub &%, °Be(*S,a p v ) Cl OIS TAR L= T IRBFIRETE °Cl DO OH <%,
Fig. 518 [Z 7T LK O ITHIH L. £ OWERAZRT LI Y,



JAERI—Review 2001—043

Table 5.1 Chalk River TASCC-AMS system parameters *¥

fon source

Injector

MP tandem

Velocity filter

Gas-filled magnet

Detector

Operating mode

Stable isotope currents

Counting cycle

20 samples, spherical ionizer, 15 kV extraction

Two 450 magnetic analyses with 1 85 kV acceleration between magnets
Mass selection variatlon of accelerating and focussing voltages
Operates to 15 MV

AMS-100 MeV **Cl™, gas stripping

Electric deflection plates 85 cm long, gap 1.7 cm, max. voltage = 40 kV
Maximum magnetic field 0.3 T

Homogeneity of fields == 0.1% over | cm?

42.8° sector, 2 m radius, uniform field

Gas, 3.1 mbar N2

Entrance window-100 u g/cm® polypropylene

Longitudinal field

Active area, 11 cm x 7 cm

Length, up to 30 cm

Gas, 53 mbar isobutane

Signals, /1 E, and residual E

Range and avalanche

Constant magnetic field

Constant terminal voltage

Off-axis Faraday cups after analyzing magnet

BClL 2 s:3%Cl, 15 5; Y'CLL 2 s, **ClL, 15 s
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Table 5.2 Chalk River TASCC-AMS system performance ¢

Ion source Sample wheel change time, 5 h
Typical output current, 5 p A
Sample size £ 0.5 mg AgCl
Memory effects 102 - 10™

Injector Mass resolution ~ 170
Attenuation of 35, 37 > 10°

Terminal voltage Band pass = 25 kV
Long-term stability ~ & 5 kV

Velocily filter Attenuation of 35, 37 > 10°

Gas-filled magnet Transmission ~ 100%

%S suppression > 100 X

Throughput ~ 10 unknowns/24 h
(1992-93) Total unknowns, 236
Background limits 3337C1 < 107" **¢Cl/Cl

36 < 107" *Cl/Cl

Sample preparation:
Air and water, ~ 10" *CI/CI
Rock samples, ~ 10 **Cl/Cl

Accuracy 5-10% with repeat measurements
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Table 5.3 Chloride (Cl) in agronomic plants and plant parts sampled at boreal region of Canada'®

Plant and part Cl concentration Plant/soil concentration
(common name) (rng/ kg) ratio  (CR)
Barley heads 1900 66
Barley stalks 3600 120
Beet flesh 1100 18
Beet petiole and leaf 2800 43
Broccoli flower 920 14
Broccoli leaf 1300 20
Cabbage inner leaf 1000 16
Cabbage outer leaf 820 13
Cabbage stalk 520 8
Cantaloupe fruit and shell 420 7
Carrot petiole and leaf 640 10
Carrot flesh 420 7
Chives 1200 18
Corn cob 420 7
Corn leaf and stalk 370 6
Corn silk and sheath 250 4
Cucumber flesh 590 9
Cucumber vine 300 5

Dill weed 640 10
Green bean stem and leaf 270 4
Green bean 370 6
Lettuce leaf 790 12
Onion bulb 300 5
Onion leaf 450 7

Pea stem and leaf 450 7

Pea pod 320 5
Potato tuber 620 10
Potato stem and leaf 1300 20
Pumpkin fruit and shell 400 6
Tomato fruit 550 9
Tomato stem and leaf 690 10
Yellow bean stem and leaf 300 S
Yellow bean 450 7
Overall GM (GSD) ™ 620 (1.9) 10(2.2)
Edible parts GM (GSD) 590(1.6) 10(1.9)
Weighted by human diet™ 790 16

*a: GM - geometric mean, GSD - geomelric slandard deviation.
*b: 30% cereal, 18% polalo, 30% vegetable, 18% fruit.
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Table 5.4 Observed ratios of chlorine isotopes'®

Origin i B5Cl/Cl SCI/Cl ICI/CL C1A3CI
Cosmic radiation 63.5 52 314 494
Solar system abundances 75.0 - 24.5 32.7

(in %)

Table 5.5 Comparison of selected nuclear and physico-chemical properties of

positron-emitting  radiohalogens.'*"

Radiohalogen Fluorine-18 Chlorine-34m Bromine-75 lodine-122
Half-life (min) 109.77 31.99 95.5 3.63
Decay modes 96.9% 8 * 53%8* 75.5% 8" 77%8*
3.1% EC 47%IT 24.5% EC 23% EC
Most abundant 511 keV 511 keV 511 keV 511 keV
emissions* (193.8%) (106%) (151%) (154%)
— 2127 keV 287 keV 564 keV
(42%) (91.6%) (18%)
146 keV 141 kev 693 keV
(31.2%) (6.9%) (1.33%)
1176 keV 428 keV 793 keV
(11.3%) (4.5%) (1.26%)
3304 keV 377 keV —
(10.9%) (4.1%)
Tonic radii (A) 1.33 1.81 1.96 2.20
Electron affinities (eV) 3.448 3.613 3.363 3.063
Common radio-
chemical forms F, F2 Cr Br, Br: I, I2, 1"
Bond strengths (kcal/mol at 298 K)
X—-X 37.83 58.06 46.33 36.46
H—-X 1359 103.2 87.4 714
CeHs — X 125 95 80 64

*Emissions are listed in descending order of their abundances. There are several other emissions for °Br
(112-952 keV, 1-4.5%) not listed.
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Fig. 5.1 Schematic diagram of the TASCC AMS facility.®¥
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TOTAL ENERGY

RESIDUAL ENERGY

Fig. 5.2 Two-dimensional plot of total energy versus residual energy measured by the detector, showing

the separation of **Cl from **S and *’Cl ions.*”
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Fig. 5.3 A comparison of average northern hemisphere bomb *H fallout, decay corrected to 1985, with
calculated mean global bomb *Cl fallout. The circles represent **Cl fallout data from Dye 3 in
Greenland. The measured *°Cl (kg ice)”’ values were converted to *°Cl m? assuming 50 kg m? y’!

precipitation.®
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m = =measured fallout data
Simulated fallout data

4 4 A atomspheric tests
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Fig. 54 7°Cl fallout rates are compared with the results from model calculations.®® For the
calculations a **Cl stratospheric residence time of 2 years has been used. The arrows indicate the dates

when **Cl release to the atmosphere has been considered.
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Cl- and 3¢Cl Mass Balance

[(-l_.g Troposphere

0.06° <0.1¢

o2 4 o6
Vegetation Illg Litter
4 18 2.5 3

© o0s U 16
Soil

15.2 20
U 04 U 04
Groundwater urface Vvate 0.8

15 2|1 1 =>

a Flux (g Cl m2yr?)
b Inventory g Cl m?2
¢ Residence Time for fresh fallout (years)

Fig. 5.5 Mass balance model of Cl and *°Cl in the terrestrial biosphere.”” The numbers within the
compartménts (lower left and right hand sides) and the Cl inventory (b, g m?) and the residence time
(c, years). 'The fluxes shown beside the arrows are expressed in g Cl m? year. The calculations assume
a steady-state mass balance based on an input of 0.8 g Cl m? year' and mean Cl concentrations in the

compartment.



Thermal neutron fluence (cm-2)

Fig. 5.6 Thermal neutron fluence in the uper part of the tombstone.’”
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The ordinate indicates the

thermal neutron fluences derived from the **CI/ClI ratios on the assumption that **C] were produced only

by thermal neutrons. The squares show results obtained from a preliminary Monte Carlo calculation for

Pace's neutron fluence, where the energy output of the A-bomb assumed to be 15 kilotonnes.)
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Fig. 5.7 *CI:Cl ratios in samples of teeth and bone and in modern water samples for comparison.*®

To

Air Bleed

oL //
N

Concrete

Acid

Heater/Stirrer

Vacuum

70mi, 1M
NaOH

Fig. 5.8 Apparatus used for the digestion and separation of chlorine and iodine from concrete.'®"

the extraction flask, NaCl and Nal carrier are added to 3 M nitric acid at 70 °C to extract iodine.

hydroxide solution containing chlorine, sodium nitrite solution is added to reduce chlorate to chloride,

then silver nitrate solution is added to precipitate silver chloride.

After

3 h, potassium permanganate solution is added to the flask at 70 °C to extract chlorine. To the sodium
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Fig. 5.9 The exitation curve of *Ar(n,p)*‘Cl reaction.'® A\; Davis et al, +; Jiang et al., ; V;
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Fig. 5.10 *$CI/Cl ratio of the wine samples.'®®
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Fig. 5.11 Comparison of **CI/Cl ratio from dated samples with the calculated sea-level **CI/Cl buildup
curve.''”  Solid line is buildup calculated using data cited in the text; dashed lines include the * 20%
uncertainty for production rate of **Cl by spallation from *“’Ca and *K. Measured ratios are normalized
for chemical composition, geomagnetic latitude, elevation, and sample depth below ground surface.

Error bars represent 2 ¢ analytical uncertainty for sample ages and 1 ¢ for **CI/Cl. Symbols indicate

the different sample localities.
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Fig. 5.12 Comparison of measured versus theoretically predicted **CI/CI for the calibration samples.''?

CI36 Fossil Dating

1000 T 1 T ¥ T T LIS ] 1 T T LY ¥ LR R -

i SSP2 j

= MPSH

=

= Mastodon

m —

g) 100 N :

3 s :

(&) - I———:{—-{ Horse J
| —_ -
- HCP1 ' ' .

1 0 L L 1 i A A A1 l -y L. —t L A A L 1
10 100 ' 1000

Age by Stratigraphic or other Methods (kyr)

Fig. 5.13 Plot of ages determined by stratigraphic, optical and/or radiocarbon dating methods versus age

estimates from ¢CL"®
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Fig. 5.14 Comparison of 36Cl and hydrodynamic groundwater ages along the southern flow line as a

117)

function of flow distance from the Hooray Sandstone outcrop. Shading around the hydrodynamic age

line represents the age uncertainty resulting from an uncertainty of +50% and -25% in the ratio K/n.
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Fig. 5.16 Inhibition of **Cl uptake in bicarbonate-preincubated A10 cells by various extracellular

121)

anions. Uptake solution was nominally bicarbonate free and contained 50 mM of the indicated anion

and 5-10 kBq **Cl per ml. Uptake time was 2 min, bars indicate S.E. values.
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Fig. 5.18 Spectrum of y rays in coincidence with an « particle and a proton.*®  All labeled lines

are attributed to “°Cl unless otherwise noted. Energies are in keV. Random background from « xn and

pxn evaporation channels has been sbtracted (note zero offsets) .
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Table 6.1 Nominal specifications of MAT 252 system
MAT 252 B B 5 HrikE otk

HEsEHA 1-150 amu (10 kV)
5y fRRE CNOS: m//Jm =200 (10%%)
HD: m/m =25 (10%%)
v—7 by EHE S 2x10°
e ot IR S 1000 5 F /4 4> (m/e=44 O CO2 {Zxf L T)
FA R EE 0.5 A/mbar
TR B ARRE < 2x10° (m/e=45 D INZHTT B mle=44 O INZRIETTEEE)
o TVIEERE 0.1 nmol/s (m/e=44 T 7 F )L 3HN FOFE




(m/e)
H2 - 2/3
Cc02: 44/45/46
N2 : 28/29/30
02: 32/33/34
S02: 64/66

/—\\///\\ CH3C|: 50/52
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lon Collector
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Fig. 6.1 Principle of isotope ratio mass spectrometry for the light elements.
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Fig. 6.2 Isotope ratio mass spectrometry system.
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Dissolve the sample (in case of solid)

Concentrate (to 3 mgCl/L, if necessary)

!
Adjust pH (<pH2) with HNO:s
l
Boil the solution for a few min to remove COz
l
Add AgNOs, keep dark for 2 h
l
Check the end of reaction by adding a few more drops of AgNO:
l
Filtrate AgCl precipitate, rinse with dil. HNOs
!

Remove SO« (when necessary)
by dissolving the AgCl with NH4OH, adding BaSOsa, filtration, and re-forming AgCl with AgNOs

l
Take 3-10 mg of AgCl in a glass tube, then connect to a vacuum line
l
Add pure CHsl by a syringe under vacuum (<20 mTorr) while cooling the reaction tube by LN
!
Seal off the reaction tube while cooling it by LN
l
Anneal the tube, cover with Al foil, and keep for 2 d at 110-125 °C
1
Separate CH3Cl from CHsl by gaschromatography (Poropak Q, 80-120 mesh)
l

pure CHsCl for IRMS

Fig. 6.3 Flow-sheet of chemical procedure for the synthesis of CHsCl by Long et al.*"
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[RMS 257 Fi{t, A 5 /L BBetE 7 0 — o — 1 1]

Dissolve the sample to 3000 ppm, Cl

!
Take 1 mL of the sample solution and mix with 4 mL of a 1 M KNOs solution
to reach a high ionic strength
!
Add 2 mL of a citric acid-phosphate buffer to keep constant, low pH
(20.6 g citric acid + 0.71 g Na2HPO4-2H20 in liter water)

!

Heat at 80 “C and add 0.2 M AgNO;
l

AgCl precipitate in the hot solution
l

Filtrate AgCl precipitate (with Whatman 0.7 pm glass fiber filter, type GF/F )
!
Dry overnight, shielding from light
l
Take the AgCl precipitate with the filter in a Pyrex tube connected to a vacuum line
!
Add 100 pL. CHsl while cooling the reaction tube by LN, then evacuate and seal off
l
Keep the glass capsule at 80 °C for 2 d to obtain CH3Cl
!
Set the capsule in a GC line, break the capsule zin_d trap the gas mixture in a LN cold trap

!

Heat the trap with hot water to introduce the gas mixture to GC

!
Purify CH3Cl on GC (75 cm culumn filled with Poropak Q)
!

Fig. 6.4 Flow-sheet of chemical procedure for the synthesis of CH:Cl by Eggenkamp et al.** ¥



JAERI—Review 2001—043

7. £&9

BMBIWMEFLFERR L LT, FAKRNATLEL LT, H5WIIRREAGTDE OHEILHE
LLTHERFETHIERIZOWVWT, ZOEANER LEROLEL LOBAHERMEL H
T FROBIR & 5% OWIERBREICHONWTEE LT,

HMEQWEL ESTREL L THERBICEENICHFEET SR THY . TREMBARIIRA
RRERTHD, TOMEWITELT Y vi (RE) 24D L LTRAHB IO FETERME
ELTKRE, B, REHICAAShTEY, HROERL LUARIEHIL. T, K,
EXSH, BEZOMOSF CRUARBRGFELZ->T S,

—HEFERR BRI T OBRTELE LTV VBBIBOTX L b2 5, 7 AR,
BRBREICHTAIRBEELEPEOZ IOV TEZOETELRBRTE TH Y, FIOTERIARMEN
STILREALEME RERLVEY) OBERERL LTEORROEEENFE > TWD, 2O KL
HREROFEOEAMEIZ OV TS L7,

RICHEFBHROFRRFETHIERLERNIEOFRARELBE L, OF BT 2HRE
EFMEREEROESIT, ZhETCRAETHoZARRTO "CISCl WEBZE X 5D+
SR RBEEREIC Lz, — 2R A FAOR T YCIAClL k&2 RIET 5 RN AR EE &S5
friz (IRMS) THY., b2, BEEIXORELD LIIWAEA LI RINEELRED,
RERBMBME T b= LAERBNE VB LB EBOFE (TIMS) Tha, Zhbosy
WriEz VTR SR IERILE . KICEE DM OBFRBUT OV TR LT,

R OBRERAMEICET AHRICOWVE, FICIERERLITE (AMS) ORLE £
DISHFFE, BLUEOMOEFR R T HIHREICOVWTERE L=, BfD AMS OFEAIC X
DEREDO Cl MIENMDTHAHREICAR Y, 20 ATFERITASICIHEML TWS, RFEZAN
TBEDEERIZ L AREFTHHEBLARBESR R IN, HOVIIZBRICLITHEFROLYE
W77y AFHER R EINT,

BEICINETCOMAEFZRE R, MHROBERFMIARROBEEFREIZONTERELT,

E I

AL ba—2ELOHICH) @BEEHBIELTHE £ L BARRFHMERTRER £ IEHEE
MBREMR N —TORYE HETITEHE L ET,



1)
2)
3)

4)
5)
6)
7
8)

9)
10)
11)

12)

13)
14)
15)
16)

17)
18)

19)
20)
21)
22)

23)
24)

JAERI—Review 2001—043

BE W

BASHH LR TEAPR L IE) FE, 264 (1975).

HD.& 7 > B TR& - f)H - gEofests (WIRER) | EEERE, 143(1979).

BEEX, SHEG, LM KB, &R TTERRRKPICE T DRFIRE L O
ZREFR, RFE, BLUIURIZHOVTY 7 0 VLT, Vol 10(3), 214-220 (1995).
HAL R TET 4R (LSET ZEBE 1) A, 135 (1995).

BIAE, FEAEMS, URBE. LR eSamoiEi) SREE (1997).

RS R TERL SR BRY AT 0 70 7 (1997).

HBINZBABEME: [ —7 « A RA~=—{LFRFIL] ALHE, 184, 188 (1988).

K. W. Oum, M. J. Lakin, D. O. DeHaan, T. Brauers and B. ). Finlayson-Pitts: Formation of
molecular chlorine from the photolysis of ozone and aqueous sea-salt particles, Science
(Washington, D.C.), 279, 74-77 (1998).

EALESR: [HB4R ER(CERE 15; 947 RE, 223 (1991).

AAGHHEFESR: [P b MR &GTIEM) E (1997).

H. Kylin, E. Nordstrand, A. Sjoedin and S. Jensen: Determination of chlorinated pesticides and
PCB in pine needles - improved method for the monitoring of airborne organochlorine pollutants,
Fresenius' J. Anal. Chem., 356, 62-69 (1996).

G. Petrick, D. E. Schulz and J. C. Duinker: Clean-up of environment samples by high-performance
liqguid chromatography for analysis of organochlorine compounds by gas chromatography with
electron-capture detection, J. Chromatography, 435, 241-248 (1988).

AALFESE: (FEoM (LAERE ICETR 11 A, 1-641 (1995).
migE— ML > TR EIMO—1 L ROMEERI—) BB, 43 (1987).
AALFESR: B 5 (LFEERE ISR ) A, 11-877, 11-833, 11-779, 11-834 (1995).

H. R. Andrews, G. C. Ball, R. M. Brown, R. J. I. Cornett, W. G. Davies, B. F. Greiner, Y.
Imahori, V. T. Koslowsky, J. McKay, G. M. Milton and J. C. D. Milton: Development of the Chalk
River program for chlorine-36, Nucl. Instrum. Methods Phys. Res. B52, 243-248 (1990).
REFHRS (@R 0 [ LOEEKEE L 2oaitlik) | RELFIIES (1994).
HARBEFSH: [ 27 HAARRCESMES TRERESVE Y LHEFEQHE] A
AREFRT, 23 (1999).

VA Fx- =Y NEROR) (FAE—FR |, Hit (1997).

THRT - Fx R — [ A3 5B (FREF R EHKLL, (1998).
=7 s aNR—r (B LER¥) (REDFR , Mikst (1997).

—7 »ajlR—r FEELE, GEE BQEN. FORER, HBAOEE, FTE. &l
FME, HEESH, FREET TX<o02REFRVE VS BEHRML (1998).
SMAEME: TRERLVE ) Hitt (1998).

' BA: REFRVEY]  FERETL—y 27 2 (1998 4E).

\l



25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)
40)

41)

42)

JAERI—Review 2001—043

R TRERRERERL 2R RERNSIMRE LY E B~ OBRET O XIS EHI D
WT—REE A/ FHE SPEED'98), BREE{E . Vol.8, No.3 , 574-596 (1998).

BARK, BEET, Bbafh, BEEY. UEGE, SHBEH: THER, KK, > ME
M HWEREIZBT 24 4 4% RICET 2098 8E5E1b%¥ (. of Environm. Chem.)
Vol. 9, No. 1, 53-69 (1999).

A, REFEA, WEAK, BANL., BAEH: BT (. of Environm. Chem.) , Vol.
9(1), 1-10 (1999).

BEHM—, HOEE, WYHEYR, mAMK, & [EEMS L OKREBEER O S 1 4%
UOBICET DS N U Mg BRIE(EE (). of Environm. Chem.) . Vol.9, No.2 , 379-390
(1999).

J. E. Quintanilla-Lopez, R. Lebron-Aguilar and L. M. Polo-Diez: Comparative study of clean-up

and fractionation methods for the determination of organochlorine pesticides in lipids by gas
chromatography, J. Chromatography, 59, 303-311 (1992).

T. Nakano, M. Tsuji and T. Okuno: Level of chlorinated organic compounds in the atmosphere,
Chemosphere, 16, 1781-1786 (1987).

M. J. Molina and F. S. Rowland: Strarospheric sink for chlorofluoromethanes: Chlorine
atom-catalysed destruction of ozone, Nature, 249, 810-812 (1974).

F. Wu and R. W. Carr: Observation of the CFCLCH:0 Radical in the Flash Photolysis of
CFCI:CH3 in the Presence of O Kinetics of the Reactions of Cl and CIO with CFCI:2CH:0: and
CH:CFCIQ:., J. Phys. Chem., 99, 3128-3136 (1995).

B 8 Chlorofluorocarbons and Antarctic ozone hole, KAGAKU ({b%) 43(8), 542-543
(1988).

F. S. Rowland: Stratospheric ozone depletion by chlorofluorocarbons, Angew. Chem., Int. Ed.
Eng., 35, 1786-1798 (1996).

Andrews, J. E., Brimblecombe, P., Jickells, T. D., and Liss. P. S. : THEREREERE A (2

ER) , vaF ) ol— 7277 — 7 BRkkAEH (1999) .

H. G. M. Eggenkamp: The stable isotope geochemistry of the halogens Cl and Br: a review of 15
years development, Mineral. Mag., 62A, 343-344 (1998).

R. S. Kaufmann, A. Long, H. Bentley and S. Davis: Natural chlorine isotope variations, Nature,
309, 338-340 (1984).

EH B, MAER: TRERNMEARKRIET) RECKRF ML, 5 (1996).

F. W. Aston: The constitution of the elements, Nature, 104, 393-393 (1919).

M. Dorenfeldt: Relative determination of the atomic weight of chlorine in Bamle apatite, J. Am.
Chem. Soc., 45, 1577-1579 (1923).

W. D. Harkins and S. B. Stone: The isotopic composition and atomic weight of chlorine from
meteorites and from minerals of non-marine origin, J. Am. Chem. Soc, 48, 938-949 (1926).

T. C. Hoering and P. L. Parker: The geochemistry of the stable isotopes of chlorine, Geochim.
Cosmochim. Acta, 23, 186-199 (1961).



43)

44)

JAERI—Review 2001—043

A. O. Nier and E. E. Hanson: 4 mass-spectrographic analysis of the ions produced in HCI under
electron impact, Phys. Rev., 50, 722-726 (1936).
H. R. Owen and O. A. Schaeffer: The isotope abundances of chlorine from various sources, J.

Am.

Chem. Soc., 77, 898-899 (1955).

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

H. C. Urey: The thermodynamic properties of isotopic substances, J. Chem. Soc., 69, 562-581
(1947).

T. Langvad: Separation of chlorine isotopes by ion-exchange chromatography, Acta Chem.
Scand., 8, 526-527 (1954).

B. P. Konstantinov and E. A. Bakulin: Separation of chloride isotopes in aqueous solutions of
lithium chloride, sodium chloride, and hydrochloric acid, Russ. J. Phys. Chem., 39, 315-318
(1965).

W. R. Shields, T. J. Murphy, E. L. Garner and V. H. Dibeler: Absolute isotopic abundance ratios
and the isotopic weight of chlorine, J. Am, Chem.l Soc., 84, 1519-1522 (1962).

J. W. Taylor and E. P. Grimsrud: Chlorine isotopic ratios by negative ion mass spectrometry,
Anal. Chem., 41, 805-810(1969).

J. F. Willey and J. W. Taylor: Capacitive integration to produce high precision isotope ratio
measurements on methyl chloride and methyl bromide, Anal. Chem., 50, 1930-1933 (1979).

A. Long, C. J. Eastoe, R. S. Kaufmann, J. G. Martin, L. Wirt and J. B. Finley: High-precision
measurement of chlorine stable isotopes, Geochim. Cosmochim. Acta, 57, 2907-2912 (1993).

M. Musashi, G. Markl and R. Kreulen: Stable chlorine-isotope analysis of rock samples: New
aspects of chlorine extraction, Anal. Chim. Acta, 362, 261-269 (1998).

H. G. M. Eggenkamp: The geochemistry of chlorine isotopes, Ph.D. Thesis, Utrecht University,
The Netherlands, pp. 150 (1994).

B. D. Holt, N. C. Sturchio, T. A. Abrajano and L. J. Heraty: Conversion of chlorinated volatile
organic compounds to carbon dioxide and methyl chloride for isotopic analysis of carbon and
chiorine, Anal. Chem., 69, 2727-2733 (1997).

N. Jendrzejewski, H. G. M. Eggenkamp and M. L. Coleman: Sequential determination of chlorine
and carbon isotopic composition in single microlitre samples of chlorinates solvent, Anal. Chem.,
69, 4259-4266 (1997).

A. Vengosh, A. R. Chivas and M. T. McCulloch: Direct determination of boron and chlorine
isotopic compositions in geological materials by negative thermal-ionization mass spectrometry,
Chem. Geol. (Isot. Geosci. Sec.), 79, 333-343 (1989).

Y.-K. Xiao, L. Jin and H.-P. Qi: Investigation of thermal ion emission characteristics of graphite,
Int. J. Mass Spectr. lon Processes, 107, 205-213 (1991).

Y.-K. Xiao and C.-G. Zhang: High precision isotopic measurement of chlorine by thermal
ionization mass spectrometry of the Cs:Cl+ ion, Int. J. Mass Spectrom. lon Processes, 116,
183-192 (1992).



59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

1)

72)

73)

74)

JAERI—Review 2001—043

Y. K. Xiao, Y. M. Zhou and W. G. Liu: Precise measurement of chlorine isotopes based on
Cs:Cl+ by thermal ionization mass spectromeiry, Anal. Lett., 28, 1295-1304 (1995).

W. G. Liy, Y. K. Xiao, D. P. Sun, H. P. Qi, Y. H. Wang, L. Jin and Y. M. Zhou: 4 preliminary
study of chlorine isotopic composition of salt lakes in the Qaiam Basin, Chin. Sc. Bull., 40,
699-700 (1995).

W. G. Liu, Y. K. Xiao, Q. Z. Wang, H. P. Qi, Y. H. Wang, Y. M. Zhou and P. V. Shirodkar:
Chlorine isotopic geochemistry of salt lakes in the Qaidam Basin, China, Chem. Geol., 136,
271-279 (1997).

A. J. Magenheim, A. J. Spivack, C. Volpe and B. Ransom: Precise determination of stable
chlorine isotopic ratios in low-concentration natural samples, Geochim. Cosmochim. Acta, 58,
3117-3121 (1994).

R. M. Bartholomew, F. Brown and M. Lounsbury: Chlorine isotope effect in reactions of ter-butyl
chloride, Can. J. Chem., 32, 979-983 (1954).

R. A. Howald: lon pairs. 1. Isotope effects shown by chloride solutions in glacial acetic acid, .
Am. Chem.| Soc., 82, 20-24 (1960).

W. T. Raynes, M. Grayson, N. M. Sergeyev and N. D. Sergeyeva: *’CI/’Cl isotope effects on the
carbon and proton shielding in CH3Cl: measurement and theory, Chem. Phys. Lett., 226, 433-439
(1994).

H. G. M. Eggenkamp, R. Kreulen and A. J. Koster van Groos: Chlorine stable isotope
Jractionation in evaporites, Geochim. Cosmochim. Acta, 59, 5169-5175 (1995).

H. G. M. Eggenkamp, J. J. Middelburg and R. Kreulen: Preferential diffusion of *CI relative to
Cl in sediments of Kau Bay, Halmahera, Indonesia, Chem. Geology (Isot. Geosc. Sec.), 116,
317-325 (1994).

S. L. Madorsky and S. Strauss: Concentration of isotopes of chlorine by the counter-current
electromigration method, J. Res. Natl. Bur. Stand., 38, 185-189 (1947).

A. J. Magenheim, A. J. Spivack, P. J. Michael and J. M. Gieskes: Chlorine stable isotope
composition of the oceanic crust: Implications for Earth's distribution of chlorine, Earth Planet.
Sci. Lett., 131, 427-432 (1995)..

G. Markl, M. Musashi and K. Bucher: Chlorine stable isotope composition of granulites from
Lofoten, Norway: Implications for the Cl isotopic composition and for the source of Cl enrichment
in the lower crust, Earth and Planet. Sci. Lett., 150, 95-102 (1977).

H. G. M. Eggenkamp and A. F. Koster van Groos: Chlorine stable isotopes in carbonatites:
Evidence for isotopic heterogeneity in the mantle, Chem. Geology, 140, 137-143 (1997).

A. E. Boudreau, M. A. Stewart and A. J. Spivack: Stable Cl isotopes and origin of high-Cl
magmas of the Stillwater Comples, Montana, Geology, 25, 791-794 (1997).

D. E. Desaulniers, R. S. Kaufmann, J. A. Cherry and H. W. Bentley: *’CI-*’CI variations in a
diffusion-controlled groundwater system, Geochim. Cosmochim. Acta, 50, 1757-1764 (1986).

C. J. Eastoe, J. M. Guilbert and R. S. Kaufmann: Preliminary evidence for fractionation of stable



75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)
87)

88)

89)

90)

JAERI—Review 2001—043

chlorine isotopes in ore-forming hydrothermal systems, Geology, 17, 285-288 (1989).

C. 1. Eastoe and J. M. Guilbert: Stable chiorine isotopes in hydrothermal systems, Geochim.
Cosmochim. Acta, 56, 4247-4255 (1992).

R. S. Kaufmann, S. K. Frape, R. McNutt and C. Eastoe: Chlorine stable isotope distribution of
Michigan Basin formation waters, Appl. Geochem., 8, 403-407 (1993).

F. M. Phillips and H. W. Bentley: Isotopic fractionation during ion filtration. I. Theory, Geochim.
Cosmochim. Acta, 51, 683-695 (1987).

B. Ransom, A. J. Spivack and M. Kastner: Stable Cl isotopes in subduction-zone pore waters:
Implications for fluid-rock reactions and the cycling of chlorine, Geology, 23, 715-718 (1995).

Y. K. Xiao, W. G. Liu, Y. M. Zhou and D. P. Sun: Isotopic compositions of chlorine in brine and
saline minerals, Chin. Sci. Bull., 42, 406-409 (1997).

Sturchio, et al.: Chlorine isotope investigation of natural attenuation of trichloroethene in an
aerobic aquifer, Environ. Sci. & Technol., 32, 3037-3042 (1998).

N. Tanaka and D. M. Rye: Investigation of thermal ion emission characteristics of graphite, Int. J.
Mass Spectromet. lon Processes, 107, 205-213 (1991).

W. S. Price, N.-H. Ge, L.-Z. Hong and L.-P. Hwang: Characterization of chioride ion binding to
human serum albumin using Cl NMR null point spectral analysis, J. Am. Chem. Soc., 115,
1095-1105 (1993).

E. M. van Warmerdam, S. K. Frape, R. Aravena, R. J. Drimmie, H. Flatt and J. A. Cherry: Stable
chlorine and carbon isotope measurements of selected chlorinated organic solvents, Appl.
Geochem., 10, 547-552(1995).

H. R. Andrews, V. T. Koslowsky, J. J. J. Cornett, W. G. Davies, B. F. Greiner, Y. Imahori, J. W.
McKay, G. M. Milton and J. C. D. Milton: AMS measurements of *°Cl at Chalk River, Nucl.
Instrum. Methods Phys. Res. B92, 74-78 (1994).

P. W. Kubik, P. Sharma, R. T. D. Teng, S. Tullai-Fitzpatrick, S. Datar, U. Fehn, H. E. Gove and
D. Elmore: The AMS program at the University of Rochester, Nucl. Instrum. Methods Phys. Res.,
B52, 238-242 (1990).

KE#Z et al.: Private communication. (1998)

L. K. Fifield, T. R. Ophel, J. R. Bird, G. E. Calf, G. B. Allison and A. R. Chivas: The chlorine-36
measurement program at the Australian National University, Nucl. Instrum. Methods Phys. Res.
B29, 114-119 (1987).

J. R. Bird, N. Shahgholi, A. Jenkinson, A. Smith, L. K. Fifield, T. Ophel and G. Allan: Problems
of contamination in chlorine-36 studies, Nucl. Instr. Methods Phys. Res., sect. BS2, 348-350
(1990).

H. A. Synal, J. Beer, G. Bonani, C. Lukasczyk and M. Suter: **Cl measurements at the Zurich
AMS facility, Nucl. Instr. Meth., B92, 79-84 (1994).

K. H. Purser: AMS detection of chlorine-36 using small tandems, Nucl. Instrum. Methods Phys.
Res., Sect., B123, 167-169 (1997).



JAERI—Review 2001-—043

91) T. Tamai, S. Nishikawa, Y. Tanaka, T. Nakamura and T. Hirokatsu: Determination of specific
activity of radioactive chlorine nuclide with a radio ion chromatography, Annu. Rep. Res, React.
Inst., Kyoto Univ., 19, 124-129 (1986).

92) A.E. Ogard, J. L. Thompson, R. S. Rundberg, K. Wolfsberg, P. W. Kubik, D. Elmore and H. W.
Bentley: Migration of chlorine-36 and tritium from an underground nuclear test, Radiochim. Acta,
44-45, 213-217 (1988).

93) F. M. Phillips, J. L. Mattick, T. A. Duval, D. Elmore and P. W. Kubik: Chlorine 36 and tritium
from nuclear weapons fallout as tracers for long-term liquid and vapor movement in desert soils,
Water Resour. Res., 24, 1877-1891 (1988).

94) H. A. Synal, J. Beer, G. Bonani, M. Suter and W. Wolfli: Atmospheric Transport of
Bomb-Produced **CI, Nucl. Instr. Meth., BS2, 483-488 (1990).

95) R. J. Cornett, H. R. Andrews, L. A. Chant, W. G. Davies, B. F. Greiner, Y. Imahori, V. T.
Koslowsky, T. Kotzer, J. C. D. Milton and G. M. Milton: Is **CI from weapons' test fallout still
cycling in the atmosphere?, Nucl. Instrum. Methods Phys. Res. B123, 378-381 (1997).

96) L. DeWayne Cecil and S. Vogt: Identification of bomb-produced chlorine-36 mid-latitude glacial
ice of North America, Nucl. Instrum. Methods Phys. Res. B123, 287-289 (1997).

97) K. Kato, M. Habara, Y. Yoshizawa, U. Biebel, G. Haberstock, J. Heinzl, G. Korschinek, H.
Morinaga and E. Nolte: Accelerator mass spectrometry of chlorine-36 produced by neutrons from
the Hiroshima bomb, Int. J. Radiat. Biol., 58, 661-672 (1990).

98) R. J. Cornett, L. Chant, H. R. Andrews, W. G. Davies, B. F. Greiner, Y. Imahori, V. T.
Koslowsky, T. Kotzer, J. C. D. Milton and G. M. Milton: *C! and '*I in teeth and bones, Nucl.
Instrum. Methods Phys. Res. B123, 249-253 (1997).

99) S. C. Sheppard, L. H. Johnson, B. W. Goodwin, J. C. Tait, D. M. Wuschke and C. C. Davison:
Chlorine-36 in nuclear waste disposal 1. Assessment results for used fuel with comparison to '*I
and ''C, Waste Manage., 16, 607-614 (1996).

100) S. J. Parry, B. A. Bennett, R. Benzing and A. E. Lally: Radiochemical methods in nuclear waste
management, J. Radioanal. Nucl. Chem., 219, 191-196 (1997).

101) L. Ashton, P. Warwick and D. Giddings: The measurement of *°Cl and '*’I in concrete wastes,
Analyst, 124, 627-632 (1999).

102) {F#EYEHE: private communication (1999).

103) S. C. Sheppard, W. G. Evenden and C. R. Macdonald: Variation among chlorine concentration
ratios for native and agronomic plants, J. Environ. Radioact., 43, 65-76 (1999).

104) S. Jiang and F. Huang: Study of an origin of chlorine-36 nuclei in nature. *°Ar(n,p)**Cl reaction,
Chin. Sci. Bull., 37, 1200-1202 (1992).

105) D. Elmore, N. J. Conard, P. W. Kubik, H. E. Gove, M. Wahlen, J. Beer and M. Suter:
Chlorine-36 and beryllium-10 profiles in Greenland ice: dating and production rate variations,
Nucl. Instrum. Methods Phys. Res. B29, 207-210 (1987).

106) A. Priller, G. Korschinek, E. Nolte and W. Ruehm: 4 search for correlation between fallout of



107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

117)

118)

119)

120)

121)

JAERI—Review 2001—043

cosmogenic chlorine-36 and solar activity, Nucl. Instrum. Methods Phys. Res., B52, 618-620
(1990).

J. O. H. Stone, J. M. Evans, L. K. Fifield, G. L. Allan and R. G. Cresswell: Cosmogenic
chlorine-36 production in calcite by muons, Cosmochim. Acta, 62, 433-454 (1998).

J. J. Connel, M. A. DuVernois and J. A. Simpson: The cosmic-ray radioactive nuclide *CI and its
propagation in the galaxy, Astrophys. J., 509, L97-L100 (1998).

M. D. Keywood, L. K. Fifield, A. R. Chivas and R. G. Cresswell: Fallout of chlorine-36 to the
earth's surface in the southern hemisphere, J. Geophys. Res., [Atmos.], 103, 8281-8286 (1998).

B. D. Leavy, F. M. Phillips, D. Elmore, P. W. Kubik and E. Gladney: Measurement of
cosmogenic chlorine-36/chlorine in young volcanic rocks: an application of accelerator mass
spectrometry in geochronology, Nucl. Instrum. Methods Phys. Res., B29, 246-250 (1987).

M. A. Plummer, F. M. Phillips, J. Fabryka-Martin, H. J. Turin, P. E. Wigand and P. Sharma:
Chlorine-36 in fossil rat urine: an archive of cosmogenic nuclide deposition during the past 40,000
years, Science, 277, 538-541 (1997).

M. G. Zreda, F. M. Phillips, D. Elmore, P. W. Kubik, P. Sharma and R. I. Dorn: Cosmogenic
chlorine-36 production rates in terrestrial rocks, Earth Planet. Sci. Lett., 105, 94-109 (1991).

E. Mazor: Reinterpretation of chlorine-36 data: physical processes, hydraulic interconnections and
age estimates in groundwater systems, Appl. Geochem., 7, 351-360 (1992).

F. M. Phillips, M. G. Zreda, J. C. Gosse, J. C. Klein, J. Klein, E. B. Evenson, R. D. Hall, O. A.
Chadwick and P. Sharma: Cosmogenic *°Cl and '"Be ages of Quaternary glacial and fluvial
deposits of the Wind River Range, Wyoming, Geol. Soc. Am. Bull,, 109, 1453-1463 (1997).

M. Zreda and J. A. Noller: Ages of prehistoric earthquakes revealed by cosmogenic chlorine-36 in
a bedrock fault scarp at Hebgen Lake, Science, 282, 1097-1099 (1998).

G. M. Milton, S. J. Kramer, T. G. Kotzer, J. C. D. Milton, H. R. Andrews, L. A. Chant, R. J.
Cornett, W. G. Davies, B. I. Greiner, Y. Imahri, V. T. Koslowsky and J. W. McKay: CI/ 36 - 4
potential paleodating tool, Nucl. Instrum. Methods Phys. Res., B123, 371-377 (1997).

H. W. Bentley, F. M. Phillips, S. N. Davis, M. A. Habermehl, P. L.. Airey, G. E. Calf, D. Elmore,
H. E. Gove and T. Torgersen: Chlorine-36 dating of very old groundwater 1. The Great Artesian
Basin, Australia, Water Resour. Res., 22, 1991-2001 (1986).

J. Fabryka-Martin, S. N. Davis and D. Elmore: Applications of iodine-129 and chlorine-36 in
hydrology, Nucl. Instrum. Methods Phys. Res. B29, 361-371 (1987).

G. Vourvopoulos, J. V. Brahana, E. Nolte, G. Korschinek, A. Priller and B. Dockhorn:
Chlorine-36 measurements and the hydrology of an acid injection site, Nucl. Instrum. Methods
Phys. Res., B52, 451-454 (1990).

W. Balderer and H. A. Synal: Use of chlorine-36 as tracer for the evolution of waters in
geothermal and tectonically active areas in Western Turkey, Nucl. Instrum. Methods Phys. Res.
B123, 387 (1997).

C. Korbmacher, H. Helbig, M. Blank, S. Dressler, F. Stahl and M. Wiederholt: Characterization

— 94 —



122)

123)

124)

125)

126)

127)

128)

129)

130)

131)

132)

133)

134)

JAERI—Review 2001—043

of chloride/bicarbonate exchange‘ in A10 vascular smooth muscle cells usin chlorine-36(1-),
Biochim. Biophys. Acta, 985, 67-74 (1989).

L. Carlsen, P. Lassen, J. V. Christiansen, P. Warwick, A. Hall and A. Randall: Radio-labeling of
humic and fulvic materials for use in environmental studies, Radiochim. Acta, 58-59, 371-376
(1992).

H. Muller and 1. Hagenlocher: Chemical effects of nuclear transformations in mixed crystals,
Radiochim. Acta, 56, 73-77 (1992).

K. Berei, L. Vasaros and 1. Kiss: Reactions of recoil chlorine-38 atoms with dichloroethanes, J.
Chem. Soc., Faraday Trans. 1, 82, 3003-3011 (1986).

J. G. Lo, J. H. Chao and J. T. Chuang: Preparation of labelled **CI hydrocarbons by recoil **CI
atom reaction and detection by radio-gas chromatographic techniques, Appl. Radiat. Isot., 38,
685-688 (1987).

J.-h. Chao and J.-g. Lo: Recoil chlorine reactions with ethylene, J. Radioanal. Nucl. Chem. Articl.,
185, 355-367 (1994).

A. Y. Wang, J. G. Lo and J. H. Wang: Radio-high-performance liquid chromatographic study on
radioactive chlorine-38 compounds, J. Radioanal. Nucl. Chem., 166, 287-297 (1992).

G. Ghosh and M. C. Drew: Comparison of analytical methods for extraction of chloride from
plant tissue using chlorine-36 as tracer, Plant Soil, 136, 265-268 (1991).

KPAPIURR, AT, BREN, RILHWR: [JRR-3M SO oI & 2 284
—F—OEFMEEE R T HPETRELSHT) JAERI-Tech 98-046, H AR HIBFFERT
T (1998).

K. Berei and L. Vasaros: Substituent effects in hot replacement by recoil halogens. Part 3.
Bromine replacement by recoil and photolytic chlorine atoms, Radiochim. Acta, 77, 59-62 (1997).
M. C. Lagunas-Solar, O. F. Carvacho, F. Omar and R. R. Cima: Cyclotron production of PET
radionuclides: *™Cl (33.99 min; b+ 53%; IT 47%) with protons on natural isotopic
chlorine-containing targets, Appl. Radiat. Isot., 43, 1375-1381 (1992).

H. Vonach, A. Pavlik, A. Wallner, M. Drosg, R. C. Haight, D. M. Drake and S. Chiba: Spallation
reactions in Al and *°Fe induced by 800 MeV protons, Phys. Rev. C: Nucl. Phys., 55, 2458-2467
(1997).

R. L. Kozub, J. F. J. Shriner, M. M. Hindi, R. Holzmann, R. V. F. Janssens, T. L. Khoo, W. C.
Ma, M. Drigert, U. Garg and J. J. Kolata: Electromagnetic transitions in neutron-rich chlorine-40,
Phys. Rev. C: Nucl. Phys., 37, 1791-1793 (1988).

AR () - TRERIORER) ZHHES, 48, 323-336 (1997).



£

B

HAI% (SI) LHBER

£ SIEAHRGE XA %2 SIEHFBHzLZHf ®5 SIETHE
B’ EZ i 5 A Fr i 5 {51 EoRE E =
E XA -+ w m 4, #, O | min, h, d N E
g B\ +o07 74 kg E, 9., B s e T 1018] -~ 5 P
151 fisl »w s Vb |l L 10| 3 T
& w7 v =7 A p v it 0° | ¥ 4 G
MOFRE |7 v B v K ETANL | eV 100 | # " M
A v| mol RFEREU | o ool B B
* Eln » ¥ 35 cd 102 | ~ 7 ¢ h
T @ m|5 v 7 | rad 1 eV=1.60218% 10-1%J ' |7 #| da
& BRTIITY st 1 u=1.66054x 10" kg w s v 4
0| € v F c
100 | 3 U]
%3 EEOSHE LD STEBN w0 | v40m :‘
&4 SIEHEENK R
e 00|+ s
8 % # |aes|SIEd Wt S B BT A
B ®% M|~ A v|H| s & W P8 L
h = a—- kv N m-kg/s? T & 4 - A ;\ 107'% 7 + a
E #1, W& B+ =2 A ] Pa| N/m? < - v b
TiF-HE MR |Y 2 - 4| J | Nm ~ = | bar G
L%, KHEHRT » b+ W[ s # n Gal 1 X153 TEMBLR] $5 K B
L&, A7 -0 v C As * a0y - G ERER 1985 FFITICL 3, 2720, 16V
B/, %E,ﬁd@%ﬂ F v bV | WA v v ob oy R HL U1 uDiEiz CODATA O 1986 EHH2
53 4 3 g|7 » 7 F F C/V 5 S rad iz k -1
® = E& H|Fr - | Q) VA " o) rem A
B AV 2. KAIWREE, /o b, T-n, ~TH
i ’ H | + — x| Wb V.s 1A= 0.1nm=10""m —lvbﬁih'ﬂ‘ébfﬂﬁwﬁﬁlﬁﬂ)’f‘c
# ® ) f BT XU 7 ; :’}szif 1 b=100 fm?=10"% m? CTHHEMLI,
: YR N - ~13
;rz ; if 7 i;rﬁ‘ AR I | bar=0.1 MPa=10°Pa S.A bar ti,ﬁJIS’Clinﬁﬁk@Eﬁ’&Ebﬂ'tﬁ
: & : ;4 _ o . KRY R20h 7 3 —KHRaHLTH
s #ln - 24 ¥ Im ed-sr 1 Gal=1cm/s’=10""m/s* Z
il v o= Im/m? 1Ci=3.7x10'°Bq °
i = x | im/m - B 4. ECHMRFEBAIEATI bar, barnbk
" 4 |~ 2 v oal| Bg| s 1 R=2.58x10"*C/kg ) ; i
X _ N U (MDA mmHg #%204 537
B 0N % ®B|7 v 4| Gy | Jd/kg lrad=1cGy=10"Gy CRARTN
o OB Y ®B(y-~at+| Sy J/kg I rem=1c¢Sv=10"%Sv °
1 -] *
71| N(=10*dyn) kgf 1bf . | MPa(=10bar) kgf/cm? atm mmHg(Torr)| Ibf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
t5  1Pa.s(Ns/m>)=10P(E7 X) (g/(cmes)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 10°* 1 1.93368 x 1072
#FIEE Im%/s=10'St(2 b =2 X ) (cm?/s) 6.89476 x 107% | 7.03070 x 10" | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgf-m kW= h cal GGt& ) Btu ft  Ibf eV 1 cal = 4.18605 J (it &)
3
2 1 0101972 | 277778 x 10°” 0.238889 | 9.47813x 107 0.737562 | 6.24150 x 10'® =4.18¢J  (#L%¥)
g
| 9.80665 1 2.72407 x 107¢ 2.34270 9.29487 % 107° 7.23301 6.12082x 10? =4.1855J (15°C)
i+t 3.6 x10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65622 x 10¢ | 2.24694 % 10*® =4.1868 J (HB AT
E
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10~° 3.08747 261272x10"®  HEmE | pS ULEH)
[ 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 102} =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 | 1.28506 x 107 1 846233 % 10'® = 735.499 W
1.60218 x 1071 | 1.63377 x 107%°| 4.45050 x 1072%| 3.82743 x 10°® | 1.51857 x 10722{ 1.18171 x 10™*° 1
b5 Bq Ci ?Xk Gy rad ;‘; C/kg R g Sv rem
il 1 2.70270 x 10" sg 1 100 g 1 3876 g 1 100
;1
“1 3.7 x 109 1 0.01 1 2.58 x 104 0.01 1

(86 £ 12 A 26 BR{E)



IR A QR RB NG ORFHEKE A RERCRET VK

HER7O%ALHEEAL TGS

EHRSE100%



