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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, 35C1 and 37C1, 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, 36C1 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, 35C1,37C1,36C1.
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Table 2.1 Main chemical components in the sea water2*

fife ft

Na

Mg

Ca

K

Sr

Cl

SO4

HCO3

Br

B

F

0.5561

0.06679

0.02127

0.0206

0.00041

1.0000

0.1400

0.00749

0.003473

0.000240

0.000067

(mg/kg)

10,760

1,294

412

399

7.9

19,350

2,712

145

67

4.6

1.3

(mmol/kg)

468.0

53.2

10.2

10.2

0.090

545.0

28.2

2.38

0.84

0.39

0.068

™«"
(mg/kg)

6.9

3.9

15.0

2.1

8.1

10.6

55.9

mmm
(¥)

4.8x107

l.OxlO7

8.5xlO5

5.9x106

4 xlO6

7.3xlO7

7.9x106

8.0x104

1 xlO 8

1 xlO7

5 xlO5

: 15 mg/kg, Si;2.9 mg/kg

Table 2.2 Isotopes of chlorine4>

m
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- t ?tJt (MeV),
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3 5 C |
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3 S m C ,
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4OC ]
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32.23 m

(75.77 %)

3.01xl05 y

(24.23 %)

37.24 m

0.715 s

55.6 m

1.35 m

-21.004

-24.440

-24.294

-29.014

-29.522

-31.762

-29.798
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-29.804

-27.540

3/2+
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3+

3/2"

2+
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2
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j3 +

0 +
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]3 "98%, EC2%,

"C
D

IT

"C
D

/ r4 .51;y 0.841 (0.54) fdl

i3 +4.50

j3+2.47[34]{til, y 2.128(42), 0.146 (IT) {til

a 43, / 15; a 0.48, Ip 0.59; a a'0.08 mb

j3 "0.709; /3 +0.2; no y

a (0.7 s) 0.005, o (37 m)0.43, / 0.32

i3"4.91 (58), 2.77(11), 1.11(31);

y 1.642(40), 2.168(55)

y 0.671 (99.95)

13" 1.91 (85) {til; y 1.267 (54) {til

13--7 .5 , - 3 . 2 ; y 1.461 (77) {t!l

: ate* off a . ^J:5
0.5eV U
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Table 2.3 Symptoms of poisoning by methil chloridel5>

ait, ^fio

4 H5PH1 L C L O = 3000 ppm. (LCLo ^

Table 2.4 Na, K, and Cl concentrations in the human bodyl4)

(mg = A% mmm

<<
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163.9 152 160 > 205

37-
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152 205
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> \ (22)PCB, *5 «fcU«(23) ? P P

^ib, 4) #14,

x - ^ ^ - r l7)

(1) M J ^ n o x f i / y Trichloroethylene

CAS Registry Number = 79-01-6

y 1J V

: CHCICCh0

69.0 mmHg(25 °C)O

$ C ^ - ^ : 4.54O

131.40o itM. : 1.465O

: 1,100 mg/L (25 °C)O

: 10.2 % (25 °C)D

^ : -86.4 °CO

& : 32.2 °C0

1990 56.850 to

40

. 1, 2 — -

^ : 86.7 °CO

: 2.5 ~ 90 %

MJ ^ n

10 ~ 100 // 73

7 y h (DB P LDso

&!£ 99 %w±,

USEPA : B 2

h

, 0H7

511ti 0.29 ~ 12 // g / L "C

5:£II 15 #rf7COiftT7KIi^"e(i, h U ̂ n n x f - u y i i 1,360

0.5~ 1.0 M g/L<D$£H*S 179&ftM.0~ 10 /i g / L ^ 195

, 100 ~ 1,000 n g / L ^ 13 ̂ ft:^ 1,000 ~ 10,000 M g/L *S 1

11,528 ̂ f $ ^ 0.03 m g / L * I

27 faWft 0.03 mg/L^Mi§

.03 m g / L £ M Lfco

fi 4.92 g / kgo B6C3F1 -? $ X C l i f f l M J ^ n o x

\f Ky ̂ -^ftlicofb^t/^^tp)^ia5 H, 78

*|l«lT^*e>tl^:o (NCI)5S^^tiWffifi, IARC : 3 ,

yeast Sffl^$^lgtt^KeiilttgJ|*

857 m g / kgo
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5)

Daphnia magna

Salmo gairdneri

48-h LCso 94 mg / L

48-h LCso 120mg/L

(LCso fi

6)

« & : 2-105o

*P 0.03mg/Lo

50 ppm0

0.3 mg/L

Carbon tetrachloride

CAS Resistry Number = 56-23-5

: CCUO

(760mmHg)o

WM^fe : 5.3O

2) ^ j g

3)

: 153.82O ft H : m&W$\WLfoo M & : -22.9 °CO ^ ^ 3 6,54 °C

1.594O i=^U± : 115.2 m m H g (25°C)O T K ^ ^ S : 805 m g / L (20 °C)0

1990

50,547 t, 19,868 to

4)

5)

6)

95 %

, cox

330 *£Sk±, Molina Pjfi 30 - 50

1965 «|ft:^ 0

, Wiffifi 0.003 m g/ L

LDso tt2800 mg/kgo , 7 y 30 mg / kg bw

2 BN USEPA:B2

48 H#^ LCso (mortality)

96 H#fH1 LCso

35 mg / L

1.97 mg / L
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•. 2 -

P Pm0

m&m -. i

0.002 m g / Lo ^ T K S * 0.02 m g / Lo

n ^ V Dichloromethane

CAS Registry Number = 75-09-2

50

: CH2CI2

: 3 4 9 m m H g (20°C)

BM&& : 2.93O

2) ̂ g

3)

84.94O M & : -96.8O ^ ^ : 39.75 °CO J t S : 1.335O

: 13,000 m g / L (25°C)O ^ ^ ^ P i t i t : 5 5 % (

77,466 to

19 53 ~ 127

0 1982

101

o JrV*ls~®LM\%M\±7rils(D 1 / 1000

1360

Co 1983

0.002 ~ 5.6 pp

X 63 ^S~¥^4¥S*"C"C 527 ̂ {$* 98

0.012 mg/Lo

4) #tt

•v •> ̂  (DB P LDSO fi 1987 mg / kg, y y h "C 2,136 mg / kgo F344 7 y h {̂  78

«tfe^»ft#^t^Eti*PLT^5 t LTV̂ o Ames

20,000 ppm 30

SffifilARC : 2 B, USEPA : B 2O

5) mmmm

imm : 2-36o S ^ t l ^ ^ * ^ & : ff^MSt 100 ppmo ^EfefeJKJAfiJS^&t/

(22) PCB Polychlorinated Biphenyl

2-6

99

0.00004

, 5 ~ 250

1,000 ppm
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CAS Number = 92-52-4

PCB

PCB

210

KC -200, Ar. 1232

KC - 300, Ar. 1242

KC - 400, Ar. 1248

KC - 500, Ar. 1254

KC - 600, Ar. 1260

~$M.\YM

its
1.223 ~ 1.243

1.310 — 1.322

1.376-1.389

1.460—1.475

1.539-1.555

270

325

340

365

385

360

360

375

390

420

2) 4i

1971

11,0001,

3)

PCB

4)

5)

6)

m3

ppm,

\f

57,330 U ffflA* 590 t t £tl%o

o 1972

PCB (D

o PCB

LCso (48h)

LCso (48h)

0.3 - 10 mg / L

3 - 10 mg / L

S I S 0.5 ppm,

O") 0.5 ppm, ik

&\Z.& Lfc 1970

o i&

- P C B

0.1 ppm, ?L»fp 1 ppm,

rM) 3 ppm, ^ § s ^ ^ 5 ppm

0.2 ppm, P 0.2

(23) ^ n o * M Chloroform

CAS Registry Number = 67-66-3
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