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'Volcamc (Gas Analysis by Gas Detector Tube Method (Part 1)

(Laboratory Exammatlon)

Y. Sawada
(Seismological Section, J.M.A.)

In JMA's volcano observation, volcanic gas analysis (CO;, HsS, SO; and Cly) by Gas Detector
Tube (G.D.T.) Method has been applied, but this has the defects that the amount of four component
" gases cannot be measured at one time from one sample gas and the chemicals of G.D.T. are

. interfered with coexisting gas etc,.

The amount of H:O of volcanic gas and gases to dlssolve

into H2O cannot be determined by G.D.T. Method.
This method, however, can measure the amount of gase$ in volcanic gas, especially CO;, H:S
and SO, which partially remain coexisting with H;O and the measuring method is very simple

and speedy.
remained COg, HpS and SO
G.D.T. Method. .

‘The obtained result is as follows:

" If the amount of the remaining gases is significant, it is useful to détermine the
So, the author examined the analysis method of volcanic gas by

(1) The previous G.D.T. Method was reformed as Connection Method (Fig. 7) to remove the
. influence of interfering gas and to determine COg, H;S and SO, from mixed gas.. H;S and SO.
G.D.T. are connected orderly as ‘* Sampler-A—H,S G.D.T.—SO; G.D.T. —Sampler B’ and sample
gas is pushed into this series. CO, is determined from Sampler-B.

(2) Three components are determined at one time from one sample gas (Fig. 9~11)."

(3) High concentration sample gas to be over the measurable range of G.D.T. (Table 1) is able
to be weakened by air and measured by the Connection Method.

(4) Obtained values by the Connectlon Method have mean error of 10% comparing with those by
Chemical Analysis, but the error w111 become small with expressing as ratio of HzS/COz or SOz/v

CQ:; etc..
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Fig. 1 Gas Detector Tube (G.D.T.)

Table 1 Gas detector tubes used invtexaminatiqn

[ = 1]
¢ = _ , , .
. G.D.T.. 5 E§ | Measurable Rangé g 25 Reaction Colour Interfepng
: 2 = 5% g‘ : N Gas-
Gas Type | & “Min. .| Max. |5 & (Origin—Reacted) (Concentfation:. ppm)
(ppm) %) (%) (m?) '
: 100 0.5 10.0 30 :
I, HCN
: A ‘ Bluish violet—Pink g"g HCL €l
Co, 100 0.1 2.6 100 SR
’ P : . . TH:8(20), NO,(10), Cl;
B .50, 0. 05 0.6 100 Bluish violet—Pink (50), HCI(1100), SO:
A* 10 0.005 | 0.18 100 ~ White—Black S0;
HS B* 0.5| 0.0002| 0.015 100 White—Black , | SOx(100), NO:
c | 2 0.002 | 0.15 100 | Pale yellow—Black | CO, HCN
A | 100 0.1 | 5.0 100 * | Yellow—Light blue | H:S(100)
SO, B |- 10 0.02 0.3 100 “White—Orange H>S(1000)
C 1 0.0005 | 0.03 100 | Pale violet—White | H,S(1000), NO.

* 1 st A and-B type G.D. T. are used only for laboratory examlnatlon

volcanic gas analysis. "
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CORRECTION TABLE FOR TEMP, ZO‘C St

'# True Concentration of H.S

ChanValu 0% 10°¢ 20°C 30°C wc
olso 0-140 0.144 e 150 0.156 o142
0.140 0130 0134 2j40 0.148 &St
YY) 0.120 0,12 0.130 0,135 ny
a0 ol AV} 0.120 0,124 012
0,110 0.102 0. 104 0110 o | ol
0.100 9.893 209 0100 0.104 0,19¢
4990 0.034 0.08 0.090 a0y [ ooy
0.080 0.074 0077 9,088 2.0%3 e.0¢f
0.070 00465 0.068 Q070 0.073 . 076
0.860 0,856 X 8060 0062 0.0(:
0050 00% 0.048 0.050 0052 | pos4
0040 0.037 0.03% 0.040 2042 | 0043 |
0.030 0.028 0.02) 0.030 | pesi 0.033
9.020 00}§ 0,020 0.020 0.02¢ 2023
0.010 aojo 0.010 0.0/0 0010 [T

Fig. 2 Concentration chart and ‘cvorre,ction table
for gas temperature (exi HgS-C type G.D.T.)
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Table 2 Values determined by the previous G.D.T. Method-One component gas

(Vol. %)
CO: H:S S0,
Chemical | G-D-T- Method | oy G.D.T. Method Chemical G.D.T. Method
Analysis A ’ B -.Analysis A B c Analysis A B c
8.2 13.0 | 7.5 1.2 1.4 1.0 1.8 1.0 1.9 1.2 0.9
10.1 S11.8% | 10.2 2.6 3.8 1.8 2.4 3.0 - 2.8 3.8 1.8
19.4 200 | 17.0 3.2 4.0 3.5 2.8 5.0 5.0 5.4 | 4.0
21.2 24:4 | 20.0 5.0 2.9 — 3.8 8.2 10.0 7.0 —
30.0 30.0 | 27.0 5.4 5.8 — 7.2 9.4 | 9.2 | 10.0 —
34.8 | -38.0% 27.8 7.5 7.7 — 7.2 11.4 9.4 | 1L2 |° —
40.0 39.2 | 41.0 8.9 12.0 — 8.9 13.0 13.0 | 14.1 —
42.0 40.8*% | 42.0 10.0 1.8 | — 10 4 15.0 16.0 | 14.2 —
50. 0 50.0 | 48.4 12.4 11.4 — 13.2
53.8 56.5% | 50.2 ||  15.0 150 | — | 14.0

*; After sample gas of 30m/
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Fig. 4 Comparlson of values determined by the Chemical Analysis and the previous G.D.T. Method.

Sa}mple gases are one-component. Plotted symbols denote the types of G.D.T. as follows:
CO;: @-A,O-B. H:S: @A, x-B, O-C and S0:: @-A, x-B, O-C. ’
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Fig. 5 Comparlson of values determined by the Chemical Analysis and the previous G.D.T.
Method. Sample gases are mixed ones mcludmg three components (C02+HZS+502)

Symbols are the same with those in Fig.
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Fig. 6 Comparison of values determined by the Chemical Analysis and the previous G.D.T..

Method. Sample gases are mixed ones including two components (COz+H,S, CO;+S0; and
H;S+S0:). Symbols are the same with .those in Fig. 4. . '
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Fig. 7 Measuring form of the Connection Method. ' H.:S. G.D.T. js only C-type, SO; G.D.T. is one
among A, B and C-types and CO; G.D.T. is one between A and B-types.

D 77 AEHE B (CO: W) % 5. %O D
D = BECRAIED BRI A WA e & I t4y
HET L. OB TLELAHCRYL, 1ml/sec DL
TER A 100ml ZEAF B, ARG B TIX, £
s A nBREF AEEATHICON T, ARKKEA

FYBATAL FTHIBELTRL.

ZOHEWK L b, HS-CHETHHR 7 AhD HeS 25
Wikds X O WG S TR SO H~AD, = & T S0,
PNEIE, WEINTRBCHEREBICICE S, EANK
o fele b, BB ICicE o e A% COp 4 (P
G LT A, BREID 12) EAT 5.
CHEUEBICIE, RARORE S = AR HAD
foob, 100ml HEA LTS 95~98ml I 0 7o g bigls.
Linl, KA AD CO; 0 PEEE 11355 COz-A R o> 30m!
AEEECHETE 50T, 30ml OFEH AN H T
I BBV 100ml FREERTHELTLFD Bt
R T X B,

KEEO KL ARETI, 2:5 D X 5 1C# A% ERR
L, BAEONEREXEL X 5 31 HDEHT
%ifﬁ THIERE I A% Y LB ECNET 5.

AR A B TEA L;%%%_i‘cf;'l‘obf, BREZE TEBIED
EOREO R SICHIET AL TAR BT 25T H T
BEXTOGRETHEREXHIEL, X br&RTRER
ExT5. .

7o R MR TS BB A, ok 2o CO: 23 HeS
L0 SO BANE 10 1 ) BAEERBH &5 & Lkl

Table 3. Values of SO, determined by the
Connection Method-None corrected.

(Vol.” %)
Chemical Connection Method |

Analysis A B C
2.0 1.8 2.0 . 1.5
3.0 2.1 2.8 1.8
5.0 4.4 3.4 4.0
7.4 5.3 6.2 —
8.8 8.2 6.5 —
10.0 8.2 7.6 —
11.8 9.0 10.0 -
13.2 11.0 10.8 —
15.0 11.2 11.8 | —

2%, SOz ik HpS-C BT S 5 O TE D JEfELME
{Teh. SO O RED B L KB 7, 16Vol. % LI
DYWL D R Ak LT WET S & Table 3.0 X
HITTn - 1o,

T DAL E L EEEOED A LB &, £0
MTIfEIT 1.25 L7h. X Hic Table 3 Offi % [
THE, RRATOENSHHIMEEITT 0.8 DIF (K
MOEBI 2 &2 TE S (Fig. 8). Lichi- T, HeSHic
1% SO: DWBEOREL, A, B, CROMRL920%T
BB, £ S0 DEDWEY KD BICIE, UREE
OFIEI 125 LFAuF Lo '
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Table 4 (%, Table 3 Dffiic 1.25 2 U #H1E
fH% Ry, (LD HE & B &SRR TRA25% D
BRER RN, WIEEOF DBEDOFINI0% TH -
TEREBRTNEERETHS.

LIe2io T, SO DEE AR BHIiL, R AD%
ABREECHR L kD, FEMES LOZLTH T
SO ETIEL, RHBICL. 256555 L\ S IRENMEET
H%. '

5. EISEC L IEBENAOAE

%Wfﬁ%&miécqmm&ﬁh®lﬁﬁﬁz%;
CEDRE 7 ADOMEZ#E Lic.

SEtr ADSE, REBEE, BAYAOHE, ZRC
L35 T0HE USRI 3HOBE LK TH
5. UFTOHZEORCE T ry P LTHDHEE3HE
DA R, ALFESH A LicsVkly A (Bl &, kG
HETHE Lick EOEGED R LT\ 5. ik, &
IR L5 CO: DMEMHEICIL, ZBRTHT DT LK |
THMIE (E&GHFD CO: % 0.03 Vol. % &1k) %L

(=4
o I5F Ths. _
g 5.1 14 o ﬁ‘z@iﬁﬂiﬁ: BIERE R % Table5 iR L,
- Eb6ic Fig. 9 wiRd. CO»-A, BRI w15 CO: kX
-~ 10 Table 4 Values of SO; determined by the Connec-
"a tion Method-Corrected with multipling the
E data of Table 3 by 1.25 (Vol. %)
5 5 |~ Chemiczl . Connection Method
— nalysis A B C
5 T
= / 2.0 ' 2.3 2.5 1.9
= ” 1 L 1 3.0 - 2.6 3.5 - 2.3
63 0 5 10 I5 5.0 ©UB5 | 43 | 50
. : . 7.4 6.6 7.8 —
0, .
Chemical AnalySIS(/o) 88 .| 10.3 8.1 —
. ) A 10.0 10.3 9.5 —
Fig. 8 Abs?rptlon of SO; by H.S-C type G.D.T:. 11.8 1.3 12.5 o
Dotted line denotes that the amount of SO: is 1.2 3.5
absorbed about 20% in concentration by H:S ' 13.8 13. -
G.D.T. in the case of the Connection Method 15.0 14.0 14.8 -
Table 5 Values of oné component gas determined by the Connection Method (Vol. ‘%)
Cco; H:S S0,
i Connection K
Chemical Connection Method “Chemical Method | Chemical Connection Method
Analysis A B Analysis C Analysis - A B e
" 10.0 9.2 11.8 ° 1.4 1.5 || 14 2.5 1.8 1.4
20.4 19. 0% 20.4 | 2.8 2.8 3.6 2.8 3.4 3.8
25.8 25.6 27.0 4.6 4.0 40 4.4 4.0 | . 5.0
30.2 34, 2% 316 5.4 5.6 5.0 6.2 5.0 4.2
37.5 35.4 40.0 8.2 8.0 7.5 8.8 _ 7.6 | —
45.2 42, 8* 45.0 10.8 10.8 10.2 8.8 10.2 —
54.5 54.4 56.5" 13.6 13.0 11.4 11.8 10.5 —
: 15.0 15.0 13.8- 13.2 |, 14.2 —
15.2 15.6 15.2 —

% After sample gas of 30ml.
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Fig. 9 Comparison of values determined by the Chemical Analysis and the Connection Method."

Sample gases are oné component (COs, HzS and SO).
@-A, O-B. H:S: (O-C. and SO::

follows: COg:

O HoS e X % HeS OPMEEL,

L5 HrfiE & D3EV
1T 6% Tho TR —HK LTV 52, SO HIL L b

AEfEE A, B, C L L RBEMNT25% L EDsE A
A5 (Table 5). Lin LEBEDOTHIINIZETH -
T, BHDATOEND BHERE—FHL T b (Fig. 9.
Kh@ﬂﬁﬁm% )50 S EDFRRE & LTI,
mscﬁw«mﬁ%gﬁm?bt&%ﬁl%%%Lfv
%MV&%@%%@EFLA7ﬁi?%bB&%

%x%ﬂb.tﬁ%®w70§mﬁ,ﬁ&%?ﬁbfh

BOTHERL. D% T/ D LTS EEX 5.
CO: D PUESEL 30 mi HRER TRDLS DL H 5
2%, 100ml DA ER—F LTS, FREEET

SR AR EAT B & ECOEYINH DA, 1 ml/secd -

PEAH B IERICAT 72 2 T
P Phd HEHERC 15 COs HiS, SO; & 155
FoOWMETBRIFCITES 2 &ﬁf%,#omﬂwzo
53375 3. LAD FHE T E L. TeBEA AD
PEXHROVCHTHDTEDL LA LAET, BaEnEO R
m@?ﬁﬂifﬁkf%él5&5?®ﬁ%é$ﬁﬁ”
DD TR
5.2 BAE
B4 L FRc - COs+HeS, CO2+S0: 732
§0, % 1: 1, COs+HoS+S0: 7% 3: 1:

HADPIE : ﬁ%bt@AbKH3E®
1, HeS+
1 DRE

WD bDTH%. HS+S0: & COr+HiS+80: DI A -

HATEREDHRET A 4 £HVEL, TEBRFREY

Symbols denote the types of G.D. T as
O-A, x:B, O- -C.

AR BHRE T HeS s LU SOz DRI 10% L) 10
WO TR ZOREE LR S ENTET, FEZA
NV BV Tg o ey PIRE C & Fo\ RS E T b HE &
DAEVME L 75> 7o (Fig. 103 L 0¥ Fig. 1IOH:SE S0
) :

WEER A Fig. 10, Table 6, Fig. 11 i@i3.
2SR A ADMREIC X HWEE (Fig: 10013,
CO:z+H,S T 2D & d X < —F L, CO:+S0:, H,S
+80; T3 CO:, HiS DfEZRIFTH D SO DR .
DD AT DR LT BANHEIHRT bR
LT b, Lichis THROBMEETH bbh T i
BAE~DIHE 7 ADEENT, HEi #kiof%%?%
CEMTED.

SRADRE N AT, KR Fmrﬁﬁm/%ﬁ@u'

WitE BB (Table6). Las L % Ol JE(EE 3

B4 & b ACSEAHE & DB NEL0% LI TS - TlaiE —
#LTw3 (Fig.11). ’
PEORE D BKD & &b o fo. .
(1) B&#AD CO, HoS, sxm,Lﬁ&rml,
?hm3¥(ﬁ%®%#)f&6htﬁﬂ D T
DYEEIGES BT LATE, 3&9%%%L1w

‘1%5

_@)'%ﬁ§ﬁ1%3-1%®¥ﬁTMﬁf%b
(3) SO: MIERA DT> 2 Eix, HS-CHY
B LB SO DWFENHC 204 L —F T\ & LT X

— 10 —
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CO,+H,S

C0,+S0,

‘HS +S0,

co, co, L
30 . I "SRE]
(o]
[o}
(o]
20 - B e 20 ° 10
L1 o} (] 10} 5r
=)
o
= | 1 I | | | | | ]
o) 0 10 20 30 0 10 20 30 0 5 10 15
=
_| HS SO, SO,
5 15 I5F - I5F
= ‘
S %
. c
S !o- 10 X Un
O
. 1 ) (3
— A - 2
= 5 5 g 5
. [ )
(da)
. l‘
: L . ! L i 1 1 | 1
0 5 10 15 0 5 10 15 0 5 10 15

_Chemical Ana|ysis (Vol.%)

F1g 10 Comparison of values determined by the Chém1CaI Analysis and the Connection Method.
Sample gases are mixed ones including two components (CO;+H:S, CO:+S0: and HzS
-+S02). Symbols are the same with those in Fig. 9.

BhbHINEVR, ST OENEAL LICTHL TV
T L LERL 25N TH S,

(4) 225 TRB» A% 5T b1, CO: OREHE
irzegdod CO DfEA NI %A%, Ze&H CO; % 0.03
Vol. % 2 LT, Chu@ETY5. _

(5) EEOMEBELLESIEE LT 5L, F
HI0% K BV DOEWA R BN DD, BiRE 7 ARECH
B EHAT B IRk LB L E L B RD.

6. LIV _ ‘
KLF ADERG E b B2 % COs, HeS, SO, Offl
AT T B E LT, ﬁﬂmm;6ME%?WT
Wist LIosE S, SO AR o JRAF 05 AV & ARG
%ﬁ%uﬁotb,mHﬁZ%Hﬁ”ﬂﬂ%“ﬁUlé
DA U TG+ % Bis s B L, kTl

LIBT3 A WIETE, 2Ry A%
ATHTHHIEC L) BERED 7 ARWETE 5.
CHESRIC X 1 S ARSI L A 1~ % L FHL0%1%
EOBEENS DY, LT AFIEEORE, EARE
DAT, REFAREZTH THEZE, SO T HeS
L BWED 27 15 EOREMERICLHEEL bR
b L, BAEEL AT U LRtk 2 oA
s S

DI B feEiEE S0:/C0p, HyS/CO; 7 £ @ ratio 0
WCEB LT D T E 5. o
FERIC X B Kilw A (COp, HS, SO») SHifHiE,
VHEK ~NET AL BEAIE LT u o T, s ifE
D L5 TR X OER A - T L LK
LIAF LTS COz, HiS, SO» DEAHEH#ELOT

— 11 —
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Table 6 Values of mixed gas (three components) determined by the Connection Method.

(Vol. %)
CO; . H:S ; SO.
. Connection ' :
~Chemical Connection Method || ¢pamica) | Method Chemical Connection Method
Analysis A B -Analysis c Analysis A ) . B 1 C
4.8 4.8 | 6.2 1.4 1.4 1.5 2.0 1.2 1.8
8.8 9.8 8.4 3.0 3.4 3.0 3.0 2.6 2.8’
S 12,5 13. 6% 11.4 4.2 4.2 4.0 4.8 3.6 | 4.0
17.4 18.6 20.4 5.2 5.4 5.2 5.2 5.6 4.4
21.5 20. 2% 22.8 .. 6.8 6.8 6.8 6.4 7.0 —
25.2 26.6 . 24.6 7:9 7.4 7.8 8.0 7.4 —
32.8 33.2% 31.8 10.6 10.6 10.4 10.8 10.0 —
37.6 35.8 . 39.2 ' 11.8 11.6 12,0 11.8 12. 4 —
42.2 42. 0% 43.0 13.8 13.0 13.8 12.5 13.0 —
45.5° 43.2 47.6 15.0 14.0 15.0 13.8 13.0 —
#:  After sample, gas of 30ml.
I CO+HS+SO,
2 . -
3 5 -
2 corth 15 HS ¢ 53k P
® A sof- ° g2
% 401 101" 10 /x v
— 30
8
20+ ) N ' 5F .5+
c .
c ' - ' °
e} 10r
)
] o 1 1 L I ] [ I i | ul
- 1o 20 30 40 50 O 5 10 15 0 5 10 15
=
g‘ .

Chemical Analysus (Vol"/)

Fig. 11 Comparison of values determined by the Chemical Analysis and the Connection Method..
Sample gases are mixed ones including three components (COz+HzS+SOZ)< Symbols are the

same with those in Fig. 9.

HIUE, TO LD BREEDOME A Bl 2L ratio DT %

BAHo bk, Ky AREDZEAZBEL 55T

- BAHH. TOBFNLE 2 TR BD.
Ak L DHCHICY, WHRERIEZRMEERC
ﬂzﬂﬁﬁvﬂbfyk®@%%%btt% FICNEW

12 —

BEF TR K. K. il e SRR RICIL SO-BIED
HEAEBEF A PR L T o T,

Z L CTHIERE

BER KGRI, IR U KGR, IR

DA R LS 5.

uﬂf&ijlgbi?ﬁ%(f&TﬂIm’:ﬁ’L 717"\_{4 ‘/};

il e Y 19 )



1)
2)

3)

4)

5)

6)

7

& £ I
INRFFZER = il # %, KL, #2410 (1965), 221-232
BHEW : 7 < REMOHERSG L KIUFEHED, KL,
%52 4810 (1965), 238—245 ]
I Iwasaki, T. Ozawa, M. Yoshida, T. Katsura and

M. Kamada: Chemical Analysis of Volcanic Gases,.

‘Bull. Volcanologique, 28(1965), 1—12

INGHEAD, © BEFNET B D K IHLVE B X O, R ER
- HER L AR —HIER LT R iT & 5 3, HARE,
170 (1957), 115—133 , o
KBRE, BREEL: BRINUER A 2 RHEKP D (L5 K
SOFMGEA, KL, F2HE3 (1959, 119—127
INRITZEE : KIIF 2 DA GE1H), B 1k, 87(1966),
848—853 ‘

NI TR - KL 3515 B 7 A B9 (D—XIL A 2,
HTLE, 17 (1968), 395—405

— 13 —

=

g

13

8) I. Elskens, H. Tazieff and F. Tonani: A New Method

for Volcanic Gas Analysis in the Field, Bull. Vol-
canologique, 27 (1964), 347—350 .
JNRE: R 2WEF AORHERE, (L% OHF
i, 6 (1952), 386—397

FTIR—BR . (REBBI B T2 FEH /A llEE K2 0T,

RS, 3 (1965), 119 ) )

KEIT  kly 2o Htek,  KINEIEESR, (1957), 12—27

ST BB O FERT 20T, KR AR,
(1967), 51—81 ' ’

13) &K&IT : HHEH, kLB e, (1968), 128—133
14) BT MEIRS DL, T, 4 (1955), 337339



