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Table 1 Result of the repeatability of preparation for
calibration standard solutions of bromodi-
chloromethane
Measured concentration/mg L7!
Calibration solution
1 2 3 4
99.50 99.45 99.61 99.38
99.38 99.37 99.50 99.48
99.61 99.38 99.52 99.41
99.45 99.60 99.37 99.46
99.36 99.58 99.63 99.51
Mean 99.46 99.48 99.53 99.45
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LE R, mmE, MO BEBENL-FEY T HIEIC S DS MR AL AR O R 441

Table 2 Analysis of variance table for bromodichloro-

methane
Source S f 1%
Between 0.01765 3 0.005885
Within 0.14192 16 0.008870
Total 0.15957 19

S: sum of squares ; f: degree of freedom ; V': varian
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L2y 7uauasanyos 005~013%, 1,4 700
RUYEVOBHE-014~007% TH o7z, RNEBRTHAM

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

442 BUNSEKI KAGAKU Vol. 57 (2008)
Table 3 GG-FID conditions for analysis
Solvent
Methanol Hexane
Carrier gas Helium
Flow rate 5 mL min~’
Injection On column
Sample volume 2 uL
Injector temperature Column temp. +3T
Column HP-624 DB-WAX

Detector temperature

Oven temperature
tribromomethane
bromodichloromethane
dibromochloromethane
trans -1,2-dichloroethylene
1,2-dichloropropane
1,4-dichlorobenzene

40°C (5 min) to 160C (9 min) at 20C min ™"
40C (5 min) to 94T at 3C min"!

40C (5 min) to 120C (11 min) at 20C min~"

40°C (5 min) to 105C at 5C min~'
40°C (7 min) to 65T at 1C min "'

40°C (5 min) to 170C (8.5 min) at 20T min '

250C

40°C (5 min) to 130C (11.5 min) at 20C min ™'
40°C (5 min) to 130 at 5C min "'

40°C (5 min) to 120C (9 min) at 20C min~"
40°C (5 min) to 100C at 5C min™"

30C (7 min) to 50C at 1C min ™"’

40C (5 min) to 160°C (6 min) at 20°C min~

Table 4 Results of the storage stability test of standard solutions

. ~12
Measured concentration/mg L™ "

Solvent Storage (month)
0 6

Tribromomethane Methanol 1008.5 = 0.5 1008.5 = 0.3
100.45 = 0.02 100.41 = 0.06

Hexane 989.7 £ 0.4 989.6 £ 0.3
99.08 = 0.07 99.11 £ 0.06

Dibromochloromethane Methanol 1002.5 = 0.3 1002.9 = 0.4
101.12 = 0.03 101.19 #+ 0.06

Hexane 998.0 = 0.6 998.6 + 0.4
99.31 = 0.06 99.21 £0.13

Bromodichloroethane Methanol 1018.7 £ 0.3 1018.8 £ 0.9
101.31 £ 0.07 101.35 = 0.05

Hexane 999.9 = 0.7 1000.5 = 0.6
99.68 = 0.08 99.78 + 0.03

trans-1,2-Dichloroethylene Methanol 999.8 £ 1.3 1000.3 = 0.6
99.59 = 0.21 99.52 = 0.10

Hexane 987.4=0.9 987.0 £ 0.8
99.67 = 0.06 99.65 * 0.07

1,2-Dichloropropane Methanol 1004.0 = 0.5 1004.5 = 0.3
99.89 * 0.04 99.95 £ 0.09

Hexane 991.6 £ 0.2 992.9 £ 0.7
99.51 £ 0.06 99.60 £ 0.06

1,4-Dichlorobenzene Methanol 1005.8 = 0.2 1005.2 = 0.6
100.47 = 0.08 100.54 = 0.05

Hexane 993.7 £ 0.6 993.4 = 0.9
99.80 = 0.07 99.66 * 0.03

a) Mean * standard deviation (n = 4)
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41 FHHEOTHEH &
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Table 5
standard solution”
Storage 0 month

LB, L, WAH, AE : FEENL-FEY T4 IR L) IS S EREARLE MR O R 443

Measured concentrations of the storage stability test for 1,2-dichloropropane

Concentration of

: -1
Measured concentration/mg L

calibration Sample
luti L
solution/mg N 1 9 3 4
1 100.44 1 99.96 99.73 99.95 99.87
2 99.98 100.11 99.98 100.08
3 99.70 99.89 99.96 99.65
2 100.24 1 99.91 99.82 100.09 99.93
2 99.54 100.06 100.07 99.70
3 99.80 99.88 100.02 99.87
3 100.50 1 99.94 99.85 99.81 100.05
2 99.86 100.22 99.88 100.26
3 99.83 100.03 100.06 99.77
4 100.11 1 100.03 100.10 99.85 100.04
2 99.81 99.40 99.50 99.67
3 99.68 99.87 99.85 99.79
Storage 6 month
. Measured concentration/mg L'
Concentration of
calibration Sample
lutic L .
solution/mg " 1 9 : 4
1 100.08 1 100.09 100.08 100.13 100.01
2 100.09 99.90 99.86 100.06
3 99.83 99.83 100.00 100.00
2 100.07 1 100.18 99.79 100.01 99.85
2 100.16 99.98 100.09 99.48
3 99.82 100.20 100.09 99.51
3 100.19 1 99.98 99.87 99.97 100.19
2 99.90 100.01 99.83 99.96
3 100.34 99.90 100.15 99.80
4 100.13 1 100.26 100.17 100.07 99.84
2 99.86 99.79 99.90 99.81
3 99.82 99.77 100.05 99.40

a) Solvet ; Methanol

WEL-BMEDEEZHVS. 22T, Midok)iz, K
BHRLEE & 2 DA D S 13 EHAMAR A RIIE Cig S iz
bDEFDEFH

=7, FREEOSHED SITBEHER A E LTES
N5 EMEGORTERLE. AR a2 BElE L
FRDMESHETHWELGEDO 7O NI AL ER
B DOHEBEOFE M ZHETZRE X 2RIFMLZ. &
BREREZ XY ) — VR OANFH U THRL TERER 100
ng L' A AR L, ZoBEHEFRICHO - EES
WA N7 THHLE. Zoks, HiREHEos
O 77 AORBESOY -7 FEA, 100 ug L™ EiR%
WELZZ U= 7T LAOBREGOE — 27 HR L /IS
W EERMER L. 22T, JOMBUSEIC X 5 ERYE
25100 ug L' UFTHBE L, EEESDEED 0~ 100
ng L™ OFEP TR LT B LA L7z

a5 b DHPET—RESAH LTV EEAOBEERFA
(b—a)/2V8 THEENS 2D, (100-0)/2/3 =30 ug L'
L7

42 FOMORHEHL S

AARD XD, RABEOTHELI S, MHT BBEE) oF
ey, REREROREDIE, BN S IIMRER
RO RO ZEH S P NGBS OB E» SFHI L
71:2)3).

Table 521,27 auraxNroRry /) — Vg,
BEURE 100 mg L' ORFLRERRBOSWEEZ T L0
7o, Fiz, ZFORRE ZBAG NGRS LG8t
K% Table 6 \I/R L7

TR A6 2BORFEICL 2L REREW) p=2
FENBIME S L AN L - RBRAEERD X 55
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Table 6 Analysis of variance table for 1,2-dichloro-
propane (methanol, 100 mg L")

Source S f Vv
A 0.09250 1 0.09250
B 0.24724 6 0.04121
c 0.90235 24 0.03760
w 2.02707 64 0.03167
Total 3.26916 95 0.03441

S : sum of squares ; f: degree of freedom ; V': variance ; A :
between storage stability variation, B : between concentration
of calibration solution variation, C : between ampoule varia-
tion, W: measurement repeatability

(REEAEH) ¢=4, ER CEIUBICHCZT v 7 VED
ZEr=4 BRWRT > IAITEDRYELHEDEE
n=3%&¢795%.

poq o n I IBBEEICBITLIKEOERKTHS.

B A O58%E MSp, BN BOSHE MSg, ER CO
SRR MSr, BIR WOGEE MSe b 55 &, ZERDIME
SEAHIL, Table 6 POHLTOX ) ICEIHETE .

L 2EB)  o,” =(MSp— MSq)/nrg = 0.001069
MEMZE 6,7 = (MSq— MSr)/nr = 0.0003008
7Y I VHEEE  o," =(MSr— MSe)/n = 0.001975

HIERELE o, = MSe = 0.003167

IS, B OEER OEN T ORI E h THEERH
PR M) ZReD7z. 1 HERE L AR SRS &
N7 7V 1RT, sEHE LSS0 ZOFEEHEOR
rsE35hL,

PAFIZ L BEERHEDN S w,=0,=10.001069 =

0.0327%

B X DIEERIEDN S w, =0, =~/0.0003008 =
0.0173%

T v I NVEOBEREPES  u, =0, =0.001977 =
0.0444%

WEDEEREN S u, = Gc//\/; = Jm/f =
0.1028%

b, P EORETEBEREBEDORFEN X %KD, Table 7
WZE D7

4-3 THEHIPIDER
41 R 4-2 TROIFZAHED S & A0 L Tl EEEY
TR AR A O 22 A oY (lE) fE

KAGAKU Vol. 57 (2008)
DRSS u ROz,
ENENDORMED SITHADR 2 5 12O MR RFEE
KOTER L EBIEERNHENZ XL RD, 22T, &l
y DHEME a, b, ¢, OMULZWERTHY, a, b o
o DIERFENENEN s, s, s, - THbHEES, MR
HEHRAREDOTHOBIIRKD & 9 % BHR3H 297,

S OEOROE

XoT, TNETRDIFNFNOMTEELFED XD
5, ANERAHENIIBERRICL>TRKDLIENTE
5.

_ 2 2 2 2 2 2
u, = \/up +us”+u, tu, +u, +u,
u, = 0.1333%

95% DEFEDKEL LTAERKE=2"E LI2HED

PERRAHE D S 13

U=0.27%

LD, BWEOTRHENSENY vy PEE LT Table 7
LD/

NV zy PEDPS, ZNFNOLRENIRIERT L &,
WEDIDHED» ST NOWEITH L THRELFSLT
Wh7D, BIHEZRALSEE 030 WEEEOY
BELSHRORHABEO—DEWVWEZ DL, T/, ROKELE
HELTT v I VHORHErIVBEITONSE, 2HE587
VIVDREFEEOYENLELEbLRS. LML, &
HOWRAEIr S IELEREL=20L % 05% UTTH
0, ZhE TREINZEROEREFRILEYOIER
M S 04~23% k=" L HBLTEBETH Y,
HREOBWEOEERI X 2B T ORENI S E LT
BEHICTSELZLDOTH L EHW SN 5,

5 =

AREBICL Y, THEd S OFHM S - BB ERILEY
BEROMGE DD DERT— 7 ZME T H I LB TE
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PL—HE) FAHIEICBVWTERERII N L —F T VR
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RWFZELE, BRVATHEE A B LR EMER» b OFRFICLY
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BATRFZER) OSBRIV EBL-ZEEMAEL, B B,
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Specified standard solutions of six kinds of volatile organic compounds (tribromomethane,
dibromochloromethane, bromodichloromethane, trans-1,2-dichloroethylene, 1,2-dichloropro-
pane and 1,4-dichlorobenzene) have been developed based on Japan Calibration Service System
(JCSS). Two concentration levels of standard solutions for each organic compound, 100
mg L' and 1000 mg L*], were prepared. The concentration of the prepared standard solution
was calculated based on weighing the pure organic compound and the solvent, methanol or hex-
ane (gravimetric method). A storage stability test of six months was carried out, where the stan-
dard solutions were subdivided to ampoules and stored at 5C.  The concentration change of all
the solutions tested for six months was within —0.2~0.2%. In JCSS, the specified standard
solution calibrate the concentration of the secondary standard solution ; thus, the uncertainty of
the concentration of a secondary standard solution calibrated by the specified standard solution
was evaluated. Concretely, the values of the uncertainty coming from the following five compo-
nents were counted : 1) the purity of raw materials and solvents, 2) the preparation process of
the specified standard solution, 3) subdivision of the specified standard solution to ampoules, 4)
the storage stability of the specified standard solution, and 5) GC measurements for calibration
of the secondary standard solution.  The uncertainties from the above components except for
1), were calculated by an analysis of the variance for all data of the storage stability test ; 0.2 ~
0.5% of the expanded uncertainties (k = 2) for the calibrated values of all the secondary stan-
dard solutions were obtained.

Keywords : volatile organic compound standard solution ; gravimetric method ; gas-chromatog-

raphy-flame ionization detection ; storage stability ; uncertainty.
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