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Phase Ratio, a Tool for
~ Capillary Column Selection

Use phase ratio (3) to select the optimum column for your petroleum application.

nalysts using capillory gas chromatogra hy
Ahcwe a wide variety of columns to ghogse Figure A — f Defined
from. The many possible combinations of internai
diameter and stationary phase film thickness make B = 2y
the choice of column dimensions particularly diffi-
cult. Phase ratio, or 8, can be used as g guide in
determining the optimum combination of column Stationary Phase
dimensions for an analysis. Thickness (dy

Phase ratio is a dimensionless number that ex-
presses the ratio of the internal diameler of a capil- Fused Silica
lary column to the thickness of the stationary phase
film (Figure A). In other words, B represents the ratio Polyimide Coating
between the gas volume and the stationary phase
volume in a column.

B is a usetul tool for column selection because
columns with the same g value, given the same an-
alytical conditions and stationary phase, produce
similar relative retention times and indices. This hatiad
means that columns of the same B vaolue can be
interchanged even though they have different film
thicknesses and column IDs (Table 1).

Column dimensions can be selected for the par- Tabie 1 — Examples of Columns
ticular application at hand, while taking inte ac- with Equivalent 3 Values
count the resulting tradeoffs in sample capacity Py Column ID : m::’;‘e“
and efficiency. For example, to increase sample mm um
capacity, a wider bore column with the same B 0.20 0.80
value can be used; or to obtain greater efficiency 0.25 1.00
a narrower bore column with the same # value can 63 0.32 128
be used. 0% 300

Figure B illustrates the use of 8 vaiue 1o correlate 0.20 ij
columns of different dimensions. The same solvent 0.25 0.25
mixture, containing butanol, ethylbenzene, chioro- 250 0.32 0.32
form, toluene, para and meta xylene — and various g;‘g 3752
acefates — was analyzed on two columns with simi- - -
lar @ volues: a SUPELCOWAX ™ 10 30m x 0.20mm x s o1
0.20um column (§ =250} and a SUPELCOWAX 10 30m 400 0.32 0.20
x 0.53mm x 0.50um column (8 =265). The very close 0.53 0.33
B values result in identical elution patterns with no 075 0.47
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Figure 8 — Similar Elution Patterns for a Solvent
Mixture on SUPELCOWAX 10 Capillary Columns

SUPELCOWAX 10 capiilary column,
30m x 0.20mm x 0.20.m (p=250)

f”l L] 1 7

SUPELCOWAX 10 capiliary column,
30m x 0.53mm x 0.50um (3=265)

v"”! T 7 T
0 PR

w027
Col. Temp.: $0°C tor 4 min., to 175°C at 4*Cimin, Inj. & Det. Temp.:
220°C. Linsar Velocity: 20cmisec. ot 75°C, He. Det.: FID (4 x 10+ AF3,
Sample: 1., Spiit: 400:1.

Table 2 -~ 3 Guidelines

Ronge 8 I Application

: i low capacity [k) solutes
tow <100 ’ low M.W. compounds

. wide range k' solytes
Medium 100-400 | general surpose analyses

wide range of compounds
High >400 ~ highk’ soiutes

high M.W. compounds

3

Peak shifting. The larger ID column is less efticient
and therefore exhibits a slight loss of resolution,

The analyses presented in Figure B could occur
in a situction where ¢ methods davelopment lab
uses a narrow bore column for most of their work
and then transfers the method to g pilot plant. The
pilot plant analysts sample their product stream
and inject larger samples on their column, over-
loading the narrow bore column, which has less on-
column sample capacily, and masking some
peaks. By changing fo a wider bore column with
the same # vaiue, the analyst trades greater sam-
ple capacity for slighfly lower resoiution.

In addition to correlating columns of ditferent di-
mensions, 8 can be used as g guide for column se-
lection. Columns having a 8 value of less than 100
are considered low-$ columns and are used for
analysis of low moiecular weight compounds. Col-
umns with # values between 100 and 400 are con-
sidered standard-# columns and are used for most
analyses. They are well suited for the analysis of a
wide range of compounds and can be used for
unique applications such as simulated distiliation
(SIMDIS). High molecular weight compound analy-
ses generally require high-g columns. Table 2 sum-
marizes guidelines for selecting a capillary
column,

Although the following examples for each range
of § values come from petroleum applications, the
concept can be applied to other disciplines where
analysis of very complex samples is required. For
exampile, a related article in this publication, New,
Tested Column for Consistent Resulls from Environ-
mental Anaiyses, discusses bonded-phase, SE-54-
type capillary columns with f values of 250, 265,
and 320,

Figure C illustrates the use of a very low-fi (26.5)
column for analysis of low boiling point hydrocar-
bons. These separations were performed on a 60m
x 0.53mm x 5.0um, SP8 ~-1 fused sillca capiltary col-
umn using ambient column temperature (30°Cy.
Ethylene and ethane (Figure C1) were baseline sep-
arated, Propylene and propcne were partially sep-
arated. As the inset shows, isobutane and ethanol,
which co-eluted at ambient tempercture, were
baseline separated at 0°C. The same column was
used to detect impurities in propylene (Figure C2).
again resulting in baseline separation of elhylene
and ethane. However propane, if present, would be
masked by the large propylene peak.

it the corresponding olefins are not present, a
slightly higher 8 column can be used. Figure D
shows analysis of natyral gas on a shorter column
of the same type wilh a thinner film. A 30m x
0.53mm x 3.0um 5PB-1 tused silica capillary column

feerc = ooge ¢
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{contd. from page 3)

Figure C ~ Low Boiling Point Hydrocarbons on
a Very Low §{26.5) Column

C1 ~ C4-Cé Hydrocarbons and C1-C4 Alcohols

Component Cancentration*
1. Mathane

2. Efhyiene

3 Emnane

4 Propyisne

5. Propane

8. Propaciens
7. iso-Bulane
8. Methanc

9. Butene-t
10. n-Bulane
11. ¢a-2-Buiene
12. Ethanoi
13 iso-Propanal
14, n-Pentane

POGOOCODOO0D
R S LY R NS W e

15, 1en-Butanol
18, n-Propanai
17. Mathyi-tart.
outyl ather
18. sac-Butanot
V9. n-Hpxane
20. is0-Butanol
21, n-Butanot
22. Banzene
* [Vl )

eoome & pooso

ML w

C2 — Impurlties
in Propylene

Componam
1. Ethylene
2. Eihane
3. Propylens
4. Mathanol 200
3, n-Butane
8. Ethanol

Conesntration (ppm)

Isc-Burane ang
4 Memanct at 0°C
X ictial Temperanire

1t
01

’\2
!
i

i
L.‘J_JL'L
>

w

24

a

L

|
10 2 "
Min

00-285

L\

SPB-1 fused silica capiliary column, 60m x 3.53mm x 5.0um fitm, Co!,

Temp.: J0°C for §

min., 1o 200°C ot 20°C, ini. Temp.; 200°C. Det

Ternp: 200°C, Linear Velocity: 19-24am sec.. He, Dot FID (83 10"'AFS):

Sampie: 250ul, Splis: 100:4

Figure D — Natural Gas on a 44.2 5 Column

2
x,f

k
~

+

|

A 4
ﬂL‘
7
i
i

Min.

Componeny Concentration {Vo. )
1. Mathane TS
2. Eihane 20
3. Propare 8.0
4. wo-Butare 6
S n-Butare 0
B iso-Pertare 1.0
I mPeniare 10
HaliumiN Logen batance

Column and conaitions: see Figure C.
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Figure E — Nonpolar Test Mix on Columns
With Same 5 (7 = 250)

E4 — SPB-{ capillory column,
! 30m x 0.25mm x 0.25.m film

1. 2-Octanone
. C10

3. 1-0cianol
4.2.8-DWP

. C11

. 2.6-0MA

7. Naphthalens
8.C12

9.€13

L4

=
e
2

2100050011

E2 — 5PB-1 capillary column,
' 30m x 0.75mm x 0.75um fim

Fid
tla
[T}

T

Col. Temp.: M0°C, Inj. & Der. Temp.: 220°C, Linear Velocity:
;9-21 cr&'see.. Ha. Det.; FID (4 x 10+ AFS), Sample: 1ul (Cat, No. 4-7300),
plit 100:4,

with a f value of 44.2 was used to perform the sepa-
ration at ambient column temperature (30°C), re-
quiring 6 minutes for complete separation of ail
compounds.

The chromatograms presented in FigurestEand F
were generated by columns with a g value of 250,
This value is in the center of the 100 to 400 range
and is probably the most commonly used 8 value
column. (It a column’s ID in millimeters is the same
Qs its film thickness in microns, the column is, by
definition, @ 250 8 column.)

The same nonpolar test mix was separated on a
0.25mm ID and a 0.75mm ID SPB-4 copillary col-
umn, both with a § of 250 (Figure E). Even though the
internal diameters of these cotumns are widely dif-
ferent, the analyses are virtually identical. The cal-
cuiated retertion indices for each of the active
probesin the test sample are also identical, indica-
ting no difference in polarity,

Figure F shows the analysis of arematics in gaso-
line ona 30m x 0.20mm x 0.20um SUPELCOWAX cap-
illary column. As shown previously, the standard i}
value (250} of this column allows the analysis of a
wide range of compounds.

ANl 3 285 Pound Siering
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Figure F ~ Aromatics in Gasoline

1. Banzenn
2. Toluene

7. Isapropyidenzece
4 n-Propyibenzers
L

Xyleng
~Xylene
Xylana

LL.J._
) !

L] 2 24

2
P
.
-2

9 w0

10. 2-Muinyinapniraieng
11 LMethyinapntraiens
12. Dimethyinapnihaisnes

e

1
2

Analysis
Compiatea
in Less Than
30 Mmuras
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SUPELCOWAX 10 capitlary column, 30m x 0.20mrm x 0.20um film, Col.

Temp.: 60°C for 8 min., to 210°C at °Cimin.
Temp.: 220°C, Lineor Velocity: 25¢cmisec., N

Sample: 0-1ul gasoline, Split 80:4.

. hold § mun., Inj. & Det,
o, Det.: FID (8 x 10 AFS),

Figure G — Waxes on a High  (1325) Column

n

5PB-1 fused silicg cepilia
Temp.: 50°C 1o 350°C ot
Temp.: 390°C. Fiow Rate:
1ul, Split: 100:1,

G1 — Polywax 455

0459

G2 ~ Bayberry Wax

80180

G3 ~ Paste Shoe Polish

50-102

1y column, 30m x 0.53mm x 0.10um film. Col.
15°Clmin.. Inj, Temp.: cool on-column, Det
Seolirman.. Ha, Det.. FID (8 x 10 AFS), Sample:

5

Figure H — Polywax 655 on g Very
High £ (1875) Column

w

f. ‘\..ih, IJJ ”.b.’.v‘u!u il
I

f I !
4 ] n 3
Min.

80-14%

$PB-1 glass caniiary column, Tm x Q.78mm x 0.10.m fiim, Col, Temp.:
40°C for 1 min., to 430°C ar 15°C/min., hotd 15 min., Inj. Temp.: cool
on-<column, Det. Temp.: 450°C, Flow Rate: {0miimin., He, Det.: FID {128
x 10 AFS), Sample: 0.4 [Cat. No. 4.8482), Spiit: 108:4.

Figure G illustrates the use of @ high- column for
the separation of high boiling point materiats, A
30m x 0.53mm x 0.10um SPB-1 fused silica capillary
column, with a § of 1325, was used 1o analyze sev-
eral waxes — including Polywax * 655, Bayberry
wax. and paste shoe polish, q finished wax prod-
uct. Carbon numbers up to C80 were eluted on this
column.

increasing the § value extends the upper range
of compeounds that can be analyzed. Figure H
shows the separation of Polywax 656 using a very
high . 7m x 0.75mm x 0.10um SPB-1 column. In this
case, the very high g value (1875) permits the analy-
sis of compounds with carbon numbers as great as
C108.

The capiliary columns discussed here represent
a smcl sample of the avaiicble range. Determin-
ing the proper 8 value is anly one step in optimizing
your capiilary column application. Film thickness
and column D — the two factors that make up f§ —
as weil as factors not related to A, such as column
length and stationary phase, can be optimized.
Supelico offers a complete selection of capillory
columns. And, if you can't find the column you
need in our stock selection, we can make a custom
column to your specifications. Call us.

Fused si gz zoumns manutacturad uneer KR US Pat No < 23445
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New ORBO" Air Sampling Tube for

Monitoring Phenols and Cresols

§ an improvement over previous methods for

monitoring  phenols  and cresols, the
Occupational Health and Safety Administration
(OSHA) developed g simplified sampling proce-
dure for analyzing both analytes, Breakthrough vol-
umes, detection limits, andg stability  studies
performed by OSHA indicate that a single sam.
pling tube containing a 100mg front section and
S0mg back section of Amberlite® XAD* -7® resin ef.
lectively adsorbs and desorbs Q combined atmo-
sphere of phenol and the ortho-, para-, and meta.
isomers of cresol (1),

Our new ORBO7 odsorbent tubes — prepared
according to OSHA Method 32 — contain
Supelpak™70 resin, a highly puritied grade of
Amberlite XAD-7 resin. ORBO-47 tubes will help en-
sure minimal background for accurate monitoring
of airborne phenol and cresols.

An ORBO-47 adsorbent tube
effectively adsorbs and
desorbs phenol and the cresol
isomers — singly or in
combinations

Results of OSHA investigations determined the de-
tection limits of the analytical procedure to be
12ng and 14ng for phenol and cresol, fespectively.
We eslablished our quality assurance test limits for
these tubes to approximate the analytical limit of
the method, or 11.4ng on-cotumn for each analyte,
These test levels ensure that Supelpak-70 resin purifi
cation procedures are functional, reproducible,
and meet the requirements of OSHA Method 32

Studies at Supelco, using ORBO-47 tubes, pro-
vided additional intormation about the reliability of
the adsorbent and the sampling procedure, Ad-
sorbent purity, bed weight reproducibility, and phe-
nol and cresol desorption efficiency were
determined.

BUPELZO

For purity determination, three unused tubes
from each of two ORBO.47 tube lots were extracted
with solvent according 1o OSHA Method 32. Chro-
matograms obtained from these samples were
compared ta chrematograms for an externat caii-
bration standard approximately equal to the
9.5mgim* action limit of o-cresol, and the Mmgim?
action limit of phenot, p-Cresol, and m-cresol in air,
The tubes conlgined No contaminants that could
intertere with the phenol and cresol analysis at 1410
of these on-tube concenirations (Figure A).

Figure A —~ ORBO-47 Tubes Ensure Minimal
Background for Phenol and Cresol Analysis

‘r"- 1. Napnitalens, imerna) fangarg
i 2 ocresol 2
N 2 phenat
i 4. ocresol
i 5 mcresot 5
. 3
4
i
¥ 1 t ) ?
l e
' ¢ | ' v
Q L} 12 16 2

TO0O004Q 41
SUPELCOWAX-10 borosilicate glass copiliary column, 60m x Q.75mm iD.
1.0um film, Cot, Temp.; 100 N0 hoid) 10 20°C a1 8°Clrmun, Flow Rate:
10miimin.. He. Det.: FID, Scmple: 1.1 methanat contaimng 120ng each
ahenol, o-cigsol, m-cresol. gna o-cresol and S0ng . stt. or 1,1 of 2mi
mathanal exiract from blank ORBO-47 tube (int sig. added ot
SOngitul).

6
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Consistent bed weights also help ensure accu-
rate results. The bed weight specified for the front
section of ORBO-47 tubes is 100mg. Front bed
weights for six ORBO-47 tubes averaged 100.8mg
*1.7mg. The small standard deviation signifies
highly consistent bed weights.

Consistent adsorbent bed
weights in ORBO-47 tubes help
ensure accurate sampling

We measured desorption efficiency of phenol
and cresol from Supeipak-70 using two methods.
For the first method, 4 ORBO-47 tubes were spiked
with 240ugim! each of pheno! and the cresol iso-
mers. Air was drawn gceross the tube at 0.4 liters/
min., the OSHA Method 32 recommended flow rate,
for 2 hours. Front and back beds were desorbed
separately in 2m! of methanol. Final concentration
of the standards in the extract was 120ugiml. An in-
ternal standard, naphthalene was added {o the
methanol at 50ug/mt to eliminate Injection volume
variances.

Using the second method, three front beds of
ORBO-47 tubes, confaining Supelpak-70. were
placed in sample vials. We spiked the vials with
240ug each standard compound to approximate
the action limit of each cempound. After equilibra-
tion, Supelpak-70 was desorbed with 2mi of metha-
nol as in the previous method.

Table 1 — QRBO-47 Desorptlion Efficlency

; % Recovery
{_Phenol | o-Cresol | p-Cresol m-Crasol
Method 1 | 99 94 93 92
i 104 105 104 102
104 103 104 100
oA 106 104 108
Method 2 102 108 104 102
| 106 108 106 103
L 103 106 | a1 114
x-bar 103.9 103.7 i 4033 102.6
%RSD 3.8 44 | 53 6.4

7

For each procedure, control vials were made by
spiking 2mi of methanol with 240ug of each stand-
ard. Table | shows that desorption efficiency is ex-
cellent for both methods.

Qur results — combined with those oblained
from the OSHA group — show that the ORBO-47 tube
is an effective tool for monitoring airborne phenois
and cresols according to OSHA Method 32,

You will glso receive your ORBO47 tubes very
qQuickly, since they are in stock and ready for deliv-
ery.

ORBO-47 Adsorbent Tubes, pk. of 50
2-034971
SUPELCOWAX ~-10 Wide Bore Copillary Column
60m x 0.75mm ID Borosilicate Glass, 4.0um film
2-37231 £525

For other custom or ccollary columng, tefer to our catalogue or call our
Oraer Processing Dadartment.

® N5 product coniGing media manufaciured under one or mare of US
Por. Nos. 4.224.415. 4.256 840; 4,382 174: and 4,501,826, The purchaser is
entitled fo utilize 1nis product under US Aaf. No. 4,297,220

Rohm ond Hoas Company is the awner of US and loreign patents cover-
NQ Dorous resing and solymers and specitic end-users opplications
Most of the patents are avaiiable 1o potentiol users only yunder license
for icenttied Hields. such gs chromatography, antibiotic recovery, mea:.
cal diagnostics, anc certain industrial chemical processes. Uniess the
gpplication is spec:ficaily authorized by Rohm and Hoas, those who
intenc to use macrerericyiar Qdsorbents in such fields should reques!
approgriate hcenses.

£95

Raotorance

1. Method 32 [Organics Methods Evaluation Branch, OSHA Anatylical
Laporatory, Soit (cke City, Utah, USA [Novembar 1981).

Reterence not gvarcsle from Supeichem.

S

To Order, Call: (0799) 513288
Telex: 847074 « FAX: (0799) 513283
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New, Tested Column for Consistent Results
from Environmental Analyses = 5T

capiilary column last year, many analysts have
inquired about the avaiigtility of an equivalent
0.32mm ID column. In response to these requests,
we now offer @ 30m x 0.32mm ID (0.25.m phase film)
PTE:S column. Like their 0.25mm ID counterparts,
every 0.32mm ID column is tested and uncondition-
ally guaranteed to ensure consistent, highly reli.
able characteristics for onalyses of semivolatile
compounds, according to many of the US Environ-
mental Profection Agency's 500, 400, SW-846, and
Contract Laboratory Program methaods. We test
every PTE-S column, to ensure reproducible relative
retention times, consistent high inertness, and jow
column bieed.

S ince we infroduced our 30m x 0.25mm ID PTE™.5

PTE-5 columns are unconditionally
guaranteed to ensure consistent
characteristics for analysis of
semivolatile compounds by

US EPA methods

Bonded phase, $6-54-type capillary coluymns (5%
phenyli95% dimethyl silicene) — such as PIE.5 col-
umns — are among the most widely used columns
for environmentg! analyses. These columns are
cited in Environmental Protection Agency (EPA;
methods for many semivolatile organic com-
pounds, inclucing compounds that are acidic, ba-
sic, or neutral,

To provide consistent results for these widely di-
verse analyses, a column must be manufactured
and tested under rigid specifications. We evaluate
the new 0.32mm ID PTE-5 columns by using the
same tests and the same 18-component mixture we

[SURPELCT

A Prices Found Stening

use to test our 0.25mm 1D columns (Table 4). As o
result, we unconditionally guarantee all PTE-5 col-
umns for three important criteria: consistent polarity
(measured by reproducibility of relative retention
times), inertness (measured by reproducibility of rel-
ative response factors), and consistently low col-
umn bleed.

Reproducible relative retention times (RRT) are a
critical requirement of a column used for environ-
mental analyses, because many analysts establish
and rely on retention time windows for preliminary
identification of sample compenents. Even small
column-to-column ditterences in polarity can alter
reiative retention times and put identilication of
sample components in jeopardy. We monitor the
RRT for three components of the 18-component test
mixture — one eluting early, one at the middle, and
one near the high point of the column temperature
profile. These three components are sensitive indi-
cators of shifts in column polarity that could ad-
versely affect the consistency of column-to-column
performance.

Table 1 — Test Mixtute for
Evaluating PTE-5 Columns

Concentiation
Component (gl
N-Nitresodimelhylamine 10
Aniline 10
Benzoic acid : 10
2.2"-Difluorobipheny! (int. std ! 5
3-Nitrogniline : 10
2.4-Dinitrophenol : 10
4-Nitroohenol 10
4-Nitroaniline 10
Pentachliorophenol 10
Phenanthrene 3
Anthracene 3
Benzicine 10
3.3-Dichlorobenzidine 10
Benzo(bifluoranthene 10
Benzoikifluaranthene 10
8enzo(g.h.i)perylene 10

L9650700p



Tabie 2 shows the mean RRT for these compounds
obtained from 27 of our new 0.32mm ID PTE-5 col-
umns. Standard deviations and coefficients of vari-
ction are minimal, demonstrating  very good
column-to-column reprocucibility.

Linear reictive response lactors, critical in a col-
umn used for environmental analyses, are q reflec-
flan of column inertness. For accurare quantitica-
fion of sample components, many US EPA methods
require that linear calibration curves be estab-
lished over the concentration range of interest. We
have determined that 0.32mm ID PTE-5 columns pro-

Table 2 ~ Highly Consistent Relative Retention
Times for PTE-5 Columns

i Relative Retention Time*
| “NNtrosa- 1, ' Benzo(g, h.i)-
; dimethylamine: 4Nitrophenol ©o0 il
Mean** | 0.184 1.162 2273
Standard i
Deviation | 0.009 0003 0005
% Relative | .
Standarg ! : )
Daviation : 4.79 026 0.22

'Retennon of 2.2 -dillucrobigheny| = 1.
"N = 27 0.32mm 1D columns,

Linear relative response
factors show that PTE-5
columns are inert

vide a linear calibration curve (six data points) with
on-column guantities of 5 to 200 nanograms for
each of the 1§ components in our test mixture. This
includes the five known to exhibit erratic chromato-
graphic behavior: benzoic acid, 2.4-dinitrophenol,
dnitroaniline,  d-nitroaniiine, and pentachlo-
rophenol. Figure A shows typical calibration curves
‘er an acidic compound and a basic compound
from one PTE-5 column. These linear data plots con-
fitrm the highly inen nature of PTE-5 columns.

From these response data, we have selected five
components of the 15-component test mixfure to
routinely monitor on every PTE-5 column as indica-
tors of column inertness. These compounds — ben-
zidine, benzoic acid, 2.4-dinitropheno!, 4-nitroani-
line. and pentachiorophenol — exhibit the greatest
veriability in linearity of response evaluations, and
therefore are the most stringent test of PTE-5 column
performance. As a conseguence of this stringent
testing, you can be sure PTE-5 columns are consist-
ently inert,

In the preposed US EPA Contract Laboratory Pro-
gram (CLP) semivolatiles procedure (1), relative
standard deviations for response factors (relative to
cauterated internat standards) for initial calibra-
hons of 54 target compounds must fall below speci-
fied values ranging trom 15 to 30%. Eleven com-
pounds. including 4-nitrophenol, 2.4-dinitrophenol,
and 4-nitroanitine. have no maximum %RSD crite-
rna because of their "erratic and poor linearity and
sensitivity™. For a 0.32mm ID PTE-5 column, randomiy
selected from inventory, %RSD values for these
problem compounds are comparable to - or
lewer than — values for befter behoved com.
counds (Table 3).

Furthermore linear responses are reproducible

Figure A — Oblain Linear Calibration Curves
for Acidic and Basic Compounds
from the same PTE-5 Column

Benzoic acid 3-Niroaniline
- Coefficiont of Correiation w 0.999 # Cosflicied of Corrmiation = 0.999
2 520009 an-coiumn 22 4 $-200ng oncolyma

Relative Response
e &

0 W % 120 180 20 > @ s 10 180 200
Nanograms Nanograms

210008-0003 2100080007
PTE-S tused sitica capifiary column. 35m x 0.32mm 1D, 0.25um fim.

Table 3 — Highly Consistent Relative Responses
for Problem Compounds - Using
0 0.32mm ID PTE-5 Column

Overall Relative Response Factor”

H ]
' Standarg | %Relative

Compound Mean . Deviation i 3'&73%:
Benzidine i 0.831 0.073 . 8.84
24-Dinitrophenol | 0.434 0.066 15.35
4-Nitroaniline i 0.694 0.019 279
4-Nitrophenol 1 0.834 0.028 3.39
Pentachlorophenot | 0.894 0.02¢ 3

"3 ancivses at eacn of § conceniations 20, 50. 80, 120 B0ng.ul.
Fused s:i.ca cotumnsg manulactured uncer HP US Pat No 4,293,415
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fcanra trom oage 9)

from one PTE-5 column to the next. Table 4 shows
average coeflicient of correlation values for six-
point calibration curves for 12 randomly selected
columns. The mean values are all near 1.000, and
standard deviations are minimal,

Column bleed is the third column pertormance
criterion we evailuate. Low bieed is necessary to
meet sensitivity requirements of most US EPA meth-
ods, to shorten stobilization times, and to minimize
the need for cleaning mass spectrometer ion
sources. We evaluate PTE-S column bleed at 300°C,
using an FID. Bleed must be Delow 7.5 picoamps,
but these columns typically exhibit less than 5 pi-
coamps of bleed under these test conditions.

Several applications demonstrate the inertness

PTE-5 columns typically exhibit
less than 5 picoamps of bleed
at 300°C

and versatitity of new 0.32mm 1D PTE-5 cotlumns. Phe-
nels, as analyzed according to US EPA Method 8040
and Method 604, are among the most difficult envi-
ronmental analytes to analyze. Because these
compeounds interact with poorly deactivated col-
umns and injector liners, the ability to resoive unde-
rivatized phenols, while maintaining peak sharp-
ness and symmetry. is a severe test for a capillary
column. Figure B shows that 18 phenols mentioned
in EPA Method 8040 are well resoived — with excel-
lent peak shape — in less than 23 minutes.

Polynuciear aromatic hydrocarbons (PAHs), ang-
lyzed according to £PA Method 8100 and Method
610 and the CLP semivolatiles protocol, also are de-
manding of column ineriness. Figure C shows that a
PTE-5 column will resolve the 16 PAHSs listed in Meth-
ods 8100 and 610, plus dibenzofuran and carba.
zole. Note, in particular, the separation of ben-
zo(b)fluoranthene and benzolk)fiuoranthene, and
indeno {1.2.3-cdipyrene and dibenzo(a,h)anthra-
cene).

Analysis of chlorinated herbicides in drinking
water (EPA Method 515.1) cails for converting the
chlorinated acids and phenols to methyl deriva-
tives, then analyzing them with electron capture
detection. Figure D shows the analysis of 10 of these

SUPELCD

Table 4 — Relative Responses are Consistently
Linear for 0.32mm 1D PTE-5 Columns

Coaetticient of Correlation

. | Slandard  Coefficient of
Compound Mean® | peviation Variation (v6)

N-Nitrosodimethyl-

amine i 1.000 0.000 0.028
Aniline 1,000 0.004 0.055
Pentachlorophenc! 0.999 0.001 0.055
Benzoic acid 0.999 :  0.004 0.104
2.4-Dinitrophencl 0.997 ;| 0.002 0.198
3-Nitrogniline 0.999 0.002 0.156
4-Nitroanitine 0.997 0.002 0.155
4-Nitrophenol 0.998 0.002 0.196
Benzidine 0993 i 0.007 0.697

'N = 12 randomly selectad columns.

Figure B — Phenols by EPA Method 8040 on a
0.32mm ID PTE-5 Column

1. Prero!
2. 2Chisronnenal
3. oCesa
& m-Cresw!
5. o-Crasci
4. 2Nireanenot
7.2.43imemyiphencl
8. 2.4-Qicrioraphenat
2. 2.6-Cicrioronhencl
10. $La1sr0-3-methyrahenol
4. 2.4 & nenatorapnenct
12. 2.4 S Tienlormphenat
o 13. 1.4.Linvrophenct
3 4. &-Narzsranol
FM 15. 2.3.4.8TetracNorosnenol
16. 2.Masryid b-Dimirophenal
17, Pemiccrarophenal
18. 2.58¢-3uly1-4.0-Ci1 opRenot

12 19

7

2008000«
PTES fused silica capiliary column, 30m x 0.32=m 1D, 0.25.m flim.
Col. Temp.; 50°C for 3 min., Ihen lo 200°C o A*Cimin., Linear
Velocity: llcmisec, He, Del.: FiD (16 x A0 AFS;, Samale: Aut
2-prapancl containing 50ng each phenol,
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Figure C — Polynuclear Aromatic
Hydrocarbons by EPA Method 8400

herbicide derivatives on g 0.32mm ID PTE-5 column,
at concentrations of 0.4 to 5.0ngliul. All compounds

1. NaphtnGiene

2. Acenacnnyinne
3. Acenaonirens
4. Fluorene

5. Dibenzcturan

4. Phenanir-ane
2. Aninracene

8 Corbazaie

9. Flugranrene

‘0 Byrane

11 Beniolonthracene

12 Chrysone

13 Benzofoifiucroninene
14 Senzotkhuoronihang

1% Sanrofojpyene

16. 1r20n0(1 2. 3-calpyrena
7 Dibenzo(a nianiniocens

are separated.

If you are performing analyses of semivolatiles in
environmental sampies on q bonded SE-54-type
capiliary column, and highly consistent column-to-
column pertormance is important to you, we highly
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PIES fused silico capiliary column, 30m « 0.32rmem ID, 0.25.m film,
Cal. Temp.: 35°C for 4 min., then 1o 320°C a1 10°Cimin., Linear
Velocity: 40cmisec, He, Det: FID (16 x ‘0 AFS) Sample: 14l
mathylene chioride containing 25ng each PAK.

Figure D — Chlorinated Pesticides as Methyi
Derlvatives, by EPA Method 545.1

1. Datapeon, sng 7.9

2. 24-Oienisrophenyiacatic acig 8.2
surrogate st ), 4.5ng 9.2

3. Dicampe, Ing

4. Dienlaiprop, Sng
4-0. 5n

CP, 0.4ng
.4.5-TP, 0.8ng
4,51, 0.8ng
10. 2.4-08, 0.8ng
1. Oinoseb, 0.8ng
12. Piciosam, irg
6. 4.4 -DibromoociativoteBiprany! il
Unternal st0.). Dang 3
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PTE-S tused silica capitlary column, 30m x 8.32mm (D, 0.25um film,
Col. Tema.: 80°C 1o 300°C at 4°Cmin.. Linear Velocity: 30cmisac.
Ha. Det: ECD (25 x 10°* AFS). Sample 1, hexane, on-column
quantites of nerbicides listed on ligure.
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recommend our 0.25mm |D and new 0.32mm ID PTE.
5 columns. We test every column to ensure highly
consistent performance. And we guarantee you
will be cansistently satisfied with PTE-5 celumn per-
formance — or YOU can return the column for a new
one ar for a refund.

PTE-5 Fused Silica Capitiary Columns

30m x 0.32mm ID, 0.25um fiim 2-4143T £374
30m x 0.25mm ID, 0.25.m film 2-44357 £359
PTE-§ Column for Rapid Screening Analyses

of Hazardous Waste Scmples

PTE-5 QTM Fused Silica Column

15m x 0.53mm ID, 0.5um film 2-53557

£259
For our extensive line of enviicrmental standercs, olease reler o sur
genaral coidlogue of gur new Envitonmentat Chromatography Prac-
uets cotGlogue.

Fused siico columng manutaciured uncer HP US Pat. No 4,293 415

Reterence

1. labie 2 {Relctive Response Faciar Criterig for Initiat ang Continuing
Calibrenen of Semivaianite Qrgemic Comoounas) in section Methog
for iha Determination of iangcsrable Semivolcnie Orgamic Com-
Poungs(Qct. 18. 1989 of dre!t Starement of Work for Organmic Anorysss.
Multimecia Muitconcentration, US EPA Contract Laboratary Program
{Qet. 19391,

Retarance not avaiable from Supeicham.

(S

frademarks ]

Amberiite — Rohm and Hags Co.
Clegving - Supeico, ine.

Fraon — E. 1. du Pont de Nemours & Co.. Inc.
ORBO - Supeice. Inc.

Pelrocol ~ Supeice. Inc.

Polywax - Petrolite Specialty Polymers Group
PTE ~ Supelca. Inc.

SUPELCOWAX — Supeico. Inc.

5P ~ Supelco, Ince.

Supelook — Supelco, Inc.

Supelpreme ~ Supelco, inc.

Supeitex — Supelco, Ing

XAD - Ronm and Haas Co

Prices Ex-works plus VAT

Minimum order £30.

{Prices sudject to change.)

For comziate explanation of Suoelco’s imited warranty, see our

Maost recent sotaiogue.
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[conrd. rom back poge) Analyze Chioringted Pesticizes ~ith Two Copiilary Columns

ensures excellent column inertness. In addition,
the $PB-608 column offers exceptionally low ECD
bleed levels.

When analyzing for Method 608 pesticides in
samples of unknown origin, compound identifica-
tion should be supported by at least one confirma-
tional analysis. This confirmation is irequently
performed on a second column, containing a sia.
tionary phase with a different potarity than the pri-
mary analytical column. Qur PYE-5 column Is a
logical choice for the confirmational analysis.

A PTE-5 caopillary column separates the or.
ganachlorine pesticides listed in EPA Method 608
in less than 30 minutes [Figure B). It also shifts the
elution order — relative to that provided by the
SPB-608 column ~ of nine of these 14 pesticides
{Table 1). And, compared to the same analysis on
the SPB-608 column, it shifts the relative retention
times (RRT} of ¢ll the pesticides. These RRT shifts —
caused by ditferences in column poigtity — pro-
vide greater assurance that the compounds have
been correctly identified. Elution orders of the pes-
ticides listed in Tabie 1 were confirmed by GC/MS.

When we developed our PTE-5 column for the
demanding analyses of the semivaiatile poliutants
listed in US EPA Methods 625, 1625, and 8270 (1), we
significantly improved the inertness of the bonded
SE-84 type stationary phase. We were able to do

Figure B — Chiorinated Pesticides Using
PTE-5 Capillary Column for Confirmation
in Dual Column Procedure

rBRC 1
Heprachlor
-BHT

Aldrin

Haplachior eporicde

Endosuttan §

4.4 -D0F 4

Diglarin 7 92

. Encnn j 8 18

4.4-00D

Endosultan B '3
4007 .

Eomuomavn

SRR
-

Enann Qicenvoe
8. Endosusian sultare

w

4 8 2 1§ .
M

$09400-L0%
PTE.S (used silica capillory column, 30m x 0.28mm D {0.25um film
thickness), Linear Veiocity: 25¢msac. He at 290°C. Cz! femp.: 150°C
[nold for 4 minutas), 6°C:min. to 290°C (hold 101 § m.~ctes or until ol
16 pesticides elute). Det ECD, (256 x 10 AFS) ar 110°C Salittn) - Vent
Flow 45-70ceimin.. Temp. 250°C Vol.: 0.5.1 Sample ‘5 Chiannated
Pesncides Mixture [100pg each compound).

BSUPHELCD
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this by improving manufacturing procedures for
this column. We check each column's inertness
with priority pollutant compounds notorious for
poor chromatographic performance. Among
these compounds are benzoic acid, 2,4-dinitro-
phenol, pentachiorophenot and benzidine.

Our priority poliutant mix is also used fo check
relative response factors. For this evaluation, we
use on-column quantities of 5-10 nonograms for
each compound. These levels are at, or below, the
minimum detection level (MDL) of EPA Method 625.
In addition, we check each PTE-5 column's polarity
to ensure that relative retention times of the priority
pollutants fail within the retention time windows
specified in EPA Method 625.

Each PTE-5 column will provide linear calibra-
tion curves for the anaiytes listed in EPA Method

Table 1 — Difterent Elution Patterns of
Chlorinated Pesticidesm

$P8-608 Column
Component RY RRY®*
{min.}
1. a-BHC 13.52 0.758
2. y-BHC 15.09 0.846
3. 3-3HC 15.46 0.867
4. Heptachlor 16.58 0.929
5. ¢-3HC 16.83 0.943
6. Aldrin 17.84 4.000
7. Heptachlor epoxide 19.9 1115
8. Endosullan | 24.2 1.188
Q. 44.DDE 21.98 4.232
10. Dieldrin 22.28 1.249
1. Endrin 23.48 1.316
12. 4.4.0DD 23.94 1.340
13. Endosultan il 24.13 1.383
14. 4.4-DDT 24,96 1.399
15. Endrin aldehyde 2518 1.444
16. Endosultan suliate 25.72 1.442
PTE-5 Column
Component RT RRT**
{min.}
1. o-BHC 9.54 0.634
* 2 33HC 10.72 0.735
3 y-BHC 10.44 0.716
' 4 5BHC 13.36 0.916
* 5. Heptachior 11.52 0.790
6. Aidrin 14.59 1.000
7. Heptachlor epoxide 15.98 1.094
8. Endosultan i 17.2 1.179
9. 4 4.DDE 18.08 1.239
10. Dietdrin 18.02 1.235
11. Endrin 18.8 1.289
* 12. Endosulfan ii 19.38 1.328
* 13 44-DDD 194 1.309
* 14, EIndrin aidehyde 20.64 1.415
* 18, gndosulfan sultate 107 1.350
16 42.DDT 205 1.405
iEmomcr “Zohie conditions shown n Figures A ang 8
‘Indicctes @ . on order shift compared 1o the SP8-608 cotumn
**Relarive 'z 2 anp

All 21208 Pounda Sterling
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625, within the specificatians of the method. And,
like our SPB-608 column, our PTE-5 column resolves
endrin and 4,4-DDT from direct injection samples
at on-column quaontities of 1 picogram. FID and
ECD bleed levels for the PTE-5 column are very jow
{less than & picoamps FID bieed at 300°C).

figure C — Single Column Analysis
of Chlorinated Pesticides
on 5PB-608 Capillary Column

aBHC
rBHC
£-BHC
Haptachior
$BHC R
. Alann .2
Hagtachior sponde
Enctosuitan |
4.4.-0D¢

Dietann b B
Enarin
4.4.000 el
Endosuitan it

7
. 4.4-007 N 13
. Endrin oidehyce l 11/;5

RGN B canpmammna

. Endosuitan suifote

I I

| | | | ! |
0 4 ] 12 16 20
Min.

3PB-608 fused silico capillary cofumn, 30m x 0.25mm 10 (0.25.m film
thickness). Linear Vatocity; 25cmvsec., He. Col. Temp. : 450°C (hold
for 4 min.), 8°Clmin. to 290°C (hold tor § minutes), Det.: ECD (32 x 40
AFS}, Inj. Vol.: 0.841. Sampie: 16 Chiorinated Pesticidas Mixture (200pg
each compound).

After selecting the columns for the primary and
confirmational pesticides analyses, we saved time
by pertorming both analyses simultaneously. To
obtain effective dual column confirmational anal-
yses — without loss of column performance — you
must have similar linear velocities through the two
columns. This is best accomplished with columns
of equal length and dicmeter. We used 30-meter
columns with internat diameters of 0.25mm.

Also, different temperature programs cause
a shift in the retention order of at ieast one pair of
closely eluting peaks. We achieved optimum sep-
aration of all listed pesticides, on both columns,
with a temperature program rate of 6Ciminute. A
comparisan of the dual column analyses in Fig-
ures A and B with the single column analyses in
Figures C and D shows no obvious deterioration in
chromatographic performance.

Under the conditions we established for this
dual column, singie injection procedure, our SPB-
608 and PTE-5 capiliary columns make excellent
choices for the analysis of the organochlorine pes-
ticides listed in EPA Method 408. Different station-
ary phase polarities result in dilferent elution
patterns for these pesticides, ensuring a more con-
clusive confirmational analysis. And by perform-
ing simultaneous analyses from a single sample
injection, you save precious analytical time.

PTE-5 Fused Sillca Capillary Coiumn
30m x 0.25mm ID

Flgurfecl%—- iSingle»d(lgoh.zn':(r; Analysis {0.28um film thickness) 2-4135T  £359
o] lorinated Pesticides on
PTE-5 Capillory Column SPB-608 Fused Silica Capillary Column
1. 0 BHC 9. 4.4.0DF 30m x 0-25""“.“3
2 ridc 19. Diatdin (0.25um film thickness) 2-41031  £379
4. H hi 12. 4.4-0D0 L .
! 5. r:ﬁ'cot o 4] Enagsuton o Pesticide Mix
6. Aigr . 4,
T Ht‘:a:gchmr apoxide 15, Enann aidehyde (fOf Me'hOd 608 cnolyses) 4'8858T £38
2 &. Encosulian 4. Engesulian sullote . X \
6 Supelpreme™HC Pesticides Mix
4 r % {does not contain 4.4"-DDE tor
il
i Method 608) 4-890371 £84
16 .
"‘5 14 Supeltex™ M-2A Ferrule
R {(two-hole, 0.4mm D) 2-246717  £30i5
Fused silica columns maruicctured under HP US Pat No. 4,293 445,
Reterance
*. Quality Conlirol Protoccs for she Fused Silica Copitiary Cotumn Gas
—J ChromatcgrophyiMass Scectromelry Determingtion of Semivolanie
% \. l f P S, LS Prionty Pollutants, Revisicn 3.1, Sept. 1981, US EPA, LOs Vegas. Nevada.
| I ! I [ | ! HSA
10 \H 1 L] 18 20 22 24 Reference not avoriable r2m Supalchem,
Mo
2090030001 §
PTIE-S lused silica caoillary column, 30m x 0.28mm (0.25um film
thickness). Linear Velocity. 25cmisec.. He.. Col, Temp.: 150°C (holdg
for 3 min.). 59C!min. 1o 290°C. Det - ECO {2 x A0 AES). iny. Vol 0.5.m,
Sampte: 16 Chionncrea Pesticides Mixiure 200pg each cemoound),
13 suPELCD
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Suggestions for Better Chromatography

Reliable, Safe, Easy-to-Operate
Packard Hydrogen Generators

With a flick of a switch, Packarg Mode!
8200 and new Mode/ 8400 Hydrogen
Generators deliver 99.99204 pure hydro.
gen to your sensitive GC analytica) sys-
tem. Cambining ease of operation and
minimal maintenance, these units pro-
vide high continyous flow rates {up to
$00ccimin. for Model 8400) and excel-
lent reliability.

Packard hydrogen generators elimi-
nate the hazards of high pressure cylin-
ders and the dangers of alkaline
electrolyte solutions. They even prevent
electrolytic cell contamination by moni-
toring the quality of deionized feed wa-
ter. A builkin  desiccant cartridge
reduces water in the generated hydro-
gen gas to less than 80ppm.

Each generator occupies only a
square foot of bench space. The Model
8200 generator delivers up to 250ccimin.
of H, at pressures from 2 to 60psig; the
Model 8400 generator delivers up to
S00ccimin.

Operated continuously at maximum
cutput, each unit will produce pure hy-

filting of deionized water. These genera-
tors also tulfii! all tederal government
safety regulations and meet locai fire
reguiations for the use and storage of hy-
drogen,

R

NV

drogen for fwo weeks from only a single g " SAVE
-

IO 82

Packerc Hydrogen Generators

Model 8200 2.275071 £3755
Model 8400 2-28007 £6358
\
Model 8400

Introductory price £5722
(10% discount)

NN iscount expires 28 12 90,

SURELED

14

AL 2 ces Ao ng St -y

¢/6¢0vC0Y




Find Gas Leaks
Quickly and Easily

40004

Stop worrying about annoying, costly,
or potentially dangerous gas leaks. This
easy-to-use GOW-MAC Leak Detector will
locate aven minute leaks. Sensitive to he-
lium, hydrogen, Freon® , carbon monox-
ide, carban dioxide — or any gas with g
thermal conductivity sufficiently different
from gir — the GOW-MAC Leak Detector
works equally well at ambient or ele-
vated temperatures. And it is maore sensi-
tive than liquid leak detectors.

The wandiike probe wiii readily search
out the most difficult-to-fing gas leak —
even where several fittings are grouped
together. This delector is indispensable
for low fiow capillary systems, where lig-
uids can contaminate the column,

Minimum leak rates of 1 x 10° celsec-
ond of helium or 5 x 10+ celsecond of hy-
drogen produce 10% of full scale
deflection. The meter reads out on two
sensitivity levels. A high/low switch lets
You control sensitivity. Both models oper-
ate at 1151230 VAC, 50/40 Hz. The deluxe
unit has an audible leak alarm and an
internal, rechargeable battery. For more
information, call ys and request GOW-
MAC product brochure SB-21.

GOW-MAC Gas Leak Detector
2-24087 £848
2-24097 {deluxe unit) £4060

Capillary Cleaving™
Tool Permits Perfect
Butt Connections

09400014

Qur Capillary Cleaving Tool will
cleave your fused silica and glass capil-
lary tubing cleanly with only one stight
stroke. The resulting cut will not only be
perpendicular, but no residue will re-
main to encroach insice your tubing
and cause problems Iater on. This clean
cleave will aliow YOu to make perfect
bult connections. In fact, we know of no
other tool that wili consistently pertorm
the ultrasmooth cuts required for the
g/ass butt connectors.

The Cepoiliary Cleaving Tool is espe-
ciaily beneficial when cleaving fused
silica tubing, A diamond-tipped cutter
will only cause the poiyimide cogting to
react like a rubber sheath, gathering
and  ripping  instead  of separating
cleaniy. But the Capillary Cleaving Too!
will slice through polyimide coating like
Q scalpel. cut after cut.

At Supeico we have used this handy
tool everywhere, from quclity assurance
to production, with enormous success.
The biade has four sharp edges that may
neéver wear out. Our Capillary Cleaving
Tool does such g fine 100 you simply
have to try it to believe it

Capillery Cleaving Tool  2-37407 £42
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_Analyze Chlorinated Pesticides _
~ with Two Capillary Columns N

o save time when performing dual column : - -
Tconﬁrmarioncl analyses of US EPA Method 608 SPBQ%%'%Q mghl%ri?ctedfl’esglicmes tf'”? ,
organochlorine pesticides, use our 30m x 0.25mm inpDuolyCocl)umnProc:c;é:?ew nhalysis
ID SPB™-608 and PTE*-5 capillary columns. Simply 1. aBHC ' R
connect both columns fo the same injection port Fge T
with o two-hole ferrule, and use two electron cap- 4 Repicanlar .
ture detectors (ECDs). Using a single injection, the 8 Alarin _
$PB-608 column serves as the primary analytical %, Encosiiant T 4 ,
column, while the PTE-5 column provides the con- A %50
firmational analysis, byt ,2;}‘:‘

Qur $PB-608 capillary column was developed 13 Endesiont iy e
specifically for the separation of the organo- o frann adatyde "
chicrine pesticides and PCBs listed in EPA Method s
608. Under the conditions developed for our confir-
mational procedure, the SPB-4608 column sepa-
rates Method 608 pesticides in less than 30 minutes
(Figure A).

Each SPB-608 column is tested with a mixture of » yLJLL g JLg
16 chlorinated pesticides, selected from the com- | # ! . j : :
pounds listed in Method 608, The relative ECD re- o ® w n
sponse for endrin and 4,4'-DDT is also measured. 2094000047
Minimal breakdown of these unstable compon- $PB-608 fused silica capillary column, 30m x 0.2Smm 10 (0.25um filen
enis — at an on-column level of 160 PICOQIAMS — | {hciq aminten. S-cimar 1o S e, 81 20°C. Col femp ; 150:

pesiicides elute), Det.: ECD (128 x 10 AFS) at 340°C, Split inj.: Vent
Fused silica columns manufacturad under HP US Pat. No. 4 293.415, Flow 65-70cc min., Temp. 250°C. Vol. 0.541, Samole: 16 Chlorinates
Pesticides Mixture (100pg each compound).

feome. on pege °&

SUPELCHEM
SURELCO SERPARATION TECHNOLOGIES
BUPELCHEM UK LTD » Shire Hill « Saffron Waiden

Essex ¢ CB11 3AZ » Teleghone {0799) 5132588
Facsimig (0799) 513283 ¢ Telex 817074

f
} BURPELEG, INC. * Suze 22 2arc « Sellefonze, 24 *5323.0048 Li53 » Phgne {814] 358-3441 and {8°

SUPELCO BA »Cherm o Lavasson 2 » 11868 Glare Switzerigng » Prong 022 §4 35 62 » Teies 419
SURELCD CANADA Lea./Ltee ¢ 36 220 Wyecrer: Raad « Oakwile. Ontaro, Canada <K 3V e Prer

BUPELCO DRUTHCHLANG Gmor * P05t ‘acn 22 40 + 838C 3ac Hombueg v ¢ M FRG « Phone |C 2° = ¥TTe)83cs
BURBLEC FRANGE * 27 Zuater cyg Schnaoper » 3 5 145 « 780 St-Germawn-en-Lave Coden Fra * Teier GBS E73 ¢ FAX (1] 35 T3
! BUPELCO JABAN, LTO. « \ise: Suuding « 1-8-'C Azabudar « Minata-<u, Tokvo. Jawan "CS « Phone T; 1887.0406 <2 (0Bj 303 G332 »

| NOTE: ‘207 country 5 0% sted. see the Suaecd “atalog for 3 5t ng of Sunelca rearesantatives —
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