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METHOD TO-8

METHOD FOR THE DETERMINATION OF PHENOL
AND METHYLPHENOLS (CRESOLS) IN AMBIENT AIR USING
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Thi s docunent describes a nmethod for determ nation of phenol and
nmet hyl phenol s (cresols) in anmbient air. Wth careful attention to
reagent purity and other factors, the method can detect these
conpounds at the 1-5 ppbv |evel

The nethod as witten has not been rigorously evaluated. The
approach is a conposite of several existing methods (1-3). The
choi ce of HPLC detection systemw |l be dependent on the

requi rements of the individual user. However, the UV detection
procedure is considered to be nost generally useful for relatively
cl ean sanpl es.

Appl i cabl e Docunents

ASTM St andar ds

D1356 - Definitions of Terns Related to Atnospheric Sanpling and
Anal ysi s(4).

O her Documents

U.S. EPA Techni cal Assistance Docunent (5).

Sunmary of Method

Ambient air is drawn through two midget inpingers, each containing
15 mL of 0.1 N NaCH. The phenols are trapped as phenol at es.

The i npi nger solutions are placed in a vial with a Tefl on® 1ined
screw cap and returned to the | aboratory for analysis. The
solution is cooled in an ice bath and adjusted to pH <4 by
addition of 1 m of 5%v/v sulfuric acid. The sanple is adjusted
to a final volume of 25 nL with distilled water.

The phenols are determ ned using reverse-phase HPLC with either
ultraviolet (UV) absorption detection at 274 nm el ectrochem ca
detection, or fluorescence detection. In general, the UV detection

approach shoul d be used for relatively clean sanples.
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Si gni ficance

4.1 Phenol s are enitted into the atnosphere from chenical operations
and various combustion sources. Many of these compounds are
acutely toxic, and their determination in anmbient air is required
in order to assess human health inpacts.

4.2 Conventional methods for phenols have generally enpl oyed
colorimetric or gas chromatographic techniques with relatively
| arge detection linmts. The nethod descri bed here reduces the
detection limt through use of HPLC.

Definitions

Definitions used in this docunment and in any user-prepared Standard
Operating Procedures (SOPs) should be consistent with ASTM D1356 (5).
Al'l abbreviations and synbols are defined within this docunent at the
poi nt of use.

I nterferences

6.1 Conpounds having the sane retention tines as the conpounds of
interest will interfere in the nethod. Such interferences can
often be overcone by altering the separation conditions (e.g.
using alternative HPLC col utms or nobil e phase conpositions) or
detectors. Additionally, the phenolic compounds of interest in
this method may be oxidized during sanpling. Validation
experiments may be required to show that the four target conpounds
are not substantially degraded.

6.2 If interferences are suspected in a "dirty" sanple, prelimnary
cl eanup steps may be required to identify interfering conpounds by
recordi ng infrared spectrophotonetry foll owed by specific
i on- exchange col uim chromat ography. Li kew se, overl appi ng HPLC
peaks may be resol ved by increasing/decreasi ng conponent
concentration of the nobile phase.

6.3 Al'l reagents nust be checked for contanination before use.

Appar at us

7.1 I socratic HPLC system consisting of a nobil e-phase reservoir, a
hi gh- pressure punp, an injection valve, a Zorbax ODS or C 18
reverse- phase columm, or equivalent (25 cmx 4.6 nmID), a
vari abl e-wavel ength UV detector operating at 274 nm and a data



NN N NN NSNS NN

TO8- 3

systemor strip-chart recorder (Figure |). Anperonetric

(el ectrochem cal) or fluorescence detectors may al so be enpl oyed.
Sanpl i ng system - capabl e of accurately and precisely sanpling
100-1000 i/ m nute of anbient air (Figure 2).

St opwat ch.

Friction-top netal can, e.g., one-gallon (paint can) - to hold
sanpl es.

Thernoneter - to record anbi ent tenperature.

Baronmeter (optional).

Anal ytical balance - 0.1 ng sensitivity.

M dget inpingers - jet inlet type, 25-mlL.

Suction filtration apparatus - for filtering HPLC nobile phase.
Vol unmetric flasks - 100 nL and 500 nL.

Pi pettes - various sizes, 1-10 ni.

Hel i um purge line (optional) - for degassing HPLC nobil e phase.
Erl enneyer flask, 1 L - for preparing HPLC nobil e phase.
Graduated cylinder, 1 L - for preparing HPLC nobil e phase.
Mcroliter syringe, 100-250 uL - for HPLC injection

Reagents and Materials

© ® 0 ® 0 ® ©
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Bottles, 10 oz, glass, with Tefl on®1ined screw cap - for storing
sampl i ng reagent.

Vials, 25 m, wth Tefl on®1ined screw cap - for holding sanples.
Di sposabl e pi pettes and bul bs.

Granul ar charcoal .

Met hanol - distilled in glass or pesticide grade.

Sodi um hydr oxi de - anal ytical reagent grade.

Sul furic acid - analytical reagent grade.

Reagent water - purified by ion exchange and carbon filtration, or
distillation.

Pol yester filters, 0.22 um - Nucl epore, or equivalent.

Phenol, 2-nethyl-, 3-nethyl-, and 4-nethyl phenol - neat standards
(99+ % purity) for instrument calibration.

Sanpling reagent, 0.1 N NaOH. Di ssolve 4.0 grans of NaOH in
reagent water and dilute to a final volume of 1L. Store in a

gl ass bottle with Tefl on® 1 ned cap

Sul furic acid, 5% v/v. Slowy add 5 nL of concentrated sulfuric
acid to 9S nL of reagent water.
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Acetate buffer, 0.1M pH 4.8 - Dissolve 5.8 nmL of glacial acetic
acid and 13.6 grans of sodium acetate trihydrate in 1 L of reagent
wat er .

Acetonitrile - spectroscopic grade.

G acial acetic acid - analytical reagent grade.

Sodi um acetate trihydrate - anal ytical reagent grade

Sanpl i ng

The sanpling apparatus is assenbl ed and should be sinmilar to that
shown in Figure 2. EPA Federal Reference Method 6 uses essentially
the sane sanpling system (6). Al glassware (e.g., inpingers,
sampling bottles, etc.) nust be thoroughly rinsed with nethano

and oven-dried before use.

Bef ore sanple collection, the entire assenbly (including enpty
sampl e inmpingers) is installed and the flow rate checked at a

val ue near the desired rate. I n general, flow rates of 100-1000
m./m nute are useful. Flow rates greater than 1000 mli/m nute
shoul d not be used because inpinger collection efficiency may
decrease. Generally, calibration is acconplished using a soap
bubble flow neter or calibrated wet test meter connected to the
flow exit, assuming the entire systemis seal ed. ASTM Met hod D3686
descri bes an appropriate calibration schene that does not require
a seal ed-fl ow system downstream of the punp (4).

Ideally, a dry gas neter is included in the systemto record tota
flow, if the flowrate is sufficient for its use. |If a dry gas
nmeter is not available, the operator must neasure and record the
sampling flow rate at the begi nning and end of the sanpling period
to determ ne sanple volune. If the sanpling tinme exceeds two
hours, the flow rate should be neasured at intermediate points
during the sampling period. ldeally, a rotaneter should be
included to allow observation of the flow rate without
interruption of the sanpling process.

To collect an air sanmple, two clean nidget inpingers are |oaded
with 15 nL of 0.1 N NaOH each and sanple flowis started. The

foll owi ng paraneters are recorded on the data sheet (see Figure 3
for an exanple): date, sanpling location, tinme, amnbient
tenmperature, baronetric pressure (if available), relative humidity
(if available), dry gas nmeter reading (if appropriate), flow rate,
rotameter setting, 0.1 N NaCH reagent batch nunber, and dry gas
meter and punp identification nunbers.
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The sanpler is allowed to operate for the desired period, with
periodic recording of the variables |isted above. The total vol une
shoul d not exceed 80 L. The operator nust ensure that at |east

5 nmL of reagent remamins in the inpinger at the end of the sanpling
interval. (Note: for high anmbient tenperatures, |ower sanpling

vol unes may be required.)

At the end of the sanpling period, the parameters listed in
Section 9.4 are recorded and the sanple flow is stopped. If a dry
gas neter is not used, the flow rate nmust be checked at the end of
the sanpling interval. If the flow rates at the begi nning and end
of the sanpling period differ by nore than 15% the sanple shoul d
be di scarded.

| mredi ately after sanpling, the inpinger is removed fromthe

sampl ing system The contents of the inpinger are enptied into a
clean 25-nm glass vial with a Tefl on® 1 ned screw cap. The

i mpinger is then rinsed with 5 nL of reagent water and the rinse
solution is added to the vial. The vial is then capped, sealed
with Tefl on® tape, and placed in a friction-top can containing 1-2
i nches of granul ar charcoal. The sanples are stored in the can and
refrigerated until analysis. No degradation has been observed if
the tine between refrigeration and analysis is |less than 48 hours.
If a dry gas neter or equivalent total flow indicator is not used,
the average sanple flow rate nmust be cal cul ated according to the
foll owi ng equati on:

Q +Q+... Q
QA: 1 2N N
wher e
Q. = average flow rate (mL/mnute).
Q Q ----Q = flow rates determ ned at begi nning,

end, and intermediate points during

sanpl i ng.
N = nunber of points averaged.



10.

.9

.10

TOB- 6

The total flow is then calculated using the foll owi ng equation:
V. o= (T27T1) X QA
m 1000
wher e
Vo, = total volume (L) sanpled at nmeasured tenperature
and pressure.
T, = stop tinme.
T, = start tine.
T,-T, = total sanpling tinme (mnutes).
Q. = average flow rate (m/mnute).

The volume of air sanpled is often reported uncorrected for

at nospheric conditions (i.e., under anbient conditions). However,
t he val ue should be adjusted to standard conditions (25°C and 760
nm pressure) using the followi ng equation:

V.-V x Pa 298
760 273 + T,
wher e
V, = total sanple volune (L) at 25°C and 760 nm Hg
pressure.
Vo = total sanple volune (L) under anbient
conditions. Calculated as in Section 9.9 or from
dry gas neter reading.
P, = ambi ent pressure (nmm Hg).
Ta = ambi ent tenperature (°C).

Sanpl e Anal ysi s

10.1 Sanple Preparation

10.1.1 The sanples are returned to the |aboratory in 25-nL
screw capped vials. The contents of each vial are
transferred to a 25-nL volunmetric flask. A 1-niL
volume of 5% sulfuric acid is added and the final
volune is adjusted to 25 nL with reagent water.

10.1.2 The solution is thoroughly m xed and then placed in a
25-m screw capped vial for storage (refrigerated)
until HPLC anal ysi s.
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10.2 HPLC Analysis

10.2.1

Ret ention Ti ne:

10. 2.2

10. 2.3

10.2. 4

10. 2.5

10. 2.6

The HPLC systemis assenbl ed and calibrated as
described in Section 11. The operating paranmeters are
as follows:
Col um: C 18 RP
Mobi | e Phase: 30% acetonitril e/ 70% acetate buffer
sol ution

Det ect or: ultraviolet, operating at 274 nm
Fl ow Rate: 0.3 nmL/mnute

phenol - 9.4 m nutes

o-cresol -12.5 m nutes L
m-cresol - 11.5 minutes I ndi vi dual
p-cresol - 11.9 mnutes

phenol - 9.4 m nutes
o-cresol - 12.8 m nutes Conbi ned
m p-cresol - 11.9 m nutes

Bef ore each anal ysis, the detector baseline is checked
to ensure stable operation.

A 100-uL aliquot of the sanple is drawn into a clean
HPLC injection syringe. The sanple injection |oop

(50 uL) is loaded and an injection is made. The data
system if available, is activated sinultaneously with
the injection and the point of injection is marked on
the strip-chart recorder

After approximately one nminute, the injection valve is
returned to the "l oad" position and the syringe and
valve are flushed with water in preparation for the
next sanple anal ysis.

After elusion of the |ast conponent of interest, data
acquisition is term nated and the conponent
concentrations are cal cul ated as described in Section
12.

Phenol s have been successfully separated fromcresols
utilizing HPLC with the above operating paraneters.
However, meta- and para-cresols have not been
successfully separated. Figure 4 illustrates a typica
chr omat ogr am

After a stable baseline is achieved, the systemcan be
used for further sanple anal yses as described above.
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10. 2.7 If the concentration of anal yte exceeds the linear
range of the instrument, the sanple should be diluted
with mobil e phase, or a smaller volunme can be injected
into the HPLC

10.2.8 If the retention tine is not duplicated, as deternned
by the calibration curve, you may increase or decrease
the acetonitrile/water ratio to obtain the correct
elution time, as specified in Figure 4. If the elution
time is long, increase the ratio; if it is too short,
decrease the ratio.

11.0 HPLC Assenbly and Calibration

11.

11.

11.

11.

1

The HPLC systemis assenbl ed and operated according to Section
10. 2. 1.

The HPLC nobil e phase is prepared by m xing 300 nL of acetonitrile
and 750 nmL of acetate buffer, pH 4.8. This mxture is filtered

t hrough a 0.22-um pol yester menbrane filter in an all-glass and
Tefl on® suction filtration apparatus. The filtered nobile phase is
degassed by purging with heliumfor 10-15 minutes (100 nl/m nute)
or by heating to 60°C for 5-10 m nutes in an Erlenneyer flask
covered with a watch glass. A constant back pressure restrict or
(50 psi) or short length (6-12 inches) of 0.01-inch I.D. Tefl on®
t ubi ng shoul d be placed after the detector to elinminate further
nobi | e phase out gassi ng.

The nobile phase is placed in the HPLC sol vent reservoir and the
punp is set at a flowrate of 0.3 nL/mnute and all owed to punp
for 20-30 minutes before the first analysis. The detector is
switched on at |east 30 mnutes before the first analysis and the
detector output is displayed on a strip-chart recorder or simlar
out put device. UV detection at 274 nmis generally preferred.

Al ternatively, fluorescence detection with 274-nm excitation at
298-nm eni ssion (2), or electrochem cal detection at 0.9 volts

(gl assy carbon el ectrode versus Ag/AgCl) (3) may be used. Once a
stabl e baseline is achieved, the systemis ready for calibration.
Calibration standards are prepared in HPLC nobil e phase fromthe
neat materials. Individual stock solutions of 100 ng/L are
prepared by dissolving 10 ng of solid derivative in 100 nL of
nobi | e phase. These individual solutions are used to prepare
calibration standards containing all of the phenols and cresols of
i nterest at concentrations spanning the range of interest.
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Each calibration standard (at least five levels) is analyzed three
times and area response is tabul ated agai nst mass injected.
Figures 5a through 5e illustrate HPLC response to vari ous pheno
concentrations (1 m./minute flowrate). Al calibration runs are
performed as described for sanple analyses in Section 10. Using
the UV detector, a linear response range of approximately 0.05 to
10 mg/ L shoul d be achi eved for 50-uL injection volunmes. The
results may be used to prepare a calibration curve, as illustrated
in Figure 6 for phenols. Linear response is indicated where a
correlation coefficient of at |least 0.999 for a |linear

| east-squares fit of the data (concentration versus area response)
is obtained. The retention tinmes for each anal yze shoul d agree
within 2%

Once linear response has been docunmented, an internediate
concentration standard near the anticipated | evels for each
conponent, but at |east 10 tinmes the detection lint, should be
chosen for daily calibration. The response for the various
conponents should be within 10% day to day. If greater variability
is observed, recalibration may be required or a new calibration
curve rmust be devel oped from fresh standards.

The response for each conponent in the daily calibration standard
is used to calculate a response factor according to the foll ow ng

equat i on:
C.xV
RF, = —=—1
(o3 RC
wher e
RF¢ = response factor (usually area counts) for the
conponent of interest in nanograns injected/
response unit.
Cc = concentration (ng/L) of analyte in the daily
cal i brati on standard.
Vi = vol unme (ulL) of calibration standard injected.
Rc = response (area counts) for analyte in the

cal i bration standard.
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Cal cul ati ons

12.1 The concentration of each conpound is cal culated for each sanple
using the foll owi ng equation:

W, = RF_XR, X EE X XB
d c d VI VA
wher e
W, = total quantity of analyze (ug) in the sanple.
RF, = response factor calculated in Section 11.6.
Ry = response (area counts or other response units)

for analyte in sanple extract.

Ve = final volume (m) of sanple extract.

Vv, = vol une of extract (uL) injected onto the HPLC
system

Vp = redilution volunme (if sanple was redil uted).

V, = aliquot used for redilution (if sanmple was
redil uted).

12.2 The concentration of analyte in the original sanple is cal cul ated
fromthe foll owi ng equation:

C, = '—Wd x 1000
AV, (orVy
wher e

Ca = concentration of analyte (ng/L) in the origina
sanpl e.

W, = total quantity of analyte (ug) in sanple.

Vo, = total sanple volune (L) under anbient
condi tions.

V, = total sanple volune (L) at 25°C and 760 nm Hg.

12.3 The anal yte concentrations can be converted to ppbv using the
foll owi ng equati on:

24. 4
C, (PPBV) = C, (ng/L) x 2

A

wher e
C, (ng/L) is calculated using V..

MM, = nol ecul ar wei ght of anal yte.
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Performance Criteria and Quality Assurance

This section summari zes required quality assurance (QA) neasures and
provi des gui dance concerni ng performance criteria that should be achi eved
wi thin each | aboratory.

13.1 Standard Operating Procedures (SOPs).

13.1.1 Users shoul d generate SOPs describing the follow ng
activities in their laboratory: (1) assenbly,
calibration, and operation of the sanpling system wth
make and nodel of equi pnent used; (2) preparation
purification, storage, and handling of sanpling reagent
and sanples; (3) assenbly, calibration, and operation of
the HPLC system with nake and nodel of equi pnent used;
and (4) all aspects of data recordi ng and processing,
including lists of conputer hardware and software used.

13.1.2 SOPs shoul d provide specific stepw se instructions and
shoul d be readily available to and understood by the
| aborat ory personnel conducting the work

13.2 HPLC System Performance

13.2.1 The general appearance of the HPLC chromat ogram shoul d be
simlar to that illustrated in Figure 4.
13.2.2 The HPLC system efficiency and peak asymetry factor

shoul d be determined in the followi ng manner: A sol ution
of phenol corresponding to at |east 20 tines the
detection Iimt should be injected with the recorder
chart sensitivity and speed set to yield a peak
approxi mately 75% of full scale and 1 cm w de at half
hei ght. The peak asymetry factor is deternined as shown
in Figure 7, and should be between 0.8 and 1.8.

13.2.3 HPLC system efficiency is cal cul ated according to the
foll owi ng equati on:

t 2
N—5.54[ f)
W1/2

wher e
N = columm efficiency (theoretical plates).
t, = retention time (seconds) of analyte.
W,, = width of conmponent peak at half hei ght
(seconds).

A columm efficiency of >5,000 theoretical plates should
be obt ai ned.
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Preci si on of response for replicate HPLC injections
shoul d be +#10% or less, day to day, for calibration
standards. Precision of retention times should be 2%
on a given day.

Process Bl anks

13.3.1

13.3.2

Met hod Pr eci
13. 4.1

13.4.2

13.4.3

13.4. 4

Bef ore use, a 15-nmL aliquot of each batch of 0.1 N
NaOH reagent should be anal yzed as described in
Section 10. In general, analyte levels equivalent to
<5 ng/L in an 80-L sanple shoul d be achieved.

At | east one field blank, or 10% of the field sanples,
whi chever is larger, should be shipped and anal yzed
with each group of sanples. The nunber of sanples
within a group and/or tine frame should be recorded so
that a specified percentage of blanks is obtained for
a given nunber of field sanples. The field blank is
treated identically to the sanples except that no air
is drawn through the reagent. The sane performance
criteria described in Section 13.3.1 should be net for
process bl anks.

sion and Accuracy

At | east one duplicate sanple, or 10% of the field
sanmpl es, whichever is larger, should be collected
during each sanpling episode. Precision for field
replication should be +20% or better

Precision for replicate HPLC injections should be +10%
or better, day to day, for calibration standards.

At | east one spiked sanple, or 10% of the field

sampl es, whichever is larger, should be collected. The
i mpi nger solution is spiked with a known quantity of

t he conpound of interest, prepared as a dilute water
solution. A recovery of >80% should be achi eved
routinely.

Before initial use of the nethod, each | aboratory
shoul d generate triplicate spiked sanples at a m ni mum
of three concentration |evels, bracketing the range of
i nterest for each conpound. Triplicate nonspiked
sampl es rmust al so be processed. Spi ke recoveries of
>80 +10% and bl ank levels of <5 ng/L (using an 80-L
sampl ing vol ume) shoul d be achi eved.
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SAVPLI NG DATA SHEET

(One_Sampl e per

Dat a_Sheet)

DATES(S) SAMPLED:

TI ME PERI OD SAMPLED:

LOCATI ON:
I NSTRUVENT MODEL NO.
PUMP SERI AL NO

OPERATOR:

CAL| BRATED BY:

SAMPLI NG DATA

Sanpl e Nunber:

Start Tinme: Stop Tine:
Dry Gas Fl ow Anbi ent Barometric
Met er Rot anet er Rate, *Q | Tenperature Pressure, Rel ati ve
Ti me Readi ng Readi ng m./mn °C nm Hg Hum dity, % | Conments
1.
2.
3.
4.
N.
Total Volune Data**
V, = (Final - Initial) Dry Gas Meter Reading, or = L
Q% Q. Q 1 _ L
N 1000 x (Sampling Time in Minutes)  ——

Flow rate fromrotanmeter or soap bubble calibrator
** Use data fromdry gas neter

(specify which).

i f avail abl e.

FIGURE 3. EXAMPLE SAMPLING DATA SHEET
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OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mabile Phose: 30% Acetonitrile/70% Acetote Buffer
Detector: Ultro violet operoting ot 274 nm

Flow Rate: 1 ml/min

Retention Time: 3.4 minutes

—> 11.30

M/P-CRESOL —==

_—=—12.22

~=— O-CRESOL

8.81

JuL. 30, 1986 15:07:17  CHART 0.50 CM/MIN
RUN #43 CALC §O
COLUMN SOLVENT OPR ID: 3

EXTERNAL STANDARD QUANTITATION

PEAK# AMOUNT  RT  EXP RT AREA RF

790.82600 8.81 790826 L 0.000000E0
2686.95000 11.30 2686966 F 0.000000E0
1645.46000 12.22 1645466 L 0.000000E0

TOTAL  5123.24000

—

PHENOL ”

L

TIME ———=

INJECT

FIGURE 4. TYPICAL CHROMATOGRAM ILLUSTRATING
SEPARATION OF PHENOLS/CRESOLS BY HPLC
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(c)
(b) 3.39

3.43

(@)
3.39

1\

!
[
i
[

-

5 TIME 5 TIME TIME
w 1ug r 2ug 3ug
z z
(d) ()
3.44 3.39
AREA
CONC. | COUNTS
1ug 249054
2ug 554609
3ug 804918
4uq 1038422
Sug 1296781
3\ I —A \\__-_-4
=
5 TIME g 5 TIME g
e 4ug e Sug
4 4

FIGURE Sa-5e. HPLC CHROMATOGRAM OF VARYING
PHENOL CONCEITRATIONS
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Column: C-18 RP
Mobile Phase: 30% Acetonitrile/70% Acetote Buffer

o Detector: Ultra violet operating at 274 nm
o _] Flow Rate: 1 mi/min
1 Retention Time: 3.4 minutes
-—
o
o _
o
-
o O CORRELATION COEFFICIENT:
O 0.999
Tg)
I I I I I

PHENOL (ug)

FIGURE 6. CALIBRATION CURVE FOR PHEHNOL
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- BC
Asymmetry Faoctor = 2B

Exaomple Calculation:

Peak Height = DE = 100mm
10% P=ok Height = BD = 10mm

Peok Width ot 10% Peok Height = AC = 23mm
AB = 11mm

BC

12mm

—_
N

Therefore: Asymmetry Foctor = T = 1.1

-

FIGURE 7. PEAK ASYMMETRY CALCULATION
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