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Sept ember, 1986

METHOD FOR THE DETERMINATION OF PHOSGENE

IN AMBIENT AIR USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Scope

1.2

Thi s docunent describes a nmethod for determ nation of phosgene in
ambient air, in which phosgene is collected by passage of the air
t hrough a solution of aniline, form ng carbanilide. The
carbanilide is determ ned by HPLC. The method can be used to

det ect phosgene at the 0.1 ppbv |evel

Preci sion for phosgene spiked into a clean air streamis +15-20%
relative standard devi ation. Recovery is quantitative w thin that
preci sion, down to |less than 3 ppbv. This method has been

devel oped and tested by a single |aboratory (1), and,
consequently, each laboratory desiring to use the nmethod shoul d
acquire sufficient precision and recovery data to verify
performance under those particular conditions. This method is
nore sensitive, and probably nore selective, than the standard
colorimetric procedure currently in w despread use for workpl ace
nmonitoring (2).

Appl i cabl e Document s

2.1

ASTM St andar ds

D1356 - Definitions of Terns Related to Atnospheric Sanpling and
Anal ysis (3).

O her Docunents

Standard NI OSH Procedure for Phosgene (2).
U. S. EPA Techni cal Assistance Docunent (4).

Summary of Met hod

Ambient air is drawn through a m dget inpinger containing 10 mL of
2/ 98 aniline/toluene (by volune). Phosgene readily reacts with
aniline to formcarbanilide (1, 3-di phenylurea), which is stable
indefinitely.
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After sanpling, the inpinger contents are transferred to a screw
capped vial having a Teflon-lined cap and returned to the

| aboratory for analysis.

The solution is taken to dryness by heating to 60°C on an al um num
heating bl ock under a gentle stream of pure nitrogen gas. The
residue is dissolved in 1 nL of acetonitrile.

Carbanilide is determined in the acetonitrile solution using
reverse-phase HPLC with an ultravi ol et absorbance (UV) detector
operating at 254 nm

Si gni fi cance

Def i ni

Phosgene is widely used in industrial operations, primarily in the
synthetic organic chemcals industry. |In addition, phosgene is
produced by photochem cal degradati on of chlorinated hydrocarbons
(e.g., trichloroethylene) emtted fromvarious sources. Although
phosgene is acutely toxic, its effects at lowlevels (i.e., 1 ppbv
and bel ow) are unknown. Nonetheless, its em ssion into and/or
formation in anbient air is of potential concern

The conventional nethod for phosgene has utilized a colorinetric
procedure involving reaction with 4,4'-nitrobenzyl pyridine in

di et hyl phthalate. This method cannot detect phosgene |evels bel ow
10 ppbv and is subject to nunerous interferences. The nethod
described herein is nore sensitive (0.1 ppbv detection limt) and
is believed to be nore selective due to the chromatographic
separation step. However, the method needs to be nore rigorously
tested for interferences before its degree of selectivity can be
firmy established.

tions
Definitions used in this document and in any user-prepared SOPs

shoul d be consistent with ASTM D1356 (3). All abbreviations and
synbols are defined within this docunment at the point of use.

Interferences

There are very few interferences in the nethod, although this
aspect of the nmethod needs to be nore thoroughly investigated.
Ambi ent | evels of nitrogen oxi des, ozone, water vapor, and SO are
known not to interfere. Chloroformates can cause interferences by
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reacting with the aniline to formurea, which produces a peak that
overlies the carbanilide peak in the HPLC trace. Presence of

chl or of ormat es shoul d be docunmented before use of this nethod.
However, the inclusion of a HPLC step overcones npst potentia
interferences from other organic compounds. High concentrations
of acidic materials can cause precipitation of aniline salts in

t he inpinger, thus reducing the amount of avail abl e reagent.

6.2 Purity of the aniline reagent is a critical factor, since traces
of carbanilide have been found in reagent-grade aniline. This
probl em can be overcone by vacuumdistillation of aniline in an
al | -gl ass appar at us.

Appar at us

7.1 I socratic high performance Iiquid chromatography (HPLC) system
consi sting of a nobile-phase reservoir, a high-pressure punp, an
injection valve, a Zorbax ODS or C-18 reverse-phase colum, or
equivalent (25 cmx 4.6 mmID), a variabl e-wavel ength UV detector
operating at 254 nm and a data systemor strip-chart recorder
(Figure 1).

7.2 Sanpling system - capable of accurately and precisely sanpling
100- 1000 mbL/m nute of anbient air (Figure 2).

.3 St opwat ch.
Friction-top netal can, e.g., one-gallon (paint can) - to hold
sanpl i ng reagent and sanpl es.

7.5 Thernoneter - to record anbi ent tenperature.

7.6 Barometer (optional).

7.7 Anal ytical balance - 0.1 ng sensitivity.

7.8 M dget inmpingers - jet inlet type, 25 niL.

7.9 Ni trogen evaporator with heating block - for concentrating
sanpl es.

7.10 Suction filtration apparatus - for filtering HPLC nobil e phase.

7.11 Volunmetric flasks - 100 nL and 500 ni.

7.12 Pipettes - various sizes, 1-10 miL.

7.13 Heliumpurge line (optional) - for degassing HPLC nobil e phase.

7.14 FErlenneyer flask, 1-L - for preparing HPLC nobil e phase.

7.15 Gaduated cylinder, 1 L - for preparing HPLC nobile phase

7.16 Mcroliter syringe, 10-25 uL - for HPLC injection
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Reagents and Materials

Bottles, 16 oz. glass, with Teflon-lined screw cap - for storing
sampl i ng reagent.

Vials, 20 mL, with Teflon-lined screw cap - for holding sanples
and extracts.

Granul ar charcoal .

Acetonitrile, toluene, and methanol - distilled in glass or
pestici de grade.

Aniline - 99+% gold label from Al drich Chenical Co., or
equi val ent .

Carbanilide - highest purity available; Adrich Chenical Co., or
equi val ent .

Ni t rogen, conpressed gas cylinder - 99.99% purity for sample
evapor ati on.

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

Preparati on of Sanpling Reagent

sanpl i

10.1

10. 2

Sanpling reagent is prepared by placing 5.0 nL of aniline in a
250-mL volunetric flask and diluting to the mark with tol uene.

The flask is inverted 10-20 tines to mi x the reagent. The reagent
is then placed in a clear 16-ounce bottle with a Teflon-1lined
screw cap. The reagent is refrigerated until use.

Bef ore use, each batch of reagent is checked for purity by

anal yzing a 10-nL portion according to the procedure described in
Section 11. If acceptable purity (<50 ng of carbanilide per 10 nL
of reagent) is not obtained, the aniline or toluene is probably
cont am nat ed.

ng

The sanpling apparatus is assenbl ed and should be simlar to that
shown in Figure 2. EPA Method 6 uses essentially the sane
sampling system (5). All glassware (e.g., inpingers, sanpling
bottles, etc.) nust be thoroughly rinsed with methanol and oven-
dried before use.

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

val ue near the desired rate. Flow rates greater than

1000 ni/m nute (£2% should not be used because inpi nger
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10.5

10.6

10.7
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collection efficiency may decrease. Generally, calibration is
acconpl i shed using a soap bubble flow neter or calibrated wet test
meter connected to the flow exit, assuming that the entire system
is sealed. ASTM Method D3686 describes an appropriate calibration
schenme that does not require a seal ed-fl ow system downstream of

the punp (3).
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
sanpling flow rate at the beginning and end of the sanpling period
to determne sanple volunme. |If the sanpling tinme exceeds two
hours, the flow rate should be neasured at internmediate points
during the sampling period. Ildeally, a rotaneter should be
included to allow observation of the flow rate without
interruption of the sanpling process.

To collect an air sanple, the midget inpingers are |oaded with

10 mL each of sanpling reagent. The inmpingers are installed in
the sanpling systemand sanple flowis started. The follow ng
paraneters are recorded on the data sheet (see Figure 3 for an
exanpl e): date, sanmpling |location, tine, anbient tenperature,
baronetric pressure (if available), relative humdity (if
avai l able), dry gas neter reading (if appropriate), flowrate,
rotameter setting, sanpling reagent batch nunber, and dry gas
neter and punp identification nunbers.

The sanpler is allowed to operate for the desired period, with
periodic recording of the variables |isted above. The total flow
shoul d not exceed 50 L. If it does, the operator nust use a
second i npi nger.

At the end of the sanpling period, the paranmeters listed in
Section 10.4 are recorded and the sanple flowis stopped. |If a
dry gas neter is not used, the flowrate nust be checked at the
end of the sampling interval. |If the flow rates at the beginning
and end of the sanpling period differ by nore than 15% the sanple
shoul d be marked as suspect.

| medi ately after sanpling, the inpinger is renoved fromthe
sanpling system The contents of the inpinger are enptied into a
clean 20-nL glass vial with a Teflon-lined screw cap. The

i mpinger is then rinsed with 2-3 nL of toluene and the rinse
solution is added to the vial. The vial is then capped, seal ed
with Teflon tape, and placed in a friction-top can containing 1-2
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i nches of granular charcoal. The sanples are stored in the can
and refrigerated until analysis.

10.8 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:

0 2% G
A N
wher e
Q. = average flowrate (nL/nminute).
Q Q....Q = flowrates determned at the begi nning, end, and
i nternedi ate points during sanpling.
N = nunber of points averaged.

10.9 The total flowis then calculated using the follow ng equation:

_ (TZ_Tl)QA
m 71000
wher e
V, = total sanple volume (L) at neasured tenperature and
pressure.

T, = stop tine.
T, = start tine.

T,-T, = total sanpling time (mnutes).
Q = average flowrate (nL/nminute).

11. Sanpl e Anal ysi s

11.1 Sanple Preparation

11.1.1 The sanples are returned to the |aboratory in 20-m
screw capped vials and refrigerated in charcoa
contai ning cans until analysis.

11.1.2 The sanple vial is placed in an al um num heati ng bl ock
mai nt ai ned at 60°C and a gentle stream of pure nitrogen
gas is directed across the sanple.

11.1.3 \When the sanple reaches conplete dryness, the vial is
renoved fromthe heating bl ock, capped, and cooled to
near roomtenperature. A 1-nL volune of HPLC nobile
phase (50/50 acetonitrile/water) is placed in the vial
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The vial is then capped and gently shaken to dissolve the
resi due.

The concentrated sanple is then refrigerated until HPLC
anal ysis, as described in Section 11.2.

11.2 HPLC Anal ysis

11.2.1

11.2.2

11.2.3

11.2. 4

11.2.5

11.2.6

11.2.7

The HPLC systemis assenbl ed and calibrated as descri bed
in Section 12. The operating paraneters are as follows:
Colum: C 18 RP
Mobi l e Phase: 30% acetonitrile/70% distilled water
Detector: wultraviolet, operating at 254 nm
Flow Rate: 1 nmlL/mn

Bef ore each anal ysis, the detector baseline is checked to
ensure stable operation
A 25-uL aliquot of the sanple, dissolved in HPLC nobile
phase, is drawn into a clean HPLC injection syringe. The
sanmple injection loop is | oaded and an injection is made.
The data systemis activated simultaneously with the
injection and the point of injection is marked on the
strip-chart recorder.
After approximately one mnute, the injection valve is
returned to the "l oad" position and the syringe and val ve
are flushed with nobile phase in preparation for the next
sanpl e anal ysi s.
After elution of carbanilide, data acquisition is
term nated and the conmponent concentrations are
cal cul ated as described in Section 13.
Once a stable baseline is achieved, the system can be
used for further sanple anal yses as descri bed above.
If the concentration of carbanilide exceeds the |inear
range of the instruments, the sanple should be diluted
wi th nobil e phase, or a smaller volunme can be injected
into the HPLC
If the retention tinme is not duplicated, as determ ned 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 tine is
too long, increase the ratio; if it is too short,
decrease the ratio.
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11.2.8 If a dirty colum causes inproper detection of
carbanilide, you may reactivate the colum by reverse
solvent flushing utilizing the foll ow ng sequence:
wat er, met hanol, acetonitrile, dichloromethane, hexane,
acetonitrile, then 50/50 acetonitrile in water.

HPLC Assenbly and Calibration

12.

12.

12.

12.

12.

1

The HPLC systemis assenbl ed and operated according to the
paraneters outlined in Section 11.2.1. An exanple of a typica

chr omat ogr am obt ai ned usi ng the above paraneters is shown in

Fi gure 4.

The nobil e phase is prepared by m xing 500 nL of acetonitrile and
500 mL of reagent water. This mixture is filtered through a

0. 22-um pol yester nenmbrane filter in an all-glass and Teflon
suction filtration. A constant back pressure restrictor (50 psi)
or short length (6-12 inches) of 0.01-inch |I.D. Teflon tubing
shoul d be placed after the detector to elimnate further nobile
phase out gassi ng.

The nobile phase is placed in the HPLC sol vent reservoir and the
punp is set at a flowrate of 1 nL/mnute and allowed to punp for
20-30 minutes before the first analysis. The detector is swtched
on at least 30 mnutes before the first analysis and the detector
output is displayed on a strip-chart recorder or simlar output
device at a sensitivity of ca 0.008 absorbance units full scale
(AUFS). Once a stable baseline is achieved, the systemis ready
for calibration.

Carbanilide standards are prepared in HPLC nobil e phase. A
concentrated stock solution of 100 nmg/L is prepared by dissolving
10 nmg of carbanilide in 100 nL of nobile phase. This solution is
used to prepare calibration standards containing concentrations of
0.05-5 ng/L

Each calibration standard (at |east five levels) is analyzed three
times and area response is tabul ated against mass injected. Al
calibration runs are perfornmed as described for sanple analyses in
Section 11. Using the UV detector, a |linear response range
(Figures 5a through 5e) of approximately 0.1 to 10 ng/L should be
achieved for a 25-uL injection volunmes. The results may be used
to prepare a calibration curve, as illustrated in Figure 6.

Li near response is indicated where a correlation coefficient of at
| east 0.999 for a linear |east-squares fit of data (concentration
versus area response) i s obtained.
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Once linear response has been docunmented, an internediate
concentration standard near the anticipated | evels for anbient
air, but at least 10 tines the detection linit, should be chosen
for daily calibration. The response for carbanilide should be
within 10% day to day. |If greater variability is observed, nore
frequent calibration nay be required to ensure that valid results
are obtained or a new calibration curve nmust be devel oped from
fresh standards.

The response for carbanilide in the daily calibration standard is
used to cal cul ate a response factor according to the foll ow ng

equati on:
C XV
_ c |
et TR
C
wher e
RF. = response factor (usually area counts) for carbanilide
i n nanograns injected/ response unit.
C. = concentration (nmg/L) of carbanilide in the daily
cal i brati on standard.
V, = volume (uL) of calibration standard injected.
R. = response (area counts) for carbanilide in calibration
st andar d.
ations

The volume of air sanmpled is often reported uncorrected for

at mospheric conditions (i.e., under anbient conditions). The

val ue should be adjusted to standard conditions (25°C and 760 nm
pressure) using the foll ow ng equation

P
VooV x A . 298
s 'n" 760 273 + 1,

wher e
V, = total sanmple volume (L) at 25°C and 760 mm Hg
pressure.
V, = total sanple volume (L) under anbient conditions,

calcul ated as in Section 10.9 or fromdry gas neter
readi ng.

P, = anbient pressure (nmm Hg).

T, = anbient tenperature (°C).
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13.2 The concentration of carbanilide is calculated for each sample
using the foll owi ng equation:

VE
Wy = RF, X Ry X2
1

wher e
W = total quantity of carbanilide (ug) in the sanple.
RF. = response factor calculated in Section 12.7.
R, = response (area counts or other response units) for
carbanilide in sanple extract.
Ve = final volune (nmL) of sanple extract.
V, = volume (uL) of extract injected into the HPLC system

13.3 The concentration of phosgene in the original sanple is cal cul ated
fromthe foll owi ng equation:
Wy 99

C, = X x 1000
AV (or V) 212

wher e
C. = concentration of phosgene (ng/L) in the origina
sampl e.
W = total quantity of carbanilide (ug) in sanple.
V, = total sanple volune (L) under amnbient conditions.
V, = total sanple volune (L) at 25°C and 760 nm Hg.
— = t he nol ecul ar wei ghts (g/ nole) of phosgene and

carbanilide are 99 and 212 g/ nol e, respectively.
13.4 The phosgene concentrati ons can be converted to ppbv using the
foll owi ng equati on:

24. 4

C, (pPbV) - C, (ng/L) x

wher e
C, (ng/L) is calculated using V..
14. 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 within each | aboratory.
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14.1 Standard Operating Procedures (SOPs).

14.1.1 Users shoul d generate SOPs describing the follow ng
activities in their laboratory: 1) assenbly, calibration,
and operation of the sanpling systemw th make and nodel of
equi prent used; 2) preparation, purification, storage, and
handl i ng of sanpling reagent and sanples; 3) assenbly,
cal i bration, and operation of the HPLC systemwi th nake and
nodel of equi pment used; and 4) all aspects of data
recordi ng and processing, including lists of computer
har dware and software used

14.1.2 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

14.2 HPLC System Performance

14.2.1 The general appearance of the HPLC chromatogram shoul d be
simlar to that illustrated in Figure 4.

14.2.2 The HPLC system efficiency and peak asymmetry factor shoul d
be determined in the follow ng manner: A solution of
carbanilide corresponding to at least 20 tines the
detection limt should be injected with the recorder chart
sensitivity and speed set to yield a peak approximately 75%
of full scale and 1 cmwi de at half height. The peak
asymmetry factor is determ ned as shown in Figure 7, and
shoul d be between 0.8 and 1. 8.

14.2.3 HPLC system efficiency is calculated according to the
fol |l ow ng equati on:

t
N =5.54 d
1/2
wher e
N = colum efficiency (theoretical plates).
t, = retention time (seconds) of carbanilide.
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 sion 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.

anks

Before use, a 10-mL aliquot of each batch of sanpling
reagent shoul d be anal yzed as described in Section 11
The bl ank should contain | ess than 50 ng of carbanilide
per 10-nL aliquot.

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 field blank is treated
identically to the sanples except that no air is drawn
t hrough the reagent. The same performance criteria
described in Section 14.3.1 should be net for process
bl anks.

Met hod Precision and Recovery

14. 4.1

14.4.2

14.4.3

14. 4. 4

Anal ysis of replicate sanples indicates that a

preci sion of +15-20% rel ative standard devi ati on can be
readi |y achi eved (see Table 1). Each laboratory should
coll ect parallel sanples periodically (at |east one for
each batch of sanples) to docunent its precision in
conducting the method.

Precision for replicate HPLC injections should be £10%
or better, day to day, for calibration standards.
Before using the nmethod in the field, each | aboratory
must confirmthe performance of the nethod under its
particular conditions. Since static, dilute, gas phase
st andards of phosgene are unstable, a dynamc

fl ow perneation tub system shoul d be assenbl ed as
described in the literature (1). ASTM Method D 3609( 3)
shoul d be used as the protocol for operating such a
system

Once a suitable dynam c fl ow perneation tube system has
been constructed, a series of three sanples fromthe
outl et gas stream (60 L) should be sanpled at three

di fferent spike levels (achieved by adjusting the air
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flow t hrough the perneation chanber). Precision and
recovery data conparable to those shown in Table 1
shoul d be achi eved.
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PROJECT:

SI TE:

LOCATI ON:
I NSTRUVENT MODEL NO.
PUMP SERI AL NO
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SAVPLI NG DATA SHEET

(One_Sampl e per

Dat a_Sheet)

DATES(S) SAMPLED:

TI ME PERI OD SAMPLED:

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 nm/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-+ Qy 9 1 _ L
N 1000 x ( Sampling Tame inMx 7

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

(specify which).

i f avail abl e.

FIGURE 3. TYPICAL SAMPLING DATA FORM
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3.59

OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mobile Phase: 30% Acetonitrile/70% Distilled Water
Detector: Ultra violet operoting ot 254 nm

Flow Rate: 1 ml/min

Retention Time: 3.59 minutes

AUG. 22, 1986 15.25:17 CHART 0.50 CM/MIN
RUN #50 CALC #0
COLUMN SOLVENT  OPR ID: 3

EXTERNAL STANDARD QUANTITATION

PEAKF AMOUNT  RT EXP RT AREA RF
2.75300 2.74 2753 L 0.000000e0
10020.20000 3.59 10020345 L 0.000000E0

TOTAL 10023.00000

FIGURE 4. CHROMATOGRAM FOR 3 ppbv OF
PHOSGENE SPIKED INTO CLEAN AIR
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Column: C-18

Mobile Phose: 30% Acetonitrile/70% Distilled Water
Detector: Ultro violet operoting ot 254 nm

OPERATING PARAMETERS
HPLC

RP

Flow Rate: 1 mi/min

Retention Time:

3.59 minutes

AREA

CONC | COuNnTs

19
2ug
3ug
4ug
Sug

2126577
4243289
5312128
8373790
10020345

FIGURE 5a-Se.
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HPLC CHROMATOGRAM OF VARYING
CARBANILIDE CONCENTRATIONS
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ZA COUNT (x100)

AR:

4OIOO 6000 8000 1 0.900

2000
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CORRELATION COEFFICIENT:
0.9999

OPERATING PARAMETERS
HPLC

Column: C-18 RP

Mobile Phase: 30% Acetonitrile/70% Distilled Water
Detector: Ultra violet operating at 254 nm

Flow Rate: 1 ml/min

Retention Time: 3.59 minutes

CARBANILIDE (ug)

FIGURE 6. CALIBRATION CURVE FOR
CARBANILINE
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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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TABLE 1: PRECI SI ON AND RECOVERY DATA
FOR PHOSGENE I N CLEAN Al R

Phosgene

Concentrati on, Recovery, St andard
ppbv % Devi ati on

0.034 63 13

0.22 87 14

3.0 99 3

4.3 109 12

20 99 14

200 96 7
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