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METHOD FOR THE DETERMINATION OF ALDEHYDES AND KETONES IN AMBIENT
AIR USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

1.

Scope

1.1

1.2

Thi s docunent describes a nethod for determ nation
of i1ndividual al dehydes and ketones in anbient air.
Wth careful attention to reagent purity and ot her
factors the nethod can detect npbst nonofunctional
al dehydes and ketones at the 1-2 ppbv |evel.

Specific conmpounds for which the nmethod has been
enpl oyed are listed in Table 1. Several studies
have wused the sane basic nethod, wth mnor
procedural differences, for analysis of anbient air
(1-3).

Applicable Documents

2.1

2.2

ASTM St andar ds:
D 1356 Definitions of Terns Related to Atnospheric
Sanpling and Anal ysi s(s)

O her Docunents
Anmbi ent air studies (1-3)
U.S. EPA Techni cal Assistance Docunent (4)

Summary of Method

3.1

3.2

Anmbient air is drawn through a mdget inpinger
cont ai ni ng 10 nmL of 2N HC1/0.05% 2, 4-
di ni trophenyl hydrazi ne (DNPH reagent) and 10 nL of
i sooct ane. Al dehydes and ketones readily form
st abl e 2,4-dinitrophenyl hydrazones ( DNPH
derivatives).

The inpinger solution is placed in a screw capped
vial having a teflon-lined cap and returned to the
| aboratory for analysis. The DNPH derivatives are
recovered by renoving the isooctane |ayer,
extracting the aqueous layer with 10 nL of 70/30
hexane/ net hyl ene chl ori de, and conbining the
organi c | ayers.



3.3

3.4

The conbined organic |layers are evaporated to
dryness under a stream of nitrogen and the residue
di ssol ved i n met hanol .

The DNPH derivatives are determ ned using reversed
phase HPLC with an wultraviolet (UV) adsorption
detector operated at 370 nm

Significance

4.1

4.2

Al dehydes and ketones are emtted into the
at nosphere from chem cal operations and various
conmbustion sources. In addition, several of these
conmpounds (e.g., formal dehyde and acet al dehyde) are
produced by photochem cal degradation of other
organi ¢ conpounds. Many of these conpounds are
acutely toxic and/or carcinogenic, thus requiring
their determnation in anmbient air in order to
assess human heal th inpacts.

Conventional nethods for al dehydes and ket ones have
general ly enpl oyed colorinetric techniques wherein
only one or two conpounds are detected, or the sum
of nunmerous conpounds is determ ned. The net hod
descri bed herein provides a neans for specifically
determning a wide variety of al dehydes and ketones
at typical anbient concentrations.

Definitions

Definitions used in this docunent and any user prepared SOPs
shoul d be consistent with ASTM D1356(5). All abbreviations
and synbols are defined wthin this docunment at the point of

use.

Interferences

6.1

6.2

The only significant interferences in the nethod
are certain isoneric aldehydes or ketones which may
be unresolved by the HPLC system Such
interferences can often by overcone by altering the
separation conditions (e.g., using alternate HPLC
columms or nobil e phase conpositions).

For mal dehyde contam nati on of the DNPH reagent is a
frequently encountered problem The reagent nust
be prepared within 48 hours before use and nust be
stored in an uncontam nated environnent before and
after sanpling to mnimze blank problens. Acetone
contam nati on IS apparently unavoi dabl e



Apparatus

7.1

7.10

7.14

Consequently, the nethod cannot be wused to
accurately nmeasure acetone |evels except in highly
cont am nat ed envi ronnents.

| socratic HPLC systemconsisting of high pressure
punp, injection valve, Zorbax ODS colum (25 cm x
4.6 mm ID), variable wavelength UV detector, and
data systemor stripchart recorded. See Figure 3.
Sanpl i ng system capabl e of accurately and precisely
sanpling 100-1000 ni/m nute of anbient air. See
Figure 1.

St opwat ch

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

Thernoneter - to record anbi ent tenperature

Bar onmet er (optional)

Anal ytical balance - 0.1 ng sensitivity

Reci procati ng shaker

M dget inpingers - jet inlet type - 25 nL vol une
|ce bath - for cooling inpingers during sanpling

Ni trogen evaporator wth heating block - for
concentrating sanpl es

Suction filtration apparatus - for filtering HPLC
nobi | e phase.

Vol unetric flasks - 100 nL and 500 ni.
Pipettes - various sizes, 1-10 ni.

Helium purge line (optional) - for degassing HPLC
nobi | e phase.

Erl enneyer flask, 1-liter - for preparing HPLC
nobi | e phase.

Graduated cylinder, 1 liter - for preparing HPLC
nobi | e phase.



7.18 Mcroliter syringe, 10-25 uL - for HPLC injector.

Reagents and Materials

8.1 Bottles, 10 oz. glass, wth teflon-lined screw cap
- for storing DNPH reagent.

8.2 Vials, 50 m., with teflon-lined screw cap - for
hol di ng sanpl es and extracts.

8.3 Di sposabl e pi pettes and bul bs.

8.4 G anul ar char coal

8.5 Met hanol , hexane, nethylene chloride, isooctane -
distilled in glass or pesticide grade.

8.6 2, 4-Di ni trophenyl hydr azi ne - hi ghest purity
avai |l abl e (20% noi sture).

8.7 Ni trogen, conpressed gas cylinder - 99.99% purity
for sanpl e evaporation.

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

8.9 DNPH derivatives of the conponents of interest -
synt hesi zed from DNPH and neat al dehydes accordi ng
to reference (7). Recrystalized from ethanol

bef ore use.
Preparation of DNPH Reagent

9.1 Each batch of DNPH reagent should be prepared and
purified within 48 hours of sanpling, according to
the procedure described in this section.

9.2 Two hundred and fifty mlligrans of solid 2,4-
di ni trophenyl hydrazine and 90 nL of concentrated
hydrochloric acid are placed into a 500 nL
volunmetric flask and the flask is filled to the
mark with reagent water. The flask is then
inverted several times or sonified until all of the
solid material has dissol ved.

9.3 Approxi mately 400 nmL of the DNPH reagent is placed
in a 16 ounce glass screw capped bottle having a
teflon-lined cap. Approximately 50 nL of a 70/ 30
(M'V) hexane/ net hyl ene chloride m xture is added to
the bottle and the capped bottle is shaken for 15
m nutes on a reciprocating shaker. The organic



10.

9.4

9.5

Sampling

10.1

10. 2

10. 3

| ayer is then renoved and di scarded by decanting as
much as possible and using a di sposable pipette to
remove the remai ning organic |ayer.

The DNPH reagent is extracted two nore tinmes as
described in 9.3. The bottle is then tightly
capped, sealed wth teflon tape, and placed in a
friction top can (paint can) containing a 1-2 inch
| ayer of granulated charcoal. The bottle is kept
in the sealed can prior to use.

A portion of the DNPH reagent is anal yzed using the
procedure described in Section 11 prior to use in
order to ensure that adequate background | evels are
mai nt ai ned.

The sanpling apparatus is assenbled and should be
simlar to that shown in Figure 1. EPA Method 6
uses essentially the sane sanpling system (8). Al
gl assware (e.g., inpingers, sanpling bottles, etc.)
must be thoroughly rinsed with nmethanol and oven
dri ed before use.

Prior to sanple collection the entire assenbly
(including enpty sanple inpingers) is installed and
the flow rate checked at a val ue near the desired
rate. In general flow rates of 100-1000 niL/m nute
are useful. Flow rates greater than ~1000
m./ m nute should not be wused because inpinger
collection efficiency may decrease. Generally
calibration is acconplished using a soap bubble
flow nmeter or calibrated wet test neter connected
to the flow exit, assumng the entire systemis
seal ed. ASTM Met hod D3686 descri bes an appropriate
calibration schenme not requiring a sealed flow
system downstream of the punp.

ldeally a dry gas neter is included in the system
to record total flow If a dry gas neter is not
avai |l abl e the operator nust neasure and record the
sanpling flow rate at the beginning and end of the
sanpling period to determ ne sanple volune. |f the
sanmpling period exceeds two hours the flow rate
should be neasured at internediate points during
the sanpling period. Ideally a rotaneter should be
included to allow observation of the flow rate
W thout interruption of the sanpling process.



10. 4

10.

10.

10.

5

6

7

To collect an air sanple two cl ean m dget inpingers
are loaded with 10 nL of purified DNPH reagent and
10 nL of isooctane. The inpingers are connected in
series to the sanpling system and sanple flow is
started. The follow ng paraneters are recorded on
the data sheet (see Figure 3 for an exanple):
date, sanpling location, tine, anbient tenperature,
baronetric pressure (if avai l abl e), relative
humdity (if available), dry gas nmeter reading (if
appropriate), flow rate, rotaneter setting, DNPH
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
listed above. The total flow should not exceed ~80
liters. The operator must ensure that at |east 2-3
mL of isooctane remains in the first inpinger at
the end of the sanpling interval (i.e., for high
anbi ent tenperatures | ower sanpling volunes may be
required).

At the end of the sanpling period the paraneters
listed in 10.4 are recorded and the sanple flowis

stopped. If a dry gas neter is not used the flow
rate nust be checked at the end of the sanpling
i nterval. If the flow rate at the beginning and

end of the sanpling period differ by nore than 15%
t he sanpl e shoul d be marked as suspect.

| medi ately after sanpling the inpingers are
renoved fromthe sanpling system The contents of
the first inpinger are enptied into a clean 50 nL
glass vial having a teflon-lined screw cap. The
first inpinger is then rinsed with the contents of
t he second (backup) inpinger and the rinse solution
is added to the vial. The vial is then capped,
sealed with teflon tape and placed in a friction
top can containing 1-2 inches of granul ar charcoal.
The sanples are stored in the can, refrigerated
until anal ysis.



11.

10. 8

10.9

If a dry gas neter or equivalent total flow
indicator is not used the average sanple flowrate
must be calculated according to the follow ng
equat i on:

- Q,4Q,. ... Q
- N

Qu

wher e

Q. = Average flowrate in nL/ m nute.

Q) Q....Q = Flow rate determned at
t he beginning, end, and
i ntermedi at e poi nts
during sanpling.

N = Nunber of points averaged.

The total flow is then calculated using the
fol |l ow ng equati on:

_ ( T2 _Tl) QA
m 1000
V,= Total volunme sanpled in liters at
measured tenperature and pressure
T, = Stop tine
T, = Start tine (T, - T, given in m nutes)

Sample Analysis

11.1

Sanpl e Preparation

11.1.1 The sanples are returned to the |aboratory in

50 nL screw capped glass vials. To recover the
DNPH derivatives the follow ng procedure is
enpl oyed.

11.1.2 The vials are shaken in a horizontal position

on a reciprocating shaker for 10 mnutes. The
vials are then renoved fromthe shaker and the
i sooctane layer is renoved and placed in a
second clean 50 nL screw capped glass via
usi ng a di sposabl e pi pette.

11.1.3 The remai ni ng aqueous |layer is extracted with

10 nL of 70/30 (V/V) hexane/ net hyl ene chl ori de
in the sane manner as described in 11.1.2

The organic |ayer is renoved and conbined with
t he i sooctane extract.



11.1. 4
11. 2 HPLC
11.2.1

11.

11.

11.

11.

11.

The conbined organic extracts are then
concentrated to dryness at 40°C under a stream
of pure nitrogen. Wen the sanple |ust
reaches dryness the vial is renoved fromthe
nitrogen streamand a neasured volune (2-5 nlL)
of nethanol is added to the vial. The vial is
tightly capped and stored refrigerated unti
anal ysi s.

Anal ysi s

The instrunent is assenbled and calibrated as
described in Section 12. Prior to each
anal ysis the detector baseline is checked to
ensure stabl e operation.

A 5-25 uL aliquot of the sanple, dissolved in
met hanol, is drawn into a clean HPLC injection
syringe. The sanple injection loop is |oaded
and an injection is nade. The data system if
avai lable, is activated simultaneously wth
the injection and the point of injection is
mar ked on the stripchart recorder.

After approximately one mnute, the injection
valve is returned to "load" position and the
syringe and valve are flushed with nethanol in
preparation for the next sanple anal ysis.

After elution of the |l|ast conponent of
interest the acquisition is termnated and the
conmponent concentrations are calculated as
described in Section 13.

After a stable baseline is achieved the system
can be used for further sanple anal yses as
descri bed above.

If the concentration of a conponent exceeds
the linear range of the instrunent the sanple
shoul d be diluted with nethanol, or a smaller
vol unme can be injected onto the HPLC

12. HPLC Assembly and Calibration

12.1

The HPLC systemis assenbl ed as shown in Figure 3.

The

typi cal chromat ographic performance and

operating paraneters are shown in Figure 4.



12.

12.

12.

12.

12.

2

3

4

5

6

Mobile phase is prepared by mxing 800 nL of
met hanol and 200 nL of reagent water. This m xture
is filtered through a 0.22 um polyester nenbrane
filter in all glass and teflon suction filtration
apparatus. The filtered nobile phase is degassed
by purging with heliumagas for 10-15 m nutes (~100
m./ m nute) or by heating to ~60°C for 5-10 m nutes
in an Erlenneyer flask covered with a watch gl ass.
A constant back pressure restrictor (~50 psi) or
short length (6-12 inches) of 0.01 inch I.D. teflon
tubing should be placed after the detector to
further elimnate nobil e phase outgassing.

The nobile phase is placed in the HPLC sol vent
reservoir and the punp flowis set at 1 ni/mnute
and allowed to punp for 20-30 mnutes prior to the
first analysis. The detector is switched on at
| east 30 mnutes prior to the first analysis and
the detector output is displayed on a stripchart
recorder or simlar output device at a sensitivity
of .008 absorbance units full scale (AUFS). Once a
stabl e baseline is achieved the systemis ready for
cal i bration.

Cal i bration standards are prepared in nmethanol from
the solid DNPH derivatives. | ndi vi dual stock
solutions of ~100 ng/L are prepared by dissolving
10 ng of the solid derivative in 100 nL of
met hanol . These individual solutions are used to
prepare calibration standards containing all of the
derivatives of interest at concentrations of 0.1 -
10 ng/L, which spans the concentration of interest
for nost anmbient air work.

Al'l calibration runs are perforned as descri bed for
sanpl e analyses in Section 11. Before initial use
the operator should inject a series of calibration
standards (at least three |evels) spanning the
concentration range of interest. Using the WV
detector, a |linear response range of approximtely
0.1 to 10 ng/L should be achieved, for ~10 uL

i njection vol unes. Li near response is indicated
where a correlation coefficient of a |east 0.999
for a linear least squares fit of the data

(concentration versus area response) is obtained.

Once linear response has been docunented an
intermediate concentration standard near the
anticipated | evels for each conponent, but at |east
10 times the detection Iimt, should be chosen for



12.

7

daily calibration. The response for the various
DNPH conponents should be within 10% day to day.
|f greater variability is observed nore frequent
calibration may be required to ensure that valid
results are obtained.

The response for each conponent in the daily
calibration standard is wused to calculate a
response factor according to the followng
equat i on:

o C.XxV,
¢ R

Cc

wher e
RF. = response factor for the conponent of
i nterest in nanograns injected/response
unit (usually area counts).
C. = concentration of conmponent in the daily
calibration standard (ng/L).
V, = volune of calibration standard injected

(uLb).
response for conponent of interest in
calibration standard (area counts).

13. Calculations

13.

1

The volunme of air sanpled is often reported
uncorrected for atnospheric conditions (i.e. under
anmbi ent conditions). However, the value can be
adjusted to standard conditions (25°C and 760 mm
pressure) using the follow ng equati on:

P
W x— A x_298
s 760" 273+,

wher e

V, = total sanple volune at 25°C and 760 nmm Hg
pressure (liters).

V, = total sanple volune under anbi ent
conditions (liters). Calculated in 10.9
or fromdry gas neter reading.

P, = anbient pressure (mHg).

T, = anbient tenperature (°C).



13.2

13.3

13. 4

The concentration of each aldehyde (as the DNPH
derivative) is calculated for each sanple using the
foll ow ng equati on:

VE
Wd:RFCXRdXVI

wher e

W = total quantity of derivative in the
sampl e (ug).

RF. = response factor calculated in 12.7

R, = response for conponent in sanple extract
(area counts or other response units).

Ve = final volune of sanple extract (nliL).

V, = volunme of extract injected onto the HPLC

system (ulL).

The concentration of aldehyde in the original
sanple is calculated fromthe foll owm ng equati on:

W, MW,
C,= X x1000
V. (orV) Mw,

wher e

C, = concentration of aldehyde in the original
sanple (ng/L).

V,or V, are as specified in Section 13. 1.

MA and MW\, are the nol ecul ar wei ghts (g/nole)

of the aldehyde and its correspondi ng DNPH

derivative, respectively.

The al dehyde concentrations can be converted to
ppbv using the foll ow ng equation:

24. 4

MW,

C,(ppbv) =C,(ng/ L) x

wher e

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



14.

Performance Criteria and Quality Assurance

This section sunmarizes the quality assurance (QA) neasures
and provi des gui dance concerning performance criteria which
shoul d be achi eved within each | aboratory.

14.

14.

1

2

St andard Operating Procedures (SOPs)

14.1.1

14.1.2

HPLC

14. 2.1

14.2.2

Each user shoul d generate SOPs describing the
followng activities as acconplished in their

| abor at ory: 1) assenbly, <calibration and
operation of the sanpling system 2)
preparation, purification, st orage and

handling of DNPH reagent and sanples, 3)
assenbly, calibration and operation of the
HPLC system and 4) all aspects of data
recordi ng and processi ng.

SOPs shoul d provi de specific stepw se
instructions and should be readily avail abl e
to, and understood Dby, the [|aboratory
per sonnel conducting the work.

Syst em Per f or mance

The gener al appear ance of t he HPLC
chromat ograph should be simlar to that shown
in Figure 4.

The HPLC system efficiency and peak asymetry
factor should be determned in the foll ow ng
manner. A solution of the fornmal dehyde DNPH
derivative corresponding to at |east 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 cmw de at half height. The peak
asymmetry factor is determned as shown in
Figure 5, and should be between 0.8 and 1. 8.



14.2.3

wher e

HPLC systemefficiency is cal cul ated accordi ng
to the foll ow ng equation:

t
N=5.54( —")
Wl/2

N = colum efficiency, t heoreti cal
pl at es
t, = retention tinme of conponent s
(seconds)
W,, = width of conponent peak at half
hei ght (seconds)

A columm of efficiency of >5,000 shoul d be obtai ned.

14.2. 4

Precision of response for replicate HPLC
injections should be + 10% or less, day to
day, for calibration standards. Precision of
retention tinmes should be + 2% on a given
day.

14. 3 Process Bl anks

14. 3.1

14.3.2

Prior to use a 10 nL aliquot of each batch of
DNPH reagent should be anal yzed as descri bed
in Section 11. In general, formal dehyde
| evel s equivalent to >5 ng/L in a 60 liter
sanpl e shoul d be achieved and ot her al dehyde
| evel s should be <1 ng/L.

At | east one field blank should be shi pped and
anal yzed wth each group of sanples. The
field blank is treated identically to the
sanpl es except that no air is drawn through
t he reagent. The sane performance criteria
described in 14.3.1 should be net for process
bl anks.

14. 4 Met hod Preci sion and Accuracy

14.4. 1

Analysis of replicate sanples indicates a
precision of + 15-20% relative standard
deviation can be readily achieved. Each
| aboratory should collect parallel sanples
periodically (at |east one for each batch of
sanples) to docunent their precision in
conducting the nethod.



14. 4.2

14. 4.3

14.4. 4

Precision for replicate HPLC i njections should
be + 10% or better, day to day, for
cal i bration standards.

Met hod accuracy is difficult to assess because
of the difficulty in generating accurate
gaseous standards. Literature results
indicate (1-3) recoveries of 75% or greater
are achieved for a broad range of al dehydes.
Each | aboratory should periodically collect
field sanples wherein the inpinger solution is
spi ked wth a known quantity of the conpound
of interest, prepared as a dilute nethanol
sol uti on. For mal dehyde cannot be spiked in
this manner and therefore a solution of the
DNPH derivative should be used for spiking
pur poses.

Before initial use of the nethod each
| aboratory should generate triplicate spiked
sanples at a mninmum of three concentration
| evel s, bracketing the range of interest for
each conmpound. Triplicate nonspi ked sanpl es
must al so be processed. Recoveries of >70 +
20% and blank levels of <5 ng/L for
f or mal dehyde and 1 ng/L for the other
conpounds (assumng a 60 liter air sanple)
shoul d be achi eved.
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TABLE 1. ALDEHYDES AND KETONES FOR WHICH THE METHOD HAS BEEN EVALUATED
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Mbl ecul ar Wi ght

Conpound Derivative
For mal dehyde 210
Acet al dehyde 224
Acrol ein 236
Pr opanal 238
Acet one 238
Cr ot onal dehyde 250
| sobut yr al dehyde 252
Met hyl Et hyl Ketone 252
Benzal dehyde 286
Pent anal 266
o- Tol ual dehyde 300
m Tol ual dehyde 300
p- Tol ual dehyde 300
Hexanal 280
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(a) Usi ng HPLC condi tions shown in Figure 4.

For mal dehyde = 1.0

(b) Acet one background levels in the reagent prevent

determ nation in nbst cases.
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FIGURE 1. TYPICAL SAMPLING SYSTEM



SAMPLING DATA SHEET
(One _Sample Per Data Sheet)

PRQJECT: DATE(S) SAMPLED:

Sl TE: TI ME PER OD SAMPLED:
LOCATI ON: OPERATOR:

| NSTRUVENT MODEL NO CAL| BRATED BY:

PUVP SERI AL NGO

SAMPLING DATA

Sanpl e Nunber:
Start Tine: Stop Tine:

*Dry Gas=> * Fl ow *Anbi ent *Baronetric* *

* Meter *Rotaneter*Rate,*Q~ Tenp. *Pressure, *Relative =
Ti re*Readi ng* Reading *mM/Mn = °C * nmHg *Hum dity, % Conments
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))
))))))3)))))))3)))))))))3)))))))3)))))))3))))))))))3))))))))))3))))))))))

))))))2)))))))2)))))))))2)))))))2)))))))2))))))))))2))))))))))2))))))))))

Total Vol une Dat a**

= (Final - Initial) Dry Gas Meter Reading, or = Liters

=Q +0Q +Q...Q X 1 = Liters
N 1000 x (Sanmpling Time in M nutes)

Flowate fromrotaneter or soap bubble calibrator (specify which).
** Use data fromdry gas neter if avail able.

FIGURE 2. EXAMPLE SAMPLING DATA SHEET
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FIGURE 3. TYPICAL HPLC SYSTEM
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Col um - Zorbax ODS, 250 x 4.6 nmm
Mobi | e Phase - 80/20 Met hanol / H,0O
Flow Rate - 1 nL/M nute
Detector - UV at 370 nm

FIGURE 4. TYPICAL HPLC CHROMATOGRAM



BC
Asymmetry Factor = —

Example Calculation:

Peak Height = DE = 100 mm
10% Peak Height = BD = 10 mm
Peak Width at 10% Peak Height = AC = 23 mm

AB = 11 mm
BC = 12 mm
12
Therefore: Asymmetry Factor = _ =1.1
11

FIGURE 5. PEAK ASYMMETRY CALCULATION



