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Comparison of Airborne Aldehyde 
Concentrations Measured by PAKS, 

TO-15 and DNPH Methods



EPA Methods
U.S. EPA’s Compendium TO-11A

Active sampling with DNPH-coated solid sorbents 
followed by HPLC-UV measurement technique for 
carbonyls except acrolein.

US EPA TO-15 method for acrolein
Collection with a canister followed by GC/MS 
analysis



Limitations of the TO-11A 
DNPH Method

Inadequate collection of unsaturated 
carbonyls, such as acrolein
Ozone interferences
Relative humidity sensitivities
Inadequate long-term (i.e., ≥ 6 hours) 
collection of acetaldehyde (Herrington et al., 
2007)



Dynamic atmosphere generation system (Herrington et al. 2007)



20 ± (3)21 ± (3)19 ± 3 (3)Acetaldehyde

101 ± 13 (3)120 ± 32 (3)100 ± 8 (3)Formaldehyde24 hours at 
60% RHeh

42 ± 11 (3)43 ± 2 (3)53 ± 23 (3)Acetaldehyde

109 ± 20 (3)92 ± 3 (3)91 ± 9 (3)Formaldehyde48 hours at 
30% RHef

66 ± 7 (3)48 ± 3 (3)42 ± 7 (3)Acetaldehyde

113 ± 4 (3)91 ± 12 (3)85 ± 4 (3)Formaldehyde24 hours at 
30% RHef

130 ± 40g (3)Acetaldehyde

89 ± 10g (3)Formaldehyde3 hours at 
30% RHef
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Solid sorbent
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al condition

Problems w/ DNPH Method- Low Collection Efficiency* 
for Sampling Time Longer than 6 hours

*Ratio of concentration measured to concentration generated in the dynamic 
dilution system, reported as mean ± sd, parentheses represent sample 
number (Herrington et al., 2007)
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Collection Efficiency vs. Sampling Duration



TO-15 Method for the Measurement of Acrolein
Positive Artifact– No Cleaning for the Canister 
(DannDann & Wang, 2007)& Wang, 2007)
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Acrolein Stability in Canisters - with 
Steam Cleaning (DannDann & Wang, 2007)& Wang, 2007)
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EOHSI method - Passive 
Aldehydes and Ketones Sampler 

(PAKS) Method-Motivation

Motivation:
Develop a passive, sensitive, and 
accurate method for the measurement 
of carbonyls in personal air.
PAKS was developed during the 
RIOPA(Relationship of Indoor, Outdoor, 
and Personal Air study).



(a) PAKS configuration and (b) extraction schematic adopted from Zhang et al. 2000.



Acrolein-DNSH Derivatization



PAKS Sample Processing

Baked for 3 hours @ 50°C to promote 
the carbonyl-DNSH derivatization 
reactions
Extracted with 2 mL of ACN
Analyzed with the HPLC-fluorescence 
technique



Sampling Rate at Different Sampling 
Duration
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Temperature Effect on Sampling Rate

8.83.854.023.853.68Hexaldehyde

6.43.293.413.263.20Benzaldehyde

6.23.413.363.543.33Crotonaldehyde

11.25.105.325.234.75Propionaldehyde

6.24.024.124.073.87Acrolein

6.64.884.974.994.67Acetone

7.55.195.415.025.15Acetaldehyde

4.37.617.747.697.41Formaldehyde

403020

Maximum 
difference (%)*

MeanTemperature (°C)

Sampling rate (mL/min)
Carbonyl
Compounds

•Maximum difference (%) = (Maximum  – Minimum) / (Mean) ×100%, based on 9 tests with 
•relative humidity = 10%; face velocity = 0.05m/s; and exposure duration = 24hr.



Humidity Effect on Sampling Rate

8.13.703.553.713.85Hexaldehyde

5.53.253.163.343.26Benzaldehyde

5.93.563.473.683.54Crotonaldehyde

3.95.355.395.445.23Propionaldehyde

4.84.194.274.224.07Acrolein

4.35.115.125.214.99Acetone

7.24.844.674.835.02Acetaldehyde

6.27.417.237.327.69Formaldehyde

905010

Maximum 
difference 

(%)*

MeanRelative humidity (%)

Sampling rate (mL/min)Carbonyl
compounds

*Maximum difference (%)  = (Maximum  – Minimum) / (Mean) ×100%, based on 9 tests 
with temperature = 30°C, face velocity = 0.05m/s, and exposure duration = 24hr.



Ozone Effect on Sampling Rate

0.880.980.950.990.99Mean

0.910.910.900.950.96300

0.951.050.931.101.00200

0.849.600.971.070.98100

0.801.000.990.821.0050

HexaldehydeBenzaldehydeCrotonaldehydeAcetoneDNSHOzone Conc (ppb)

0.820.870.920.930.99Mean

0.800.780.810.940.96300

0.820.881.000.961.00200

0.860.950.910.940.98100

0.790.850.940.891.0050

PropionaldehydeAcroleinAcetaldehydeFormaldehydeDNSHOzone Conc (ppb)

Conc with Ozone/Conc. without Ozone



Field Evaluation and Method 
Comparison during UCAMPP

RIOPA, HEI Camden Hot Spot Study, and DEARS

UCAMPP
PAKS vs. DNPH (formaldehyde, acetaldehyde, and 
propionaldehyde at Chester only)

PAK vs. TO-15 (acrolein only)

Sampling duration
PAKS: 48 hours

TO-15 and DNPH: 24 hours



Relative Abs. Percent Difference of Duplicate Samples
(formaldehyde, acetaldehyde, and propionaldehyde) 

PAKS

PAKS

PAKS

DNPH

DNPH

DNPH

Method

0.470.370.5226Propionaldehyde

0.160.150.2126Formaldehyde

0.240.260.3026Acetaldehyde

0.080.050.086Propionaldehyde

0.090.190.176Formaldehyde

0.120.060.136Acetaldehyde

MedianSTDMeanNCompound



Relative Abs. Percent Difference 
of Acrolein Duplicate Samples 

Median

70%TO-15

100%PAKS

%ADLSTDMeanN

18%21%22%23
29%33%33%26



0.00.530.53

150.320.44

130.230.30

111.311.06
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0.00.250.25
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%diffC2 (ug/m3)C1 (ug/m3)

0.240.810.64

0.201.471.20

0.191.901.57

0.120.500.44

0.111.211.35

0.110.470.52

0.071.681.81

0.050.750.72

0.042.292.38

0.041.111.16

0.040.240.23

0.021.191.16

0.0020.4670.466

1.330.040.19

0.960.440.16

0.760.640.29

0.670.430.86

0.641.530.79

0.470.280.17

0.400.751.13

0.400.320.48

0.391.310.88

0.381.140.77

0.350.200.14

%diffC2 (ug/m3)C1 (ug/m3)

PAKS Duplicate Data



Box Plot for Formaldehyde Concentrations in Air by Season
(by DNPH)
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Box Plot for Formaldehyde Concentrations in Air by Season
(by PAKS)
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Box Plot for Acetaldehyde Concentrations in Air by Season
(by DNPH)
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Box Plot for Acetaldehyde Concentrations in Air by Season
(by PAKS)
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Box Plot for Acrolein Concentrations in Air by Season
(by TO-15)
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Box Plot for Acrolein Concentrations in Air by Season
(by PAKS)
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PAKS vs. To-15 (Acrolein) 
- by Site

Box Plot for Acrolein Concentrations in Air by Sampling Site
(by TO-15)

Sampling Site
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Box Plot for Acrolein Concentrations in Air by Sampling Site
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PAKS (DNSH-HPLC/fluorescence)
Passive, sensitive, no ozone interferences, adequate 
collection of unsaturated carbonyls, and adequate 
long-term collection of carbonyls.
High background and large variability but can be 
reduced by collecting one field blank during each 
sampling day.

TO-15 Canister-GC/MS method
Good precision but stability and sensitivity need to be 
evaluated and improved (e.g. spiking samples with 
synthetic air mixture)

TO-11A (DNPH-HPLC/UV)
Good precision but collection efficiency for sampling 
time >6 hours needs to be evaluated for carbonyls.

Conclusions and Recommendation
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