
Description
The ACGIH® 2019 publication of TLVs® and BEIs® included a newly adopted standard for  
o-Phthalaldehyde (o-PA). What made this TLV of unique interest to our community was that this 
compound is one of the first to receive the new Threshold Limit Value – Surface Limit (TLV-SL)  
designation. The purpose of this new genre of exposure assessment was to provide guidance on 
chemical concentrations from work surfaces which may promote adverse effects through dermal  
exposures. In 2018, when the TLV-SL concept was first introduced, we did research into what  
methods might already be available to address this new class of TLV. For o-Phthalaldehyde we  
determined that developing a new method would be our best avenue to support of future requests. 
To that end, we created a protocol for developing a wipe-based method, along with a specific  
method for the proper collection, preservation, and analysis of o-Phthalaldehyde. The sections  
that follow will detail our process of development, along with final recommendation on how to  
collect o-Phthalaldehyde as a wipe sample. 

Situation/Problem
In 2018, the ACGIH published the TLV book containing the first Notice of Intended Change (NIC)  
adding the new surface wipe limit to be known as a Threshold Limit Value — Surface Limit (TLV-SL).  
In that same publication, o-Phthalaldehyde was added to the NIC list with the new “SL” designation at  
a limit of 0.025 mg/100cm2. Many of the common bodies for sampling and analytical guidance come  
from either OSHA or NIOSH publications. However, very few of the methods contained within these  
publications include wipe-based methods for surface contamination assessment. Indeed, neither  
OSHA nor NIOSH had published a method for o-Phthalaldehyde sampling by wipe method  
(or in air for that matter).

An article citation of interest was located on the Hazardous Substance Database (HSDB) site which did  
specify both air collection and wiped based methods for o-Phthalaldehyde1. The air-based method,  
as one would expect, used the popular 2,4-dinitrophenylhydrazine (DNPH) coated silica gel for collection. 
There were two other methods specific to wipe collection techniques that were of interest. Both were  
eliminated for the following reasons. The colorimetric-based method had a 48 ug/sample limit of detection 
(LOD), which is nearly twice the proposed SL of 25 ug. The second method required the use of a portable 
fluorometer, with polyvinyl alcohol wipe strips placed in Dimethyl Sulfoxide with further field treatment 
with Ethylenediamine. While the LOD was adequate at 0.5 ug/sample, the use of the toxic chemicals in  
the field and the expense of a portable instrument could be considered an unacceptable risk by some  
if another safer less costly method was available.
Citation for the NIOSH article found on HSDB
1  J Environ Monit. 2008 Nov;10(11):1337-49. doi: 10.1039/b809790a. Epub 2008 Sep 29.

Methods
We started development by using OSHA method 64 (for Glutaraldehyde) as the basic framework for  
sampling media and analysis. This method used a 2,4-dinitrophenylhydrazine (DNPH)-treated glass fiber  
filter for sample collection. Given that both Glutaraldehyde and o-PA were structurally similar aldehydes  
in that they are both aldehyde dimers with two functional groups that will react with DNPH, this seemed  
a good place to start. The method called for the use of High-Performance Liquid Chromatography UV 
(HPLC/UV) detection with a common C-18 based column for separation. The mobile phase was a gradient  
program of water to Acetonitrile (ACN).

Derivative Solution:
Immediately, there were challenges to using DNPH as a derivative agent for o-PA. DNPH is listed in many 
validated methods for collection and analysis of a variety of aldehyde compounds. However, there are 
some aldehydes which because of additional functional groups will undergo additional side reactions with 
DNPH. o-PA is one such aldehyde. An effort was undertaken to find a DNPH solution that would produce  
a stable o-PA derivative.  

Extraction solution investigation:
The following is a list of different derivatizing solutions investigated, with the third being the one of choice.

1.  100% Acetonitrile, o-PA secondary derivative form was insoluble and fell out of solution.

2  70/30 DMSO/ACN, o-PA secondary again fell out of solution within 2-day period.

3  99/1 DMSO/H3PO4, o-PA derivative is stable and complete without mixed side reactions.

It was found that a mixture of DMSO and H3PO4 would provide three key elements we were looking for  
as the successful candidate. One, the o-PA would derivatize fully to its dimer form, and, two it would  
complete this reaction inside of an hour. The third advantage was that once the reaction was complete,  
a precipitate would not appear, indicating the solution provided good stability over time.  

Wetting Solution:
Next, we searched for a wetting solution that would minimize the potential exposure hazard when used  
in the field (and for shipping). A literature search showed that o-PA would be soluble in water, methanol 
and acetonitrile. It was found that methanol provided better solubility than water. Because of its less toxic 
nature than acetonitrile, methanol was selected as the desired wetting agent.

Wipe Protocol:
The final step was to work on a protocol for spiking known amounts on a surface and to collect  
samples using a suitable wipe technique. The media chosen was a glass fiber filter wetted with methanol.  
A Teflon surface was selected as our spiking surface due to its inert properties along with the ability to be 
repeatedly cleaned and used again without cross-contamination. The wiping technique used was based on 
an internal method using alternating “S” strokes in horizontal, vertical, and horizontal again orientations, 
folding the filter in half between each change in orientation. The mat used was approximately 12 in x 15 in. 
A 100 cm2 template was used to demark the test wipe areas. Two spiking methods were used to deliver 
o-PA to the test surface. In method one, amounts of solid o-PA were weighed out and placed onto the  
Teflon surface. The second method used known amounts of o-PA dissolved in methanol and delivered by 
micro syringe onto the test surface. The reason for the two different spiking techniques had to do with  
issues found when using a liquid based spiking solution. Due to the reactive nature of o-PA with ultra-violet 
light (UV) and hydroxyl groups and/or simple evaporation along with the carrier solvent our data indicated 
relatively poor recoveries after waiting for the solvent (methanol) to evaporate. However, the liquid spiking 
technique was the only viable method we had for achieving known amounts at the desired reporting limit 
of 1 ug per sample.

Stability:
A small stability study was performed to define how long wiped samples could remain in the collection  
vial before derivatization must begin. Samples were generated and stored at room temperature in amber  
vials on the laboratory counter and extracted at intervals of 1, 10, and 22 days. As noted above, we used two 
methods to spike the test surfaces, one was to weigh and place a known amount of solid o-PA on to test  
surfaces, the second was by using a liquid dilution to achieve accurate low levels. Tables 1 and 2 reflect the 
results of the study.

Because of the variability in weighing out the same  
amounts of o-PA in replicate, it was best to group 
data as less than 100 ug and greater than 100 ug. 
The lowest amount tested by this method was 42 ug.  
Data by this method indicates o-PA to be stable for 
the 22-day period tested.

As noted previously, there were recovery issues  
in spiking at the desired reporting limit of 1 ug,  
the data in Table 2 supports this observation.  
It is interesting to note that the recoveries at the  
reporting limit level, although low, were stable 
throughout the out to 22-day study period.  
The results for the other two levels at 20 and 80 ug 
are consistent with the data shown in Table 1 with  
comparable recoveries in the low to mid 80s  
percent range.

Results/Conclusions
Our original approach using OSHA method 64 as a basis to use of DNPH-treated filters as a wipe media  
did not work well for o-PA. The side reaction in DNPH and solubility issues quickly showed this to  
be a poor choice of media. Several other DNPH based solutions were tested with a DMSO/H3PO4 DNPH  
solution meeting all our desired criteria. For sampling media, success was found using a standard 37mm 
glass fiber filter wetted with methanol to improve solubility and retention of particulate o-PA. Advantages 
of this solution were a reduction in use of hazardous chemicals in the field, along with reduced potential 
damages and contamination to targeted surfaces. Our standard method for performing sample collection 
by wipes on surfaces was used to generate samples of reusable Teflon surfaces. The reactive nature of o-PA 
proved to be a challenge in confidently establishing known amounts on surfaces for determination  
of storage study recoveries. Results from the stability study indicate that o-PA is stable when stored at  
room temperature in amber vials over a 22-day period. This newly developed method offers an industrial 
hygienist a means to collect wipe samples for assessment of an occupational exposure to o-Phthalaldehyde 
when using the newly adopted TLV-SL of 0.025 mg/100cm2. 
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Solid Spiked Stability Study

Amount Day 1 Day 10 Day 22

<100 ug 90% 95% 85%

>100 ug 81% 85% 86%

Liquid Spiked Stability Study

Amount Day 1 Day 10 Day 22

1 ug 62% 56% 45%

20 ug 84% 80% 83%

80 ug 83% 84% 80%

Table 1

Table 2

Table 3

Method Summary

Parameter Value

Instrument HPLC/UV

Column Restek Ultra C-18 3 mm X 250 mm

Wavelength 360 nm

Gradient Program 70/30 ACN/Water for 3 min
100 ACN for 5 min
70/30 ACN/Water for 10 min

Flow Rate 0.48 mL/min

Injection Volume 5uL

Derivative Solution 1 mg/mL DNPH in 1% H3PO4/DMSO

Media 37 mm Glass Fiber Filter

Desorption Volume 2 mL Derivative Solution

Desorption Efficiency 95%

Wetting Agent Methanol (HPLC Grade)

Wipe Surface/Area Teflon/100 cm2


