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Featured Application: Formaldehyde monitoring has become mandatory for a large class of plants.
Currently, the experience of the methods to be used and the values present is insufficient. This
type of activity allows for the creation of and validation of effective and efficient methods for
monitoring this compound.

Abstract: Formaldehyde (H−CHO) is a chemical compound extremely common in many industrial
productions. However, in 2004, it was reclassified as carcinogenic (H350) and mutagenic (H341).
Therefore, stringent limitations on emissions were implemented; among them, the lowest limit
(3 mg/m3) was adopted by some Italian Local Competent Authorities. Up to now, no European-
validated method for emission control was available, and for this reason, a specific working group
(WG 40) has been created in the framework of the European Committee for Standardization Technical
Committees 264 (CEN TC 264) to publish a qualified method for the quantification of Formaldehyde
emissions from stationary sources (i.e., power stations, incinerators, petrochemicals, and industrial
plants that uses combustion for their energetic purposes). Some preliminary trial tests were con-
ducted to evaluate (1) the sampling protocol, and (2) the analytical technique. From a measurement
perspective, two methods were selected: EPA 323—VDI 3862-6 and VDI 3862-2. Every new method
prepared by CEN shall be verified before publication in the field and in real conditions to verify
its metrological properties (i.e., precision, biases, reproducibility, and repeatability), costs and the
training needs for involved personnel. With this aim, two measuring campaigns were conducted,
and some important conclusions emerged concerning the H−CHO sampling procedure. Due to high
water levels normally present, condensation during sampling is critical and can cause unpredictable
errors; wet traps (impingers) give good responses. The sampling in pure water appeared unstable,
but using an H2SO4 solution solved this issue, thus being recommended.

Keywords: formaldehyde; emission; analytical protocol; sampling; biogas

1. Introduction

Formaldehyde (H−CHO) belongs to the class of carbonyls. It is the simplest aldehyde
(R-CHO) and the most present carbonyl compound in the atmosphere [1–3].

Its sources are either natural or anthropogenic. Atmospheric H−CHO can be classified
as primary (coming directly from emissions) or secondary (formed in the atmosphere). Pri-
mary emissions can result from fossil fuel combustion [4,5], biomass burning [6], industrial
activities [7], and vegetation [8,9].
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In the atmosphere, formaldehyde can be formed from the oxidation of CH4 and of
many other hydrocarbons [10], or from the methoxy radical under tropospheric conditions
with O2:

CH3O + O2 → H−CHO + HO2 (1)

Formaldehyde undergoes two main reactions in the atmosphere, reaction with OH
radicals and photolysis [10,11].

H−CHO was widely used for its preservative and antibacterial properties [12]. How-
ever, formaldehyde-based chemistry is still used in a wide range of industries, such as
chemicals, manufacturing, cosmetics, and textiles [13,14], and nowadays it is mainly used
in the production of industrial resins [15,16].

In the field of energy production from biogas, formaldehyde has its own importance as
it is released during the combustion of wood (e.g., for domestic heating), and of its deriva-
tives, such as wood chips [17], pellets or similar fuels [18–20]. Also, as H−CHO is present
in many products in common use, such as food, drugs, furniture, etc. [21,22], its presence
in urban waste cannot be neglected, so emissions from incinerators shall be monitored as
there is no guarantee that it is completely destroyed during the combustion process.

The interest in formaldehyde in the field of biomass emissions is related to the increas-
ing production of biomethane; during the combustion of methane using alternative engines
to produce electricity and heat, H−CHO is synthesized according to the following reaction:

CH4 + O2 → H−CHO + H2O (2)

In this reaction, part of the methane is transformed into H−CHO and not into CO2
and H2O; the average concentration of H−CHO is between 5 and 50 mg/Nm3 [23,24].

Formaldehyde is an important pollutant in urban atmospheres, and due to its widespread
use, toxicity, and volatility, this compound represents a significant hazard to human
health [25].

Due to its widespread use, toxicity, and volatility, formaldehyde represents a signifi-
cant hazard to human health. In 2004, the International Agency for Research on Cancer
(IARC) reclassified formaldehyde into Group 1-”carcinogenic to humans” [26].

In Italy, due to Dlgs 152/2006 (Italian Legislative Decree nr 152/2006), the formalde-
hyde limit at emissions from combustion engines was 20 mg/Nm3. After, in 2014, due to
the modification of Part 3 of Annex VI of the EC Regulation 1272/2008, formaldehyde was
classified as ‘may cause cancer’ (risk phase H350) and ‘suspected of causing genetic defects’
(H341) [27] and its emission limit in Italy was reduced to 5 mg/Nm3 and, for some specific
applications, 3 mg/Nm3.

Compared to the past, when formaldehyde was not considered a dangerous chemical
compound, the actual stringent limitation at emissions requires a robust analytical protocol
aimed at performing systematical, accurate and reproducible environmental measurements,
which was not performed in the past.

Thus, there still is no European method validated for its determination of emissions.
For this reason, the process for the definition of a standardized method has been started in
the European Committee for Standardization (CEN) context. It is detailed hereinafter in
the present work.

This work is the first of a series that shows research conducted by the authors to
qualify robust monitoring methods for determining H−CHO in emissions from stationary
sources, i.e., power plants, incinerators, chemical or petrochemical units, etc.

2. Materials and Methods
2.1. CEN TC 264 WG 40 “Emissions—Formaldehyde”

To develop an accurate and reproducible analytic protocol for formaldehyde quantifica-
tion in emission, CEN activated in 2016 the “TC 264 WG 40 Measurement of formaldehyde
emissions” working group.
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Several techniques for the detection of formaldehyde are available [28]. These meth-
ods include spectrophotometry [29], gas chromatography [30], high-performance liquid
chromatography [31] and ion chromatography [32].

In the past several intercomparison experiments have been performed on the mea-
surement of formaldehyde [33]. The general conclusions in these intercomparisons are that
H−CHO measurements at low-ppb levels are still problematic and that further validation
work is needed [34–39].

The working group, having examined existing methods, developed the first draft of a
suitable methodology that needed to be verified and validated by measurements achieved
in real plants by WG participants, as well as using emission simulation laboratories called
bench loops [40,41].

The chosen methods for formaldehyde quantification are based on two different ana-
lytical principles: spectrophotometric method (EPA 323) [42] using various chromophore
compounds, and high-performance liquid chromatography [43] using the reaction of
formaldehyde with the DNPH (2,4-dinitrophenylhydrazine), the main characteristics of
which are showed in Table 1.

Table 1. Characteristics of the method EPA 323—VDI 3862-6 and method VDI 3862-2.

Main Characteristics of the Methods

Method EPA 323—VDI 3862-6 VDI 3862-2

Principle Not isokinetical integral sampling Not isokinetical integral sampling

Absorbing Solution H2O H2O + H2SO4 + DNPH

Measurement principle Colorimetric HPLC

Main reagent Acetylacetone 2,4-Dinitrophenylhydrazine
hydrochloric acid solution (DNPH)

To choose the best candidate methods (or to approve both, if possible), it was necessary
to compare the two methods to evaluate:

• Reproducibility
• Repeatability
• Sampling procedures
• Safety aspects

2.2. Experimental Investigations

To investigate methods characteristics, two field campaigns were programmed on
a real biomass plant that produces biogas (biomethane) from anaerobic fermentation of
organic waste; biogas is then burned using an alternative engine to produce electricity and
heat. The selected plant is considered state-of-the-art and implements the best available
techniques for emission control, i.e. a thermal oxidizer and a quality management system.

Each campaign was conducted by two independent laboratories:

• Agenzia Provinciale Protezione Ambiente (APPA) Trento Laboratory, Trento (TN), Italy;
• Ricerca sul Sistema Energetico (RSE) Laboratory, Milan (MI), Italy.

Chemical analyses were conducted by APPA Laboratory and LabAnalysys s.r.l., Italy.
Each laboratory implemented independent measurements using different analytical

methods: DNPH (VDI 3862-2) and Acetylacetone (EPA 323—VDI 3862-6).
Samplings lasted 30 min, in line with the CEN indication to harmonize all the sampling

methods for emissions to allow measurements on a half-hourly basis.
The use of hazardous reagents in the field was minimized to reduce the risks asso-

ciated with experimental activities and left the most critical chemical manipulations for
the laboratory.
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2.3. Sampling System

The sampling was carried out following the procedures described in the CEN/TS
17638:2021 [44], implementing flue gas extraction and capturing it on H−CHO using
impingers loaded with absorbing solution (Figure 1). Solutions were then stabilized and
analyzed in the laboratory.
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Figure 1. Scheme of integral low-flow sampling.

Regarding the sampling technique implemented, the APPA laboratory used an un-
heated Teflon tube, air-cooled impingers and dry gas meter for volume determination.

RSE used a heated line up to the impingers, water-cooled impingers, and mass flow meters.
The ‘cold’ capture line used by APPA is very simple and light and allows for good

cleaning and control of contaminations, and this is its main advantage. Its main flaw,
however, is that, not being heated, it allows the sample condensation with the formation of
liquid droplets that capture part of the analyte. For this reason, at the end of the sampling
activity, it is necessary to do a recovery wash of the whole sampling line with distilled
water to collect all the droplets present: added water (from 20 up to 100 mL) flows in the
final absorption solution, diluting it (the final volume is from 100 up to 200 mL). In this
way, however, the method’s sensitivity decreases, and it is no longer possible to determine
the water content of the stack gas.

Conversely, the hot line (more complex and heavier) used by RSE does not alter the
gas samples and limits condensation phenomena out of the bubbler; in this way, the volume
of the absorbing solution is reduced (about 50 mL) with an increased sensibility, and it is
possible to trace the humidity of the fumes as it results in a weight increase of the solution.
This feature, although not strictly necessary for sampling, nevertheless constitutes an aid
for checking the quality of sampling. On the other hand, the sampling line is heavier and
requires power and special controllers, and it is necessary to use water-cooled impingers to
dissipate the thermal power absorbed by impingers.

In principle, the choice of cold line and uncooled traps offers the greatest simplicity
and the lowest cost associated with sampling but does not allow an accurate determination
of the humidity of the fumes and offers a lower capture efficiency. The choice, on the other
hand, of heated line and cooled traps requires a greater complexity of the sampling systems
but allows an accurate assessment of the humidity of the fumes and the quantity of analyte
captured, with a great improvement in the accuracy of the method.

2.4. Instruments

The Formaldehyde was determined by Lab. APPA Trento using two methods: VDI
3862-2) and Acetylacetone (EPA 323—VDI 3862-6) (detailed information can be found in
supplementary material).

For the VDI 3862-2 method, an HPLC system HP 1100 (Hewlett-Packard, Waldbronn,
Germany) equipped with a Restek Allure AK column 5 µm (200 × 4.6 mm) was used.

An elution gradient of ultrapure water/acetonitrile was used with a constant flow rate
of 1 mL/min. The column was both kept at 20 ◦C.
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For the EPA 323—VDI 3862-6 method, a Jasco V-630 (Jasco, Easton, MD, USA) UV-VIS
spectrophotometer was used; the solutions were analyzed at 412 nm.

Lab. RSE used the VDI 3862-2 method. For the analysis, a Shimadzu Nexera XR
(Shimadzu, Kyoto, Japan) HPLC system equipped with a Supelcosil LC-18 column 5 µm
(250 × 4.6 mm) was used. An elution gradient of ultrapure water/acetonitrile was used
with a constant flow rate of 0.45 mL/min. The column was kept at 25 ◦C.

2.5. Protocol Description

During the First Campaign, 14 sets of 3 simultaneous samplings were done, described
in Tables 2 and 3:

Table 2. Characteristics of the sampling method during the First Campaign.

Characteristic Sampling Lab. APPA Trento Lab. APPA Trento Lab. RSE

Method Not isokinetic extraction Not isokinetic extraction Not isokinetic extraction

Number of samplings 14 14 14

Absorbing solution Pure water 0.01N H2SO4 + DNPH 0.01 H2SO4

Treatment of
absorbing solution None None DNPH addition

Washing solutions Washed with water, added to
sampling solution

Washed with water, added to
sampling solution None

Table 3. Description of samples during the First Campaign.

Characteristic Analysis Lab. APPA Trento Lab. APPA Trento Lab. RSE

Method implemented EPA 323—VDI 3862-6 VDI 3862-2 VDI 3862-2

Time of analysis Day after sampling Day after sampling

Solutions were divided into 4 aliquots:
#1 added with DNPH and analyzed by

Lab. APPA, 1 day after sampling
#2 added with DNPH, stored for 2 days

and analyzed
#3 added with DNPH, stored for 15 days,

and then analyzed
#4 stored for 15 days and after added

with DNPH and analyzed after 2 days

The same laboratories that worked on the First Campaign also performed the second
one using the protocol described in Tables 4 and 5:

Table 4. Characteristics of the sampling method during the Second Campaign.

Characteristic Sampling Lab. APPA Trento Lab. APPA Trento Lab. RSE

Method Not isokinetic extraction Not isokinetic extraction Not isokinetic extraction
Number of samplings 10 10 10

Absorbing solution Pure water 0.01N H2SO4 + DNPH 0.01 H2SO4
Treatment of

absorbing solution None None DNPH addition

Washing solutions Washed with water, added to
sampling solution

Washed with water, added to
sampling solution None
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Table 5. Description of samples during the Second Campaign.

Characteristic Analysis Lab. APPA Trento Lab. APPA Trento Lab. RSE

Method implemented EPA 323—VDI 3862-6 VDI 3862-2 VDI 3862-2

Time of analysis Day after sampling Day after sampling

Solutions were divided into 5 aliquots:
#1 added with DNPH just after sampling

and analyzed by Lab. APPA
#2 added with DNPH just after sampling

and analyzed after 5 days
#3 added with DNPH just after sampling

and analyzed after 15 days
#4 added with DNPH after 5 days and

analyzed after 5 days
#5 added with DNPH after 5 days and

analyzed after 15 days

3. Results and Discussion

Statistical experimental data is elaborated using a linear regression approach [45].
In which the two sets of results (from method A and method B) are compared. This sim-

ple model is widely diffuse and commonly used. Furthermore, confidence and prediction
bands are evaluated from the provisions of ISO 10155:95 [45].

3.1. Sampling

Water contents and H−CHO concentrations measured by RSE in the first campaign are
shown in Table 6, accompanied by the analyzes carried out with the HPLC method (Figure 2).

Table 6. Humidity and H−CHO obtained by Lab. RSE. during First Campaign.

Sampling Humidity
(%)

H−CHO
(mg/m3)

1 12.7 33.4
2 6.6 1.2
3 14.4 47.4
4 5.0 3.1
5 16.5 14.5
6 11.2 3.0
7 11.2 2.9
8 11.5 2.9
9 10.6 10.6
10 12.0 8.7
11 12.2 7.5
12 10.9 3.0
13 10.9 3.4
14 10.3 12.8
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The expected humidity of the flue gases was 10–12%, the value obtained in sampling
from 6 onwards. Values from 1 to 5 are not compatible with expected values and must
be related to a malfunction of the sampling procedure; it was verified that, due to a
malfunction of the heated line, there was a cold (unheated) point in which condensation
occurred accumulating liquid droplets that, from time to time, ended up flowing into
the trap.

The most important effect is that the formaldehyde content found in the laboratory
has the same behavior, as this compound is very soluble and was trapped in the cold point
of the line and ended up flowing with the condensate.

It should be noted that such verification can be used as a quality assurance indicator.
The first 5 samplings can be considered invalid for any legal purpose of the measurement,
as they would significantly alter the results obtained.

The malfunction of the heated line during the second campaign has been resolved, as
demonstrated by the values obtained (Table 7; Figure 3).

Table 7. Humidity and H−CHO obtained by Lab. RSE. during Second Campaign.

Sampling Humidity
(%)

H−CHO
(mg/m3)

1 2.4 11.7
2 1.7 11.4
3 1.8 9.3
4 1.7 11.4
5 1.9 11.0
6 1.6 10.8
7 1.5 10.2
8 1.6 11.4
9 1.6 11.0
10 1.6 11.1
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3.2. Analysis

In Figure 4, three chromatograms obtained by HPLC are shown:

• The first (a) represents a reference standard used (the concentration values are guar-
anteed by the sample supplier). The peaks of the chromatograms are described in
Table 8;

• The second (b) represents a blank sample, which shows the substantial suitability of
the solutions used (the blank samples are real analytical samples not exposed to the
fumes but which have been treated exactly like the others);

• The third (c) represents one of the analyzed samples: the sample contains only
formaldehyde (H−CHO and acetaldehyde (CH3CHO), compatible with the analyzed
analytes. The chromatogram results with a good baseline and very well identified
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peaks, which guarantees good accuracy of results, demonstrating the validity of
the method.
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Table 8. Peak table of the reference standard.

ID Name Retention Time Area Concentration
(mg/mL)

1 Formaldehyde 5.387 1,980,978 1.274
2 Acetaldehyde 8.757 1,447,755 1.177
3 Acrolein 14.439 1,253,045 0.969
4 Propionaldehyde 16.378 963,194 1.033
5 Crotonaldehyde 20.487 908,469 1.082
6 Butyraldehyde 22.518 828,587 1.033
7 Benzaldehyde 25.311 688,809 1.192
8 Isovaleraldehyde 26.385 63,514 1.053
9 Valeraldehyde 26.948 675,408 1.062
10 Otolualdehyde 28.225 1,659,591 1.177
11 Hexanaldehyde 29.426 534,402 1.049
12 2,5-Dimethylbenzaldehyde 29.827 499,612 1.070
13 Acetone - - -

All the results of the sampling carried out by each of the laboratories during the First
and Second Campaigns are reported in detail in Tables 9–11.

Table 9. Concentration of H−CHO analyzed during the First Campaign.

Samplings Lab. APPA Trento Samplings Lab. RSE

Samplings Solution
VDI 3862-2

(Lab. APPA Trento)
mg/L

EPA 323—VDI 3862-6
(Lab. APPA Trento)

mg/L
Solution

VDI 3862-2
(Lab. RSE)

mg/L

VDI 3862-2
(Lab. APPA Trento)

mg/L

1 H2O 0.711 2.293 H2SO4 12.137 13.204
2 H2O 0.474 1.289 H2SO4 7.787 1.488
3 H2O 2.873 6.572 H2SO4 25.593 27.426
4 H2O 0.064 0.396 H2SO4 3.811 3.977
5 H2O 0.048 0.336 H2SO4 6.351 7.469
6 H2O 0.048 0.320 H2SO4 3.680 3.678
7 H2O 0.057 0.323 H2SO4 4.028 4.588
8 H2O 0.077 0.359 H2SO4 3.898 4.294
9 H2O 1.344 1.535 H2SO4 5.494 5.548

10 H2O 1.356 1.213 H2SO4 4.974 4.908
11 H2SO4 1.235 1.052 H2SO4 4.770 4.801
12 H2SO4 0.998 0.830 H2SO4 4.462 4.278
13 H2SO4 1.281 1.013 H2SO4 4.614 4.427
14 H2SO4 2.619 2.452 H2SO4 10.670 10.828

Table 10. Concentration of H−CHO analyzed by Lab. RSE during the First Campaign.

Samplings
Derivatized Sample

and Analyzed on Arrival
(mg/L)

Derivatized Sample at T0
and Analyzed after 15 days

(mg/L)

Derivatized Sample after 15 Days and
Analyzed Immediately

(mg/L)

1 12.62 13.25 6.70
2 1.08 1.03 0.81
3 30.29 33.79 18.27
4 2.33 2.47 2.05
5 4.71 5.45 2.38
6 2.20 2.50 1.90
7 2.27 2.56 2.00
8 2.22 2.42 1.91
9 4.04 4.79 2.28
10 3.08 3.74 1.72
11 2.55 3.10 1.44
12 2.29 2.69 2.39
13 2.67 2.82 2.42
14 10.38 12.03 6.24
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Table 11. The results obtained by Lab. APPA Trento (sampling #1 and #2) from sampling in acid
solution, washing, and analysis with HPLC are reported. The addition of DNPH was made directly
at the end of the sampling.

Samplings Volume of Sampled
(L)

Dry Volume of
Sampled

(L)

H−CHO (VDI 3862-2)
mg/L

H−CHO
(EPA 323 VDI 3862-6)

mg/L

1 32.20 31.10 0.647 0.435
2 30.50 29.30 0.566 0.423
3 31.00 29.70 0.735 0.561
4 31.00 29.70 0.694 0.578
5 31.00 29.50 0.716 0.598
6 30.50 28.90 0.799 0.717
7 67.40 63.90 1.674 1.523
8 31.00 29.30 0.846 0.777
9 31.00 29.20 0.819 0.739
10 31.50 29.60 0.926 0.897

The values of samples obtained by Lab. APPA Trento are shown in Table 11.
Lab. APPA Trento also analyzed the samples obtained from Lab. RSE to verify the

reproducibility of the 2 laboratories. In Table 12, the comparison is shown.

Table 12. Comparison between the analyses carried out with the VDI 3862-2 method conducted by
Lab. APPA Trento on the solutions sampled by both during Second Campaign.

Sampling H−CHO (Lab. APPA Trento)
mg/L

H−CHO (Lab. RSE)
mg/L

1 2.389 2.196
2 1.653 1.682
3 1.774 1.742
4 1.658 1.663
5 1.857 1.763
6 1.561 1.551
7 1.456 1.483
8 1.643 1.667
9 1.583 1.610
10 1.624 1.715

Lab. RSE conducted 10 samplings simultaneously with those at Lab. APPA Trento.
The results are reported in Table 13, where the main values obtained are reported. The
samples are those immediately complexed and analyzed 5 days after collection.

Table 13. Values of the sampling conducted by the Lab. RSE with acid solution and analysis by
HPLC; the solutions were complexed the same evening as the sampling of the Second Campaign.

Sampling Volume of Sampled
(L)

Relative Humidity
(%)

H−CHO
(mg/L)

1 34.449 11.712 2.954
2 29.228 11.366 1.802
3 32.199 9.327 2.162
4 32.271 11.356 2.072
5 34.519 11.011 2.316
6 32.229 10.788 1.870
7 71.547 10.247 3.272
8 30.724 11.417 2.006
9 30.877 11.017 1.888
10 30.725 11.129 1.902
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To evaluate the stability of the samples, each solution collected was divided into 5 aliquots:

• The first was analyzed by Lab. APPA Trento;
• The second complexed immediately and was analyzed after 5 days;
• The third complexed immediately and was analyzed after 15 days;
• The fourth complexed after 5 days and was analyzed after 5 days;
• The fifth complexed after 5 days and was analyzed after 15 days.

The results obtained are shown in Table 14.

Table 14. Results of repeated analyzes on samples collected by Lab. RSE during Second Campaign.

Complex Immediately Complex after Three Days

Sampling Analyzed after 5 Days
(mg/L)

Analyzed after 15 Days
(mg/L)

Analyzed after 5 Days
(mg/L)

Analyzed after 15 Days
(mg/L)

1 2.954 2.946 2.080 1.812
2 1.802 1.714 1.338 1.072
3 2.162 2.118 1.652 1.610
4 2.072 1.846 1.524 1.462
5 2.316 2.322 1.734 1.756
6 1.870 1.802 1.238 1.208
7 3.272 3.072 2.424 2.464
8 2.006 1.930 1.418 1.430
9 1.888 1.688 1.222 1.204

10 1.902 1.490 1.222 1.158

The comparison conducted by Lab. APPA Trento in First Campaign, which analyzed
the samples collected by Lab. RSE, both according to the EPA 323 and VDI 3862-2 methods,
shows a good correlation (Y = 1.0888 × [mg/L]—0.2666 [mg/L]) which seems to show an
excellent correspondence between the methods. It is reported in Figure 5.
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The same comparison was made between the values determined by Lab. APPA Trento
and by Lab. RSE with the VDI 3862-2 method, made on the same samples, is instead shown
in Figure 6.
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In this case, a difference emerges between the values obtained. The first and second
correlation lines have an R2 close to 1, which suggests a reproducibility problem between
the standards of the two laboratories that must be further investigated.

In the tests conducted during the second campaign, comparing the analytical tech-
niques shows a worse result (Figure 7). The two techniques have provided significantly
different values, 3.40 ± 0.45 mg/m3 for the VDI 3862-2 method and 2.88 ± 0.92 mg/m3 for
the one according to EPA 323—VDI 3862-6.
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The smallness of the values collected does not allow us to understand what the
possible cause is, although it can be concluded that it must be deterministic, given the good
correlation of the results; possible reasons could be:

• An objective error in carrying out the analyzes;
• A modification of the plant conditions, which has led to the formation of an interferent.

3.3. Performance of the Methods

To compare the two sampling methods, the correlation between the values obtained
by the two different methods was calculated.

Figure 8 shows the linear correlation between the analyses conducted with the col-
orimetric and HPLC method during the First Campaign (the best set of tests obtained),
together with the confidence and prediction bands obtained through the provisions of the
ISO 10155:95 [45].
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Figure 9 shows the values of the confidence and prediction bands only.
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It must be remembered that the conclusions that can be drawn are partial since the
‘bias’ concerning the true value is unknown; thus, the uncertainty of the methods cannot be
fully assessed.

The data show, however, that the predicted values for the forecast band are, in the
0–10 mg/m3 range, below 0.4 mg/m3 (Figures 8 and 9); considering that for other com-
pounds (like HCl, for example), the corresponding values are around 1.5/2.0 mg/m3, it’s
possible to assume that such results are very satisfactory and would suggest an uncertainty
of the analytical methods not exceeding 1.0–1.5 mg/m3.

These values, which can only be demonstrated through tests conducted on experimen-
tal loops, where the true value is known, are state-of-the-art for organic emissions sampling
but are still quite high compared to the limit values assumed for H−CHO of 3.0 mg/m3,
requiring further analysis.

4. Conclusions

The determination of formaldehyde in emissions is critical for many reasons. Conden-
sation during sampling can absorb formaldehyde in an unpredictable way, which must be
absolutely avoided. For this reason, the use of heated probes is recommended. Wet capture
using impingers shows very good results. Even if the solubility of H−CHO is very good in
water, its stability in pure water is critical, so using a solution of H2SO4 (at least) 0.01 N is
recommended.

If the measurement method VDI 3862-2 is used, the solution must be treated, within
24 h of sampling, with DNPH and kept at least 48 h before analysis, which can be done in
the following 15 days if the samples are stored at 4 ◦C.
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The relationship between EPA 323 methods and VDI 3862-2 is good (considering the
values shown in Figure 7), but it is necessary to carry out new evaluations to better evaluate
reproducibility and repeatability.

Due to the danger of underestimation related to the high solubility of H−CHO and
its instability once in the sampling solution, real emissions from industrial plants could
be underestimated. For this reason, on the one hand, a more accurate assessment of the
legal technical framework of this compound is necessary, and on the other, an experimental
survey of the real emissions of the industrial world for objective quantification of H−CHO
releases into the environment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app121910150/s1, Table S1: Elution gradient of HPLC analysis
by Lab. APPA Trento; Table S2: Elution gradient of HPLC analysis by Lab. RSE; Table S3: Analytical
values obtained by Lab. APPA Trento and Lab. RSE using different methods during first campaign;
Table S4: Analytical values obtained by Lab. APPA Trento and Lab. RSE using different methods
during second campaign; Figure S1: Comparison between the values measured during the first
campaign; Figure S2: Comparison between the values measured during the second campaign.
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