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Abstract : To investigate the evaporation loss of inorganic 

species of fine particulate matter (specially PM2.5) at 

Marwadi University Campus, field observations were carried 

out during August 2018 to September 2018 by using 

modified high-volume sampler. The comparison of 

concentrations has been made between normal Teflon filter 

and chilled Teflon filter, which shows that the chilled Teflon 

filter having comparative high mass than normal Teflon 

filter. The Chilled filter sampler which is chilled at 20 °C 

and samples PM2.5 at low RH (<20%) helps reducing the 

evaporation loss. The current reports conclude that the 

chilled Teflon filter which conditioned at low temperature 

and relative humidity is more effectively used for PM2.5 

sampling without the evaporation loss of volatile ion species. 
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Introduction 

Epidemiology studies have found association between particle 

with aerodynamic diameter ˂2.5 µm and increased mortality, 

both daily and over time. Recently, a growing number of 

studies in toxicology, and epidemiology have shown that 

PM₂ ₅ꓸ is strictly related to the incidence of human health 

effects like respiratory diseases, eye irritation, skin diseases, 

increased system inflammation, oxidative stress, increased 

blood pressure, and allergic illness related problems. National 

Ambient Air Quality Standards (NAAQS) are implemented 

based on evidence from epidemiology and toxicology studies. 

For example, United States Environmental Protection Agency 

(USEPA) developed NAAQS in 1997 and revised in the years 

of 2006, 2012, and 2013, in order to protect public health and 

environment and its variations being adopted in other 

countries.   

Standard based on PM2.5 concentration determined by FRM 

(Federal Reference Method) samplers or FEM (Federal 

Equivalent Method) monitors. In these PM2.5 samplers and 

monitors, PM2.5  is collected on the filter media for gravimetric 

analysis (FRM sampler), beta-ray count measurement by beta 

attenuation (beta gauge) or frequency shift measurement by 

inertial microbalance (TEOM; tapered element oscillating 

microbalances). For a FRM sampler, daily average PM2.5 

concentrations is operationally defined and as the weight of a 

PM2.5 sample divided by sampled air volume after the filter 

sample is conditioned in the temperature (T) (21±1°C) and 

relative humidity (RH) (40±2%) controlled environment. For a 

FEM monitor, hourly average PM₂ ₅ꓸ concentrations is 

measured and the RH can be reduced to <10%by using Nafion 

dryer (TEOM) or the temperature can be increased to ~50°C 

(beta gauge) to reduce particle-bound water, which is known 

to represent a significant part of PM2.5  mass during situ 

monitoring. 

Liu et al. (2015) reported the significant evaporation loss (5.8 

– 36%) of PM2.5 during sampling and low evaporation loss 

(3.3 ± 1.8%) of PM2.5 after 24-hr conditioning using the Multi-

Filter PM₁₀- PM2.5 Sampler (MFPPS) equipped with PDSs 

(porous metal denuder sampler). The model was developed by 

Liu et al. (2015) to determine theoretically the evaporation 

loss of PM2.5. The evaporation loss fraction will be decreased 

when increasing PM2.5 concentrations, gas-to-particle ratio and 

relative humidity and decreasing temperature, filter face 

velocity, and pressure drop cross the filter. Few studies 

reported that particle-particle and gas-particle interactions are 

the major factors causing the evaporation loss in the traditional 

filter-based sampler.  

Several studies have been explored the influence of RH on 

particle concentration. Chen et al. (2003) found that water may 

constitute more than 50% of PM2.5 mass at RH ˃ 80%. At 40% 

RH, water associated with particles (sea salts) contributed 

26% of the mass.8 Similarly, hysteresis has observed in most 

cases, where the measured changes in PM2.5 mass as the 

function of RH in humidity control chamber on Teflon 

membrane filters. Theoretical thermodynamic modeling 

studies have shown that aerosol may contain ~30% water at 

RH = ~20 – 50% and approximately 80% of the measured 

water can be associated with SO4= and NO3–2. 

Thermodynamic model has attracted more attention by 

researcher in recent years to estimate associated water activity. 

However, thermodynamic properties of some organic species 

are uncertain. Therefore, gravimetric analysis with different 

range of RHs are more useful instead of thermodynamic 

modeling to assess the water associated activity. Because 

Teflon filters are now used in most of PM2.5 samplers to 

collect particles, it would be having value to collect actual 

concentration of particle with less evaporate loss by using 

chilled Teflon filter during the sampling. This study is aimed 

at reducing evaporated loss of PM2.5 by sampling with Teflon 

filter chilled at 20°C. An attempt was also made to determine 

the PM2.5 concentration based on gravimetric analysis from the 

sampler. 

Material and Methods 

The sampling was conducted at third-floor laboratory of 

Environmental science and Engineering Department of 

Marwadi University during the month of August and 

September to evaluate the effect of NO₃⁻, Cl⁻, SO₄⁻² and 

NH₄⁺ (Figure 1).  
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Figure 1. Study area of interest at Marwadi University, 

Gauridad Village of Gujarat State. 

The brief outline and setup for measurement are mentioned in 

figure 2 and figure 3, respectively.  

 

Figure 2. Brief outline of methodology. 

 

Figure 3. Setup and method of the process 

The sampling site is away for residential site and industrial 

site as our main concern was to observe the difference in the 

concentration in the ions and we were still preforming our 

experiment on laboratory basis and sampling was done for 8-

hrs because of our limitations. For controlled temperature (20 

°C) and relative humidity (<20%) during total sampling 

periods at the study location the comparison analysis between 

Teflon and chilled Teflon filter The flow rate of the HVS 

(High volume air sampler) is 16.67 liter/min The evaporation 

loss of semi-volatile inorganic species was higher than semi-

volatile organics species over the sampling site which was one 

of the cause of inaccuracy in the PM2.5 mass concentration 

(Liu et al., 2015). Therefore, the study of evaporation loss 

inorganic species became important over the sampling site to 

measure the accurate PM2.5 mass concentration. The 

experiment was further continued by the extraction of ions 

(Cl⁻, SO₄⁻² and NH₄⁺) with the help of sonication. Few 

precautions were to be taken care during handling of filters as 

by minimizing the exposure of the filters to open air by 

keeping them covered inside the filter carriers provided with 

the instrument.  Since filter papers are fine and fragile 

materials, so handle with care.  Filters are inspected against 

the light source for pinholes and loose contamination before 

use. After removing chilled filter paper form HVS, store it in 

cold storage at low degree Celsius in filter cassette to 

minimize the loss. And, the H₂O which contained the ions 

after extraction are to be storage at low degree Celsius. 

Results and Discussion  

Comparison of ion concentration between chilled and 

normal Teflon filter paper  

The results obtained clearly shows the increase in the ions of 

SO₄²⁻, Cl⁻, and NH₄⁺ in chilled conditions then in the normal 

conditions. The change in SO₄²⁻ is about 52%, Cl⁻ is 28.7%, 

NH₄⁺ is 5.8% shown in figure 4. As previous studies have 

showed that aerosol evaporation loss occurs which reduces 

aerosol mass concentration. The deviation increased with 

decreasing loaded particle mass and increasing ambient or 

conditioning temperature.  

 

Figure 4. Graphical representation of ions captured in normal 

temperature and chilled Teflon filter paper.  

 

Comparison of total ion concentration between chilled and 

normal Teflon filter paper  

The comparison of ion concentration of chilled Teflon filter 

(NH4
+
, Cl

–
 and SO4

2–
) concentration with the Normal Teflon 

filter ions concentration is shown in Figure 5. The total 

concentration of chilled is more by 37% on Day 1, 27% on 

Day 2, 21% on Day 3 which leads to approximate 28% total 

increase in ion concentration at 20°C during 8hrs sampling. 

The total ion concentration can increase if temperature goes 

below 20°C (Figure 5). 
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Figure 5. Graphical representation of total ions captured in 

normal temperature and chilled Teflon filter paper. 

 

Comparison of total PM₂ ₅ꓸ concentrations between 

chilled and normal Teflon filter paper  

The ion and mass concentration of PM2.5 is affected by 

ambient temperature and ambient relative humidity during 

sampling (Liu et al., 2014; Chow et al., 2015). 

 

Figure 6. Graphical representation of total PM₂ ₅ꓸ 
concentration 

Therefore, we have examined the samples in controlled chilled 

temperature and chilled relative humidity environment 

condition for a better quantification of the evaporation loss of 

PM2.5 from Teflon filters during sampling. The ambient 

temperature varied between 28°C to 31°C which was decrease 

to 20°C. Chilled temperature was stable at 20
0
C to eliminate 

the evaporation of suspended volatile inorganic matter 

particles the loss analyzed was about 8% ± 2 depending on the 

characteristics of the ions. 

 

 

 

 

Conclusion 

In present study, we conducted proposed experiment in 

academic area to identifying the control of evaporation loss 

during air sampling using chilled Teflon filter in academic 

area. The results indicated that chilled Teflon filter showing 

significantly higher mass concentration than normal Teflon 

filter paper, which indicates minimum evaporation loss of ion 

concentrations of PM2.5.  Moreover, we had sent filter papers 

(chilled and normal) for ion chromatography, which showed 

the change of 8%±2. The outcomes of this project will support 

the modification of traditional air quality monitoring program 

to better identification and characterization of exposure to air 

pollutant.  
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