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Abstract

elemental and isotope analyses in the particulates.

Pb isotope study in the atmospheric particulates.

particulates using Zn and Pb isotopes.

Background: The atmospheric particulates can be harmful to human health due to toxic substances sorbed onto
particulates. Although the atmospheric particulates have been collected using different types of filters, few studies
have reported background contents of major and trace element, and isotopic compositions in the blank filters used
for collecting the particulates yet. Here, we first report background contents of major and trace elements, and
isotopic compositions (Zn and Pb isotopes) in the blank filters. Then, we evaluate the best type of filter for

Findings: The contents of major elements are the lowest in the PTFE filter and become higher in the order of the
Nylon, NC, and GF filters, indicating that either PTFE and/or Nylon filters are the most suitable for major element
analysis in the atmospheric particulates. Likewise, the contents of trace elements are the lowest in the PTFE filter
and become much higher in the order of the Nylon, NC, and GF filters, indicating that PTFE filter is the most
suitable for trace element analysis in the atmospheric particulates. Otherwise, background elemental contents result
in overestimating their concentrations in the atmospheric particulates. All 666ZmMc_Lyon values in two GF filters are
within those from samples of the Chinese deserts and of the Chinese Loess Plateau. Likewise, their 2°°Pb/***Pb
ratios are similar with those of samples from Xi'an and Beijing, indicating that the GF filter is not suitable for Zn and

Conclusions: This study suggests that the PTFE filter is the most suitable for elemental and isotope study in the
atmospheric particulates and that the GF filter cannot be used for source identification in the atmospheric

Keywords: Atmospheric particulate, Blank filter, Major and trace elements, Zn isotopes, Pb isotopes

Introduction

Particulates in the atmosphere emitted from natural and
anthropogenic sources can be harmful to human health,
widely ranging from respiratory illnesses (NO,, SO,,
PM, 5, and O3z), to diminished delivery of oxygen to vital
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organs (CO), and to impaired cognitive and neurological
capabilities (trace elements; e.g., Cd, As, and Pb) (WHO
2013; Guarnieri and Balmes 2014; Mason et al. 2014;
Karri et al. 2016; Khaniabadi et al. 2017; Huang et al.
2018; Song et al. 2018; Santana et al. 2020). It has been
known that any particulates finer than 10 um, particu-
larly those from finer than 2.5 um (PM,s), are poten-
tially harmful because they are difficult to expel from
lungs, and thus, they can accumulate in alveoli (Pope III
et al. 2002; Laden et al. 2005; Downs et al. 2008; IARC
2012; WHO 2013). Especially, trace elements (e.g., Cd,
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Cr, and Ni) and metalloids (e.g., As and Sb) are often
sorbed onto particulates, increasing the toxicity of the
particulate (Csavina et al. 2012).

Traditionally, four types of filter material to collect the
atmospheric particulate have been used, which are Tef-
lon, quartz/glass fiber, mixed fiber, and membrane filter
types, depending on variables such as metal content,
artifact formation, and affinity for moisture (US EPA
1999). For example, quartz- and glass-fiber filters have
been used for determining mass loading, cellulose filters
for gas-absorbing compounds, and PTFE filters for trace
elements and isotopes (Chow and Watson 2012; Ali
2016). Then, the filters are treated using various extrac-
tion methods in order to determine the contents of inor-
ganic constituents and therefore to assess pollution
status and metal impact on the environment. However,
if the content of particulate is low and therefore con-
tents of heavy metals are low, the contribution of heavy
metals in the blank filter to those sorbed onto the partic-
ulates would be critical because background contents of
trace elements result in overestimating their concentra-
tions in the particulates. In spite of the importance of
background elemental contents in the blank filter, there
are only a few studies reporting them (Yang et al. 2002;
Karthikeyan et al. 2006; Ali 2016). For example, Zn con-
tent in Zefluor™ filter is 261 mg/cm? (Karthikeyan et al.
2006) and Cr content in quartz filter is 2538 mg/cm>
(Karthikeyan et al. 2006).

Furthermore, although elemental concentrations in the
atmospheric particulates have been mainly used, varia-
tions in their isotope ratios are more powerful to deter-
mine the origin of atmospheric contaminants and to
understand the transport pathways because stable iso-
topic compositions in the particulate generally reflect
those in the sources. Recently, Zn and Pb isotopes have
been used to identify each pollution source and estimate
its contribution in the particulates (Dong et al. 2017;
Souto-Oliveira et al. 2018, 2019). Likewise, it is also crit-
ical to evaluate stable isotopic compositions in the blank
filters to prevent misunderstanding the source and over-
estimating the contribution of each source. Nonetheless,
there is no study on isotopic compositions in the blank
filter.

Here, we first report elemental and isotopic composi-
tions (Zn and Pb isotopes) in blank filters commonly
used for collecting the particulates in South Korea, and
evaluate the best type of filter for elemental and isotope
analyses in the particulates.

Materials and methods

Sample preparation

Detailed information on filters used in this study is given
in Table 1. In short, we used both disk and square type
filters because the former has been commonly used in
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high-volume sampling (~ 1700 L/min), while the latter
has been used in low-volume sampling (16.7 L/min).
Three polytetrafluoroethylenes (PTFEs; Nos. 17-19) and
two Glass Fibers (GFs; Nos. 20-21) filters were square,
while eleven nitrocellulose (NC), one Nylon, and four
PTEE filters are disk type. All samples were stored in the
desiccator maintaining 30 + 5% of humidity and T =
25°C for 24 h before the experiment. Although previous
studies have used various extraction methods (e.g., a
mixture of ultrapure acids; Yang et al. 2002; Karthikeyan
et al. 2006; Ali 2016), we used 22% ultrapure aqua regia
following the US EPA method (US EPA 1999). For the
square type filters, we cut them into ~25 x 200 mm
using ceramic scissors, placed in a 60 ml Teflon screw-
cap vessel (Savillex Corp., USA), and reacted with 10 mL
ultrapure 22% aqua regia on a hotplate at 7' = 180 °C for
24 h. Then, the supernatant was filtered through a 0.45-
pm Nylon syringe filters (25 mm diameter, Whatman,
USA), evaporated at T = 180 °C, and diluted to 10 mL ul-
trapure 2% HNOs. In case of the disk filters, whole filter
was used and treated as the same way above. All samples
were treated as triplicates.

Elemental analyses

Concentrations of elements were measured using a Per-
kinElmer Optima 7700DV ICP-AES at the Pukyong Na-
tional University and an Agilent 7700 ICP-MS at the
Korea Institute of Ocean Science & Technology
(KIOST), respectively. Repeated analyses of a certified
reference material (Trace Metals in Drinking Water;
TMDW) yielded analytical uncertainties for most major
and trace elements of within + 10%, except Zn (27%)
that is overestimated. (Table S1).

Isotope analyses

Information on element separation and isotope measure-
ments is reported in Jeong et al. (2021). In short, pure
Zn and Pb were separated using a Bio-Rad AG-MP1
resin (100—200 mesh, chloride form) and an Eichrom
Pb-resin (100—200 mesh), respectively. All isotope ratios
of Zn and Pb were measured using a Thermo Scientific
Neptune Plus MC-ICP-MS at the KIOST. During the
measurements, mass bias was corrected using a stand-
ard-sample bracketing (SSB) method where IRMM-
3702 for Zn and NIST SRM 981 for Pb were used as iso-
topic standards. Zinc isotopic compositions are reported
in delta notation relative to IRMM-3702, where §°°Zn =
[(*°Zn/**Zn) qampie/ (*°Z0/**Z0) 1gpin 3702- 1] x 1000. The
reproducibilities of Zn isotope measurements are better
than +0.02%o for IRMM-3702 (n = 24, 20). The repeated
analyses of NBS 981 (US National Bureau of Stands)
yielded mean 2°°Pb/?**Pb, 2°’Pb/***Pb, and 2**Pb/***Pb
ratios of 16.935 + 0.004 (20, n = 7), 15.485 + 0.004 (20,



Page 3 of 8

(2021) 12:27

Lee et al. Journal of Analytical Science and Technology

(vsn) ABojouyday 131y SAD [2] “(vSn) uoneiodiod jjed [L],
Pa12319p 10U N ‘(€ = U) UOoleIASP pJiepuels | ‘Of

700 [444 6l /8% 91’0 o'e L 691 Cl 98¢ S0 L'Gl 8l ey oy 9501 cl ¥SC X €0¢ [L] L4
L00 L9¢C S 71§ 900 e € 981 0l 8Ly 0 7Sl € 0sy 9l 8511l 9l ¥SC X €0¢ [L] 0¢-45
(45) 423y J2qy SSoIS
100 100 800 £00 9¢0 Y0 900 900 100 100 100 €00 100 100 €00 900 L 00¢ X 00¢ [1] 61-341d
000 100 ¥00  ¥l0 100 G600 000 CO0 YO0  ¥LO ‘aN ‘aN ‘aN S¥0  00C X 00C [1] 8l-341d
‘aN €00 600 100 €00 100 100 €00 oLo ‘aN ‘aN 100 00 cco 00¢ X 00¢ [1] £1-341d
000 100 00 800 800 600 €Lro 760 100 L00 100 900 000 00 Y00 S00 4 Ly [a] 91-341d
00 S00 910 %0 Lo €COo  0C0 €€0 600 910  ¥00 S00 100 100 S00 0C0 4 Ly (1] Gl-341d
000 100 900 910 00 €Lro 00 00 0Lo L€0 000 900 00 €00 €00 S0 S0 Ly [1] ¥1-341d
000 00 8C0 00¢C €00 710 €Lro S60 €00 SC0 00 L1°0 100 00 910 vl 4 o [1] €l-341d
(341d) 1231l auajhyrzoionypiaifiod
Cl Ll €00 610 100 Y0 100 SL0 0Lo o ‘aN 100 Lo Y00 90 L VA4 [1] T1-UOJAN
1231} UOJAN
000 100 ¢00 800 L0 9Ll 100 Pl 000 lco 000 Lo 100 €0  8C0 /19 80 06 [1] LL-DN
000 100 100 800 S00 [4%3 100 8¢ 000 o 000 L0 100 GE0 0 'Lt S0 06 [1] O0L-DN
000 100 100 800 L00 [440 100 71¢ 000 L0 000 0Lo 000 €0 610 6¥'S cco 06 [L] 6ON
100 900 %00 S00 0 6vy €20 108 LE0 80'L o 610 ¥00 LUL 90 o 80 Ly (1] 8-DN
000 100 710 4] 000 N0 €0 6¢Cl 00 8Ll 124 950 S00 9¢'L €0 Cly S0 Ly [1] /DN
100 00 €00 [€40) 000 L00 Lo 069 00 LL0 00 8C0 €00 87l 90 6Ly cco Ly [L] 9-ON
000 600 S00 8C0 Iy L'vL 0 Let 0€0 Lyl 90 44! 700 €8l 6Y L'SL 80 JAS [1] G-DON
00 600 00 60 80 80S L0 sl 710 88l 1G0 [don’ 710 ' S Sl S0 LE [1] ¥-ON
000 o 8L°0 €80 4 /91 ¥l 1'/¢ il o€l 190 0oe'L L0 1544 4 /91 80 S¢ [1] €-DN
00 900 800 190 60 L1e 60  6/¢ e YA ‘aN 0€0  66¢ 8l 6L1 S¥0 14 [1] ¢ON
€00 00 L10 £80 800 8L0 ol 99¢ GEC 681 950 890 o 6 6 €el cco S¢ [1] L-ON
(ON) 4231} 250jn}j2201IN
(zwd/bw) (wird) (wiwi)
ol 1L ol v ol d ol ey oL B ol 94 ol ] ol eN 9z|s a1od J91vwWwelq Jainpejnuepy a|dwes

S19[l4 DY} Ul SUOILIIUSDUOD [PIUSWS2 dJRIY pue Jofew UBS L djqel



Page 4 of 8

(2021) 12:27

Lee et al. Journal of Analytical Science and Technology

90¢ 0¥/9 0€0 V'L 9l 381 1'C €8 €60 €lLe L1261 Yw8.1S 0c6s 0€sesL 681 7685 (44 67S L4
91 0lZ9  Sco L8 4 (4514 v'e SY9  0Cc €9 0495 v¥68veS  869C  OPS9SL 8C¢  8ULS 8 §ss 0¢-49
(49) 423y J2qy SSo|S
0Lo L00 700 €Lo 100 00 00 00 100 91’0 1474 474 S6'L JAN} 6€9 86'L '8 80¢ 61-341d
S00 S00 100 800 0C0O ¢¥r0O 000 100 100 600 90'L 96’1 80 €80 960 8¢ €l el 81-341d
S00 800 100 500 100 €00 000 100 100 S00 0ce {04 €L0 [4N} 0L 9¢'C 6,0 S6L £1-341d
L0 Y0 00 L10 ‘aN ‘dN ‘aN (01%4 €381 ¥9 (WA (034 68l 8¢C 9lc 91-341d
SL0 8C0  SLO wo Sy S6v ‘anN ‘aN 6l L'6C 80l 9L €ct 8Pl v 1443 Sl-341d
100 00 Lo L€0 ‘anN ‘dN ‘aN [4%4 661 Ge'l el e R4 ¥'e oce ¥1-341d
L0 90l €00 LE0 ‘anN ‘dN ‘anN 34 gLl S6'L 06'S 99 A S6 L V6 €l-341d
(341d) 1231l auajhyrzoionypiaifiod
8.0 8¢ LGl €69¢ vl 9¢ €00 0Lo aN l'6€ €/9 07 [474 L€ Ll Lc €Ce T1-UOJAN
131l UOJAN
€10 687  ¢00 600  ¥00 /90 100 00 ‘aN 80 096 €l 9le 8'S 00, S €cl LL-DN
60 LES 100 900 610 60 ‘dN ‘aN L'c I'ZL 1523 [403 69 669 0l 9ll 0L-DON
9¢’0 LES 000 €00 600 €0 100 100 100 €00 6l 601 [44 'L L6 0€L /1 L'¥6 6ON
0l Lee Lo (540 ‘aN 100 100 ¢00  Cl0o 68l 829 L 681 60 v/l 9¢ 6vS 8-DN
gl (0254 0Lo 600 ‘anN 000 100 0Lo 710 vl or's L'l 9L 123 9te 66 (444 /DN
€l 1974 Lo cco 790 980 100 €00 L00 L0 6'0¢ ¥0¢e 24 6¢l cl L8l V4 999 9-ON
90 65y 810 YO’ 780 06l 000 100  S00  £00 Gel 00S 9¢ v/C 6¢ 6'SC 69 6L S-DN
9l LYS 9¢0 190 €E¢ 091 100 00 770 1340 Syl LclL 9l 039 ¥l 74 09 S/9 ¥ON
S 00l 650 LLe €0l L1C 00 S00 9ce /81 8¢l 0lc¢ Ly yASS) L'l 2514 6¢ 0c8lL €-DN
€¢C 568 00 0'L ‘anN 150 801 ‘anN JARS L19 A ¥0¢ 0l 7'6¢ SEC 1791 ¢ON
53 96L LG0 60C ‘anN Lo L0 €0l Sl o SLL 8 L1 59 L¢S 601 918l L-ON
(ON) 4231} 250jn}j2201IN
(zwd/61)
oL 1S ol qas oL qd oL PD> ol sy oL uz oL n oL Unw oL 1D s|dwes

(PaNuIU0D) SIRY|1} BYI U SUOIIRIIUSOUOD [RIUSWS|D 3} pue Jofew Ues|y L djqeL



Lee et al. Journal of Analytical Science and Technology

(2021) 12:27

n = 7), and 36.681 + 0.001 (20, n = 7), respectively, in
agreement with reported values (Todt et al. 1996).

Results and discussion

Major elements

All concentrations of major elements are reported in
Table 1 and Fig. 1. Concentrations of major elements in
the NC filters are quite variable, ranging from 0.01 mg/
cm? for Ti to 179 mg/cm? for Na. Among major elements,
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Na is the most abundant with one order of magnitude
higher than other elements. Interestingly, major element
concentrations decrease as a diameter increases. For ex-
ample, the mean Na concentration in a diameter 25 mm
filter of 159 mg/cm?> decreases to 8 mg/cm? in a diameter
90 mm filter. This is because the units in concentrations
are mass per unit area. However, major element concen-
trations did not show any correlation with pore size.
Although two previous studies reported major element

Fig. 1 Concentrations of major and trace elements in the blank filters. a-d Concentrations in the NC filters. e-f Concentrations in the Nylon filter.
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concentrations in the cellulose filters are much variable
than those in this study, it could be due to the different di-
gestion methods that used a mixture of HNO3; + H,O, +
HF + H3BO;, and HNO3 + HF, respectively (Yang et al.
2002; Morton et al. 2013), instead of diluted aqua regia.
For example, the former reported Fe content of 0.06 mg/
cm?” and the latter Fe content of 18.87 mg/cm?, while this
study yielded a mean Fe content of 0.58 mg/cm?. That is,
large amounts of elements from the filter are attributed to
both strong acidity and reactivity of acids.

Concentrations of major elements in the Nylon filter
are also variable, ranging from 123 pg/cm? for K to 11.3
mg/cm? for Ti. Compared to the NC filter, all major
element concentrations are quite low. Although it is dif-
ficult to compare the Nylon filter to the NC filters due
to a limited number of the Nylon filter, the results indi-
cate that the Nylon filter contains much lower concen-
tration than the NC filter with respect to the same
diameter (i.e., 47 mm).

Concentrations of major elements in the PTFE fil-
ters are also variable depending on the type (i.e., disk
vs. square types). The former displays concentrations
ranging from 20.9 pug/cm® for Ti to 620 ug/cm? for Al,
while the latter ranges from 8pg/cm® for K to
186 pug/cm? for P. Compared to three different filters
with a diameter 47 mm, the PTFE filter contains the
lowest content of major elements than both the NC
and Nylon filters. Although previous study reported
the Teflon and Zefluor™ PTFE filters contained Fe
contents of 12.1 and 499 mg/cm?, respectively (Karthi-
keyan et al. 2006), Fe content in this study is two or-
ders of magnitude lower than them. It could be due
to the difference in reagents used in two studies that
Karthikeyan et al. (2006) used a mixture of ultrapure
acids (HNO3; + H,0, + HF) but this study used 22%
aqua regia. That is, the discrepancy in both acidity
and reactivity of acids causes a big difference in back-
ground elemental concentrations.

On the contrary, major element concentrations in the
GF filters are much higher than those in the other filters,
ranging from 2.5 mg/cm? for Ti to 1107 mg/cm® for Na,
which are higher than one order of magnitude. Although
previous study showed Fe content in a quartz filter is
1702 mg/cm?® (Karthikeyan et al. 2006), this study yielded
that Fe content is about 100 times low (15.2 mg/cmz).
Much high concentrations of Na, K, Ca, and Al in the
GF filters could be attributed to the fact that the GF fil-
ters are manufactured from 100% borosilicate glass cre-
ated by combining and melting boric oxide (B,O3), silica
sand (SiO,), soda ash (Na,COs), and alumina (US EPA
1979; Khan et al. 2015; Jones 2019).

In short, the contents of major elements are the lowest
in the PTEFE filter and become higher in the order of the
Nylon, NC, and GF filters, indicating that either PTFE
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and/or Nylon filters are the most suitable for major
element analysis in the atmospheric particulates. Other-
wise, background contents of major elements result in
overestimating their concentrations in the atmospheric
particulates.

Trace elements

As shown in major elements, trace element concen-
trations in the NC filters are quite variable, ranging
from 0.2 pg/cm?® for Cd to 783 pg/cm? for Cr. Inter-
estingly, among nine trace elements, three elements
(Cr, Cu, and Zn) are much more concentrated than
the other elements, which is consistent with a previ-
ous study that those three elements are much more
enriched (Yang et al. 2002). Furthermore, trace elem-
ent concentrations decrease with the increase in a
diameter as shown in major elements. However, trace
element concentrations did not show any correlation
with pore size. The results indicate that the NC filter
is not suitable for determining Cr, Cu, and Zn in the
atmospheric particulates.

Likewise, concentrations of trace elements in the
Nylon filter are also variable, ranging from < 0.1 pg/cm?
for As to 2693 pug/cm?® for Sb. Compared to the NC fil-
ter, although most of trace elements yield lower concen-
trations, concentrations of two elements (Mn and Sb)
are much higher, indicating that the Nylon filter is not
suitable for determining Mn and Sb in the atmospheric
particulates.

On the contrary, concentrations of trace elements in
the PTFE filters are much lower than both the NC and
Nylon filters even concentrations are also variable, ran-
ging from 0.01 pg/cm® for Cd to 34 pg/cm® for Zn.
Among nine elements, only four elements (Zn, Cr, Mn,
and Cu) are more concentrated with up to three order
of magnitude high. Trace element concentrations also
depend on the type (i.e., disk vs. square types). For four
elements above, the former yields much higher concen-
trations, ranging from 21 pg/cm? for Cu to 57 pg/cm?
for Zn, while the latter ranges from 1.3 pug/cm? for Cu to
14 pug/cm? for Cr. Compared to previous study for the
Teflon and Zefluor™ PTFE filters (Karthikeyan et al.
2006), this study yields much lower concentrations in all
elements which is probably due to the difference in acid-
ity and reactivity of acids (a mixture of ultrapure acids
versus diluted aqua regia).

The GF filters contain the highest concentrations rela-
tive to the other filters, ranging from 7.7 ug/cm? for As
to 526 mg/cm? for Zn, which are higher than up to three
order of magnitude for Zn. Higher concentrations of Zn,
Cu, and Mn could be attributed to the impurities in ei-
ther borosilicate glass and/or silica because previous
study also reported the quartz filter digested with a mix-
ture of HNO3 + H,0, + HF contains high amounts of
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Table 2 Zinc and Pb isotopic compositions of the GF filters

Sample 8°6Znpmmaz02 26 (n = 12) 206ppy/204pp 20 (n = 3) 207ppy/20pp 26 (n = 3) 208p,/204pp 20 (n = 3)
GF-20 -0.10 0.02 18.044 0.008 15.594 0.007 37.999 0.018
GF-21 -0.12 0.02 18.044 0.003 15.595 0.003 38.001 0.005

trace elements, ranging from 111 mg/cm® for As to
1213 mg/cm? for Zn (Karthikeyan et al. 2006).

In summary, the contents of trace elements are the
lowest in the PTFE filter, and become higher in the
order of the Nylon, NC, and GF filters, indicating
that PTEE filter is the most suitable for trace element
analysis in the atmospheric particulates. Otherwise,
background contents of trace elements result in over-
estimating their concentrations in the atmospheric
particulates.

Isotopes

Recently, multi-isotope (Zn and Pb isotopes) studies
have been initiated to determine the origin of contamin-
ation source in aerosols and to evaluate the individual
contribution of these pollution sources (AragGjo et al.
2019; Souto-Oliveira et al. 2018, 2019; Schleicher et al.
2020). Although multi-isotope approach allows us to
shed light on the origin and contribution of potential an-
thropogenic sources in the atmospheric particulates,
there is a limitation to apply them due to little isotope
data for potential anthropogenic sources.

Because three types of filters (NC, Nylon and PTFE)
contain very low contents of Zn and Pb for isotope mea-
surements, only GF filters were analyzed. The
8% Znirmm.3702 values of two GF filters (Nos. 20 and 21)
are — 0.10 + 0.02%o (20, n = 12) and - 0.12 *= 0.02%o
(20, n = 12), respectively, indicating that two filters are
identical in terms of Zn isotopes (Table 2). As convert-
ing  &-values relative to the Lyon standard
(666ZnJMC,Ly0n) using an equation of 866Zn]MC,Lyon =
8°°Znirmm3702 +0.29%o (Schleicher et al. 2020), two GF
filters yield 8°°Znjyc 1y0n values of +0.19 + 0.02%o (20,
n = 12) and + 0.17 + 0.02%o (20, n = 12), respectively.
Because the 666ZnJMC,Ly0n values in the blank GF filters
are within those from samples of the Chinese deserts
ranging from +0.07 to +0.33%o, and of the Chinese
Loess Plateau ranging from +0.22 to + 0.49%o (Schlei-
cher et al. 2020), it should be cautious to use the GF fil-
ters for Zn isotope study.

Likewise, the ***Pb/>***Pb, **’Pb/***Pb, and ***Pb/***Pb
ratios of two GF filters are identical within errors
(Table 2). Because the 2°°Pb/?**Pb ratios of the Chinese
Deserts range from 18.542 to 18.888, and in the Chinese
Loess Plateau from 18.731 to 18.832 (Schleicher et al.
2020), it seems that the GF filter (*°°Pb/?**Pb ratio of
18.044) can be used for Pb isotope study. However, the
fact that the particulates collected from Xi’an and Beijing

yielded the *°°Pb/>**Pb ratios of 18.031 and 18.129
(Schleicher et al. 2020) confirms the GF filter is not suit-
able for Pb isotope study in Korea.

Conclusions

Major and trace elements and Zn and Pb isotopes in
four different types of blank filters collecting atmos-
pheric particulates commonly used in South Korea were
investigated in order to evaluate the best type of filter
for elemental and isotope analyses in the atmospheric
particulates. Concentrations of major elements are the
lowest in the PTFE filter and increase in the order of the
Nylon, NC, and GF filters. Likewise, trace element con-
centrations in the blank filters are the same order as
shown in major elements. All results indicate that the
PTFE filter is the most suitable for elemental and isotope
analyses in the atmospheric particulates; otherwise,
background contents result in overestimating their con-
centrations in the atmospheric particulates. Further-
more, Zinc and Pb isotope data measured in the GF
filters indicate that the GF filter is not suitable for Zn
and Pb isotope study in the atmospheric particulates.
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