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Abstract: Hexachlorocyclohexane (HCH) and dichlorodiphenyltrichloroethane (DDT) in ambient air are
measured monthly in two representative background sites which are less affected by direct pollution in South
Korea from January 2021 to June 2023. Mean concentrations of YHCHs in ambient air were 6.3+ 13.9 pgrm™
in Jeju and 13.9+12.5 pg'-m™ in Baengnyeong respectively and mean concentrations of DDTs in ambient
air were 1.8+ 1.7 pgrm™ in Jeju and 3.9+3.5 pg'm™ in Baengnyeong respectively. Even though these levels
were comparable to or much lower than the values reported in background sites of many foreign countries,
mean concentrations in Baengnyeong were higher than those in Jeju. The isomeric ratios of HCH and DDT
in the background sites indicated that the dominant sources of the contaminants were attributed to technical
HCH and technical DDT used in the past. Seasonal variations in both sites were featured by higher concentrations
in summer and, in contrast, lower concentrations in winter. In addition, backward air trajectories cluster analysis
was performed at two sites during the summer season, when the mean concentrations of XHCH and ~DDT

were the highest, to estimate the potential emissions and their potential long-range air transport.
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Fig. 1. Geographic map of the sampling sites. Red circles
indicate representative industrial areas around the
sites.
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Table 1. Operating conditions and parameters for GC-HRMS

Instrument Parameter Conditions
Capillary column DB-5MS .
60 m x 0.25 mm i.d. x 0.25 um
Oven temperature 100 °C (1 min) — 180 °C ('20 °C/min)
— 280 °C (2.5 °C/min, 1 min)
GC Carrier gas Helium (99.9999%)
Column flow 1.0 mL/min
Inlet temperature 260 °C
Injection mode Splitless (1 pL)
Ionization mode Electron ionization (EI)
Detection mode Selected ion monitoring (SIM)
Transfer line temperature 260 °C
HRMS Ion source temperature 260 °C
Ionization voltage and current 35 eV, 500 pA
Accelerating voltage 10 kV
Resolution > 10,000 (10 % valley)
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8] A29S Asla, HAQ 100 mLE 718kl teiAE N.D. (not detected)= 2] 8lo] Al4ksS)
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NQTHTable 2). S747] & THCHsS] Hit T WH
Z}+ AlFoNM 22t 139+12.5 pgm™ (2.6 -43.9 pgm )}
63+3.7 pgm> (2.6-19.9 pgm>)F o™, DDTs<]
B sxv WA AFAM 247t 3.9+35 pgm”
(0.6 -15.6 pgm>)9} 1.8+ 1.7 pgm™ (0.5-9.2 pgm™)Z

Table 2. Atmospheric concentrations (pg-m~) of HCHs and DDTs at background sites in South Korea (2021.1— 2023.6)

Jeju Baengnyeong
Mean Min Max Med SD Mean Min Max Med SD
a-HCH 4.76 1.75 14.65 4.00 2.82 10.35 1.99 32.10 5.66 9.18
p-HCH 0.50 N.D.# 1.78 0.47 0.34 1.19 N.D. 3.47 0.88 0.90
y-HCH 1.05 0.34. 3.41 0.86 0.64 2.24 0.19 8.67 1.24 2.33
0-HCH NAP N.D. 0.02 N.A. N.A. 0.11 N.D. 0.85 N.A. 0.25
YHCHs® 6.32 2.64 19.84 5.53 3.67 13.89 2.58 43.88 7.75 12.50
o,p’-DDE 0.10 N.D. 0.36 0.09 0.09 0.21 N.D. 0.79 0.19 0.19
p.p -DDE 1.35 0.45 6.88 0.88 1.26 1.99 0.52 7.68 1.30 1.74
o,p’-DDD 0.02 N.D. 0.14 N.A. 0.04 0.12 N.D. 0.57 0.08 0.15
p.p-DDD 0.02 N.D. 0.36 N.A. 0.08 0.12 N.D. 0.55 0.01 0.18
o,p-DDT 0.13 N.D. 0.73 N.A. 0.20 0.56 N.D. 2.44 0.44 0.58
p.p-DDT 0.16 N.D. 1.11 N.A. 0.28 0.87 N.D. 3.55 0.61 0.88
*DDTs¢ 1.78 0.46 9.21 1.12 1.71 3.88 0.64 15.55 2.60 3.49
*N.D.: Not detected
"N.A.: Not available
‘YHCHs: Sum of a-HCH, -HCH, y-HCH, and §-HCH
4$DDTs: Sum of o,p -DDE, p,p’-DDE, o,p -DDD, p,p-DDD, 0,p-DDT, and p,p -DDT
40 JJ BN 10 JJ BN _T Min-Max
& T ' — Median
E 39 £ 81 [ 25%-75%
o | o O Mean
= | o
= | T 8]
2 20 | 2
g T 4
o 10 - o 2 o i
5 | é , Bi: ] e BE I
o 0 - = = " O o o o 0 O &= e O
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S R T 3333338333333 4
O Q 0 Qo O Q © Qo o O Q
Fig. 2. Box plots for atmospheric concentrations of HCH (left) and DDT (right) at background sites in South Korea.

Table 3. Comparison of mean concentrations of HCH and DDT (pg'm~) in atmosphere around the world

Location Year Classification YHCHs ~DDTs
Manizales, Colombia'® 2014 - 2015 Background 12.0 12.2
Jinsha, China'® 2018 -2019 Background 13.1 -
Abdali, Kuwait!’ 2013 -2014 Remote 8.4 76.5
Northern Hovsgol, Mongolia'® 2015 Background 15.0 13.0
Island of Crete, Greece" 2013 - 2015 Semi-rural 11.3 32.7
Jeju, South Korea (this study) 2021 —2023 Background 6.3 1.8
Baengnyeong, South Korea (this study) 2021 -2023 Background 13.9 39
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Fig. 3. Compositions of (a) HCH and (b) DDT at background sites in South Korea atmosphere.
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Table 4. Distributional concentrations of YHCHs (pg-m~) on seasonal variations at background sites of South Korea atmosphere.

Season

Jeju

Baengnyeong

Spring (March - May)

Summer (June - August)

Autumn (September - November)
Winter (December - February)

63 +3.0 32— 11.6)
9.6+ 5.0 (4.8 19.8)
6.6+ 1.7 (42-9.5)
33+ 0.6 (2.6—42)

112 + 5.0 (5.1 - 19.5)

28.9 + 11.4 (6.6 — 39.5)

13.7 + 14.9 (6.6 — 43.9)
39+ 12 (2.6-62)

Concentrations: Ave £+ SD (min - max)

Table 5. Distributional concentrations of XDDTs (pg-m™) on seasonal variations at background sites of South Korea atmosphere

Season

Jeju

Baengnyeong

Spring (March - May)

Summer (June - August)

Autumn (September - November)
Winter (December - February)

1.5+ 1.0 (0.7-3.7)
2.7+ 1.0 (0.6 -3.5)
24434 (0.7-92)
0.9+ 03 (0.5-1.4)

3.7+2.0(0.9-7.9)
7.7 + 4.9 (0.7 - 15.6)
2.9 +2.0 (1.0-6.6)
1.5+ 0.7 (0.6 —2.5)

Concentrations: Ave £+ SD (min - max)

50 HCH DDT _T_ Min-Max
,I;* — Median
E 40 1=0.45, p<0.01 [ 25%-75%
o QO Mean
o
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Fig. 4. Seasonal variations of HCH (left) and DDT (right)

at background sites in South Korea atmosphere.
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Table 6. Correlations between individual HCH and DDT at background sites of South Korea atmosphere

o-HCH p-HCH 9»-HCH J-HCH o,p-DDEp,p’-DDEo,p’-DDDp,p’-DDDo,p -DDT p,p’-DDT EHCHs ZXDDTs
a-HCH 1.000
S-HCH 0.856™  1.000
y-HCH 0.965" 0.831” 1.000
S-HCH 0.789™ 0.670™ 0.861" 1.000
op-DDE  0.997" 0.875" 0.978 0.813" 1.000
pp-DDE 03477 0.4277 0314 0.131 0349 1.000
op-DDD  0.332" 0.347" 0.315" 0.226" 0334 0.679™ 1.000
pp-DDD 03237 0360 03137 0.269” 0.329” 0.218” 0.249” 1.000
op-DDT  0.172° 0.134  0.113  0.168° 0.162° 0.052  0.114 0368 1.000
pp-DDT 04377 0.476™ 03577 0159 0.428" 0.545" 0.463™ 0.338" 0.152° 1.000
SHCHs 0376 0.4477 03277 02017 03777 0.466” 0369 0.382" 0.228" 0.790” 1.000
SDDTs 0.4417 0.487" 0.392 0256 0.440™ 0.732" 0.878" 0.423" 0.288" 0.768" 0.743" 1.000
“Significant at the 0.05 level
“Significant at the 0.01 level
el S4717k =38 J3s o ¢ vk 9 F8 F7194A FAFY TR FolA AHE
F A A9 FAA 4N F FHERONA 248%, D Ae] FAH o} AATA Be]EL Yol BT
AR JFE 371 % T HoZ e F2 & staL 3] A7 FolA AEHL Ak =
ME3 GFY TS U oz BYEAY AT Hi 7 A o] At 7] 5 HCH= DDTel v]sl 2F 4uj<]
AR AE FAA 4160 F FF ERTF206%, TEE EE 54 B, olE F9) oy F7te)
U AEISE 40.1 %R F2 EAFY] S W A WA 3} FAFE £E) e, o]¢k 2] DDTw
o= yepgth olgf @ Azke Fu wExeed 54 Ao 4 e v fEow FAHn:
A71 AEEY] AEE 0 FFol FE LAY HCH % DDT®] o|g2Ae] &x siel& A A
ZRE FAY o]l gt Gk 7191, 53] F 99 YLS FAol A8-H technical HCHS} technical
#7J)7] FollA] HCHS} DDTZF X838k z7el) ols]  DDTell o3 Jakoz F4uw ojefsh Azke A5t
54402 7158 5 leg oJrent” W molA FUsh BEEAT
o] $Jo=, HCH ¥ DDT+ AdZ g9l wa}
34. HCH ¥ DDTo| Mz £4 Jgdel I ALH B = FXE Yehfol
HCHS} DDTS] 4¥hd & Selsta o2 09 egEde] ¥= £33t /et Jaui g 14
Ao N s Frhe) Slal) 7t AR ES tF @ AT Lme TREEIF 4TS WA g
BRAA BN FASFAN(Table 6). 2 AFANN S UERAAT. E3, DFE FEE 2 o FHo
2749 $730)7] 5 HCHso DDTs M= Aold 52 AFo} wisgolre] A4 7|7 28 841 53
FFES HISE B85 HCHse DDTs Alololls & A3 59 A go LAY 7179 Jao] 9l
ME ZF Aol de Ao® IdIFHATH(r=0.74,  FHSATh ol A#ERE HCHS DDT= 7]-°]
p<0.01). ] ¥, HCHs$} DDTs 7Fe] 243k A2 =2 o5& g ﬂﬁﬂﬁxﬂ e SEAUZYH
Ae =W 7392 274 7] FellA HCHs®} DDTs FElo] AT olF F WIE Y92 F J= 7t
7H AR o dhoRRE Jdale] A% LS AL BAFH, o)} tlio] HCHS DDTE] 44
A AFgle) 2829 Bol gk Ao A T odBdel e 7)1
A% 540 tE fadel g AARETE
4.8 B 2 ATe 54 AGE LR st Aghd 9]
Woll A =710 5] BE ARG S tHEd
F Fo W BAG AFeh Wee) #ANs) F 0 F glov, o] Fa RN S AFFoRA
HCH % DDT®] 24 &3 o|¢f ##d £ 54 LHEH] YeRE AWARI AT SA4E ERIstaat
sl ZALetgith. HCHSE DDTE ol AL8® st ol d7dzhe #4714 Ao vy o
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