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ABSTRACT

Calcium chloride (CaCl,) and industrial sodium chloride (NaCl) are commonly used as deicing agents in Korea, which
are expected to release dissolved chloride ions into the road surfaces following their application. This study aimed to
comprehensively assess the usage of deicing agents and variations in groundwater quality between 2016 and 2022 by analyzing
public data provided by various domestic institutions. Additionally, the study sought to identify factors contributing to
deteriorating road conditions by comparing the amount of CaCl, appied and the incidence of potholes. Pothole occurrences
during the study period were primarily reported during heavy rainfall periods without application of deicing agents. In 2022,
chloride ion concentrations in groundwater in the southeastern Korean Peninsula were significantly higher than in previous
years, coinciding with severe cold waves and heavy snowfall that resulted in increased deicing agent use. However, further
data collection and verification are needed to distinguish between the effects of seawater intrusion and deicing agents. Despite
limitations in the completeness and consistency of public data, the research highlighted the urgent need for improved data
quality and further field verification to fully understand and mitigate the environmental impacts of deicing agents.
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Fig. 1. Winter precipitation and temperature trends from 1973 to 2022 with dotted trend lines for each factor (a). Seasonal precipitation and the number
of sub-zero days at the Seoul observatory from 2016 to 2022 (b).
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Fig. 2. Amount of calcium chloride (CaCl,) consumption on expressways (a) and national highways (b).
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Fig. 3. Amount of CaCl, usage by administrative region from 2016 to 2022.
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Fig. 4. Average monthly precipitation with error bars and average monthly temperature from 2016 to 2022 (a). Reported pothole occurrences during
periods of deicing agent application versus non-application periods. The annual total numbers on the expressway are presented by dotted line (b).
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U o) P A= AH A AEA AREE
A7) Sl 297E 39 Afo] LRO] EYLE aeka
et Eofl §3H CaCl, ¥ NaCl¥} ¥-5-8t & &L S3go]
ofglElo] gatol 0] BoF Wt IEVL B A WA
=+ QUth(Lee et al., 2004; Choi et al., 2024). & H4o| 22>
HHErRY 899 Fa&57) gheote] e P46k,
Fa49] olF Amobility) & ASAIA S22 27 ot
% olek. SOOI 0] All TEHER QI At
AEH g0l &7t oF 1,000 mg/L7HA] /A58t S
Autt E2E A AL sl @0l sEE 1,390
mg/L2 A YERS Zo] A It Lee et al., 2004).
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Table 2. Monthly pothole occurrences on highways from 2016 to 2022. This modified data was originally provided by the Ministry of Land, Infrastruc-

ture and Transport
2016 2017 2018 2019 2020 2021 2022
January 2,462 603 639 172 274 367 194
February 2,344 945 438 140 266 338 263
March 1,572 1,015 957 196 396 577 344
April 893 803 552 158 219 388 325
May 843 716 449 155 317 403 236
June 691 603 389 209 449 356 352
July 905 564 264 525 884 452 460
August 893 818 282 400 939 435 1389
September 714 364 197 569 326 368 343
October 791 233 147 487 106 230 212
November 997 297 122 385 140 208 193
December 1,074 228 117 321 124 163 198
$o S WAl m 2 o] Hol7] Mo HEe: ol W RAAY AelrolA daolLe YA HEAol
asHolm, A o|F CaCLZ Amatyl A Huch of  PaE =, A AYelE 2016WRE 20189 Apo
108) o4 Wo] AQu Ao® A#ATHKim et al,, 2017).  GAo|o] A = ol YHEI vLd f£row
olgl o]f & FF 7L A AEAAY AHEFol  ISHTE 20199FE 2021 Afolofl= o] Ao s F=7}
Ao Frpslglen, g Qg e eq B Aa oA ASSigien, 202210 Solkle AxollA 7MY w2 Aol
A F718HaL Itk CaCle= NaClol| Bl H9l5% & 25§55 Hole AY F sz EREUT o= AlskeolA
FhAeR wol ekl glof gl B B JEE viAle FE] 22 a0l wEE Hole AW HusglE
Aoz HuED QItk(Lee et al, 2013). HolA%= 2010 o, A|gkg Ao G A= AR FEET| fels
o] WA Al7)of AJEA gor QIR m2H Hsvle] o AR J?ﬂ% FAA Ao A = A[sha Frdo]l B Ao
R

EJEHBW o] o, AdA| Aae] theh T =P AR uljt
o] el sf ¥ éﬂ v} 9leh. E3F 201549 s
%E] CaCLE A F/4H9 E17|7h HSE d3llth=
Aol e x|, Zﬂ“Zﬂ«l %S Zé & Az g Aol ot =27t

|45 QItK(Sin et al., 2010; Kim et al., 2017). A&52 &9
T Y8 Sk Aste A qu(blologlcal pump)2)
EA4E 7HA, AdAY] ke B 7}Etﬂ EYY] A7NHEE

FF= VA Z‘7llc /\] *a*g 1’\}*0‘:41 l 01371] 5“"}(Lee

et al, 2007). E3t, U(salt) AEF AL 2270 G242
FAA, FRAAEE BR3-O] Aotz FgHo] A =L, FgHgol
8= AJ ARz AL EAE AEo] {3 Sdita

XyAol| 7]ofgttH(Mehta et al., 2010).

Fig. 62 a7t AZE A 18 30 At
Haol 2o SAEA AAE Ax 4 PHLGER ZAJF
A7 0]tHKOISIS, 2024). d=H W3l3o0]E AHEy Ay
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=7 1«]'15}14-% Aoz d#HA thH(Yun et al., 2014). Z19
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o7 ZALEGITh(Fig. 3). 113} % gdolE w7t 34
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Fig. 5. Population density in 2022 (a) and variation ratio of groundwater usage by administrative region from 2016 to 2022 (b). The region indicated by
the red rectangle is Incheon, and the graph shows groundwater usage by purpose.
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Fig. 6. Distribution of annual average Cl- concentration in groundwater by administrative region and its yearly changes from 2016 to 2022.
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& el o9l Are] Al A4sle AMA AMgaro] F71o
2022 A|5}49] ABH Phole EEl HA 1,730 Fe=zsto] ko] Ealz oz 2R450] JERGS 7RsAo] o

mg/L, 'Y 327 mg/L, 7] 300 mg/L, Q13 249 mg/LE =& A0 oAt & t] WslA Ye wal7] YA,
SAEACE FAE A7) LAk A5k dhole sEE As 9 CI/Br 32 SO5/CIYE 22 o)L AEuE

1,643 mg/L, 37]o]= 1,818 mg/L2 123 22 H5E2 AU (Re et al, 2013; Choi et al, 2018), S92 54
Hoj, A4slbrine)d Azl EAL Hole Aoz w59 37t AF7E Sslolo & Aoz wudit,

o] Lee et al. (2004)0] M3 £ & A|HA| AL RS Hke
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