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ABSTRACT

The goal of this study was to estimate the possible scattering distance of deicer from the highway and the impact range of
deicer on soil quality in terms of plant growth. Among the major elements (Ca**, CI” and Na") of deicer, Ca*"and CI™ are
usually applied as fertilizer to soil. Therefore both elements (Ca*"and CI7) were not appropriate for a tracer of deicer at the
agricultural area. In this study, SAR (sodium adsorption ratio) of soil was proposed as an alternative tracer to confirm the
distribution of the deicer around the highway areas. Because deicer is the main anthropogenic source of Na' around the
highway areas and does harm to the physical properties of soil and plant growth through the destruction of soil aggregate,
SAR would be an recommendable tracer to access the distribution of deicer as well as adverse effect on soil quality at
highway areas. The influence range of deicer based on SAR of soil was estimated to be less than 20 m distance from the
highway even though the possible flying distance of deicer was found to be more than 100 m from the highway. However
the deicer seriously deposited within 10 m from the highway.
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siiovt, rEAIQl e ARg-o = Q1gF Refjo AA 2}
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01, 200297 AT SF(NaClyS EF3E 89
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AP e Aze] wol el FFE Fol Al
o2 sat, AW HIFEE Holr, ThE Aol
Aoz e FEE HAUKDaubenminre, 1974;
Gibbs and Burdeki, 1983; Viskari and Karenlampi, 2000;
Cunningham et al., 2008; Lee, et al., 2007, Kim and
Hong, 2007; Shin et al, 2010; Kim et al., 2012; Kim
and Lee, 2014; Lee, 2015; RDA, 2015). Z1&]a A
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A FE 2 ZF(algal) @AYol F3S Fo(Kaushal et
al., 2005; Ramakrishna and Viraraghavan, 2005). |3}
FoX g NaClye 58 529 ol 2220 54
W7l = 28 SHf(Watson et. al., 2002). APEA|Z
A g BAEQ] o2 ARS fFAIEloF S o7
= JAN, 8 AAR diAs|or dtke 8 §
BIEIE Zol7] f18] A WHS ulol e T
$JTH(Shin et al., 2010; Lee, 2015).

HI3E 548 wetslr] ofel n&wge) Bgsh 44
AelE FaL golt thke JRAE ARste] vl 4
ke s}, Bl fsishe AA RS Hoke
7] S8 BES} AER IS ARE AFH = ST
(Lundmark and Olofsson, 2007; Aljazzar and Kocher,
2016). T3+ vlak 2dlS o] 83l AdAle] FEEES
dZ3l7]= 3}H ™ (McBratney and Webster, 1986;
Pedersen et al., 2000; Blomgqvist, 2001; Lax and Peterson,
2009; Pan and Miao, 2015; RDA, 2015). 78] A1&e
A ES HE3le] B2 T ANA BE JUE 34
7= stk (Brookes, 1995; Lundmark and Olofsson,
2007; Lundmark, 2008).

aIE) A8 AT TR Aacne) $4H 98
o PEH] IEERIE Aol wibAR APATY
T}F(McBratney and Webster, 1986; Pedersen et, al.,
2000; Blomgqvist, 2001; Kaushal et al., 2005; Lax and
Peterson, 2009; Lundmark and Olofsson, 2007; Pan and
Miao, 2015; Aljazzar and Kocher, 2016). AAdA] A&
T GARCHY Zs(Ca?)e A9 &5, 53] 59 &
Boll AE I e EVIHEE 949 F e
EHololx FYEAE AREE A HeM Y AldA] 54
EH2A= AZE Aok 9, YEF F3H(sodium
adsorption ratio, ©J8} SAR)= EY WollA ZE(Ca)o]
HEFNa) o2 X|8Ee 3¢ 78 Fol UEFY] =
o ¥Rz I PSS Wishs 1EE Aol
(Wilcox, 1955; Petter, 1994). YEFS th2 AMAl A
EE5(Ca™, Mg, CINF 7253l EY] SAR el 13
& zolehe A5 UERY Ego $Rull 4 94
S BWIn gue sl Be) Belge o
AR SARE ©]§7 HAAEE GO o7 A4
g7l ol&=7|= 31 tHBrady and Weil, 2014).
E9Je] SARE AVEA FHRQ Nao] B 0= 11
#ol S7klH BlEu EWNA 59 4 SEHA
7] wizell A A EY Y oS AT o e
83 A7t @ Zojth

k2

JHEE E ATe] F8 B aEET FH 544
o= #& 7Fse EYC SARS F3 A#2 Aels)
AA el vt 7hs Azjeh SR RY o)A
of uhe EFe] SAR HslFIS Fofste] AdAl 9
of me FUEARAM EFS] H(SAR 13 23 oF 8
]l Atz IF AEAE 3| 7k FFHAE elst
= Aol

2. 47 oy

2.1. AKX
ATFA G 508 nEEZe] i ICERE I IC
ko & oF 3.5 km(@5A 208.4kpl XIEIATE FAA
vEE2ERE oF 50m P= oA AUUTHFig la).

v SA7|(1295E o3l 3¥971A]) —4.0°C, H
A73YHE 119714]) 13.2°CE FE7)0le ®&3 0
AEAE AEshE AOIUATHKMA, 2021). IEER
£ VIEoE HFEe ¥ APEL 20m, B AP
10m A3l x|et] APHO] ZAlEe HEo] B& B
ok oF 2l Ax gheRdth(Fig. 1b). AT 47
229 mm, HIEA7] 2,432 mm=Z HI5A7)] 108 o}F 3
FEo] TV ArE AGA Aol vlEd7] 717kl
A= A8 FAEY 1 FE) uie @RS Fo= ot
HQth. HEETS TV MME42.5%), BIEE)
B 2 (189.5%) Weko 2 AR FIRS AFEE(207.3
TPIATHKMA, 2021). H) T35S 5871 16.5
m/so]i HIEE7|E 142 msE HhEEe] Fgke mF
XE 2705 )0|ATHFig. 1c, Fig. 1d). AEEZ2] Higko]
FEREY 7IEoE AAMRRC R oF 70%) WolEg
TR Q) viikE AAAlE =29 el
$Eel o JAE Ro2 o=

A B nEg £vE B3R WEhHo s 7
Z} 671HH/het 96 km/ho]aL MEFHRQIH Waho 2= 662
th/het 95 km/ho]ATHKEC, 2021). A&} vlws)] 53
o7 AR Wit wEH £57t 247 oti/hét 1 km/h
2 E=UtHFig. 2a). W} HEv 1€, 5H(Y) %
AEF7H8E~9E) I SOl 2zt FA|eF Aol A
Tk 20173 49 o3 HE A= o £ =94
2ge] v = APAAE 7Y w5 Fo] =28 J
AAZ|BR, wEHo] Bal 52Ut 2o 53] 22X
EERe] FEel AdATE B JHE FoR d5E
Ak AEAS] AEE= 12F A17](2016.11.2.~2017.4.1)9}
22} A17](2017.11.3.~2018.321)& ==, AdAe] A
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Fig. 1. The map showing sampling points (a), elevation (b), wind rose of winter season (c), wind rose of non-winter (d) at the study site.

FERe 1A}l A 92,58 ton/km, 23FlA 129.63 ton/km=
220l A oF 37 ton/kmo] Z713IHFig. 2b). AE Q]
=710l W AEAL] Frke 23l o F A= o
HAoh Axd AHAE BT A3 EAR d3d4
(CaCly}t Axa(NaClhe|Slth. AA] A3 vlEe 13
CaCl,: NaCl=0.13: 0.87°]%131, 22}= CaCl,:NaCl=0.14:
0.86°2 HAskds divl &gl Hlgo] oF 6.58] Ut}
(KEC, 2021). Wb a&sg FH Eqkoz {9u=
AAe] =8 RS L (Ca), HEFNa'), F4(Cl)

k.

22. 1= U EQF AF x|

AE AFE 20169 119~20183 108714 AL,
12k} 222 e AFHSITE 12H(1ME 2016 11E5
B 20179 10€7HA93L, 232 20179 11€95E
2018 10€71A] S8ttt s 2ol| Ars AlAdA|
o] St RS Hrkeb] std AZ(gauze) 1S AA
A FAACIE 0.8 m x AE 03 m)el F2s)] AxHes
FE 1 m ol AAstant. 2] AXAHL a1
22 7]Fo2 YZPC-1°] 1 m(PC-11A3), 5 m(PC-
12213), 10 m(PC-13A173), 20 m(PC-14A13), 50 m(PC-
15714), 100 m(PC-16317]) 7H4o2 o/l X J8la &
Z(PC-2°1 1 mPC-21214), 5m(PC-22213), 10 m(PC-23
A7), 20 m(PC-244174), 50 m(PC-25413), 100 m(PC-26%]
A A= ol A F 1271 Aol ATkFig. 1a).

Az B2 Holl Ao Wi 25 AR Z=2)71A]

Z40] 7P AL olg3e] TAS B9, B F
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22 Aol 35ttt A= AFe FE7l ¢ 43)
opdoE wle] AZE AE A, A T Y, A F
3 B A 3 7ol AL, WAl 0E 13]
F7IE YRE FASIAT. =g EYel 8 AEA
IS R et A= F2 FHdN Ee=
o st Wwako g 37 AFH oA REEA
0~15 cm)E EZ4t, A 2 FYols o83t AFSIIT
oF 24707 AFHE A=} EYARS] = A2 s467l
o} 567N A8 W& (PC-1) EZ5(PC-2)2E A
B9 JFE T, AZRNE = 13 AR AH V)
THllE EEPC-1) B2(PC-2) 2H2E 168702} 17471
3 22k AR AF 7RI 9 BT 1002 5Ys
o ERNE = 11 AR AFH 7R EEec-1)
EZ(PC-2) 27t 16870 AFHIAAL, 221 A= AFH 7I3E
e U= 2% 11412 YTk

2.3. M&H HMEEM

Az AEA] TS Aol FF5 100 mLE E
o] AzZ I3 F oF A7 Ao 2N EEAZ
o} pH, A7|AEE(EC), Fol(Ca* 9} Na’) E 0]
(ChHY] v5= A= 898 A (pore size 0.45 pm)
£ o83l AFAZ] T Aol x] SAFIATE A=A
=49 EC 2 AEA AE(Ca¥, Na™2 Cl) vl
(blank) FEZ B, vl 3k A=TF FX el
B2w7] A3 Aol Az el A=el Ec,
Ca*, Na', CI'e] HTZQl vler 2 Z7F 0.12 dS/m,
4.62mg/L, 21.19 mg/L, 6.44 mg/LoItt. AHE EFS
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FA(RE B B doe 1FIXE s & 2mm
AAE 3l] FAEGSZ THESITE. FAIEY 200 g 5
70l e kY 8714 Wil Egke] X3 E wzA]|
o= AA18] 71sled 3} WiS(saturation pasteyS 2F
A AR F FAS 2 oF 16A7F B9 AR U
FoAH GAE ol8sle] X3} v Qho] EYEAS 7=
31, Ale oA A (pore size 0.45 um)E FHAIA
250 mL AFFEEReAd] eIt EY X3S
air G0l FE(pH), A7IAES(EC), Fole(Ca?’,
Na', Mg*, K) 3 Fo]2(C)¢] =5 4385t A
Z 9 Bl FZEd3 xexEHe] tidk pHE pH
meter(HM-42X/TOA-DKK), ECE EC meter(ORINON
STAR A329/Thermo), ol F=ZAdZef=v i34
S A(ICP-AES, ICP-730-ES/Agilent, ICP-7400/Thermo),
Lolee ol ErE T (IC, ICS-5000/Thermo)S ©]
31 ZSA38I9]T). 3 B pHe XE3pEdw) @)
2 EYHTAHAIF7IE(NIER, 2017)2] ES07302.1a2]
el wWeEbx] T AR 5 ¢S 100 mL FeR=Tel FHst

ZHT 25 mLE 71kl fEleo® AojFA] 1A1RE

W23 3 pH meter(HM-42X/TOA-DKK)Z =43}31c}.

2.3. MMNe] HAH M2t EQF F MAMNM ME BE H
7} 4y

AdA Y] vt Hle 1&EEZ T ARER o4
sl AXE AZE FASI WUk A A A=
o] APdA| BAE FEE vlE] A8kl A" AZAA
AEE AVGA R s=rF A A T8 sk
735 3l AR AEAZE GAF E ReR s
a&EE R A AEAL FH ES] fYEo] B
she s Rl st UEF F2HI©lst SAR)
= F7FFAth(Wilcox, 1955). Yukzel Edkxs 245
o] o] YEF ARREY £ 7Y EFol UYEF
AES TR EYl AElshe At g7mEel &F
(FER) 7] AldAle] B S H71gl o

il

o 20

SAR®] 83t A7t 2 Ao=E AT
_ Wa))
SAR = (1)
|:(Ca2+)+(Mg2+)i|045
2

SARS E} HIY S o]F= & F9 Ca¥', Mg}
Na'®] At F% HlEe]| gt ARE AlFsiar ELl &
ZHE Na'9] ol ewgh83H(CEC) 8-S 4% 4+
= Folth 22800 Ao B IREN F9] Na',

Ir

Ca¥', Mg"%] ¥E5 FEdRET2rEg34=AE o]
Bste] A 3 2 (1)l tidste] A=sh ARE o]
£ o 99 meglLo|th pH, EC. ¥ SAR #E
ol gsl] 1&EEZ T EYS UNHES(pH <8.5, EC,
<4, SAR <13, normal soils), BFEW(pH <8.5, EC.>4,
SAR < 13, saline soils), FF-HEFHENPH <8.5, EC.<
4, SAR > 13, saline-sodic soils), EFFEX(pH > 8.5,
EC.<4, SAR > 13, sodic soils)>2 EF3] Bo=2ZH4 A
A Y F ES F 22X 54 9718 th(Brady
and Weil, 2002).

3. g3 o &

3.1. H=E 0|2t MAX| &bt HIt

Table 1> I&EEZo|A I AZHE o]AE Z|Fo|
] A= Al pH, EC ¥ AA| AE(Ca®", Na" 2
Ch) & 7 &9 B4 gt Bighs 1&5E25
FAOF JZ(PC-1) BZ(PC-2)0E T3] Al7[dEn
AEE Yehd Aol) pHY 7% 6.2~6.9 HAZ kit
AollM T 23} AR} HlwE] 1x}F AN e
=9)TH vPAIE (blank)ell tHeE A= A|R9] % T2
EC7} 2~1198], Ca*"& 3~1148], Na*2 1.6~1644), 1]
I CI2 591382 A Ve AAA] 9] 55
= CI> Ca®™> Na' £2% A el a&egey
E] 100 m Eoidl XHol|xe] AdA] R w57t vl
F59 1L6~5 FFEoE AZEe FO=E Hof, HlibHS
7} I&EE22HE 100m oPdd Aoz AE

pHE AlQjetal 2t =] B sEF @& 55 A
dog e nlwahd, 12} 2AR] A9 1EETE g
A ECE A9t e 3o T%7F H5EE 1.06~1.65
H =4 Yepon ol AlAdA] AR vikle] Yoz
o $ARSS oujgitia & 4 Stk pHE Al9siar
7y gEo] Hit FEE 12} AL} 231 AR U H
WEPH, BE FEo] vt 23 ZAWIA 2.17~3.424)
FOMA 22 AL A7OllA] FE AEA] Aol o] =
A Bd R0 FFEAT AAE A dxe
12}l I3} 22}l A 1.480(2F 37 ton/km) S7FITHFig.
2). IEER GO 1m o4 AN AR A=Y
ZF 5 BAEE 100%2 7HRE o, 23 24K 9
Ae AL s5m AFY 2 o] AR 1 m A
Aol oF 23~63% oItk 23k AR HE A9
10m A7H] 5L AZE 2t o B AR ¥l
o Zb e Bkl 7R =R, 5 m AFeA

(

[e5
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Table 1. Average concentration of pH, EC, and deicer elements in gauze according to distance from highway during two seasons

Distance PC-1 (south direction) PC-2 (north direction)
Season  from H EC Cca** Na* Ccr H EC Ca? Na* cr
highway P @siem) (mgn) (mgl) (mgr)  PU dSem) (mgl) (mgL) (mgl)
Blank - 0.12 4.62 21.19 6.4 - 0.12 4.62 21.19 6.4
I m 6.9 3.56 121.75 879.46 1,8524 6.8 3.88 94.55 846.81 1,373.1
5m 6.8 2.07 77.36 407.23 563.7 6.9 1.13 44.52 197.34 380.9
1t 10 m 6.9 0.49 20.11 74.65 93.9 6.8 0.44 18.18 61.11 88.8
20 m 6.9 0.34 16.58 38.60 43.0 6.9 0.52 21.75 76.56 113.9
50 m 6.9 0.42 20.28 54.29 71.7 6.9 0.81 29.22 131.78 209.3
100 m 6.7 0.28 14.38 34.17 32.0 6.9 0.42 22.06 51.36 65.3
Average 6.8 1.17 44.44 243.03 432.0 6.9 1.20 38.38 227.49 371.9
1 m 6.2 14.28 528.58  3,475.67 58844 6.3 8.79 30640 1,863.84  3,308.9
5m 6.2 2.54 72.68 454.88 892.7 6.4 423 125.19 81349  1,563.9
10 m 6.4 0.90 31.99 138.01 264.8 6.4 1.22 43.86 197.05 372.7
ond 20 m 6.2 1.24 43.46 203.14 314.0 6.6 0.54 23.62 71.41 150.3
50 m 6.2 2.74 68.66 502.94 731.7 6.6 0.35 19.70 38.06 145.1
100 m 6.3 1.31 48.46 212.91 271.9 6.3 0.45 2521 45.77 94.3
Average 6.3 3.84 132.30 831.26  1348.8 6.4 2.60 90.67 504.93 939.2
100000 40
e — North-East Direction Vehicle Speed: 96 km/h,,,,
80000 — uth-West Direction Vehicle Speed: 95 km/h,,,, F <
= o
3 6000 — s
o 40000 1)
E m
: m
S ! — 120'§
o | | o
& 20000 =
©
= | _ _ 160 ._35
— North-East Direction Traffic volume: 671 ealh,.. - =
—— South-West Direction Traffic volume: 662 ea/h,,.,
SRR
-@'\\v(\'é':\':\'\\'(\v(\'\v(\\'br@'\%v@@r@@@r@@
& T W N FEF P 0@ B ot P ¥ ¥
Date
(a)
120 — — 0
a| 18 owfall: 162.1 mm 2nd Sum of 76 [
E v
= B B =
g == Snowfall g
S 60 == CaCl — 60 §.
i NaCl E
Q =1 - )
'E é
Q 3 - - 90
18t Sum|of Deicer: 92.58 ton/km 2nd Sum of Deiter:|[12963 ton/km
= | = mEN =N
T T T T T T T T T T T 11 RUPUPUPURL e

S S P G S
¥ & I W >°D°f5cg°<50“~<\°o“°s° &

(b)

Fig. 2. The graph showing traffic volume and vehicle speed (a), amount of snowfall and applied deicer (b) during the study periods.
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Table 2. Average concentration of pH, EC, and deicer elements in soil according to distance from highway during two seasons

Distance PC-1 (south direction) PC-2 (north direction)
Season  from EC Ca* Na* Cl EC Ca** Na* Cl

highway P dsem)  mg)  mgl) gy P @sem) mgl)  (men)  (mg)
1 m 6.8 13.65 28773 13,2328 62127 6.9 1563 28357 437545 6,1669
5m 5.5 501 13942 1,165.55  1,922.7 6.5 303 13456 417.18  1,002.5
10 m 53 1.87 13952 29888 5281 6.6 243 16106 14244 3213
¥ 20m 5.6 114 15150 12530 2903 6.5 347 27752 84475 15476
50 m 5.7 154 25517 33.66 52.0 47 169 17623  69.08  224.0
100m 64 171 13382 16.66 38.0 5.8 131 18059  18.16 614
Average 5.9 415 18453 89389 15073 6.2 459 20226  977.84  1554.0
I m 6.9 541 25162 101201 1,876.0 6.6 466 6961 107213  1,5586
5m 6.6 380 20429  689.94 12185 59 363 7461 74844  1,124.4
10 m 6.7 094 11533 8972 1310 53 110 6389 15870 2352
™ 20m 6.8 138 173.52 13252 3204 5.8 105 12702 9449 98.6
50 m 62 229 35157 13844 3253 5.8 084 13702 3553 417
100m 54 119 18465  24.64 574 54 102 15140 2750 37.5
Average 6.4 252 21350  347.88  654.8 5.8 1058 10393 35613 5160

7} o] AR 1 m A 12~19% & <ol
THTable 2). O]A-L 23} ZA} 7171o] P20 9] njito)
Ho} 9487 Y Aow Azkdr. agja g
50 m AolA 7+ gheo] BAgk0] Sm AR Bgko.
U 10m, 20m AFS AAEA A He Bk o
2 o] ZFVhe 43S BtH(Table 2). IEER W
5ol 50 m AHL o A= A Yoln Ax3 &
74719 ol Fot AW BlE AEo] vt Fof Hig
H Axg FHE

Fig. 3& A= A|89] pH, EC 2 AAA| A& (Ca®,
Na’, CIN) 59 7t dEo] Fxof g3l 1EE2s 54
o7 FEPC-1)} BE(PC-2)0E THE3lar A7y} A

A2 UERd Bloloh. A=) Alg AFHe AZIE
ZA©O), A4 F 190), 34©), ¥€©), 183 vlsE
7I(V)2 THESaL o]59] it F=(@)F LERA Aol
AN 7} PEFEe IEEZZHE | m AFAA 7t
=X 5 m ARS Holun F43] hadhke B
HERITH 1552 FEe A $ 1Y 4 Y
Agke] HuAE BIAT, 55 4 T 397 72
AN FHil & Aoz YERdTh

olfl A= F= 3m ool AEAY dAh R
AL s mE FolMEe Fort 9 fA1"dE 7]
9] Aole FARSE AR th(Kang et al., 2008). A=}
doz 9Bl u&r g FHo) HAAE Folle 94 ol
o] 3.851~12,005 mg/L. Fo2 ¥gEo] e Ao
2 A AcH(Colbeck, 1981; Novotny et al., 1999). 7+

4

e

O

rhN

A T Az HEE AA ARl Hagho] Yehh=
AFo] 14, 3Y, 7UE ZP] g AL 1R A1
TS A A o]83l] EEjFoz Aojul= ol
A AA] AJEe] E3E wo] U1 vikke g YEpd &
Fog AT A QgL FEE = AT

3.2. Eo| MMM R ¥ 2= "Wt

Table 2= EYAIES] pH, EC & AEA] AE(Ca™,
Na', CI") 59 2t &5 At s 15E2E
FA0F JZPC-1) BEPC2)0E 7] AEs
UeRH Zolt}. 7} gho] Hit FAgs 3 B 5EO
2 U vlshdE, 12 A e BZolA el EA3ke]
2ol 1.03~1.1HE AL 231 ZAMIAE Nawh
Alelepd HEexe] FAgke] BEEZRTE 1.01~2.058 =
kTt

AA| ] EFO R o)Fe T2 ol He A
E3fo] AYFTHUSDOT, 2001). Oberta(1994)°] 2]
P I&T 20 2 T8 1WHAE 318HEQl A7) )
Fo] BEAlA] oJale] IAEZ Qo Q= ABo] ¢4
=0 WA (pavement melt) ALFEL] AA] Aol ki
2ol fAIE P 2TAIZ =2 T FXE &
| HRHOZE = O (roadside melt) Aoz A4
Al o] et B ey vk fAE Fdgthar
Hasidoh, wepa] 2 A7AHelre EERT A
o2 HY BAR =&E rheAo] =2 JElA

pavement melt®} roadside melt &/go] $AMSte] FH

ol o

oo

O
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Fig. 3. pH, EC and concentration of deicer elements in gauze during 1% season (a) and 2™ season (b).
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Fig. 4. pH, EC and concentration of deicer elements in soil during 1% season (a) and 2™ season (b).
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- Ztk ol FEslE v & IS wiAE
I Qo Ca?'el TR AXdA ity ds) Wele]
Hrhe 7% ZoE AdEn IEEE W] 20m
A9 5E 10m AHS F27) e Ao, I
o] 20m A BN wEE AA o] HE
Aok, urd oz Fo] moa ANH fAle F5 A9
AN EFo g TSk 18R] 3 e AR
Hog SAETHOberts, 1994). 0] H& A= =3
E AN ESgo] xsld wi7hA] AFEW A7)
Ee] I wo| wEbr] HEELS FA Wkt EY
o] AYog B AN EFESS0] THEexH
AP) BE fA7E FHoe g olFdtA Erh(Colbeck,
1981; Oberts, 1994). ©] FAoM IHEZ FH A Y
Tafol] wEl HX)E QE F2E 5 ols € |@d @
Fo = oI5 AP EF F AAl Adwe] AVl
o]Folx Ao Hke),

Table 3 pH, EC 2 SAR 233kS o] &8l dR7H
HEYS IUFEF(normal soils, NMS), GFE % (saline
soils, SAS), GF-UEFAEY(saline-sodic soils, SSS),
UEFAHEY(sodic soils, SOS) 5 47HA FE|Z &+
(Brady and Weil, 2014) 313l I&E2E FA07 &

% - ol

. 7131_1,:_ . o]l:gh:

_“
=

s

(PC-1)} BZ(PC-2) W X3 Eoke] AldAel] <
sk AR FelE S Blolth SASE wSHERHA|R
Na'o] ol Ca’t} Mg*'o] AujZjo]= g SASIIA A&
o] AR Adlle w2 wxo] ARl o5t Aol HiA,
B714, 4 34 A 5 EFETAdl gt A of
Utk SSSollA] AEASL =2 = ARt Hike
Na'o=Z QIgt E<F EgAe] dslo oste] =zt
SOSE FZ Na©] Ca} Mg ®u} Ajzos Eof
o] & EallEe EYO R AEASS Bt EY
o] )3 21| ojste] AsETt. Nae EY EXIAt
kg gt 9y, vA] = vlee 57 5o EY
o] vl B4 BU1S BB S B AR
AREE A A1] B0l 12} FA} 7I7MlE CaCly: NaCl
=0.13:0.870141, 2z} FA} 717H0l= CaCly: NaCl=
0.14:0.86°.2 Hsldw tiHl ASPHEFS HIEo] oF
6.5 E=EO B (KEC, 2021), AA|S] FAJEo0]1 FY
g5 5 e P9 B 9E 7o) B Na'
o] FE3l] o]= 7Hlo g 3= SAR 132 AAA1Q &
& 7Y 2 ¥ ddske AEE ARSI

12} ZAL 7IREe] 73S AEEEZHE Sm o] o|F"
A of|A] A= SAR 13 o[de] EU(SSset SOSy
13} ZAF 717F = N8 oF 25%848 /& 3367) 0]
3L 22k AL 71 A= F AR <F 27%(617 /&
228%) 0%t} o= SAR 132 Xl 12k ® 2

Table 3. Number of soil samples by salinity-accumulating soil classification (Brady and Weil, 2002)

PC-1 (south direction)

PC-2 (north direction)

Season , Distance Number NMA  SAS SSS SOS NMA  SAS SSS SOS
from highway  of samples

(ea) (ea) (ea) (ea) (ea) (ea) (ea) (ea)

I m 56 2 : 21 5 2 : 2 4

5m 56 5 ; 19 4 19 ; 4 5

10 m 56 27 1 ; ; 24 4 ; ;

s 20 m 56 27 ; ; L 12 1 o &

50 m 56 28 ; ; ; 26 2 ; ;

100 m 56 26 2 - - 27 | ; ;

Total 336 115 3 40 10 110 8 35 15

I m 38 4 1 10 4 1 ; 6 12

5m 38 5 1 7 6 3 ; 8 8

10 m 38 19 ; ; ; 19 ; ; ;

ond 20 m 38 18 1 - - 18 - - 1?

50 m 38 17 2 ; ; 19 ; ; ;

100 m 38 19 ; ; ; 19 ; ; ;

Total 28 82 5 17 10 79 ; 14 21

Note: NMS (normal soils)-pH < 8.5, EC <4.0 dS/m, SAR < 13, SAS (saline soils)-pH < 8.5. EC > 4.0 dS/m, SAR < 13, SSS (saline-sodic
soils)-pH < 8.5, EC > 4.0 dS/m, SAR > 13, SOS (sodic soils)-pH > 8.5, EC <4.0 dS/m, SAR > 13, 1) Around the drain, 2) the road parallel

to the highway.
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a1, mdlof] o5k St 73S 22 3,500 me} 507 m7lA|
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ATk(Fig. Sa). Erkadlol] oJshd Blgke] ke HEo]
oF Tl 7p7to] & AR UEyith 47 A7 =29
ATE AT 45%= E2ZZRE 100m Wl EZEA
U, 54 Jgke 50 mell A= Ho) 172 m7HA]
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Karraker et al., 2008) S}AA|RH, E Aol njite
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kA E4k] SAR kS o]&gt 3]72e] Ehilmdle
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L
pu—

AL, B FdE ALY 3 Hele 4 43 met
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Table 4. Correlation coefficients of pH, EC, Ca?*, Na*, Cl, and Mg”" in gauze and soil

Contents pH EC Ca** Na* Ccr
pH 1
EC -0.258 1
. ca® -0.237 0.944 1
auze
He Na* 0217 0.991 0.952 1
cr 0.172 0.909 0.886 0.920 1
Mg 20310 0910 0.917 0.889 0.788
pH 1
EC 0.195 1
s ca® 0.083 0.494 1
o
' Na* 0.192 0.898 0473 1
cr 0.172 0.869 0.519 0.955 1
Mg2* -0.185 20.012 0.634 -0.103 -0.070
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Fig. 5. The estimation of affected range of deicer at the study area. (a) The diffusion distance of deicer through scattering according to EC
(electrical conductivity) in gauze and (b) the distribution of deicer elements according to SAR (sodium adsorption ratio) of soil samples.
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