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Abstract

The purpose of this study was to evaluated a phthalate, heavy metal contents and physicochemical quality properties
in korean mudflat solar salt and foreign salts. DEHP in mudflat solar salt (MSS) was detected a low level (9.00~669.89
ppb), but it was shown a high level excess to 1.5 ppm criteria in the foreign solar salt (FSS) 5 type (3,440.64,
3,266.56, 2,189.65, 4,010.69, 4,554.20 ppb) and foreign large solar salt (FLSS) 1 type (1,983.27 ppb). Also, DEHP
in FSS 2 type (930.15, 1,310.07 ppb) and FLSS 1 type (924.92 ppb) was detected a high level not excess to
criteria. No detected DMP, DEP, DIBP, DBP, DAP, BBP, DCHP and DEHA contents in MSS and foreign salt
(FS). Na ion was shown a significantly higher level (p<0.05) in FS (407,345.87~426,612.14 ppm) than in MSS
(363,633.98 ppm), but it was shown a high level in Mg (p<0.01), K (p<0.05), Ca ion (p<0.05) of FSS compared

to foreign refined salt (FRS). ClI ion (532,727.07

ppm) of MSS was the most low level (p<0.001) compared to

FS, but it was shown a high level (p<0.001) in Br ion (625.07 ppm). SO4 ion was not shown a significant difference
in DS and FS. It was display a high level in Mn of MSS, and Al, Fe of FLSS. Heavy metal contents (As, Cd,
Pb and Hg) in MSS and FS was not significant difference, it was safety level as edible salt.
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Fig. 1. Total ion chromatogram of nine regulated phthalates and internal standard
The total ion chromatogram (TIC) of the nine phthalate esters (DMP, DEP, DIBP, DBP, DAP, DEHA, BBP, DEHP and DCHP ; 250 ppb each) and internal standard (benzyl

benzoate ; 100 ppb)
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BBP, DEHP and DCHP ; 250 ppb)3} internal standard(benzyl
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Fig. 1.9 Vebd nie} 2o}
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Table 1. Contents of phthalate and adipate in MSS, FSS, FLSS and FRS
Concentration (ppb, meant2gp)

Type2) DMP DEP DIBP DBP DAP DEHA BBP DEHP DCHP
3.1922.73" ND” trace 12224359 ND ND trace 530.52£14.79 ND
5.77+0.79 trace trace 33.10+11.30 ND ND ND 326.42+13.28 ND
3.60+2.26 ND ND ND ND ND ND 669.89£17.29 ND
3.47+0.44 ND ND ND ND ND ND 56.50£9.06 ND
4.18+0.65 ND trace 29.28+12.66 ND ND ND 9.00+0.26 ND

ND ND trace 19.09£5.64 ND ND 19.58+0.40 456.14%9.33 ND
ND ND ND trace ND ND ND 106.17+19.64 ND
(ﬁi) ND ND ND ND ND ND ND 260542247 ND
ND trace ND trace ND ND ND 32.99+2.87 ND
ND ND ND ND ND ND ND 66.7614.67 ND
ND ND ND ND ND ND ND 92.0848.12 ND
ND ND ND trace ND ND ND 61.90£5.06 ND
ND ND ND 8.29+3.24 ND ND ND 55.78+2.83 ND
ND ND ND 15.167.30 ND ND ND 81.2246.76 ND
ND ND ND ND ND ND ND 30.21+2.28 ND
231+1.85 9.19+1.09 trace 50.04+12.50 ND 518.81£9.72 ND 3,440.64£74.79 ND
ND 4291+4.50 ND 11.1620.18 ND ND ND 20.09+4.02 ND
ND trace ND trace ND trace trace 15.7345.82 ND
ND trace trace 2.83£1.96 ND ND ND 6.20+0.71 ND
FSS ND 3.01£0.24 ND ND ND ND ND 8424042 ND
(0=23) ND 35.79+9.58 ND trace ND ND ND 385.48+18.86 ND
ND 4.6610.78 trace trace ND 44.622.71 ND 3,266.56+145.91 ND
ND trace trace trace ND ND ND trace trace
5.22+1.18 trace 8.02+5.36 10.44£3.96 ND 80.3842.15 ND 171.09+6.50 trace
ND 14.17£3.00 ND 3.98+1.46 ND ND ND 54.56+4.22 trace
ND trace ND trace ND 220.68+0.28 ND 930.15+35.32 ND
ND ND trace 4514352 ND ND ND 9.48+2.94 7.73£3.15
ND 61.73£7.25 40.31£11.76 54.61£18.72 ND 9.47+0.80 ND 503.27+87.08 7.12+2.06
ND trace 12.28+3.54 15.71£6.33 5814222  49235£35.82 trace 2,189.65+127.07 7.83+4.88
ND trace trace 6.36+3.34 5.90+1.85 trace trace 26.22+4.87 ND
trace 34.51+4.68 ND 3.25+1.77 11.23+0.07 ND trace 24.6318.13 ND
ND 3.33+1.15 ND 3.76+1.84 11.2610.06 trace trace 15.98+4.44 ND
trace 6.68+0.79 trace 16.59+6.12 ND trace trace 4,010.69£123.36 ND
trace ND trace trace trace ND trace 14.6745.93 ND
ND 125.00£12.84 9.16+3.39 19.46%3.65 ND ND 6.81£5.39 11.33£3.15 ND
ND 5.46+3.48 ND 3.67+2.36 11.31£0.01 ND trace 26.62+1.27 ND
ND trace 64.53£19.84 214.92+35.10 ND 11.72+4.92 8.24+4.02 4,554.20+153.58 ND
ND ND trace 16.06£3.51 ND ND 7.1944.51 1,310.07£68.46 ND
5.67+4.31 ND ND 4.08+0.42 5.98+3.17 trace trace 335.51£14.58 ND
5.82+2.77 ND trace 18.70£8.23 6.351.23 ND trace 375.29+40.26 ND
6.16+2.46 ND trace 35.83£8.24 6.27£1.34 trace trace 924.92+46.84 ND
FLSS ND ND ND 481£397 ND trace trace 1,983.27£31.55 ND
(n=3) 6.32+0.44 13.811.62 43.99+7.53 215.00£71.36 ND ND ND 88.48+10.64 ND
ND 3.7610.14 10.32+1.02 8.58+1.90 ND ND trace 10.78%5.12 ND
5.71£2.14 trace ND 9.23+3.15 5574222 ND ND 184.55+3.18 ND
trace 61.614.60 trace 5.90£2.69 trace ND trace 555.68+18.19 20.06+4.86
ND ND ND trace ND ND trace 83.90£18.13 ND
ND 114.570.75 279.4330.11 16.65%9.12 ND 19.69+3.66 trace 88.45+12.20 ND
ND 13.63£1.60 175.35£18.65 trace 5.5612.21 trace ND trace ND
(1;5% ND ND ND 4614049 ND ND trace 5.8942.76 ND
ND trace 8.88+0.45 5.43+0.89 ND ND ND 54.79+8.16 ND
ND trace trace 110.30+14.42 ND ND 747£3.95 23.9946.29 ND
ND trace 11442113 trace ND 4048+1.27 7.15%4.45 8.17+0.41 ND

"Values are mean and standard deviation of triplicate analysis.
MSS: Mudflat solar salt produced in Korea, FSS: Foreign sea salts, FISS: Foreign large solar salts, FRS: Foreign refined salts.

IND: Not detected(Below of LOD is none detected), Interval LOD and LOQ is trace.
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28 sl Flol Aydoz "gd oz dodc)
(22).

Table 2. Macro-mineral contents of domestic mudflat solar salts
and foreign salts

2 Macro-mineral (ppm)
Type
Na Mg K Ca

MSS 363,633.98""  6,038.04' 1,812.70° 1,337.46"
(n=15) +4,409.97 +641.15 +189.56 132379

FSS 40734587 845453 2,14338 3,105.28"
(n=23) £1520310 227705 +44188 504,47
FLSS 42265875 479575 174725 2271.00°
(n=8) £1223042  £107248  +37353 +1021.60
FRS 426612.14" 141.29° 351.29° 400.86"
(0=7) +15,073.79 +62.90 +34.81 +104.86
F-value 3535 52757 3476 3887

"Values are meantSE,

PMSS: Mudflat solar salt produced in Korea, FSS: Foreign sea salts, FISS: Foreign
large solar salts, FRS: Foreign refined salts.

"“The different letters in the same column is significant difference at the p<0.05
level by ANOVA.

MSSe}F FSell t gt 5-0]-2 &HeF2 Table 30l UERA Bfe}
Zt} Cl o] &8 MSS(532,727.07)°) Bl3] FRS(669,533.29
ppm)oll A =& RS Vel oH, i) FSellA =
< Cl gk JeRAA 242 ol gt 2tol & YER AT
(p<0.001). Shin 5(22)2 A& 32| G4tz W4 S
TESte] A Aol mhE AP s Al A
Cl o]&o] AA713te] tisi Aol we}t Z7H487,800 ppm~
576,600 ppm)st= AC &2 Hudta tt o]2)d Ay=
Yoon Z} Jang(25)¢] ATFNME 1d &4 EFAFA
485,966.00 ppm ©| o1}, 41d &4 HdHolA 575,171.00
ppmeE Z7HE S UEhlo] &gl X3 C gl
717V ol A Sk = 540 e Aoz Ho 71
t}. Br o] &% MSS7} FSol| Hl8] =& S B
FRS(135.47 ppm)°l| A 71 w2 S YehliviA
Fol gt Zfol & YERATHp<0.0)1). Shin 5(22)<] ol
A Akt W] 1~51 kA B3 E~9105 ppme VHE}
e ol A% A7t S7HESFE GolA] yUgole
AZHA etk Bkl ©m, Yoon # Jang(25)2] 1+
NME 1d 54 EFHlA 541.00 ppm oo, 419
A AL FolA 421.50 ppm O & YrolA], gl L3
Br ko] 7133 3ol mpeba fasEeE 4] e Ao
2 Yehytth SO, 0] &S MSS9 FS 7ol ]38k zlo] &
UeuA] ekskom MSSol|l A 21,641.33 ppme]| S
ERA =T, ESSellA] 32,534.83 ppme 2 7H =& 3k
Bt} o] Jo ¢} Shin(4)2] ATl A SO, dHEel 1.93
3.72%%} v 5=k s JER QLY Shin 5(22)°] Ha1
3+ SO, 3H3(1,421.6~3,107.3 ppm)ZHe= 2 Zo|7} e A
o2 Vel gl gf8 dsivtadlg, Stk

N ¥R
NK

o

Table 3. Anion content of domestic mudflat solar salts and
foreign salts

Anion (ppm)
Salt type”

e a Br SO,
MSS 532,727.07" 625.07° 21,641.33"
(0=15) +9.836.08 +70.88 +1 72118
FSS 612,142.32" 444.82° 32,534.83"
(n=23) +15,955.72 +71.78 +7,846.77
FLSS 503,131.25° 245.12° 14,947.38
(n=8) +14,624.56 2726 +1,091.29
FRS 669,533.29° 13547 21,680.29"
(=7) £11,455.05 +34.72 9.118.14
F-value 10.1777 63317 1.088™Y

"Values are mean+SE.

PMSS: Mudflat solar salt produced in Korea, FSS: Foreign sea salts, FISS: Foreign
large solar salts, FRS: Foreign refined salts.

Jns; No significant.

"The different letters in the same column is significant difference at the p<0.05
level by ANOVA.

o/Z2ko(uZ &

MSSe} Fse| nlguld|2 13l that 4] A= Table
40 VERA vke} 2t} Li o] MSSol| Bl&) FSol|A] whe
FEFe JeERIA oy o3 Aol & §le Ao YEbs:
th Shin 5(22) &w9] n|FrulE& A% dgo] net
3] 7hAsla Li o] 29] 25.86~101.34 ppme] S
Yehdtt Busled 2 Ael 28 ekl & YEl
W2lTh Al o] &2 MSS(8.34), FRS(6.42)9} FSS(4.45)¢] H]
3} FLSSQL.14 ppm)ell Al & 58 Bglom, 717t fo
& 2ko] S YR ATHp<0.01). °]= Kim 5(27)°] Hi1g
A AL Aol A 3.123 ppmBETHE & FFo|H, o=
A AL Gl A 1947 ppm 2 AANAT2] FLSS 9} H] =%
0| ATk Fe o] B3 MSS(7.16)014 71 w2 g
93 FLSS(32.69 ppm)ell A 71 =7 &= o] fof g
zkol7} 9= Ao E UERITHp<0.05). ©|9h= Aoz
Mn< MSS(3.56)¢}F FLSS(3.47)7ell fro) &k zfo]&= Qlgl e
U} FSS(0.42) % FRS(0.61 ppm) it} & & VeEhid
A F-23 2ko] & YERN A tHp<0.001). H=3F Sre] 74 -9-oll
% MSS, FSS ¥ FLSSOIA fASE 20] 1 2.1} FRSO) A
@ FEE UEHEA fogh zelE yERSIT
(p<0.05). ZHA o2 HAAAF A vl Fudde] 7,
MSSE Mn g&Fo] E9kom, FLSS+= Al Fe $o] =&
AC 2 YEPIL, Sr& AAAERS)ONA H2 A2 e
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Table 4. Trace mineral contents of domestic mudflat solar salts and foreign salts

2)

Trace mineral (ppm)

Type .
Li Al Cr Mn Fe Co Ni Cu 7n Se Sr Ag U

MSS 079*)  834° L1 356° 7.16' 0.01° 118" 2.63° 779" 014 5023 003 0.00°
(n=15) 028 258 063 096 264 000 086 137 316 004 1303 2001 000
FSS 0.30° 445" 021° 042°  992*  000° 026" 0.55" 812 003" 459" 002" 0.00"
(n=23) 1016 088 007 025 349 000 015 022 211 001 963 001  *0.00
FLSS 049"  2L14° 044 347 3269 000" 007" 047" 300° 008" 4827 011 001°
(n=8) 003 #7020 015 068 1249 000 004 006 094 002 1162 007 000
FRS 021* 6.42° 036" 061" 1048 000" 01r° 045° 369" 001* 155" 016 0.00°
(0=7) 1008 209 016 023 4329 000 004 026 122 001 453 4010 000
Fvalue  1304™ 5827 1427 78037 3762° 0551  1046™ 1869 0864 036" 3163 2714 029"

1
Walues are meantSE.

MSS: Mudflat solar salt produced in Korea, FSS: Foreign sea salts, FISS: Foreign large solar salts, FRS: Foreign refined salts.

Ins; No significant.

"“The different letters in the same column is significant difference at the p<0.05 level by ANOVA.
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Table 5. Heavy metal contents of domestic mudflat solar salts and
foreign salts

Typez) Heavy metal
As (ppm)  Cd (ppm)  Pb (ppm) Hg (ppb)
MSS m=15)  006:003*”  001z001'  028:008"  0.06£0.01°
FSS (1=23)  005:002° 001001  013:004"  0.07:001°
FLSS m=8)  0.13£006'  001x000° 012005  0.10:0.01"
FRS (1=7)  006t003"  001:000°  041:020°  0.10:0.02°
F-value 0.810™" 0.220" 233" 1.606®

"Values are mean+SE.

MSS: Mudflat solar salt produced in Korea, FSS: Foreign sea salts, FISS: Foreign
large solar salts, FRS: Foreign refined salts.

ns; No significant.

“The same letters in the same column is not significant difference at the p<0.05
level by ANOVA.
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EATe T LG A dEA e AEALE 15
T At A 38F el gk olslEte A A, $uE
- 9 phthalate 3}9H&2] 28 = B 716H3ATE MSS

Aot Ql
A S I FE oYt 18y FS&
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MSS9} FS B5FollA] 1A b S &gt 52 4
=92 29Utk Na o] &S MSS(363,633.98 ppm)ol B &l
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Ao, Mg(p<0.01), K(p<0.05), Ca ©]-&(p<0.05)-> FRSO
A 7P S e, FSSolA 7S =8 RS YERISL
t}. Cl o] &9] 7% MSS(532,727.07 ppm)ol| A 7} &
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