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A study on the new manufacturing processes of high quality salt

without hazardous ingredients
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Abstract: Salt is the most important substance in physiological activities of the human body concerning transport of the in-
gested nutrients into the blood. Thus, the most ideal salt must not contain any harmful ingredients such as cadmium, mercury,
lead, and arsenic. However, it is legal to include trace amounts of the hazardous ingredients in salt owing to a technical limi-
tation, because salt is generally obtained from seawater. This paper reported an experimental result about a new method of
manufacturing high-quality table salts without hazardous ingredients by using "15 °C low-temperature vacuum drying technol-
ogy," applied to the sequential extraction phenomenon of seawater with increasing the concentration. The world’s best table salt
can be produced if the present results are applied and extended to the traditional solar salt industry.
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Table 1: Economic value of 1,000 tons of seawater
Concent|Dissolved Value

(x10*

won)
900,000 1.38
993,379 1.53
1,514,648 5/79.50
4,083,750 6.31
4,720,980 7.29
1,107,040 1.71
475,200 0.73
440,000 0.68

100
64,759,100

Value)
ratio
(%)

Unit price

Mol. amounts

(ton)
900.00
2.49
25.76
1.35
4.60
0.17
0.003
0.01

(m;;r/L) (won/ton)
900.00
2.49
25.76
1.35
4.60
0.17
0.003
0.01

H,0
Plasters
NaCl
Minerals
Boron
Lithium
Uranium
Molybden|

H,O
(CaSQO,
NaCl
Mg

1,000
399,300
1,999,800
3,025,000
1,026,300
6,512,000
158,400,000
44,000,000

Total (Won)
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Table 2: Theoretical extraction quantity of the high quality class table salt from sea water

Change of salinity of moher liquid
Volumetric Specific Salinity CaSO, NaCl MgSO4 MgCl, NaBr KCl1 Total
ratio (%) gravity (%)
10.00 1.2176 19.8 0.00751 | 0.00839 | 0.00050 | 0.00181 — — 0.01821
8.35 1.2219 222 0.00753 | 0.48465 | 0.00710 | 0.01189 — 0.00034 | 0.51151
6.61 1.2253 27.0 0.00550 | 0.51887 | 0.00379 | 0.00836 — 0.00173 | 0.53825
4.44 1.2358 35.3 0.00483 | 0.62577 | 0.00712 | 0.01227 | 0.00089 | 0.00221 | 0.65309
2.60 1.2512 48.0 0.00396 | 0.56609 | 0.01251 | 0.02254 | 0.00058 | 0.00513 | 0.61081
sub-Total(%) 0.02933 | 2.20377 | 0.03102 | 0.05687 | 0.00147 | 0.00941 | 2.33187
Weight Ratio(%) 1.26 94.51 1.33 2.44 0.06 0.40 100 %
Table 3: Theoretical extraction quantity of the low quality class table salt from sea water
Change of salinity of mother liquid
Volumetric Specific Salinity CaSO, NaCl MgSO4 MgCl, NaBr KCl1 Total
ratio (%) gravity (%)
10.00 1.2176 19.8 0.00751 | 0.00839 | 0.00050 | 0.00181 — — 0.01821
8.35 1.2219 22.2 0.00753 | 0.48465 | 0.00710 | 0.01189 — 0.00034 | 0.51151
6.61 1.2253 27.0 0.00550 | 0.51887 | 0.00379 | 0.00836 — 0.00173 | 0.53825
4.44 1.2358 353 0.00483 | 0.62577 | 0.00712 | 0.01227 | 0.00089 | 0.00221 | 0.65309
2.60 1.2512 48.0 0.00396 | 0.56609 | 0.01251 | 0.02254 | 0.00058 | 0.00513 | 0.61081
1.59 1.2924 59.3 0.00116 | 0.26256 | 0.00837 | 0.01975 | 0.00068 | 0.00406 | 0.29658
sub-Total(%) 0.03049 | 2.46633 | 0.03939 | 0.07662 | 0.00215 | 0.01347 | 2.62845
Weight Ratio(%) 1.16 93.83 1.50 2.92 0.08 0.50 100 %
Table 4: Standard of Table salt in Korea Food Sanitation Act
KOREA table salt standard JAPAN CHINA
Solar re-Made Melted Refined Process standard standard
Moisture(%), below 15.0 9.0 4.0 4.0 5.5 - 0.3
NaCl(%), above 70.0 88.0 88.0 95.0 35.0 - 98.5
Cl- ion(%), above 40.0 54.0 50.0 58.0 20.0 - -
S- ion(%), below 5.0 5.0 5.0 0.4 5.0 - -
As(mg/kg), below 0.5 0.5 0.5 0.5 0.5 0.2 0.5
Pb(mg/kg), below 2.0 2.0 2.0 2.0 2.0 1.0 1.0
Cd(mg/kg), below 0.5 0.5 0.5 0.5 0.5 0.2 0.008
Hg(mg/kg), below 0.1 0.1 0.1 0.1 0.1 0.05 0.000
U-(mg/kg), below N/A 0.01 0.01 0.01 0.01 N/A 5.0
Articles(%), below 0.15 0.02 3.0 0.02 - 0.01 0.05
Sand(%), below 0.2 - 0.1 - - - -
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Table 5: Atomic and molecular weight of components in-
cluded in salt

Name ::fi:cl:[ Wh:gl'ltWeight ratio of each atom
Caleium [ T~ "] Ca(40%), C(12%).
Plasters carbon. } 05(48%)
Caleium |, o1 o Ca(29%), S(24%),
sulfate ! 04(47%)
Salt 51321:11(112 NaCl | 58.5 |  Na(39%), Cl(61%)
Magnesiun Mg(20%), S(27%),
sulfate |10 120 04(54%)
Ichgthlolign MgCL| 61 | Mg(26%), CI2(74%)
Minerals Sodium
e | NaBr | 103 | Na(22%), Br(78%)
=
;’;?2:3:1 KCl | 74.5 K(52%), CI(58%)

% Atomic weight : Fe(56), C(142), O(16), Ca(40), S(32),
Mg(24), Na(23), CI(35.5), Br(80), K(39) Na(23)
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Table 6: Division of Korean solar salt rank by KFRI[6]

Ist Class 2nd Class 3rd Class
Working last of may, august first of may,
Month june, july september october
Salinity (%)| below 86% 86~88% above 88%
Moisture(%) 7~12% 7~12% 7~12%
Weighr/Vol below below above
Ratio 2,000gr/L 2,040gr/L 2,040gr/L
) ) uniform non-uniform | non-uniform
Particle size
3~4 mm 3~4 mm below 3mm
Hardness soft little hard hard
Color white, milky white opaque
salty &
Taste salty hard salty
sweet
Smell tide land tide land tide land
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Table 7: New suggestion for the Korea table salt standard in this paper

Korea New suggestion Japan China
solar salt __lst Class _2nd Class tablg salt solar salt
standard Wll_ihgut gltg Wll_ihgut gltc})l standard standard

2 2 2 2
Moisture(%), below 15.0 0 5.00 0 5.00 - 0.3
CaSQ,, Plaster(%), below - 1.26 1.20 1.16 1.10 0.05 -
NaCl, Salt(%), above 70.00 94.51 89.80 93.83 89.36 - 98.5
MgSO0s, Mineral(%), below - 1.33 1.27 1.50 1.43 - -
MgCl,, Mineral(%), below - 2.44 2.32 2.92 2.78 - -
NaBr, Mineral(%), below - 0.06 0.05 0.08 0.08 0.2 0.5
KCl, Mineral(%), below - 0.40 0.36 0.08 0.08 0.2 0.008
above Total (%) 100 100 100 100
As(mg/kg), below 0.50 N/A N/A N/A N/A 0.2 0.5
Hazar. Pb(mg/kg), below 2.00 N/A N/A N/A N/A 1.0 1.0
. Cd(mg/kg), below 0.50 N/A N/A N/A N/A 0.2 0.008
1ngre. Hg(mg/kg), below 0.10 N/A N/A N/A N/A 0.05 0.000
U-(mg/kg), below 0.00 N/A N/A N/A N/A 0.0 5.0
Others Articles(%), below 0.15 N/A N/A N/A N/A 0.01 0.05
Sand(%), °©]3} 0.20 N/A N/A N/A N/A - -

Table 8: Comparison of measured value of properties of mother liquid with the theoretical

Property Specific gravity Sa(l,}/?)lty Mother liquid(%) Extractl(();])materlal
Process stag Theo. Meas- Meas- Theo. | Mea- | Theo. | Mea- | Theo. Meas- Meas-
value | ured(1) | ured(2) | value | sured | value sured | value ured(1) | ured(2)
@ 3.5% Original SW 1.025 1.025 1.025 3.5 3.9 48.0 48.0 0 0 0
@ after R.O outlet 1.053 1.042 1.041 6.2 7.4 22.0 23.5 0 0 0

) after Plaster ext. 1.186 1.152 1.152 21.3 20.9 5.7 6.3 0.117 0.123 -
@ after Salt ext. 1.251 1.239 1.238 48.0 - - - 2.332 2.348 2416
(® after Mineral ext. 1.292 1.250 1.253 59.3 - - - 0.297 0.308 0.344
® Remained matals 1.305 1.272 1.271 74.3 - - - 0.336 0.406 0.390

Table 9: Comparison of the new Korea standard of table salt with the others

. Previous measured data
New suggestion (Shin-an solar salt) J Chi
In case of In case of St apan na
- with - with andard Standard
without H,O H.O without H,O H.O
Moisture(%), below 0 5.00 0 12.8 - 0.3
CaSOQy, Plaster(%), below 1.26 1.20 0.62 0.54 0.05 -
NaCl, Salt(%), above 94.51 89.80 93.57 81.58 - 98.5
MgSQO4, Mineral(%), below 1.33 1.27 1.79 1.56 - -
MgCl,, Mineral(%), below 2.44 2.32 2.61 2.28 - -
NaBr, Mineral(%), below 0.06 0.05 - - 0.2 0.5
KCl, Mineral(%), below 0.40 0.36 141 1.24 0.2 0.008
above Total (%) 100 100 100 100 - -
As(mg/kg), below N/A N/A 0.000 0.000 0.2 0.5
Hazar. Pb(mg/kg), below N/A N/A 0.162 0.142 1.0 1.0
Cd(mg/kg), below N/A N/A 0.005 0.005 0.2 0.008
Ingre. Hg(mg/kg), below N/A N/A 0.000 0.000 0.05 0.000
U-(mg/kg), below N/A N/A - - 0.0 5.0
Others Articles(%), below N/A N/A - - 0.01 0.05
Sand(%), ©]3} N/A N/A - - - -
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Figure 1: Schematic diagram of standard sea salt manufacturing plant in Japan
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3 8 50] sbsatel Aaigle] AAHOR A Y AT SRol e dubdozt AAGe] S43 By
ek @] P AAEEY e ErE MEHE  olRd, AR Sl 39S v 257t gonz, §
AAE s AEAE due GEske Wolth FAte TFE0] zero'Ql AN ASUEF THHER s
gl AAHE 10 EMayE BRI NE Tl Aol FPHoltk. Pz B ATsh o] ek AL FAE
5snkEe] A9l st wAsteH olF WY &8st 7IES A8k 100~150C9] A9 ARS8 9L,
ol nEA £F o 2300%/day S BE FARR Fedn]  FLshs vhe} go] FAH Hde £x91 50-70T DY
ulgh oF 300E/day, &35 BYAE oF 48E/day DS o E4A Ave HFTTTE 45%0 =2 5 Sl
Atk wkeF 2300%/day2] AFS dAl] Ak ALD 7+ World Best-10 &w9] HShIEFS] A7 TFHES
ol 2/ o R Fujatd oF 469 A/day(SF 1.4%H/year)dl 94.35%% Table 79 A|AISH & A9 153 279 7]E9]
s, &2 AR= A 7HAQ] 479/ 0w ST 94.51%%F -5 AAFHS & Ak Fa el Hstel=
3 oF 1,000 D/day( 30%H/year)e] HE3A Q] AAkoH World Best-10 25l & H3t 2714 2579 Sl 2o] &%
o] Hu g Mok HxV|eE Ry o fajditel fle 1 o] ot 1 ulES Faat diEe] FATIEl vk
F9 age] ke A% BEdA /A7t Qe @A) e FFYS 4 5 ek TYERE B ATl
Table 10: Analysis results of hazardous ingredients for the vacuum dried crystal and added salts
15C Low temperature vacuum dried table salts H,0 NaCl e HaIz)?)rdous 1ngrecd(1ients i
Kind of salt Region / Added food % %
: O | O | (mgke) | mgke) | (meke) | (mpke)
Crvstal salt Ul-ieun island 2.15 96.17 N/A N/A N/A N/A
Y Jeju_island 535 | 90.89 N/A N/A N/A N/A
Flower salt Pusan port 4.52 94.21 N/A N/A N/A N/A
Onion 4.27 12.12 N/A N/A N/A N/A
Added table salt
ec table sa Mulberry 645 | 3435 N/A N/A N/A N/A
Table 11: Analysis results of world-best table salts for hazardous ingredients
Hazardous ingredients Others
. H,O | NaCl -
Nation Salt name (02) (;] ) As Pb Cd Hg Articles Sand
(mg/ke) | (mg/kg) | (mg/kg) | (mg/kg) (%) (%)
Comacchio solar salt 4.43| 90.00 0.001 0.002 N/A N/A 0.141 0.146
Savoia rock salt 1.90| 92.00 N/A 0.018 0.001 N/A 0.013 0.016
Italy Savoia re-made salt 0.18] 99.00 N/A 0.017 0.001 N/A 0.004 0.003
C.I.S re-made Salt 0.25| 97.00 N/A 0.029 0.010 0.001 0.003 0.003
Italcali rock salt 0.03 100.0 N/A 0.029 0.014 N/A 0.001 0.000
Cyprus Piccio solar salt 021} 92.00 N/A 0.016 N/A N/A 0.001 0.001
Slovenia Secovlje salt 0.89| 94.57 0.001 0.030 N/A N/A 0.041 0.044
Camargue flower salt 030 96.83 0.001 0.010 0.001 N/A 0.006 0.005
France Guerande flower salt 3.99| 9249 N/A 0.250 N/A N/A 0.035 0.034
Guerande solar salt 4.92| 89.57 N/A 0.253 N/A N/A 0.261 0.229
above average value 1.73| 94.35 0.000 0.065 0.003 0.000 0.051 0.048
Ref.-1 KOREA salt standard 15.0{ 70.00 0.50 2.00 0.50 0.10 0.15 0.20
Ref.-2 JAPAN salt standard - - 0.20 1.00 0.20 0.05 0.01 -
Ref.-3 New suggestion 5.00] 94.51 N/A N/A N/A N/A N/A N/A
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Figure 2: Weight variation of crystal and onion added salts

in present experiments
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