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Abstract

This study was conducted to evaluate the heavy metal contents of mudflat solar salt, salt water, and sea
water produced in the nationwide salt pan. In mudflat solar salt, moisture contents were significantly different
(p<0.001) between regions, ranging from 7.357% to 14.862%. Arsenic (As) content ranged from 0.007 ppm to
0.497 ppm, cadmium (Cd) from 0.000 ppm to 0.101 ppm, plumbum (Pb) from 0.000 ppm to 0.191 ppm, hydrargyrum
(Hg) from 0.006 ppb to 0.180 ppb, and copper (Cu) from 0.039 ppm to 4.794 ppm between regions, which were
significantly different (p<0.001). Further, As, Cd, Pb, and Hg contents of sea and salt water were not in excess
of their criterion points. Our results suggest that heavy metal contents of mudflat solar salt, salt water, and
sea water produced in the nationwide salt pan were at safe levels. However, continuous management of heavy

metal contamination, such as PVC met, is still necessary.
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Table 1. Comparison to heavy metal (moisture, As, Cd, Pb, Hg) contents of mudflat solar salt produced nationwide salt pan

Area” Moisture (%) As (ppm) Cd (ppm) Pb (ppm) Hg (ppb)
1" (n=2) 8.657+0.067” 0.497+0.467 0.00840.003 0.0374+0.028 0.108+0.016
2 (n=12) 11.954+0.138 0.2224+0.199 0.00440.001 0.04640.012 0.180+0.017
3 (n=12) 11.898+0.186 0.203+0.166 0.000+0.000 0.000£0.000 0.100+0.010
4% (n=2) 10.058+0.054 0.012+0.006 0.101+0.037 0.000£0.000 0.086+0.011
5° (n=12) 11.802+0.209 0.117+0.059 0.001+0.001 0.001£0.001 0.066+0.008
6" (n=12) 13.805+0.187 0.063+0.044 0.004+0.000 0.005+0.002 0.071+0.009
7 (n=4) 10.124+0.823 0.029+0.005 0.009+0.001 0.017£0.006 0.095+0.021
8?’ (n=4) 10.939+0.257 0.164+0.137 0.006+0.001 0.025+0.016 0.034+0.001
9" (n=8) 11.519+0.101 0.029+0.003 0.005+0.001 0.018+0.005 0.035+0.007
10" (n=2) 7.357+0.962 0.012+0.006 0.014+0.007 0.065+0.037 0.025+0.009
11* (n=12) 12.455+0.233 0.022+0.004 0.01640.003 0.02840.009 0.042+0.006
12" (n=8) 10.800+0.174 0.024+0.007 0.01440.005 0.06440.004 0.02540.008
13" (n=12) 12.995+0.046 0.034+0.003 0.006+0.001 0.034+0.002 0.031+0.006
14" (n=6) 14.862+0.294 0.208+0.157 0.010+0.001 0.035+0.01 0.031+0.007
15° (n=12) 14.172+0.099 0.037+0.005 0.009+0.001 0.033+0.005 0.01540.004
16" (n=4) 12.055+0.420 0.053+0.007 0.02240.005 0.074+0.014 0.042+0.016
17" (n=10) 12.283+0.177 0.107+0.065 0.008+0.001 0.055+0.014 0.022+0.006
18" (n=2) 13.640+0.754 0.007+0.007 0.004+0.004 0.067+0.041 0.006+0.006
19° (n=12) 12.686+0.087 0.06+0.034 0.014+0.002 0.033+0.003 0.014+0.003
20" (n=12) 12.850+0.146 0.062+0.025 0.017+0.003 0.045+0.005 0.049+0.013
21" (n=12) 13.967+0.211 0.06240.028 0.02540.004 0.191+0.02 0.02440.006
22" (n=6) 11.144+0.461 0.139+0.058 0.01440.003 0.071+0.013 0.02240.005
23" (n=12) 13.565+0.166 0.083+0.016 0.007+0.007 0.035+0.012 0.017+0.004
24 (n=12) 14.082+0.135 0.035+0.003 0.006+0.001 0.025+0.005 0.016+0.003
F-value 15.384" 1.108 11.130"™ 18.369"" 19.667"
a~i-k~x, ns c-k,p; d-a~x; c-1,p,q,v; a-1,0,q,s,u,v,w,X;
d-fn,0,u,wXx, t-c,e; e-1,p,q,v; b-c~x;
Post-hoc g-fn,0,X, u-b,c,e,f,Im,0,q,w,x f-1,p,q,v; c-h,ik]l,mmn,o0,q~x;
j-b~x, u-a~x €-0,S,W,X;
1-f,n,o0,r,u,w,x f-o,q,8,u,w,x

Y1: Mokpo city (Jeonnam), 2: Muan gun (Jeonnam), 3: Youngkwang gun (Jeonnam), 4: Gochang gun (Jeonbuk), 5: Taean gun
(Chungnam), 6: Seosan city (Chungnam), 7: Ongjin gun (Incheon), 8 Ansan city (Gyeonggi), 9: Hwasung city (Gyeonggi), 10:
Wando gun (Jeonnam), 11: Palgeum myun (Sinan gun), 12: Amtae myun (Sinan gun), 13: Haeui myun (Sinan gun), 14: Jangsan
myun (Sinan gun), 15: Docho myun (Sinan gun), 16: Bulgyo eup (Jeonnam), 17: Haenam gun (Jeonnam), 18: Boryung city
(Chungnam), 19: Jido eup (Sinan gun), 20: Aphae Myun (Sinan gun), 21: Jeungdo myun (Sinan gun), 22: Bigeum myun (Sinan
gun), 23: Imja myun (Sinan gun), 24: Sineui myun (Sinan gun).

PValues are mean and standard error. ~“p<0.001. ns: no significant.
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Table 2. Comparison to mercury contents of mudflat solar salt produced nationwide salt pan by direct mercury analyzer

Area" 1° 2» 3 49 5° 6! 7 " 9
item (n=2) (n=12) (n=12) (n=2) (n=12) (n=12) (n=4) (n=4) (n=8)
Hg 0.109. 0.180 0.100 0.086 0.066 0.072 0.055 0.034 0.035
(ppb) +00177 40017 +0.011 +0.012 +0.008 +0.009 +0.021 +0.009 +0.007
Area 10’ 11" 12' 13" 14" 15° 16° 17 18
item (n=2) (n=12) (n=8) (n=12) (n=6) (n=12) (n=4) (n=10) (n=2)
Hg 0.026 0.042 0.025 0.030 0.031 0.015 0.042 0.022 0.006
(ppb) +0.009 +0.006 +0.008 +0.006 +0.007 +0.004 +0.016 +0.006 +0.006
Area 19° 20" 21" 22 23¥ 2 Foval Post-h
item (n=12) (n=12) (n=12) (n=6) (n=12) (n=12) vaie OSERoC
a-1,0,q,s,u,v,wW,X;
b-c~x;
Hg 0.014 0.049 0.024 0.022 0.017 0.016 S ,
(ppb) +0.003 +0.013 +0.006 +0.005 +0.004 +0003 19667 gfE’gﬁ’g’“’o’q’r’S’t’u’V’W’X'

f-0,q,s,u,w,x

R Mokpo city (Jeonnam), 2: Muan gun (Jeonnam), 3: Youngkwang gun (Jeonnam), 4: Gochang gun (Jeonbuk), 5: Taean gun
(Chungnam), 6: Seosan city (Chungnam), 7: Ongjin gun (Incheon), 8: Ansan city (Gyeonggi), 9: Hwasung city (Gyeonggi), 10:
Wando gun (Jeonnam), 11: Palgeum myun (Sinan gun), 12: Amtae myun (Sinan gun), 13: Haeui myun (Sinan gun), 14: Jangsan
myun (Sinangun), 15: Docho myun (Sinan gun), 16: Bulgyo eup (Jeonnam), 17: Haenam gun (Jeonnam), 18: Boryung city
(Chungnam), 19: Jido eup (Sinan gun), 20: Aphae myun (Sinan gun), 21: Jeungdo myun (Sinan gun), 22: Bigeum myun (Sinan
gun), 23: Imja myun (Sinan gun), 24: Sineui myun (Sinan gun).

YValues are mean and standard error. ““p<0.001.
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Fig. 1. Comparison to copper contents of mudflat solar salt
produced in nationwide salt pan. 1: Mokpo city (Jeonnam), 2:
Muan gun (Jeonnam), 3: Youngkwang gun (Jeonnam), 4: Gochang
gun (Jeonbuk), 5. Taean gun (Chungnam), 6: Seosan city
(Chungnam), 7: Ongjin gun (Incheon), 8: Ansan city (Gyeonggi),
9: Hwasung city (Gyeonggi), 10: Wando gun (Jeonnam), 11:
Palgeum myun (Sinan gun), 12: Amtae myun (Sinan gun), 13:
Haeui myun (Sinan gun), 14: Jangsan myun (Sinan gun), 15
Docho myun (Sinan gun), 16: Bulgyo eup (Jeonnam), 17: Haenam
gun (Jeonnam), 18: Boryung city (Chungnam), 19: Jido eup (Sinan
gun), 20: Aphae myun (Sinan gun), 21: Jeungdo myun (Sinan
gun), 22: Bigeum myun (Sinan gun), 23: Imja myun (Sinan gun),
24: Sineui myun (Sinan gun).
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Fig. 2. Comparison to copper contents of reservoir sea water
in nationwide salt pan. 1: Mokpo city (Jeonnam), 2:
Youngkwang gun (Jeonnam), 3: Gochang gun (Jeonbuk), 4: Buan
gun (Jeonbuk), 5 Gunsan city (Jeonbuk), 6: Taean gun
(Chungnam), 7: Seosan city (Chungnam), 8 Ongjin gun
(Incheon), 9: Hwasung city (Gyeonggi), 10: Palgeum myun (Sinan
gun), 11: Jaeun myun (Sinan gun), 12: Anjoa myun (Sinan gun),
13: Amtae myun (Sinan gun), 14: Haeui myun (Sinan gun), 15:
Jangsan myun (Sinan gun), 16: Docho myun (Sinan gun), 17:
Haenam gun (Jeonnam), 18 Bosung gun (Jeonnam), 19: Muan
gun (Jeonnam), 20: Jido eup (Sinan gun), 21: Boryung city
(Chungnam), 22: Aphae myun (Sinan gun), 23: Ansan city
(Gyeonggi), 24: Wando gun (Jeonnam), 25: Jeungdo myun (Sinan
gun), 26: Imja myun (Sinan gun), 27 Bigeum myun (Sinan gun),
28: Sineui myun (Sinan gun).

0.267 ppm =FolA 3.184 ppm FF9 ¥HE UES
o, SRS Y FEF 7&%3 A FATHFig. 2).
) 0.012 ppmell A 0.914
ppm FES YEROH, BE Zﬁf\ A gAA ZIEAE =
2 ‘%% EAZ oA FH



1018 SEE R R

Table 3. Comparison to As, Cd, Pb, Hg contents of reservoir
sea water in nationwide salt pan
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Table 4. Comparison to As, Cd, Pb, Hg contents of salt water
in nationwide salt pan

Area’ As (ppm) Cd (ppm) Pb (ppm)  Hg (ppb)

Area’ As (ppm) Cd (ppm) Pb (ppm) Hg (ppb)

1 0.008+0.001” 0.001+0.000 0.025+0.003 0.005:+0.001
2 0.001+0.002 0.00240.001 0.017+£0.014 0.009+0.000
3 0474+0.092  0.0014+0.000 0.005+0.004 0.005+0.001
4 0.006+£0.002 0.009+0.001 0.013£0.008 0.00540.002
5 0.001£0.002  0.000+£0.000 0.024+0.011 0.018+0.005
6  0.006+£0.002 0.002+0.000 0.009£0.009 0.00940.002
7 0.004+0.005 0.0014+0.002 0.016+0.008 0.000£0.000
8 0.000+0.001  0.0024+0.001 0.023+£0.005 0.000+0.000
9 0.231+0.034 0.0014+0.000 0.018+0.002 0.012+0.005
10 0.003+0.000  0.0034+0.000 0.027+0.005 0.000+0.000
11 0.000+0.000  0.00540.000 0.021+0.000 0.000+0.000
12 0.000+0.000  0.0024+0.000 0.106+0.031 0.013+0.003
13 0.001+0.002  0.001£0.000 0.061+£0.019 0.005+0.001
14 0.000+0.003  0.0004+0.000 0.026+0.001 0.013+0.003
15 0.004+0.002 0.0014+0.001 0.022+0.018 0.004£0.000
16 0.0104+0.007  0.000£0.000 0.038+0.026 0.005+0.001
17 0.003+£0.000  0.00140.000 0.025+0.003 0.000£0.000
18 0.008+0.004  0.002+0.000 0.035+0.035 0.004+0.001
19 0.001+0.002 0.0014+0.001 0.024+0.002 0.018+0.002
20 0.013+0.007 0.001£0.001 0.05240.005 0.009+0.000
21 0.001£0.002  0.000£0.000 0.0334+0.023 0.000+0.000
22 0.000£0.000  0.001£0.001 0.0184+0.012 0.000+0.000
23 0.021£0.000  0.001£0.000 0.02440.017 0.000+0.000
24 0.005+0.004 0.001£0.001 0.016+0.013 0.000+0.000
25 0.006+0.002 0.001+£0.001 0.0114+0.005 0.005+0.000
26 0.013£0.015  0.000£0.000 0.0134+0.006 0.005+0.002
27 0.009+£0.009 0.001+0.001 0.013+£0.008 0.00540.001
28 0.372£0.027  0.003+£0.001 0.00740.003 0.013+0.002

1 0.176+0.021% 0.00240.001 0.02620.003 0.008+0.001
2 0914+0.106 0.006+0.006 0.028+0.014 0.019+0.003
3 0.056+0.002 0.002+0.002 0.01120.006 0.015+0.001
4 007140.020 0.00240.001 0.01540.005 0.000+0.000
5 0.18440.007 0.003+0.001 0.0234+0.003 0.0044-0.000
6 0.05440.011 0.01040.002 0.01740.013 0.008+0.001
7 0.031£0.019 0.003£0.002 0.047+0.005 0.008+0.001
8 0.013+0.001 0.003+0.001 0.036+0.003 0.008+0.002
9 0.047+£0.007 0.021£0.003 0.035+0.003 0.008+0.001
10 0.049+0.004  0.005+0.000 0.03040.005 0.008-0.001
11 0.070+£0.000 0.00040.000 0.018+0.004 0.022+0.001
12 0.028+0.007 0.003+0.002 0.094+0.033 0.0040.000
13 0.085+0.007 0.000+0.000 0.038+0.013 0.015+0.003
14 0.053+0.020 0.001+0.002 0.075+0.061 0.015+0.002
15 0.044+0.007 0.003+0.002 0.026+0.024 0.004+0.000
16 0.095+0.016 0.001+0.000 0.06640.049 0.01540.001
17 0.078+0.006 0.001+£0.000 0.044+0.004 0.004+0.001
18 0.040+0.002  0.002+0.000 0.051+0.053 0.0080.002
19 0.030+0.016 0.001+£0.002 0.040+0.004 0.011+0.002
20 0.05640.013 0.007+0.002 0.075+0.029 0.00740.002
21 0.05340.009 0.0044+0.003 0.0454+0.026 0.00840.001
22 0.01240.009 0.000+0.001 0.015+0.010 0.00540.002
23 0.05240.004 0.001£0.001 0.04040.035 0.024+0.002
24 0.08240.027 0.001+0.001 0.030+0.023 0.01540.003
25 0.01240.005  0.000+0.000 0.0174+0.013 0.0044-0.000
26 0.4624+0.057 0.0024+0.000 0.0104+0.007 0.000+0.000
27 0.04740.022  0.002+0.001 0.0324+0.003 0.01540.001
28 0.04440.026  0.00440.002 0.01640.008 0.015+0.001

D1 Mokpo city (Jeonnam), 2: Youngkwang gun (Jeonnam), 3:
Gochang gun (Jeonbuk), 4: Buan gun (Jeonbuk), 5: Gunsan
city (Jeonbuk), 6: Taean gun (Chungnam), 7: Seosan city
(Chungnam), 8 Ongjin gun (Incheon), 9: Hwasung city
(Gyeonggi), 10: Palgeum myun (Sinan gun), 11: Jaeun myun
(Sinan gun), 12! Anjoa myun (Sinan gun), 13: Amtae myun
(Sinan gun), 14: Haeui myun (Sinan gun), 15: Jangsan myun
(Sinan gun), 16: Docho myun (Sinan gun), 17 Haenam gun
(Jeonnam), 18: Bosung gun (Jeonnam), 19: Muan gun (Jeon-
nam), 20: Jidoeup (Sinan gun), 21: Boryung city (Chungnam),
22: Aphae myun (Sinan gun), 23: Ansan city (Gyeonggi), 24:
Wando gun (Jeonnam), 25: Jeungdo myun (Sinan gun), 26:
Imja myun (Sinan gun), 27 Bigeum myun (Sinan gun), 28:
Sineui myun (Sinan gun).

?Values are mean and standard error of triplicate analysis.
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D1 Mokpo city (Jeonnam), 2: Youngkwang gun (Jeonnam), 3:
Gochang gun (Jeonbuk), 4: Buan gun (Jeonbuk), 5: Gunsan
city (Jeonbuk), 6: Taean gun (Chungnam), 7: Seosan city
(Chungnam), 8 Ongjin gun (Incheon), 9: Hwasung city
(Gyeonggi), 10: Palgeum myun (Sinan gun), 11: Jaeun myun
(Sinan gun), 12! Anjoa myun (Sinan gun), 13: Amtae myun
(Sinan gun), 14: Haeui myun (Sinan gun), 15: Jangsan myun
(Sinan gun), 16: Docho myun (Sinan gun), 17 Haenam gun
(Jeonnam), 18: Bosung gun (Jeonnam), 19: Muan gun (Jeon—
nam), 20: Jido eup (Sinan gun), 21: Boryung city (Chungnam),
22: Aphae myun (Sinan gun), 23: Ansan city (Gyeonggi), 24:
Wando gun (Jeonnam), 25: Jeungdo myun (Sinan gun), 26:
Imja myun (Sinan gun), 27: Bigeum myun (Sinan gun), 28:
Sineui myun (Sinan gun).

?Values are mean and standard error of triplicate analysis.
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Fig. 3. Comparison to copper contents of salt water in na-
tionwide salt pan. 1: Mokpo city (Jeonnam), 2: Youngkwang gun
(Jeonnam), 3: Gochang gun (Jeonbuk), 4: Buan gun (Jeonbuk),
5: Gunsan city (Jeonbuk), 6: Taean gun (Chungnam), 7: Seosan
city (Chungnam), 8 Ongjin gun (Incheon), 9: Hwasung city
(Gyeonggi), 10: Palgeum myun (Sinan gun), 11: Jaeun myun
(Sinan gun), 12: Anjoa myun (Sinan gun), 13: Amtae myun (Sinan
gun), 14: Haeui myun (Sinan gun), 15 Jangsan myun (Sinan gun),
16: Docho myun (Sinan gun), 17: Haenam gun (Jeonnam), 18:
Bosung gun (Jeonnam), 19: Muan gun (Jeonnam), 20: Jido eup
(Sinan gun), 21: Boryung city (Chungnam), 22: Aphae myun
(Sinan gun), 23: Ansan city (Gyeonggi), 24: Wando gun (Jeon—
nam), 25: Jeungdo myun (Sinan gun), 26: Imja myun (Sinan gun),
27: Bigeum myun (Sinan gun), 28: Sineui myun (Sinan gun).
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