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A Study on the Heavy Metal Contents of Common Salts in Korea
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Abstract

In order to determine the content levels of trace metals in common salts, 64 bay salt samples
were collected from three producing districts and 33 bay salt samples, 32 remade salt samples
and 5 fine salt samples were collected from 7 major cities in Korea, from August to September
1987, These were analysed for content levels of Pb, Cd, Cu, Zn and Mn using Atomic Absorption
Spectrophotometer.

The results were as follows:

1. Lead contents in three type salts were N.D. - 1081.9 ug/kg and fourteen percent of the 114

samples exceeded the World Health Organization(WHO) criteria of 100 ug/kg.

Cadmium contents of samples were N.D. - 382C.5 ug/kg and five percent of the 114 samples
were over the Spanish criteria of 500 ug/kg. Copper contents of samples were 8,9-214.9
ug/kg and there was not a sample over the World Health Organization(WHQ) criteria of
500 pg/kg. Zinc contents ranged N.D. - 342.9 ug/kg and Manganese contents ranged N.D. -
8.31 mg/kg.

2. The comparison of heavy metal contents among the bay salts from three producing districts

was significantly different in Pb, Cd and Cu contents.

3. The comparison of heavy metal contents between the bay salts and remade salts was not

significantly different in Pb, Cd and Cu contents.

4. The contents of Pb, Cd, Zn and Mn in fine salts were much lower thar those of bay salts

and remade salts.
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Table 1. Sampling sites and sample size
of bay salt in producing district

District Sampling No. of
site samples
A 8
B 5
(] 5
Chonnam D 5
E 3
F 3
G 5
Subtotal 34
H 6
Chungnam
i I 5
Dangjin
Subtotal 11
J 5
Kyonggi K 6
]
Suwon L 8
Subtotal 19
Total 64
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Table 2. Sampling cities and sampling si-
ze of 3type salts in consuming

cities
Bay salt R::;?de Fine salt

Seoul 5 5 5

Pusan 3 3 -
Inchon 3 3 —_
Kwangju 3 3 -
Suwon 3 3 —
Taejeon 3 3 —
Masan 3 2 —

Total 23 22 5

REW, AU, SRS F 11470 RAplA
7tes, &, 78, okd, Ite SRS WE
s o

3 ERrEE

HEP KFEEe Hol2 A3 ER Ao
& neistq 7@zEy| 120°Col A 3~4 AIH'P
2% ¥ K5 ERS AE, KA@M k5 10
%, HHEM 5% Aoy 2AHINIIYD
K-> AT KSEEC] T4X107' % A
2 fhsted FAIskg

AN

4. R L 54 BE

M. 1.B.K.(Methyl Isobuty! Ketone) &
EF¥®x 7 AEX MEREBRH S 4 H3s)
Qi1 A.P.D.C. (Ammonium Pyrrolydine
Dithiocarbamate )£ 98% | Z(Belgium
Janssen #) & i A3t h

B Y EEEKS GR(HZE Junsei #)
sl ok,

BT BRSO K EE (Hitachi 170 -
30 % Japan) & st ony R 7IAE ofAlEl
A 7tA3 A= Hollow Cathode Lamp
(Hitachi Co.)& i M3},

L

=3

~75~—

W e 93-S Pb 283.3nm, Cd 228.8 nm,
Cu 324.8nm, Zn 213.8nm, Mn 279.5 nm%ch.

5. M 5k

BRMERATREE BAKS ESE RB
B AL P w2} 250g AlE] 3z =
F4 100.0ml & ¥ ¢43] 23AA i@
ARl & INEA 0.1ml & wo] pH 3~53 &
FATh

Aol gl BAAY I W3 4% e
e Q7tul o] E 0.5ml & ol MAl EE
o] & Ug EEF ¥ vidolARHAE 15
ml & Yol e oz By, 180 &5
o £, vigolARdAES S Eein o
Al HEolARLAE 10ml S Yol 22
o ¥u, 239 dx sy vidolaRnd
A EF S vo) A T}

°F 80C GHolM vgo] ARLAEL Ml
AAID ZHFEN IN B4 25miel FG A
Iml & 9ol Y &80 @Y WX B g
5 f#Este] olRAS 0.IN gargfoz g3
AlA 25.0mi 2 YA T AL AAFFE
3 A2 238

0. WBER ¥ EE

LM KO@Y HRE KO0, HUN, 8
WA E 11470 RAKE HHEOZ Pb, Cd, Cu,
Zn, Mn 9] #F-& WEI ERE= Table 3 3%
o

L % KA

1) 4

370 Aol M I 64709 KM R
ol A Bz s 2ol B SRS 6l6ug/ke
o103l B H! HEI N.D.~371.8 #g/kg °ld
o} A AHE 1.6%d5 A A&
ol 68.8%7F 4442 61.6ug/kg o151 o

o)r o
WE T



Table 3. Metal contents in 3type salts

Type No. o Pbt» Ca®» Cu® Zn Mn
samples (ug/kg ) (pg/kg )  (&/ke) (ug/kg )  (mg/kg)
g::t?z:ng Bay salt 64 N D?;7T.8 N'D{OT.s 8'91(;_2 N Di4;.8 ~ Dé.;
Bay salt 2 16.51';1'.6 Y ]335;2;5 22'721:.9 6.01~1-2.3 ~ Dé;s
Consuming Remade 29 4.1 ~ N.D. ~ 18.1 ~ 5.7~ N.D ~
cities salt 1081.9 765.5 203.5 342.9 0.82
Fine 5 N.D ~ N.D, 39.1 ~ N, D, ~ N.D. ~
salt 17.8 75.3 17.8 0.004
N,D, - Not detected,
1) WHO criteria are 0.1~10ppm.
2) Spanish criteria are 0.5ppm,
3) WHO criteria are 0.5 ~5ppm,
WHO HA 71%21 100pg/kg & @Biste A 42.2
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Fig. 1. Frequency distribution of lead mﬁtent
in bay salt .
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Table 4. Lead content of bay salts in each
producing district

(unit : yg/kg)

L. No . of
District samples Lead content
A 8 20.6~ 37.3
B 5 36.2~ 72.3
C 5 17.8~ 91.9
Chonnam D 5 12.6~ 29.8
E 3 27.6~371.8
F 3 26.4~ 33.9
G 5 11.9 ~222.8
’ 11.9~371.8
Subtotal 34 (50.4)
Chxlmgnam H 6 N D.~54.5
Dangjin = I 5 N.D, ~39.3
N. D, ~54.5
Subtot al 11 (33.8)
. J 5 47.4~242.5
Kyonggi
) K 6 26. 8 ~ 108.2
Suwon
L 8 40. 1 ~172.5
26. 8~ 242.5
Subtotal 19 Co1.7)
N.D.~371.8
Tot al 64 (61.6)
( ) :mean
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Fig, 2. Frequency distribution of cadmium

Content,

content in bay salt,

Table 5. Cadmium content of bay salts in

each producing district

(unit: xg/kg)

District No. of Cadmium
samples content
A 8 N D, ~375.6
B 5 N.D ~212.8
C 5 N D ~ 203
Chonnam D 5 N, D,
E 3 N D ~664.4
F 3 N.D.~ 3.1
G 5 N. D,
N.D, ~ 664. 4
Subtotal 34 (44.4)
Chungnam H 6 N.D.
]
Dangijjn I 5 N.D.~ 28.0
N.D,~ 28.0
Subtotal 1 ¢ 2.5)
. J 5 ND~ 570
Kyonggi
t K 6 N.D.~ 340.2
Suwon
L 8 N.D, ~1015.8
Subtotal 19 N.D ~1015.8
N.D.~1015.8
Total 64 (51.1)
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Fig.3. Frequency distribution of copper
content in bay salt.

Table 6. Copper contents of bay salt ineach
producing district

(unit: pg/kg)

No, of
samples

Copper

District
contents

8 14.1~ 37.8
14.1~ 58.3
28.3~105.2
26.8~ 44.4
34.8~ 57.4
23.7~ 33.8
28.7~ 39.7

14.1~105.2
(35.6)

Chonnam

HTEm Y Ow e
N W W ;o on

()

Subtotal

H
Dangjin I

8.9~ 65.2
21.3~ 65.0

8.9~ 65.2
(40.1)

Chungnam
1

Subtotal 1

27.1~ 85.3
37.1~ 80.2
34.9~ 175.0

271~ 85.3
(53.6)

Kyonggi
!
Suwon

K
L

Subtotal 19

8.9~105.2

Total (aL.7)

64

( ) : mean
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Table 7. Zinc contents of bay salt in each
producing district

(unit : zg/kg)

N.D. 1.0 2.0 3.0 4.0
Content, mg Mn/kg
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Fig. 5. Frequency distribution of manganese
content in bay salt,
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District No. of Zinc content
samples
A 8 23.3~ 45.0
B 5 7.9~ 69.9
C 5 24.5~142.8
Chonnam D 5 9.4~ 29.1
E 3 7.9~ 60.6
F 3 12.6 ~ 38.7
G 5 7.9~ 38.8
Subtotal 34 7.9~142.8
(34.2)
Chungnam H 6 ND,~ 178.6
!
Dangjin I 5 N.D.~ 60.3
N.D.~ 78.6
Subtotal 11 (25.4)
. 5 19.0~ 217.6
Kyonggi J
1 10.8~ 25.2
Suwon
L 8 16.8~ 56.0
10.8~ 56.0
Subtotal 19 (25.4)
. N.D,~142.8
Total 64 (30.3)
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Table 8. Manganess contents of bay salt in
each producing district

(unit : mg/ kg )

No. of

District Content
samples
A 8 0.25~4.34
B 5 0.01 ~3.16
C 5 0.01 ~2.99
Chonnam D 5 0.04 ~ 3.08
E 3 0.02~8.31
F 3 0.02 ~ 3.30
G 5 1.60 ~ 3.65
0.01~ 8.31
Sutbtotal 34 (2.11)
Chungnam H N,.D,~17.24
I
Dangjin I 0.52 ~6.39
N.D.~7.24
Subtotal 11 (219)
X ) 1.13 ~4.62
S)K')nggl K 1.97 ~8. 21
uwon
L 0.02 ~1.48
0.02 ~ 1.48
Subtotal 19 (2.47)
N.D.~8.31
T . -
otal 64 (2.23)
( ) :mean

Table 9. Types of industry in Mokpo harbor

Industry No. of industry
Matallic 3
Leather 1
Food 22
Textile 1
Car washing 4
Animal fodder 6

Total 37

- 80—

A#-2 /A3 Harriet V.Kuhnlein'® 9} 6~
19mg/kg Bt} v X% o} WHO &84
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Eh KA i 28 2t iR &mat
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gle] A Feo| o] ¥l Hog sﬂ*—i%!q.
e BB R T A g g Bxga)
A7l FHAAR A #$AH g vlas) B
WM ANE™E EZA 19859d 119
HA 237 64, 5% A KO, AHAI7F 138

B kEE R o] PP = Table 9,100]4 &
= npe} o) Ky gto 377H, el e 1,266

Mz AolE HQ T34, s, MR
AAAA F = Ax < l A ol Bkl 75

¥ 7H5A 8 LMUA.?. sl ok,
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P 5 Table 11 ol A &t zho] B gy} <l
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Table 10. Types of industry in Inchon har.
bor
Industry No. of industry
Primary metal 58
Metallic 228
Food 45
Textile 74
Pulp & Paper 210
Phototype process 1
Leather 5
Chemical 88
Petrorefining 29
Non metallic 35
the others 447
Total 1266




Table 11. Inflow load of heavy metal in Mokpo and Inchon harbor

OQutflow .
amount Inflow load (kg/day)
of water
(m¥Yday ) Cd Cr Cu Hg Pb Zn
Max, 1,112 Trace 0.80 Trace Trace 0.09 1.30
Mokpo Min, 213 " Trace " " Trace Trace
Average 476 1 0.26 " " 0.04 0.47
Max, 237,810 0.28 5.37 6.05 0.17 13.56 271.35
Inchon Min. 114,170  Trace Trace 1.23 Trace Trace 2.38
1 Average 165,920 0.12 2.96 2.61 0.07 4.83 10. 29
Max, 76,330 0.25 9.34 33.53 Trace 12.39 80.66
Inchon .
Min, 62,500 0.12 2.60 9.91 " 2.32 8.50
2 Average 69,550 0.19 4.89 19.94 " 7.16 24.33
Max, 37,750 Trace 0.91 0.76 Trace 2.19 3.25
Inchon  ypip 24,340 n 0.71 0.16 " 0.15 1.46
3 Average 29,810 " 0.56 0.43 " 0.99 2.67
Max, 13.420  Trace 0.16 3.45 Trace 0.43 12,85
Inchon  yp5p. 10,500  » Trace 0.04 " 0.05 0.12
4 Average 12.370 1" 0.09 1.19 " 0.19 4.76
Table 12. Heavy metal content of seawater in sampling sites (unit : pg/kg)
District Pb Cd Cu Zn Mn
Chonnam 6.0 N. D, 26.5 21.2 N. D,
Chungnam - Dangjin 7.2 22.4 14.5 10.9 1.6
Kyonggi - Suwon 16.5 195.8 36.7 14.7 76.2
ol FR ERET tlio] R BRI it
ghol A7) - FAAYG L WHEAA JtE AR 2. Mt
el gl e gmrel Bdte 1) &

ztel 7} @Al Ze3 Ao EHHTh AH®
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ol7} e Zog Hpy th
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Table 13. Lead contents of bay salt, remade salt and fine salt in consuming cities

(pg/kg)
Bay salt Remade salt Fine salt
No. of No: of No, of
samples content samples content samples content
Seoul 5 33.5~134.0 5 4.1~ 62.2 5 N, D.~16.0
Pusan 3 16.5~ 28.9 3 8.0~ 359.9 - -
Inchon 3 36.0~171.6 3 4.1~ 195.8 - -
Kwangju 3 17.2~ 58.4 3 20.4~ 200.8 - -
Suwon 3 48.8~119.3 3 16.5~ 28.9 - -
Taejeon 3 377~ 12.1 3 14.3~ 29.1 - -
Masan 3 20.8~102.1 3 75.5~1081.9 - -
Total 23 16.5 (157;..;;) 92 1.1 (1(1)3;::) 5 N.D (1:.2)
( ):mean
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Table 14. Cadmium contents of bay salt, remade salt and fine salt in consuming cities

(unit: zg/kg)

Bay salt Remade salt Fine salt

No. of content No. of content No. of content

samples samples samples
Seoul 5 N.D.~ 362.6 5 N.D. 5 N.D,
Pusan 3 N, D.~ 100.2 3 172.7 ~765.5 - -
Inchon 3 N. D, 3 N.D.~ 121 - -
Kwangju 3 N.D,~3820.5 3 N.D, - -
Suwon 3 N.D.~ 730.7 3 N.D,~481.3 - -
Taejeon 3 N,D.~: 31.4 3 N.D. - -
Masan 3 N.D.~2258.2 2 N.D,~475.2 - -

N, D.~ 3820.5 N.D ~1765.5
.D. X .D D.
Total 2 (333.0) 22 (104.5) 5 N.
( ) :mean

Table 15. Copper contents of bay salt, Iremade salt and fine salt in consuming cities

(unit : ug/kg)
Bay salt Remade salt Fine salt
Ne, of content No, of content No. of content
samples samples samples
Seoul 5 22.7T~ 29.9 5 26.8~178.6 5 39.1~175.4
Pusan 3 40.2~ 60.6 3 36.4~203.5 - -
Inchon 3 36.2~ 48.7 3 54,5~ 90.2 - -
Kwangju 3 23.3~ 51.8 3 20.1~ 26.8 - -
Suwon 3 42.6~ 58.6 3 20.2~ 37.6 - -
Taejeon 3 32.2~214.9 3 18.1~ 30.4 - -
Masan 3 42.8~ 61.1 2 5.5~ 91.6 - -
22.7~214.9 18.5~203.5 39.1~175.4
Total 23 (49.1) 22 (58.9) 5 (56.3)
( ) :mean
Foll M KHE, HHM o= 2g 7Yz kg, #iEMCl 11.5pg/kg o5 el #

2 BINE QI3 7o BEREE R-—3F
Zo &2 Vel

4) o} <«

A= 7 KEE KHE, EREW, B

S o oldel P S PEI FHRE X
HEsol Hat 33.2pg/kg, HaEol 60.0pug/
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Table 16. Zinc contents of bay salt, remade salt and fine salt in consuming cities

(unit: pg/kg)

Bay salt Remade salt Fine salt
No. of content No. of content No. of content
samples samples samples
Seoul 5 6.4~ 53.2 5 5.7~182.8 5 N.D ~17.8
Pusan 3 16.3~ 40.8 3 52.9~153.5 - -
Inchon 3 6.2~ 42.5 3 20.3~136.3 - -
Kwangju 3 17.0~ 27.9 3 12.1~ 22.2 - -
Suwon 3 28.8~ 83.9 3 41.5~342.9 - -
Taejeon 3 11.9~112.3 3 10.9~ 16.9 - -
Masan 3 6.0~ 31.9 2 T1~ 67.4 - -
6.0~112.3 5577~ 342.9 N.D. ~17.8
Total 23 (33.2) 2 (60.0) 5 (11.5)
( ):mean

Table 17. Manganese contents of bay salt, remade salt and fine salt

in consuming cities,

(unit :mg/kg)

Bay salt Remade salt Fine salt
No. of No, of No, of
content content content
samples samples samples
Seoul 5 0.00 ~1.37 5 0.02~0.82 5 N. D, ~0.004
Pusan 3 0.50~ 1.96 3 0.01~0.35 - -
Inchon 3 0.01~2.03 3 N.D, ~0.01 - -
Kwangju 3 0.35~1.85 3 0.00~0.04 - -
Suwon 3 0.64 ~2.36 3 0.03~0.05 - -
Taejeon 3 N. D, ~0.43 3 0.13~10.37 - -
Masan 3 0.00~1.07 2 0.00 ~0.06 - -
N.D, ~2.36 N,.D.~0.82 N. D, ~0.004
Total 23 (0.84) 2 (0.18) 5 (0.002)
¢ ): mean
A TN KT KEEE, AL, R
o Wzt S AL FEY: KHEO 0.84 V. &% @
mg/kg, HHlEo] 0.18mg/kg, #MiEEc] 0.002
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7]« LR HA A 64 71 RABNI HHEH
T8 K#olA WESED A= KAHE 2370,
FHUEE 2270, #MmE 570 & BEGSH] ALP.
D.Cet M.I.B.K. 2 &£B®WHES Ml &
B ¥R¥5EXEHE Pb, Cd, Cu, Zn, Mn
B B HRe o 2

1. M 3
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