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The purpose of this study was to evaluate plasticizer pollution levels in mudflat solar salt, salt water and
sea water of the nationwide saltpan. Also, it was analyzed the relationship between DEHP in solar salt and
PVC mat following private period. DEP (ranging from 0.00 to 1.55 ppb), DIBP (0.00~2.38), DBP (0.00~4.90),
DEHA (0.00~2.32), and BBP (0.00~ 1.45) in solar salt were shown a extremely low concentrations, and DEHP
was present a concentrations ranging from 0.00 to 268.5 ppb in solar salt. Further, DMP, DPrP, DNPP, DNHP,
and DCHP were not detected in all solar salt. Phthalate in sea water and salt water was present a infinitesimal
amount levels. DEHP levels in sea water and salt water were not shown a high risk levels ranging from 0.00
to 3.4 ppb, and from 0.00 to 21.4 ppb, respectively. As expected in PVC mat of nationwide saltpan, the correlation
between DEHP in solar salt and PVC mat private period showed a low positive correlation coefficient (r*=0.0362).
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Table 1. Mobile area and sampling collection of nationwide saltpan

Region Area (ha) Mobile number

Sample collection number

Solar salt Salt water Sea water
Incheon" 219 14 6 1 1
Gyeonggi- do 2 295 36 12 2 2
Chungnam” 502 73 26 3 3
Jeonbuk” 165 4 4 3 3
Jeonnam” 2,977 1,000 158 19 19
Total 4,158 1,127 206 28 28

})Ongjin*gun. YHwasung-city, Ansan-—city.

3)Taearrgun, Seosan-city, Boryung-city. 4)Gochang*gun, Buan-gun, Gunsan-city.

YShinan-gun (Docho-myun, Jido-eup, Palgeum-myun, Aphae-myun, Jeungdo-myun, Jaeun-myun, Anja-myun, Amtae-myun,
Haeui-myun, Jangsan-myun, Imja-myun, Bigeum-myun, Sineui-myun), Mokpo-city, Muan-gun, Youngkwang-gun, Haenam-

gun, Bosung-gun, Wando-gun.
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late(DEP), di-n—propyl phthalate(DPrP), diisobutyl phtha-
late(DIBP), di-n-butyl phthalate(DBP), di-n—pentyl phtha—-
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Table 2. Analytic condition of GC-MS

Model Agilent 6890N
Column DB-1701
Carrier gas & He, 1 mL/min
Flow rate
Injector temperature 240°C, splitless
& mode

280°C

120°C (2 min) — 20°C/min —
260°C (10 min)

163 (7 min) — 149 (8 min) — 105,
149 (8.6 min) — 149 (11 min) —
129, 149 (12 min) — 149 (19 min)

Detector temperature
Oven temperature

SIM mode program
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Table 3. Comparison to phthalate compound of mudflat solar salt produced nationwide saltpan
Variables Concentration (ppb, mean=+SE)
Region” DEP DIBP DBP DEHA BBP DEHP
1" (n=2) 0.00+0.00" 0.00+0.00 0.00+0.00 1.00+1.00 0.05+0.05 268.55+9.95
2» (n=12) 1.20+0.28 0.08+0.05 0.31+0.31 0.59+0.27 0.11+0.06 218.70+39.84
3° (n=12) 0.71+£0.21 0.00%0.00 0.79+0.79 0.81£0.37 0.09+0.05 174.48+59.04
4% (n=4) 0.33+£0.15 0.00£0.00 0.00£0.00 0.38+£0.38 1.28+1.11 117.38+53.76
5° (n=12) 0.63+0.22 0.00+0.00 0.18+0.18 1.33+0.81 0.06+0.03 19.66+14.99
6" (n=12) 0.89+0.22 0.15+0.10 0.39+0.28 0.43+0.23 0.04+0.04 30.03+16.59
7 (n=4) 0.00£0.00 0.55+0.19 1.03+0.47 0.05+£0.05 0.08+0.08 31.63+31.63
8?1 (n=4) 0.33+0.11 0.60+0.22 1.03+0.35 0.40+0.40 0.03+0.03 0.00+0.00
9" (n=8) 0.41+0.11 0.23£0.12 0.39+0.23 0.00+0.00 0.04+0.02 0.15+0.15
100 (n=2) 0.40+0.40 0.2040.20 0.40+0.40 0.00+0.00 0.10+0.10 95.60+65.10
11 (n=12) 0.50+0.18 0.22+0.10 0.28+0.17 0.38+0.38 0.23+0.08 222.29+57.58
12" (n=2) 1.00+0.10 0.65+0.15 0.90+0.90 0.00+0.00 0.00+0.00 164.95+33.25
13" (n=8) 0.20+0.11 0.35+0.14 490+1.74 0.94+0.38 0.08+0.05 93.05+27.63
14" (n=12) 0.44+0.17 0.48+0.24 1.74+0.75 1.44+0.31 0.71£0.19 125.03+£7.99
15° (n=6) 0.30+0.13 0.27+0.12 420+1.16 2.32+0.28 1.45+0.08 175.08+47.12
16" (n=12) 0.30+0.15 1.23+0.32 3.55+0.76 1.93+0.44 0.91£0.20 154.19+21.46
17" (n=4) 1.03+0.30 1.70+0.50 1.58+1.58 1.13+0.39 1.45+0.06 80.68+11.19
18 (n=10) 0.92+0.09 1.83+0.31 478+1.04 1.45+0.32 1.25+0.25 109.10+37.26
19° (n=2) 1.55+0.35 0.70+0.60 1.85+0.35 0.00+0.00 0.00+0.00 0.60£0.60
20 (n=12) 1.13+0.18 2.02+0.29 1.92+0.45 0.45+0.24 1.30+0.12 78.47+16.98
21" (n=12) 0.26+0.11 2.38+0.57 1.75+0.57 0.23+0.23 1.29+0.22 119.50+16.08
22" (n=12) 0.18+0.08 0.52+0.23 3.08+1.28 0.00+0.00 0.19+0.06 123.98+20.53
23" (n=6) 0.15+0.15 0.40+0.19 3.10+2.53 0.00+0.00 0.02+0.02 46.48 +24.69
24% (n=12) 0.11%0.05 0.76+0.37 2.96+1.90 0.00+0.00 0.11£0.04 78.40+15.04
25" (n=12) 0.49+0.16 0.43+0.14 0.22+0.12 0.33+£0.23 0.23+0.11 82.35+12.94
F-value 3.568™" 6.566"" 2.313™ 2.7647 9.685™" 3.851"™
Post-hoc b-m,p,u,v,X; r-b,c,e,fLky; ns 0,p~V,X b,c-d,o,p,q,r,t,u; b,k-efh,i;
t-v,X t-b,c,def,ik, d-e,f,imw,Xx; c-el
m,n,o,v,w,y; efi-o,p,qrtu;
u-b,c,d,efik, g,hkm-o,q,rtu;

m,n,o,V,W,X,y

0,4,1,t,u~v,w,X,y;
p—X

Hox

1
'Values are mean and standard error.

p<0.001, ns: no significant.

: Mokpo city, 2: Muan gun, 3: Youngkwang gun, 4: Gochang +Buan gun+gunsan city, 5. Taean gun, 6: Seosan city, 7: Ongjin
gun, 8 Ansan city, 9° Hwasung city, 10: Wando gun, 11: Palgeum myun, 12 Anja+ Jaeun myun, 13: Amtae myun, 14: Haeui
myun, 15: Jangsan myun, 16: Docho myun, 17: Bosung gun, 18: Haenam gun 19: Boryung city, 20: Jido eup, 21: Aphae myun,
22: Jeungdo myun, 23: Bigeum myun, 24: Imja myun, 25: Sineui myun.

Table 4. Limit of detection and quantitation of phthalate
compound

Compound Lop” LOG?
name

DMP 5.8 17.6
DEP 8 24.3
DPrP 6 182
DIBP 5.4 16.5
DBP 3.9 11.9
DNPP 7 21.2
DEHA 5.7 174
DNHP 8.9 27

BBP 3.9 11.7
DOP 5.8 175
DCHP 2.9 8.8

DLimit of detection (LOD)=Blank+3SN (noise of signal), LOD
=Signal : Noise(3:1).

?Limit of quantitation (LOQ)=Blank+ 10SN (noise of signal),
LOQ=Signal : Noise (10:1).

Below of LOD is not detected. Interval of LOD and LOQ is

trace.
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Table 5. Results of phthalate compound in reservoir sea wa—
ter of nationwide saltpan (pph)

oftt

oty

. 710

494

Table 6. Results of phthalate compound in salt water of na-
tionwide saltpan (ppb)

Variable

Variable

Region? DEP DIBP DBP DEHA BBP DEHP Region? ~DFP DIBP  DBP DEHA BBP  DEHP
1 02" 00 0.0 0.0 0.0 2.3 1 02" 03 15 0.4 0.3 19.4
2 0.4 0.4 12 0.0 0.0 2.1 2 0.3 0.6 15 0.0 0.3 6.1
3 0.6 0.3 0.8 0.0 0.0 0.6 3 0.3 0.2 0.8 0.0 0.0 5.8
4 0.3 0.3 0.6 0.0 0.0 2.1 4 0.3 0.5 1.2 0.0 0.3 19
5 0.3 0.2 1.1 0.0 0.0 1.3 5 0.1 0.4 15 0.0 0.0 0.0
6 0.2 0.4 15 0.0 0.0 13 6 0.3 05 18 0.0 0.0 1.9
7 0.4 0.2 1.1 0.0 0.0 05 7 0.2 0.4 18 0.0 0.0 1.2
8 0.5 0.2 0.9 0.0 0.0 1.2 8 0.3 0.4 1.3 0.0 0.0 05
9 0.4 0.2 0.8 0.0 0.0 0.0 9 0.3 0.4 0.7 0.0 0.0 2.6
10 0.4 0.2 0.6 0.0 0.0 0.0 10 0.3 0.2 0.6 0.0 0.0 19.1
1 0.3 0.3 0.5 0.0 0.0 0.0 11 0.3 05 13 0.0 0.3 10.7
12 0.3 0.2 0.0 0.0 0.0 34 12 0.3 0.1 05 0.0 0.0 34
13 0.4 0.0 0.1 0.0 0.0 0.5 13 0.1 0.1 06 0.0 0.0 26
14 0.2 0.0 0.3 0.0 0.0 0.0 14 0.2 0 01 04 0.0 179
15 0.1 0.1 0.5 0.6 0.0 0.0 15 0.2 0.1 3.3 0.0 0.2 195
18 0.0 0.0 00 00 0.0 0.8 18 0.0 0.0 0.0 05 05 6.3
19 0.0 0.0 00 00 0.0 L4 19 0.1 0.0 0.0 0.0 0.0 33
20 0000 00 00 00 00 20 0.1 00 00 00 03 214
21 0.0 0.0 0.0 0.0 0.0 0.6
21 0.0 0.0 0.0 0.0 0.0 0.3

22 0.0 0.1 0.0 0.0 0.0 0.3
22 0.0 0.0 0.0 0.5 0.0 13.2

23 0.0 0.0 0.0 0.0 0.0 0.2
23 0.0 0.0 0.0 0.0 0.0 0.3

24 0.0 0.0 0.0 0.0 0.0 19
24 0.0 0.0 0.0 0.0 0.3 6.4

25 0.0 0.0 0.0 0.0 0.0 0.1
25 0.0 0.0 0.0 0.0 0.0 8.0

26 0.1 0.1 0.0 0.4 0.0 12
26 0.1 0.0 0.0 0.0 0.0 15.9

27 0.1 0.0 0.0 0.0 0.0 0.0
23 0.0 0.0 0.0 0.0 0.0 . 27 0.1 0.0 0.0 0.0 0.0 3.9
i i : : : i 28 0.1 0.0 0.0 0.0 0.0 2.3

DValues are mean of duplicate analysis.

21: Mokpo city, 2 Youngkwang gun, 3: Gochang gun, 4: Buan
gun, 5. Gunsan city, 6: Taean gun, 7: Seosan city, 8 Ongjin
gun, 9 Hwasung city, 10: Palgeum myun, 11: Jaeun myun,
12 Anja myun, 13: Amtae myun, 14: Haeui myun, 15! Jangsan
myun, 16! Docho myun, 17: Haenam gun, 18: Bosung gun, 19:
Muan gun, 20: Jido eup, 21: Boryung city, 22: Aphae myun,
23 Ansan city, 24: Wando gun, 25: Jeungdo myun, 26: Imja
myun, 27: Bigeum myun, 28 Sineui myun.
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YValues are mean of duplicate analysis,

91: Mokpo city, 2: Youngkwang gun, 3: Gochang gun, 4: Buan
gun, 5 Gunsan city, 6: Taean gun, 7: Seosan city, 8 Ongjin
gun, 9° Hwasung city, 10: Palgeum myun, 11: Jaeun myun,
12: Anja myun, 13: Amtae myun, 14: Haeui myun, 15: Jangsan
myun, 16: Docho myun, 17: Haenam gun, 18: Bosung gun, 19:
Muan gun, 20: Jido eup, 21: Boryung city, 22: Aphae myun,
23 Ansan city, 24: Wando gun, 25! Jeungdo myun, 26: Imja
myun, 27: Bigeum myun, 28: Sineui myun.

o]l DMP, DPrP, DNPP, DNHP, DCHP+=
HE HAH(Table 6).
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Aphae myun, 24: Wando gun, 25 Jeungdo myun, 26: Imja
myun) 283 67) Ao A DEHP7} 7 2(1: Mokpo city,
10: Palgeum myun, 14: Haeui myun, 15: Jangsan myun,
17: Haenam gun)& it}
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Fig. 1. Correlation coefficient of DEHP following private pe-
riod of PVC.
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53 & & (Possibly carcinogenic to human, Group 2B)Z
AL A7), o]# g FHel A OECD, EU, US EPA,
Health Canada, ¥4 SolAE DEHPY 1AIA7ES A
Astal don, 19 AF 1 kg@ AFAZFE 7T EPANA =
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