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PFCs are group of fluorochemicals that have been produced and used for over 50 years for various purpose
including soil/stain resistance and surfactant applications. These chemicals were degraded to Perfluorooctane
sulfonate (PFOS) and Perfluorooctanoic acid (PFOA) that were kinds of persistence metabolites. Previous stud-
ies showed that these chemicals can be accumulated in various environmental media. In this study, the con-
centration level of PFOS and PFOA were measured in 59 samples collected from 4 major river watersheds and
6 industrial complex areas in 2006 and 2007. Mean concentration of PFOS in water, sediment and soil were
N.D.-1180.0 ng/L, N.D.-9.17 ng/g dry-wt. and N.D.-10.97 ng/g dry-wt. respectively. Mean concentrations of
PFOA in water, sediment and soil were N.D.-13850.0 ng/L, N.D.-2.07 ng/g dry-wt. and N.D.-1.04 ng/g dry-
wit., respectively. The concentration of PFOS in water samples were significant difference among river, indus-
trial complex stream and waste water treatment effluent (p<0.05). But PFOA were no significant difference
among those samples. These results suggested that concentration of PFOS in water was direct effected by
industrial complex activities.
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Fig. 1. The map of sampling site (dot : general site, open
circle : industrial site).

Table 1. List of sampling site

site Description

Han river(Jamsil)

Han river(Yeoju)
Geum river(Daecheong)
Yeongsan river(Naju)
Nakdong river(estuary dam)
Nakdong river(Hyeongsan)
Nakdong river(Waegwan)

General
site

Shihwa-Banwol Industrial complex
Yeosu Industrial complex
Changwon Industrial complex
Ulsan Industrial complex
Poghang Industrial complex
Gumi Industrial complex

Industrial
site
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Table 2. Multiple reaction monitoring ion and retention
time for analysis of PFOA and PFOS

multiple reaction monitoring  Retention

Material - - . .
precursor ion  product ion  fime (min)

PFOA 369 169 11.63

13C,-PFOA 372 172 11.63

PFOS 499 99 12.09
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Table 3. Concentrations of PFOS and PFOA in Surface Water from Various Stream (ng/L)

. e . 2006-spring 2006-fall 2007-spring 2007-fall
site classification
PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA
Bokha general 1.5 4.6 2.6 11.2 - - - -
Myeongchon general 5.7 6.8 3.1 124 - - - -
Waegwan general 14 2.5 2.7 16.6 - - - -
Naju general 74 6.0 9.0 16.9 19.5 7.6 1.0 N.D.
Jamsil general 1.2 1.6 7.2 12.5 5.2 2.7 2.0 0.8
Daecheong general 1.9 2.1 24 13.8 1.0 2.6 1.3 0.9
Busan general 3.3 11.2 7.9 32.2 7.4 23.2 5.8 49
Jungheung general 0.5 0.7 0.8 29.3 N.D. 24 N.D. 0.3
Changwon general 3.2 13.7 7.0 39.3 75 18.6 6.2 7.3
Hyeongsan general 8.3 6.9 1.8 20.6 3.3 5.8 3.7 3.9
Gumi general 1.7 1.9 2.6 224 4.5 2.1 0.8 0.9
Ansan general 104 104 5.6 28.1 74 9.2 9.3 11.5
Jungbang industrial 66.8 10.3 164.3 88.3 429.0 17.3 151.5 10.0
Nam industrial 5.8 13.2 18.3 30.5 5.7 12.0 18.8 8.7
Seongsan industrial 19.7 13.3 11.9 35.0 8.9 9.6 6.1 5.6
Ulsan industrial 344.7 25.8 486.7 39.7 123.0 27.1 242.0 12.1
Gosa industrial 160.0 20.0 153.0 30.8 43.8 15.1 153.0 10.7
Yeocheon industrial 90.8 22.8 111.0 34.3 70.0 21.0 525.0 20.4
Dongchon industrial 16.5 42.2 10.3 108.7 19.2 46.9 13.4 77.5
Igae industrial 4.8 6.8 10.0 20.8 6.6 7.2 315 8.7
Singil industrial 145.8 149.6 197.0 148.3 165.0 99.5 340.0 56.0
Namsu industrial - - - - 1.9 34 196.5 6.3
Gaeun industrial - - - - 29.1 124 92.0 10.4
Yeosu effluent 18.1 44.8 23.6 72.6 123.0 13850.0 458.5 4275
Shihwa effluent 101.4 18.7 96.7 61.7 66.0 33.2 102.0 43.4
Banweol effluent 39.2 22.2 44.7 49.3 45.7 17.3 151.0 53.0
Taein effluent - - - - 1180.0 38.6 570.0 40.5
min 0.5 0.7 0.8 11.2 N.D. 2.1 N.D. N.D.
max 344.7 149.6 486.7 148.3 1180.0 13850.0 570.0 427.5
mean(median) 44.2(7.9) 19.1(10.8) 57.5(9.5) 40.6(30.6) 98.9(14.0) 595.2(13.7) 128.4(25.2) 34.2(9.4)

Table 4. Concentrations of PFOS and PFOA in Sediment from Various Stream (ng/g-dry wt.)

. . 2006-spring 2006-fall 2007-spring 2007-fall
site classification
PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA
Bokha general 0.02 0.07 0.02 0.02 - - - -
Taehwa general 0.05 0.06 0.08 0.03 - - - -
Yeongsan general 0.17 0.07 N.D. N.D. N.D. 0.03 N.D. N.D.
Han general 0.03 0.05 0.11 0.04 N.D. 0.08 0.07 N.D.
Geum general N.D. 0.08 0.47 0.99 0.02 0.09 0.04 0.03
Busan general 0.18 0.08 0.19 0.05 N.D. 0.04 0.74 0.02
Hyeongsan  general 0.09 0.13 0.07 0.03 N.D. 0.05 0.18 0.02
Jungbang industrial 1.02 0.22 1.17 0.96 N.D. 0.07 1.50 N.D.
Nam industrial 0.43 0.09 0.82 2.07 0.07 0.17 0.45 N.D.
Yeocheon industrial 3.44 0.09 0.60 0.07 N.D. 0.08 3.94 N.D.
Igae industrial 0.11 0.11 0.03 0.05 N.D. 0.06 0.03 N.D.
Singil industrial 0.48 0.28 0.65 0.18 5.90 0.80 9.17 0.47
Namsu industrial - - - - N.D. 0.12 131 0.07
Waehang industrial - - - - 5.10 0.20 2.44 0.05
min N.D. 0.05 N.D. N.D. N.D. 0.03 N.D. N.D.
max 344 0.28 1.17 2.07 5.90 0.80 9.17 0.47

mean(median) 0.50(0.14) 0.11(0.09) 0.35(0.15) 0.37(0.05) 0.92(0.00) 0.15(0.08) 1.68(0.60) 0.06(0.01)
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Table 5. Concentrations of PFOS and PFOA in Soil from Various Site (ng/g-dry wt.)

. . 2006-spring 2006-fall 2007-spring 2007-fall
site classification
PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA
Yeoju general 0.07 0.05 N.D. 0.06 - - - -
Waegwan general 0.23 0.27 0.09 0.20 - - - -
Naju general 0.05 0.19 0.13 0.12 0.13 0.09 0.14 0.11
Daejeon general 0.06 0.09 0.07 0.08 0.10 0.11 0.08 0.05
Busan general 0.02 0.05 0.09 0.07 0.17 0.11 0.06 N.D.
Han general 0.42 0.19 1.20 0.27 0.89 0.25 1.65 N.D.
Jungheung  general 0.48 0.25 0.54 0.32 0.74 0.21 0.42 0.29
Changwon general 0.03 0.10 0.06 0.17 0.08 0.10 0.08 0.02
Taehwa general 0.33 0.26 0.32 0.25 0.19 0.16 0.63 0.57
Pohang general 0.37 0.39 0.47 0.46 0.76 0.06 0.59 0.32
Jangheung  general N.D. 0.04 0.08 0.17 0.11 0.05 0.08 0.07
Dongrak general 0.09 0.14 0.04 0.53 0.09 0.08 0.05 0.09
Jugu general 0.20 1.04 0.29 0.92 0.16 0.10 0.38 1.02
Seongpo general 0.27 0.21 0.59 0.30 0.35 0.05 0.78 0.33
Jeongwang  general 0.30 0.25 0.55 0.24 0.55 N.D. 0.51 0.18
Pungrim general 0.83 0.30 0.92 0.28 0.69 0.20 0.35 0.12
Yeosu industrial 10.97 0.29 7.41 0.10 0.40 0.30 0.23 0.13
Jungbang industrial 0.07 0.05 0.09 0.14 0.28 0.15 0.16 0.09
Seongsan industrial 0.23 0.25 0.28 0.26 0.27 0.27 0.27 0.28
Gosa industrial 0.66 0.15 0.90 0.09 1.55 0.18 2.40 0.14
Bugok industrial 0.05 0.05 0.25 0.09 0.22 0.05 0.42 0.09
Gumi industrial 0.19 0.19 0.35 0.31 0.28 0.20 0.35 0.23
Shihwa industrial 0.77 0.24 1.15 0.39 0.91 0.02 1.73 0.40
Ulsan industrial - - - - 0.51 0.16 0.86 0.13
Taein industrial - - - - 0.18 0.14 0.13 0.10
min N.D. 0.04 N.D. 0.06 0.08 N.D. 0.05 N.D.
max 10.97 1.04 7.41 0.92 1.55 0.30 2.40 1.02
mean(median) 0.73(0.23) 0.22(0.19) 0.69(0.29) 0.25(0.24) 0.42(0.28) 0.13(0.11) 0.54(0.35) 0.21(0.13)

Table 6. PFOS and PFOA concentrations in various media were not statistically different between each sampling time

p-value
comparison factor water sediment soil

PFOS PFOA PFOS PFOA PFOS PFOA
2006 spring : 2006 fall 0.994 1.000 0.998 0.338 1.000 0.942
2006 spring : 2007 spring 0.731 0.575 0.953 0.995 0.906 0.470
2006 spring : 2007 fall 0.386 1.000 0.481 0.984 0.976 0.997
2006 fall : 2007 spring 0.863 0.606 0.891 0.478 0.932 0.185
2006 fall : 2007 fall 0.539 1.000 0.371 0.182 0.987 0.869
2007 spring : 2007 fall 0.945 0.597 0.799 0.931 0.994 0.598
3.2 E[MEn EY & I=SISEEC| ARsE wt.e] FEE HJY. PFOA= EoA 9t vpiA=

AR 28] PROSEEE 20063 23 7120  PFOSe| w0 Hls| Atjzles o Hyzroz 7
717} N.D.~3.44( 0.5), ND.~L17E7 035 ng  =HeH, 20068 B3} 7180 2+2; 0.05~0.28(E
g-dry wt.o2 7AZHoH, 2007 B3} 7R 247 0.11), ND.~2.07(FH+ 0.37) ng/g-dry wt.o2 AZ5
N.D.~5.90( ¢ 0.92), ND.~9.17(3¢ 1.68) ng/g-dry o, 2007d B3 7+l 2+ 0.03~0.80(H
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Fig. 2. Concentration of PFOS(left) and PFOA(right) in water from various site. Statistically significant difference

(p<0.05) is indicated by *.
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Fig. 5. Distribution of concentrations of PFOS(left) and PFOA(right) in water, sediment and soil. Statistically significant
difference (»<0.05) is indicated by *.

Table 7. Global comparison of PFOS and PFOA concentrations in water samples from Korea with those from other

countries
. Concentration(ng/L)
Location Sample type
PFOS PFOA

Watershed, Korea (this study) freshwater 0.5-344.7 0.7-149.6
Guangzhou, China®® surface river water 0.9-99 0.85-13
Yangtze, China®® surface river water <0.01-14 2.0-260
Lake Ontario, Great lake?” freshwater 15-121 15-70
Tama River, Japan®” surface freshwater 0.3-135.0 na?
Tennessee River, US'? surface freshwater 16.8-144 <25-598
Pear]l River Delta, China?? surface water 0.02-12 0.24-16
Lake Shihwa, Korea®? surface freshwater 2.24-651 0.9-62
Ectobicoke Creek, Canada®’ freshwater n.d.2-2210000 n.d.2-10600
Tokyo Bay, Japan®? surface freshwater 12.7-25.4 154-192
Tyndall Air Force Base® freshwater 147000-2300000 n.d.-116000
Naval Air Station Fallon®® freshwater n.d.2-380000 n.d.2-6570000

4n.a. and n.d. represent “not analyzed” and ‘‘not detected”, respectively.

A" A}23E x99 Ectobicoke}

1A
Tyndall 37114} Naval 33524 AEE 25

AP A AN kS 247} o1 gate] FAEeA )

5
Esjshitee) AuaES A2l 87 5 =4
g 5

S (PEC : predicted environmental

concentration)= & A5 S3 A ASgke] Wtk
I HopkE F8stdon, ASHF9FE=(PNEC :
predicted no effect concentration)e z}zke] A4}
oA AAE TS ol&sidith PEFHIE AT}
Syt AXE PNECES oF, E95,
25 H2 747t W54 NOECe] & 7390l A&
SH= 102 H7MAIS~(AF : assessment factor)® 28
sto] Ao, L8=(HQ : hazard quotient):=
PECS PNECO.Z Egto g it

JEF Y AT 2ol AAGE 72 PFOSO| Alg
=o] lom, NOEC el 0.232 mg/Lelsl B7Hl+E
Hg3le] PNECE 0.023 mg/Lo 2 #|A39ith. =3t
ZAHsre] AMe TS ESF)S NOEC
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Table 8. Calculation of Hazard Quotient for PFOS and PFOA from water in Korea

. PEC Hazard Quotient
sampling time
PFOS PFOA PFOS? PFOSP PFOAP
2006 spring 44.2-344.7 19.1-149.6 1.92E-03~1.50E-02 9.60E-05~7.49E-04 1.59E-05~1.25E-04
2006 fall 57.5-486.7 40.6-148.3 2.50E-03~2.12E-02 1.25E-04~1.06E-03 3.39E-05~1.24E-04
2007 spring  98.8-1180.0  595.2-13850  4.30E-03~5.13E-02 2.15E-04~2.57E-03 4.96E-04~1.15E-02
2007 fall 128.4-570.0  34.2-4275 5.58E-03~2.48E-02 2.79E-04~1.24E-03 2.85E-05~3.56E-04

3Shiraish, 2008, "NIER, 2008

PFOA 120 mg/L, PFOS 4.6 mgLE vlgoz H7HA
2 2g3le] PNECS 722} PFOA 1.2 mg/L, PFOS
0.46 mg/L2 AASIATE AAS kS 2838l PFOS
9} PFOA2] Aei$a =2 431 th(Table 8). PFOS
o] A9 JEIYIATAS PNECHES 283S 7
4 1.92x10°~2.48x107%¢] Y= WIS wyow, =+
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by FER AL s RS B 407 fellA
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