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A study on the emission of fluorine-based chemicals and the
detection of perfluorooctane sulfonic acids(PFOS) and
perfluorooctanoic acids(PFOA) in domestic main rivers
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ABSTRACT: As a result of the survey on the emission status of fluorine-based chemicals in Korea, 13 kinds of substances,
including hydrogen fluoride (91%) and perfluorocarbons (5%), were emitted in workplaces. By regional groups, about
98% was emitted in the Gyeongbuk, Gyeonggi and Chungcheong regions, and about 98% in three sectors of industry
related to manufacture of electronic parts, chemicals and non-metallic mineral products. The detection status of PFOS
and PFOA in domestic main rivers was continuously detected in the Nakdong River, the Geum River and the Anseong
Stream estuary with high fluorine-related chemical emissions, and four sites of PFOS and two sites of PFOA were detected
for the first time in 2021. PFOS and PFOA were continuously detected in relatively high concentrations in the rivers

where there were many semiconductor and display related sectors of industry.
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Table 1. Kind of Fluorine-based Chemicals Among Substances Subject to Chemical Emission Survey”"

No. CAS No. Substance name (Korean) Substance name (English)
1 NA-(524) L TS Perfluorocarbons

2 000116-14-3 HEGEFZqd Tetrafluoroethylene

3 NA-(523) FAsHES e A Hydrofluorocarbons

4 001341-49-7 olZF e =3} AdnF Ammonium bifluoride

5 001861-40-1 HESFEd Benfluralin

6 002551-62-4 AZF =3} 3 Sulfur hexafluoride

7 002699-79-8 ZFo =3 &9Y Sulfuryl fluoride

8 007637-07-2 EZFeERTE Trifluoroborane

9 007664-39-3 Z=2023) 4 Hydrogen fluoride

10 007681-49-4 EFeE3 UEF Sodium fluoride

11 007789-23-3 Z=2023 Z4F Potassium fluoride

12 016871-90-2 AZF R 24 T E Dipotassium hexafluorosilicate
13 016872-11-0 ZFo0g2HA Fluoroboric acid

14 016893-85-9 HAZF 254 UER Disodium hexafluorosilicate
15 016961-83-4 ZFZ 74t Fluorosilicic acid

16 068359-37-5 Ho|ZFEY Cyfluthrin

17 069409-94-5 Sl E Fluvalinate

18 079622-59-6 ST Fluazinam

19 106917-52-6 EFedrE Flusulfamide

20 NA EF 2 SE HEGWEHAYEF Tetramethylammonium perfluorooctanenoate

Table 2. Emissions of Fluorine-based Chemicals®™(2020)

Number of | Place of business emissions(kg/year) Consignment throughput(kg/year)
No. Substance name emission river or Wastewater Waste
companies atmosphere stream* Total treatment treatment Total
1 | Perfluorocarbons 21 522,916 0 522,916 241,428 0 241,428
2 | Hydrogen fluoride 96 196,237 515 196,753 3,756,124 | 11,029,718 | 14,785,843
3 | Hydrofluorocarbons 18 149,451 0 149,451 77,881 3,212 81,093
4 | Sulfur hexafluoride 15 46,701 0 46,701 68,768 0 68,768
5 | Ammonium bifluoride 15 10,775 0 10,775 66,991 211,409 278,399
6 | Fluorosilicic acid 5 1,724 0 1,724 0 0 0
7 | Trifluoroborane 4 1,510 0 1,510 0 10,803 10,803
8 | Fluoroboric acid 5 519 0 520 6,042 1,684 7,726
9 | Fluazinam 3 47 0 47 0 427 427
10 | Sodium fluoride 12 32 0 32 20 79,086 79,106
11 | Disodium hexafluorosilicate 4 17 0 17 15 4,005 4,020
12 | Flusulfamide 1 0 2 0 210 210
13 | Dipotassium hexafluorosilicate 3 2 0 2 0 86 86
Total 202 929,933 515 930,450 4,217,269 | 11,340,640 | 15,557,909

* : Amount discharged directly after passing through the wastewater treatment facility within the place of business
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Table 3. Emissions of Fluorine-based Chemicals by Region®”(2020)

Number of | Place of business emissions(kg/year) Consignment throughput(kg/year)

No. Region substances river or Wastewater | Waste

emitteq* | AMOSPRer |y om Total treatment | treatment Total

1 Gyeonggi 8 560,377 35 560,412 2,845,501 1,258,986 | 4,104,487
2 Chungbuk 6 118,850 468 119,318 1,032,217 | 2,601,074 3,633,291
3 Chungnam 8 110,912 13 110,925 204,684 1,487,037 1,691,721
4 Gyeongbuk 5 25,090 0 25,090 108,819 5,833,940 5,942,759
5 Ulsan 7 56,133 0 56,133 19,950 91,390 111,340
6 Daegu 1 106 0 106 6,042 0 6,042
7 Incheon City 3 16 0 16 56 0 56
8 Gyeongnam 6 37,234 0 37,234 0 94 94
9 |Sejong City 1 8,984 0 8,984 0 43,954 43,954
10 | Jeonbuk 6 8,508 0 8,508 0 23,955 23,955
11 Jeonnam 4 2,366 0 2,366 0 0 0
12 |Gwangju City 2 755 0 755 0 0 0
13 Daejeon City 2 259 0 259 0 210 210
14 Busan City 1 346 0 346 0 0 0

Total 60 929,936 516 930,452 4,217,269 | 11,340,640 | 15,557,909

* Excluding the number of substances with no emissions after searching in PRTR (8 types)
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Table 4. Detected Concentrations of PFOS and PFOA in Main Rivers®”(2017 ~ 2021) (Unit: ng/L)
Main ) PFOS PFOA
No. ) Sites
rivers 2017 | 2018 | 2019 | 2020 | 2021 | 2017 | 2018 | 2019 | 2020 | 2021

1 HI ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
2 H2 ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
3 gjle’r H3 ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
4 H4 ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
5 H5 ND | ND | ND | ND | ND | ND | ND | 2287 | ND | ND
6 NI ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
7 N2 ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
8 N3 ND | ND | ND | ND | ND | 973 | 563 | 866 | 494 | 428
9 | Nakdong | N4 ND | ND | ND | ND | ND | 603 | 257 | 565 | ND | 93
10 River N5 ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
1 N6 ND | ND | ND | ND | ND | 622 | 288 | 239 | ND | 70
12 N7 ND | ND | ND | ND | ND | 580 | 412 | 362 | ND | 77
13 N8 ND | ND | ND | ND | ND | 384 | 329 | 459 | ND | 56
14 Gl ND | ND | ND | ND | ND | ND | ND | ND | ND | 54
15 Geum G2 ND | ND | ND | ND | 76 | ND | ND | ND | ND | 112
16 River G3 ND | ND | ND | ND | 54 | 5904 | 269 | 246 | ND | 52
17 G4 ND | ND | ND | ND | ND | 199.0 | 1540 | 1494 | ND | 10.1
18 | Yeongsan | Y1 ND | ND | ND | ND | 84 | ND | ND | ND | ND | ND
19 River Y2 ND | ND | ND | ND | ND | ND | ND | ND | ND | 53
20 /;T::::qg A ND | ND | ND | ND | 71 | 387 | 380 | 517 | 304 | 469
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Fig. 1. PFOS and PFOA detection sites by main rivers (2021).
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Table 5. Current Status of Fluorine-based Chemical Emissions by Sector of Industry®®(2020)

SrAtHY, 2Hed
Aom, AF A 14%E 47 QFolA AA) vlEe] 99.2%2] H
& F& AA AL AN, 47 FoF JFAlA AME-S
I e B 2T F 2% FE A=
FHRH HAREE AT ZAE AT = G QA FE B 1070 )]
4’ Eokell Al 60.1% HAE &3 dE T2 A FF Fol 697,
s}tEAd 500 5670, ‘1A FEAIZES 0] 3070, vl

5ol M2
570 FFolA 17871 JA(FE EEhHlA

B27 3

Place of business emissions

Consignment throughput

. Num.be.r of | Number of (kglyear) (kglyear)
No. Sector of industry emission | substances - Wastewa Wast
companies | - emitted | atmosphere Il\tlreerar?]r L] t;Zfr;V:n(ter treazti;:nt 1]
Manufacture of electronic
| | parts, computer, Image, 69 6 739,653 0 | 739,653 | 4,121,415 | 5,049,231 | 9,170,645
sound and communication
equipment
manufacture of chemicals
2 | and chemical products; 56 12 106,905 0 106,905 | 42,048 | 1,547,268 | 1,589,316
Excluding medicines
3 | Other machinery and 6 2 31,753 | 468 | 32221 | 28607 | 168,998 | 197,605
equlpment manufacturmg
4 Primary metal 30 6 15,318 13 | 15330 | 103 20149 | 20252
manufacturing
5 | clectrical equipment 7 5 11,369 0 | 11369 | 249 7 255
manufacturing
¢ | Manufacture of rubber 2 2 8,982 0 | 8982 0 20482 | 29482
and plastic products
Manufacture of metal
7 | Pprocessing products; 1 4 8,535 35 | 8570 | 8725 | 2419 | 32915
excluding machinery and
furniture
g | Manufacturing of non 12 4 6,034 0 6,034 | 16,122 | 4,489,885 | 4,506,007
-metallic mineral products
Waste collection,
9 | transportation, treatment 3 1 947 0 947 0 0 0
and raw material recycling
10 waterworks 1 1 300 0 300 0 241 241
Manufacture of
11 medical substances 1 1 86 0 86 0 10,584 10,584
and pharmaceuticals
12 Automobile and 4 3 52 0 52 1 606 607
trailer manufacturing
Total 202 47* 929,934 516 930,449 | 4,217,270 | 11,340,641 | 15,557,909

* The total of the number of substances emitted by sector of industry, 34 substances were emitted in duplicate
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Table 6. Emissions of Fluorine-based Chemicals by Sector of Industry and Substance (2020)

Sector of
Industry | 1 2 3 4 5 6 7 8 9 10 11 12 Total
Substance
1 o o o o o o o o o [ 10
2 { o o o o o 6
3 o o o 3
4 o o o o o o o 7
5 o o o o 4
6 o o o 3
7 o o 2
8 ® o 2
9 ® ® o o 4
10 { 1
11 o o 2
12 ( J 1
13 o o 2
Total 6 12 2 6 5 2 4 4 1 1 1 3 -

*Classification of substance and sector of industry

No. Sector of industry Substance name

1 Manufacture of electronic parts, computer, image, sound and communication equipment | Hydrogen fluoride

2 | manufacture of chemicals and chemical products; Excluding medicines Ammonium bifluoride

3 | Other machinery and equipment manufacturing Perfluorocarbons

4 | Primary metal manufacturing Hydrofluorocarbons

5 |electrical equipment manufacturing Sodium fluoride

6 | Manufacture of rubber and plastic products Sulfur hexafluoride

7 | Manufacture of metal processing products; excluding machinery and furniture Trifluoroborane

8 | Manufacturing of non-metallic mineral products Fluoroboric acid

9 | Waste collection, transportation, treatment and raw material recycling Disodium hexafluorosilicate
10 | waterworks Fluazinam

11 |Manufacture of medical substances and pharmaceuticals Flusulfamide

12 | Automobile and trailer manufacturing Dipotassium hexafluorosilicate
13 Fluorosilicic acid

F71=2H 3, 31(2), 2023
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7} 6=, Sodium fluoride®} Disodium hexafluorosilicate
7t ZF 452 AFolA HiEH AL ATk

A= | E&7Fo] -2 Hydrogen fluoride, Ammonium
bifluoride, Hydrofluorocarbons, Perfluorocarbons, Sodium
fluoride 22 3}st=2Eo] TheFdt J54 o2 A
Holl A MiEHEA Fa FAS oY A2 A
AR08 FUHI o] 4 F PFOS2} PFOAS]
A7 T Y9FE HAE o Avdn)

Table 7 A= 24 Al - &= AGERZ vjEHE &
27 sEEd A9 AR HEEe A9
& AT v 1570 394 - = T A
27 Y AYL B4 ssEd wjEFo] §lof
Tableol| A A|2JetAoH, 2+ A oA HilEH= =
A e d3e BHH Ar|ep FEelA 8%,

=kl A 7, FEI AR, A 635, BElA
5%, Aol 452 B4 E0] viEHa Sl ©
Ak 4 AR, A I AY9e IARA
A=A 7e] PFOSe} PFOA7F &= 4
= FAGEHeZ B o T3 2| Yol
bl Al AaFFo] 7|2 wiEEHI YRS
&t eAlolA HEE= PFOS 5! PFOAS]
Sof] FaFs vE FF ofyUth
Hydrogen fluoride= 147 ¥i& A4 & 137] A|Y
oA FHESA wlE&E 2L 3L Hydrofluorocarbons
= 878 A, Ammonium bifluoride-& 771 A<, Sodium
fluoride= 67 A4, Fluoroboric acid7} 57§ X & ol A
HZE A o] EHE2 A% F8tEd vjEFol

Ha 7E oo Ao LS HiEH

N o
Frak o
of o% o2 K st oy

e
i of

Table 7. Emissions of Fluorine-based Chemicals by Region (2020)

i Regon| 1 9 | 3 | 4 | 5 |6 |7 |8 |9 |10]| 1| 12]13]1u4]To
1 e &6 o o o o o & o o o o o 1
2 e o o [ e o o o 8
3 o o o o o o ® | 7
4 e o o [ ® o 6
5 ® o ® | © o 5
6 e o o [ 4
7 e o o [ 4
8 ® ® o 3
9 o o o 3
10 o L ® 3
11 [ L 2
12 [ J 1
13 o 1
Total 8 6 8 1 2 5 1 6 1 7 6 4 2 3 -
¥ Classification of substance and region

No. Substance name Region No. Substance name Region

1 Hydrogen fluoride Gyeonggi 8 Fluorosilicic acid Gyeongnam

2 Hydrofluorocarbons Chungbuk 9 Trifluoroborane Busan

3 Ammonium bifluoride Chungnam 10 Dipotassium hexafluorosilicate Ulsan

4 Sodium fluoride Sejong 11 Fluazinam Jeonbuk

5 Fluoroboric acid Daejeon 12 Flusulfamide Jeonnam

6 Perfluorocarbons Gyeongbuk 13 Dipotassium hexafluorosilicate Gwangju

7 Sulfur hexafluoride Daegu 14 Incheon

J. of KORRA, 31(2), 2023
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Table 8. Characteristics of Emissions of PFOS and PFOA Detection Regions and Fluorine-based Chemicals (2021)

Main ‘ . Em|ss‘|on SOUrce | - ions Detection item(ng/L) Related sector
No. Rivers Sites Region aquatic area of (kg) of indust
e ) PFOS PFOA ry
H1 N.D N.D
H2 N.D N.D
Han . Icheon City, Semiconductor,
1 H 24 N.D .D
River 3 Gyeonggl Paju City 3,909,5 N Display
H4 N.D N.D
H5 N.D N.D
NI Jeungpyeong-gun, N.D 5.39
Jincheon-gun,
Cheongju City, Chemical
Geum N2 SS'}:) ingkzjulk, Sejong City, 7.55 11.22 substance,
2 .u J. e ‘.[y’ Daejeon City, 4,223,607 Semiconductor,
River Daejeon City, . .
N3 Chungnam Gongju City, 5.39 5.20 Display,
Geumsan-gun, Metal powder
N4 Nonsan City, ND 10.11
Cheonan City
N5 N.D N.D
N6 N.D N.D
N7 Yeongju City, N.D 42.79
Nakdong N8 Gyeongb}lk, GL}mi City, ND 98 ]?isplay,
3 . Daegu City, Chilgok-gun, 5,972,697 Semiconductor,
River Gl N.D N.D .
Gyeongnam Dalseong-gun, Electronic parts
G3 N.D 7.72
G4 N.D 5.62
Yeongsa_n Y1 . . 8.35 N.D
4 . Gwangju Ci Gwangsan-gu 755
River Y2 & v gsang N.D 5.29
Anseong City,
. Yongin City,
Gyeonggi, .
5 Anseong A Some areas in Pyeongtack C'1ty, 618,426 7.11 30.44 Semiconductor
Stream Chunenam Hwaseong City,
& Some areas of Ansan
and Cheonan
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