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Abstract

The objective of this study is to investigate the emission characteristics of 13 perfluorinated
compounds (PFCs) from wastewater in Busan. The 310 samples of wastewater were classified as 9
industrial categories. All samples were analyzed by liquid chromatography tandem mass spectrometry
(LC-MS/MS).

PFCs concentration of wastewater was in the range of ND~3.518 ng/L for PFBS, ND~0.732 nug/L for
PFHxA, ND~0.406 pg/L for PFHpA, ND~2.516 pg/L for PFHxS, ND~1.12 pg/L for PFOA, ND~33.292 ng/L
for PFOS, ND~19.418 nug/L for PENA, ND~0.315 pg/L for PFDA and ND~0.018 ug/L for PFUdA. Among
13 PFCs, PFDoDA was detected in only one sample and PFDS, PFTrDA, PFTeDA were never detected
in this study. The highest detection rate in wastewater was PFOA, and the highest detection
concentration was PFOS. In Particular, PFCs concentration was generally high in wastewater related
to plating, painting and waste consignment.

These results suggested that continuous monitoring of PFCs is needed in wastewater by emission
facilities.
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Table 2. Physicochemical properties of PFCs

Group Compounds CAS Number Molecular Formula (:;Iml)'l) Wate(;zt;ll_l;bility A(‘;E:)y
PFBS 375-73-5 C4HF903S 300.1 - 0.14
Perfluoro-
alkane PFHxS 355-46-4 C4F9SO3 400.1 7.59 0.14
sulfonates PFOS Various CeF1,S0s 500.1 - -3.27
(PFASSs)
PFDS - Ci0F21S03 600.1 - -
PFHxA 307-24-4 CsF11COOH 314.1 2.95%10 0.84
PFHpA 375-85-9 CelF13COOH 364.1 - -
PFOA 335-67-1 C7F1sCOOH 414.1 3.4x10° 2.5
Perfluoro- PFNA 375-95-1 CgF17,COOH 464.1 1.8x10™" 0.52
carboxylic acids PFDA 335-76-2 C19F19COOH 514.1 2.8x10™ 2.606
(PFCAS) PFUdA 2058-94-8 Ci0F2:COOH 564.1 1.5x107 3.128
PFDoDA 307-55-1 CiiF23COOH 614.1 7.59%10 -
PFTrDA 72629-94-8 C12FcCOOH 664.1 - -
PFTeDA 376-06-7 Ci3F2,COOH 714.1 - -
Table 3. Analytical conditions of LC-MS/MS
Items Conditions
LC-MS/MS SCIEX Qtrap 5500
Column Fusion RP(50mmx2mmx4jim)
Column Temperature 40°C
Flow 0.30 mL/min
Injection Volumn 20 uL
lonspray Mode ESI(negative)
lonspray Voltage 4500V

Mobile Phase
0
5

Time (min)

Solvent B (%)

Gradient

A : 5mM Ammonium Acetate with 0.02% Formic Acid in water, B : MeOH
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Table 4. MRM for target compounds
Compounds Parent ion Product ion RT DP (volts) CE (volts)
PFBS 299 80, 99 2.56 95 52, 40
PFHxA 313 269, 119 2.63 45 14, 28
PFHpA 363 319, 169 2.73 55 14, 26
PFHxS 399 80, 99 2.74 75 76, 68
PFOA 413 369, 169 2.86 10 16, 26
PFOS 499 80, 99 3.09 50 96, 84
PFNA 463 419, 219 3.10 50 16, 26
PFDA 513 469, 219 3.41 50 18, 26
PFUdA 563 519, 269 3.81 30 18, 28
PFDS 599 80, 99 3.80 110 114, 108
PFDoDA 613 569, 319 4.26 90 20, 28
PFTrDA 663 619, 169 4.76 70 20, 36
PFTeDA 713 669, 169 5.24 80 20, 38
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Fig. 2. Proportion by administrative district on
industrial wastewater used in this study.
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Table 5. Total Content of PFCs from industrial wastewater in Busan

Criteria(pg/L) Concentration(pg/L) oA
Compounds = S ol 3. Ut o Mean Range .:.:;—
FRAPIE == i =2 -
PFBS - - - - 0.034 NDY~3.518 77
PFHxA - - - - - - 0.019 ND~0.732 183
PFHpA - - - - - - 0.008 ND~0.406 107
PFHxS 0.48 - - 0.07 0.6 0.3 0.035 ND~2.516 82
PFOA 0.07 0.07 - 0.56 0.2 0.3 0.019 ND~1.212 228
PFOS Ong, &) O, @A) - 0.07 0.6 - 0.309 ND~33.292 78
PFCs PFNA - - - - - - 0.065 ND~19.418 23
PFDA - - - - - - 0.002 ND~0.315 12
PFUdA - - - - - - ND ND~0.018 2
PFDS - - - - - - ND ND 0
PFDoDA - - - - - - 0.000 ND~0.009 1
PFTrDA - - - - - - ND ND 0
PFTeDA - - - - - - ND ND 0

Y ND : Not detected
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Fig. 3. Concentration of PFCs in industrial wastewater Fig. 4. Concentration of PFCs in industrial wastewater

derived food and beverage industry.
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Fig. 5. Concentration of PFCs in industrial wastewater Fig. 6. Concentration of PFCs in industrial wastewater

derived nonmetal manufacturing industry.
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Fig. 7. Concentration of PFCs in industrial wastewater
derived metal processing and plating industry.

derived primary metal industry.
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Fig. 9. Concentration of PFCs in industrial wastewater Fig. 10. Concentration of PFCs in industrial wastewater
derived transportation apparatus washing industry and

derived hospital.
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