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WA, FHOE- B0l VS S THA, AUE ASYAA, FEAY, FT] A5
So wHglsbl AR ET itk ol 2o PFOS & A1 8ot Au BER ke
ZPRI7E QAIRE 4 BelEAl ki, 87 Ei A Uold e JI3F Agste HoR
reiA] eh(L.2).

Rat & o] ¢ 44 A

PFOS =L+ 6.06ng/ml o|z}t
o]g{gt 0]85-2 PFOS = 2009 Ha AdetoA 2 255539 Al 4 AL
AL £3]0|A] Persistent Organic Pollutants (POPs)2 SAN7F - EQ1, FAM=ZEE9]
OALH7IME AA 20109 84 26 YRR FA] LEEATH L2yehs 20119 44
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A=A 2 Add AEe g Ao g PFOS A=A

4 Z(C15F9H21S208Na2 (At 610.42), C17F9H25S208Na2 (At 638.47),
C23F18H28S208Na2 (A 884.54), C25F17H32S3013Na3 (At 1028.65))1t
Sodium Salt FEjQ] PFOS Q1 C8F17SO3Na(=Ats 522.11)0f thsHA] AA]ot T,

2. AldYR 3 ojAdE

o2
o

0|2 E3A| B OECD Guidelines for the testing of chemicals, Test No. 301 C o] wha}t
AA|BHATE

Ao AMgE T|BE2 A=o] TAlsteA e, A2y, 4, 34 2 bt &
1071 A7 dolA AFste] 170E ol sh=etd 5t njsui A oA viYgst RS

Ahgstoict.

3. A7
Al@AHH| = OECD Guidelines for the testing of chemicals, Test No. 301 C of] A=
Al et ojERdles 582 + =5 7igE OxiTop Control(OxiTop Control

100, WTW)2 AHE-5HAH. OxiTop Control 2 AHd Ay W 4o ¥ists Edi=

Biochemical Oxygen Demand (BOD)& AlA|Zto 2 EAXSE 4 9l XH| 2 Al
F81E, 74 HEED, ¥ AR Fo8 AJEfo] ot

4. 0] =AY

PFOS Sodium salt 1 £(C8F17S0O3Na)x} tiAl=4A 4 % (C15F9H21S208Na2,
C17F9H25S208Na2, C23F18H28S208Na2, C25F17H32S3013Na3)o] thsh

o] = EoliAlg & AAlsHA .

1 HEE~5 Y o= 559 AlF=%(C8F17SO3Na, C15F9H21S208Na2,
C17F9H25S208Na2, C23F18H285208Na2, C25F17H32S3013Na3)E <Aoo 2 z+zt
0.015g % 22 & Zo|24 150ml 3 FAUsHA

6 HEH~20 HYol= 559 A=A (C15F9H21S208Na2, C17F9H25S208Na2,
C23F18H28S208Na2, C25F17H32S3013Na3) Ztztof] tjsf «At5 oz 37§9] ¥tE 15
A, 2 Al 4] AlgE2S 0.015gA 22 s 100 mg/DA E2 =
7| ZHFAR 1.8ml, ©o]&4 143.64ml, 0= 4.56ml(0]A= == 30ppm, U=
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A5 9.9mg)s FUsIAH. 21 \iol= u|d=9 JEIE &elst?] #ste tiaedQl
opbd = (CBH7N, 99.6%, Sigma-aldrich) 0.015g(100 mg/1)7 7] Z8]FoR 1.8ml, ©o]4
143.64ml, UJAQ2 4.6ml S FYstct 22 Yo 5 £0] AP 2A1l0] 2RSS
vl wal7] sl 7] Ru ol 1.8ml QF o] 24 143.64ml, 0]A82 4.56ml & ZUstct.
ole} o] FulH 22719 Al FA HEEZ AE & WHIAIARL 9o
2o oY) Wo 28 Y ¢ Ho] £ viYgY] WY 2%+ 24.9°C~25.1°C, pH &=

A2 A Rl&(%)S Alitsts 92 v 2o
0 EE512(%)= (A @=22] Biochemical Oxygen Demand (BOD))/(A]|@ =42
Theoretical Oxygen Demand (ThOD)) x 100
AlFE729] BOD & thait #Zol Alikstict.
Ald=2749] BOD(mg/l) = (ZF A=A 371 BFE+19] <+ BOD (o] : (6 ¥1¥ BOD + 7
BOD + 8 ¥i¥§ BOD) / 3)) - (1 ¥1¥§ BOD, 2 ¥1¥§ BOD, 3 ¥ BOD, 4 ¥ BOD, 5 ¥
BOD z42}) + 22§19 BOD)) / 249 AlgE2 &
ChzE8789] BOD & C}gu o] AXIsHY
ojx2729] BOD(me/l) = (21 ¥ BOD - 2% BOD) / t)x279] 55
NP2 E& AR ThOD & ch3 2o Astsict
CcHhFfNnNanaOoPpSs
ThOD(mg/1) = 16(2c +1/2(h-f-3n)+3s+5/2p+1/2na-0) / EX}zF
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Elin
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= xte} 14 Uk} B82S 247t 73.7%, 83.6% 2 2 HALO|A ArLst
3 SQISHATHT YR 40% o], 14 LRH: 65% ol ol n]4y2o)
NEl= AJAF, OECD Guidelines for the testing of chemicals, Test No. 301 C of] HA|H
T7]%E). Sodium salt FEJS] PFOS Q1 CgF1;SO3Na & £U3H 49 B+ BOD =

7 Axto] 6.53 mg/l, 14 LAto] 17.60 mg/1, 28 AXtof| 30.57 mg/l 2 Ut} Ald=4S
FASHA] %= « (Blank)9] 4% BOD & 7 DAto| 13.20 mg/1, 14 LAt 24.10 mg/1,
28 A&tof| 35.80 mg/1 7} yrgktt. CsFgHyS,08Na, & £AsH 42 BOD = 7 YAt 20.60
mg/1, 14 Axtof] 42.70 mg/1, 28 L&tof] 54.97 mg/l 2 Uth CyFgHyS,08Na; & FUSH
74 "©4 BOD = 7 AXtofl 19.90 mg/1, 14 4Xto]] 31.10 mg/1, 28 LX}o]] 44.53 mg/1 =2
LI}, CpsFigHpsS,0sNa, & FUSH 749 H+ BOD = 7 €At0] 18.83 mg/1, 14 LX}o]]
35.20 mg/1, 28 AA}o] 49.80 mg/l 2 LT}, CpsFi7H3S5013Nas & Fust 48 H+t
BOD = 7 d&}of 26.53 mg/1, 14 A &}tof 43.10 mg/1, 28 L Xtof] 56.30 mg/1 & LT
(Table 1).
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Table 1. Results for the BOD and ThOD of the PFOS alternatives and PFOS

Sodium salt

BOD"(mg/L) ThOD?
)
Chemicals
7 day 14 day 28day (mg/L
)
Test Substances + DW? 0.0 0.0 0.0
Average + SD? (CgF17SO;Na, 17.60 + 30.57 +
6.53 + 0.06 0.2452
PFOS®) 0.10 0.25
Average + SD 20.60 * 42.70 + 5497 +
0.9174
(C15F9H,;S,05Nay) 0.30 0.20 0.35
Average £ SD 19.90 + 31.10 4453 +
1.0275
(C17FgH,5S,05Nas,) 0.90 1.10 0.15
Average + SD 18.83 + 35.20 + 49.80 + 0.9044
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(ngFlgHZSSZOgNaz) 0.35 0.30 0.20
Average = SD 26.53 £ 43.10 £ 56.30 £
0.8555
(C25F17H3283013Na3) 0.55 0.40 1.00
Blank 13.2 24.1 35.8

1) BOD : Biochemical Oxygen Demand

2) ThOD : Theoretical Oxygen Demand

)

)
3) DW : Deionized Water
4) SD : Standard Deviation
)

5) PFOS : Perfluorooctanesulfonicacid

o2l AtEAel ot &
CsF17SOsNa &= ofo]q{ A Zro=z 28
ch. CisFsHz1S,0sNaz ] 0]
20.9%%1 7oz IEQlct. CyFsHysS;0sNa;, 2] O]
6.8%, 28 URto] 8.4%%1 7102 QIE ATt CpsF1gH;S,0:Na; 9] 0]

Q1w K Table 2).
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7} Sodium salt FEQ] PFOS QI

Sli7F A5 o] ol XA] AQIThaL HT 4
ofl-go 7 Uzl 8.1%, 14 Yxol| 20.2%, 28 LA}
sHe2 7 ARl 6.6%, 14 LXtO

AEd

d=2ol&2 7 LRl
14.7%, 14 Lol 21.0%, 28 LRFOl| 22.6%Q1 02 SHIE| AT}, CysF17H3S5015Nas 2]
odEola 7 LRl 15.5%, 14 LRI 22.2%, 28 LA 23.6%%0 o=

Table 2. Results for the Biodegradation of the PFOS alternatives and PFOS Sodium

salt

Biodegradation(%)
Chemicals

'/ day 14 day Z28day
CgF1;S0sNa (PFOS')) 0.0 0.0 0.0
C15FgH,1S,08Na, 8.1 20.2 20.9
C17F9H25S,06Nay, 6.6 6.8 8.4
CosF1sH28S,08Nay 14.7 21.0 22.6
CysF17H3,S3013Nas 15.5 22.2 23.6
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1) PFOS : Perfluorooctanesulfonicacid

O] Ewoll7F o] Fo]X|= Aoz =Rl 4 F°] PFOS A= Zrzto] tigh 24
0=S Basto] A7 LEL sQlst At CisFgH,S,0sNay = Pandoraea oxalativorans

4! Ralstonia solanacearum 1t ZYZ} 99%, 96%2] 454 UERASICH

Elin

C17F9gH25S,0¢Nay = Flectobacillus roseus % Sphingomonas echinoides 1t 7+2F 99%29]
A8 UERY T} CyF1gHsS,08Nay = Dyadobacter fermentans X Pseudomonas
umsongensisi’} 7—|]'7—]|' 100%9] ’g}%’é% L}E’HHS’JD} C25F17H3283013N33% Bacillus

cereus ¥ Achromobacter denitrificans 3t 2¥2; 99%9] Ab=A-S UERYQITH

Fig. 1. Separated bacteria strains from Perfluorooctanesulfonicacid (PFOS)

alternatives

Chemicals Strains Colony

(1) Pandoraea oxalativorans
Ci5F9H,1S5,08Nay .
(2) Ralstonia solanacearum

(3) Flectobacillus roseus
C17F9H25S,08Nay _ ..
(4) Sphingomonas echinoides

CasF18H2S,08Na  (5) Dyadobacter fermentans

2 (6) Pseudomonas umsongensis

(7) Bacillus cereus
CosF17H32S5013N
(8) Achromobacter
as
denitrificans
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Sodium salt FEjC] PFOS Q1 C8F17SO3Na &= 28 4 &9t A5 Eolj7} o] Fo]X|A] 42
7oz selErt Bas 3u] AR Solu, B4 177) £ 18712 Ao 27 9x|g
C23F18H28S208Na2 °F C25F17H32S3013Na3 9] n|E&ol& 2+2f 22.6%, 23.6% =
FUdor 7H =0T O gEor2E HaWA £5 15712 59]il, 2A4AYA &5
97 = &9l C15F9H21S208Na2 9] n|E&dcl&o] 20.9%= £ttt PFOS 7} AHEA,
d27d, ERd 50 &4 542 #v ot U J7] giwolt. FY¢el

=T (500 mg/1)o|A] EHAZEAA(KSV sigma 702, scientific)S o]8sto] RHAIEH S
EX6E A1t 4 £9] PFOS A2 20.94 mN/m ~ 28.17 mN/m 2 & ¥H PFOS
Sodium salt @1 C8F17SO3Na & 46.18 mN/m & Uttt Abrz|et e A|ldZ2 s
FUR0R 2okl 2 of vl Eahgo] 20% ol oz sHolH 35
=A(C23F18H2808S2Na2, C25F17H32013S3Na3, C15F9H2108S2Na2)2 PFOS
dA=2 249 &8 7FsAdol =t |Hgh SHATE PFOS 9] tiAlE2 = 4-82tst]
o= 854 A AA=A, FAIE ol tigh &A1 A4 BoE o
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