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ABSTRACT

Objectives: In this study, we investigated the biodegradation rates of 8 perfluorooctanesulfonate (PFOS)
alternatives synthesized at the at Changwon National University in comparison to those of PFOS potassium salt
and PFOS sodium salt.

Methods: A biodegradability test was performed for 28 days with microorganisms cultured in the good
laboratory practice laboratory at the Korea Environment Corporation following the OECD Guidelines for the
testing of chemicals, Test No. 301 C

Results: While C;HgF;SO;K, CgF;SO;K and CgF;SO;Na were not degraded after 28 days, the 3
alternatives were biodegraded at the rates of 31.4% for CgHgFySO;K, 25.6% for C,HgF3SO;K, 23.6% for
C,sF17H3,S;03Na3, 20.9% for CsFoH,,S,05Na, 15.5% for Cy3F 1sH,5S,05Na, 8.5% for C;FoH,5S,05Na, and
4.8% for C4HgFsSOs;K. When the concentration was the same(500 mg/L), C,;F sH25S,05Na, had the lowest
tension with 20.94 mN/m, which was followed by C,sFsH,;S,05Na, (23.36 mN/m), C,,FsH,5sS,05Na, (27.31
mN/m), C,sF;H3,S;0,5Na; (28.17 mN/m), C,,HgF5SO;K (29.77 mN/m) and CgHgF,SO;K (33.89 mN/m).
Having higher surface tension of 57.64 mN/m and 67.57 mN/m, respectively, than those of the two types
of PFOS salts, C¢HgFsSO;K and CsHgF;SO;K were found valueless as substitute for PFOS.

Conclusion: The biodegradation test suggest that 6 compounds could be used as substitutes for PFOS.
CyxFsH5S,05Na, and C5FoH,,S,05Na, were found to be the best substitutes based on biodegradation rate
and surface tension, followed by CsF;H3,S;0,3Na;, CgHgFoSO;K and C,,HgF3SOsK. C;FoH,5S,05Na, was
found to have relatively low value as an alternative but it still had a potential to substitute the conventional
PFOS.
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I. Introduction
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II. Materials and Methods

1. AEEE

VAR ES Fh g AEsr 2 A7
o4 343 potassium salt FENS] PFOSS! CgF,,S0:K
(A 538.22)F ol¢} #AHE 459 dAEA
(C1oHsF3SOK(EAFE 494.31), CHsFoSO;K(EAMH
394.30), CoHgFsSO;K(EAF 294.28), CsHgF;SO5K
(A% 244.27)), sodium salt FEj2] PFOSS!
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CF1,SOsNa(EAF 522.11) o9} #HEH 459 o)
AEA (Cy5FoHy S;0sNay A 610.42), C,7FoH,sS,05Na,
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III. Results
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Table 1. BOD and ThOD? of PFOS® potassium salt and PFOS’s alternatives

. BOD" (mg/L) ThOD
Chemical
7 day 14 day 28 day (mg/L)
Test substancestDW? 0.0 0.0 0.0
PF.OS CsF;SOsK 23.1£0.5 25.0£0.2 27.0+0.6 0.2230
potassium salt
C,oHgF5SO5K 35.3+0.8 47.5£1.5 52.0+1.7 0.5664
PFOS CgHgFoSO;K 37.6£1.6 46.5£1.5 57.2+3.1 0.6290
alternatives C¢HgFsSO;K 31.5+£2.0 36.7+1.4 41.0+1.7 0.7340
CsHgF;SO;K 27.8+1.8 30.7+£2.0 33.0+£1.4 0.8188
Blank 30.0 342 37.5
9Theoretical Oxygen Demand
PerFluorOoctane Sulfonic acid
“Biochemical Oxygen Demand
YDeionized water
Table 2. BOD and ThOD® of PFOS® sodium salt and the PFOS’s alternatives
) BOD® (mg/L) ThOD
Chemical
7 day 14 day 28 day (mg/L)
Test substancestDW? 0.0 0.0 0.0
I.)FOS CgF1;SO;Na 6.9+0.9 16.8+3.1 27.4+1.7 0.2452
sodium salt
C,sFsH,,S,04Na, 20.6+2.0 42,7422 55.0+£2.1 09174
PFOS C7FsH15S,04Na, 19.9+2.0 31.1£2.2 44.542.1 1.0275
alternatives Cy3F 5H,5S,05Na, 18.8+1.6 35.242.0 49.842.3 0.9044
C,sF7H3,S;0,3Na; 26.5+1.5 40.2+1.5 56.3£1.8 0.8555
Blank 13.2 24.1 358

9Theoretical Oxygen Demand
PerFluorOoctane Sulfonic acid
“Biochemical Oxygen Demand
9Deionized water

£ E3 A% Hg BODE 743l 27.8 mg/L,
142219 30.7 mg/L, 28¥3tl 33.0 mg/LolAtt
(Table 1). o]} 7o) gelE BODE EUZE W&
Ealle-S Akl £ A3 potassium salt FENS] PFOS
ol C4F;SOK tAIEZ % CHgF;SOKE 28Y
e E3l7E A o] FoRA] ek Ao R FRIE
ok B3 CeHgFsSO:Ke] PIAERa &2 7YX}
2.0%, 144zt 3.4%, 28Uxloll 4.8%= 7o) Eal
=2 v AR RIS v CgHgFySO:Ke]
nAEEFH S-S 7dxt0] 12.1%, 149310 19.5%,
289k 31.4%=2 7HY =2 E8&S JeRIA
CioHgF 3SO:KS] PIAER3&S 78l 9.3%, 14
Uxtoll 23.4%, 28Uz} 25.6%2 F HAR T2
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AlES 2 Qe FoE SRIEITH(Table 3).

PFOS sodium salt 15:(CsF,,SO;Na)3} o9} #&
% 459 ‘:Hiﬂ%;g(clsFOHzlSzoxNaz, C7FgH,5S,05Na,,
Cy3F 1sH55S,04Na,, C25F17H3253013N33)T% doez gk
eI oA xEd] obdde] 7Y}
149 x}e] PERNES 22 73.7%2 83.6%°131
ow A@EAe] ¥ 7+ BOD ¥sAlTe A
18%, A8 F5 A1AA 28U Fof| mAET FJ5t
A1&H (blank)?] BODE 358 mg/LE OECD TG
301 CellM AAlskaL e 379 848 20s
B 2]

Sodium salt FE|] PFOSS! CsF,SONas F
St 4% o BODE= 793 6.9 mg/L, 1443}
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Table 3. Biodegradation rates of PFOS? salt and PFOS’s

Table 4. Surface tension of PFOS* salts and PFOS’s

alternatives alternatives
- — :
Chemical Biodegradation (%) Chemical Sut'fac?\I ;enslon
7 day 14 day 28 day (mN/m)
PFOS salt CgF17SO:K 0.0 0.0 0.0 PFOS salts GsF1sSO:K 42.15 (STD : 0.05)
S CFSONa 00 00 00 CiFiSONa 4618 (STD) : 0.10)

CsHsFoSO;K 12.1 19.5 314
C,oHsF1380;K 9.3 234 25.6
CysF;H3S;03Na; 155 188 23.6
PFOS C,sFoH,,S,04Na, 8.1 202 209
alternatives C,,F gHS,0sNa, 6.2 122 155
C7FsHa5S,05Na, 6.6 6.8 8.5
CsHsFsSO;K 2.0 34 4.8
CsHsF;SO:K 0.0 0.0 0.0

9PerFluorOoctane Sulfonic acid

16.8 mg/L, 28Uxlll 27.4 mg/Lelth ANFEL L
FABIA %= F(blank)e] ¢ BODE 7=}
13.2 mg/L, 1443}l 24.1 mg/L, 28U =}o)| 35.8 mg/
Lo]ﬁj\l:}_ C15F9H218208Na2§ “IE‘%]'@' 761“?“ BOD= 7
Ax}ol] 20.6 mg/L, 1443}l 42.7 mg/L, 28U X}l
55.0 mg/LolAT}. C,FsH,58,0Na, S F93 3%
BODE= 721 19.9 mg/L, 1423 31.1 mg/L,
28U}l 445 mg/LOIAT}. CyF sH,8,05Na, S
I3 7S Hi BODE 793k 18.8 mg/L, 14Y
2o 352 mg/lL, 289Ut 49.8 mg/Lo| A Th
CosF ;H5,S;03Na; 8 F9U3 4% 3+ BODE 7¢
21ol| 26.5 mg/L, 142310l 40.2 mg/L, 28U}l 56.3
mg/Le] AT} Table 2).

ol¢} 7o) EolE BODE EWZE mHEE &S
AArs] B A3 sodium salt FE|S] PFOSQ]
CsF1;SONa2 28 5ot Eall7F 3 o]Fojx]%]
X2 Aoz I, v C25F|7H3283013Na39]
A& 23.6%= WA E%O™ Cj5FoH, S,05Na,
I CyF 5H5S,05Na,9] #3082 242t 20.9%, 15.5%
1 AR IRIFATE CpFoH,sS,04Na,0] 23l &2
8.5%= JtF oz S|k PFOS sodium salt 2

= F2 S UEMIITH(Table 3).

IV. Discussion
OECD Guidelines for the testing of chemicals,
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CyF sHyS:0iNa, 20.94 (STD : 0.12)
CysFoH,,S,0Na,  23.36 (STD : 0.15)
C1FoHysS,00Na,  27.31 (STD : 0.32)

PFOS  CusF;H,,8;0,:Na; 28.17 (STD : 0.19)

alternatives  C,HyF,;SO;K 2977 (STD : 0.13)
CyHgFsSO;K  33.89 (STD : 0.07)
CHFSO:K  57.64 (STD : 0.15)
CHyF;SO:K  67.57 (STD : 0.13)

YPerFluorOoctane Sulfonic acid

Test No. 301 Coll wha} 28 F<F v]AYEE|AH
S 33k A3} potassium salt 2 sodium salt S E|
91 PFOS(CsF1;SO;K, CsF,SO;Nay= tF2 A747}
of MR Eefl7F e o] FolAA] U
g Al=Z Foll PFOSI Hlal ©4E 37, 245
147] Fo] EAFS Ay ooz A
CsHgF;SO:K= E3l|7F A3 o]Fox]#] ¢kokt}. vt
W EAE o SR g4 PFOSSE SUsHA
TR CHgFsSOsKE] w3l &-0] 31.4%% 7HE =
o BAE ) £ BEAE HE SR
A2 PFOSeF A9 FARHA 7218k C\oHgF 5S0:K
o] Eal&S 25.6%% T WAR =k il g
A 45 PFOS Rt} 2v) o)} 58], B4 = 4

TR Zo|AY A8 s FAISEA
&S Uk Ci5FoH,1S,05Na, CpF 5H,5S,05Na, Y
CysF17H3,8;01:Na;2] 28Y E3ll &2 15.5~23.6%=
Tha ARk wjg ol o3k a7t 9 i ol F
A= Zo® RIS ]9 2 n=EalA
Y Ads FHHeE AusEH =4 PFOS
Hjal Ayl FFo % Zolrgte A UM
FABAY S7HA12] oA EE o] EafiAd o] A A 2
2 =2 Aow FoLr}.

EWAES SAAE A3 500 mg/l FEOAA]
PFOS potassium salt 3 sodium salt(CgF,SO;K,
CsF1;S0;Na)e] EHAE-2 7H2f 42.15 mN/m, 46.18
mN/m% M= A3E Ak YT FE(500

RU

r o

RN
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Z&0l - Liss - &F8 - MS4 - SEH - FHME 117
mg/L)o AT CypF sHpS,04Na,2] X AH L 2094 References

mN/m=Z AEE o) 7PF 22 Aoz 35
t}. o]e} 7+ A= potassium salt(CgF;SO5K) 2
sodium salt(CgF,,SO;Na)°ll HI&] Z+z2}F 50%, 45% U
o FARAHEE Zt7 LS om I EI
C5FoH,,S,04Na,2] THAEL 23.36 mN/moZ F
HAZ 58 oz FAHJY, oz e
C17FoH5S,04Na,(27.31 mN/m), CysF;;H3,S;0,5Na;3
(28.17 mN/m), C,HgF,sSO5K(29.77 mN/m), CyHF,SO5K

(33.89 mN/m) <=o|%lth. HHMA  CHgFSOK 3
CsHyF;S0:K 9] EAEL 717k 57.64 mN/m, 67.57

mN/me.E PFOS salt BT} Zo} A& 2 &83}
71E oj#]E Ao g AIETKTable 4). 479} 7S
HAEEA P FUAESH A5 T A
B PFOS KU} So|dals Bhisl ExjErs =
d FFEoR FASAY F7MZ tiAEZe] Ho
2 AFEAAE Uele Bo= ERIEUTH

olNru

V. Conclusions

8% 9] &2 % 65 (CxF 3HyS,05Na,,
CisFoHyS,:05Na,,  CosFisH3,S;013Na;.  CgHgFySO5K,

C10H8F13SO3K’ C17F9H258208N32)% 28??]- %?—} UVg
E537}F 4.8% o) o] FoA X, EHAAHEE PFOS
salts BT} H& 20% o) £& 7oz Felgle
B2 PFOS HHEAZE 243 7P Yoty &
szleHzxszoxNar"]' CISF‘)H215208Na2L—
ul*@%%éﬂ%ﬂ Z¥z} 15.5%, 20.9%= Y3 &1,
A% 7FzF 20.94 mN/m, 2336 mN/m= A4
gAEZZ &8 7Fsdo] wig E=oa &
ST WHH CHFsSOK}F CsHgF;SO;Ke] 4
2%2] PFOS salts Ht}E o} 283} 7154
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