2018,37(9): 1884-1894 K W K E Rz F R 201849 H

Journal of Agro-Environment Science

AP, A WY, WSO, AR AegUe SRR ST S P I BT O MR A O SR ]. ARME IR0, 2018, 37(9) 18841894
LAN Zhong-hui, ZHOU Meng, YAO Yi—-ming, et al. Sorption—desorption and leaching characteristics of perfluoroalkyl acids in soils[J]. Journal of Agro—Envi-
ronment Science, 2018, 37(9) : 1884-1894.

4 S5 R T 3 7E 438 o R B R O R W TR AT A A R
ZAPE, B B, Bl A

(LRI B2 5 TR B, TS Yead R S L MEA R T B S 3L IR %, KAt 3003505 2. R HLEh i Wi shols, Rt
300391)

O RIS R 4 B BRI (perfluoroalkyl acids , PRAAs ) 7E 1328 v 1 W% B A 052 % SR 74 , 43 1) A1) P4t 1 A v A 1
FESEE 5 BT T 8 PFAAs ZET] - 1S - (18 052 B At W R v e o 45 R SR W], PRA As 78 - 358 v 18 W2 B AL M £ 24 h I B REIA 5
A WA AR IR PRA As 78 1 358 v () W B A I SR 2R 49 4 Freundlich 57 (R?>0.900) , KA 1.44~282 2 [1] 5 18] - % PFA As 1)
W B £ 7 5 PR, ST A U S R 1) R B 8 0 P T A RUBE SR R, FLARE RS | R B Bl B -3 BT i R A0
T A LIS 3L () 52 ) - SRS PFAAS R B RE 77, AT SEBR 3R DT, M ik 97% 114 A 5% PFAAs AT 4k i 5 6 Bl ik S <, 138 X
PFAAs #FE BE TG0, Ik HH s ) S 4, SRR 28 BRAIR; PRAAS 76 L AR A+ A il T A W i 22 5, B Ak il
HPFAAs e R A0 /N T3] b R AR A LR RERS I8 PRA As (R0 AH X Ik 7 i 28 IO TRIR , X6 55 PRA A (1 3% B R R4 T [
G T A SoE bR R A A I O BE B R A - E T i 1 N IERS . DFRRRM, BT RGN A RE RS AR R BRI B,
Xof b K LA VA B XU

SRR AT AL TR 5 W FFT 5 At K s IR s Ve A VA LIS

RESES X783  XEMREE:A  XEHS:1672-2043(2018)09-1884-11  doi:10.11654/jaes.2017-1714

Sorption—desorption and leaching characteristics of perfluoroalkyl acids in soils

LAN Zhong—hui', ZHOU Meng’, YAO Yi-ming', SUN Hong—wen'’

(1.College of Environmental Science and Engineering, Ministry of Education Key Laboratory of Pollution Processes and Environmental Crite-
ria, Nankai University, Tianjin 300350, China; 2.Monitoring Center for Vehicle Emission, Tianjin 300391, China)

Abstract: To elucidate the sorption—desorption and leaching of typical perfluoroalkyl acids (PFAAs) with different chain lengths and head
groups on soils, batch experiments and soil-column experiments were conducted to investigate the sorption—desorption and leaching behav-
iors of seven kinds of PFAAs on fluvo—aquic soil and black soil, respectively. The sorption and desorption of PFAAs on the two soils
reached an equilibrium within 24 h and desorption hysteresis was observed during the desorption process. The sorption and desorption iso-
therms of PFAAs were fitted well with the Freundlich model (R>>0.900), with K; ranging from 1.44 to 282. The sorption capacities of PFAAs
increased with carbon chain lengths. Perfluoroalkyl sulfonates held a higher affinity to soils than perfluoroalkyl carboxylic acids of the same
chain length. Soil organic matter, particle size distribution, and dissolved organic matter might co—influence the sorption capacity of PFAAs.
The column experiments revealed that the recovery of short—chain PFAAs from leachate generally exceeded 97%, whereas long—chain
PFAAs showed comparatively lower recoveries, longer leaching time and lower cumulative leaching rates, because of their higher affinity to
soils. The PFAAs showed quite different leaching behavior in the two soils, and the leachate concentrations of PFAAs changed more drasti-

cally in fluvo—aquic soil than in black soil. The level of dissolved organic matter altered the shape of the relative leaching curve and promot-
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ed the leaching of short—chain PFAAs. In contrast, it inhibited the vertical transport of perfluorooctanoic acid and perfluorohexane sulfonic

acid in the soil column. Our results indicated the strong mobility of the short—chain PFAAs in soils, which may cause potential risk to

groundwater.

Keywords: perfluoroalkyl acids; sorption; desorption; leaching; dissolved organic matter
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Table 1 Physical and chemical properties of the tested soil
Fkiin  Bki%  WRI%  ANUESE%  SKE%  pH AEC/cmol kg™ CEC/cmol-kg’  BET/m*-g"  Zeta/mV
-+ 55 19.6 254 3.82 0.73 7.8 0.47 4.69 25.28 -15.21
Bl 41.6 44 14.4 4.06 3.04 7.2 1.05 8.69 21.66 -11.55

1 AEC 7R - 3EBH B 58 i s CEC 38R - HEBH 2 7 2c 4t s BET R BET He & i,

Note : AEC means anion exchange capacity ; CEC means cation exchange capacity ; BET means BET specific surface area.
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JEE B BT S (IR 2) o 445 R B 4 ek 2 5 i FH 2 1
W B 2595 5 B2 1 Freundlich W8 B 26878 7 7249 1 3k 47
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Figure 1 Sorption kinetics of PFAAs in two soils
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Figure 2 Sorption isotherms of PFAAs in two soils
R2 PFAAsTER T T 3 A B R B ANAR IR Freundlich ¥R &S
Table 2 The sorption and desorption Freundlich isotherm parameters of PFAAs in two soils
- DRI ik % S8 T2
at PFAAs
n Kr RZ K| n Kr R2 K(I
iR PFBA 0.958 242 0.980 2.79 1.44 282 0.910 70.4
PFPeA 1.32 3.58 0.916 3.04 1.27 136 0.920 65.7
PFHxA 0.72 3.29 0.984 4.05 0.649 25.5 0.902 121
PFHpA 0.817 3.68 0.990 4.24 0.783 20.0 0.954 41.3
PFOA 0.815 7.26 0.962 10.5 0.712 334 0.903 115
PFBS 1.22 4.16 0.968 3.21 1.20 111 0.973 54.2
PFHxS 0.867 5.47 0.980 6.20 0.802 50.6 0.951 127
PFOS 0.846 24.6 0.978 323 0.731 46.0 0.979 96.9
Bt PFBA 0.934 1.44 0.970 1.59 1.30 94.4 0.990 24.7
PFPeA 0.942 1.79 0.977 2.01 0.832 12.5 0.900 28.9
PFHxA 0.877 3.01 0.967 3.63 0.761 46.7 0.921 105
PFHpA 0.759 2.88 0.967 3.74 0.689 11.1 0.971 29.2
PFOA 0.892 6.11 0.964 6.91 0.742 25.4 0.940 64.8
PFBS 0.862 1.89 0.971 2.05 0.777 7.87 0.966 19.9
PFHxS 0.941 4.67 0.926 4.16 0.829 32.8 0.989 53.7
PFOS 0.852 23.5 0.976 27.6 0.679 26.0 0.991 60.5

T KB AR 86 BE 4 0.5 mg- L7,

Note: The initial concentration of PFAAs to calculate K value is 0.5 mg- L™
PFOS>PFOA>PFHxS>PFBS>PFHPA>PFPeA>PFHxA> H BN, B AR A k6 K B 19 PFCAs F1 PF-
PFBA. Bifi % Wi 3 K, PFCAs 1 PFSAs [ KA 5 ¥1 SAs, J#l - XF PFSAs W B RE 7 s ok . BRI
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Figure 3 Desorption kinetics of PFAAs in two soils
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