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Effect of magnetic activated carbon on the recovery of polybrominated diphenyl ethers in aquaculture
sediments

ZHANG Li', XUAN Li', LI Xiao—ning’, YU Wen—jian', LI Juan—ying', WANG Qian', YIN Jie"

(1.College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2.East Shanghai High School, Shanghai
201306, China)

Abstract: In order to control the migration of organic pollutants in aquaculture sediment and reduce their bioavailability, and to ensure the
quality and safety of aquatic products, particular activated carbon (PAC) and magnetic particular activated carbon (MPAC) were used to
control PBDEs in sediments of aquaculture farm ponds. The in—situ remediation effects of PAC and MPAC were assessed by measuring the
bioavailability of PBDEs in the sediments and the corresponding bioaccumulation concentrations. R. philippinarum was selected as the test
organism. The results showed that although the specific surface area and pore structure of MPAC were slightly lower than those of PAC,
before and after magnetization, the overall difference was not very large, the average aperture of MPAC increased significantly, and both
kinds of activated carbon can easily adsorb PBDEs. Compared with PAC, MPAC has a slower adsorption rate for PBDEs, but a slightly

higher adsorption capacity due to the magnetization. Risk assessment suggested that the studied aquaculture products posed a low dietary
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risk, whereas the PBDEs in sediments did pose a potential ecological risk, with PBDEs and pentaBDEs posing the greatest risk of the

monomers. Aquatic products have shown obvious bio—enrichment in the target compound in bottom mud. The repair effect shows that both

PAC and MPAC can repair PBDE pollution in the aquaculture environment, especially that of PBDE and pentaBDE, with an optimal

investment ratio of 3% and 1.5%, respectively. However, in the actual site repair process, the characteristics of MPAC (low cost and

magnetically recyclable) make it a more suitable repair material for PBDE—contaminated bottom mud in aquaculture ponds. Overall, this

study demonstrated that MPAC is a better remediation material than PAC due to its advantages in controlling the migration of organic

pollutants, reducing the bioavailability of PBDEs, and ensuring the food safety of cultured products.

Keywords : magnetic activated carbon; polybrominated diphenyl ether; bioaccumulation; aquaculture sediment
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Figure 1 Scanning electron microscope images of before(a) and

after(b) magnetization of activated carbon
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Table 1 Specific surface area and pore structure before and after

magnetization of activated carbon

T H Ttems PAC MPAC
BET Fb £ H L Specific surface area/(m?+g™) 124.12+1.60 119.05+1.80
BJH SRR L% 0.19+0.01  0.13+0.01
Cumulative adsorption pore volume/(em®+g™")
F-H5FLAE Average pore size/nm 1.42+£0.02  3.05+0.06
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Figure 2 Comparison of precipitation and separation effects of MPAC and PAC
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Kinetic curve of PBDEs adsorption(A) and linear fitting of quasi—second—order adsorption kinetic (B)
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Table 2 Fitting parameters of adsorption kenitics

BRI B W2 i r e
FEfh Actual equilibrium Quasi—second-order kinetic equation

Samples adsorption capacity/

¢./(pg-g") k/(g-pg'-h") R

(pg-g™
MPAC 336.12 342.47 0.0258  0.999
PAC 312.48 319.49 0.0491  0.999
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Figure 4 PBDEs adsorption isotherm

% 3 Freundlich %8 R B BN & S #

Table 3 Kinetic parameters of Freundlich isothermal equation

Ff i Samples R Ky 1/n
MPAC 0.947 1.88 0.365
PAC 0.949 1.48 0.362

B B KOV AG I ) &5 SR e B < K — A i X5 B Tt W IS
Jé 1 X PBDEs ¥k B 75 [F] 4 5.8~256 ng - g dw, 7K )™ i
&9 X PBDEs ¥ & 5 [ 36~369 ng- ¢! dw; H 4 &
SECTZEIR T R AT I RN T VSR A TR PBDESs 7%
L WV Bl M 0.04~94.7 ng - g7 dw s #7 VT 76 37 4 D1
5 e Hit A0 B i A B Y PBDEs A9 5% B3 Hk BE 4 58,79
ng-g” dw, XJHRH Y PBDEs RIS R 23 ng-g ™' dw™s
B 30 R 5 25 A A, AR SCT AR Y AR IS 8 KK
a1 X PBDEs 5% B2 /KPS &1, HL DA FOIR /S TR R Tk
(K 5), i X PBDEs ¥k i ) 78%~84% , 7. PBDEs
W ZY i abF E AL, o F X P2 PBDEs i 1E
FEE K A3 e R (K)o (R 4) , R HOE
P B i K M A0 5 TR I 2 ) A6 I8 KK T AR Y
B

AN, AR B A LR B 4K BDE-100 119
BSAFAE 4 0.50, /T 1 LIAh, Hoax nl Kt SAA ) BSAF
HERT 1,4 F 1.69~3.73 Z 0] (% 4) , XL Wk ™~
Xt H AR A P2 B B B 00 AR ) AR A X
H AR5 5 i 8 S U6 0T R4 T XU Al

A58 FRGE e = IRk 1Y) RQ /NF 0.1, 75
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x4 BIRFEBYEREMEMER PBDEs BI5% B K FE

Table 4 Residual levels of PBDEs in sediment and organisms of target culture ponds

JIGUE Sediment

AL B Eriocheir sinensis H.Milne—Edwards

BT %

Bromine numbers

PBDEs lgKo

SE-XME Average/  FRiEM 22 Standard deviation/  “F-XJ{E Average/  FrifEfi 2% Standard deviation/ BSAF

(ng-g" dw) (ng-g" dw) (ng-g" dw) (ng-g™" dw)

3 BDE-17 5.74 ND — ND — —

BDE-28 5.94 14.31 0.34 46.96 4.62 3.28

4 BDE-47 6.81 17.60 1.06 55.34 2.49 3.14

BDE-66 7.19 ND — ND — —

BDE-71 6.54 22.50 0.54 38.01 3.12 1.69

5 BDE-85 7.37 ND — ND — —

BDE-99 7.32 17.79 1.74 66.35 1.60 3.73

BDE-100 7.24 164.97 4.20 82.44 13.66 0.50

6 BDE-153 7.90 ND — ND — —

BDE-154 7.82 112.82 17.38 361.81 6.98 3.21

> PBDEs 350.00 16.85 650.91 12.01
Y ND FR A, " R TR
Note: ND means undetected and "—" means no data.

L BIFHE , Cree J2 O34 10 2 T B, 3RBT PAC X MPAC XFIE
S O /K7 Aquatic product ¢ PBDEs )38 B4k A AE 9 ] A1) 4 55 A B 22 7
El - — WA . 4 PAC BRI EL K 0.75% . 1.5% 3% 5%
H wl i, 5 R BN (CK) M H, Cooe B 2R 4 R AR R
2 43 591K 25% 40% .61% .62% F1 33% ,49% .65% .68%
N (P<0.01) , FLXH /i 8 Hp AT 7 A A 25 SR 19 DU 9
@ ,—‘—‘ _‘ WL R A 2245 K (55%~91% ) , 3% 5 5% ViR H 1
0-—— ; = ‘ T Ciee S CIFBEA 7 22 5 (P>0.05) , Ui B 3% L 17]
JLJEF 4 Bromine numbers 19 PAC #S It & BEAS TR 3 HAS & PBDEs {5 4 57 48

[ 5 PBDESs 7£ 7% 58 it 4 [} JE F1 7K 7= H A9 ZEL B
Figure 5 Composition characteristics of PBDEs in sediment and

aquatic products of aquaculture ponds
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EPA FILE 19 0] $ AT it (YR IR i : 0.002 mg - kg ' -
d'x49.73 kg~0.099 mg - d™") , {HJ& b F 5 5 i I
PBDEs f77E 48 i AR S XU, H AL S WIbEE B9
B 1 4% 33 T e 2 S B PBDEs 7E /K 7 AR 19 9 T AR
W G N PO R ek € SR ew A L N i0ki 95 31010 IS
o H v SR K T i B BT D M R XU, A R
FHARF- B SRR R HE R .
2.4 HEMETEMRYT PBDEs IS FEKRBHRMES
TR FLBR K TP ) Cre A2 S Y5 Gl W 2 0 A7 S500E
() AR B, 2 e 15 Y e AR W R ) R AR
SR S, HE 6 AT, B PAC F MPAC %S L 1]

BE et b ), X AR ZE 2 AR A A o xR A
e AR 258 R E SR 45 18— 8, X MPAC, H
AN 0.75% 1.5% 3% 5%, Cree J2 53 HIEAR
36%.62% .63% .64% F138% .61% .63%.63%(P<0.01) ,
L% DB TV R R IR R AR (619%0~83%) , Y
0.75% M 1.5% ) MPAC IR i+ Cr 2 €, Z [AIAF7E
% 75 5 (P<0.05) ,MPAC 1442 PBDEs 5 Y& 5% 5 #1455
BB AL I EC R 1.5% . FR UG AT AT, 24 58 B i ik s
TR, PAC AT MPAC Xt 3238 iC Ul H PBDES fi975 %
P — M E Ve, B RS SRR R
Ty M e BB SR AR — 3. LAk, MPAC YR
[l iz S 36 3% WA L4 M AT 1238 R 69%~76% , ~F-347 ]
WK 72% . Han SF L IE T NEefil 1 3 IS
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HCTESEBR B 6 1L R v, 25 JE 3 MPAC BRI 4%
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Figure 6 Effects of different activated carbon release ratios on bioavailability and bioaccumulation of PBDEs
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