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Abstract: Polybrominated diphenyl ethers (PBDEs), widely used as fire retardants, can migrate to the sur-
rounding environment. To prevent damage to human organs, nervous system, and immune system a method was
devised to remove this dangerous pollutant from the environment. In this research, microspheres were success-
fully made by mixing different concentrations of sodium alginate and biochar to degrade PBDEs. Then using 4-
bromine biphenyl ether (BDE-3) as a homologous compound of PBDEs, the microspheres’ potential for ad-
sorption of BDE-3 was studied. The degradation effect was also explored with a newly produced microsphere-
microbe complex, which was made by adding a degrading strain of Sphingomonas sp. DZ3. Results showed that
2% sodium alginate was the optimum prepared concentration. The microsphere adsorption process for BDE-3 in
liquid was in accord with the Lagergren pseudo-first-order kinetic model and Elovich equation. The maximum
biosorption capacity was 28.6 mg-g~. Also, compared to free microbes, in BDE-3-polluted water the micro-
sphere-microbe complex significantly increased the BDE-3 removal rate (P<<0.01 by SPSS analysis). Degrada-
tion data from the microsphere-microbe complex were fitted with the Monod Model yielding the degradation dy-
namics equation of ¥ = v, *S/(K, + S)= 14.29-5/(31.71 + S). The results provide a theoretical basis for the
actual development and utilization of microsphere agent in treatment of PBDEs-polluted water [ Ch, 5 fig. 4
tab. 20 ref. ]
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.11 EAr kB 4-B Bk 2K i (BDE-3) & % B f# 14 Kk Sphingomonas sp. DZ3  (GenBank accession No.
KJ658629 ) by Wi VT AR MK 27 Mol 55 28 W AR 5 B ARAR R AP 27 52 90 %8 73 B AR o

112 Mgk WERPCVEa8ral, WE E2E RS A R A 4-3RBOR ik (BDE-3)
4 fir 4 99% , W H Sigma-Aldrich ( FI# )G RA A AW H EK Zea mays FEFFTE 350 CRRA &M T A
file 55 P AT, By RS b0, Mt T R E, WA ERAATER & A, Luria-Bertani 3557 5 (LB, pH
7.1): 10 g- L EEF R, 5 g- L7 BEEEE, 10 g- L7 S Abeh, [ A5 55 5 5 B & - 8O 2% 19 i, 78 115
CK P 30 min TR EE IR . AR08 v WG ) 35 B . P ) 8 ot B VR B2 O 500 mg - L A BV (LR
P A VA 7 ) PRAT RIS 8 30 i 0 T 0 o e TR B A T R R A 0 9 i 1 TE PR 35 3R 3 i k. 5.1 g
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12,1 sk e A6 R 6 & FREL— 8 T 6 9V 3 R MM AR I A 21 100 mL /KW f, #E i HE i 1,
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Figure 1 Adsorption of microspheres for BDE-3 (a) and the fitting of the adsorption process using Webber-Morris model (b)
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WL KB, fE—ENLHEN, #BkXt BDE-3 % 1 Webber-Morris 7718 5 #
) W B6 £ B A 3 U BDE-3 5T o v J3E A 488 o i 34 Table 1 Parameters of Webber-Morris model
o, HM%E % 4 BDE-3 B ik i 400 mg- L™ WEmRMTESEU% K, /(mg-g min®) [/(mg-g") R
IF, Gl i) W B 1 AN P8 . €% 200, 300, 400 1.5 297 -220 0996
g L1 3/ B FE 10 0 5 2 6 0 B 1 20 210 -123 0997
W3 12 04T TR, B 2 R 9 R BDE3 R 25 162 107 0.999
3.0 1.19 2.21 0.996
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Hh, TE IR R Ol 400 mg- L7 B 10 b f5 W B A B R K 28.6 mgeg”, XS MR B R EEASAE L WD
Ji U B Ol BDE-3 W BiE 21 ek 4R A3 F7, 3kt a/p R e — S Y PN ) G S A R e R R K ) 32
B PR, 22 R R0 2 I B 2k B A, W B Ik o )V Lagergren #E— 2 gh Iy ¢y R S
WE G 8l )y 2y SRS P 2 W B 8l ) 2 s R AT A0 T 2 A Bl g A AR 2R T R 43 ) Rk
T oq=q.(1=e™), tlq=1lkxq +tlq.. T : g, H ¢ 02000 Bt (mg-g™) ;5 g S 3k 811 47 5 1 W o
(mg-g™); ki AUE—RB) ) 2F R E B (min™) | by B8 )y 2F R (g mg " »min™) o HURHLG )5
RIS NS 3 iR . R 3 UESE, ARSI S Lagergren i — 23l J) % i B G ROR BT, R ¥
KTF 099, Ffizr BDE-3 4746 5 izt e BE i3 K, MR BB 2R 30 A, W o R 348 o

Xt 2 B} 2l g 2 a6 Bt 1E— 2B 43 M, R Elovich Jy R Xof W B2 72 w1 W B AR FH 5 e 0% B A R a2 4
BT, HREBM T g=In(a-B)B+in tB. Rrf: gy o W20 Bt (mg-g™) 5 o g W B3 30 3 4 (g
mg™-min™); B AL A (g-mg™) o BT KB, AR EE S Elovich )7 A RIFHELE, R
BI#E 0.99 DL & (3% 3), Bl W) UG T vk B2 A B n , W PR B0 o B HITIE O, R B AR B B T AR,
BRI 8 R A B AR, R IR I R T W B A R T AR R, RO o5 R Sy, il A
SRAE R TV R - A Y i R LA I R B

R2 E—RHNFEEESHY % 3 Elovich 5i25¥%
Table 2 Parameters of pseudo-first-order kinetic model Table 3 Parameters of Elovich model
o N T 048 B 1/ Elovich i 5 ¥
C/(m-17")  Geey/(mg-g™) - _7 p 0 -
g/ (mg-g™") K/(L-min™) R? (mg-L™) a/(grmg'min™") B/(g'mg’) R?
200 20.6 14.9 0.104 0.995 200 9.120 0.330  0.998
300 26.5 21.0 1.360 0.998 300 12.534 0.015  0.99
400 30.3 28.6 2.750 0.997 400 15.789 0.010  0.999
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Figure 2 Effect of initial concentration of BDE-3 on adsorption of Figure 3 Remediation of BED-3 contaminated water by

BDE-3 microsphere-microbe complex
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4 J& Ok i AL R R e R4 WIKEF % BDE-3 B9S—v #iE
Hﬂ‘ [‘Eﬂ E](J ifﬁi]:g BDE-3 H(J E‘i‘%%ﬁ fgﬁﬂs ‘[‘%‘{J—E 5 Table 4 The S—v data of BDE-3 degradation by microsphere-microbe complex
W A RSk S, ATiFA d PR/ BDE-3 BRI S/ (mg- L) BDE-3 [Eff R o/ht 1S 1/

QIZIEH 10~60 h E@H’;ﬁﬁjl}%%ﬁz% S—y 10 200 27.64 0.005 0.036 2
0. FHRILE 4, RO oo o

TELME K RN AL i, “ 7211 0020 0.140 6
PL U X3 1S AR, BIEL BDE-3 Fefifuis o 28 6.62 0.036 0.151 1
(1 5] 2 %F BDE-3 Jii Wk EE I (B 5), o 10 6.35 0.100 0.1575

W35 Monod J5 LG, X TS HOKR
M. R, Mﬁ%‘aa‘éﬁ%iﬁl—:fﬂg—, Hoft A=0.070 7, B=2.22. HEI#EE A= =0.070 7, W15 vou=
v

max

1429, WA B=R 2000 J1E) K=3171 mg- L 7 LAZEWR R 0 6F BDE-3 £ ik 51 1) 2%
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75‘5%:(3%:, v_l),mx'S _ 1429'5

K4S 317148 °

300 0.16
O 0.14 |
= 200
on
g Z0.12f
w
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I~ 0.10 F y=2.22x—0.0707
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Il Il Il Il 1 0.08 Il Il Il J
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Figure 4  Concentration variation of BDE-3 in solution Figure 5 Linear relationship of 1/S and 1/»
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T 5 B TR B 5 00 o 0 K 2.0% i A ) TRIORR B UL P I 52 1) WA R S 5

T B TR - LB W B Rl BR A E ORI PR 52 P S BDE-3 1 W [ B 255 R AT & Lagergren HE— 243l 12207 e, Bt
HEE S Elovich 77 FEAT RLAFAOAUG, W B 500 s O fige W B i, 2 A 1 2% e o B A1 P oK T
e I BEE A, B R o g T St R A R S o A A Vi R M- 2R W Tk il sk BDE-3 BTG R A I R
Rtk FET, BRI HLTS B i 05 3 32 2 W B B RS I SRR W 2 Fh Oy o FURI R B 5
(18 20 ) 38 7 0k O VA D EC IR o S BRI e, T 1 e K P S i SR A T 0 TR R AR ) B X B A
TS 524k 2%, Gk AR B 1 e BE 75 Qe W) 26 P S A7 o R TR R 9 08 v 0 126 75 21 9 1 Bk X PBDEs 1) TR 52 45
o O R O 50 mg- L, A 1 BT R R 6 PBDESs (i 52 fie e B B R B O 35 mg - L AE Bk
SN, ANWESE T R RE W B T R g A0 g R AR A 205, R P i 8 R M A L ) S BRR vR  0) 4- TR
RHE (BDE-3) BEAT AR o Z5IESE, BBRAS B B0 (0 W B RS P R T BDE-3 ZE/K (R 1 18 s R, T A
Yz A S R R B o T R AR DZ3 X SR IREE BT A2 %, Al AE BDE-3 Fig Yk B 300 mg- L A9
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T AT RS o R s, VIO B R B Y R BDE-3 Yy B A 3 5 0 fS T 9% 2 A 0 A L I ik sk R i
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