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Spitio‘femgof'al Differentiation ‘and,---];egradation Analysis of Polybrominated
Diplienyl Ethers in Sediments of ‘Shanmei Reservoir and Its Inflowing River,

Quanzhou, China

HAN Wen-liang, LIU Yu, FENG Kai-wen

(Department of Environmental Science and Engineering, College of Chemical Engineering, Huaqiao University, Xiamen 361021,
China)

Abstract; To investigate the spatiotemporal differentiation of polybrominated diphenyl ethers (PBDEs) in urban water-source reservoirs
and degradation sources of BDE homologues and their contributions, we analyzed the contents, pollution degrees, spatial distributions,
hydrological period changes, inventories, profiles, and degradation source contributions of PBDEs in the surface sediments of Shanmei

Reservoir and its inflowing river, Quanzhou, China. The results showed that the median z PBDEs (1072. 1 ng-g™") in the inflowing

river sediment was 6. 7 times than that of the reservoir (160.4 ng+g™") and the total amount of Z PBDEs in sediments per unit area

(80.3 kg-km™*) was 6.3 times than that of Taihu Lake and 188 times than that of the Great Lakes in North America. The pollution
degrees of PBDEs in Shanmei Reservoir were more severe than those of most lakes and reservoirs at home and abroad, which was
dominated by BDE-209 (84.5%-99.2% ). Most of the sampling sites in the reservoir (r 0.564-0.994, P <0.034) and the inflowing
river (r 0.953-1.0, P <0.000) had high similarity in the composition of PBDEs. Significantly positive correlations (r 0.779-0. 964,
P <0.005) were observed between the reservoir entry area and river sampling sites, which were stronger than the other functional
areas, indicating that the inflowing river was a major pollution source of PBDEs in the Shanmei Reservoir. The tail region of the

reservoir had low correlations with the inflowing river (r 0.454-0.915, P<0. 128), and was relatively much more affected by Jiudu
Town. The changes in hydrological period of the z PBDEs were relatively consistent at each sampling site (r 0.617-0.714, P<

0.077), but the impact of the changes in the hydrological period on the z PBDEs was not statistically significant (P =0. 178, Two-
Way ANOVA). However, the site changes had a significant influence on the Z PBDEs (P =0.0001), and significant or nearly
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differences were observed between the reservoir entry area and other functional areas (P 0.019-0.061 ), indicating that the spatial

distribution variations of the PBDEs in reservoir sediments were greater than the changes in hydrological period. The natural degradation

of the PBDEs gradually increased from the river to the reservoir entry area and then to the central reservoir area. The reductive

debromination rates varied at different brominated levels, and some BDE homologues accumulated due to their slowly continued

degradation velocities. Research on abundance ratios indicated that the lower brominated BDE homologues were mainly derived from the

natural degradation of decabromodiphenyl ether by stepwise reductive debromination. Approximately 70% of Nona-BDE produced by
Deca-BDE degradation could rapidly be degraded to form Octa-BDE. Approximately 85% of BDE-208 was derived from the degradation
of BDE-209. During the degradation process from Octa-BDE to Penta-BDE, some Octa-BDE and Hexa-BDE homologues accumulated

due to relatively slower degradation velocities, and the degradation rates of Penta-BDE to Tri-BDE were above 70% .

Key words: polybrominated diphenyl ethers ( PBDEs) ; sediment; spatiotemporal differentiation; degradation; Shanmei Reservoir;

inflowing river; water-source reservoir
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Fig. 3 Comparisons of the contents of PBDEs in the surface sediments of Shanmei Reservoir and its inflowing river,

Quanzhou, China with other sites at home and abroad
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Fig. 6 Compositions of BDE with different brominated levels in the sediments of Shanmei Reservoir
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Table 1 Qpearma-n correlations for contents! ofBDE w1thl different tbrominated levels|in various hydrological periods of Shanmei Reservoir &
]J( )‘Lf—gﬁ Tri-BDE Tetra- BDEJ PentaiBDE Helet -BDE Hepta-BDE Octa=BDE Nona-BDE Deca-BDE Z PBDEs
¥ 'NilBDE = a L :
Tetra:BDE 0.024 1 ol g
Penta-BDE- 0.833* 0.143 1
©  Hexa-BDE 0.190 0.667 0.262 1
F/K#H  Hepta-BDE 0.857* 0.286 0.810" 0.381 1
Octa-BDE 0.310 0.357 0.381 0.690 0.619 1
Nona-BDE 0.167 0.714" 0.286 0.619 0.619 0.786 " 1
Deca-BDE -0.095 0.762"  -0.048 0.452 0.333 0.595 0.905 ™ 1
ZPBDES -0.095 0.762"  -0.048 0.452 0.333 0.595 0.905 ™ ™ 1
Tri-BDE 1
Tetra-BDE 0.700 * 1
Penta-BDE 0.483 0.783 " 1
Hexa-BDE 0.133 -0.067 0.350 1
#i/kK#  Hepta-BDE -0.267 0.100 0.483 0.450 1
Octa-BDE 0.167 0.200 0.583 0.533 0.750 " 1
Nona-BDE -0.200 0.350 0.417 -0.467 0.367 0.083 1
Deca-BDE -0.183 0.333 0.467 -0.333 0.483 0.183 0.983 ™ 1
ZPBDES -0.183 0.333 0.467 -0.333 0.483 0.183 0.983 ™ ™ 1
Tri-BDE 1
Tetra-BDE 0.717" 1
Penta-BDE 0.450 0.333 1
Hexa-BDE 0.033 0.317 0.000 1
SFk#H Hepta-BDE -0.167 0.050 -0.383 0. 150 1
Octa-BDE 0.267 0.517 -0.183 0.467 0.633 1
Nona-BDE 0.683 " 0.950 ™ 0.333 0.300 0.167 0.650 1
Deca-BDE 0.683 " 0.950 ™ 0.333 0.300 0.167 0.650 1™ 1
ZPBDES 0.683" 0.950 ™ 0.333 0.300 0.167 0.650 1 1™ 1

1) #* F/R P<0.05( W) ; #x F£iR P<0.01(WE)
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BDE-209/Nona-BDE 61.06 — — — — 38.9 9.8 — — — — .57 6.20
BDE-209/BDE-208 226. 64 — — — — 1613.3 1308.6 — — — — 0.14  0.17
BDE-209/BDE-207 172.75 — — — — 403.3 22.3 — — — — 0.43 71.73
BDE-209/BDE-206 161.93 — — — — 4.2 17.9 — — — — 3.66  9.07
BDE-207/BDE-197 4.84 — — 0.52 1.07 — 136.7 — — 9.3 4.5 — 0.04
BDE-207/BDE-196 6.99 — — 1.10 3.59 — 8.9 — — 6.4 1.9 — 0.78
BDE-206/(BDE-203 +196)  5.33 — — 0.09 0.68 — 9.7 — — 57.6 7.8 — 0.55
BDE-206/BDE-203 18.71 — — 0.31 0.94 — 73.3 — — 59.7 19.9 — 0.26
BDE-206/BDE-196 7.45 — — 0.13 2.46 — 11.2 — — 56.7 3.0 — 0.67
(BDE-197 +196)/BDE-183  1.45 — — 0.78 1.08 — — — — 1.9 1.3 — —
BDE-197/BDE-183 0.85 — — 0.53 0.83 — — — — 1.6 1.0 — —
BDE-196/BDE-183 0.59 — — 0.25 0.25 — — — — 2.4 2.4 — —
BDE-183/BDE-154 0.89  0.02 0.12 39.3 315.0 — — 40.5 7.3 0.02 0.003 — —
BDE-183/BDE-153 5.02  0.02 0. 06 4.8 84.0 — — 273.1 80.9 1.0 0. 06 — —
BDE-183/BDE-138 8.98 0.14 0.62 67.7 — — — 65.6 14.4 0.13 — — —
BDE-138/BDE-85 0.04 0.25 0.25 — — — — 0.14 0.15 — — — —
BDE-154/BDE-99 4.61 0.09 0. 06 — — — — 49.3 71.0 — — — —
BDE-153/BDE-99 0.82  0.11 0.12 — — — — 7.3 6.9 — — — —
BDE-99/BDE-47 0.30 1.27 1.05 — — — — 0.24 0.29 — — — —
BDE-47/(BDE-28 +17) .62 119.4  285.3 — — — — 0.014  0.006 — — — —
BDE-47/BDE-28 5.23  152.8  428.0 — — — — 0.034  0.012 — — — —
BDE-47/BDE-17 2,36 545.7  856.0 — — — — 0.004  0.003 — — — —
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BDE-206 1Y % 5 T H 4k 22 B % 4 B IG5 BDE 1Y
l%%: R(BDE-207/BDE-197) < R(BDE-207/BDE-196) ’ .78 BDE-207
KAt >4 BDE-197 (1A i 15 ) A 3 28 o T HE R il Ry
BDE-196 (40 i) . 45 R T8, 75 /I 2 ik
RE g bsF | 205 | T) X o7 Y5 L 9 BRUAR SR 9 33 oA 24%
73% F1 54 %, For, [Al 57 1R 5 1 BORC R fe e, TR R
23 A7 5 LU 6 1R g Tk B | 2 ) 62 BELASE /I il
AL E S A =R BN IR R T 5 R R T
A%, 534, PBDES 8] {37 5 J50 1 $0Ci 24 12 01 L 14 2
i, TR A R v (RS 5 22 e U S ez, B4

Fxﬁ W B‘&,f_t R(BDE 197/BDE-183) < R(BDE 196/BDE 183) > lﬁ j\j_.‘

BDE-T96 AL i) 3 ¢ 1A% %y BDES 183 }ﬁ BOE-
1975% T 3. it lﬁ] 7 1 V5 3A A BDE- 184“8 ST
R soehoamoenss > 1 L7 BDE-183 &@Lﬁ% I
ﬁﬁ%?lmmﬁﬁ%ﬂ%@fﬁi BDE-154 5% JLITT
ﬂi/ KM R j‘jﬁ-@: R(BDE183/BDE 154) j:’ 40 5 ?é]
7.3 ﬁ'ﬁufﬁﬁﬁ/\/ﬁ TKRE R, A E R s s
340,021 0. 003, 1 # 2 5 A1 JE DAL AT il 2 T 7 —
ZM BDE-183 Fl BDE-154 ¥4 F 8 R &%, HA
IR FEED BDE-154 JE R RY Y | X 4ks:
WFFE. R oz monss) M 0. 14 A1 0. 15, /R BDE-138
BEFEARE N BDE-85. R i 1se/mosoe) 9 49. 3 F177.0,
R(BDE—ISS/BDE—QQ) y‘j 7 3 %u 6 97 éﬁﬁ R(BDE—196/BDE—183) iﬁ]
R (4or00/mpesr) » WoHH BDE-154 1 BDE-153 Hi 8l 21,
B BEAR A BDE-99 (ZBALBEIR™ ). R o0 morary N
0.24 F10. 29, Ui H] BDE-99 %% £ [4f# Jy BDE-47 ( [A]
PR RN T e &R B AR W aA R B R T B0
R(BDE-47/BDE-28) ﬂ‘j 0.034 ﬂl 0. 012’ R(BDE-47/BDE-17) ﬂ‘j
0.004 F110. 003, it 7~ BDE-47 [&fi# =4 T BDE-28
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T B G ULIR, PBDEs 1E/K DU P 4 25 (8] o3 A1 A2
SR T IR, PBDEs F SR AR MDA %8 X
PR P R DT, ELAS 080 i il P58 R AN (]

41 BDE [HZ S5 [ fiff 1o 4 A5t i SRAH, B4R S AF S
PG R SEERIA R KRS , 18 1 &1 P 4 R A TR i
SFER AT IO BIGE , REE Tk 2 4.

F3 WWENEFARTAYIEE PBDEs &AM+ BDE EELER

Table 3 Comparisons of the BDE abundance ratios in the inflowing river sediments of Shanmei Reservoir and the major commercial products of PBDEs

R R
c (m/n)
e R, TR KR IR IR IR KR LI KR IR R IR R
- FEfE DETI Bromkal DE-79 Bromkal ~ Saytex  Bromkal DET1 Bromkal DE-79 Bromkal ~ Saytex Bromkal
70-5DE 798DE  102E  82-ODE 70-5DE 798DE  102E  82-0DE
BDE-209/Nona-BDE 21231 — — — — 389 9.8 — — — — 546 21.56
BDE-209/BDE-208 1250.81  — — — — 16133 13086  — — — — 0.78  0.96
BDE-209/BDE-207 7L.50  — — — — 4033 23 — — — — .76 31.85
BDE-209/BDE-206 399.18 — — — — 4.2 179 — — — - 9.03  22.36
BDE-207/BDE-197 32.88  — — 0.52 107 — 1367 — — 63.5  30.8 —  0.24
BDE-207/BDE-196 28.94  — - 110 3.59 — 8.9 — — 26.4 8.1 — 325
BDE-206/(BDE-203 +196)  51.59  — — 0.09  0.68 — 9.7 — — 550 758 — 533
BDE-206/BDE-203 - - - 0.31  0.% — 73.3 — — — — — —
BDE-206/BDE-196 5159 — — 0.13  2.46 — 11.2 — — 3925 200 — " 4.63
(BDE-197 +196)/BDE-183  3.41  — — 0.78  1.08 — — — — 4.4 3.2 =7 N —
BDE-197/BDE-183 L60  — — 0.53, 0.83 — — — - 3.0 1.9 A -
BDE-196/BDE-183 .82 — — 0.25) #0.25 - - 1 = 7.3 73 = =
4 S i '.
BDE-183/BDE-154 — 002 012 393 3150 — - I # +RY - - # —
BDE-183/BDE-153 193 0.02 006 48%L 840 - — Jisg i1\ o4 0|
BDE-183/BDE-138 0.13  0.14 062 67,7 % s~ — — 0.9% 02 1,000 — — —
— I if ¥ — y .
: ;o A _ _ W g y_ _ (L
BDE-J38/BDESS o [1.21 025 0.23/ ? & J G K.
BDE-154/BDE-99 o [ (F — 0,09 Q.06 & AT = — o — — - — -
BDE-153/BDE-99 4 ' — 011 w012 g @ 7 & — — ¥ = 11— — - =
BDE-99/BDE-47 o000 127 Lo/ g — W) — — — F0.000 0.00 - — — -
BDE-47/(BDE:28+17) ¥ 0.86  119.4  285.3 £ — — — %0007  0.003 — - - -
BDE-47/BDE-28 | /@ 1748 1528 428.0 A g — — 0.010  0.003 — — — —
2.05 5457 856.0 — = — — 0.004  0.002 — — — —

BDE-47/BDE-17

3 it

(1) A JEW 3 Ut B % & > PBDEs " i
(1072.1 ng-g™") ZILIFEKFE(160. 4 ng-g ™' ) 6.7
i, 1L 3K PE A0 T BUTLRUY B > PBDEs IRA7 i
(80.3 kg-km™?) &KW 6.3 £%F, 4t € H KW
188 A5, Hoys YL i 4 [ N A0 R 22 B0 i o 7 o, HL
L BDE-209 A & ( H{H 98. 3%, ¥J{H 96. 9%, i [
84.5%~99.2% ).

(2) KIERZHBFES (r 0564 ~0.994, P <
0.034) I A& FES (r 4 0.953 ~1,P <0.000) [f]
BDE [ R M5 (M) &2 vh 2 1 BE IR ARG, WR £ 4F
& PBDEs ZH AR R 8 , A 2 [R] 2R IR AR
DX RIS 0] 0 A (R A S 35 IE AR € (- R 0. 779 ~
0.964,P <0.005) HAH M58 F AT X, BoR
APER 7K B PBDEs Y 3275 Y.

(3)#5HE > PBDEs KU AR —3 (r M
0.617 ~0.714 ,P<0.077) , 7R 7K SCHAZZ A 6T FR

¥ > PBDEs A —E M, (HGEIFABE (P =
0. 178, Two-Way ANOVA) , ifi sifii 254k % > PBDEs

WA B 2 25200 (P = 0. 0001 ) , 3B PBDEs 7£ /K&
TURRA i 25 ] A A8 5 KTk SO AR Ak

(4)PBDEs H 2R B D InT 3t 21 A X P2 e v
DX T4 0, A G TR B VR R AR]85 43 BDE
DRI R S A i AR AR X AL A S fE XA
() FEZS (P H} 0.019 ~ 0.061, Two-Way
ANOVA, LSD). JE & X i Ju #B 8 S3 4% /K
> PBDEs ¥t $4 ® (1.7 ~3.6 i) , HERIX 5 A
FE AR MEEAR (r 4 0. 454 ~0.915,P<0.128) ,
R HAZ JUER B AR

(5) FE AL R LR BDE F2H A
TR Rk A G SR TR F SRR f#. Deca-BDE [
f#r=H 1 Nona-BDE 2 70% DA b n] 4 e dik S je i A=
i Octa-BDE, BDE-208 £ 85% Y5 1 BDE-209 [ [
fift, \ Octa-BDE | Penta-BDE [ [ fif i #vhr , %6 4%
Octa-BDE Fl Hexa-BDE [F] 22 47 K] & fiff A X 512 1 22
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