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Assessing Bioaccumulation and Bioavailability of PAHs and OCPs in Water Using

Sediment , Rare Minnow and Biomimetic Sampler
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Abstract: Accumulation of polycyclic aromatic hydrocarbons (PAHs) and organochlorine pesticides (OCPs) in different phases in water was
assessed in a wetland in Guanting, Beijing, China, by analyzing their concentrations in sediment, 30d-exposed caged Chinese rare minnow
( Gobiocypris rarus) and triolein embedded cellulose acetate membrane (TECAM) . The applicability of TECAM to bioavailability assessment of
PAHs and OCPs for aquatic organisms was also examined. The results showed that there were great differences of both bio-sediment
accumulation factors (BSAFs) and TECAM-sediment accumulation factors (TSAFs) for target analytes between experiment sites with variation
coefficients of 10%-70% and 20%-50% , respectively. The BSAFs and TSAFs were independent of relevant K, . For the target pollutants
especially PAHs, BSAFs for rare minnow were lower about one order of magnitude than those (1-4) predicted by equilibrium partitioning theory
(EPT) . However, TSAFs of PAHs and OCPs for TECAM were almost consistent with the EPT. Meanwhile, good correlations were found between
the BSAFs and TSAFs for OCPs at 5 experiment sites (r = 0.80, 0.87, 0.83, 0.85 and 0.84,p < 0.01) ,but not good for PAHs (p>0.1).
It can be concluded that it is more reliable and accurate to assess the pollution status jointly using sediment, fish and TECAM, and that TECAM
can be used as a biomimetic sampler to predict bicaccumulation potential of poorly biodegradable organic compounds like OCPs in fish.
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B YEEMER. S, TUR Y A AR A LR &
BAMESHREVMEWEA TG EYHHER
P 5 R, K Az AR 49 RT3 S Bk sh B 0w ik (i
RO MO HAERBKEREEEREAIE 1Y,
REFENZENR, WRE B K LSRN ITEH T
Bl AT, 58 A A BT HE S e 7 BT A
BAKEEYHREBEXRR, AT LUE 2 HH#
TS TUAR Y h¥5 o 0 AR 0 3, T A 25 XU
[F e, YRR S B, AR A
BT RETH TS, AR THEREDH
St R EERA ERAEESEEESENALE
ZAE BRI R 8 B R AL RS
(SPMD)"' =B HME-ERIEEZRSHE
(TECAM)-* AN 8 i T4 W i Ak A #1195 3 9 i 35
B R EMS AT TARES R BAT
VAR B B AR A T R AR A R TR
TECAM J& 5 SPMD A bt , B3 F H 5 K I b 2 1 AL A0
FKER BRI GERIIRE, RAMHTERNE L
AR EE A 1 A B ) e B e AT L TECAM
BRI AR EE VG A B BRI R EA T
BB, EBARINRAREHIE.

AR E RS B TTRR Y A A 8 =
BR H H AR-BE BR 4T 4k £ B & M (triolein embedded
cellulose acetate membrane, TECAM) R PEMr BT B +
HXEH 2 355 1 (PAHs) fil G HLE K 25 (OCPs) 7E
JKAERAS [F 47 P i B R, 4R ) T A TECAM B
Xt 7K A A W BE AT AR AR ST BT AT I

1 MEEFE

1.1 R R

AHLAER: & P e IE G b 6 B A B R
H 2 [® Fisher Scientific 2> 7] , X & 4% .

ARG R IR . (Nap) . JE# (Acy).J&
(Ace) %j (Flu).3E (Phe) & (Ant) % & (Fla). ¥
(Pyr) I [al®& (BlalA).J& (Chr) %3 [b]RK K
(BLb]F). F¥#H [k]%® & (B[kIF).F¥H [a] &
(BlalP) \Efi[1,2,3-c,d]té (I[cd]P).—# I [a,h]
B (D[ah]A) H ¥ [g,h,i]FE(Blghi]P) . Bl R IE /R
YR TARTE, AR 7S B R

BHLEAR 2 bR #E Y IR : o -HCH,, B-HCH, y-HCH.
8-HCH. + X (Hepta) . 3L [K | (Aldrin) . p, p’-DDE.
p,>p'-DDD.p,p’-DDT. B RIE /R YK 2,4,5,6-1
U] — A PCB209, AT LAY BE 3K

SEI FH K 28 Milli-Q (Millipore , Bedford , MA ) 48 4

KEGAHE.
1.2 TECAM RFZiA4EY

TECAMMEW HIt W BB ER K BARA
Al A Y A2 5 DL SCHR (6] BEE BE R 40 ~
50 ym, 8B 7.5% ,F R AK/D 12 om x 18 em, 7 HLFE
Milli-Q B4k &H . SRFTAEYNETZRE BT
SREAL FRFE I AR B 7 #6081 ( Gobiocypris rarus ) , ¥ 3 ik
KK (38 £2) mm, FHEEN(0.40£0.04) g.

1.3 THRITSHGLEHE

T 20064 7~8 AEETRTHERBMESRE 6T
A(AHILLAB.C.D.E.FER), BN EFMNMAR 1
FIEFH A MY (40 ) F1 5/ TECAM B (0.5 m x
0.5mx0.5m), BB 30d, 0HNEHE 1.30d REFK
SRTUBIREF (0 ~ S em) A F 437 5L 18 3 1) 8 4
RS R AE DURR Y B ok B 43 A . S 56 30 T 3 4 K
HH20~25C,pHEN 7.2 ~ 8.9, I E1E 5.6 ~
7.7 mg/LZIA] .

RBERG , 26 (X MR8 IE) F KR
TR R TR UL R TR 5 1 40 B i X
A FE 5 Y £ R 0 DT R 0 R I AR B 189 [ R AR R
Y, HIEC /N (R 1) RIKER 24 h, 85
BEB 2 ANPITRE AR REBRNY VIO HTE
BEMEN SR . BB/ A LEE S LIt
YRR RERES M 15 mL FORSERFHE,F
MIES LM & b (KB E7:3) B4 K 70 mL %
JB, HAR G T FE ML 4 R ik i BRIG ERWRAE AN
WAERY, 2, TR

TECAM & 5 FH 2R 18 /K ik , 25 Bk 2% 10 o BB 0% [
ERBRY BT HERRNBRREERNKRET . —
% TECAM R A —/NHE &, S0 5 AU 2 AT RE.
JRA 20 mL IE S b, 8 A R K 30 min, X 3 1K,
BIREHRFTE R, 85 A I R BUR, e 48, R )E
AAH R N AR 5 W S 25
1.4 UG5 &M6

S PR (TOC) : FI B BR 5 ¥R 25 B T ALBK , TOC
I %2 4Y (TeKmar-DOHRMANN Appollo 9000) i 22 .

5 IR SO 61/ BT B AL (GC/MSD, %
FE Agilent,6890/5973) ,DB-5 MS & 41 % 5,3 4+ (60 m
x 0.25 mm x 0.25 pm) #7047 HFEORE R
280C,BFE IR AR 50°CH£ # 2 min, 20 C/minFt
% 200C, £ 8 5 min,5 C/min T+ Z 300CHEH 10
min, B PEHE 1.0 mL/min, T WHFEE 1 puL, KHE
/R AL B R IR T 300°C ; 7 ) 23R 10 min.

A HLEAR L Al A -0 s R 3R
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# * 30 %

#% (GC-pECD, % H Agilent,6890) , S5 5% F 2 Ff A [H)
BN EHE OIS, HP-S BHE G54 (30 m x
0.32 mm x 0.25 pm, F T %€ ¥ 1 € & ) 1 SPB-1701 &
B A (30 mx0.25 mmx 0.25 pm, FI FHIA),
BARGHH%5% XS] .

3R F PR A 0 T BR 3k R ST RS IE B 4R, I BT 4R 0
EIHR$ >0.99.
1.5 JFREEHA{RIE (QA/QC)

BN BREF RSB RS A R
PR RE R ATRE BN AR B SC B, BE R P B R
REER 57% ~86% , A HLEAR LG E I E K 65%
~112% . ZRFE BT EWR TR K 0.7~2.5
ng/g(THE),#H4 0.08 ~0.53 ng/g(}E ), TECAM J&
H1.4~5.0 nglg; A HLEARZ 7 LA T FR : VLA K
0.01~0.09 ng/g(TE),farEHN 0.08 ~ 0.53 ng/g(iE
H),TECAM £ % 0.5~ 1.3 ng/lg. FEZH P (WM
VIRFAEY, TECAM BN A ZBHBERNS &
TECAM &, S J L0 = LR BH A #40) &0 3

—ERMNE(EFIEEREWRER 10% ~25%) , &
REFNYHA TR .

2 £RB5itig

2.1 AR ERBRY 856

PAHs 1 OCPs 7 6 ™ S MU N 1 fr
7N, BT 2 WRTR MU vk BEAH 22 A K, B
¥ME, 28tk (0C) T — 1k 3. JURR 4+ A HL ok
EEBYEEN 1.4% ~4.4% .16 # PAHs M & (B OC
i, FF)FE 10.5 ~ 16.2 pg/g22 6] ,9 F OCPs M & K
211 ~416 ng/gZ 8], H TEHRAEE —EN LR =E T,
REHATIELEMGE ROV . B % Huang £ F 2001
R Xue &7 F 2003 HEFTKERENERER,
& PAHs 4 148.5 ~ 307.0 pg/g( T E), & OCPs K
2.6~23.6 ng/g(TH),\TFRE T X EFHEH
PAHs 1515 A T W B BB, OCPs K15 e ¥y &8
AR, BIEERE N OCPs TEURBRE N X, 5
IR IR D .

®1 BMRLGED PAHs ¥ OCPs ERBRUWHMBRES M (ng/g, n =2) REMMWEEAS B RHK(K,, )8

Table 1 Concentrations of PAHs and OCPs in sediment (ng/g, n =2) in the wetland and their octanol water partition coefficient ( K., )

WE A(1.7%)Y B (4.4%) C(3.1%) D (2.0%) E (1.4%) F (2.9%) lgK .
Nap 600 313 583 680 625 476 3.5
Acy 107 63 45 195 163 111 4.1
Ace 293 155 171 230 138 197 4.2
Flu 221 206 154 130 88 132 4.4
Phe 5364 3486 4724 2755 5638 5025 4.5
Ant 707 680 917 1270 513 877 4.5
Fla 3451 2192 2971 3716 3846 2573 5.2
Pyr 1259 610 895 1555 1088 782 5.3
BlalA 1279 547 874 760 1150 866 5.9
Chr 1436 942 1081 1730 1225 1158 5.6
B[b]F 407 517 77 712 634 357 5.8
B[k]F 461 317 295 270 471 432 6.2
Bla]P 162 168 139 186 203 168 6.4
I[cd]P 207 94 106 145 193 119 6.5
D[ah]A 171 102 87 68 101 91 6.8
B[ ghi]P 105 124 93 9 149 105 6.9
> PAHs 16 230 10514 13 906 14 498 16223 13 469
a-HCH 29 9 18 24 14 12 3.8
B-HCH 49 24 36 45 31 38 3.8
y-HCH 35 9 16 27 36 24 3.7
8-HCH 26 12 8 17 19 8 4.1
Hepta 30 11 10 15 27 15 5.2
Aldrin 52 24 36 43 26 24 5.5
p,p’-DDE 61 45 27 22 39 37 6.1
p.p’-DDD 57 31 80 76 75 61 6.0
p,p’-DDT 77 45 68 67 84 7 6.4
2 0CPs 416 211 299 336 351 289

DI#ES$% ToC & &
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2.2 AYELYEREHEA TECAM Erh B EE £2 BHHESPAHS T OCP BN EYERAM(BSAF) (n=2)

ﬁﬁ Eﬁ H(JE\]: 9‘{% % , ggé J\i 1 /l\ H ZEE E{J %ﬁ , Table 2 Bio-sediment accumulation factors (BSAFs) of PAHs
é@j’(%ﬂSﬁ PAHS*HOCPS/EE%%%@@*H TECAMEEF andOCisintheustla.nd(l]‘;:Z) - -
MEEBREREAB TR TE ™ 7H A 450% YD (4.2%) (5.1%) (4.7%) (4.5%)
VLR & ¥ B 8 2 B (bio-sediment accumulation Acy - 0.6 0.7 0.2 0.1 0.3
factor, BSAF) , B VS e A6 K A E 0 (R 0 BR0) Ry T s o
Re B I0—4L ¥ B S TR A LR IE — LR E A L Phe — 04 03 04 02 0.2
B, RBURGP AN EDAERERTEER ;’“ _ g'j g§ g'; g'; g';‘
£ .7E¥2 #§ PAHs F1 OCPs i) BSAF 24L& I i3k 2 Pyr — o4 02 o2 02 03
B, Edghi1,2,3-c,d]tE. —F3HF[a,h] B . FEH B alA — 0.4 0.2 0.2 0.1 0.1
(g h i JTEARA MR ORERFFERIE B e o1 os o2 o1 o3
W E RSN # BSAF fH,A S LAFE PAHs 1Y BIKIF — 0.3 01 02 0.1 0.3
N Bla]P — 0.4 0.6 —¥ 0.4 ¥
BSAF fE#£ 0.1~ 0.7 Z[6],OCPs #) BSAF fH7E 0.4 ~ o 7 o o5 o5 o3
1.4 Z 8] . T AR 48 V- 45 2 I AR RU T B ML R 19 B-HCH — 13 05 08 11 0.5
BSAFfE R 7E 1 ~ 4 2 ™2, A 5L 1615 3 08 358 ;'HCH - Ll 11 06 06 0.5
NFFHARMBTNEG A EERRERREE e 11 o8 on o6 o
B ERESE R, Bl B B R RS Aldrin — 10 06 07 L1 038
. o . ,p’-DDE  — 0.9 1.2 05 09 1.2
%%%,ﬁﬁﬁﬁi‘éﬂﬁﬁMY?%%,jcﬁﬁ? ;j,_DDD — 14 08 o5 on o
PAHS"™ X1 BA 5 KB LIS R E AR N E p.p’DDT  — 04 05 06 04 0.4

EWETTREARE K K B 3L bR i R B AK T AT 5 DEREAE2) RIS &3 R AMA

[l B Z BT XF PAHs 2 OCPs, 21189 BSAF f&

BEAFS58AH K wﬁ&ﬁ*ﬁfﬂfﬂ@éﬂﬁﬁ@(% 2), %3 R E R PAHs $0 OCPs 970 TR 4 B3 B #2 & ¥ (TSAF) (n
EDZ:% KWEKJig'ﬂ[] ﬁ'ﬁi%jj[] ’ izﬁ_rﬁﬁ% E] jﬁ]ﬁﬂﬁg& Table 3 TECAM-sediment accumulation factors (TSAFs) of PAHs

and OCPs in the wetland (n =2)

2)

METIRYFKELEYPHEER—TITHES A B c D E F
B EESKI—PRAE, X MRAELRS TR (7.5%)V(1.5%) (1.5%) (1.5%) (1.5%) (1.5%)
KJXERKDY 5 iEet, & A5G R0l O
BSAF 7E1R #h P & S B FEFE B KA 4L , BB 7 R E Flu 1.5 1.4 20 23 271 25
PRMER 2 5 T B8 9 W E) 72 10% ~ 70% 2 [, X Phe 06 09 08 1.2 11 07
\ ; , Ant 12 10 09 08 1.2 1.3
ULH & R LB Y PAHs il OCPs B A7 0 ME A7 16 Fla 09 07 09 07 06 1.1
BRRER. Pyr 1.6 20 23 12 1.1 2.0

PAHs 1 OCPs B IT FR 4 BE B 4 2 ¥ (TECAM- BlalA 1.2 2.3 1.6 2.2 1.0 1.3
sediment accumulation factor, TSAF) , B} TECAM R£ & B Cl." 0.8 1o 09 06 07 06
. . B bIF 2.6 1.5 1.3 12 06 1.4
Hfiﬂ“{‘[ﬁmﬁﬁm*ﬂ%ﬂgﬁmyﬁﬁ—kﬂgﬁgtﬁ B:k]F 1.5 1.5 0.6 1.7 1.0 0.8
1B, 7538 A48 L 40 % 3 BT8R, PAHs K TSAF B[a]P 08 07 07 1.0 06 0.5
7£0.5~2.7 Z ], 0CPs f TSAF 7 0.9 ~ 3.2 Z [, g[:]j]‘; 08 I es o o
FREFFIBBK, TE 20% ~ 50% Z[F]. TSAF {6 B ghi]P 0:9 1:1 0:9 0:8 1:2 o:s
HEBW BSAFEHKRAR 1 M ER, XA LS MA «-HCH 1.6 1.4 17 15 13 21
WA MBS EE EETREY A 12 24 20 15 e e
TECAM JRE 5 Gk ¥ A 4L 75 Be ¥ 9 38 72 B 4R A 3t ;:HCH 2:2 1:7 2.7 1is 1:5 24
0L £ X o R B Bk B sh b R M TS Y G S 1 Hepta 1.8 24 19 1.4 16 1.5
B /o T 3 i - A 4 G R £ (R Ml D) Aldrin 11 17 18 17 19 13
— , ,p’-DDE 2.4 23 32 13 1.9 2.9

M TECAM BRI R RA EE R R EH Z,:)’—DDD 1.8 20 23 12 17 1.8

BHEAHEE R AKEEVE 97T M TECAM p,p'-DDT 1.6 0.9 1.5 1.3 1.1 1.7
BHERZIANBERELE K, XEAKR, LBE  nzumbuwkst
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# 30 #%

2%

RUBR ISAF 5 K, EHWEE -BHTHLESEL
#£3).

X B #575 Je 47 &9 BSAF F1 TSAF #4741 % ¥4
WL R B R, £ 4 5 PAHs ¥ BSAF F1 TSAF A
KMEBE(p>0.1), 788l T PAHs AP 5
R %™ X Wt T F BSAF &% Y
KA VLTS B 9 SC PR M A 3, TSAF W fig

YR AN X T B S B , T SE A VT SEBR M R EEKF
% 55 OCPs ff) BSAF il TSAF 7745 % #F B9 4H 6 1, B,
C.D.E Ml F 51 S MK FREIHH 0.80, 0.87,
0.83.0.85 M1 0.84(p <0.01) (W 1). XWHT
TECAM HRAE A — Fh A #4510 R A% 2% BB 847 3 L
faxt OCPs XKML B KRN RYBAEY
B, RO R S Rt g 9T MRl s>

29 34
~0.80, p < 0.01 B > ¢
23 L r=usy, p=vul . 28 | r=0.87,p<0.01.
E 1.7 / E 22 L . . .
[_4 - H .
L1t 6L 77
*
0.5 L L 1 1.0 L 1 ¢
0.3 0.6 0.9 _1.2 1.5 0.3 0.6 0.9 1.2
BSAF BSAF
20 5 ] 30 F
17L r=083,p<001 , 21 F L _08s p<001 . 25
3 . 1.7 L * M = -
g 141 / g /./ é 2.0
11} : 13 5L
. .
08 1 ! 0.9 L L 1.0 ! L L
0.4 0.6 0.8 1.0 03 0.6 0.9 1.2 0.2 0.5 0.8 1.1 1.4
BSAF BSAF BSAF
1 EHEREYVMEE (OCPs) M RY R & 7 M (BSAF) SR A L R E R (TSAF) 2 BHEX R
Fig.1 Correlations between BSAFs and TSAFs for organochlorine pesticides (OCPs) in the wetland
. in sediments [ J] . Environ Sci Technol ,2005,39: 764-769.
3 #ig

(1) BFRI5 1K BSAF Al TSAF 7EiB #1 % /5 2
[ A S B 2R 4k, B Y PAHs #1 OCPs 7E{8
IR TR E R ERRER, EEATRY
Y5 Y ) R BE DR TE AT JOlR L R AR 7S KU 2 5| AR
KR # o dE, TR S L UL AR B B A T A
TECAM REREFE A 158 7T 5 0 ok 6 37 # K Ak B 15

(2)%F T PAHs X K% 5 W 19 i K B ALi5
Yl FE R 0 B B YR B N RE I ST M B B B OK
S, T TECAM HE W g 37 #h X 7 W A &2 . [ &,
TECAM Bt BEfR &7 Hb T OCPs 3 238 %5 ¥k B % i /K
HEVNGRYN AN EYEEMEYH .
TECAM JRAE Sy — F £ My A6 400 R A8 8% B X 7K 44 o i
KEENE R ETESKEERN—DF S
TH.
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