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Distribution and Source Analysis of Classic Persistent Organic Pollutants in Sediments from Dagu Drainage
Canal, Tianjin, China

HAO Zhi-neng, HU Peng, YU Yong, LI Fa—song, SUN Hong—wen"

(College of Environmental Science and Engineering, Nankai University; Key Laboratory of Environmental Pollution Process and Standard
(Nankai University ), Ministry of Education, Tianjin 300071, China)

Abstract:In May, 2010, 8 sediment samples were collected from Dagu Drainage Canal after dredging. The 16 US EPA priority polycyclic
aromatic hydrocarbons (PAHs) and 7 kinds of organochlorine pesticides (OCPs) were extracted by Soxhlet extractor, and then purified by
passing through glass column filled with 1:2 aluminasilica with anhydrous sodium sulfate(1 cm) at the top of the column, and measured by
GC-MS and GC, respectively. The composition profile and possible source of PAHs, hexachlorocyclohexane (HCHs ), and dichlorodiphenyl—
trichloroethane(DDT) and its metabolites were discussed. The results showed that the concentrations of total PAHs and OCPs in the sediment
samples ranged from 370 to 5 607 ng-g™ and 42.1 to 680 ng-g™, respectively, with the average concentrations being 2 041 ng-g™ and 222
ng-g™. There was no specific spatial distribution for PAHs and DDT and its metabolites, however, HCHs was obviously higher in the lower
reach of the canal, manifesting possible point source along the lower reach. The PAHs with 3~4 rings were the dominant PAHs compared to
those with 5~6 rings, the ratio of LMW (lower molecular weight PAHs, 2~3 rings )/HMW (higher molecular weight PAHs, 4~6 rings ), InP(in—
deno—(1,2,3—cd) pyrene )/[InP + BgP(benzo( ghi )perylene )] and Flu(fluoranthene )/[Flu + Pyr(pyrene )] indicated that fuel-burning was the
main source of PAHs in sediments. Principal component analysis method gave similar results that the combustion of fossil fuels or traffic
source was the main source of PAHs in sediments, with a few coming from anthropogenic releases of oil. The composition profile of OCPs in
sediments suggested new lindane input but no new input of DDT. The degradation of DDT was mainly anaerobic degradation as indicated by
DDD/DDE ratio being larger than 1.0.
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% 3 55 42 (Polycyclic aromatic hydrocarbons ,
PAHs) B—RJ ZAETHEPREREAME LIS
Y, BABEN =800, #H ,PAHs FEE T
AR AT RS ) AW (FEFF B 5 5%)
A SE BB LA B A ™ I B S A S, S Fh 2
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BAHLEAKZS (Organochlorine pesticides, OCPs )&
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A OCPs 323581 R, OCPs — it A TRIRAY
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WEETEYE D, MAEYERLTEWHEATIRY
A8, BRI Y& OCPs BB 4378 22—,

T RN HEZK AT 2 KT 3 2 B 3 i HR 75 3
Z—, BHHES &g 80 J7 t, /KB M5 Ye ) K &'
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A B 5T R W K HEM X A TR 3 PAHs ,OCPs #7544
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Figure 1 Sampling sites of sediments along Dagu Drainage Canal, Tianjin
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(DBA),%3H(g,h,ilit(BgP), 7 FGHILERLREW
K :a-7"7875 (a-HCH) , B-7S7875 (B-HCH) , y=7575
A(y-HCH), 8-/ (8-HCH ) .4, 4" - (p,p'-
DDE), 4,4’ {4 (p,p’~-DDD ), 4, 4" i (p,p'~
DDT) ; LA B AR P I 4[] — FF B8 (TCMX) Al -4
BE % (DCB), 2% -d8. j& -d10. JE -d10. ji5 -d12., Jt -
d12. ¥y 33 E Accustandard A7 o

TE B TOKBREREN JE TR AR AT
afi, IEC e h ik,
1.3 FFmursbE

DU VRT1% 48 h, BFEE , SR 51t 100 B Ffif , Bk
S g UUEBRII AN 5 g ToKBREREN, MMABRAIRE-
d8.jE-d10.3E-d10. 7 -d12, FE-d12 F1 TCMX.DCB,
FH 100 mL Z—EFEERCHEE 48 h, RS IEMER
HHE R BRI ZE K, It 4at A HilRE
FHBEESENE(E LT : 1 em TTKEERHN,6 cm
3% 1ELEALES , 12 em 3% ETEALRERS ) ¥k, 4351
A 15 mL IEC%E.70 mL ) & F e/AEC e (3:7,V/
VOIRB WYL, K58 —H AR A 24 1 mL, 5%
BRI, EXRME AR T RT, HEiE4IE
CEEER N 0.25 mL 5, PSS 0L SCER[9-10].
1.4 (SR RIREEF

R A B B AR X (SIM) M - il

PAHs, f&i&4E TR5-MS(30 m x 0.25 mm(i.d.)x 0.25
pm ) B E AR, W 1 mLemin™ o FHE R
Sk 280 °C, SR HLRIEE 300 °C, #HREF RN TH
Wit B SR AR 1wl GIEFHRERF R WIR
TREE 70 C4EEE 1 min, P 10 °C-min™ HEF+ZE 260 C
FHAEEE 1 min, FH-PL 5 Comin™ SHEFHEZE 300 CIE B
4min, JRIGETIRRER N 70 eV BT THTH(ED),
DRI 16 Fh PAHSs f [N Rkl FR 43 514 60%
~120%1 0.3~1.3 ng-g ™,

BHLER LM E & 5B R WFRE: GC-pECD
ER. BAEFMWT A+ DB-XLB(30 m x 0.25
mm(i.d.)x 0.25 pm ); WA A F AR, HE 1 mL-
min™, FERE IR A 250 °C, Kl S8vE B 4 320 °C., 3
7 SO TCor T B shifeee R ARFRR 1 pl, g Ft
IRFEFE N . WIHRIRE 80 °C4EHE 2 min, PL12 °Cmin™
FHEZE 200 °C, FLA 1 °Comin? FHEZE 220 CHF-H
1 min, ZRJ5 A 15 Cmin? FHEZE 290 C{EH 4 min, 7
il OCPs Y [a] i 2 F At BR 43 51 & 80%~110% Fil
0.08~0.15 ng-g™',

HR5WE

2.1 REMAYH PAHs FER S HEHE
RIGHEKTT 8 - RAE R RZUURY F 16 Fh

2

® 1 REXHHKARETRY PAHs 8 (ng-g™)

Table 1 Concentrations of PAHs in sediments from Dagu Drainage Canal, Tianjin(ng-g™)

PAHs S1 S2 S3 S4 S5 S6 S7 S8
Nap 980 51.59 37.44 167.92 330.61 187.13 79.42 132.64
Acy 17.0 5.56 2.51 4.81 68.93 7.26 3.96 21.65
Ace 59.5 27.12 13.86 25.02 163.49 18.28 25.76 107.79

F1 43.2 27.69 18.11 24.38 245.31 65.67 37.65 76.79
Phe 461 125.03 64.75 186.65 922.93 204.82 128.7 568.11
Ant 612 76.38 6.44 33.07 107.42 31.56 14.66 111.49
Flu 408 94.77 37.44 149.91 175.76 226.47 81.03 460.97
Pyr 394 99.26 52.45 155.17 312.01 68.3 91.92 433.14
BaA 1033 120.4 17.67 116.98 68.36 91.76 32.32 261.48
Chr 344 69.84 28.8 65.28 106.22 97.94 52.67 423.42
BbF 372 76.58 27.87 95.88 37.46 79.52 42.57 399.01
BkF 373 21.76 8.22 25.61 7.48 20.64 11.48 101.1
BaP 232.73 27.31 16.93 45.58 21.95 429 35.67 197.29
InP 114.52 38.88 16.06 42.84 11.06 31.27 18.19 159
DBA 38.48 12.73 5.06 15.21 7.07 11.2 6.14 71.77
BgP 123.71 38.82 16.4 47.31 17.49 31.66 14.26 208.3

2. PAHs 5 607.22 913.72 370.01 1201.61 2 603.56 1216.38 676.41 3 739.94
HMW/LMW 1.58 1.92 1.59 1.72 0.42 136 133 2.67
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PAHs MRS TR 1. A RS H 16 Ff PAHs 3
Pk, PAHs (¥R B FI9(E N 2 041 ng-g?, E=i{E
HEFE S1(5 607 ng-g™),S8 IkR2Z.(3 740 ng+g™), ik
A S BRFE S3(370 ng-g™) o S1 SALFRIGHEFH |k
e, ZAE — AN EBARRHEES O, S8 S F AN HE
IR, A REE T T X, % X Tl A % 3
& b, KIS HE KA PAHSs 3R30A £ B/
23 [H) oA e, iX 5 PAHs 45 &2 22 R IEA %,

M PAHs 4 B RL5rRE , UURRY ) PAHs F 21U
3~4 BN E, G ERERA 60.19%~83.4% ,[RE S5 Sk, 4
¥F PAHs(Flu.Pyr.BaA .Chr) BT (5 B Ll B £, 5~6 35
f) PAHs 3/, 5 SME Y 3.94%~30.5%, {H A PAHs
SFEE, BRE S5 S50, R & PAHs(4~6 3,
HMW )& B TR & PAHs(2~3 37, LMW ),

WFoY 38, A E AR 9 PAHs ELA 58 i 44345
fiE, FtEHEEBMTRE R P EARRRE, FEN
PAHs 4 A AEFTVE R A 15 Gk IR AR IR . [R) B
{ PAHs [R] 43 5 F A R O HL A5 AH R 253 43 Y g 3
MR, M e TR AR G &8 B LA
AT R, BT UA—SHR 2 i) PAHs A AT g 7m B
SR FFEhR, % Ant/(Phe+Ant) Flu/(Flu+ Pyr) |
BaA/(BaA+Chr) . InP /(InP+BgP ) 4§ Ho B VI /F b S U5
FeFRo AT PAHs SRIE™, fHF Ant F1 BaA #HX}F Phe
1 Chr ZER S PG 7 HEUREAR , R R 5 BAE
RREBABRPATRBASRE , ZERIVIEWIENZ
PSRRI P I, A 5T R A LMW Fl HMW |
InP/(InP+BgP ) #1 Flu/( Flu+Pyr) WAEAE b Sk P 48
B2, o LMW 3 2RI T A 2= A A R
BHOME P IRA T MR B KR A S, HMW 12
RIEF AR R R e 524 ;5 Flu/(Flu+Pyr ) i)
FLME/NT 0.4 MIBRE AMISYORIE, KT 0.5 W=+
B ARLE SRESRIE, TE 0.4~0.5 2 8] U R A
B HNE BT b YRR BESR R ; InP/(InP+BgP) iy HLAE/)N
F 0.2 R EEEMHIEY:, KTF 0.5 MEEREAK
g MRPTE YL TE 0.2~0.5 22 8] K Tl K HoR R
MRBETs Yy, MR 1 AR 2 A1 0L, S5 &Y PAHs 2k
VEF A5G, T S2.S3 1 S4 5 EZh A K HAE
7= R ,S1.56.S7 1 S8 p FERIFF AR LE 4K
P BH R bR o

PR/ 2 B3 AT R 9% DX I R R A R 1 —
FARTFB, AT ESE SRR SIS Y IR, 50T LUETH
B 2B EUR, TR T Tz a8 M0 B Sex KTk HE
JKIT 8 AN3RRE A A9 16 B PAHs $04E BEAT W5 ME AL AL

ARG B R BRI IUE T4 A T 2R KERE 1S
B 3 AERS (R 2), HF ZTHRIRIR N 62.54% |
23.771%F1 12.66%, FEithZTEFELE TIRGEFRE
() 98.97%

MW 2 M FH, EESE—F M5, DBA BgP InP,
Chr.BbF.Flu #1 BaP R85 , HF5E 380 , InP F1 BaP
LT IRpe e AR B AR B B EL T8 7~ 1, BgP A1 DBA
[FRE AT AR /R3S E BRI AR, =2 RIS | R HE K
Yyl s P BAPLEHERR S o Flu Pyr.Chr 1 BaP 24§
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Figure 2 Cross plot for InP/(InP+BgP )and Flu/(Flu + Pyr)in

sediments from Dagu Drainage Canal, Tianjin

R 2 REBEXRGHEKATURY PAHs ER5 5347
Table 2 Principal component analysis(PCA )for individual PAH in

sediments of Dagu Drainage Canal, Tianjin

PAHs Es
1 2 3

DBA 0.99 0.08 0.09
BgP 0.98 0.17 0.06
InP 0.96 0.27 -0.01
Chr 0.90 0.37 0.20
BbF 0.89 045 0.03
Flu 0.85 0.40 0.24
BaP 0.81 0.58 0.02
Pyr 0.71 0.40 0.56
Nap 0.16 0.96 0.21
Ant 0.30 0.95 0.10
BaA 0.39 0.92 -0.03
BKF 043 0.90 -0.04
Acy -0.03 0.07 1.00
F1 -0.12 -0.06 0.98
Ace 0.28 0.02 0.95
Phe 0.26 0.18 0.95
HEKER/% 62.54 23.71 12.66
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IIRBER BRI R, BbF 1 BKF 24bA8EHY
FERST, ENTRIRITE 5A BBHR B 2, BaA
1 Chr g5 E BV IR AR AR IR B i =™,
PR, 55— 32 A3 32 B S e T YR ST R R 14 Y
U8, BiERBICEIE IR b, EE_FHAT,
Nap.Ant,BaA Fil BkF f#R A48 , Nap £ ERIF R £
PR JREE RS HEBORIR 58 %0, Ant 38 Ok
B PR TR, R — i FER M T A
WY AR TE 2B . 58 = F 5 Acy FL,
Ace 1 Phe 217585 ,Phe . Ant. Ace F1 F1 24P
BRERFRMET=P, Acy SR IETF ARG B S h
PRIFER TR ES = = i R AR IR B FIAR SR e iy
TTHR
2.2 REIAH OCPs I ER 7 MIFHE
KUGHK R AR SRR BTORY 7 Fp
OCPs ¥ K (3R 3) RIEHEKIRZITRH HCHs |
DDTs fi Ji & ¥ B ¥ [ 43 5l 24 25.4~664 ng -g™ Fl
1.88~21.8 ng-g™, "F-¥{E 53514 210 ng- g™ 12 ng-g™s
DDT fy 4 Y14Ci 74 p,p'-DDE il p,p’'-DDD [

Bk E 4352 0.28~8.89 ng-g 1 0.61~6.47 ng-g,
Xof Eb PN A IS B2, O HEZK AT ) HCH 15 4
He A =8, DDT & B8 Se B 22 46 K HEZK T ir
YER) A SR T R, v s R B B AE A

F i HEA LA Y HCHs 2 B0 H B 58 1 23 [|) 43
FHE, BT Y+ HCH 3k B BB BAL T T iif
HCHs,, 3 /2 R AT HEK I R it Tolk X, 8 2%
T, EREREE T e EEERERK
BIZSSASAEFE], HA P R A & R K & A K
& HCHs, HESH TX—XI HCHs 5% B 2 E K
=%, DDT {5k B 2T HCH MR B &, B4 L H .
T ERERE SR, AR,
XA R85 = SRR (£ 3.5%~10.8%1% DDT) (48
J& TR Ye s K,

YRR OCPs 843 #4743 8T (B 3), HCH F=
— & 60%~70%11) a—HCH . 5%~12%ft) B—HCH.,
10%~15%H#) y-HCH .6%~10%%) 5-HCH & HAth 544
1A, 3X 4 F# HCH S R HE K RZ DT P G
it & B B3k 25% .28% 36%F0 1297,

R 3 RiEFXKiGHKUTRETLIERY OCPs & (ng-g)

Table 3 Concentrations of OCPs in sediments from Dagu Drainage Canal, Tianjin(ng-g™)

SRRE AL s1 s2 S3 S4 S5 S6 7 S8
a-HCH 226 272 13.66 771 14.86 133.71 99.69 99.81
B-HCH 12.8 32.42 14.94 4.84 19.73 104.82 111.85 226.98
vy-HCH 12.1 55.06 30.01 8.45 19.55 107.91 69.13 324.97
3-HCH 8.02 541 1.88 438 21.78 36.80 39.72 12.01
> -HCH 55.5 95.61 60.49 25.38 75.93 383.23 320.40 663.77

p,p"-DDE 8.89 1.48 0.28 3.50 4.93 1.55 0.96 3.69

p,p’-DDD 6.47 3.68 0.61 3.94 437 1.36 1.44 4.00

p,p™-DDT 6.39 3.76 0.99 9.33 10.69 2.45 2.70 8.80
3. DDT 21.8 8.92 1.88 16.77 19.99 5.36 5.09 16.49
3.0CPs 713 105 62.37 4215 95.92 388.59 325.49 680.26

14 (] E5-HCH BEB-HCH [DDE +DDD 13

& 12} ] FAy-HCH No-HCH B(DDE + DDD)/ADDT fo _

ﬁ“ O e 115 @

“é 08l S

= 06r {10 2

;, 04+ {05 E

021
0 0

) S3 S4

S5 S6 S7

SRAFAL

3 KitHEk A4 HCH R4a{& 285tk & DDD/DDE #1(DDD+DDE)/DDT b fE
Figure 3 The percentages of HCH isomeric and ratios of DDD/DDE and (DDD+DDE )/ tDDT in sediments of Dagu Drainage Canal, Tianjin
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— A AN SRAE B HCH (9 oy WABTE 4~7 Z ],
R A F Tk, & WEBEEF 1, NRAESE
y-HCH ffE ™, f & 3 v] I, KA HEKRITTR A
SR o/yHCH FfETE 0.05~2 Z 8], UiBAEEA B
) y-HCH fHIA

% DDTs Y5, —MiAHN p,p’-DDT H5H
A= 4R 7= p,p’-DDE Al p,p’-DDD fAH X ¢ B
KATLAFRAG AT BB A5 4L TR . DDT 764 A4
T REB A YIKEA#E A p,p'-DDE, TEREFRMIT
#% p,p’'-DDD™!, 2:(DDE + DDD)5 DDT A& H.
EXTF 0.5, V54Wyr e =2k B I 215 S K
BB SR, BIRA L BMAR, hE 3, R
FEALE U+ (DDD + DDE )5 DDT S &9 HW{E7E
0.5 224, " RAUCKH R HEK I $1 # DDTs 24 5 3=
Bk B TP I Y5k E 5 %A% . 1 DDD/DDE )
KBS KT 1, RURIEHOKRA & A 'L,
DDTs 254 5 R o 8 T IR AR

3 #ig

Sof B 8 J5 R R HEZK I 8 /M A 2% Th AR
Y1 PAHs 1 OCPs #H47 T %, EFASMF, B
WL EPBAR . TIBY PAHs 9 88k 370~
5607 ng-g™,FIWEH 2 041 ng-g™, oA B A9
RS, YR PAHs T2 3~4 3HE,5~6
AN D, PAHs A BUARFHE . BT B 2 RHIE EE
IR VTR P PAHs 85k A0 BB IR B B
TP THR . VIR OCPs ()5 BN 42.2~680 ng-
g, FIGUREE R 222 ng g, HoH DDT S AR ™4
AR B BA B AT HCHs, T HLATE B0 B B A9 25 18] 4
ke, FRESHETE YA X, T Rt
HCHs 12 & F Lie, X5 T TAkEH L Hk
T PP K. ERTTERER , TR
A5 HCHs By A, DDT A il A, Hikmir
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