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HE. M GC-MS JiE4 T T kAt L3 3542 (halogenated polycyclic aromatic hydrocarbons, HPAHs ) 7EZR I I T i 4803 )2 T
AW Y B KL R ZS [ AR BRAIE. Fr i 19 3 P& AR 2345542 (chlorinated polyceyclic aromatic hydrocarbons, CIPAHs) F1 6
FIRARZ IR 55 42 (brominated polyeyclic aromatic hydrocarbons, BrPAHs) A% & i 3 Bl 43 5l J& 3. 00 ~ 301 ng-g~' Fl1 7.52 ~ 285
ng-g~'. RIZUIYI T HPAHs (1 322075 YR IRELAR B AERE | I A RBHIIREE | 1R R SARVEIRSFE R RS, BT 1T o 1Y
FLB 532 40% | 20.5% | 11.9% F1 11. 7% . BLAh, RIZVIBH CIPAHs 1 BrPAHs M8 24 (toxic equivalency quotients,
TEQs) & Fl 43712 7. 95 ~38. 1 pgeg ' F138.1~105 pg-g~'. W5 kI, HPAHs Y% it 5 R AL AR ORI IS RVE G, s
Tl 3 BE B3 K FRIZ DU HPAHS 15 B2 B — Rl i 5 ERIZ DR T HPAHS 195 -5 40l Al
BRI AR.

KER . A7 RIZVOBW; R AR, BRI
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Halogenated Polycyclic Aromatic Hydrocarbons in Surface Sediments of

Maozhou River, Shenzhen

SUN Jian-lin', NI Hong-gang', DING Chao', ZENG Hui'*

(1. School of Urban Planning and Design, Shenzhen Graduate School, Peking University, Shenzhen 518055, China; 2. Department of
Ecology, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Surface sediments collected from the Maozhou River watershed in Shenzhen were analyzed for the concentration levels and
spatial distribution characteristics of halogenated polycyclic aromatic hydrocarbons ( HPAHs) using GC-MS. Total concentrations of
three chlorinated polycyclic aromatic hydrocarbons ( CIPAHs) and six brominated polycyclic aromatic hydrocarbons ( BrPAHs) of
concern ranged from 3. 00 to 301 ng-g™' and 7.52 to 285 ng-g~", respectively. Source appointments indicated that the HPAHs in
these surface sediments were mainly derived from waste incineration, fossil fuel combustion, vehicle emission, and burning of crop
straw, accounting for 40% , 20.5% 11.9% , and 11.7% of the total loading, respectively. Additionally, the toxic equivalency
quotients (TEQ) of total CIPAHs and BrPAHs ranged from 7.95 to 38. 1 pg-g™' and 38.1 to 105 pg-g~' respectively. Finally, the
relationships between the HPAHs levels and different land use types were examined. Results indicated that the levels of HPAHs in
surface sediments showed a decreasing trend after the first increase to the peak with the density of industrial land, but inversely
proportional to the density of agricultural land.

Key words ; halogenated polycyclic aromatic hydrocarbons( HPAHs) ; surface sediment; source identification; land use types; Shenzhen
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Fig. 1 Map showing the general locality of the sampling sites of surface sediments
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AR (2-fluorobiphenyl Fl p-terphenyl-d,, ) Fil [F]
i 2 §8 78 W) (acenaphthene-d,,, phenanthrene-d,,,
chrysene-d,, #1 perylene-d,, ) J 7= Dr. Ehrenstorfer
Gmbh ( Augsburg, Germany). HPAHs #R#EM 1 9-
A 3F (9-chlorophenanthrene, 9-ClPhe) . 2-F B ( 2-
chloroanthracene, 2-ClAnt) F19,10- — 5 ¥ (9, 10-
dichloroanthracene, 9,10-Cl,Ant) I F Aldrich ( St.

Louis, MO). 1-{/R¢£ (1-bromopyrene, 1-BrPyr) | 2-
= ( 2-bromofluorene, 2-BrFle ) 9. 3E (9-
bromophenanthrene,  9-BrPhe ). 9-7& # ( 9-
bromoanthracene, 9-BrAnt) #19,10-— J& B ( 9,0-
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TR AT (a) B (7-
bromobenz( a) anthracene , 7-BrBaA ) ] T Tokyo Kasei
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Organics ( Geel, Belguim ).
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HIECKEMAREE 3: 1 BIR G IE R Il 52 24 h 4l
7ol =11 = S L | NN S B o S e S (TN 7
( acenaphthene-d,, , phenanthrene-d,,, chrysene-d,, Fll
perylene-d,,). 24 h FAFIBGRR B 202 mL, A5
FHRERCHE (JEFE 3 g PR RERS ) ¥k, S 6 mL Y
1S bRt AT, kvt FE &, SRJEH 70 mL —
SRS IE O e R BUE 10 4 TR A 1 TRk Uk ek M
A R DEI, He 4 E A 2 500wl BT i HEAE
. AL T, A AR
L4 fUEorhr

S I 3 A P A AR = BEAR UM 1
(Agilent 7890A ) i3 ( Agilent 5795C) BEFHAX. S AH
(o35 92 30 m B9 DB-SMS (&34 (7% 0. 25
mm, % JZ 0.25 wm; J&W Scientific, Folsom, CA).
RS AE B TH IR 5 08 - W46 T RE J2 80°C (R 2
min) ,ZRJ5 LA 10°C +min ™' (Y HCRTHE 2 180°C , 8
PL4°C -min = FHE % 300°C (PR5F 8 min) . HEFERSR
A B R sl A A
1.5 iR o 4 il

TEIRG I RErp A 12 DRSS — IR T 2 A

25 AR, FE TS (A 0T i 55 5T a2 A iE 5 4 1l
S5, BRI iR AR A A T i, 4R A
RR S 2 b o R 2 0 S ARV B . BT R & v 1 [Tl
R P8 53 B S acenaphthene-d,, 84% =+ 18% |
phenanthrene-d,, 96% =+ 14% . chrysene-d,, 88% =
26% Hl perylene-d,, 90% +16% . HARYITETT 25 H
RS A DR B AR AEZS FOIAR 5256 v i ]
WCRN 75. 1% ~ 136. 2% , H FAR 5256 v B b9
1] Y 3K 105.3% ~ 157.6% . A BF 5% #)% i 19
HPAHs & i LT 5 A, R4 SRR E.

2 #R5itie

2.1 HPAHs & /K-S 28 [0 0 AR FRAE

e AN [A] 1) = b A1 S A8 SR 2 DO R A
SO 4 PR, O SRR, 2GR R A
Ll /N 5 ARy I HERAE A, E 2 M | SR el
Feth ; JFAE R SR AL AN, T 2 A FE IR E R A
AR TR R D Tl FH R FE AT, FEAHE T
Ml BE RN T fofif FH b CIPAHSs 1 BrPAHSs 7E 4 Fif
FALRAE S B oA LR 1.

®1 RENBRYHIKSHFTRHEEKTE/ng-g~!

Table 1 ~ Concentrations of halogenated polycyclic aromatic hydrocarbons in surface sediments/ng-g "

ey TREREE A Al R JE A DR AT Tooll DCRAE A

FRME CPE RAME BOKE CFE CPME RAME BOKE CFHE CPME RAME BOKE CFE CPME RAME RORE
9,10-Cl, Ant 0.98 1.01 0.71 1.61 1.24 1.02 0.71 2.54 2.07 1.45 0.76 569 2.8 1.81 0.75 20.6
9-ClPhe .01 1.08 0.51 1.75 3.75 1.51 0.56 36.2 18.3 1.54 0.54 282 30.1  6.42 0.51 289
2-ClAnt 2.51 2,19 1.10 5.04 15.6 7.81 2.16 97.0 12.8 10.0 1.78 58.4 816 6.25 1.37 23.9
9-BrPhe 0.97 1.00 0.78 1.27 1.59 1.34 0.90 4.36 1.94 1.46 0.82 4.43 230 1.73 0.80 7.51
9-BrAnt 1.3 1.51 0.95 2.10 2.15 1.94 0.96 6.57 2.64 1.8 0.96 9.17 2.99 2.28 0.95 10. 1
2-BrFle 2.64 1.72 0.40 10.7 16.4 7.40 1.58 75.5 38.6 14.0 0.53 214 60.6 43.2  0.31 266
9,10-Br, Ant 1.34 1.35 1.17 2.10 2.52 1.58 1.22 7.63 527 2.65 1.26 39.3 4.04 250 1.21 25.0
1-BrPyr 1.85 1.83 1.24 2.79 3.67 2.75 1.26 11.5 562 3.39 1.26 43.7 876 2.79 1.24 101
7-BrBaA 2.53 2.31 1.51 5.53 3.41 2.27 1.52 11.6 507 3.61 1.62 345 556 3.62 1.54 37.6
Z}CIPAH” 4.50 4.35 3.07 7.77 20.6 12.4  4.17 108 33.2 17.0  3.70 290 41.1 21.5  3.00 301
z 6BrPAH2> 10.7  9.93 7.52 19.4 29.7 183 9.31 851 59.1 39.5 9.66 249 84.3 70.4 8.00 285

1) D> CIPAH J24§ 3 F CIPAHs A5 fik; 2) > BrPAH JZ4 6 Fi BrPAHs () 44 5 ik

H 2% 1 Al AERIZ DU T 3 Fh CIPAHs 1Y
F KA, 9-ClPhe 7t A 5, 2-ClAnt IRZ 9,
10-Cl, Ant A%, BI04 50 01 & 16.5 ., 9. 11
F1.98 ng-g ™' MBI 43 2 0. 51 ~289 1. 10
~97.0 #10.71 ~20.6 ng-gfl. #H,CIPAHS iy 23
1] 43 A ¢ AE L AN AH /] e, 9, 10-CL Ant FT 9-
ClPhe R I AH [F] (4 43 A e %5, B, Tl 4 > J
ML > b FHHE > 3 50fH. {HJE 2-ClAnt 20K [F]
TUA L 2 Fpim gedly , oo A fa i kAol A > &
A > Tolk b > 35 5ol ARSI H X

Fih 28 B A SRR AT BE 2 9, 10-Cl, Ant T 9-C1Phe EL A
AT A 95 G R Y (9 . T b R A= 338 R 39 L A,
ERAHER) , W 2-ClAnt E A A [A] #4 HE R I (1]
an AR WSAR DG 1 88 R RS FF AR ) . (HZ R
XN CIPAHSs (1) B4 75 Ju ok Y5 i 5 22 if — 2 i 58
IEAh, 5 A3 T Ak H XA SCBF 5T AR L, 98
Saginaw ] Jit 3k 3% 2 UL L 9 b CIPAHs 19 &% &
(0.049 ~2.49 ng-g™ ") Il H A 5T () UL R
CIPAHs B &5 (0.036 ~1.21 ng-g ') "*  ABF5E
X[ CIPAHs % 7K F (3. 00 ~ 301 ng-g™') HL 3
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R H A 2 ~4 DR, el s, Wl &
DIt 30 a PR 0 77 Akl B e duk i A BB R A e A T
PN

FKZVUHY 6 Ff BrPAHs (195 Kt A
A, EATHF B 4 5 2-BrFle (35.3 ng+g™') >
1-BrPyr (5.66 ng-g™') >7-BrBaA (4.39 ng-g™') >
9, 10-Br,Ant (3.41 ng-g™') > 9-BrAnt ( 2.40
ng-g ') >9-BrPhe (1.80 ng-g™'). [Hitt,2-BrFle K
FZH) BrPAHs [Fl &9, HKJE 1-BrPyr. 7EAR[R B
A SR A e BR T 9,10-BryAnt ZAh, H
‘B9 BrPAHs #RFRIL AR R 09 23 A Rk, B, Tl
H > R > Al b > 35 50 (. Rk, AWF5T
KA BrPAHs 45 [f] & ¥ 2 1] v] 58 BA R, Toll
A PEIHEh AT B BrPAHs T BT5 Yol . H 2w
B 2-BrFle (7 /K L AR 200 1 A0

) MG ROk IR B — s, B A, M OE
HPAHs AHC AR HE T LS5 B i — 20 1
HPAHs FR5EAE 25 KU DT A B 2 55 45 34 50 s 149 o)
B TAEH TIL TR,
2.2 HPAHs R fHT
2.2.1 AHXMES BT

TS RIZ VY b HPAHS Rl &) 2 ] )2
HEA RN EH VAT T Pearson HHIHT, 54
] R4 2 (6] M o6 R BOERE WL 2. S5 SR LI . 7
0.01 8¢ 0.05 /KF I, RZEF R Yz BRI B
W A 56, B AN, 9, 10-CL,Ant 5 9-ClPhe, 9-
BrPhe . 9-BrAnt, 9,10-Br,Ant, 1-BrPyr, 7-BrBaA pas
0.01 /K L #REA W3 B9 A G, RIL, A2
Hr& B HPAHs 451 [F) 22 40 vl B 2 A7 R [R] 1 75 4 ok
JEFIIREEAT R,

x2 REABRYWHINREARFREANE R EH Pearson 15X R

Table 2 Pearson correlation coefficients among the HPAHs congeners in surface sediment samples

9,10-Cl, Ant 9-ClPhe 2-ClAnt 9-BrPhe 9-BrAnt 2-BrFle 9,10-Br, Ant 1-BrPyr 7-BrBaA
9,10-Cl, Ant 1. 000
9-ClPhe 0.252%* 1. 000
2-ClAnt 0.008 -0.093 1. 000
9-BrPhe 0.668 " * 0.239 " 0. 180 1. 000
9-BrAnt 0.615** 0.360 " * 0.103 0.686* * 1. 000
2-BrFle 0.235* 0.714**  -0.070 0.197* 0.334** 1. 000
9,10-Br, Ant 0.444** 0.207* 0.059 0.451** 0.419** 0.206* 1. 000
1-BrPyr 0.801** 0.107 0. 068 0.548* * 0.588* * 0.033 0.412* " 1. 000
7-BrBaA 0.758* * 0.271 * 0. 000 0.683** 0.592** 0.128 0.584* " 0.767**  1.000
1) *JP<0.05, % = P<0.01
2.2.2 A S F TR B
N o CASE 0 5 10 15 20 25
TEAR M 0 BT B9 &Rl b, XF R Z VTR Y Label Num 7 T T T T T

HPAHs [[] & i 17 T 0 E R K (R B 5 R
), BRI R A [ & #% (average linkage
between groups ) , A% 5 AN AH LY I B 119 T 2 26 6 KK
A Jr (squared Euclidean distance ). PAifE—25
W5 MRLE [] 22 40 7T R B AT AR [A] 1 R 5, SR AP 1Y
SERGNE 2 B, S5RI 9 A HPAHS [F] R 9 %
LT 4250 51 R T 6 i, 9-BrPhe | 9-
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Fig. 2 Dendrogram of hierarchical cluster analysis for 9 HPAHs

in surface sediments, using average linkage between groups

and squared Euclidean distance as measure intervals
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2.2.3  EWMH

J T f#EHT HPAHs 45 75 4 ok U8 1Y ok e ],
EH AT T FRS b, SRR 3. R
BT B8 B FRIEAR (eigenvalues) > 0.9, i€ 7% J7 i
WP i K7 25 15 (varimax ) |, e e 55 1) 326 A0 IR 3
WCBIFE 4 Wk, SERR B 4 A F 5804, e AT BT 5T
BRRIEE 84.1%. 55 1 A E R STk R N
40. 0% , BUE EZ AT 9,10-Cl,Ant, 9-BrPhe , 9-
BrAnt, 1-BrPyr F17-BrBaA. #MRIEIRIE , 765 P HE 58
PR RO RO R, Bh 5 e CIPAHs AN
BrPAHs #8446 10 ] ok, AR B g kA &=
B e SCR B R AERE. 55 2 A o 1 T ER R R
20. 5% , FEE AT 9-ClPhe 1 2-BrFle, 45 £ 1 |

9-ClPhe 1 2-BrFle 7£ Tk FH Hi () 2 2 TT R P op &5
K, R ARSI ik A s 5 Tl
A 7T B R R S HE TSR G 0 RN A i A
fa SRR R B, 55 3 A LA O STk R N
11.9% , FEIALT 9,10-Br, Ant, 45 5 5. 75,9, 10-
Br, Ant 7€ J& fF H # (% 3R )2 DO W b & & 0K F &
e, B AR IA X A FE R 5 e R H AT
A AN . e R VR R AR R SR, L
FAEYOW R R AR AE. 5 4 4 2 o 19 otk
RN T% , FEZIMAT 2-ClAnt, 45 R F W, 2-
CIAnt 7EA4 M FH b 1 28 2 DR b & 2K P B
T DA B HE RO 5 A0l A 7 16 S A O, S5 A ER
X SEBRE O, AW 58 5 A 3 o I 45 o ROl AR
PR LS AT R ARV E RS 5 5.

£3 FARKAEZRBINRENRY T HPAHs WER S B FHEER"

Table 3 Rotated component matrix with rotation converged in four iterations of HPAHs in surface sediments by a varimax with Kaiser normalization

sty Figr 1 F g2 Fsr3 F g 4
9,10-Cl, Ant 0. 893 0.13 0.122 -0.065
9-CIPhe 0. 156 0. 895 0. 065 -0.07
2-ClAnt 0. 047 -0.075 0.023 0. 976
9-BrPhe 0.773 0.174 0.188 0.238
9-BrAnt 0.749 0. 347 0. 087 0.162
2-BrFle 0. 069 0.921 0.072 -0.016
9,10-Br, Ant 0. 341 0.123 0.922 0.038
1-BrPyr 0. 896 -0.083 0.113 -0.035
7-BrBaA 0.83 0. 065 0.375 -0.076
Al g i b A e ARk e RERAK RAEIFEFF LS
TR/ % 40 20.5 11.9 11.7

1) RPRBRAF IR T AR LS PR T85>0, 7 BIERST

2.3 HPAHs 1 # % % & ( toxic
quotients, TEQs)

HRAE LR O A, Al 55 7 AS ) Hh 28 8 3 2 DT
Y14 HPAHs (1) TEQs.

TEQs = S[¢,] x REP,,/60

Hir, e, £ —Fh HPAHs B4R (9% 2 & &,
REP,,, 7/~ HPAHs HUAAHXT T Benzo[ a] pyrene f4
AHXT % N A ( relative potency values) >****' . TEQs
45 5 W3¢ 4. CIPAHs 1 BrPAHs 1) TEQs &
JU R & 7.95 ~ 38.1 pgrg™' FI 38.1 ~ 105
pg-g~'. 7E CIPAHs [d] & ¥, 2-ClAnt 75 4Rl X R
FE S TEQs f K, 355 26. 0 pgrg ™', HUCGR R E X R
B4 21,3 pgeg™'. BrPAHs "1, 7-BrBaA 7£ TV X %
FE TEQs f K, 353 77. 8 pgrg ™', HUR R E X %
71,0 pgeg ™' EVAORUL, CIPAHs 1 BrPAHSs )
TEQs 7 5t ¥ 78 Tl DR A 5 3A B b KAE, 73 1] 2
105 pg-g ' F138.1 pg-g ', KL, 5% X ) BrPAHs

equivalency

ARE L CIPAHs EAT BRI A SR, AR RIE
& [H Saginaw AR H AR SVE IR CIPAHS
) TEQs 703152 0. 08 ~ 6.0 fg-g ' Fll <0.016 ~
1.3 fgeg™', o M W B 5E X N PCDD/Fs
( polychlorinated dibenzo-p-dioxin) 1 TEQs 7 &1k 5
MR 9L, b PCBs ( polychlorinated biphenyl ) F01
PCNs ( polychlorinated naphthalenes) ) TEQs 7 1k
2 ~3 MG ARHIFTIX A CIPAHS 1) TEQs 5 1
Fb 32 [ Saginaw ] g3 A H AS 7R 5078 55 3 ~ 4 AR
L.
2.4 HPAHs & iKF-5 MR SRR 8] 56 A
FIFHHIL AT B R G (ArcGIS) H i 4B 3055 1143
Hr 16 ( neighborhood statistics ) , JEAMF 5 X P 1 Tl
Pt | T T 3 0 Ml P S 3 AN [) #) 85 JRE A6
. SRIGWIST HPAHs & i /K- 5 AN [A) 4 A1) 28
RURE BRI Z [ B SC 28, S5 R AN 181 3 ez, ST
L BEE Tk M A OR, RE DU
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Table 4 Toxic equivalency quotients (TEQs) of individual HPAHs in surface sediment from different land use types/pg-g ™'

ate REPp,p R ERFA AN KR R S AR DR 1 oall DR R
9-ClPhe 0.03 0.5 1.87 9.15 15.1
2-ClAnt 0.1 4.18 26.0 21.3 13.6
9,10-Cl, Ant 0.2 3.27 4.13 6.9 9.4
> CIPAHSs 7.95 32.1 37.4 38.1
2-BiFle 0. 02 0.88 5.45 12.9 20.2
9-BrPhe 0. 02 0.32 0.53 0. 65 0.77
9-BrAnt 0.01 0.22 0.36 0.44 0.5
1-BrPyr 0.04 1.24 2.45 3.75 5.84
7-BrBaA 0.84 35.4 47.8 71.0 77.8
> BrPAHs 38. 1 56.6 88.6 105

1) > CIPAHs %75 3 # CIPAHs 1 TEQ & hE2fil; > BrPAHs %75 6 Fit BrPAHs (9 TEQ £t 2

T [
_ zz1 CIPAHs ] ]
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Fig. 3 Relationship between levels of CIPAHs and
BrPAHs and gradients of different land use types
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