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Concentrations and Distribution Characteristic of PAHs, PCBs and OCPs in the

Surface Sediments of Qingtao Coastal Area

WANG Jiang-tao, TAN Li-ju, ZHANG Wen-hao, LIAN Zi-ru
(Key Laboratory of Marine Chemistry Theory and Technology, Minisiry of Education, Ocean University of China, Qingdao 266100,
China)

Abstract: PAHs were measured by gas chromatography-mass spectrometry ( GC-MS) in the surface sediments collected from the
southern Shandong Peninsula coastal area. Contents and distribution characterizations of PAHs, PCBs and OCPs in the area were
discussed. The concentration of PAHs in the surface sediments decreased gradually from the inshore area to the offshore area.
According to the ratio of P/A and F1/Py, the release from combustion of fuel was one of the most major sources of PAHs in this area.
The level of PCBs in the surface sediments was higher in the Jiaozhou Bay and southwest coast of Qingtao, and lower in the other area.
The distribution of PCBs decreased gradually from the inshore to the offshore area. OCPs in surface sediments also decreased from the
inshore to the offshore area. The HCHs data showed the area was polluted by agriculture and industry at the same time. There were only
a few DDTs imported into the area in the recent years, and DDTs were decomposed by aerobic microbial degradation in surface
sediment. The concentration of PAHs, PCBs and OCPs suggested that the potential risk of environmental pollution was low in the area.
Key words: polycyclic aromatic hydrocarbons; polychlorinated biphenyls; organochlorine pesticides; distribution; Qingtao coastal

area; surface sediment
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Table 1  Analysis condition of PAHs, PCBs and OCPs
I H PAHs PCBs OCPs
A DB-5(30 m x0.25 mm x 0. 25pm)
AR B maiE A ,1.0 mL/min
o LRI 300°C , JG 3 it B 280°C , Ja 4 Uit #E B 300°C , JG 43 it #E A
E 60°C 1%45 1 min, A 10 C/minT}  80°C{#£FF 1 min, L) 15 C/minJ}  80CI£+F 2 min, L) 15 °C/min J}
7 TR # 210C, b 2 C/min F+ F  EF 160C {f # 1 min, LN 3 F 190°C, ff£ £ 2 min, Bl 10
i A= 260°C ,3 °C/min ] 290°C 4 5 1 °C/min#] 250°C , £ 4% 3 min, L) C/minT} & 230°C {5 5 min, L)
min 20 °C/min#l| 290°C ,{#4% 5 min 10 °C /minT} % 290°C
B FUE o T RE R B 3% ifi (E1),70 eV
e fI 2k iR B /C 280
JBt NN
e ETIRIRE/C 200
% 4T #2 43R / min 5.40 7.50 9.79
i TR (m/z) 50 ~290 150 ~450 100 ~390
Wi/ ! 0.5

13 RHOCHREC. kA b bR |l 28 55 0 %%

JH1 100 mg/L{#) PCBs PAHs  OCPs &4 5 i %
R TC A R VR S 43 0,05, 0,10, 0.50, 1.00 .
2.00 mg/L i br i R 5 ¥ WHE AT D0 2 , DA UG T R
AR B A A o 0 1T A R A 56 R AL m Pk AS H
RN 0. 50 pg TR A BREE, T B SHT 5 A28 11 bR
B i, PR it e 1153 1 b Ak & W 00 v B, 45 31 4
T 20 3 0 7 A PR

TE 25 FHA AR A Hhoin A — 2 ¥R BE B R 0 )
P o it , 2 FRE b 31 )7 B R AT e AR 1 4 A, A
G3AT 3 AEATRE AT B AR Y (] 050 B R R 1
2%, 2 2 4y A 4 S al WL, FE & 59 i AR 81 7
59.5% ~110.2% Z.[a], 15 BA JIr 56 B A S 90 i P2 458
RIS Rl T A /)11 A = S 1 B
63.2% ~ 112.1% , # X} #5 #E i 22 7€ 4.2% ~
12.5% , d W J5 105 0 o B85 2. P A7 A %) AR 0T A
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Table 2 Correlation coefficient, detection limits, recoveries and precision of the method
o . ; , 25 AR [ R DIBIRE R (n=3)
FrbE LIPS %74 Jr A B /ng-g 7! (n=3)/% bR ) % RSD
PCB28 0.999 8 0.074 67.2 78.2 4.4
PCB52 0.998 7 0. 088 77.3 82.1 9.2
PCB101 0.997 8 0. 063 80.5 87.8 8.2
PCB118 0.9959 0. 035 93.2 95.3 6.1
PCB138 0.998 6 0. 032 96.7 92.4 4.4
PCB153 0.997 6 0. 061 99.3 89. 1 5.3
PCB180 0.998 4 0. 058 102. 4 95.8 7.6
pS 0.999 2 0. 045 59.5 67.6 12. 4
M 0.999 3 0. 032 67.6 76. 4 7.8
biA 0.998 1 0. 061 76.4 63.2 6.5
Uil 0.999 2 0. 063 87.3 79.9 11.3
JE 0.996 8 0. 044 88.5 88.2 9.9
=8 0.999 7 0. 029 91.3 87.5 5.4
9 0.999 8 0. 067 89.3 92.8 5.9
4 0.999 7 0. 052 104.3 96.2 6.0
I (a) & 0.999 2 0.019 94.7 96.7 4.1
Jii 0.998 7 0. 033 97.9 101.9 8.4
HIE(b) T 0.998 7 0.042 89.0 73.3 4.8
I (k) 9B 0.998 8 0. 053 82.6 82.8 7.5
I (a) e 0.999 6 0. 054 95.3 100. 0 10. 6
EiJf(1,2,3-cd) € 0.998 4 0.039 107.8 72.6 4.2
I (a,h) K 0.999 5 0. 055 99.6 112.1 6.6
KIH(g,h,j)tE 0.9989 0.043 101.7 83.3 6.8
a-HCH 0.997 8 0.053 94.6 90.5 8.7
y-HCH 0.9957 0. 046 103.5 85.2 12.5
B-HCH 0.997 1 0. 047 95.8 95.5 4.3
§-HCH 0.996 8 0.035 105. 4 95.0 7.1
p,p'-DDE 0.998 5 0. 046 110.2 83.2 11.7
p,p'-DDD 0.998 2 0. 036 93.7 82.2 6.9
o,p'-DDT 0.999 6 0. 039 98.3 66.2 9.7
p,p'-DDT 0.997 2 0. 048 100. 4 81.4 8.4

T2 3.9% ~11.2% , i W] J5 1% O RS o 2 Bl
2 #FR5g
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Fig.2 Geographic distributions of PAHs

in surface sediments
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2.1.2 LIRS R IR

FREE PAHs i 30 U5 1L 5 52 2, N [ ) ok Y fi
PAHs 75 4 i b HA Bk 22 7' T L AT PAHs 4%
IF 25 3 14 2 R AT A 40 5 95 2 R 25 3L R B8 U5
WP H W B A9 30 B PAHSs Sk U 4 T
A ISR e /e A
PAHs REOH X 71 45 Sicre 251 R 208 B/
B <1 RES T PAHS 32 350k U5 A U JE i
e € B/ AE 0.6 ~0.9 Z )5 24 9% /2
> 1 IF, e PAHS S 5T 0890 5 IRk e,
AL KK Jo8 1 ¢ T/ EE AR 40 il R 1.4 A0 L. 554,
TR 2 1A BB R E , i R U PAHSs 1Y
Ak EE A E AR &, e R R ke R Y JE /B AR
Gschwend 25" $ 44  4E/ B0 > 10, i A4 b PAHs &
ST I R s JE/ B < 10, VIR 9 PAHs
BRVE TR BE I #E. 38 KR PAHs 2ok IE T
T i AT BRI R 5 4 M 8 B R SR R A o
T, T e T AV 5 B A B e 3R PAHLs, D Il W] LA i
ik PAHs PR B0R X 5 B R 4 A 15 e ) R U

F P 3 AT O, A 8k 80% ) 3k 37 P Ab T 3K/
<10 FIZEHE/E > 1 P X R], 33X 18 B BR LR 458 Xt 1A
A X UTFR A P () PAHs A3 8K DTk, [A] B, M4 g
KF LRI (4 ~6 ) PTG L BIAETT
5 30% ~50% , W 5 AFAEBEARHIR e B A i 2 g il 24
fift R A 3 DA T B TR B R R BRI UV
IX 2805 Sz ik, BB IR T FE 7 25 10 35 Y W i o 6 g 9 UT
Ty g — 5 .
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Fig.3  Diagnostic ratios for source identification

of PAHs in sediments
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5 R IE DX AR A BRVL H AR AH L
(UL 4) , A WF 50 R 2 DLW vh PAHs - )}
Ab TR 75 YK (B AN TR 3 I A 96 S8 ) PAHSs
19 P RS REE N AW 7= G, B0E A 2 XHH 2%

(i R L TETE 1 BV . Long 454 T AR R IR
J FELIR B ( ERL ) 025 49 5% 0 36 61 o (8 ( ERM) i
% B4R o PAHS B3 JE /N F ERL, %4
W] B 75 B VE 5 9k K T ERL Tii /b T ERM, 7] fig
FURR 0 75 W UE s 25 DURU o PAHS IR BE 5 T
ERM, U 5 0] (3 £ 25 87 . 269 (b) 98380 I (k)
PR BIE(1,2,3-c,d) TR I (g, h, i) TEIX LS
STk PAHs H A P WA R E A0, ik R E
A PR35 o 77 A 3 86 ) TR i 4 ot A 0 7 A 7 IR .
VA5 X 0 % B PAHs 20 /4) & B3940 T ERL A1 ERM
2] AHR I () 3% 8 I (k) 98BI (1,2,
3-c,d) TR (g, h, i) BETE R R4 5 0 9 6 1
33 72 W V8 5 B 1 LR R B R LR R T AR
V2 £ W f 1
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Table 4 Comparisons of PCBs in the sediments from

. . -1
various domestic sea areas/ng-g

T3 35 PAHs Sk A TR
L 7R 24 8 e VA 255.77 ~ 1 884. 07 ENE
Ko 80 ~ 11740 [17]
i8] Y 1T 175 ~817 [18]
JE 1)V 196 ~ 675 [18]
s At 22 F) s 720 ~ 52 000 [19]
BT 156 ~9 220 [20]
o G = A X 1200 ~2 430 [21]
N I 1 289 ~ 648 [22]
A VG EY 5 ~ 155000 [23]

2.2 LB £ SR
2.2.1 AR S AR R AE

AR 5% 965 X3 2 0B Hh 22 SR 1 4 A B
HILES.

W5 i X R 2 DU b PCBs - {5 [l 4
1.53 ~36.36 ng-gfl CEY{E N 6. 87 ng-gf1 SR H R
ik 100% . PCBs 75 A [A] X 3853 A3 22 SR (B 4) , 3%
UL 2 2R R B B 05 . S IX £ 2
08 75 3K B (12.90 ng-g') M M IS (9.37
ng-g™ ), HABIX 3 PCBs i (% ( <5.0 ng-g ™).
PCBs 43 52301 7 1, 328 32 1K A R A
2.2.2 LR R

VA W LAY o PCBs 4 i £ B LR &AL
(340 ~5%) PCB28 .52, 101, 118 3, 54Kkt
Sl 2RI PCBs (1) 57. 4% ~99. 4% .

T BHF 5 U Bl BB B R RS M T 2 ARk X
Sl v 57 4901 5 B A A TR X PCBs #e 8 LA (R S)
TEEE S Tl X 4 zdqd237 ul, 14 31 PCBs ¥ H % & A



2718 T 1 7l 2% 31 %
®5 REABYTSESHEENEARMEE ng-g
Table 5 Composition and concentrations of PCBs in surface sediments/ng-g ™'
i PCB28 PCBS2 PCBI101 PCBI118 PCB138 PCB153 PCBI180 > pCB
jchh097 1.04 0.92 0.28 0.33 0.10 nd nd 2.67
jchh098 0. 82 0. 89 0. 08 0.07 nd nd nd 1.85
jchh099 0.67 0.71 0.10 0. 05 nd nd nd 1.53
qdo6 2.94 2.21 1.87 1.02 0. 67 0. 81 0.32 9.85
qd07 2.08 3.50 1.99 0. 64 0. 43 0.22 0.30 9.16
qd09 2.02 1.34 3.20 2.96 0.50 0. 64 0.10 10.76
qd13 1.03 3.65 2.33 1.07 0. 66 0.17 0.91 9.82
qd3s 2.25 1.01 2.35 1.77 nd 0.37 nd 7.75
qd36 3.33 1.02 0.55 1.24 0.28 0.16 nd 6.58
2dqd213 0. 66 0.75 0.10 0.18 0.09 nd nd 1.78
2dqd214 0.99 0.20 0. 45 0.53 nd nd nd 2.16
2dqd215 0.56 1.02 2.04 0.71 0.23 0.21 nd 4.77
2dqd218 0.21 0. 67 1.35 0.29 0.34 0.11 nd 2.95
2dqd219 0. 40 0. 83 1.08 0.21 nd 0.12 nd 2.63
2dqd228 2.08 1.83 3.03 2.08 0.23 nd 0.12 9.35
zdqd229 2.54 0.74 0.55 1.70 nd nd nd 5.53
2dqd233 0.67 1.04 0. 48 0.22 nd nd nd 2.41
2dqd234 1.59 2.19 1.22 0. 63 0.06 0.20 nd 5.89
2dqd235 0.93 1.26 0.71 3.00 0.29 0.09 nd 6.27
2dqd236 2.95 0. 43 1. 86 2.75 0. 81 0.54 nd 9.35
2dqd237 9.24 12.43 7.78 4.97 0.59 0.74 0. 60 36.36
2dqd238 3.12 2.31 1.92 2.10 0. 83 0. 64 0.31 11.23
2dqd239 0.72 2.78 1.30 2.28 0.12 nd nd 7.20
2dqd240 2.22 0.72 1.76 0.55 0. 44 0.23 nd 5.92
2dqd244 1.75 1.14 0.53 0.10 0.33 nd nd 3.85
2dqd245 2.24 2.49 0.90 1.54 0.29 0. 66 0.41 8.52
2dqd246 0.97 2.22 0.76 0.56 nd 0.72 0.43 5.66
2dqd247 2.03 3.20 2.21 1. 12 0. 46 0.36 0.20 9.58
2dqd248 0.78 0.31 0.36 0.08 0. 62 0.23 0.28 2.65
2dqd249 0.28 nd 0.56 0. 46 0. 40 nd 0.27 1.97
N | ) R AR BN VS P DTRL Y B PCBs & T A
36.4° " 4 WSO E 3 ~ 4 45, m AU S MR Y
~& AR BR T PE R Tl X A SN 5 AR Tl X A
T, e A e 7l HE R B AR . 763 2 ol 2
36.0° B i R AR 7 b s R AR S 5L PCBs HE G A
&\ JE MV di BT PN TS G M TS A R — A 2
- % TV N AN K S He fig ) A R WL 5 3 s e
B R URY R PCBs L 8%, 4Lk LA
35.6° | BARE: “g‘g.—l } &1t PCB 3 .
120.5° 121.0°E 2.2.3  ZAMRMYTTGRN

B4 XEARVHPSIEESH

Fig.4 Geographic distributions of PCBs in surface sediments

36.36 ng-g . % X B Y PCBs L) 5 44 B/t PCBs &
SRR R R T AR KR sl S % X 8 PCBs

45 3% [ H iR A 09 LR T PCBs 1915
YT A b fE (GB 18668-2002) , o 4~ 5l 3 37 41, 4 2%
WESR LA P PCBs 3 (% T — 26 95 5 25K (20
ng-g ') 5TV U I VR TR 45 X Y
15 e KM, 378 16 T 95 Y 2™ 3 54 BR VL3 1 A
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25.00 TR R K T AR AR T G e, SUAE TR )
SIS LUOEE | AR UM 2 % 2 B S .

20.00 | w AR £6 FRAGBHARUPHESEBRESE /ng g™

Table 6 Comparisons of PCBs in the sediments from

Tgb 15.00 various domestic sea areas/ng-g '
80
3 i PCBs SCkoRe IR
U -
& 10.00 HUAR 2 £y e 368 2L 1.53 ~36. 66 A
KV B MNTE 0.60 ~32.6 [25]
5.00 JELI) VG s Y 8.71 ~33.72 [18]
I BRVLT ) Bt 48.3 ~485 [26]
0 = - ] W 10.36 ~30.3 [26]
% % @ 2 T s 4 2 R T 6 ~81 [26]
= = x x ; 5 .85 ~27.37 27
a a a a PN A 0. 85 3 [27]
A A A A 1 £ 3L 0.35 [28]
H AR KB s 63 ~240 [29]
B5 EREERKMNESRAEFEHRE [ A 0.082 ~38 [20]
MBRYHR S IBERNEK 5 0.65~32.9 [31]
Fig.5 Compositions of PCBs compounds in surface sediments of T 53 i 1.51 ~43.72 [32]

Huang island inshore , Jiaozhou Bay and the research area
2.3 LB A LA A2
AR KPR, R TR B PCBs 5 ek B (£ 6). i 2.3. 1 AHLEUR R & & =S 1) 4 A
JUAFEARIF G X S8 4 38 25 5 AH B, VTR ) vh £ G OK AHIF 5T 1 X2 2 VTR A HIL SR 245 1 4k
WeFE O WG X AT R 5T 10 AR RESE I M B v 2 Gk T.

£7T RERBRYTENERGNWEARMEE /ng g

Table 7 Composition and concentrations of OCPs in surface sediments/ng-g -1

i oL a-HCH y-HCH B-HCH 8-HCH > HCH p,p'-DDE p,p'-DDD o,p’-DDT p,p’-DDT 3 DDT > OCP
qd06 3.81 4.75 2.51 1. 14 12.22 nd 0.37 2.38 4.99 7.74 19.96
qd07 3.11 3.07 2.89 0.32 9.40 1.23 0.22 1.16 6.00 8.62 18.01
qd09 1.26 2.23 0.71 0.43 4. 64 2.44 0.29 1.30 2.77 6.78 11.42
qd13 4.39 6.07 2.68 0.85 13.99 5.02 0.55 1.12 1.68 8.36 22.35
qd3s 4.60 7.38 3.54 2.34 17. 86 4.26 1.08 2.07 3. 86 11.27 29.13
qd36 nd 4.33 nd 1.63 5.97 8.00 nd nd 7.56 15.57 21.53
jehh097 3.65 7.87 3.19 2.28 16. 98 3. 66 1. 00 1.88 4.14 10. 68 27.67
jchh098 1.51 2.89 0.99 0.42 5.80 5.55 0.32 2.14 6.96 14.97 20.77
jchh099 nd 1.87 0. 68 0.16 2.71 nd nd nd nd nd 2.71
zdqd213 0.61 1.77 0.57 0.13 3.09 0.46 nd 0.20 0.55 1.21 4.30
zdqd214 1.33 1.29 0. 60 0.10 3.32 nd nd nd nd nd 3.32
zdqd215 3.43 2.64 1.25 1. 64 8.95 0.30 0.16 nd 0. 68 1.15 10. 10
zdqd218 1. 68 1.37 1.37 0.56 4.98 1.37 0.47 nd nd 1.84 6.82
zdqd219 1.69 1.09 1.91 0.13 4.82 0.98 nd 0.14 nd 1.12 5.94
zdqd228 0.88 1.76 nd 0.16 2.80 nd nd nd 2.87 2.87 5.67
zdqd229 1.24 2.21 0.74 0.42 4.60 3.78 nd nd 1.49 5.27 9.87
zdqd233 0.70 0.83 0.41 0.14 2.09 0.71 0. 04 0.23 0.30 1.28 3.37
zdqd234 1.97 2.07 nd 0.15 4.19 nd nd nd 0.49 0.49 4.68
zdqd235 2.29 3.43 nd 0.34 6. 05 nd nd nd 1.31 1.31 7.36
zdqd236 2.51 3.38 1.07 0.47 7.43 3.11 nd nd nd 3.11 10. 54
zdqd238 3.44 7.22 2.57 0.97 14.19 4.98 nd nd 8.85 13.83 28.02
zdqd239 2.31 2.78 1. 67 1. 00 7.77 2.13 0.53 0.90 nd 3.57 11.34
zdqd240 1.42 4.33 3.01 0. 46 9.23 0.72 nd nd 4.44 5.16 14.39
zdqd244 1. 64 10. 96 0.99 0.23 13.82 1.28 0.18 0.53 2.14 4.13 17.95
zdqd245 4.08 6.42 2.49 1.78 14.76 1.73 0.48 0.89 nd 3.09 17. 85
zdqd246 1.15 1. 65 0.44 0.22 3.46 nd 0.07 0.37 1.73 2.18 5.64
zdqd247 3.53 10. 34 3.89 2.20 19. 96 4.72 0.90 2.04 4.34 12.01 31.97
zdqd248 3.16 4.63 2.46 0.44 10. 68 2.29 0.24 0.78 7.70 11.01 21.68
zdqd249 1. 10 2.04 1. 00 0.17 4.31 1.28 0. 08 nd 1.53 2.90 7.20
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Fig.6  Geographic distributions of OCPs in surface sediments
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Fig. 7 Diagnostic ratios for source identification

of DDTs in sediments

2.3.3 AHLAERA TG LRI
A X BT DDTs ¥k 75 A Fowler 14
BRI 2 DU ok 18 X (0.1 ~44 ngeg™') ™. 55
oA X AH L (3R 8) , 9 A Vg BT AR 9 b i HCHs
15 YRR BE R T ORI SR SR M A L R VIR
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Table 8 Comparisons of HCHs and DDTs in the sediments

. . -1
from various domestic sea areas/ng-g

5 15} HCHs DDTs SCHik
11 2R 2 1 1 T 3 1 2.09 ~19.96 nd ~15.57  ABFSE
JE 171V s — 8.61 ~73.70 [18]

3% v 0.0275~78.2  0.727 ~5.723 [41]
TN 0.39 ~3.08 0.56 ~25.00 [42]
KT M e 0.23 ~1.81 1.78 ~63.08 [43]
KITAm X 0.12 ~2.84 0.37 ~7.08 [44]

I Ingersoll KU WA fie L 2445 LTS e 4y
B BR TR /N T AU BT (IR BR (ERL, 2R W) 200 L <
10% ) , B PE XU <25% 5 25 A — 3 5 T KUR P4 i
R (CERM, A= W80 B LR >50% ) , REPE KU > 75% .
HI O T OL, JURU A dh o AT B 20 ol i DDTs 5
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Table 9 Levels of OCPs and sediment quality guidelines
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/ng-g <ERL ERL ~ ERM >ERM
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p,p' -DDE 2.2 27 nd ~8. 00 63.3 36.7 0.0
z DDTs 1.58 46. 1 nd ~15.57 0.0 100. 0 0.0
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